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Hypothermia is the condition of lowered internal body temperature, caused
by exposure to gold air or water which can result in death. Recent statis-
tics seem to indicate that hypothermia is the major contributing factor in
approximately one-third of all drownings in the United States., In fact,
the Royal Navy estimated that two-thirds of their World War IT fatalities
were from drowning and hypothermia. The rise in heating fuel costs may
increase hypothermia-related deaths among the elderly and children im

urban areas. Cold exposure has long been recognized as a major killer
among outdoor and maritime workers and recreators.

While cold has always been a killer of man, the science of hypothermia
and survival/tSleatment techniques 1s only an emerging technolegy. Con=
sequently, this first International Conference on Hypothermia brought
together many of the world's leading medical researchers and experts

to present technical reports and papers on all aspects of accidental
hypothermia, including prevention, treatment, and survival in urban,
field, and &quatic environments.

This notebook contains the papers presented to the conference as well as
supplemental articles and information distributed. These will be edited
... .into a conference proceeding to be published later by URI. The notebaok
© is organized into two parts: technical papers (alphabetically arranged by
author) followed by miscellaneous articles (listed in the table of con-
tents). g

Hypothermia is preventable and survivable if properly identified in time.
During the conference, the 1970's were labeled the decade of development
of survival equipment; all hoped that the 1980's will be called the decade
of development of treatment. We can see what is needed, now let us all
work together to keep warm and alive.

Neil W. Ross
Conferénce Chalrmap

NWR./ omm
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Eggleton, R.C. "Non-invasive Temperature Determination for the Hypothermia Viectim
Under Field Conditions." Indiana University School of Medicine, Indiana. USA
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Minnesota, USA

Pozos, Robert S. "Effects of the Temperature of Inspired Air on the Amplitude of
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dnesday, continued
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Hypothermia 1
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Dr. Joseph MaclInnis, Undersea Research Ltd.
Dr. Warren Bowman, National Ski Patrol Svstem
Dr. Cameron Bangs, Oregon
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Dr. Richard Pozos, University of Minnesota
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Fay Ainsworth, Outdoor EZmpire Publishing, Inc.
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Saturday (continued)

Hypethermia 2
8:30 am ~ 9:30 am

9:30 am - 11:30 am

10:00 am - 4:00 pm

12:00 noon - 1:30 pm

12:00 noon - 1:00 pm

12:20 pm ~ 12:40 pm

Hypothermia 1
1:30 pm -~ 2:30 pm
2:30 pm -~ 5:00 pm

Bypothermia 2
1:30 pm - 2:30 pm

2:30 pm -~ 3:30 pm
3:30 pm = 3:45 pm
3:45 pm - 5:00 pm

5:00 pm - 6:30 pm

6:30 pm - 7:00 pm
7:00 pm - 9:30 pm
Sunday, January 27, 1980

Immersion Hypothermia (Room 100)

Dr. Jomm Hayward, University of Victoria
David Nagle, Coastal Rescue Training Center
Dr. Alan Steinman, U.S. Coast Guard

Cold Water Survival Equipment & Rescue (Pools - bare feet only)

Cmdr. David Smith, U.S. Coast Guard
and Hayward, Nagle, Steinman

Public program (free)

Observe pool sessions (Gallery)
Visit exhibits (East Gym)}

.  Survival Movie Theatre (East Gym)
Outdoor pond demonstrations at noon

ano o p

(Tootell Pond)

Hot soup and bag lunches Participants only. (Room 100)

Cold Water Survival Suit Demonstration (outdoor Tootell Pond)

by Hypothermia 2 volunteers
Public and Hypothermia 1 may watch

Ice Rescue Demonstration (outdoor Tootell Pond if iced over)

by Johnston {(R.I.) Fire Department - Vincent Monti & staff

Immersion Hypothermia (West Gym)

Cold Water Survival Equipment & Rescue (Pools — bare feet only)

Outdoor Exposure Hypothermia (Room 122)
Urban Hypothermia (Room 122)
Break (Room 100Q)
Hypothermia Education (Room 122)

Return to motels
Car pool to Jamestown Island in Narragansett Bay
Hypothermia Banquet (Bay Vovage Inn)

Speaker: Dr. Cameron Bangs, Oregon
"Mountain Rescues Survived"

(Tootell Pool Building)

8:30 am - 9:30 am

Hypothermia Worksheops -~ Self Selection for further discussion,

dialog, sharing and practice in sessions of chloice,

1. Outdoor Exposure: (Room 122)

Bowman, Maclnnis, Bangs




Sunday (continued)

9:30

10:00

11:00

12:00

1:30

3:45

4:30

am - 10:00 am

am - 11:00 am

am - 12:00 noon

NoCIL

pm

pm

pm

pm

pm

1

- 1:15 pm

2:45 pm

3:00 pm

3:45 pm

4:30 pm

5:00 pm

[

Urban environments (Room 123)

3. Education, Hypothermia Handbook, A/V Aids  (Room 100)
Aingworth, Pratt, Pia

4. Aquatic Rescue, Unconcious Victim, HELP, Huddle (Shallow Pool)
Harold Anderson, Gerald Dworkin, Mike Angell

5. Cold Water Immersion Physicleogy, MDR (West Gym)
Hayward, Steinman

6. Immersion Survival Equipment  (Diving Pool)

Smith

Coffee Break {(Room 100)

Self selected Workshops continue

I - 6 repeat and continue, plus this new session:

7. Scuba Rescue and Hypothermia Issues (East Gym)
McAniff

Great Survival Equipment Pool Race {(Diving Pool)

Competition between participant teams; team members only
on poel deck, all others to gallery seats.

Race Director: Robert Pratt, U. Maine
Judges: Harold Anderson, Red Cross
John O'Leary, URI

Buffet Lunch {Room 100)
Free Swimming - time permitting (Pools)
Hypothermia Program Planning Workshops (White Hall)

An opportunity for organizations and programs o begin
planning own hypothermia training. Groups of 8 or more
(including Red Cross, Sea Grant, military), will be
assigned rooms. Smaller groups use space as avallable.
Each group should appoint a spokesperson/leader.

Break

Planning Reports from Organizations/Groups (Auditorium)

Moderator: Chris Duerr, Conference/Workshop publicity,
URT Sea Grant

Questions & Answers from Hypothermia Experts

Workshop Wrap-up: Feedback and adjournment

Neil Ross, Workshop Chairman, URI
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ABSTRACT

SIMULATION OF IMMERS!ON
HYPOTHERMIA PROTECTIVE DEVICES

E. R. Baker, IV

R. M. Harnpett

J. L. Rlnguest
Clemson University
Clemson, $. C.

The use of human subjects for testing immersion hypothermia
protectlve devices Is not without risk. Additionally, such In vive
tests can be used only to mild states of hypothermla (rectal temperatures
not less than 35°C)}. A mathematical mode! capable of simulating a pro-
tected man under Immerslon conditions would be a viable alternative to
human experimentation. No models presented in the 1lterature were
directly applicable to this situation. Several! model!s were chosen from
those presented in the literaturea and modifled to simulate the presence
of a protective device. Validatfon runs were made agalnst data obtalned
by human experimentation in a concurrent study. The initial results were
discouraging. To improve the model performance, several changes were
made to the metabolic control subsystem. The modified models performed
acceptably for ceftaln classes of protective devices. The modified
models are useful. Howaver, further human experimentation must be done
to provide more comprehensive data for use In the formulaticn of con-
trollers. Additionally, the results may be Improved by the Incluslon of

a more detailed pasiive model .



A STUDY OF IMMERSION HYPOTHERMIA

PART I11:

Stmulation of Immerslion Hypothermla
Protective Devices*

by

E.R, Baker, IV, Ph.D., R.M. Harnett, Ph.D., J.L. Rlinguest
College of Engineering

Clemson Unlversity
Clemson, $.C. 2963

1.0 INTROCDUCTION

The use of human subjects for testing hypothermia protection devices
is not without risk. Additlonally, such In vivo tests can be usec only
to mild state of hypothermia (rectal temperatures not less than 35°C)., A
mathematical model capable of accurately simulating the thermal responses
of a protected man in a cold envlronment would be an attractive alternative
to human experimentation. In addition, the time required to perfcrm the

human experiments makes thls alternatlve method of device evaluation

extremely attractive,

l.] Background

A variety of models have been proposed for the human thermal system.
Some of the models have been established from experimentation while others
have been constructed from the theories of thermodynamles and fluid mechanics.

Some models predict the behavior of the whole body while others are specialized

* Sponsored by U. S. Coast Guard Office of Research and Development
Contract Number DOT-CG-72074-A



to a particular body segment. The interest In this research lles in
models of the entlre human body. Excellent reviews of the work In this
fleld are available by Hardy (1972), Mitchell, et al. (1972}, Shitzer
(1972), Fan, et al. {197t), and Hwang and Konz (1977).

Mathematlcal models of the whole human body may be generally classified
as single cylinder or multl-segment models. Further classiflication is
accompllshed by determinlng whether thermoregulatlon is Internal or external
to the model., Models with internal thermoregulation functions may be
viewed as a composite of two submodels, one for the passive system (physical

system) and one for the controlling system.

The complexity of models of the passive systems depends upon the
number of body segments modeled, thelr geometries, the number of nodes and
shells {layers of segment composltion) attributed to each segment and the
sophistication of the model clrculatory system. The complexity of con-
troller models range from simple functlon-evaluation types to those which
compute error signals based on varlables such as average skin temperature,
core temperature and skin heat flux. All centrollers determine metabellc
rate and In some models, the control system also determlnes the sudometer

(sweating) and vasometer (variable blood flow) responses.

The models are most generally expressed as a set of dlfferential equa-
tions., Early models were solved using analcg computers. The advent of
larger, faster digital machlnes has resulted In most models now being
programmed for diglital computers. The solutlion methodology most often

employed is that of flnite differences.

{.2 Objectlves

The objectlve of this research was to determine the feasibility of
using an existing human thermal} model In the evaluatlon of immersion
hypothermia protectlon devices. To accompllsh this task a review of the
literasture was conducted leading to the selectlon of candidate models
representing the general types avallable. Computer codes for these models
were obtained and modified as necessary to implement them on the computer
system at Clemson Unlversity. These modiflicatlions of the computer-based

models were not Intended to accompllish baslic structural changes to the



models or to improve their intrinsic capablllties.

The selected candidate models were to be valldated agalnst the data
collected from the human immersions discussed In Part | of thls paper,
see Harnett, et al. (1979). Based on the results of these valldations,
recommendat jons were formulated regarding the potential usefulness of each
selected model. Also, the most Important areas for model Improvement were
determined and recommendations regarding their prlorities were developed
for consideration prior to undertakling any efforts almed at improving the

capabllities of 3 model.

1.3 Scope

The scope of this effort included only an evaluatlon of exIsting models.
No new model development or modlfication of exlsting models was required.
However, In the course of Implementing the computer-based models and
experimenting with them, It was also possible within project cost and
schedule constralnts to develop and Implement a number of substantlve model
modifications. These modifications improved the performance of the affected
models and in some cases were necessary in order to give the models any

chance of performing as required for the evaluatlon of cold water protection

equipment,



2.0 MODEL SELECTION

After a review of the }lterature it was decided that this Investigation
would be limited to non-steady state models containing controllers. This
declslion was predicated on two facts: (I} the human response to cold water
immersion was unlikely to be steady state and (2) we would be unable to
externally control the model slnce no experimental Immerslon data was
available which correlated metabolic rate, vaso-constriction and surface
blood flow to the physical parameters of the model such as core, skin

and water temperatures.

References were found In the llterature to but a few models fltting
these criteria. Conversations and correspondence with the authors of these
models revealed several other unpublished models. However, these models
were all reported to be very similar to those found through the literature
search., The followlng five models were obtaired: Stolwlijk, (1972){
Montgomery, (1972); Gordon, {1972); Kuznet, {I974); and Winton and Linabarger,
(1971). An additlonal model, without a controller, Wissler (1966) was re-

quested from Its author; but thls request was not granted.

These models represented several different philosophles In the model ing
of both the passive and control systems. Stolwijk's and Kuznet's models
had been used primarlly for investigation of hyperthermia. The applications
were in support of the NASA manned space flight program. Both models were
implemented on Clemson's I|BM 370/165 and exerclsed with test data as speclfled

by their authors. Nelther model, however, was mod! fled for further evaluatlon.

Stolwijk's model was dropped from further Investlgation because Montgomery's
mode] was determined to be an extension of it which had been used for diving
studies. Kuznet's model was dropped because of Its similarlty to both the
Gordon and Montgomery models. The three remaining models, Winton's,
Montgomery's and Gordon's were chousen because of the contrasts among them

in terms of their general approaches and complexity.

The Winton and Linebarger Model

The Winton and Linebarger (1971} model Is the simplest of the models
studied. This model was Intended for study of both the steady-state and
transient response of the human thermoregulation system to various degrees

of Internal and external thermal stress. Emphasis In this model was placed



on the feedback structure and controller mechantsms Involved in thermo-
regulation., This rodel has been exercised using both analog and digital

simulation.

Winton and Linebarger represent the shape of the body as a cylinder
having three concentric layers. The inner-most layer represents the core
of the body, which Is composed of the deep tissues and Internal organs.
Surrounding the inner core ls a mlddle layer made up of muscle and fat.
The skin comprises the outer layer of the cylinder. For purposes of
analysis the thermal properties of the three-layer model are represented
by an analogous electrical circuit. The thermal system and its electrical
anaioé are governed by identical differentlal equations which form the

basis of this model.

Three primary control mechanlisms are Included In this model: sudometer,
vasometer and metabolic. These control mechanlsms are incorporated into
the model by varying the related parameters of the circuit analog in an
appropriate manner. Physiologlc¢al studies have shown the importance of
both core and skin themperatures in thermoregulation. Based on these
studies feedback signals from the core and skin have been Included In this

model,

The Montgomery Model

The Montgomery model 1s an extension of the Stolwljk (1970) rodel
intended to allow investigatlon of heat loss/galn durlng underwater diving
work. Its thermorequlatory system Is divided into two distinct subsystems:
the physical-controlled subsystem and the dynamlc-controlling subsystem.

The controlled subsystem conslsts of the physical portions of the body.

The controlling subsystem contains the central hypothalamlc thermo-
integrator, the central set polnt temperature and assoclated afferent
and efferent signal pathways. The controlllng subsystem receives afferent
signals from all portlons of the body, Integrates the signals, corpares the
results to the central set point and distributes the approprlate effector

command signals to all portions of the body.

The controlled subsystem, Flgure 111-1 ,conslsts of the head which is
considered a sphere and cyllnders representing the trunk, arms, hands, legs and

feet. Both arms, hands,legs and feet are represented,because of symmetry,by one



FIGURE 115-1
SCHEMATIC OF THE
MONTGOMERY CONTROLLED SYSTEM
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FIGURE F11-2
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cyl inder each. Each body segment Is composed of eleven concentric

layers: four representing the body core, four representling the nmuscle
layer, and one each representing the body layers of fat and skir, and

one representing the outer wet sult layer. A central blood compartment
simulates the body's central blood pool which exchanges heat with all other
body compartments, via convective heat transfer, through simulated blood
flow to each compartment. Each of slixty-one body compartments Is represented
by a heat balance equation which accounts for internal heat generation,
conductlve heat transfer between adjacent compartments, and convective

heat exchange with the central blood compartment. Where applicable,
respiratory heat generation and heat loss are Included In the bcdy compart-
rent heat equations. Additlonal heat balance equatlons represent a wet
suit on the six body segments and include the effects of conductive heat
transfer with the skin and conduction-convectlion with the ambient water.
Each of the sixty-seven heat balance equatlons Includes the thermal capacl-
tance of the compartment enablling the transient response of the compartment

to be simulated,.

The Gordon Model

The Gordon model is the most complex of the three models examlned.
Gordon also divides the temperature regulatory system Into two rajor subsystems:
the passive subsystem and the control subsystem. The passive subsystem lIs
divided into ten body segments. Cylinders are used to represent the neck,
thorax, abdomen, arms, hands, legs and feet. A cyllndrical segment represents
the face and spherlcal segments represent the head and forehead. All seg-
ments consist of four concentric layers. Both the number of segments and
the number of Integratlon nodes per layer is varifable. The model was
implemented at Clemson with the segmentation described above and eleven
nodes per segment. Both of these cholces were used by Gordon in his inltial
validation of the model. They represent a logical balance between computational

burden and numerlcal precision.

Since the body 1s modeled as concentric spherical or cylindrical shells,
(Figure 111-2) the governing equations were obtained by considering a shell of
uniform properties. An energy balance equatlon s used for each shell. To
complete the passive subsystem model, heat transfer ITnvolving tke blood pool was

~odeled, including counter-current heat exchange between certalr body elements
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and the blood pool, The partial differential equatlons (which from the
energy balanclng) are nonlinear and are solved by finite difference

techniques.

The control subsystem In this mode] generates several "error signals'
which are deviatlions of average skin heat flux, average skin temperature,
and hypothalmus temperature from set-polnt values obtained passively durlng
basal conditions (resting with no food in stomach). Combinations of these
error signals are welghted to produce the control subsystem signal. The
equations which descrlbe this control signal make up the control system
model. Although the original emphasis of this model was to simulate
exposure to cold alr, provisions were made for the future addition of a
warm-env| ronment controller. The computer code for the Gordon model was

written In FORTRAN.



3,0 EVALUATION OF THE SELECTED MODELS

The models selected were modifled to accept the Inputs from the
thermal testing described 1n the last chapter. This simplified the
process of exerclsing the models for the variety of test articles con-
sldered in the study. It was also necessary to modl1fy by addling a layer
to represent the protection equlpment. Further, 1t was necessary to
modify the modellng of convective-conductlve heat transfer at the Interface

with the environment to reflect the dlfferences resulting from water as

opposed to air Immersion,

3.1 The Winton and Llnebarger Mode

The Winton and Llnebarger model Is the simplest of the three selected for

evaluation. The three-layered cylinder used to model the body was represented

by the electrlcal circult analog shown In Figure 11E=-3,

FIGURE 111-3
WINTON-L INEBARGER 3-LAYER MODEL
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The model, originally Implemented on an analog device was later written in

CSMP. A CSMP version of the model was implemented and evaluated In this
study.

In Figure 11-3, Hc is a current source which represents basal metabolic
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thermogenesis, shivering thermogenesis and resplratory heat loss. Gv Is

a resistor representing the net heat conduction of the body tlssues and Ga
represents the net conduction from body to environment. Cc Is a capacitor
representing the heat capacitance of the body tissues except for the skin
which Is represented by Cs. He s a current source representing evaporative
heat loss. Ta s a voltage source representing amblent environmental

temperature and Tc and Ts represent core and skln temperatures, respectively.

To accommodate modeilng of a thermal protective device It was necessary

to modify the circult In Figure !11-3. Fligure It!-4 shows the modifled

model .

FIGURE |11~k
MODIFIED WINTON-LINEBARGER MODEL

Here Gw represents the conductance of the protectlve device, and Cw Its

thermal capacltance. The current socurce, Hw' was Included to allow the modeling
of devices which, themselves, produce heat. Tw Is the temperature of the pro-
tective device. For Immersion simulatlon He 1s set for zero. All of the

protective devices considered In this study are passive, so Hw was set to zero.

The model performed well considering Its simplicity. Core temperature
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losses were of the same magnitude as those observed durlng a human
fmmersion. The time trace itself however was not the same as Is seen In
Flgure I11-5. The model loses a slignificant amount of heat before the
metabollc process can begln to compensate. The metabollc rate Is driven
as high as necessary to overcome the rate of heat loss and the model

finally exhibits a plateaulng.

FIGURE {}Il-=5
TIME-TEMPERATURE PROFILE
FROM WINTON'S MODEL

CHANGE IN CORE TEMPERATURE (°C)

TIME FROM IMMERSION (min)

The initial large loss of heat, as reflected by a rapidly ceclinlng
core temperature, 1s attrlibuted In the main to the controllers Inabllity
to react to the high gradlent experlenced upon Immersion. As with many
models, Winton's was developed for use in estimating steady-state conditions.
ks a consequence, large contlnulng changes are requlired In core and skin

temperatures before the metabollc rate becomes sufficlently elevated to



overcome the rate of heat loss due to the Irmerslon.

MakIng the mode! more useful for evaluating protective devices would
require modiflcation of the controllling subsystem. Because the mode]
represents the surface of the subject as a single cylInder, 1t Is applicable
only to the study of full body protective devlces. Some generallzations
to this model are possible. With modiflcation of the controller good estimates
of cooling rate may be posstble for full body suits. Since the model requires
small amounts of both computer time and storage, there may be sufficlient

justiflcation to warrant this modlflcation effort.

3.2 The Gordon Model

As described In Sectlon 2, Gordon represented the body by a set of
spherical and cylindrical segments consisting of concentrlc layers. Each
layer was subdivided to finally represent each segment as a set of partial
differential equations across eleven nodes. Each ncde was centered in a
shell of uniform material. The resulting equatlons are solved using finlte

difference techniques.

The additlon of a protective device tc thls mode] required only two
small changes to the model. An addltlopal ‘ayer was modeled for each body
segment covered by the device. Each segment originally had four layers.
Because of the rapid transient temperatures to be experienced in this layer,
it should be modeled with not less than two integratlon nodes,Wissler (1971).
Thus, at a minimum, the model would consist of thirteen differential equations

for each protected segment.

The second change requlred was in the control subsystem. In the
orlginal model, the controller is hooked to the last Integration node, that
of the skin. Since the model was bullt to accept a varying number of nodes
per segment, the addlitlon of the protectlve device would cause the controller
to use as Input temperatures and fluxes calculated for the furthest node
from the segment core which would be protective device surface temperatures
and fluxes. This is easlly remedied in eltnher of two manners. First, one
may flx the number of nodes representing body in each segment thus afflixing
to the skin a constant node number. Alternatively the node number reprgsentlng
the skin may be calculated by Including as Input the number of nodes used

to represent the protective device on each segment.
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As mentloned above, the three models to be modifled were first examlned
under condltions for whlch they had been designed. In this testing Gordon's
model was found to be the best overal!! analog. Before modifications were
made to model the protective device, the model was set up to simutate a3
nude cold Immersion. As a result of these runs, a major problem was
observed In the Gordon model. One would expect that, after an Initlal
rlse in core temperature, a decrease would occur which may or may not find
an equilibrium level. The perlod of initlal rise and the magnltude of the
rise can vary. However, from experlimental evldence one would expect the
period to be relatively short with a magnitude of at most a few tenths of
3 degree celsius for a nude man In cold water. The Gordon model exhlbited
the initial Increase upon Immersion. However, the core temperature contlinued
to climb as the stmulated immersion continued. At the end of a 5-hour simulated

immersion, the core temperature had reached approximately 42°C.

A re-examination of the mode! under the conditlons for which It was
valldated by its author showed that the problem could have exlisted at that
time. It was validated during relatively short {2 hour)simulatlons of ex-
pesure to cold air (5°C). Increasing core temperatures were expected during
this period. Their appearance in the simulatlon results seemed to Indicate
that the model was working well. Unfortunately, the valldatlions with cold
air immersions did not extend Into the time perlod when core cooling occurs.
This problem was not observed In the Initial testlng at Clemson because the

simulations were also of relatlvely short duratlon.

The Gordon model employs the most detailed modeling of the Auman physical
structure of the three models examined. It was anticipated that it would
prove to be the most accurate of the three selected models. For this reason,
while it was not an objectlve of this effort to tdent!fy and correct modeling
errors, an attempt to do so was made. The equatlons for the physical system
viere verified by redertvation. The coding was checked and several simplifi-
catlons were made. However, the problem could not be identified. It was
finally decided to terminate efforts to correct the Gorden computer code, In

favor of concentrating on the Montgemery model.

3.3 The HMontgomery Model

As suggested earlier, the Montgomery model is basically an adaptation
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of Stolwljk’s rodel designed for use In evaluating the thermal aspects of
diving activity. The model divides the body into ten compartments/segments.
Each segment is subdlvided Into eleven concentric layers. Each compartment
represents a lumped thermal capacltance wlth appropriate modes of heat
production and heat transfer to other compartments. Each body layer gene-
rates metabollc heat at a basic rate and exchanges convect!ve heat with

the central blood pool. The eleven compartments of each segment exchange
heat via conductlive transfer with adjacent compartments as functlon of
layer geometry and tlssue thermal conductlvity. Each wet sult segment
exchanges heat with the env!ronment as a functlon of wet sult properties

and amblent water condltlons.

The starting polnt in the development of the thermal network for a
given subject Is to estimate his percent body fat from his helght and
welght. His total surface area s also estimated from his helgh and
weight. The surface area of each segment Is then calculated from ths total

surface area.

The relative weights of the varlous segmental layers are calculated
from the subject's total body welght and a percentage welght distribution.
The various compartment welghts, when multiplied by the corresponding
speclfic heat value, ylelds the thermal capacltance value for each compart-
ment, Since the core of each segment conslsts of both skeletal and visceral
tIssue which have different speciflc heat values, they must be treated

separately and averaged.

The central blood compartment, representing the blood In the heart and
the great vessels, !s assumed to contafn 2.5 llters of blood. The thermal
capacitance of the central blood compartment Is subtracted from the total
thermal capacitance of the trunk core. The metabollc heat generation In
each body compartment s calculated using the dIstributlon glven by Stolwljk
and Hardy (1966).

The convective heat exchange that takes place between each body compart-
ment and the central blood pool as a result of blood fiow Is calculated
using the basal blood flow values for each compartment. The thermal con-
ductances of each compartment are assumed to be uniform, concentrated at
the compartment's center of mass and only dependent upon compartment tempera-

ture. Thermal conductance between layers is a function of the thermal
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conductivity of the materlal between compartments, the distance between
compartments, the area of the heat trarsfer surface located at the mid-

ptane between compartments and the temperature of the two compartments.

The wet-sult-to-ambient-water heat transfer coefficlents are
dependent upon the geometrlc shape of the body segment, the amblent
temperature and pressure; the viscosity, thermal conductlvity, heat capa-
city and density of the surrounding water; and the water veloclty relative
to the body segment. Wet sult compartment thermal capacltance values are
calculated as a function of wet sult speclfic heat and wet suit density

for each segment.

The Stolwljk (1970) biothermal model was used to form a basis for the
controlling subsystem. The first change that was made to the Stolwljk model
was to provide more compartments to represent the core and muscle tissue
of each body segment. Flinlte difference methods of solution using lumped
nodes will produce errors when new gradients develop In the relatively
thick muscle and core layers. This type of error may be decreased by
introducing additional compartments in the core and muscle portions of
the controlled subsystem. Thls method was used by Wissler (1964) to Improve

the simulated response to cold exposure.

The core and muscle portions of each segment were dlvided Into four
compartments, each having one-fourth of the core of muscle mass of the glven
segment. An additional compartment was also provided to represent the wet

suit coverlng each body segment.

The effect of evaporatlve heat loss from the skin compartments s
negligible under diving or totally Immersed conditfons. The evaporative
heat loss from the trunk core Is equal to that amount of heat that Is
carried away from the body during explration of the resplratory gas. The
quantity of heat loss from the resplratory tract for any gas mixture can
be calculated from the physical properties of the gas mixture and the
thermal and dynamic characteristics of the resplratory system. Respiratory
heat loss s proportlonal to the respiratory minute volume, which is in
turn related to the amount of oxygen requlired to provide energy for
metabolic needs. The respliratory loss of heat is somewhat offset by the
work of breathing. the net amount of evaporative heat loss from each of

the trunk core compartrents Is taken to be one-fourth of the difference
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between the total respiratory heat loss and the total heat generation

due to respiration.

Net heat flow Into or from each compartment Is then calculated. The
skin compartment In each segment loses, through conduction to the wet
sult, an amount of heat equal to the heat transfer coefficlent multiptied
by the temperature difference between the skin and wet suit compartments.
Since a diver does not recelve solar heat input and does not transfer
radlant heat to his surroundings, the envircnmental heat transfer coefficlents
used by Stolwljk (1970) have been replaced by convective-conductive heat
transfer coefficients between the wet sult and ambient water., The water-
neoprene skin surface heat transfer coefficlent Is dependent upon the
geometrical shape of the body segment; the amblent temperature and pressure;
the viscosity, thermal conductivity, heat capacity and density of the

surrounding water; and the water veloclty relative to the body segment.

Little modificatlon was necessary to the physical system of Montgomery's
mode] since 1t already had provisiens for an additional layer between the
skin and enviromment. Initfal modlfications were directed toward increasing
the flexibllity of device modeling to allow simulation of other than fult
body sufts. In addition, modifications suggested by Montgomery (personat
communicatlons) were Implemented to simulate immersion of the body with
the head and neck (modeled as a slngle segment) exposed to alr. These

changes were made in the WETMAN subroutine of the model computer code.

Typical Results with Montgomery's Model

Runs were made to simulate several of the devices included In the cold
Immerslon test described In Part | of thls paper. The results of one
series of these slmulations Is shown In Flgure 111-6. The article mcdeled
(WP ) was a jacket-type device provliding protection basically to the trunk
and arms. The figure presents the simulatlon results, for a man 172 ecm

tall weighing 74.4 kg, and the experlmental observatlons for five volunteers
testing thls device.

Considerable variation In response Is exhibited by the five experimental
observations, largely due to somatotype differences among the subjects. None
of the individual responses ls represented well by the model results. The
model's metabollc control subsystem inltially falls to recognize the heat
draln caused by the cold immersion. Thls results In a too slow Increase

in the rate of thermogenesis and a rapld cooling shortly after immersion.
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When the metabolic controller does recognize the loss It elevates the
metabolic rate by large steps to compensate for the decline In average

*
skin  and head core temperature. The result Is a complete stabillization of

core temperature.

Montgomery's Metabolic Rate Controller

The controller for metabollc rate formulated by Stolwl]jk and used by
Montgomery calculates changes Tn metabollic rate based upon the followlng

formulation.
MR = € (AT + R T )+C¢C (AT + R - T°) +
< c ¢ ¢ s 5 5 5

c -(.»:.Tc + Rc ‘T ) '(ATS + R Ts )

where AMR » change In metabeollc rate
Cc, Cs' c, RC and RS are welighting factors

ATc = deviation of head core temperature from a
set polnt value

T = rate of change of head core temperature

AT = devlation of average skin temperature from a
set polnt value

T = rate of change of average skin temperature

The weighting factors (constants) are defined as follows.

R = 0
c
Rs = (.03
c =0
[
c. = 0
s
c = 21.0

The definitions of Cc. Cs and C were used by Stolw!ljk based upon the experi-
mental evidence of Benzinger, et al. (1963). With these definitions the

metabolic rate controller simplifles to the followlng.

AMR = 2] . AT, -(ATS + 0.03 T )

*Average skin temperature is deflned as the average of the outer surface temperatures
of each compartment, welghted by thelr proportlonal amounts of surface.
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This simplified model Is completely insensitive to the rate of
head core cooling and s not particularly sensitive to the rate of skin
cooling. The model is largely based on the amounts of cooling In these
two temperatures and places essentially equal! emphasis on the two.
Initlally, there will be a rap!d decrease In average skin temperature
but very little change In core temperature. Thls Implles that the product
in the above equation wlll be small, resulting In small Increases in the
metabolic rate, until there has been a signiflcant decrease in head core

temperature.

This helps explaln the behavior of the model as depicted 11 Flgure
It1-6. It is obvious then that there is considerable room for Improvement
in modeling metabolic control. While not Included in the scope of this
project, the development of a new controller was seen to be essantlal to
a positive finding that a model can serve the purpose addressed in this

study.

The vallidity of Montgomery's (Stolwljk's) metabolic controller for
certain conditlons (e.g., a nude man in cold air) has been shown by many
people Including Stolwijk. It was, as stated above, based on experlimental
data. It was decided, therefore, to formulate a new controller for the
Immersion environment based on the data collected In the human immersion

portion of this study summarized in Part | of thls paper.

Improved Metabolic Contrellers

Relevant data avallable Included recta! temperature at 15 cm, skin
temperatures at the toe, thigh, forearm, bicep, groln and subscapular sites
and perlodic measurements of metabolic rate. The procedure used to develop
the controller was to establlsh,through regression analysis, 1lnear models
relating changes in metabollc rate to changes in the rectal and skin tempera-
tures. The basis of comparison for determinlng these changes were measurements

made following a 30-minute rest perlod prior to commencing cold immersion.

The initial attempt was based upon regression analysis applied to the
pooled sample of observations obtained in the laboratory. When the resulting
metabolic controller was implemented In Montgomery's model, fair predictions
of cooling rates resulted for most of the wet-mode sults but the predictions

for the abandon-ship type dry sults were much worse.

The experimental data was then segregated in two subsets -- one obtained

during Immersion In 11.8°C water wlth wet-mode sults and one obtalned during
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Immersion In 1.7°C water with dry-mode suits. These data sets were
analyzed separately to produce a metabolic controller for each condition.

For the wet-mode suits the following model was obtalned.

AMR = 7.004 - 5,822 -ATth - 2.407 -ATf - 37.382 -ﬂTr
where ATth = change In thigh temperature
ﬂTf = change In forearm temperature
ATr = change In rectal temperature

This model had a corretation coefflcient (R- value) of 0.77. The
accuracy with which regression relatfons conform to the data Is often
expressed by ''F test statlstles'’. The signiflcance of these statlistics
may be interpreted by the "level of significance' at which the hypothesis
(that the observations follow the model) may be rejected. Small Tevels of
significance indlcate that the regression conforms well to the observations.

The "level of signlflcance'" for this regression was 0.001.

The control model obtained from regression analysls of the data obtained

with the dry-mode sults is the following.

AMR = |.987 - 2.654 'ATt - 4,595 -ATth -

5.1361 cATb - 8.920 . AT
r

change in toe temperature

where aTt

change In bicep temperature

ATb

other symbols as previously deflined

This model had a correlatlon coefficient of .85 and a "'leve! of significance"

of .0001.
These two relationships were Implemented In the Montgomery model.

It was necessary to accept some approximationsin marrying the list of

variables required by the controllers with those avallable In Montgomery's

model. The variables were matched as follows.
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Controller Vartable Model Varlable

Toe temperature Average foot temperature
Thigh temperature Average leg temperature
Bicep temperature Average arm temperature
Rectal temperature Trunk core temperature

These approximations are unavoidable because of the simplifications in-
volved in modeling the physical structure of the body in Montgomery's

model .

Model Vatidation

The question of model validity is dependent upon the use to which
the model is to be put. The obJectlve In this case Is to use the model
rather than human experlmentation as the basis to estimate the survlval
time associated with new developments in protection equipment. |f one
accepts the survival tlme model! and prediction procedure presented In
Part 1, then all that Is required of the model Is a prediction of core
cooling rate which may than be used to estimate survival time. Thls would
relieve the need to be particularly concerned with absolute temperatures
predicted by the model for varlous body sites or transient aspects of

their profiles.

Based on this method for estimating survival time, model validity
may be determined by establlshing the accuracy of its predictions of
the rate of core coclling. This may be done by performing statistical
tests comparing the rates observed with the volunteer test subjects
(Part | of this report) to corresponding rates predicted for them by the
model. Thls data s naturally "paired" and so lends ltself to paired
analysis as a means of varlance reductlon. The ''palred t test'' descrlbed
by Steel and Torrie (1960) was used for this purpose. The procedure s
illustrated below. The test was run at the 0.05 level of significance with

a two-talied rejection reglon.

Null Hypothesls {(H ): There !s no difference between mean
° slmulated and mean experlimentally
observed cooling rates
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Predicted Cooling Rate(°C/hr) Deviation (d)
Subject Slmulation Experimental STmulation ~Experimental
MK 1.037 2.510 -1.473
GE 1.472 1.800 -0.328
TP 1.100 0.556 0.54%
BH .697 0.39! 0.30
PK .621 0.244 0.376
$d% = 2.808 £d = 0.575 n =5 (No. of palrs)

d=d/n=0.115

| 2 .
s?_ - §d? -n{gd) = 0.137
d nin-1}
Sa = (. 367

t-test statlstic = E/sa = 0.310

Critical value of t at 0.05 level of significance with
4 degrees of freedom = 2.776

Since the calculated statistlc Is less than the critical
value we cannot reject Ho'

A summary of these tests for each of the devices Included in the cold
immersion testing, except for the PFD is presented in Table 111-2. From
the table we observe that the model performed well for all of the wet-mode

suits.

Those suits for which we must reject the hypothesis of sameness between
model and observed average cooling rates are largely the abandon-ship sults.
Reference to Figure I-| In Harnett et al.{1979) wli] help explaln the models
fallure. The model '‘sees' all simulated {mmerslions with the subject com-
pletely underwater from the neck down. As can be easily observed from the
pictures of the flotation attltudes of these suits in Flgure 1-1, much of
the upper surface areas covering the legs, arms and trunk of each of these
suits is exposed to alr. The heat transfer cocefficlent for alr Is much less
than that of water. One would therefore expect the coollng rates predicted

by the model! for these devices to be greater than that observed in the
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TABLE i11-2

RESULTS OF PAIRED t TEST

WITH REGRESSION-BASED CONTROLLERS

Calculated |Critical Degrees |Accept or
TEST ARTICLES Statistlc |Valus @ of Reject
0.05 Level |Freedom

Bayley Exposure Sult (PVC foam) 5.367 2.776 i Reject
Bayley WeatherMate Plus 1.599 2.776 4 Accept
Helly-Hansen Survival Sult (D-600-0) 4,789 2.57% 5 Reject
Henderson Z1p-On Exposure Sult (2080-4) 5.237 2.776 4 Reject
Henderson Prototype Jacket 1.180 2.776 it Reject
[LC Industries Prototype Survival Sult 0.387 2.776 4 Accept
Medalist Ski Shorty (7010) 8.172 2,776 4 Reject
Mustang U-VIC Thermofloat (1661) 0.009 2.776 b Accept
NADC Goretex Experimental Coverall 9.102 2.571 5 Reject
Dr. 5. B. Rentsch's Prototype Survival Suit

(without respiratory heat reclamatlon) 1.289 2.776 4 Accept
S.1.D.E.P. Seastep Survival Sulit 15.931 2.776 4 Reject
Stearns Windjammer Jacket (FJ-55) 0.4l16 2.776 b Accept
Stearns Offshore Survival Jacket (FS5-500) 1.823 2.57! 5 Accept
Stearns Heavy-Duty Offshore Survival

sult (Fs-71) 6.068 2.776 4 Reject
U.5. Air Force Modified Anti-Exposure

Assembly (CWU-21/AP) 2.187 2.776 b Accept
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experimentation, as Is the case.

The Stearns Heavy-Duty Offshore Survival Sult and the Henderson Zlp-On
Exposure Suit failed to pass the test. Reference to Figure |-l shows the
same type of flotatlon attltude for these sults as for the abandon-ship
sults., |In addition to the above-stated reason, the Inadequacy of the

controller may be contributory to thelr fallure.

Mode! results for two addltional sults falled the palred t test. In
both cases the model-predicted coolling rate was faster than that observed
from our testing. Agaln reference to Figure |-1 shows that both of these
devices were tested with the subjects wearing a 'water wings' type flotatlon
device which exposed a stgnlficant amount of the trunk to the afr. Additionally,
the flotation device allowed the subjects to keep thelr arms and hands out
of the water. Thus a faster predicted cooling rate from the model seems

very reasonable,.

Three sults passed the test which, by the above arguments, should have
failed, the ILC prototype, Dr. Rentsch's prototype and the U. S. Alr Force's
CWU-21/AP. All three of these had simulation predicted coolling rates slower
than we expected. For the ILC and Dr. Rentsch's prototypes this is most
probably due to error in the estImation of their thermal conductivlties.

The estlmated conductivitles are, therefore, probably smaller than the
reality. Thus while the model saw a completely submerged sult, It also
saw a thermal resistance probably larger than reallty. The combination of

these two “errors' acted to cancel each other.

The average of the observed coollng rates was higher than the average of
the model predlictions for the CWU-21/AP. Thls sult, while ostensibly a dry
sult, was observed to leak during testing, as noted In Part |. Since the
only thermal protection was the thin dry shell and arimld underwear, It Is
reasonable to assume that the major portlon of the thermal protection offered
by the underwear was lost when It became wet. Thus the model may have expected

more thermal reslstance than probably exlsted in the experimentation.

If one is concerned only with the prediction of cooling rates, the
model, when used on sults that do not expose a great deal of body/device

surface to air, appears acceptable. Overall, coocllng rates predictad by
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the model are faster than observed. Thus, in general the cooling rate
obtalned by simulation will lead to conservatlve estimates of survival
time when used with the survival-time predlction mode! presented in

Part | of this paper.

The fallure of the mode! lles In lts ifnability to accurately predict
time traces of body temperatures. Figure 11t-7 shows a plot of rectal
temperature as a function of time for two subjects wearing the U-VIC
Thermofloat. The solld lines are plots from experimental data. Broken
lines show the results obtalined when the physical parameters of the two
subjects were put into the model. Two important observatlons may be made.
First, there is a complete absence In the simulation results of any Initlal
rise in rectal temperature. Second, the average slopes of the observed
and simulated rectal temperature traces (from maximal temperature to last
observation) are very nearly equal. In fact, if the model traces are
displaced to the rightto coinclide with the return of the experimental trace
to entering temperature, the simulated and observed traces correspond very
well. Since the slopes are approximately the same, the predicted cooling
rates will be very similar. Thus the rmodel was able to pass the palred
t test even though the predlicted and observed rectal temperature behaviors

varied notably.

Tuning the Metabollc Controllers

For two of the human Immersion tests we had the use of a Waters con-
tinuous reading oxygen consumption meter computer (MRM-1). The time profiles
of metabolic rate observed usling this device revealed several very interesting
points. |t was observed that Immediately upon Immersion the metzbollc rate
jumps by about 40 kcal/hr above a restlirg rate of approximately 70 kcal/hr.
Since even the revised metabollc control models did not show this Immedlate
increase, an experimental controller was constructed which Incluced It as
a constant. The resultlng experimental controller for the wet-mode devices

is the following.

MR = 40 + 1.237 -~ 5,339 'ATth - h.sh?-ATf

The last three terms of this experssion were obtained by regression and had
an R-value of .69 and a level of significance of .04. For dry-mode sults

tested in 1.7°C water, the 40 kcal/hr constant was added to the regresslon
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equations determined above for these suits.

Figure 111-8, shows the profile of change In rectal temperature for
two subjects wearling the U-VIC Thermofloat. The observatlons are shown
as solid 1lnes while the simulation results are represented by the broken
lines. The agreement between observatlon and simulatlon s much improved
over that deplicted In Flgure 111-7 for the modIfled controller based solely

on regression.

Table !11-3 presents the results of palred t test carried out between
the simulation predicted coollng rates using these experimental controllers
and those observed experimentally. The results are much the same as those
presented for the modiffed controllers In Table I11-2. The notable changes
are the ILC prototype and Rentsch's prototype which fail now, exhiblting
slower predicted than observed coollng rates as would be expected with a
higher average metabollc rate. The Increase in metabolic rate alsc helped
the S.1.0.E.P. Seastep and Stearns Heavy-Duty Offshore Survival sults to
pass the test. Overall, while these controllers are not as firmly supported

by experimentation, the results are subjectively more satisfylng.

Figure 111-8 presents the proflles of three skin temperatures pre-
dicted by the model for an ''average'" man, as described in Part | of this
report, versus the average results obtalned experimentally. The experi-
mental polnts are bracketed by one standard deviation. The proflies show
only the first fifty minutes of the immersions. This Is necessitated by the

removal of one of the subjects at that tlime.

The proflle of leg temperature predicted by the model, as shown in
Figure [11-8(a), lles outslde of the bounds of the experimental data. However,
the temperature plotted for the model Is an average leg temperature while
that plotted from experimental data Is a thigh temperature. One would cer-

tainly expect an average leg temperature to be lower than a thigh temperature.

The profile of arm temperature is shcwn in Figure [11-8(b). The
inltial deviatfon Is due most probably to the rapld decrease In skin tempera-
tures when the protective device Inftially floods with water. The model
does not see thls flooding and the simulated temperatures drop more slowly.
In the model heat must be lost through the slmulated device to the water.
The frequent movement of the subjects (e.g., shivering) during the immersion
helps to maintain some contlinual flushing. Thus the average arm temperature

from the model would be expected to be somewhat warmer than that observed.
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TABLE 111-3
RESULTS OF PAIRED t TESTY

WITH EXPERIMENTAL REGRESSION-BASED CONTROLLERS

CalgultatedCritical Degrees |Accept or
TEST ARTICLES Statlstlc (Value B of Reject
- 0.05 Level jFreedom

Bayley Exposure Sult (PVC foam) 4.088 2.776 ( Reject
Bayley WeatherMate Plus 2.03 2.776 L Accept
HelTy-Hansen Survival Sult (D-600-0)} 2.926 2.571 5 Raject
Henderson Zip-On Exposure Sult {2080-4) L.552 2.776 4 Reject
Henderson Prototype Jacket 0.945 2.776 4 Accept
ILC Industrlies Prototype Survival Sult 4,750 2.776 b ReJect
Medallist Skl Shorty (7010) with FllIght Sult 3.143 2.776 4 Reject
Mustang U-VIC Thermofloat {1661) 0.310 2,776 4 Accept
NADL Goretex Experimental Coverall 4,369 2.571 g Reject
Dr. S. B. Rentsch's Prototype Survlval Sult 14,609 2.776 b Reject

(without respiratory heat reclamation)
S.1.D.E.P. Seastep Survival Sult 2.597 2.776 4 Accept
Stearns Windjammer Jacket (FJ-55) 1.170 2.776 L Accept
Stearns Offshore Survival Jacket {F$-500) 1.178 2.571 5 Accept
Stearns Heavy-Duty Offshore Survival

Suit (FS-71) |.706 2.776 b Accept
U.S. Air Force Modified Anti-Exposure

Assembly (CWU-2(/AP) 1.323 2.776 b Accept
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DEVIATION OF TRUNK TEMPERATURE FROM BASAL (°C)

FIGURE 111-8{c)
TRUNK TEMPERATURE PROFILES

o 1
-5 _L
*®
Q @ -
SN
-10 L [ M
=15 1
' [ P | i ]
t T ] 1
10 20 30 40 50

TIME FROM IMMERSION {MIN)

31



Figure 111-8(c) shows the relationship between mode) predlcted and
observed temperatures for the trunk. Experimentally the trunk temperature
was taken to be that monitored at the subscapular site. Again an Initial
deviation may be seen which Is easily attributed to Initlal floodIing of
the sult. |In the long run the experimental profile 1s at a slightly higher
temperature level than the simulated one. The simulated data Is for the
average trunk temperature which might reasonably be expected to be cooler

than the subscapular site.

32



4.0 CONCLUSIONS AND RECOMMENDAT IONS

The potentlal usefulness of a simulation model for evaluation of an
immersion protective device {s wlithout questlon. 1In addlitlon to ellminating
the risk assocfated with human experimentation, there are economlic advan-
tages in conducting evaluatlons by simulatton rather than by human experi-
mentation. Furthermore, simulation of an Immersion may be accomplished
In a short time. The computer resources requlred by the model are small,
most will run In under one minute of CPU time on an IBM 3033 and use less
than 256k of core. The cost of a typlcal run made with Montgomery's model
In this study was approx!mately $7.80. Obvlously this Is a much more

economical approach than direct human experimentatlon.

An additional advantage lies In evaluatlon of new postulated designs.
Currently, these designs must be fabrlcated and tested by human experi-
mentation. Using a simulatlon mode) one need not physlcally construct the
prototype. Rather, one need only describe It to the simulatlon model.
Obviously, thlis approach would greatly Increase the number of prototype

devices which might be examined and the cost would be much reduced.

The modified Montgomery model, discussed in Chapter 3, represents a
good start toward a useful model. One may be reasonably confident of
survival times calculated from predicted cooling rates generated by this
model. There Is, however, some room for Improvement. The major areas
Include: improvement of the controller, more detail In the physical model
and improved methodology for the determination of protective device thermal

properties.

The most Immediate need is for an improved controller. Review of the
literature has shown that all controllers presently In use were designed
from data coltlected In low rate of heat loss experiments, generally nude
cold air Immersions. The validation of models with these controllers has
been accomplished under the same conditions. There [s no reason to expect
that a controller thus developed will function correctly under the condl-
tions one encounters during cold water Immersions {(e.g., high rates of

heat loss).

As has been demonstrated, Improved model performance may be obtalned
by using a controller developed from data collected durlng cold water

immersions. The controllers Investigated In thls study were all based on
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simple deviations of temperatures at various body sltes from predescribed
resting temperatures for those slites. The behavior of the model, using
a controller based solely on a linear regression of devlations In surface

temperatures leaves much to be tried.

It was seen In Flgure 111-7 that a basic problem appears to be a
too slow start of the metabollc furnace. That Is, the simulated metabollc
rate did not increase sufflciently, compared to the rate of heat loss, unt il
a large rectal temperature drop occurs. This leads one to belleve that
controllers based on rate of heat loss, rate of change of various body site
temperatures or whole or partlal bbdy heat flux may be required in order
to obtain improved accuracy In temperature prediction from the model.
One of the reasons Gordon's model was chosen for Inclusfon In this study
was because its controller, unllike others, used whole body heat flux In
determining devliation of metabollc rate from Its basal! level. Unfo-tunately,
most of the experimental work has been carrled out under low rate of heat
loss conditlons. That work which has been performed under condltlons of
high rates of heat loss has not been done with controller formulation in
mind. One flnds that metabolic rates were not always taken or If taken were

taken at long intervals. During the human Immersfon portion of this study
we observed a great deal of fluxation In metabolic rate as a function of time.

Improved cpntro1lers can certainly be developed with exlsting data.
More human Immersion work may need to be done contlnuously recording meta-
bolic and temperature data In order to formulate an accurate controller.
An attempt could then be made to correlate data collected in this fashion
with data from low rate of heat loss work In order to develop a controller

good for all modeling dealling with condltions of heat loss.

A was dlscussed In Section 3, most of the suits which failed the palred
t test were belleved to fall, at least In part, because of the model's in-
ability to simulate the flotation attitude observed In the experImentation.
The Montgomery mode! assumes Immersion to the neck. Experimentally, It
was often seen that much of the trunk, legs and arms was exposed to alr.
Obviously, the mode! should and did predict higher than observed coolling
rates. Therefore, to be applicable to the evaluation of suits of this

type (basically abandon-ship suits) the model should be modified.

An additional problem encountered with Mongtomery's model was the

inability to properly describe some of the sults. The model represents
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the human body as composed of a complete head and trunk, complete arms,
hands, legs and feet. There Is no way to distingulsh between ttorax and
abdomen, upper and lower arm or upper and lower legs. As a consequence,
protective devices which only partially covered the extremities were
modeled as not coverlng them at all (devices such as the Medalist Ski
Shorty and U-VIC Thermofloat)}.

It is certalnly possible to model this structure In more detall. As,
for example, Gordon's mode! does. Thls affords one the capability to
more accurately describe the physical structure of the device to be
evaluated. One would expect thls to lead to much more rellfable predictions

from the model.

No model thus far reviewed has the detail In the physlcal system to
allow adequate description of flotation attitude. The inabillty Is [nherent
in the modeling philosophy adapted by all authors. Specifically, each
body element has been modeled as either a cylinder or a sphere. In order
to derive the differential equations describlng heat conduction within
cylindrical body elements, a simplIfying assumption has been made: all
heat transfer is radial and uniform. To model an element partially exposed
to air would necessitate conslderation of longitudinal heat trarsfer. The
derivation of model equations including thls conslderation would not be

easy.

The changes necessary to glve proper conslderatlon to flotation
attitude in the model may not be recessary. We have observed that
parts of the legs, arms and trunk are exposed to alr for some suits.
in rough sea or other open water conditions the continual washirg of water
over surfaces exposed to the alr should result In a rate of heat loss very
similar to that which would occur 1f the surface was continually covered by
water. Under this assumptlon, the model's predictlion of cooling rate may

be very much In line with reallty for these types of protection devices.

No method has been Included in the modifled Montgomery model for sTmu-
lating flushing in wet-mode suits., Flushing 1s believe to do two things.
First, it periodically places a large amount of cold water between suit
and skin thus causing a rapfid heat loss. Second, the water acts as additional
insulation, once warmed, between the subject and hls environment. Little

is known of the dynamics of flushing and no attempt was made to include its
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effects in these simulations. In extremely rough water, flushlng nay

play a signiflicant role In Increasing the rate of heat loss.

While many refinements may and should be made to Montgomery's nodel,
Its ability to pass a slgnlflcant number of the palred t tests Indlcates
Its potentlal usefulness for predicting coollng rates and thus survival
times. The model could, with the present mod|fled controller, perhaps
be used in screening devices prlor to In vivo tests. In the long term,
a modIfled model with Improved physical definition of the body, provisions
for simulating flushing and a more accurate controller would be very useful
In the suit deslgn and evaluatlion process. The physical system modification
can be accompllished easily. The modiflication of the controller may require

additional human experimentation.
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PREVENTION AND FIRST AID OF ACCIDENTAL HYPOTHERMIA

Warren D. Bowman, Jr,, M.D.
National Medical Advisor
National Ski Patrol System, Inc.

Current projections call for a shortfzll of some 29 million
barrels of o0il per day in all of the free world by the year 2000, =o
that during the conversion to alternate forms of energy 3some areas of
the U.8,-~--particularly the densely populated Northeast—---—are likely
to lack fuel oil to the extent that diseases due to cold, particularly
hypothermia, may be much more common than they are at present, The
purpose of this paper is to examine the experience which members of the
National Ski Patrol and other groups which operate in cold weather and
mountainous terrain have had in cold weather survival and the
prevention and first aid of hypothermia, and to apply any lessons which
can be learned, particularly to urban hypothermia., The recent rapid
increase in popularity of outdoor sports in cold weather has provided
an increasing number of victims suffering from immersion and other
types of acute and subacute hypothermia. Much of our knowledge of
hypothermia has come from Great Britain where large numbers of elderly
people have developed hypothermia due to inadequate heating in housing
units,

Prevention of hypothermia requires at least a working knowledge of
the principles of production, conservationn and losz of heat. by the
body and of heat exchange between objects in the environment., Human
beings as well as all other warm-blooded creatures are homecthermic,
which means that they must maintain their temperatures within
relatively narrow limits for survival and within even narrower limitas
for optimum function. This is largely because the enzyme systems or
which body metaboliam depends are temperature dependent and funation
best at normal body temperature or slightly above it. The body will
not survive for long at temperatures of above 108°F or below
80°F. The observed body temperatures are the net result of the
action of opposing mechanisms tending to increase or decrease heat
productior on the one hand and to increase or decrease heat loss on the
other. These mechanisms include not only those mediated by the
autonomic and endocrine systems but also somatic effects and behavicral
changes,

Basal heat production in man proceeds at a rate of about 40
Keal/hour and can be increased by muscular activity—--both involuntary
or shivering and voluntary; and by eating, exposure to cold, and
fever. Cold exposure appears to increase hunger and the secretion of
adrenal medullary hormones such as epinephrine and norepinephrine, and
perhaps also TSH with a resultant inecrease in thyroxine secretion, all
leading to a slight increase in the BMR. Semiconscious activity 3such
as foot stamping and dancing up and down is stimulated, and the
individual instinctively tends to curil up in a ball so as to present
the smallest possible surface area to the cold.



Heat can be actively added te the body by external means such as
the sun, a fire or other heat source, and internally by hot food and
drink.

Heat is lost from the body in 5 ways---by conduction, convection,
radiation, evaporation and respiration. To give some idea of the part
each of these playa, in resating man body heat losa i3 about 55% tnrough
radiation, 15% through convection and conduction, 23-27% through
insensible evaporation from the lungs ang skin, and 2-9% from the
warming of inapired air. As external temperature decreases,
proportionally less heat loss is from radiation and proportionally more
from conduction, convection and evaporation (Hedblom),

Wnen exposed to cold, the body attempts to decrease heat loss by
gradually reducing circulation to the body 3hell---the skin, muscles
and extremities---and by decreasing sweating,

With thes2 basic principles in mind, what can be done to prevent
the development of hypothermia?

1. The body can be kept in the best possible "condition"——-
rested, well fad and exercised, so that heat production will be maximal
and can be maintained.

2. Lloss of heat can be kept to a minimum, This requires:

a, Insulation through proper clothing. <Clothing must be of
the proper material, thickness, loosenesa, 3ize and shape, and the
layer principal must be utilized, Wool, down, foam and older
synthetics are still the atandbys, such as Dacron and Orleon, Garments
must be generously sized and designed 30 a3 te protect the neck and
wrists and long enough to protect the waist and hips. Hats must
protect the ears and face masks must be designed 30 that wearers of
spectacles can wear them without fogging. Mittens are preferred to
gloves, boots must be spacious enough to admit 3everal paira of heavy,
wool socks, and tight clothing must be avoided.

Although proper clothing is available in mountaineering shops and
other outlets catering to outdoorsmen, and to some extent in Army
Surplus stores, the design of generally available winter clothing is
woefully inadequate and the gereral public will have to be educated in
what to look for,

b. Awareness of the windchill effect. Windproof outer
garments such as 2 parka with hood, overmitts, wind pants and face mask
mu3st be available. Persons must be adivsed to 3eek shelter when
windehill factors of 1400 or higher exist---easily reached by a moving
skier or snowmobiler at -10°F,

¢, Awareness of the effects of moisture, especially when
combined with wind. The layer principal is used to avoid overheating
with excessive perspiration and loss of heat by evaporation,
remembering that wet clothing conducts heat many times faster than dry.
Per sons who become wet, a3 by falling into a mountain stream, should
change immediately to dry clothing if possible.

d. Adequate coverings available for body parts with a large
sur face area to volume ra%io. 3uch as the head, ears, nose, hands and
feet., Remember that at 5°F you can lose up to T0% of your total



body heat production by radiation from an uncovered head,

e, Avoidance of heat loss by conduction by sitting down on 3
log, pack or piece of ensolite rather than in the snow or on a cold
rock. Don't handle metal objects with your bare hands and don't spill
gasoline or other liquids with a freezing point lower than water on
your skin,

f. Prevention of heat 1033 from respiration by avoiding
overexertion and overheating with excessively heavy breathing in cola
weather, When it is extremely cold, prepare shelter and get into it.

3. Principles of cold weather survival should be learned.
Remember that snow is your friend and has great insulating value,
Persons outdoors in cold weather in isolated areas or driving long
distances should carry:

a. Adequate clothing for the most severe temperatures and
chill factora likely to be experienced,

b. Shelter constructing equipment---tent, snow shovel, snow
saw, tarp, ax, saw, cord,

¢, Emergency food and water,

d, Fire-building equipment: 3tove, fuel, matches, cooking
utensils.

e, First aid kit.

FIRST ATD QF HYPCTHERMIA

The following principles are currently being taught to members of
the National Ski Patrol through its Winter First Aid Course, The
insidious nature, high mortality and early and late signs arnd symptoms
of hypothermia are emphasized. Due to the difficulfy of obtaining a
low-reading thermometer, the NSPS 15 rurrertly stocking a 3uitable ore
which can be obtained from your local Patrol for $3.95.

For pedagogic purposes, we classify hypothermia into acute,
subacute and chronic. The acute type i3 the typical immersion
hypothermia, in which early on at least serious metabolic anrd
electrolytic abnormalities have not had time to develop. The chronic
type is the type found in seniles, alcoholics and other persons with
zer jous medical problems, The subacute type, which is the ~“ype seen by
5ki patrols and mountain rescue organizations, is the type which occurs
in basically healthy, young persons who become hypothermic because of
inadequate inaulation or environmental stresses.

The 4 principles of first aid are:

Prevent further heat losa

Rewarm as safely and rapidly as possible

Rewarm the core in advance of the shell if possible

Avoid the serious complications of ventricular fibrillation
and rewarming shock



The first aid is divided into two catagories:

Category I. Rectal temperature 85°F or above, victim
conacious. When a member of a party begins to show 3igrs of
hypothermia, or when a 3earch party finds 3uch a vietim, the party
ahould stop immediately and make shelter. The victim must be gotten
out of the wind ard insulated against the cold, replacing wet clothing
with dry if necessary, and getting him into a sleeping bag., Healt must
be added to the vietim in any way possible; this includes the use of
canteens filled with hot water, hot, sweet drinks, hot rocks, and naked
human bodies. A useful first aid device i3 the "hydraulic sarong", a
nylon blanket large enough Lo encircle the trunk with plastic tubes
dewn in it through which hot water can be pumped using a pot, a
backpacking stove and a bilge pump. Ifoa tub is available, the victim
can be placed in it in water at 105-110F, with his arma and legs
left out.

Category I1. Rectal temperature below 85°F, victim usually
unconscious, The mortality is quite high in these people, even in the
hospital., Therefore, 3since they are literally in cold storage, we feel
that the best results will be obtained by preventing further heat loss
and spending your time evacuating them, rather than trying to rewarm
them in the field. There has recently been considerable interest in
the use of core rewarming as a first aid device, particularly using
gadgets for warming the inspired air, and I am sure that Dr. John
Hayward and others will bring us up to date on these-—--there is a great
need for a light-weight, portable, effective model,

The victim should be transported very gently, avoiding sudden
jolts, with his head downhill, An intravenous of 5% glucose in saline
should be started and 2-3 ampuls of sodium bicarbonate given,

Ventr icular fibrillation should be treated with closed chest massage
and mouth-to-mouth or mechanical ventilation,.
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ABSTRACT

MULTIPLE FACTORS THAT INFLUENCE THE SAFETY OF
PHYSICALLY HANDICAFPED PEOPLE IN COLD WATER

N. Bradley
Department of Physiology
School of Medicine
University of Minnesota=-Duluth

Approximately 10-20 million people in the United States are clasgified
as physically handicapped. A significant oumber of these people use the
waters for recreation. Many factors contribute to the potential hazards
which the cold water presents to the physically handicapped. Cold water
increases the sensitivity of the stretch receptors in the muscles and
increases spasticity and possibly bradykinesia in physically handicapped
people. The net result is that physically handicapped people would not be
able to move as well in cold water. In additiom, various kinds of physical
handicaps would contribute to possible altered centers of buoyancy. Thus
the design of personal flotation devices might have to be altered due to
this fact. :



Personal Flotation Devices for the Handicapped
N. Bradley, R. S. Pozos, and L. E. Wittmers, Jr.

Department of Physiology, School of Medicine
University of Mimnesota-Duluth, Duluth, Minnesota 55812

. He might not bhe able to manage a tricyecle, but he had
the freedom of a large safe beach where he could run for a mile
if he felt inclined., Beach balls eluded him--he could neither
throw ner catch—--but there was the warm sand to mess with, and
the water itself. The big movement of Mike's young life came
at three-and-a~half, when he learned to swim . . . The beach
baby turned into a water rat. Bv five he could swim safely out
of his depth, and by six he not only had a crawl stroke, but was
so at home in the water that_he literally did not seem to xnow
if he was on it or under it!~

A number of recent developments and new laws have provided more oppor-
tunities and facilities for the physically handicapped to use water for their
therapeutic and recreational needs.

The focus of attention on special education and recreation by such a
large segment of our ponulation {(approximately 22 mtllion people with varying
degrees of disability) has provided the stimulus to increase the number of
programs on/in/around the water, which is the most desirable medium for the
handicapped. Water presents a challenge whether it's an individual with
cerebral palsy swimming competitively or a paraplegic out for a day of fishing,
Water is physically and mentally beneficial since it provides opportunities
for socialization. Personal flotation devices are the mainstay of any aquatie
program dealing with physically handicapped individuals. PFD's are wildely
used but their effectiveness is questionable and has never been tested.
Theretore it is important to quantitate the abilitv of personal flotation

devices to maintain buoyancy and also to take into account the various

1Louise Clark, Can't Read, Can't Write, Can't Talk Too Good Fither

(New York: Walker & Company, 1973), p. 9.



physicolegical factors, i.e. weak neck muscles which would impalr motor
function of the physically handicapped individual using such a device.

The ability of an individual to maintain themselves in water is
dependent on several factors: buoyancy, wave action, and water movement.

A person may not be an efficient floater but compensates for that by using
his muscles to malntain himself in the water. Conversely, a good floater
can minimize motor control since buoyancy compensates for this.

At present the dinstitute is identifying physically handicapped individ-
uals with regard to their aquatic and recreational uses of the water. In
our initial study, it has been found that the present day design of PFD's
is geared to the non~handicanped person.

There are also concerns with the present PFD's promoting discomfort,
instability, and confined movement and possibly jeopardizing a person's
life. All of the above problem areas are magnified by the person's degree
of disability.

Since a large segment of the handicapped population uses water either
for recreational and/or for some form of therapy, the need exists to quanti-
tate how effective personal flotation devices are in these groups. It should
he noted that physically handicapped individuals at present have housing,
boats, and automeobiles that are individually customized to their handicaps.
Tt is therefore reasonable to assume that the same kind of attention be given
to their PFD and water safety.

In our preliminary studies information has been collected in the
following areas with regard to the physically handicapped:

Buovyancy
It has been demonstrated that not all physically handicapped persons

can assume a horizontal float or even float with the head above water. This
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information has significant importance as to the quantity and cerrect distri-
bution of flotation material necessary to maintain adequate freeboard and
mobility of the individual wearing the PFD. Refer to pictures 3 and 4.
Equlilibrium
Photographs were taken of subjects while in the water thus demonstrating
differences with regard to individual orientatlion. Refer to pictures 4 and 6.
Freeboard
Difficulty with a consistent breathing pattern magnifies the problems
involved in maintaining a good surface position while in the water. Therefore
a motor impaired person depends upon the additional support provided by their
PFD for a safe measure of freeboard. Refer to victures 3, 5, and 6.
Movement
A person must apply force to move or to keep in motion. Therefore PFD's
fitting improperly cause more resistance, consequently increasing even more
the high energy cost of swimming. Refer to plctures 3, 5, and 6.
Donning a PFD
Many factors govern the methods and technigues used by the disabled
while donning a PFD. Listed below are some of the problem areas of which
we are already aware. Refer to pictures 1, 2, and 3.
~- Respiratory problems~-improper breath control decreases buovancy
and increases the possibility of water entering the mouth and/or
nose.
—- Improper or partial use of upper limbs~-difficulty with closures
and movement of limbs--quickly fatiguing the person.
-— Lower limb disability-—-increases downward pull or negative buoyancy

thus creating anxiousness and fatigue.



EMG Studies

The electromyvographic studies will determine which muscles are working

correctly or being fatigued. FEMG's will provide the information necessary

to Individually assess subjects” motor movemenl and to compare the differences

in handicapped populacions.

There s little doubr that the need of personial flotation devices for

the handicapped population has been largely ignored. With the increases in

aquatic programs gearcd for the disabled, it is imperative thev have some

measure of safety equal to the non-disabled.
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Picture 1. Motor impairment inhibits closure of PFD.
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Picture 4. Lxisling PFD's do not lake into consideration individual
disabilitie. therefore magnifying srotlens wilh balance, cqui ibriun,
mobility, and floating position,
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ABSTRACT

NON-INVASIVE TEMPERATURE DETERMINATION FCR THE
HYPOTHERMIA VICTIM UNDER FIELD CONDITIONS

R. C. Eggleton
Indiana University School of Medicine

Temperature data on hypothermia victims is very limited and field
measurements are completely lacking in the literature. Two reasons account
for this: first, there is no suitable field instrument for making such
measurements and second, the paramedical personnel are not trained to make
temperature measurements of the hypothermia victims. Such data are needed,
however, for proper management of the patient as well as being required
for a better understanding of the basic mechanisms of thermal regulation
in the human.

The physiology of homotherm temperature regulation has been studied in
animals and the regulating centers have been identified in the hypothalmus
that make reflex responses to deviations from a temperature norm. Impulses
from temperature receptors are transmitted via the lateral spinal thalamic
tract and the thalmus to the hypothalmus from which various anatomic reflexes
responses are activated. The hypothalmus also contains temperature sensors
which respond directly to blcod temperature. Despite our knowledge of the
temperature regulating mechanisms of animals, we have insufficient understand-
ing of the human clinical picture for proper management of the hypothermia
victim. To correct this deficit, it is proposed that emergency vehicles
carry simple but accurate temperature measuring equipment to determine
non-invasively the temperature of the core and extremities.

We propose a thermistor type probe for core temperature using a short
time constant digital readout. The probe consists of thermistor imbedded
in the flexible rectal catheter, The temperature of the extremities can
be determined non-invasively by measuring the speed of sound in the tissues
of the limb. Then speed of sound can be equated with temperatures using
. the nomogram designed for this purpose. Other data required will include:
air temperature, water temperature, time of exposure, conditions of
exposure, patient weight, height, sex, etc.

When such data is compiled for both acute and chronic hypothermia, it
will be possible to prescribe more precise emergency care and minimizing
complications such as after drop, electrolite imbalance and other trauma
which are all too frequently the cause of morbidity or mortality in the
hypothermia victim.



NON-INVASIVE TEMPERATURE DETERMINATION FOR THE
HYPOTHERMIA VICTIM UNDER FIELD CONDITIONS

by

R. C. Eggleton
Indiana University School of Medicine

Introduction

Temperature data on hypothermia victims is very limited and field measure-
ments are completely lacking in the literature. Two reasons account for
this: first, there is no suitable field instrument for mak ing such measure-
ments and second, the paramedical personnel are not trained to make tempera-
ture measurements of the hypothermia victims. Such data are needed, however,
for proper management of the patient as well as being required for a better
under standing of the basic mechanisms of thermal regulation in the human.

The physiology of homotherm temperature regulation has been studied in
animals and the regulating centers have been jdentified in the hypothalmus
that make reflex responses to deviations from a temperature norm. Impulses

from temperature receptors are transmitted via the lateral spinal thalamic

tract and the thalmus to the hypothalmus from which various anatomic reflexes
responses are activated. The hypothalmus also contains temperature sensors
which respond directly to blood temperature. Despite our knowledge of the
temperature regulating mechanisms of animals, we have insufficient understand-
ing of the human clinical picture for proper management of the hypothermia
victim. To correct this deficit, it is proposed that emergency vehicles carry
simple but accurate temperature measuring and recording equipment to determine
non-invasively the temperature of the core and extremities.

Two instruments are envisioned, one of which will read the rectal tempera-

ture, and the second will read the temperature in the extremities. These two



instruments will be designed for field use and will not only measure tempera-
tures, but also record them. The temperature history is, perhaps, more impor-
tant in assessing the state of the patient than the actual temperature. When
such data are compiled for the acute and chronic hypothermia victim, it may be
possible to prescribe more precise emergency care and to minimize complica-
tions such as afterdrop, electrolyte imbalance, cardiac arrest, etc, which are
all to frequently the cause of morbidity or mortality in the hypothernia Vi~
tim,

Instrumentation

Instrumentation for measuring and recording core temperature should meet
the following minimum specifications:

1. The equipment must be capable of operating under field conditions in-
cluding cold, snow or wet environments.

2. The unit should be suitable for attaching to the victim's thigh with
Velcro tapes or other guick connecting straps.

3. A rectal probe should be constructed of a flexibile biocompatible
plastic with smooth edges which can be cleaned and sterilized.

4. An indicator display should read the temperature in "C to the nearest
0.1° and displaying a 3-digit number.

5. A digital record of the victim's temperature (in three digits) should
be stored every 5 minutes for a period of at least two hours.

6. A means of interrogating the memory sequentially by operating a se-
guencing button, thereby enabling the physician to transcribe the recorded
temperatures. A 2-digit number will show the entry number .

7. The accuracy of the temperature reading should be within 20.5 ( abso-

lute and 20,1 relative,



8. The temperature calibration should be insensitive to environmentai
changes and if the instrument indicates either a rise or fall in temperature,
this must correspond to a rise or fall in temperature at the probe, and not a
response to an environmental change in Lemperature for the circuit. Tempera-
ture trends are very important in the treatment mode; therefore, a chanye of
0.2 C indicated must correspond to an actual temperature change within the
victim.

9. The circuits shall be sealed and potted to protect them against damage.

10. The power supply shall consist of long-1ife batteries. The device
will receive infrequent useage, but then be operated continuously for several
hours.

11. The circuits shall be designed to minimize power drain, which shall
be as low as practical. The stored temperature data shall be protected
against loss due to low supply voltage.

The system specified is shown in Fig. 1, and consists of a digital type
probe for recording core temperature using a short time constant digital read-
out and digital memory to record the temperature history of the victim. The
probe contains a sensor embedded in the flexible rectal catheter and a water-
proof circuit module which straps to the victim. Although no such recording
thermometer has been constructed, the technology is straightforward, and such
an instrument can be constructed for relatively low cost.

The technigue for the measurement of 1imb temperature, however, is not so
far advanced. To find the temperature of the extremities on a non-invasive
basis requires a new approach. The speed of sound, for example, offers possi-
ble means of determining the temperature because the speed of scund in tissue

is temperature dependent. By recording the speed of sound across the
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Fig. 1 A.rec_tal probe senses the temperature of the hypothermia
victim, and a digital circuit records and displays this data.
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extremities of the hypothermia victim, it would be possible to estimate the
temperature. A precise temperature determination, however, will require cali-
bration. This calibration can be achieved in any one of several ways. 1) A
speed of sound calibration can be made after the patient recovers and returns
to normal temperature; 2) the calibration can be determined invasively in the
hospital setting using a needle probe; 3) a nomogram can be used for calibra-
tion which takes into account the path length in muscle, fat and skin based on
the physical condition of the victim. The need for calibration is based on
the fact that fat and skin have different temperature dependencies. Fat has a
slower speed than the speed of scund; and the more collagen in fthe pathway,
the higher the speed of sound. The nomogram would be used to estimate the
contribution of these two tissue components can be estimated.

A very precise method for measuring the speed of sound has been devised.
This method makes use of a phase lock loop in which the frequency of the sound
is adjusted to maintain a constant number of wavelengths at a constant phase
across the propagation pathway. The system is shown in block diagram in Fig.
2, where the transmitted and received waves are compared in the Phase Detector
(PD). The output of the phase detector is a signal whose amplitude depends on
the degree of phase shift between the transmittec and received signals. The
output of the phase detector is an error voltage is applied to the Voltage

Contralled Oscillator (VCO) which, in turn, adjusts the frequency to maintain

a constant phase relationship between the transmitted and received signals.
The operation of this circuit can be appreciated by examining the simple but
fundamental relation, ¢ = fi, where ¢ is the speed of sound, f is the frequen-
cy, and A is the wavelength. If A remains constant, then c is 2qual to f

times the constant and evaluation of the constant a. The evaluation of the
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constant a is the calibration required by this method and is the subject of a
paper now in preparation for IEEE Transactions on Sonics-Ultrasonics. The
speed of sound has been measured across the arm of several individuals with
normal body temperatures. The speed of sound has also been measured in ex-
cised muscle at various temperatures ranging from 40°C to 20°C for the purpose
of illustrating the sensitivity of the method. These data are shown in Fig.
3. The absolute level and the slope of the curve will differ for skin and fat
and, therefore, to use this method for precise temperature determination, it
is necessary to have an individual calibration or some means of estimating the
~ amount of propagation pathway devoted to the three primary constituents, name-
ly, skin, fat and muscle. To implement the measurements, the device is de-
signed to hold the transducers in contact with the skin on either side of the
arm, as shown in Fig. 4.

The Afterdrop Hypothesis

Everyone has personally experienced the operation of temperature control

mechanisms within their bodies in which circu]afion is shut down in the ex-

tremities to prevent further heat loss from the core. In this heat conserva-
tion mechanism, blood is shunted away from the skin of the affected iimbs.

The 1imb continues to cool because of the interruption of flow through the
periphery. With the temperature of the 1imb well below core temperature,
there would be a drop in core temperature if circulation through the extremity
were allowed to return to normal. Such floﬁ can be initiated with warming of
the skin receptors; thus a potentially dangerous situation could occur if the
core temperature of the victim is close to the critical temperature, and warm-
ing of the Timbs caused flow to commence through the cold tissues of the ex-

tremities before sufficient re-warming of the arms and legs had occurred
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with the result that blood cooled below the critical temperature would be re-
turned to the heart at a temperature below the critical point, The victim
would go into cardiac arrest as a result of the improper re-warming technique.

Future Possibilities Using Miniaturized Digital Systems

In addition to recording the temperature of the hypothermia victim in dig-
1tal memory, digital processing systems could be used to warn the emergency
medical personnel of potentially dangerous situations for the hypothermia
victim; during transport and intensive care stages. A checklist of tests and
suggested treatment modes for the re-warming process as well as warning crit-
ical conditions could be programmed into the microcomputer. Algorithms may be
generated in the future which will optimize the status of the patient at any
particular temperature and a set of physiological conditions. Such a device
could materially aid in the treatment of the patient subjected to low tempera-
ture trauma, But, before any systems are designed or computers programmed to
assist the hypothermia victim, it is necessary to have the basic data which

the study presented here is designed to acquire,
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Department of Physiology

Baylor College of Medicine
Houston, Texas



ABSTRACT

David J. Franz
Department of Physiology
Baylor College of Medicine

Cold-induced vasodilatation was assessed from records of foot pad
temgeratu:es of six domestic cats during immersion of the hind feet in
a 0°C ice water bath., Animals were anesthetized with phentobarbital
Na. Four days after the control recording, the animals were given
indomethacin, 5 mg/kg, I.V., and the cold-induced vasodilatation response
wae tested once again; a third test was performed four days after the
treatment with indomethacin. Periodic rises in foot pad temperature
(cold-induced wvasodilatation) were less in magnitude (P <0.05) and
delayed in onset (P <0.05) on the day of treatment with indomethacin.
It 1s proposed that cold-induced vasodilatation involves a balance
between central sympathetic tone (vasoconstrictor) and periodic local
prostaglandin release (vasodilator).



Ralph F. Goldman
U.S. Army Research Institute of Environmental Medicine
Natick, MA Q1760

Presently the principal consultant to the Department of the Army
on Envirommental Physiology and Director of the Military Ergonomics
Division, Dr. Goldman has his BA in chemistry from the University
of Denver (1949), MA in biology from Boston University (1951), PhD
in physiology from Boston University (1954, and MS in mathematics-
physics from Northeastern University (1962). He currently teaches
gt Boston University and the Massachusetts Institute of Technology.
He has published some 100 publications, 103 abstracts, 27 technical
reports and 4 classified reports. In 1976 the Secretary of the
Army presented Dr, Goldman with the "Exceptional Civilian Service
Award."






ABSTRACT
INSULATING AGAINST HEAT LOSS IN AIR AND WATER ENVIRONMENTS

Ralph F. Goldman
U.S. Army Research Institute of Environmental Medicine
Natick, MA 01760

Hypothermia, whether from exposure to cold air or cold water, simply
reflects an imbalance between the heat produced by the body and the heat loss
from it. The accumulated heat debt can be considered to be apportioned
between at least two body compartments: (1) a "shel}", the skin, repre-
sented by only the outer 1.6mm thickness of the 1.8m" body surface of an
average man but comprising about 10% of his 70 kg mass, depending omn the
amount of blood contained; (2) a "core", representing the rest of the
body. The skin compartment loses heat most readily and, because of its
large surface area in proportion to mass, skin temperature approaches water
temperature rapidly following immersiom. In contrast, core temperature
will usually increase during the first 20 to 30 minutes of cold exposure
since heat production, which occurs in the core, is maintained at the 105
watt resting level or slightly increased by apprehension on immersion,
while the heat transferred from the core to the skin is dramatically
reduced as a result of vasocomstriction; heat flow from core to skin can
be limited, depeﬂding gn the thickness of the subcutaneous fat layer, to
between 5 to 9W/m" per C of difference between core and skin temperature.
Each 1°C drop in mean body temperature (i.e., T, = x(shell temperature) +
(1-x) (core temperature) is equivalent to a loss of body heat. Accordingly,
a loss of about 6 kcal from the shell results in a 1 C lower skin tempera-
ture, compared to a loss of 52 kecal from the core to reduce core by 1 C.
While skin temperatures maintained well above +15°C can result in cold
injuries, if prolonged, an individual with a core temperature below 35%
is at risk from hypothermia, with ventrigular fibrillation as a result of
cardiac irritability peaking at about 28 C core temperature a frequent
cause of hypothermic death even though scme ingividuals have been
resuscitated despite core temperatures near 15 C.
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;Apciddntal hypothenu ¥}
shergency. The physician is
apd 19 often uncertain of

- LT '1taﬂion of these pati
. of hypothermia and describes
psudicitation procedure and

" hjpothermic patients.

msmmnom oF ACCIDIH'IAL n!romm VICTIMS

. Pxr. Murray P, Hamlet
US Army- hsurch Innt:ltutc of Environmental Madicine ‘

r wvhole body cooling 1s a serious medical -
often faced with a critically ill patient
to approach the clinical management and
ta. This paper outlines the physiology
the major decision making points in the
ttempts to define the approach to rcturnj.ng

pat:l:em:s to a nornal physiologic stata and temperature.

;Syocia.l reference is g:l.v n to utilization of internal methods of
ing, in particular, warm peritoneal Id:l.alyl:ls and its effect on

¥







n. w- mﬂmng JI’.,.Ph-D.

" Hamilton Research, Ltd.

! President
Tarrytown, New York 10591




PO

E .

R. W; Hsmilton, Jr., PH.D. B

Hamilton Research, Ltd.

If things go as plamned I should have aou significant hypotlicruh .
.. "| rememrch to make a brief report on, and in any case will have a problem
] ta throw before the group. :

¢ 1" The problem relates to surviving in a lost diving bell, pressurised
|, with helium and at a temperature about 4 C. To have a good chance foi
- rescue, the divers should be able to survive for 24 hours. It cught to
" |" ba poseible to do this with passive protecticm, the right type of suit,
1’ add & mmans of conserving breathing gas heat. Rather than wait for
-~} “4gvelopment™, the Norwegian Underwater Institute (at the request of :
. ’| Noxweglan apd British sponsors) plans to test 3 existing thermel protsction
| systems under conditions of a saturation dive in early January. I would:
- |- 1ike to present the results of this test (assuming it does take place)
- |’ aod ask the assembled experts on hypothermia for suggestions omn how to
.| proceed with solving the problem. I also hope to have a handout.
< ‘" My role in the test 1s as a consulting investigator to the Norweglian
. | Underwater Institute. . o




RESUSCITATION OF ACCIDENTAL HYPOTHERMIA VICTIMS

Murray P. Hamlet, D.V.M,
Director, Experimental Pathology & Cold Division
US Army Medical Research Institute of Environmental Medicine
Natick, Ma

The recognition of hypothermia as a serious medical emergency is the
first step to successful resuscitation. Patients often Present cold,
cyanotic and pale, stiff as if in rigor with no palpable pulse, no audible
heart sounds, no visible respiratory excursions and fixed pupils. They
may be in varicus states of undress and if cooled in & crouched or huddled
position impossible to straighten out on an examination table. Their EKG
may be extremely bizzarre ranging from flat to ventricular fibrillationm.
Because patients have been successfully resuscitated at core temperatures
of 64°F with flat EKGs, the axiom here is "no one is dead until he is warm
and dead; attempt rewarming and resuscitation of all cold patients."

There are essentially three types of hypothermia: acute, subacute
and chronic, and each has specific requirements for resuscitation and
clinical management. Acute hypothermia results from rapid cooling, such
as seen in cold water immersion. This acute drop in core temperature is
accompanied by few metabolic, electrolyte, and pH abnormalities other than
those caused by the direct effect of temperature. The slow cooling rate of
chronic hypothermia is usually produced by alcoholic stupor, barbiturate
overdose, endocrinopathies, stroke, etc., that subject a person to long-
term cold exposure. Slow cooling produces severe alterations in pH,
electrolyte balance, and serious alterations in fluid volume. This occurs
as the normal physiclogic defense mechanisms against cold attempt to counteract
the cooling process. The subacute hypothermic patient falls somewhere in-
between, that is, as alcohol imbibition, rain, heavy winds, poor clothing,
etc., subject him to varying cooling rates.

Careful analysis of the immediate prior history can lead to determination
of both how and at whet rate the patient became hypothermic. Both will impact
on how they are handled in the emergency room and in the hospital. Keep in
mind that freezing temperatures are not necessary for the production of
hypothermic patients.

Resuscitation Tips:

l. Low reading clinical thermometers should be readily available in
the emergency room.

2. Core temperature should be taken rectally and is a reliable indication
of the progress of rewarming.

3. Careful handling of the patient is essential. Any changes in body
position or rough handling can initiate ventricular fibrillation.

4. The blood glucose levels of hypothermic individuals may give a
clue to the type of cooling that occurred. Acute hypothermia produces
hyperglycemia, while chronic and subacute cooling produces hypoglycemila.
The long term shivering of the chronic hypothermic utilizes vast amounts of
blood glucose, and, conversion of glycogen to glucose decreases as temperature
decreases.



5. Atrial fibrillation is more common in acute than in subacute
or chronic¢ hypothermia.

6. Renal failure after rewarming is more common in chronic hypothermia.

7. Current British literature suggests that in acute hypothermia,
rapid external rewarming is usually indicated. 1In chronic hypothermia
they prefer slow rewarming to allow for reversion of metabolic aberrations.
This author feels, however, that rapid internal rewarming of chronic
hypothermia is a more physiclogic procedure.

PHYSIOLOGY OF HYPOTHERMIA

Hypothermia, the lowering of core body temperature to 94°F or below is
a potentially lethal disorder requiring aggressive therapy. As body temperature
decreases below 94°F, central nervous system functions are depressed. Initially,
patients exhibit behavioral changes, then depression of consciocusness,
culminating in coma. The respiratory center is progressively inhibited until
apnea supervenes. Cardlac output falls to such extent that despite maximum
peripheral resistance the blood pressure falls. The pulse rate decreases.
Conduction and heart rhythm abnormalities occur. The "J" wave, various
degrees of heart block, atrial premature contractions (APC's), atrial flutter
and fibrillation, ventricular premature contractions (VPC's), ventricular
tachycardia and fibrillation (VF), and if the patient is cold enough,
ventricular standstill can take place. The shift of water out of cells and
the intravascular space into the extracellular space as well as decreased renal
tubular fluid resorption can render the patient hypovolemic. Some profoundly
hypothermic patients exhibit a syndrome simllar to disseminated intravascular
coagulation (D.T.C.). Since insulin release and glucose utilization decline
with temperature, blood glucose tends to be normal or elevated. Acid-base
and electrolyte parameters are little affected by temperature alone but are
often deranged by the disorder underlying the hypothermic episode.

The physician must bear in mind that patients who present with hypothermia
cften have underlying disorders which prevent appropriate physiological responses
to the cold enviromment. Such illnesses include stroke, central nervous system
trauma, shock, sedation, use of tranquilizer, or ethanol overdose, endocrinopathies
like myxedema and hypoadrenocorticism, hypoglycemia, and old age.

Over medication while cold is a common problem. Subsequent rewarming brings
patient into toxic areas for the drugs used. Most drugs are contraindicated
in early hypothermia resuscitation.

Much controversy exists over which method of resuscitation, that is,
active or passive, external or internal, yields the lowest mortality. The most
frequent mechanism of death from hypothermia itself is ventricular fibrillation
or standstill. These events can occur at temperatures in the mid B0°'sF (279C)
and below. Apnea can occur somewhat higher but usually occurs at lower levels.
External warming techniques, active or passive, can actually increase the like~
lihood of fibrillation during the early phase of resuscitation. The application
of heat to the body surface causes peripheral vasodilation, leading to the
draining of heat away from core organs, the return of large volumes of cold
blood to the core and thus the lowering of core temperature to increasingly
dangerous levels, and a drop in the already low blood pressure. Although this
reasoning militates for metheds of rewarming the core before the periphery, as
through peritoneal dialysis and extracorporeal blcod rewarming, the literature



suggests that with close monitoring and rapid correction of life-threatening
aberrations, external rewarming, both active (with a heated bath or hypothermia
blanket), or passive (by wrapping the patient in blankets to prohibit the
escape of body heat) yield high survival rates. The author feels that it is
physioclogically more reasonable to use active than passive methods,

Because of the potential for cardicopulmonary death, the hypothermic
patient must be admitted to the intensive care unit. Skull and chest x-ray,
blood gasses electrocardiogram, blood count, BUN, creatinine, electrolytes,
amylase, calcium, blood sugar, fibrinogen, prothrombin time, and platelet
count will help in immediate management. If possible the attending physician
should be cognizant of the mechanism of the patient's loss of proper thermo-
regulation. Continuous electrocardiographic monitoring should be instituted.
Bizarre EKG tracings are to be expected. Respiratory support including
intubation and mechanical wventilation is almost mandatory to keep the supply
of oxygen ahead of the rewarming organ demand. Care should be taken during
intubation as any rough manipulation can lead to ventricular fibrillation.
Ventricular premature contractions are abolished by lidocaine infusion and
correction of hypoxia and acidosis. APC's, atrial flutter, and fibrillation
will spontaneously revert to normal without medication as cardiac temperature
approaches normal. Atropine and electrical pacing have little beneficial
affect on conduction in the hypothermic heart. On the contrary the irritation
of the myocardium by the pacemaker electrode itself or by its discharge can
lead to VF. 1If ventricular tachycardia fails toc respond to lidocaine or if
VF takes place, rapid extracorporeal hlood rewarming must be ingtituted
immediately. Because the hypothermic heart is unresponsive to countershock,
cardiac temperature must be raised before cardioversion can be successfully
accomplished. In such emergencies, the cardiopulmonary bypass machine,
equipped with heat exchanger, connected to the femoral artery and vein has
been suceessfully employed. Like any cardiac arrest this situation calls for
continuous closed cardiac compression and ferced ventilation until the
appropriate machines can be placed in operatiom.

Hypoxia and acidosis are major factors predisposing to ventricular
arrhythmias. pH, PCO and Pp, may appear to be low but may in fact be
correct for the organ and brain demand at the depressed temperatures seen in
hypothermia. Blood gasses and pH, corrected for temperature, should be
determined, and abnormalities corrected by adjustment of respiratory parameters
or bicarbonate infusion, whichever is necessary but do not overmedicate.
Intubation and suction may be necessary to manage hronchorrhea, the physiological
response of the airway to exposure to cold air. The rate of spontanecus
respiration will increase as the temperature rises.

Maintenance of the central venous pressure at 53-10cm water, with suitable
volume expanders, will insure that intravascular fluid wvolume keeps pace with
the capacity of the intravascular space, enlarging in response to peripheral
vasodilation which in turn is caused by external rewarming. Thus, when cardiac
temperatures and correspondingly cardiac output and heart rate begin to rise,
blood pressure will follow sult. Avoid the use of pressor agents which have
no effect on the maximally constricted vessels but which increase the likelihood
of ventricular arrhythmias. Similarly, in order to avoid myocardial irritation
leading to VF the CVP catheter tip should not be advanced into the heart until
some degree of rewarming has occurred and the myocardium is not exceptionally
sensitive to physical irritation by the catheter tip. As with respiration, the
heart rate will rise spontaneously with temperature. Begin intravenous heparin
therapy if clotting tests indicate the occurrence of a DIC-like syndrome.



Other fluid, electrolyte and metabolic abnormalities should be treated
as the clinical situation dictates. Therapeutic doses of stercids may be
given if hypoadrenocorticism is suspected. Because of the high failure
rate of resuscitation of hypothermic myxodematous patlents, the latter
state must be recognized and treated immediately. After the patient's
condition has stabilized, perform whatever additional studies are called
for to determine the disease process underlying the hypothermic episode.

HYPOTHERMIA CHECKLIST

1. Recognize that the patient is hypothermic - use low temperature
thermometer.

2. For patients with compromised mental status or cardiovascular
irregularities intensive care is necessary.

3. History of predisposing disease - (Myxedema, hypoadrenocorticism,
ete.)

4, Begin, contipuous or frequent temperature recording with low
temperature recording thermistor or thermometer.

5. Imstall I.V., (possibly an arterial line), C.V.P., foley catheter
(may be extremely difficult).

6. Begin continuous cardiac monitoring.

7. Frequently monitor vital signs and urinary output (at least every
hour or more frequently as necessary during rewarming).

8. Wrap patient in rewarming blanket and set to as high a temperature
as can be tolerated without burning the patient (104—110 F).

9, Give respiratory support - oxygen by mask ‘or by endotracheal tube
{may produce VF) with mechanical ventilation - Aim for high PO, normal pH
and PCO,, and clearance of secretions. Monitor arterial gasses and pH as
frequen%ly as necessary.

10. Tests: CBC, BUN, creatinine, electrolytes, glucose, amylase, calcium,
fibrinogen, prothrombin time, platelet count, chest and skull x-rays, 12
lead E.K.G., arterial blood gasses and pH (corrected to core temperature)}.

11. Maintain C.V.P. between 5 and 1lOcm with appropriate expanders or
fluids calculated to correct electrolyte imbalance gradually.

12. Give bicarbonate to correct acidosis.

13. Treat VPC's with standard boluses 1.5mg/kg of lidocaine and the
correction of hypoxia and acidosis., If ventricular tachycardia, fibrillation,
or standstill occur begin closed-chest cardiac compression and assisted
ventilation until extracorporeal blood rewarming can be instituted with
cardiopulmonary bypass with heat exchanger. Electrical cardioversion will
succeed when the heart warms sufficiently. Atrial premature contractionms,
flutter and fibrillation will revert to normal with rewarming.

14. Give therapeutic doses of corticosteroids or thyroid hormone if
called for.

15. Give heparin for a D.I.C. like syndrome.
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1.0 INTRODUCTION

The objective In rewarmling victims of lmmersion hypothermia is the
restoration of normothermia without preciplitatling additional fatal side
effects. Since it Is known that victims of mild hypothermlia will normally
recover If they are simply removed from the cold, the primary concern Is iIn

the treatment of profoundly cold people.

Profound hypothermla 1s defined to be the level of hypothermla In which
the method of treatment recefved by the patlent can materlally effect his
prospects for survival. Based on the llterature survey by Harnett, et al.
(1979) profound hypothermla is taken to Involve core temperatures at or

* Sponsored by U. S. Coast Guard Offlce of Research and Development
Contract Number DOT-CG-72074-A



betow 31°C (about 88°F). Above this level the patients are generally

conscious and shivering, their respiratory function is not significantly
depressed and myocardial irritability is not sufficiently pronounced to
necessitate delicate handling. Below this level the patients are generally
unconscious and not shivering, their respiratory function becomes progressively

nmore depressed and myocardial irritability increases.

Intense debate has persisted over the best approach to treating such
patients and was summarized by Harnett, et al. (1979). While the present
purpose is not to reiterate the details of this debate, it will be useful to
state the major points. The debate has produced two schools of thought -
one supporting ''rapid" rewarming by the application of 'active'' rewarming
measures and the other supporting "slow'" rewarming through a more 'passive”
approach. The debate has been fueled at least partially by the ambiguity
of the terms rapid and siow, but there are two basically different under-
lying philosophies. Individuals advocating active rewarming cite the
desirability of minimizing the amount of time the patient is in the hypo-
thermic state and claim that active rewarming can, when properly applied,
minimize the tendency toward afterdrop {additional core cooling after
removal from the cold). The advocates of passive rewarming cite the
tendency of active rewarming to produce hypotension and to restore heat
to parts of the body before the distributions of electrolytes, the acid-
base balance, the respiratory minute volume, and the distribution of
fluids within the body return to near-normal. However, the preponderence
of evidence for and against specific therapies is expressed in terms of

their thermal performance.

A phenomenon termed ''post-rescue collapse'', in which individuals rescued
from cold-water immersion die within the next half hour or so, has been
well documented (Keatinge, 1969). Unfortumately, the cause of these deaths
remains a matter for conjecture. For some time the leading explanation has
been afterdrop in the temperature of the heart resulting from the return of
relatively cold blood, associated with increased circulation through the
limbs. However, relatively recent British research (Golden and Hervey, 1977)

has cast doubt on this mechanism.

Golden and Hervey (1977) demonstrated that profoundly-cold, anesthetized

pigs (rectal, esophageal and central venous blood mean temperatures all of



30.7°C) when put in a hot bath {41°C) exhibited some rectal afterdrop (mean
about 0.4°¢), less esophageal afterdrop {mean about 0.2°C) and essentially
no afterdrop In central venous blood temperature. Furthermore, Golden and
Hervey indicate that when rewarmed with circulation stopped (by cessation

of cardiac function), the pigs' core temperatures: "again showed afterdrops

with rectal and gastric temperatures lower than central venous."

This report has provided the basis for a new trend in thought which may

be characterized as follows:

1. Probably toe much has been made of the phenomenon of
afterdrop which is so reqularly observed at the rectal
site but which does not occur at core sites of greater
concern, e.g., the heart.

2. Since afterdrop does not require circulatory redistri-
bution of heat to occur, it is not significantly
influenced by peripheral vasodilatation during initial
rewarming. Thus, attempts to heat the core without
promoting peripheral vasodilatation are wasted effort,

No new trend in thought has yet come forth to replace afterdrop as an

explanation for post-rescue collapse.

These views are, of course, not universally supported. Criticisms

of this new trend in thought include the following.

1. The pig is a poor analog for man in regards to peripheral
vasculature. It has only about 15 percent of its body
mass in the limbs compared to 40 percent for man; and
there are obvious differences between hoofs and highly
vascularized feet and hands, The pig therefore makes a
weak case against the involvement of peripheral vasodila-
tation in promoting afterdrop in man.

2. The amount of the afterdrops occurring without
circulation were not mentioned by Golden and Hervey,
therefore, they can not be meaningfully compared to
those occurring with circulation.

3. The hot bath rewarming used by Golden and Hervey is
widely recognized to minimize afterdrop as compared to
other techniques of rewarming. Hot bath rewarming
therefore makes a weak case against the occurrence
of afterdrop at any particular core site.

k., 1t ignores the observations of Cooper and Kenyon (1957).
They demonstrated the involvement of circulation in the
rewarming of profoundly cooled surgical patients who,



when circulation was instantaneously restored {by

removal of aortic clamps), began a slight recession

in rectal temperature and a larger recession in esophageal
temperature.

There is no clear understanding of the nature of the response of pro-
foundly cold humans to removal from the cold and the application of different
rewarming treatments. As a result there is no well established criterion for
evaluating the merits of alternative rewarming treatments. Candidate criteria
include, but are not limited to, the following.

1. The propensity to precfude afterdrop (intended to

avert post-rescue collapse)

2. The rate of rewarming (with some individuals
supporting slow and others supporting rapid
approaches)

3. The stabilization of blood pressure {intended to
preclude hypovolemic shock)

4, The prevention of significant electrolyte
disturbances.
Of course, some combination of these and other criteria could be used as a

basis for selecting a rewarming treatment.

Regardless of what evaluation criterion is used, the therapy evaluation

must be based on the following three imperfect sources of information.

1. experiments with mildly cooled human volunteers
2. experiments with profoundly cooled laboratory animals

clinical observations

Experiments with human volunteers present difficulties in getting core
temperature measured at the heart site because of adverse effects of the

instrumentation. And even if this problem is circumvented, enly mild
depressions in core temperature may be induced with reasonable safety.

Thus the determination of selection criteria may have to compensate for
indirectness of measurement as well as the mildness of the hypothermia

being treated. Experiments with animals allow the treatment of profound
hypothermia and direct measurement of temperatures at core sites of greatest
interest. However, the applicability to man of conclusions regarding thera-

peutic effectiveness based on animal studies is difficult to establish
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beyond reascnable doubt. {This contrasts with the use of animals to
Identify "potentlal hazards''.) Clinlcal observations may be obtained from
cases of profound hypothermia but the temperature measurements are often
superficlal and are obtalned In a mlllleu deslgned to save lives not to
gather controlled sclentific data. While clinical observatlons may suggest
frultful directions for systematlc study, they are slow to provide a basis '

for evaluating therapeutic effectfveness.

The objectlves of thls Investigation were to postulate candldate
methods for rewarming victims of hypothermia In the emergency envlronment
and to design and execute and experliment to determine thelr effectivenesses
as rescue techniques. The rewarming methods were 1imited to those which
could be performed by an Indlvidual tralned at the level of an emergency
medical techniclan. They were formulated to make maximum use of equipment
that was commerclally available. The present effort Included no development
of new prototype equipment. The theraples were evaluated for thelr pros-
pective effectiveness in treating profound hypothermla. The experimental
evaluatlion of the theraples was performed In conjunction with testing of
cold-immersion protection equipment. The evaluation was based upon data
which could be obtained by applylng the therapies to volunteer subjects

following their cooling during the cold-Immersion experiments.



2.0 THERAPIES SELECTED FOR EVALUATION

The therapies selected for Inclusion In the experimental evaluation
are the following:

Spontaneous rewarming

Trunk Tmmersion

Inhalation therapy

Heating pads

Plumbed garment

Combination of Inhalation and heatling pads

» Combination of Inhalatlon and plumbed garment
Body-to-body heat exchange

O] MU T N —

Therapies 3 through 8 were included because of thelr potenttal for
effective use in the rescue environment. Theraples | and 2 were included
for their usefulness as standards of comparison for the others. In the
following sections of thls chapter the conceptual baslis for each therapy
is discussed, the manner In which It was applled during the experimentation

Is described and all equipment used In adminlstering the theraples Is identified.

2.1 Spontaneous Rewarmlng

Spontaneous rewarming by shiverlng thermogenesis was used as a control
experiment In the evaluation. No actlve heating of any kind was given the
subjects. They were simply undressed to thelr undershorts, towel dried (if
they were wet), placed in a reclined positlon on a & inch thick foam rubber
mattress (covered by a cotton mattress pad) and Immediately covered with a
standard acrylic blanket. Thils s Illustrated In Figure Il-| (a}. This
position and these materlals were used In all "dry'" rewarmings with only the

exceptions clted in the later sections of thls chapter.

Two approaches were consldered for determinling when to cover the subject
with the blanket. The simplest was to cover him at the beginning of the re-
warming perlod. The other was to cover him when his average skin temperature
had spontaneously rlsen to the amblent temperature of the experiment area.
Because rellable monltoring of skin and amblent temperature in the rescue
environment would present an operational complexity and since afterdrop could
potentialtly be minimlzed by insulating the surface of the cold body from an
environment perhaps warm enough to promote perlipheral clrculatlon but not
warm enough to produce signlficant warming, the simple approach of covering

the subject at the beginning of rewarmlng was used.



FIGURE 11-1
REWARMING THERAPIES
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2.2 Trunk lmmersion Therapy

The Immersion of the body in hot water Is generally recognized to be
an effective way to restore heat to the core. The technique has been
examined In previous research with varlous parts of the body Immersed iIn
the hot water with the trunk. The results have varied and are difficult
to compare directly. Based on the simple notion that heat can be effectlvely
gotten into the body core while minimizIng afterdrop by applying the heat to
the area Immediately surrounding the core, It was declided to apply the hot
bath therapy only to the trunk of the body. The subjects were not dried
following the imnmerslon phase of the experiment. They were 1ifted by
members of the research team and placed on thelr backs in a 'claw foot'' bath
tub half filled with 32.2°C (90°F) water. Thls position is illustrated in
Figure {1-1 (b). Thelr arms and legs were kept from coming In contact with
the water at any time durlng the experimental rewarmling. The water temperature
was raised to 43.3°C (110°F) over a perlod of approximately § minutes and was
maintained at this temperature for the duratlon of the experiment. The water
level was adjusted to cover the chest and the water was contlnually agitated

to eliminate thermal stratificatlon.

With the subject in this quasl-rectlined position his breathing passages
were generally below the top of the tub and were a short distance above the
surface of the water. One would expect that thls would serendipitously provide,

durlng trunk immersion therapy, some of the heat balance benefits of inhalation

therapy.

2.3 Inhalation Therapy

The therapeutic objective of Inhalation therapy [s to terminate respi-
ratory heat loss and to promote heat uptake by the tlssues of the lung and
the blood clrculating through them. This 1s accomplished by providing the
patient a warmed, humidIfled gas to breathe. Some heat [s carrled by the
molecules of gas and some Is released In the lungs by the condensatlon of
water vapor. Inhalatlon therapy was concelved to permlt the treatment of

hypothermia In remote locatlons and In unfavorable condltions.

There Is considerable latltude In the cholce of a gas mixture to be used
in the therapy (see Harnett ,et al., 1979). Because the thrust of these experl-

ments was toward the thermal performance of each therapy and mlidly cooled



test subjects were used, the therapeutlc advantage of most mixtures (e.g.,

varylng oxygen content) would be imperceptible.

For experlmental purposes the therapy was formulated to use ambient
air heated and humidified by a Bennett Cascade Humidifler. An open loop
circult was used to avold the problems of sterllizatlon of a carbon dloxlde
absorber. The thermostat was adjusted to malntaln the temperature of the
gas at 42 to 44°C In the mask. This requlired continual monitoring of the
gas temperature and perlodic manual adjustment of the thermostat. The
therapy was applied with the subjects in the standard position as shown in

Figure 11-t (c).

2.4 Heatlng Pads Therapy

If one accepts the notlon that afterdrop Is promoted by perlipheral
vasodilatatlon, the question then arlses: ''Is It possible to rewarm the core
by applying heat only to selected surface areas and thereby avold promoting
afterdrop?''. The heatlng pads therapy was formulated to answer thls questlon,
The surface areas to which the heat was applled (neck, lateral thorax and groin)
were selected on the basis of thermographs by Hayward, et al.,{(1973}. They
revealed that these areas radlate heat from cold subjects (15 minutes In 7.5°C
water) at relatlvely high rates. It was postulated that since these areas
mediate high rates of heat loss, they might, with sufficlent heat applled,
mediate high rates of heat uptake by the core. The positloning of the heatlng
pads 1s illustrated In Figure I1-1 {d). The therapy was applied under the

standard acrylic blanket.

The heating pads utilized were 55 watt electric pads with a three-position
control. They were operated on the ''high' setting. Heating pad/skin interface
temperatures around 449C were achieved. The pads were preheated to thermal equi-
librium prior to initiating rewarming. Terry cloth swatches moistened in warm

water were placed between the pads and the subject to facilitate heat transfer.

2.5 Plumbed Garment Therapy

The plumbed garment therapy was concelved to perform In the same general

manner as the heat!ng pads therapy -- by surface heating of selected body
areas. It was deslred that the device tested be essentially one that Is
commerclally avallable. The cap and vest garment shown in Flgure |I-1 (e)

was selected. The device is marketed as shown by the Aerotherm Group of

Acurex Corporation located In Mountain View, Callfornta. For purposes of the



research the garment was modifled to tnclude two additional bladders
which could be positioned to warm the groln area. Pressurized hot water
was supp)led to the garment by the termal condltionling cart -shown in
Figure t1=1(f). The cart {part number 245-30013A) was operated at the
temperature setting (114°F) indlcated by the manufacturer to be the

maxlmum safe lTevel.

The plumbed garment therapy was applled with the subjects generally
in the standard position. However, the subjects were rolled slightly toward
their right side. Thls was determlined to be necessary to avoid kinking of
soft rubber connectors on the 1lnes carrying the heated water to the garment
and back to the cart. The garment was preheated to thermal equllibrium and
Its surfaces which contact the subjects were molstened, to faclilltate heat

transfers, prior to inltliatlng rewarming.

2.6 Combination Theraplies

Two therapies were consldered which were formulated as simple combinations
of therapies previously described tn this chapter. A combination of Inhatation
and heating pads theraples was studled as was a comblnation of inhalatlon
and plumbed garment theraples. Because of the simple way in which these

theraplies combined, no additiona! descriptlons are needed.

2.7 Body-to-Body Heat Exchange

It has often been recommended In popular publlications that emergency
treatment of hypothermla should be performed by placling a normothermic indivi-
dual in a sleeping bag with the victim if better methods of treatment cannot
be applled. The potentlal exists for the moderate surface heatlng contri-
buted by the normothermlc companion to promote signiflicant afterdrop while
contributing 1ittle to the restoration of core heat. No objectIve data has
existed to support or refute the treatment of hypothermia by the exchange of

heat from one body to another.

In formulating the body-to-body heat exchange therapy !t was decided
that the therapeutic effect to be Investigated would be restricted to simple
heat transfer without Introducing effects of arousal resulting from close
contact between members of opposite sexes. Since the immersion volunteers
were all males, only males were used as heat donors In the heat exchange
therapy. To achleve procedural slmpliflicatlions three of the authors served
as heat donors. Thelr general physical characteristics are shown In Table

bi-1.
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TABLE 11-1
HEAT DONOR PHYSICAL CHARACTERISTICS

Donor. Age Height (cm) Welght (kg)
0'Brlen 29 i70.0 65.8
Stas 47 177.8 79.k
Harnett 34 182.9 86.3

The selection of a heat donor to participate In each rewarming experiment
was generally made so as to match the helghts and welghts of the heat donor

and the heat reclplent as closely as possible.

It was decided that volunteers would be positloned to maximlze upper
body contact and that perlpheral body contact would be avolded in an attempt
to minimlze the promulgatlon of afterdrop. Because locallzed vasodlilatatlon
In response to contact with the heat donor would facillitate subsequent
heating of the subject's blood {and presumably his body core as well)it was
decided that the entirety of rewarming would be accomplished with heat being
applied to the same area of the subject's body. It was anticlpated that
there would be some surface cooling of the part of the heat donor's body
contactIng the rewarming subject. This would reduce the temperature gradlent
between heat donor and heat reciplent and the rate of heat transfer as well.
To determine the signiflcance of this effect, a preliminary experiment was
conducted with the donor's chest In contact wlth the recliplent's back (both
wearing only shorts). The donor's chest (pectoral) temperature was monltored,
The donor's initlal chest temperature was 33.2°C. It dropped to 30.8°C
4 minutes Into rewarming. It recovered to 32.9°C 10 minutes Into rewarming
re-estab}ishing much of the Iniltlal capacity of the donor's chest to yleld
heat. This experiment revealed that there 1s no compellling reason for the
heat donor to continually change the area of his body which Is in contact with

the heat reclpient.

The body-to-body heat exchange therapy was formulated with the donor and
recipient lying on their left sldes and clad Jn shorts. The donor's chest
and stomach were in contact with the reciplent's back. Thelr extremltles
were kept apart. They were reclined on the standard mattress and covered by

the standard acrylic blanket as shown In Flgure 11-1 (g).



3.0 EXPERIMENT PROTOCOL

3.1 Methodalogy

It was recognized at the outset that physlical exertion by the
subjects during the transltlon from floating In the cold water to rewarming
could affect thelir responses to the theraples. To minimlze thls effect
a ""chalr 1ift" apparatus was Installed {see Flgure 11-2) to permlt effort-
less enterlng and exiting of the lmmerslon tank. To further stablllze the
subjects' condltlon durlng thls transition, thelr cold-protection equipment
and clothing were removed by members of the research team after the subjects

had been Instructed to stand stfll and relax as much as possible.

The rewarming experlments were conducted using the subjects whose
morphology is descrlbed in Table |11-2. The experiments were conducted between
July 7, 13878 and April 27, 1979. A number of steps were taken b assure

comparability of results obtained In different experlments.

t. To ellmlnate effects of diurnal varfatlion the
immersion experiments were generally started around
1:00 p.m. each day. There was some varlation in
the start tlimes of the rewarmings but they generally
began between 3:00 and 4:00 p.m.

2, Particlpatlon In immerslion experiments, and hence
rewarmings, required that the subjects have taken
no medication or alcohol for 24 hours or food or
tobacco for 2 hours.

3. The temperature in the research area was subject to
some control. An attempt was made to conduct each
rewarming in 2(.1°C room alr.Table 11«3 shows the mean
ambient dry bulb temperatures and relative humldlitles
exlsting during the conduct of each rewarming therapy.

L, As mentioned earller the 'dry" theraples were performed
while the subjects were in the standardized positlon on
the foam rubber mattress covered by the acrylic blanket.

5. Because of the volunteer's freedom to withdraw from the
experiments at any polnt, It ¢could not be assumed that
each would perform each therapy once. As the experiment
program proceeded, subJects were asslgned to theraples
to maximlze the useful comparisons among thelr experi-
ments 1f they contlinued no further, The resulting
assignment of subjects to therapies Is Indicated In Table
t1-B. The letters I[n the "Body-to-body'' ¢olumn Indicate
the initlal of the heat donor from Table I1-1 who partici-
pated In each experiment. No subject was allowed to
experience any therapy more than once.
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FIGURE [1-2
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TABLE FI1-2
REWARMING SUBJECTS PHYSICAL CHARACTER|STICS

Heath-Carter
Somatotype
Subject Age Helght Welght Components Surface Area

(cm) (kg) | [l Im {m2)
KC 21 185.0 85.4 {3 1/2 (|4 2 2,13
GE 23 182.9 65.5 |2 4 b 1/2 }.86
GF 23 178.2 67.3 (2 /2 |4 3 1/2 1.85
BH 23 178.9 82.7 |4 1/2 |k 1 1/2 2.03
MH 25 182.7 6h.t 1 1/2 }2 1/2¢5 1.83
MK 22 183.0 75.9 |2 /2 |5 3 1.98
PK 21 183.9 gl.b |4 1/2 |6 b 1/2 2.16
CM 21 186.6 70.2 12 1/2 |3 L 1/2 i.95
RM 24 168.3 63.6 |4 5 2 1/2 1.73
MO 2] 180.0 76.4 |3 1/2 16 /242 1/2 1.96
TP 25 185.2 76.4 |3 317213 1/2 2.02
CR 19 180. 4 69.3 |2 4 3 t/2 .90
JR 21 178.5 60.9 |3 3 b 1/2 1.78
BS 21 187.¢ 71.4 (2 172 |4 L 1/2 1.96
SW 22 177.5 66.3 |3 4 3 1/2 t.82
™ 22 | 177.0 74.5 |4 4 2 1.92

TABLE 11-3

COMPARISON OF MEAN AMBIENT TEMPERATURES AND
RELATIVE HUMIDITIES DURING REWARMING THERAPIES

Temperature (°C) Relative Humidity (%)

Therapy Mean S.D. Mean 5.0,
Spontaneous Rewarming 22.2 1.1 56.4 3.8
Trunk lmmersion 22.7 2.3 53.0 4.0
Inhalation Therapy 21.1 0.6 57.7 3.4
Heating Pads 21.3 1.4 58.7 5.1
Plumbed Garment 21.2 0.2 61.3 2.6
inhalation + Heating Pads 22.3 2.4 62.2 5.1
Inhatlation + Plumbed Garment 21.3 0.8 60.6 6.2
Body-to-Body 21.8 1.4 58.1 6.6



TABLE |1-4
ASSIGNMENT OF SUBJECTS TO REWARMING THERAPIES
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Rewarming
Therapy

Subject

KC

GE

GF
BH

MH

MK

PK
CH

MO

TP

CR
JR
BS

SW
W

TOTAL

* Letters in this column Indlcate the heat donor (from Table I1-1)

participating In each experlment
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The original experiment protocol involved monitoring on each subject
six skin temperatures (great toe, thigh, groin, subscapular, bicep and
forearm), rectal temperature {15 cm depth}, tympanic membrane temperature,
ECG and blood pressure. However, tympanic membrane temperature measure-
ment was discontinued after only a few experiments. This was due to the
discomfort and risk of injury to the tympanic membrane resulting from the
impingement upon the temperature probes by various cold-protection devices
worn during the immersion phase of the experiment. As a result, the esti-
mation of body "'core'' temperature was based solely upon measurements made

in the rectum,

1.2 Design of Experiment

It was anticipated in planning the experiment program that conducting
an investigation of rewarming therapies integrated into an investigation of
cold-protection devices as dlverse as those considered in this study
could complicate the Interpretation of the rewarming results, Thls
anticlpation was based on the notlon that varlation In the amounts of coolling
and rates of coolling experlenced by the subjects due to variations In the
protective equipment might aféect the apparent performance of the theraples.

Of these two rewarming Initia) conditlons (amount of cooling and rate of
cooling) it was thought that the amount of coollng might be the more signlficant.
Therefore, a method of controllling the deslgn of the experlment was adopted
which sought to distribute this factor as unlformly as possible across the
therapies. The speclfic control parameter utillzed was the mean amount of
cooling that occurred prior to the initiatlon of rewarming (including the
pertod of transltion from cooling to rewarming}. Thls parameter was controlled
by adjusting assignments of cooled subjects to rewarming therapies. Thus

the scheduling of rewarming theraples was done In a two-stage manner. A pre-
liminary assignment was made on the basis of the antlclpated course of the

cool ing phases of experiments to be performed In a glven afternoon. Then

when changes in this course occurred {e.g., due to early termlnation of cooling
at the request of the subject) adjustments to the therapy asslgnment were

made to balance the anticlpated final values of the control parameter. These
final values are shown, along with the mean rates of ccoling preceding each

therapy, in Table 11-5.
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TABLE 11{-5 :
MEAN INITIAL CONDITIONS FOR REWARMING THERAPIES

Prior Cooling Rate of Cooling*
Number of (oc) (Oc/hr)

Therapy Replications Mean 5.D. Mean $.D.
Spontanecus Rewarming 10 1.44 .68 .82 0.73
Trunk Immersion 9 1.42 b2 .62 0.58
inhatation Therapy 9 1.4 .70 .19 1.25
Heating Pads 9 1.34 .52 .81 0.96
Plumbed Garment B 1.39 .64 .85 1.01
Inhalation + Heating Pads 10 1.43 .55 .85 1.26
Inhalation + Plumbed Garment 8 1.28 .62 b 0.37
Body~-to-Body 9 1.26 .63 .68 0.59

“Based on last 30 minutes prior to initiation of rewarming.

The mean cooling prior to each therapy exhibits a range of only 0.18°C (from 1.26
to 1.449C). It was, of course, not possible to simultaneously control the distri-
bution of rates of cooling among the therapies. This exhibits a range of 0.419C/hr
(from 0.44 to 0.850C/hr). The three therapies for which mean rate of cooling is
somewhat lower than the rest are trunk immersion, inhalation + plumbed garment and
body-to-body heat exchange.

One final convention was adopted to censor nonrepresentative results from the
analysis. Rewarming data was used from an experiment only if at least 0.5°C
cooling was experienced by the subject prior to the initiation of rewarming. This
level of cooling was selected, based on the results of early experiments, as being
a reasonable cutoff point for evaluating the treatment of hypothermia. This
restriction resulted in rewarming data being obtained in only 72 of the 90 cold-

immersion experiments performed.

3.3 Instrumentation

The instrumentation used to monitor temperature data in this study was all
manufactured by Yellow Springs Instruments. Skin temperatures were measured
with a Model 44TD, 12-channel monitor {509C face sweep) using Model 409 probes
(1.1 second time constant) taped to the skin. Rectal and esophageal tempera-
tures were measured with a Model 46TUC, 6-channel monitor (119C face sweep)

using Model 401 probes (7.0 second time constant).



L.0 RESULTS AND ANALYS1S

4,1 Basis of Evaluation

The evaluation of theperformance of the selected rewarming theraples
s based on three descriptive parameters of thermal response illustrated,
for a typical experiment, in Figure VI-3. The parameters are the following.
I. Afterdrop
2, Recovery period
3. Rate of rewarming
Afterdrop is taken to be the magnitude of the maximal depression
In rectal temperature occurring after the Inltlation of rewarmlng.
The ""recovery' period Is defined to be the time required for the rectal
temperature to return to the level that It exhlbited at the Inftiation of
rewarming, The determination of the '‘rate of rewarming' is based upon the
response during the first 30 mlinutes after the occurrence of the minimum
temperature, or, if less than 30 minutes data was obtained, it was based
upon the entirety of this data. These three parameters are regarded as
adequately describing the response of core temperature {as approximated

by rectal measurement) to rewarming treatment.

4.2 Experiment Results

The results of the rewarming experiments are summarized In Table 11-6,
This table gives, for each of the three descriptive parameters, the mean
value and standard error of the mean {S.E.M.) occurring with each of

the therapies.

As expected, trunk Immersion exhliblted the smallest mean afterdrop and
mean recovery period and the largest mean rate of rewarming. Of the ''portable"
theraples, the afterdrop occurring during spontaneous rewarming was essentially
as small as any. By comparison, body-to-body heat exchange exhibited a 6|
percent Increase In afterdrop and a |9 percent [ncrease In recovery period,
but also a 35 percent increase in rate of rewarming. Of the 8 subjects indi-
cated in Table 11-4 to have recelved both spontaneous rewarming and body-to-
body heat exchange, 5 experlenced more afterdrop and 5 experlenced a longer
recovery period wlth body-to-body heat exhcange, but 6 experlienced more rapld

rewarming with It.
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Inhalation rewarming also produced as little afterdrop as any
portable therapy. Thls was not Improved by augmenting it with the heating
pads or the plumbed garment., Augmenting Inhalatlon therapy with the
plumbed garment shortened the recovery period by 35 percent and Increased
the rate of rewarming by about 8 percent. Flve subJects received [nhalation
therapy and Inhalation In combinatlon with the plumbed garment. With the
combinatlon, 3 experlenced less afterdrop, only | experienced an Increase
In the recovery perlod and only 2 experlenced a decrease In the rate of
rewarming. Augmenting Inhalatlon with the heatling pads shortened the
recovery period by 10% but also exhibited a reductlon In mean rate of
rewarming of about 22 percent. Seven subjects recelved Inhalatlon therapy
and Inhalation In combinatlon with the heatlng pads. With the comblnation,
only 3 experlenced less afterdrop, only 3 experlenced shorter recovery

periods and only 3 experlenced Increases in the rate of rewarming.

Comparing Inhalation combined with the heating pads to spontaneous
rewarming, the active rewarming results in the same afterdrop as spon-
taneous rewarmling but }t affects a 28 percent reductlon in the mean
recovery perlod and a 32 percent increase In the mean rate of rewarming.
0f the 7 subjects who experlenced both spontaneous rewarming and inhalatlon
combined with the heating pads, 5 experienced less afterdrop with the actlve

rewarming, 6 exper lenced shorter recovery periods but only 3 experlienced an

Increase In rate of rewarming.

Flnally, comparing Inhalation combined with the plumbed garment to
spontaneous rewarming, the actlve rewarming {s seen to affect essentlally
no change In mean afterdrop but a 40 percent reductlon In mean recovery
period and a 95 percent Increase In the mean rate of rewarming. Of the 5
subjects who experienced both spontaneous rewarm{ng and inhatatlon combined
with the plumbed garment, 4 experlenced less afterdrop with the actlve re-
warming, 3 experienced shorter recovery perlods and 4 experlenced greater

rates of rewarming.

4,3 Signjflcance of Differences Among Theraples

Many comparlsons among the theraples are possible for each of the three
performance parameters. A common approach to fnvestigating these differences
1s analysis of varlance [ANOVA). The ANOVA would reveal whether or not .any
significant differences exist among the therapies. f significant differences
are indlcated to exIst they may then be Identifled by applying one of several
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post-ANOVA techniques. One of the requlirements for ANOVA to be used Is
that the parameter varlances withlin all theraples must be the same,

Because of the uniformity of sample sizes, examination of the standard
errors of the means glven In Table 11-6 Indicates that thls assumption Is
not warranted. Therefore, to assess the significance of the dlfferences
among the theraples all possible palrwise comparisons among them were
examined with the Behrens-Flsher t-Test. This ylelds a test statlstlc
which Is known to be approx!mately distrlbuted according to the Student's-t
distribution and It ylelds an estimate of the degrees of freedom corresponding
to the test statistic. These could be used to determine whether or not the
dlfferences are significant at some glven level of significance. But

this conveys less information than ls avallable. The level of significance
at which each difference ts signlflcant has been computed. This is often

referred to as the "probability of a larger t'".

The levels of significance {one-tall rejectfon reglon) are shown for
compariscons In afterdrop In Table I11-7, for comparisons In recovery period
In Table {1-8, and for compariseons In rate of rewarming In Table 11-9.

The appearance of a number In a cell of these tables indicates that the
therapy corresponding to the cell's row Is superior to the therapy corres-
ponding to the cell's column at the level of signiflicance given by the
number in the cell. For examplte the .08 In the flrst row of Table I1-7
Indicates that trunk Immersion s superior to Inhalatlon therapy (with
regard to afterdrop) at the .0B level of significance. This means that If
the afterdrop assoclated with these two therapies are ldentlcal, the prob-
ability of getting the experimental results obtained with them due to
randomness Is .08. To find highly slgniflcant differences, one should scan
these tables for small numbers. For convenlence, the cells contalning
significance levels of about |0 percent or less have been circled. Levels

above 10 percent are generally not regarded as truly significant.

It 1s a positive Indicatlon for a therapy to have many ¢lrcles In its
row and a negatlve indication for a therapy to have many circles in its
column. Thus in regards to afterdrop, Table 11-7 Indicates spontaneous
rewarming, inhalatlon rewarming, lnhalation comblned with the heatlng pads
and Inhalation combined with the plumbed garment to be the best of the
portable theraplies and heatling pads and the plumbed garment are indlcated

to be the least attractive among the theraples. Similarly, Table 11-8
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indicates that regarding recovery period, inhalation combined with the
ptumbed garment Is attractive. No particular therapy of the portable
ones Is Indicated by Table 11-9 to be attractive regarding rate of
rewarming. However, while the significance levels are not small,
inhalation combined with the plumbed garment Is superlor to more

of the other theraples (all but trunk Immersion) than any other portable

therapy.

4., Correlations of Results with
Experiment tnitial Condltlons

To determine the role that varlatlon In rewarming inftlal conditlons
{amount of coollng and rate of coollng) plays In determining the outcome
of the rewarming experiments, the correlations between each of the three
rewarming performance parameters and each of the Inltial conditions was
Investigated. Pearson's product-moment correlation coefflclent was
calculated for each combination of performance parameter and initial condl-
tion for each rewarming therapy. Table I1-10 shows the zorrelation co-
efficients resulting from correlating afterdrop with each of the Initlal
condltions. None of the r values has magnitude exceeding 0.7i. Table
I1-11 gives the results for correlations between recovery perlod and each
of the Initlal conditions. The magnitudes of these coefflcients are also
Jimited to 0.71. The correlations Involving rate of rewarming, shown In
Table 11-12, range to larger values with 2 of them having magnitudes abave
0.8.

Based on the 48 correlation coefficlents in Tables 11-10 through 1i-12,
only 2 of which have magnitudes above 0.8, It Is concluded that the results
of the rewarming experlments were not materlally influenced by variation In
the rewarming inittal condltions. As a consequence of thls finding It Is
concluded that the Integratlon of the rewarming experiements into the pro-~
tectlon equipment tests did not materially detract from the valldity of
the rewarming results. |t should be recalled that the rewarming experiment
design balanced the amount of coollng among the theraples such that vallid
results could have been obtained even 1f this inltial conditlon had been

found to correlate reltably with one or more therapy performance parameters.
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TABLE 31-10

CORRELATION COEFFICIENTS FOR AFTERDROP

INDEPENDENT VAR!ABLES

THERAPY AMOUNT OF COOLING RATE OF COOLING
Spontaneous Rewarmlng .70 .71
Trunk Immerslon .56 .25
Inhalation Rewarming ~.22 .22
Heating Pads .2 iy
Plumbed Garment 16 .63
inhalatlon + H.P. .08 .27
Inbalatlion + P.G. -.22 -.50
Body-to-Bedy -.49 3

TABLE LI-11

CORRELATION COEFFICIENTS FOR RECOVERY PERIOQD

THERAPY
Spontaneous Rewarmlng
Trunk Immersfion
Inhalatlon Rewarming
HeatIng Pads
Plumbed Garment
Inhalation + H.P.
Inhalation + P.G.

Body-to-Body

AMOUNT OF COOLING

INDEPENDENT VARIABLES

RATE OF COOLING

-.07 ~-.07

.27 =17
-. 43 -.25
-.19 .23
-.36 .10
-. 21 .05
-.46 -.71
-.67 -.43

TABLE |I=12

CORRELATION COEFFICIENTS FOR RATE OF REWARMING

THERAPY
Spontaneous Rewarming
Trunk lmmersion
Inhalation Rewarmlng
Heating Pads
Plumbed Garment
Inhalatlon + H.P.
Inhalation + P.G.
Body-to-Body

AMOUNT OF COOLING

INDEPENDENT VARJABLES

RATE OF COOLING

.08 .03
.64 .03
.92 .85
A Y
.59 Y
.23 .01
.72 .73
.37 JT7h
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5.0 ADDITIONAL EXPERIMENTAL OBSERVAT!ONS

Late In the sequence of experiments, one took place In which only
about 0.3°C net coollng occurred durlng the 3-hour cold Immersion.
Because this did not meet the 0.5°C mlnimum coollng criterlon, no attempt
was made to obtaln data using one of the B rewarming theraples included
in this research. Since the hot bath had been prepared and was not going
to be used for a rewarming experlment, the subject was Invited to sit In
It to rewarm for comfort. Before entering the 35°C (95°F) water,hls skin

temperatures were as follows.

Great toe 16.9°C
Thigh 31.4°C
Groln 35.0°C
Subscapular 23,6°C
Bicep 29.1°C
Forearm 28.7°C

The subject entered the tub unassisted and assumed a seated positlon. His
feet, legs and torso up to the walst level were Immersed in the hot water.

The surface temperatures of hls toe and thigh Immed{ately warmed to 33.0°C.

Followlng an Inttial small rise, rectal temperature fell by 0.59°C In
a |4 minute perfod. As shown In Figure |i-4, thls represents an Increase in
the rate of rectal temperature reduction of an order of magnltude as com-
pared to the last 30 mlnutes before entering the tub. After some fluctuation
near the minimum temperature, a recovery of 0.44°C occurred Tn a 19 minute

period for a rewarmling rate of 1.39°C/hr.

|f afterdrop was a manlfestatfon of a conductive heat transfer phenomenon,
as was suggested by Golden and Hervey (1977), one would expect to see after-
drop proceed Initially at the same rate as dld cooling late in the cold
lmmerslon. The rate of afterdrop, when measured rectally and with legs and
lower torso lmmersed In warm water, should then begin to decrease In a con-
tinuous fashion untll 1t 1s smoothly reversed. The rise In rectal temperature
should proceed inftially at an Increasing rate followed by a perfod of slowing
in the rate of warming as the temperature approaches {ts normal level (1t is

assumed that the warm water would be at a temperature near normal core temperature).

This response Is, of course, Ideallzed and normal “'blologlcal varlatlon”

is to be expected. However, the preclpltous Increase In the rate of rectal
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temperature reduction (whlle Inltlally sitting in the hot water) as
compared to the rate prevalllng prior to entering the hot water, trans-
cends one which can easlly be explained as a biologlcal varlation of a
conductive heat transfer phenomenon. It probably resulted from the
increased return of blood to the body core (rectum) after having ylelded

much of Its heat to peripheral tlssues (legs).

Two weeks later, a proper trunk Immersion rewarming was done with
the same subject following a 19i-minute cold !Immersion. The protocol
described Iin Sectlon 2.2 of thls paper was followed. The net coollng
prior to rewarming was 0.93°C and the rate of coollng over the last 30
minutes prior to rewarming was 0.38°C/hr. Flgure |I-5 compares the course
of rectal temperature during this trunk Immersion to that occurring while
the subject was seated In the hot water. It may be seen that during the
trunk Immersion no afterdrop occurred. This 1s taken as an indication
that the Immersion of the legs during the earlier rewarming played a

causal role In promoting the preciplitous afterdrop seen at that time.
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FIGURE 11-5
COMPARISON OF LEGS IN AND OUT OF HOT WATER

Subject: RM

Trunk Immersion Rewarmlng
Amount of Prlior Cooling = 0.93°C

CHANGE Rate of Prior Coolling = 0.38°C/hr
IN Rate of Rewarmlng = 2.61°C/hr
RECTAL
TEMPERATURE
(°c)

TIME (mln)——e——m

40

Seated In Hot Water

Amount of Prior Cooling = 0.28°¢C
-, 64 Rate of Prior Coollng = 0.22°C/r
Rate of Rewarming = |.39°C/Mhr
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6.0 INTERPRETATION OF RESULTS
OBTAINED WITH MILD HYPOTHERMIA

There exists a need to make certaln compensations in evaluating the
results of these experiments since only mlld hypothermia was addressed.
The subjects were all healthy, conscious and shlvering vligorously at the
time rewarming was Inlftiated. Victims of profound hypothermia may be
expected to exhiblt reduced or extingulshed shivering thermogenesis and
a very much reduced respiratory minute volume (RMV). Compensations are
necessary in selecting treatment methods for the differences between this
laboratory conditlion and the real world of profoundly-cold patlents. These
compensations may be Imperfect but they are unavoldable since rewarming-therapy
research Is restricted to mlld hypothermla as a concession to subject safety.

The primary compensations are discussed In the following paragraphs.

6.1 Reduced Respiratory Minute Volume

The reductions in a patient's RMV may be expected to reduce, more or
less proportionally, the ability of inhalation therapy to introduce heat
into the patient's core. This might degrade the recovery period and rate
of rewarming aspects of its performance more than its afterdrop avoidance,
But this is uncertain since it is not clear whether the afterdrop-avoidance
property of inhalation therapy derives more from the amount of heat imparted

or the manner in which it is imparted.

The most serious implication of the reduced RMV is the doubt it casts
on the performance of the combination therapies (inhalation plus some mode
of selective surface heating). As the inhalation components of the combina-
tion therapies take on diminished roles in treatment, the combination
therapies begin to resemble conceptually the heating pads and plumbed garment
therapies. The question is, would the combination therapies continue to
perform retatively as well as they did with mildly-cooled subjects or would

their relative performances more closely resemble those of the selective

surface heating therapies.
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6.2 Depressed Shivering Thermogenes!s

In these experliments shlvering thermogenesis was a major contributor to
the uptake of heat Involved In rewarming. There are some Indlcations that
theraples tnvolving surface heating were negatlively effected by thelr pro-
pensity to diminish shivering thermogenesis earller than occurred without the
surface heating. For example, the 7 subjects who experlenced both
spontaneous rewarmlng and body-to-body heat transfer, and for whom oxygen
uptake rates were measured early In rewarming (first 10 minutes), 5 subjects
exhibited larger rates when rewarmlng spontaneocusly. One might expect that
If no shivering had been present durlng any of these rewarmlings, the oppor-
tunity would not have existed for this relatlve penalty to occur. The
speciflc effects of the diminutlon of shlvering should have Included reducing
the rate of rewarming and lengthenlng the recovery perlod. Therefore, in
compensating for the depression of shivering thermogenesis, one would expect
with surface heating, Improvement in recovery period and rate of rewarming

relative to those theraples involving no surface heatlng.

However, the primary deficlency with surface heating was In afterdrop,
not recovery perlod or rate of rewarming. Shlvering probably tends to
promote afterdrop through its stimulation of blood supply to the musculature
involved. Some of this musculature will be in the extremities. This shivering-
Induced component of afterdrop was present In the rewarmings performed with
all therapies in this research. However, to the extent that surface heating
reduces shivering, this component should have been smaller with the theraples
involving surface heating. Even so, the theraples conslsting only of surface
heating exhibited the largest mean afterdrops of all. If no shivering had
been present (and therefore no shivering-Induced afterdrop had occurred) with
any of the theraples, then the afterdrops observed with surface heating only,
should have compared even less favorably to those with other therapies.

There certainly Is no reason to expect the absence of shivering to !mprove

the afterdrop performance of surface heating relative to the other theraples.
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7.0  SUMMARY AND CONCLUSIONS

Reviewing the experimental results presented in Section 4, It may
be scen that of the portable therapies, spontaneous rewarming, Inhalation
therapy, Inhalation combined with the heating pads and Inhalatlon comblned
with the plumbed garrent afford superior performance with respect to after-
drop avoldance. The only one of these four theraples affording a statistlcally-
significant advantage with respect to the next most lmportant criterlon
{recovery period minimizatlon) Is inhalatlon comblned with the plumbed garment
although inhalation comblned with the heating pads Is nearly as good. The
results relatlng to the last criterlon (rate of rewarming mazimization) weakly

support a selection of inhalatlon comblined with the plumbed garment.

The questlon arlses as to the real beneflt of augmenting Inhaiatlion
therapy with a plumbed garment as opposed to heatlng pads. Revliewlng the
comparisons between these two theraples In Tables 11-7, 11-8, and 11-9, one
sees that Inhalatlion comblined with the plumbed garment affords sllightly
smaller afterdrop and shorter recovery perliods but that these differences
are not signlflcant, statlstically or subjectlvely. The plumbed garment
affords a more signiflicant Improvement In rewarming rates. It therefore
seems |lkely that inhalation could be augmented with any selective surface
heat ing modality to produce afterdrops and recovery periods generally similar
to those seen In this study with the plumbed garment. By ''selective' it Is
meant that the surface heating ls almed at the same general areas addressed
in this study. The rate of rewarming may be subject to more control through
selectlon of surface heatlng modallity, since a relatively targe difference
was seen between the rates resulting with the two modallties used in thls

study when combined with Inhalatlon therapy.

it Is Important to notlce that the heatlng pads and the plumbed garment,
when applied without Inhalation therapy, were assoclated with the greatest
mean afterdrops observed In these experiments. Also thelr recovery perlods
were not signiflcantly shorter than the longest ones seen. Thls indicates
that surface heatlng, even when done selectively as In thls study, Is not

the most efflcaclious approach.

The combinatfon theraples were found In these experiments to be most

attractive In the context of all three performance parameters. Therefore,
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one could select one of these therapies and achieve top performance in
terms of afterdrop avoidance without having to make concessions in
recovery period and rate of rewarming. This fortuitous result would
relieve the necessity for concern over imperfections in rectal estimates
of deep core temperature if consideration of the differences between mild
and profound hypothermia were not necessary. The behavior of a combination
therapy is unknown in treating hypothermia of various severities and with
various levels of respiratory disfunction. |If the relative contribution
of the inhalation component diminishes as RMV decreases then the performance
of the combination therapy might closely resemble that of selective surface
heating alone. The corresponding changes in afterdrop aveidance would, on
the basis of these experiments, deteriorate from the best to the worst
achievable. The problem of choosing would not be so troublesome if the
surface heating alone had not performed so poorly regarding afterdrop.
Therefore, inhalation therapy alone seems to be the prudent choice for
treatment when afterdrop can not be toleratad {profound hypothermia).
However, the use of Inhalation therapy alone when RMV is depressed can
be expected to result in reduced rates of rewarming and possibly protracted.
recovery periods as compared to a combination therapy. The afterdrop encountered
would depend much more upon the manner in which the patient is handled than
upon intrinsic aspects of the inhalation therapy. This is indicated by the
similarities of the mean afterdrops observed in thses experiments with
spontaneous rewarming and inhalation therapy. Therefore, while inhalation
therapy alone does not increase rates of rewarming and may not reduce
recovery periods (compared to spontaneous rewarming) as much as it does
when combined with the plumbed garment, its use alone with very low RMV's
would not promote afterdrop, as the combination therapies likely would.
Anticipating the cardiac irritability normally associated with profound
hypothermia, consideration should be given to leaving such patients clothed
to avoid the mechanical irritation involved in undressing them. Their surface
is probably at thermal equilibrium with their wet clothing by the time they
are rescued from the cold water and treatment can be initiated. However,
it would be extremely important that they be wrapped in a material capable

of doing the following three things.
1. Providing effective thermal insulation from the patient's

environment.
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2. Preventing evaporation from the wet clothing which would affect

further heat drain from the patient.

3. Maintaining its thermal insulation property while exposed

to water.
A normal blanket would not possess properties 2 and 3 and most sleeping
bags would not. The device surrounding the patient would have to be
resistent to water impinging upon it from the inside and the outside. 1If
any of these three properties can not be satisfied, then all wet clothing
should be removed. In any case, outer garments holding large quantities
of water should be removed.

If inhalation therapy is used alone, provisions should be made for care-
ful handling for a protracted period of time {until core rewarming is well
underway). Selective surface heating could be added to the inhalation
therapy once rewarming is underway and the threat of serious afterdrop has
passed. But this would be minor participation in the treatment after the
critical period has passed.

One would expect that most hypothermia victims are recovered before
experiencing severely depressed RMV's. For these individuals the combina-
tion therapy is to be preferred. The exact RMV below which the use of a
combination therapy is contraindicated can not be determined from these
experiments.

The use of body-to-body heat exchange, which has been widely recommended
for use in circumstances where no other treatment is feasible, must be
discouraged in treating profound hypothermia. The moderate surface heating
would be expected to promote greater afterdrop than might ocecur if the
victim were well insulated from his environment, handled with great care
and transported to a facility capable of rendering treatment. With hypothermia
known to be mild, body-to-body heat exchange might offer desirable shortening
of total rewarming time {by increasing the rate of rewarming) and some subjec-
tive improvement in the patient's condition but some additional afterdrop
can be expected. If uncertainty exists concerning the severity of the
hypothermia, it would be prudent not to risk precipitating an afterdrop
that could be dangerous.

An additional problem that exists with body-to-body heat exchange is
the potential for it to be applied differently than was done in this research
and, inthe process, to promote even greater afterdrop than has been indicated

here. In this research, body contact was restricted to the upper-body
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region of the subject. An over-zealous heat donor mlght reason that I1f a
little contact Is good, then a 'ot is better. The resulting Increase in the
surface warming of arms and legs could promote even more afterdrop than
results with upper-body contact. This potential for mlsapplication of body-
to-body heat exchange Is perhaps the most troubling aspect of even a qualified
recommendation for {ts use.

The question arlses, mlight the body-to-body heat exchange treatment be
more effective if it is applied to parts of the patlents body other than
the back. It could easily be applied to the chest, for example. The thermo-
graphs of Hayward, et al. (1973) showed the chest of a normothermlc man to
radlate more heat than his back. Thus a chest-to-chest arrangement might
offer some heat transfer advantage after the reclplents chest-surface
vasculature had dilated. However, the thermographs show the back and chest
of a man who had held still for 15 minutes in cold water to radlate the
same amount of heat., Therefore, one would expect no heat transfer advantage
during initial rewarming for the chest-to-chest arrangement. 1t Is qulte
possible that one could accurately regard the heating pads therapy as indicating
a limlt to performance which may be achieved by Improvements tc body-to-body
heat exchange. The heating pads were placed on the areas thought to maximize
heat transfer. In terms of recovery perlod and rate of rewarming there is
abundant potential Indlicated for reflnement of the body-to-body heat exchange
approach. However, afterdrops avoldance Is the slingle most important con-
sideratlion In the treatment of profound hypothermlia. The potentlal for
afterdrop avoidance through reflnements to body-to-body heat exchange Is not
Indlcated, by the results seen with the heating pads, to be attractive.

A final comment on trunk Immerslon therapy is in order. This therapy
has been used only as a standard of camparison for the evaluation of therapies
thought to be candidates for use in the fleld. Trunk immersion is Impractical
for such use. However, serlious attempts should be made to design and evaluate
special equipment to allow trunk-immersion-1ike treatment In the rescue environ-
ment. |If these attempts are successful, widely different results would be
achievable depending upon the water temperature used. Research would be required
to refine technlques for using such equipment to minimize risk of afterdrop and
hypovolemic shock. Inhalation therapy should be used in combinatlion with this
equipment for Its ancillary benefits and, In the Interim, Inhalation therapy

represents the treatment of cholce for use In the fleld.
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POSITION STATEMENT: Airway Rewarming and Afterdrop

R. Michael Harnett
Clemson University

AFTERDROP

The occurrence of fatalitles among victims of hypothermia soen after
their rescue and removal from the cold has been described in the literature.
Explanations for this so-called 'post-rescue collapse' have been sought to
provide a basis for refining methods of treatment to eliminate these pre-

sumably-avoidable deaths. Probably the best explanations are

1. Cardiac fibrillation resulting from afterdrop
in the temperature of the myocardium promoted

by peripheral vasodilatation

2. Hypovolemie shock resulting from peripheral
vasodilatation and secondary to cold-induced

raductions in blood volume

Post-rescue collapse 1s generally cited during the first half hour after
rescue and is probably distinct from fatalities reported to occur during

the later stages of rewarming.

The ocecurrence of afterdrop in "core' temperature has been reported to
occur at the heart site following surgical hypothermia. The details of one
such report suggest that the afterdrop results from the blood-vascular re-
distribution of heat. Many observations of afterdrop in rectal temperature
have been reported following mild, experimental hypothermia. Since core
temperatures at various sites (rectum, esophagus, stomach, right atrium)
are known not to respond to c¢ooling and rewarming in 2 concerted way, the
significance to cardiac fibrillation of afterdrops in rectal temperature

is questionable.

Rewarming experiments with deeply cocled, lightly anesthetized pigs
have indicated that rectal measurements overestimate the afterdrop in tempera-
ture at the right atrium when rewarming 1s accomplished by hot bath. It was
algso shown that rectal and gastric afterdrops occurred even when circulation
was stopped at the beginning of rewarming. On the basis of thege results,
gome have claimed that afterdrop does not affect the temperature of the

myocardium and that rectal afterdrop is a conductive heat transfer phenomenom.
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The inference 1s drawn that peripheral vasodilatation i1s of no real concern

and that surface heating may be practiced with impunity.

The results of these plg experiments should be interpreted cautiously.
The hot bath rewarming is widely recognized to minimize afterdrop as com~
pared to other techniques of rewarming. Therefore, it makes a weak case
against the occurrence of afterdrop at any particular core site. Furthermore,
the pig is a particularly pcor analog for man with respect to peripheral
vascularization. It has only about 15 percent of its mass in its limbs com-
pared to 40 percent for man and the difference between hoofs and hands and
feet are obvious. Therefore, the pig makes a weak case against the occurr-

ence ¢f afterdrop promoted by peripheral vascdilatatien.

A better understanding of the nature of afterdrop 1s & prerequlsite
for selecting proper methods for managing profound hypothermia, particularly early
in the post-recovery peried. Ite propensity to occur at the heart site
and the causal involvement of circulatory heat transport must be learned. Of
course this is made difficult by the need to investigate thermal events at
the heart site during profound hypothermia. Even if humans volunteer to accept
the small risks due teo instrumentation, profound hypothermia may not safely
be induced. Experiments with primates present an opportunity to obtain data
with a more faithful human analog than has previously been used. This research

approach should be pursued.

AIRWAY REWARMING

The conclusions of published experimental work with ailrway rewarming vary

radically. These conclusions are generally based on afterdrops and rewarming
rates observed in experiments with mildly hypothermic volunteers or profoundly
cold animals. Variations among experimental conditions and techniques for
performing rewarming may explain much of the difference in results and con-

clusions. These are too many and too detailed to be reviewed here.

An extremely important consideration in treating profound hypothermia 1is
the minimization of afterdrop at the heart site. Hot bath has been shown to
be very effective in minimizing rectal afterdrop. However, its inherent lack
of portability and concern over the effects of very rapid rewarming of pro-
foundly cold victims deter its use during the early stage of treatment.

Moderate applications of surface heat have been shown to be counterproductive,
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even when selectively applied. Peritoneal irrigation is beyond the
capability of EMI''s.

The afterdrop accompanying airway rewarming has been indicated to
relate variously to that seen during spontaneous rewarming of vigorously-
shivering subjects. The benefit of the airway rewarming has been shown
to range from insignificant to significant. Additional concern is railsed
by the prospects for reduced effectiveness in treating profound hypothermia,
with its assoclated depressions of respiration. HNo serious negative effects
are known to accompany alrway rewarming. The best case for its use may be

based upon the following:

1. Cessation of respiratory heat loss and some

warming of pulmonary vasculature.

2. Thermal stimulation of mucociliary tramsport

and vapor treatment of pulmonary congestion.
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A pioneering leader in hypothermia research and cold water
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ABSTRACT
Cardiac Temperature During Rewarming From Hypothermia

Or. J. Hayward
Department of Biology
University of Victoria

Core rewarming is now advocated for victims with severe hypothermia.
Experimental evaluation of techniques to accomplish such rewarming

has been limited by the difficulty of measuring the temperature of

the most important core tissue, namely the heart. This report describes
the findings on the temperatures of the heart (by catheterization of

the pulmonary artery), esophagus, gastrointestinal, auditory canal,

and rectal regions during three rewarmings of a conscious subject from
mild hypothermia. Rewarming methods were: shivering alone; airway
rewarming; and hot bath immersion. The results show:

1. Cardiac temperature is closely approximated by esophageal temperature
no matter which rewarming technique is used.

2. There is a considerable differential between cardiac temperature and
rectal temperature during rewarming.

3. Airway rewarming shows the least afterdroo of core temperatures, and
rewarms the heart faster than shivering alcne.

Although it is not recommended that esophageal temperature be used for
monitoring of core temperature of severaly hypothermic persons in the
field or during transport to hospitat, this site is most appropriate
for experimental evaluation of core rewarming procedures,

A perspective regarding the large differential in temperature of various
core regions during rewarming from hypothermia will be presented by the
example of arousal from hibernation.
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ABSTRACT

LIAISON COMMITEEE ON EMERGENCY RESCUE EQUIPMENT
STUDIES OF EXPOSURE AND EXPOSURE SUITS 1943

Richard C. Hiscock

The interest of the past decade in hypothermia (exposure) and anti-exposure
¢clothing is of great interest to me.

We are indebted to Dr. John Hayward and others for making "hypothermia" part
of the language of survival. But, until last year he was unaware of the studies
that were done on exposure and exposure suits by US and Canadian military during
the final years of WWII. It would appear that this research was "lost" at the
end of the war. It is fortunate that a member of my family saved much of the
original information on these studies and also on the committee that was respon-
sible for them. :

During early 1943 the Liaison Committee on Emergency Rescue Equipment (ERE)
was established by the Joint Chiefs of Staff (JCS) under the direction of the Navy
Department Coordinator of Research and Development, the Office of Strateglc Ser-
vices (0SS) to furnish the funds and persomnel to operate the committee. The
purpose of the committee was to "coordinate the work concermed with methods,
techniques and procedures for emergency rescue or with research, development and
production of emergency rescue equipment”. Further ERE was to promote the use
of this equipment among the various military and civilian services, and to maintain
1iaison with other Allied agencles involved in similar efforts.

At the second meeting of the committee the "light-weight exposure unit" was
established as a priority need. Several major conferences were held on the in-
creasing loss of life due to exposure (hypothermia) among downed fliers.
Subsequently tests were conducted on exposure suits that were developed to meet
this crisis and the growing crisis in the merchant marine and Navy. The most
significant tests were performed at Halifax NS (with the cooperation of the Royal
Canadian Armed Forces) in November 1943. Much was learned regarding: the affects
of cold water emersion on survival time, types of clothing and their relative
merit, and design and materials for exposure suilts.

As the war came to a close the functions of ERE were transferred to Air Sea
Rescue and in September 1944 Air Sea Rescue became part of the Coast Guard.

By piecing together the information that I have, along with the recollections
of several participants, I hope to fill in some of the gaps in the history of our
understanding of exposure and efforts to develop clothing to mitigate its affects.
It will also be important to understand the nature of the ERE committee and the
role it played in this important effort. Although it existed for less than one
year it made some very significant contributions not only to our understanding of
exposure, but other areas of survival, '

Some questions that occur: Why was all this information "lost", or was it,
and what other significant and historically valuable information was "lost"? I
hope that by plecing together this information, it will spark the curiousity of
others who can help answer these and other questions. It may be that in learning
the accomplishments and failures of the past we can save more lives in the future.



DEVELOPMENT OF EXPOSURE SUITS
BY THE
LIAISON COMMITTEE FOR EMERGENCY RESCUE EQUIPMENT
1943

RICHARD C. HISCOCK

INTRODUCTION

The interest of the past decade 1n exposure (hypothermia) is of great
interest to me, for the lethal effects of exposure and the development of
"exposure suits", during World War II, have been known to me all my life.

We are indeed indebted to Dr. John Hayward and others for rekindling our
concern. However, when discussing with him the work done during World War II,
I was Intrigued that he was unfamiliar with the extensive research and devel-
opment that was done then. It appeared that much if this information was, or
is, "lost". We are fortunate, however, that members of my family, who parti-
cipated in those past efforts, saved much of the original documentation
concerning the research and development that was carried out in 1943 by The
Lialison Committee for Emergency Rescue Equipment. It is for this reason that
I am here today.

What I propose 1s to give you some background on the reasons for, and the
development of, The Liaison Committee for Emergency Rescue Equipment and its
eventual evolution into Air Sea Rescue; and specifically, a discussion of
their concern, research, and development that led to the production of exposure
sults for military personnel.

My effort has been to bring together information that heretofore has
apparently been unavailable to many of you, who are experts In the effects of
hypothermia and its prevention, in the hope that some may find this discussion
fascinating enough to justify further investigation into the recent history
of emergency rescue equipment.

PART T
THE LIAISON COMMITTEE FOR EMERGENCY RESCUE EQUIPMENT

Today 1t is assumed in the United States that the Coast Guard has always
been the primary service involved in air and sea rescue. While it is true
that the Coast Guard has carried on rescue work since its inception, it was
not until 1944 that the Coast Guard (then under the Navy Department) assumed
command of Air Sea Rescue (33).

To fully appreciate the development of exposure suits during World War
Ii, an understanding of the events preceeding the consolidation of Air Sea
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Rescue in the Coast Guard is necessary, for it was between April 1943 and
early 1944 that much research and development was carried out by The Liaison
Committee for Emergency Rescue Equipment.

The wvrgent need for alr sea rescue was a direct result of the military
conflict of World War II, This was the {irst time In history that so many
ships and planes operated under such adverse weather and battle conditions.

The British military learned, during the Battle of Britain, that a
coordinated effort was necessary to retrieve downed fliers, In February
1941 they established an Air Sea Rescue Service (33).

Tn late 1941, when the United States entered the conflict, British
developments in Air Sea Rescue assisted the U.S. rescue effort; however,
the U.S. had no consolidated command for air sea rescue. In early 1943 there
was a concentrated effort to overcome the U.S. deficlency. It is this effort
that we will examine now.

Recognizing the necessity for a more coordinated effort, the U.S. Joint
Chiefs of Staff on April 15, 1943 issued Memorandum for Information No. 58:
"Plan for Organization of Committee on Emergency Rescue Equipment", which
directed the Navy Department to coordinate the efforts of all services and
agencies with regard to research and development of emergency equipment, to
evaluate and disseminate Information pertaining to emergency equipment, and
to maintain a liaison with other "United Nations" rescue efforts, A liaison
comnittee was appointed with representatives from the Navy Department, the
Army Alr Forces, the Maritime Commission, the Office of Scientific Research
and Development, and the Office of Strategic Services (3},

On April 20th the Navy Department directed its Office of Coordinator of
Research and Development to head the Liaison Committee authorized in Memorandum
No. 58 (4).

On April 26th Assistant Coordinator of Research and Development, Captain
Lybrand Smith, requested all the agencies named in Memorandum No. 58 to
appoint a representative to the "Liaison Committee on Emergency Rescue
Equipment" (5).

The substance of the first meeting of The Liaison Committee, held on
May 4th, is contained in a letter of May 5th from Captain Smith to the
Commandant of the U.S, Coast Guard (6). Several important considerations were
outlined. The Committee agreed to the need for:

-a Technical Aid to the Coordinator

-a Secretariat

~a Technical Literature Research Section and
~an Exhibit Section

The Office of Strategic Services (0SS) was requested to furnish personnel
(except the Technical Aide), office and exhibit space, equipment and funding
for the Committee,
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The choice of the Technical Aide was given special consideration. It
was agreed that "because of the vast experience of the Coast Guard in con-
nection with emergency rescue'" that a Coast Guard officer '"would be most fully
qualified to cover the whole broad subject." Further, since the outbreak of
the war, the Coast Guard had been developing special protective and emergency
equipment.

In his letter to the Commandant, Captain Smith requests that "lLieutenant
Commander Hiscock (be) ordered to report for duty to the Coordinator of Re-
search and Development as Technical Aide for Emergency Rescue Equipment" (6).
Earle F, Hiscock is my father; it is through him that I am able to compile
this report.

Lieutenant Commander Hiscock had a varied career before joining the
Emergency Rescue Equipment Section (ERES) in May of 1943. He was born in
Maine in 1903, grew up 1n Quincy, Massachusetts, spent much of his childhood
experimenting with ham radio. During World War I he served as a radio
operator in the U.3. Navy. Later he served in the same capacity aboard
fishing and merchant vessels. He attended Harvard College and graduated
from MIT in 1932 with a degree in Naval Architecturs and Ship Operation.
During the depression he was a steamboat agent office manager in Portland,
Maine.

In 1935, after the Morro Castle and other passenger ship disasters, he
jolned the Commerce Department, Steamboat Inspection Service (later the
Bureau of Marine Inspection and Navigation), Technical Division. He
ploneered the development of new standards for U.S. passenger and merchant
vessels, applying modern prineiples of subdivision and fire protection.

In 1936 he transferred to the Inspection Division to serve as Assistant
Chief. Later he was released, by mutual agreement, to the Maritime Commis-
sion to supervise the construction of the first large passenger/transport
vessels to be built under the new government regulations. When construction
was completed in 1940, he returned to the Bureau as Chief of Inspection.

At the outbreak of the war he drafted safety regulations for all American
merchant vessels, including special equipment and installation requirements,
and authored (1): Wartime Safety Measures for Merchant Marine for the U.S.
Coast Guard.

In March of 1943 before the establishment of ERES, Commander Hiscock
conducted, for the Bureau, tests in Miami, Florida on lifesaving and rescue
equipment, including: signal mirrors, florescent dye, kites, night distress
signals, reflective buttons, life preserver lights, color visibility, and
the desirable angle for best visibility (2).%

It was because of his background in safety and his experience at sea
that Commander Hiscock joined ERES. Others, who assisted in the Miami tests
were also assigned to the ERES staff:

Lieutenant N. S. Bartow, from Navy Air Force Training Center,
Jacksonville, Florida;

*Note: At the beginning of the war the Bureau of Marine Inspection and
Navigation was transferred to the Coast Guard, where it remains today.
This explains the change to military rank.
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John Bader, Special Forces Section, Army (uartermaster Corps;
and
Dr. Henry Field, as liaison for 0SS,

Others who jolned the staff were:
Lieutenant Colonel George W. Holt, Army Air Flight Surgeon;

Captain C. M. Murphy, Air Transport Command;
Julia McWilliams (now Julia Child) to head the Secretariat

Staff; and
Alice M. Carson (now Mrs. Earle F. Hiscock) to head the Exhibit
Staff.

When the Liaison Committee held its second meeting on May 15th, several
developments had already transpired. Classification of the work of ERES
was changed to "unrestricted" to allow for the widest possible distribution
of information concerning emergency rescue equipment. A notice to all
services and agencles outlining the responsibility of ERES and requesting
thelr cooperation had been published and given wide distribution (7, 8).

The most slgnificant decision reached at the second meeting was the
realizatlion that the efforts of ERES would require definitive recommendations
"that certain equipment be adopted'. Candidates for immediate recommendation
bulletrins were: life preserver lights, rescue signal mirrors, and light-
weight exposure suits (8).

The Committee held a third meeting on June 5th (9) and appreved one
INFORMATION bulletin (10) describing the purpose of the RECOMMENDATION
bulletins and the three RECOMMENDATIONS (11, 12, 13) discussed at the
second meeting. RECOMMENDATION Number 3 (13) is of the most interest to
us: "substitution of Protective Exposure Suits for 'Lifesaving suits' on
Merchant Vessels and Military Transports™. The so-called "lifesaving suits”
had proved dangerous and ERES strongly recommended replacement with the
"protective exposure suit™ developed for the U.S. Coast Guard by the 3. F.
Goodrich Company. The suit had a neoprene coating and weighed less than
six pounds packed in a bouyant bag. ERES advised (13) '"that the primary
need of survivors is for an overall garment which will protect them from
exposure and which is of such character that it may be comfortably worn in
boats and on rafts and of such weight as to be readily accessible and avai’-
able in time of emergency". This is the first reference by ERES to exposurc
suits, for naval and merchant seamen. Soon FRES's will turn its efforts to
providing exposure protection for fliers.

On July 27th the Liaison Committee held a Special Meeting to discuss
{(14) "recommending the formation of a land-air-sea rescue force under one
command and operational group'". Despite some concern by the Army Alr Force
that "the transition to a single command organization at the present time
would necessarily be slow..." it was unanimously agreed that because of the
Coast Guard's background and experience in the rescue field that they should
assume command for all land-air-sea rescue operations.

On July 29th the Coordinator of Research and Development (Navy Depart-
ment) wrote a letter to The Joint U.S, Chiefs of Staff with the recommendation
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from the Liaison Committee (15): "that immediate steps be taken to place the
responsibility for the organizationm in the Navy Department under the immediate
command of the U.$. Coast Guard".

It was not until February 1944 that The Joint U.S. Chiefs of Staff re-
quested the Seeretary of the Navy (33) "establish in the Coast Guard the Alr
Sen Rescue Agency to coordinate studies conducted In these ficlds by the
varlous United States services, and to malntaln llalson with services of
Allled governments',

On September 9, 1944 the Coast Guard's new role was announced in a presa
release issued by Vice-Admiral Waeshe; Commandant, U.S. Coast Guard (31):
"coordinating war time Air Sea Rescue and organizing a peacetime agency for
rescue work with expanding commercial and private flying has been made a U.S.
Coast Guard responsibility...the 'know how' for the job has been developed
by (the Coast Guard) from 150 years of rescue experience .+ .Development of
Alr Sea Rescue has been an interesting story".

Thus the role of the Coast Guard and Air Sea Rescue is confirmed for the
remainder of the war and the beginnings of their peacetime purpose is estab-
1ished.

The next part of this paper will concentrate on the development of
"lightwelght exposure suits" for airborne personnel carried on by ERES,
prior to the establishment of the Air Sea Rescue Agency.

PART II
THE DEVELOPMENT OF THE EXPOSURE SUIT BY ERES

The Emergency Rescue Equipment Section (ERES) and the Liaison Committee
developed many survival equipment items (16) which we take for granted today.
An investigation of all these developments would be illuminating; however,
the primary concern of this paper is the development of "lightweight exposure
sults”. It is of particular interest that of all items developed by ERES
exposure suits were the most critical to successful rescue (19). Unfortunately,
exposure suits received little attention in the civilian world after the war.

That we are here, years after the end of the war, at an international
conference on hypothermia indicates a new urgency. It is distressing that a
great deal of research on exposure and exposure suits was done during the
war, and apparently ignored when that crisis of survival ended.

The information that I have compiled is by no means complete; however,
there is sufficient documentation to demonstrate the effort of ERES to
develop and provide lightweight exposure suits for airborne and naval
personnel.

What follows 1s a brief examination of the material available regarding
ERES and exposure suits. I hope this will excite the interest of others who
may have access to additional records that may still exist,
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As we have secn, ERES expressed a concern regarding protective exposure
sults for naval and merchant seamen in mid-1943 (13). However, there is
cvidence that in 1917 Walter L. Fry developed a '"lifesaving suit" that was
tested by the U.S, Navy in January of 1918 at the Brooklyn Navy Yard. Fry's
vonsideration for construction of his suit was (20, 26, 27):

1) A man had to be an individual unit in himself.

2} The suit had to be so constructed that it could be worn all
day Iong and still be ventilated and comfortable. When
closed, it has to be as hermatically sealed as (it} could get.

3) Simplicity.

Similar considerations are still discussed today, and were discussed
again in 1943,

Prior to the establishment of ERES, there were several references to the
problems of exposure and the use of exposure suits. In Wartime Safety Measures
for Merchant Marine (1) there is a discussion for the use of "lifesaving suits"
as exposure suits, and the treatment of "immersion foot" and "prolonged ex-
posure to cold.” As noted earlier, it is these "lifesaving suits" that larer
proved to be unsafe and should be removed from all vessels (13, 18, 21, 23).*

It was not until ERES was established that any concentrated effort was
made regarding exposure or protective clothing to mitigate 1ts effects.

In August, 1943 ERES held a conference in Washington, D.C. on: Rafts,
Survival Equipment, and Seasickness (17). Attending the conference from
ERES staff were: Commander Hiscock, Mr. Bader, Lleutenant Bartow, Colonel
Holt, and Major Murphy. In addition, representatives of Nawval Medical Re-
Search (particularly Dr. L. H. Newburgh), the Army Air Forces, the Royal Air
Force, Trans-World Airlines and Boston City Hospital. The report of this
conference, which details many aspects of sea survival, reveals the urgent
necd for exposure suits,

Dr. Newburgh's experimental work at the Naval Medical Research Institute
in Bethesda, Maryland had demonstrated that fliers were subjected to a double
hazard: first, when emersed in water, they rapidly lost body heat, and
secondly, after climbing into a raft, wind vaporized the water in their
clothing causing further loss of bodg heat. His data also indicated that
personnel emersed in water of 60°-70°F "could not survive many hours in the
absence of an exposure suit", His most surprising revelation was that water
of less than 92°F would cause significant slow body cooling.

The conference unanimously recommended (17):
(a) That there exists a general and immediate need for a Light

weight exposure sult for all airborne personnel as a part
of the sea survival equipment,

*Note: There is no evidence that these "lifesaving suits" are related to
Mr. Fry's efforts of 1918 and 1943.



{b) That this need is such as to necessitate giving serious
consideration to immediate production of such suits for use
in existing rafts.

(¢) That an exposure sult of the most improved design, construction,
and light weight (maximum welght approximately 26 oz.} be
provided for all new rafts.

(d) That the exposure suit provided for use on existing rafts
should be of such character as to be packed in bouyant con-
tainers or otherwise readily accessible for jettison when
rafts are thrown out of the plane.

{(e) That on new rafts provision be made to pack the exposure
suits as part of the raft equipment.

It was further recommended that new raits be provided with insulated
{(inflatable) bottoms "to provide protection against cold water',

In late October 1943, ERES held z conference specifically devoted to
Exposure Suits for Alrcraft (19). Chairmen for the conference were Colonel
Holt of the ERES staff* and Dr, Louis H. Newburgh of Naval Medical Research
Institute., Also attending, in addition to Commander Hiscock from ERES, were
Wing Commander M. M, Foss, Royal Canadian Air Forces and other members of
the Canadian Joint Staff, the Canadian National Research Council, and the
U.S., Office of the Quartermaster Corps textile and plastics division.

All agreed that the primary need was to design an exposure sult that
could be used by both bomber and maval personnel, realizing that the
problems presented by fighter pilots would have to be dealt with at a
later date, as fighter pilots would need a suit that could be worn contin-
uously. What was needed immediately was a suilt that was: as light as
possible for the least amount of bulk; as simple as possible, without
watertight zippers:; had the hands free, with adequate wrist closures; used
separate floatation jacket underneath; and could be stowed on the back of
a life vest or jacket.

There follows a fascinating discussion, particularly considering
limited availability during war, of new materials and desipgn considerations
for prototype exposure suits, summarized here:

~The virtues and drawbacks of using nylon (a new material) versus
cotton; how many layers of material to use; and whether the
material shculd be coated with neoprene, one or both sides,
with how many coats, was discussed at length. The flamability
of nylon was a major concermn, a coating of neoprene seemed to
solve this problem; and whether a nylon suit could be packaged
tightly enough to reduce bulk were other concerns with regard to
materials to be used.

*Note: Dr. Holt is now a practicing neurclogist in Demver, Colorado.
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~Zippers versus drawstrings were discussed, with many oppesed to
zippers because of skepticism regarding mass production of a
truly watertight zipper,

—The suits were belng designed to be worn over winter flight
c¢lothing and boots; however, It was felt that the hands must be
frec to allow survivors to abandon the craft and use other sur-
vival equipment. Possible wrist closures discussed were: an
inflatable tube around the cuff; a still cuff, so that gloves
could be pulled over the cuff; or a watertight zipper at the
sleeve opening.

~The use of additiomal floatation was ruled out as most services
felt that their personnel would be, or should be, wearing
floatation equipment during combat; therefore, additiomal bouy-
ancy in the suits would not be necessary.*

—Quick donning and proper placement of the sults was discussed;
also the possibility of having additional suits in life rafts
for survivors who had to abandon their craft before donning a
suit.

Wing Commander Foss expressed at the afternoon session of the conference the
urgent and immediate need for exposure suits (19): 'Why didn't we realize
before, that without this item (exposure suits) all our elaborate items are
not worth a darn. We (the RCAF) have come to the conclusion that without
this item we might as well leave out the equipment we carry during the
winter season. It is embarrassing to say that the emergency equipment
doesn't mean anything without the suit".

The immediate need for prototype exposure suits, to comduct field
trials, and obtain the necessary result needed to ''sell” exposure suits to
the various services was expressed by many of the conferees. It must be
pointed out here that although ERES and members of RCAF were well aware of
the lethal effect exposure was having on downed naval and airborne personnel,
not all the service "brass" were convinced that exposure was a primary
killer of those who survived the initial catastrophy.

It was understood, as the conference concluded, that Goedrich would
have two dozen suits ready for testing by mid-November. Plans were made
with Wing Commander Goss to conduct trials at a Canadian base near KHalifax,
Nova Scotia.

On November 17-19, 1943 the Joint United States-Canadian Air Sea Rescue
Equipment trials were held near Halifax for the purpose of testing prototype
light-weight exposure suits produced since the Octaober conference irn
Washington (20, 25, 28).

*Note: The manufacturer of the prototype suits, the B. F. Goodrich Company,
was attempting to add a small amount of floatatlon across the chest
and arms of the new suits.
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Colonel George W. Holt of ERER was chairman of the trials. Also travel-
ing to Halifax for ERES were Commander Hiscock and Mr. Bader. Other United
States representatives included representatives of Army Air Forces and the
National Defense Research Committee. Wing Commander M. M. Foss led the
Royal Canadian Air Force team of thirteen, in addition to two members of the
Canadlan National Research Council.

The principal purpose of the trlals was expressed by Colonel Holt (20):
"to determine the course of events following an individual's immersion in
the North Atlantic with and without a watertight protective exposure suit'

At the time of the trials (1500 hours on the 1?Lh to 0600 hours on the
18th) the sea temperature was 42 F, air temperature 36° F, winds from the
North and West at 18 to 25 MPH, with moderate snow at times during the night.

At least thirteen Canadian airmen participated in the trials., All were
checked by the Medical Officer prior to the tests and found to be in excellent
physical conditlon. Vital signs, particularly body temperatures, were re—
corded for later comparison.

Six subjects entered the water and climbed aboard rafts dressed in flight
clothing with exposure suilts; two other similarly dressed without exposure
suits, Two other subjects were transferred directly to rafts wearimg only
normal flight clothing. To simulate a ditching procedure, and to test the
exposure suit neck closures and valves, three subjects jumped in the water;
two with exposure sults, one without.

In all cases the subjects without exposure sults failed to complete the
tests and had to be removed to the sick bay.

The first entered the water and swam 35 yards to a rubber raft and had
to be pulled aboard. He had great difficulty domning his exposure suit and
forty minutes later was ordered to the sick bay. His rectal temperature had
dropped 3° F, he had marked redness (erythema) of the hands and feet, and
decreased superfic1al sensitivity to pin prick and deep pressure in both
feet.

The second entered the water, swam 25 yards and with some difficulty
¢limbed aboard a raft and donned his exposure suit (without shearling lined
flight boot). He was able to play cards; however, after a total of fifey
minutes he was removed to the sick bay. His rectal temperature had dropped
1.8°F. It was noted that the foot which had been in the wet shearling lined
boot showed marked redness (erythema), while the other foot showed no change.

Two subjects wearing winter flying clething but no exposure suit were
transferred directly to rafts.

The first remained in the raft for nine hours; however, during the
night, while asleep, his right foot dropped into the water. When he awoke
thirty-five minutes later, his foot was numb with nec sensation, nor could
he feel pressure when standing on the foot. When examined, the foot was
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found to be markedly reddened (ergthEmatous), pronounced in the digits. His
rectal temperature had dropped .87F.

The second subject requested to be removed from the raft in less than
nine hours. His clothing was wet through from sprav. He was shivering with
cold hands and feet. When examined, he showed mild reddening (erthema) of
the feet, otherwise the extremities appeared normal. His rectal temperature
had dropped 2.6°F.

Three men jumped into the water; two wearing expesure suits over winter
flying clothing, cne with only flying clothing.

The subject without the exposure suit was unable to remove his parachute
harness or open the dimghy and had to be rescued in four minutes.

In neither case, of the subjects who jumped using exposure sults, did
the neck closure rupture and the valves freely expel air. One jumped from a
helght of sixteen feetr, swam with ease 40 yards to a raft and stayec there
for fifteen hours. Although he showed a rectal temperature drop of 2.40F,
he did not complain of the cold and was completely dry at the end of the
trials. The other subject jumped into the water from a height of five feet,
opened the dinghy and boarded in ten minutes.

Six personmnel wearing various combinations of winter flying clothing
and exposure suits entered the water and swam to and entered rubber rafts.
All remained in the rafts for the duration of the trials; up to fifteen
hours for some subjects. Their rectal temperature drops ranged from 1.2°
to 3.20F. All felt that they could have stayed in the rafts much longer,
up to several days, 1f necessary. Some even slept through the snow squalls
during the night.

Of the six, three used single-ply nylon suits, which seeped some water
causing a greater temperature drop than in those using sults which did not
leak. Im addition, the completely watertight suits provided greater
bouyancy and allowed easier boarding of the rafts.

The medical officers made some additional observations regarding
shivering and the observed temperature drops in scme of the subjects.

1t is not uncommon, they note, to chserve a temperature drop of up to
2°F in a normal subject during early morning hours (the trials endec at
0600) when compared to early evening hours; the fact that subjects were
resting could effect rectal temperature as could a change from an upright
to a sitting position; further, that the effect can be even greater if an
individual lies down after mild activity,

With regard to the shivering observed in some subjects they note that
shivering: indicates a great increase in the rate that the body is pro-
ducing heat; that violent muscle contractions can increase heat procduction
up to three to four times that found in a resting state; shivering is a
clear indication that the subject is attempting to compensate for repeated
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heat loss, which may prevent body cooling; however, if the conditions are

severe,

there will continue to be a fall in internal body temperature,

despite violent shivering.

Other related observations were recorded by the participants following
the trials, which answered many of the questions raised by earlier discus-
sions (20), summarized here:

-When an exposure suit was worn over winter flying clothing,
subjects floated at the nipple line, could maintain a vertical
position, and 1if desired, could float 1n a horizontal position
for up to three hours (probably longer, 1f necessary); that the
additional bouyancy provided by the air trapped in dry clothing
made swimming and bearding rafts much easier.

-That a single-ply nylon-neoprene suit allowed too much seepage and
was therefore unsatisfactory.

-That neck closures must be reasonably, but net absolutely, water-
tight.

~Loose fitting exposure suits were easler and quicker to don over
wet or dry clothing; however, they would be difficult to wear
while flying. The close fitting suits were particularly diffi-
cult to don over wet flying clothing.

—Even with wet winter flying clothing, it was possible to survive
longer if an exposure sult was used.

-Without the additional floatation provided by an exposure suirt,
it was very difficult to board a raft. (The addition of a stir-
rup ladder and knotted lines was recommended to assist exhausted
men in boarding rafts.)

—-That in further developments of exposure suits '"the incorporation
of an inflatable chamber in the head and neck region to keep the
neck closure above water when the subject is floating on his back”
be considered and "provision for draining the suit through the
feet may also be desirable in the event of considerable leakage'.

When all the reports were compiled, the following conclusions were put
forth by the joint group (20):

A.

B.

The major problems of a castaway are exposure, dehydration and
rescue.

Exposure is a highly lethal hazard to military and civilian person-
nel operating in northern latitudes. A human body cools when
immersed in water of a temperature of less than 92°F. The warmest
open ocean water in any latitude at any time of the year is 84 F,
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Individuals exposed to water of this temperature undergo significant
cooling, and need the protection of a waterproof suit in the water.
Individuals, even in such warm climates, while sitting on life rafts,
loose body heat rapidly due to evaporative cooling, unless provided
with a waterproof suit, The rate of loss of body heat ilncreases
rapidly as the temperature of the air and water falls. For example,
personnel in Aleutian areas survive lesgs than thirty minutes.

C. Severlty of exposure to cold as a lethal factor is dependent on such
variables as wind velocity, temperature of both air and water, degree
of wetness of clothing, humidity, physical activity of the individual,
duration of exposure and variation in individual susceptibility.

D. Long exposure, though not severe enough to kill, to water and a
general chilling of the body does act locally causing gangrene.

E. It is exceedingly difficult and sometimes impossible for personnel
to climb into a life raft after heavy flying clothing has become
water soaked. Moreover, even if such sodden individual manages tc
get into the 1ife raft, he will shortly be incapacitated through
evaporative cooling, and will be unable to operate his emergency
equipment.

F. An exposure suit of the type tested when worn over a flying sult,
or similar clething, will protect an individual for many hours in
cold water or in 1life rafts.

Additional conclusions are found 1n a report written by Commander
Hiscock for ERES (20):

-The principle demonstrated...completely justifies the adoption
and immediate procurement of such an exposure suit.

~A joint development program should be inaugurated to bring about
improvements in the efficiency of the present type of suit, but
that this should not delay the procurement of one or other of the
present types, or of a basic type which incorporates the best
features of each type tested.

-The following definition of Aviation Exposure suit was adopted.
'THE AVIATION EXPOSURE SUIT IS ONE WHICH WILL PROTECT PERSONNEL
WHO ARE IMMERSED IN WATER, OR ON RAFTS, AGAINST LOSS OF BODY
HEAT.'

-It was further agreed that an immediate effort be made to adopt
a general specification governing the type of exposure suit to

be used by all airborne personnel.

This concludes the discussion of the '"Halifax Trials".

*#Note: The author is attempting to secure a copy of the film taken by the
U.S. and Canadian team (20, 24), if successful, viewing should prove

interesting.
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A recent conversation with Dr. Helt confirms the conclusions of the
trials of 1943; he recalls some other observations not found in the written
reports of the time (34):

=In water of 320F., mental activity stops in elight minutes and
death occurs in ten minutes.

-During World War II, Sir Thomas Lewis, a British heart specialist,
concluded that in many cases of rapid hypothermia, death is due
to ventricular fibrillation.

~That at the time of the "Halifax Trials" over 1500 men were in
Canadian hospitals suffering from "trench"” or "immersion foot".

-At the height of the bombing of Germany only 20% of the airmen
downed in the English Channel were saved. An average of 800 men
per day were lost, most to the effects of exposure.

~There was a cold chamber built at Wright Field {(Dayton, Ohio)} by
the Army Air Forces; however, the largest chamber was builtoat
Orlando, Florida where temperatures could be dropped to -75°F.
and simultaneously pressures the equivalent of 60,000 feet
simulated.

The efforts of ERES in the development of exposure suits that culminated
in the "Halifax Trials" ultimately led to the production of aviation exposure
sults for the Navy and Army, Air Forces (32). These were not produced until
very late in the war. It is not known how many were manufactured or by whom.
It is significant that they were produced at all considering the lack of
interest demonstrated, early on, by some services, particularly the U.5S.

Army Alr Forces (22). However, by Mav of 1944 the U.S. AAF was dolng their
own testing on exposure suits at Wright Field and were preparing to authorize
production (30).

In February, 1944 the Air Sea Rescue Agency was formed (33). The Liaison
Committee continued for some time after the formation of the new agency; how-
ever, some ERES staff went on to other projects, while some transferred to
Air Sea Rescue (29). ERES had by this time demonstrated the need for and had
ploneered the development of exposure suits in the United States.

It is indeed unfortunate that recent investigators and designers of the
modern "survival suit" did not have the benefit of this information. Despite
my life long knowledge of the hazard of exposure and the need for protective
clothing, I hever dreamed that I would be the one to put thls information
togethar. It has been an interesting project for me. I hope that you have
gained as much from the presentation as I did from assembling the information
and talking to some of the participants.

I am sure that I have posed as many questions as I have answered. I
will answer, as best I can, any you may have.* My hope is that others of
you will pursue missing information, not only regarding exposure sults, but

*Note: 1 have xerox copies or originals of all the reference materlals
listed, with me today.
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other 1tems of emergency rescue equlpment as well which ERES developed thirty-
seven years ago. Some of them are just being rediscovered today. 1t may be
that in examing the accomplishments and fallures of the recent past, we can
save more lives in the future. That is after all why we are here.

POSTSCRIPT

It 1s interesting that the recent interest in hypothermia 1is, in part,
the result of the realization that 1n many marine accidents victims succumb
to "drowning" because they were first the victim of hypothermia. This is
born out by the Coast Guard's recent concern for "level floatation' in
recreational craft and the development of '"float coats" and "survival suits",

That exposure was a primary kilier of maritime "accident" victims was
realized at least thirty-seven years ago. Why did it take so long to again
realize that without protection from hypothermia "all our other (safety)
items are not worth a darn' (19)7

In addition, I would note the fact that we are gathered here today to
discuss hypothermia leads me to propose the need for a new lialson committee
for emergency rescue equipment, with international participation, to coordinate
all efforts, not only with regard to hypothermia, but In the development of
emergency rescue equipment items necessary to successful survival.
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REFZAINCE LIST
(cronological order!

wartime 3afety lieasures for Merchant Marine

United GStates Coast Guard, Educational leries No. 2
January 1943

U. S. Government Printing Office, ¥ashington (D.C.} 1643
Pages: 82, 110-111

(U, S. Department of Commerce, Bureau of Narine Inspection
and Navigation)
Copy of Memorandum

rrom: Lt. Comdr, Earle F, Hiscock, Principal Traveling
Inspector
To: Chief, lerchant ilarine Inspector

Subject; Tests on lifesaving and other rescue equipment at
iami, Florida, from March 22 to March (1543)
inclusive.,

Dated: 31 M¥arch 1943

(U.S.) Joint Chiefs of Staff (Washington, D.C.)
Copy No. 18

qemorandum for Information No. 58

Plan for Crganization of Committee on Zmergency Rescue
Equipment
Dated: April 15, 1943

(U.S.) Navy Department (Washington, D.C,)

Office of the Chief of Naval Operations, Washington (D.C.)
Copy of Letter
From: The Vice-Chief of Naval Operations
To: The Coordinator of Research and Development
Subject: Committee on Emergency Rescue Equipment
Dated: April 20, 1943

(U.S.) Navy Department, Washington (D.C.)
Copy of Letter

From: Coordinator of Research and Development

To: Commanding General, Army Air Forces
Chairman, Maritime Commission
Director, of Scientific Research and Development
Director, Office of Strategic Services

Subject: Liaison Committee on Emergency Rescue Zquipment

Dated: April 26, 1943

(U.S.) Navy Department, Washington (D.C.)

Copy of Letter
Froms Coordinator of Research and Development
To: Commandant, U,S. Coast Guard

Subject: Emergency Rescue Equipment, Liaison Committee and
Technical Aide.
Dated: May 5, 1943
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7] (U.S.) Kavy Department {Washington, D.C.)
Office of Coordinator of Research and Development
Copy of Kotice re: Lizison Committee on Zmergency Rescue
Equipment
Dated: [lay 12, 1643

8] (U.S.) Navy Department, Washington (D.C.)
Copy of [inutes of Second Xeeting, May 15, 1943
Liaison Committee on Emergency rescue Zguipment
Cated: May 22, 1943

9] (U.S.) Navy Department, "ashington (D.C.)
Copy of liinutes of Third lMeeting, June 5, 1943
Liaison Committee on Emergency 2Rescue Equipment
Dateds July 24, 1943

10] Coordinator of Aesearch and Development, U.S. Navy
Iiaison Committee on Emergency zescue Equipment
Emergency Rescue Equipment~Information {Bulletin) Nurber 1
Dated: June 5, 1943

11] Coordinator of Research and Development, U,S. Navy
Liaison Committee on Emergency Rescue Equipment
Zmergency Rescue Equipment-Recommendation, Number 1
Subject: Lenses, color of, life preserver 1lights.
Dated: June 5, 1943

12] Coordinator of Research and Development, U.S. Navy
Liaison Committee on Emergency Rescue Equipment
Emergency Rescue Equipment-Recommendation, Number 2
Subject: Signaling mirror, tempered glass type.
Dated: June 5, 1943

13] Coordinator of Research and Development, U.S. Navy
Liaison Committee on Emergency Rescue Equipnment
Emergency Rescue Equipment-Recommendation, Number 3
Subject: Substitution of protective exposure suits for
"lifesaving suits" on Merchant Vessels and
Military Transports.
Dated: June 5, 1943

14] (U.S.) Navy Department, Washington (D.C)

Copy of linutes of Special keeting, July 27, 1943
Liaison Committee on Emergency Rescue Equipment
Subject: Consolidation of land-air-sea rescue under

one command
Dated: 28 July 1943
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(U.S. Favy Department, Washington, D.C.)
Copy of Letter

From: Commander-in-Chief, United States Fleet and
Chief of Naval Operations
To: oint (U.S.) Chiefs of Staff

Subject: Consolidation of Air-Sea Zescue under one cormmand
Dated: No Date

(U.S. Kavy Department, Washington, D.C,)
Copy of Letter
From: Coordinator of Research and Development, U.S. Navy
To: Joint (U,S.) Chiefs of Staff
Via: Vice Chief of Naval Operations
Subject: Land-Air-Sea Rescue Operations
Dated: 29 July 1943 -

(U.S. Navy Department, Washington, D.C.)

Copy of Agenda and Minutes of Forth lieeting, August 2, 19,3
Liaison Committee on Emergency Rescue Equipment
Dated: August 2, 1943

Office of Coordinator of Research and Development, U.S, Navy
Emergency Rescue Equipment Section
Report of Conferency, August 3,4 and 5, 1943
Subject: Airborne Rubber Rafts and Sea Survival Equipment
and Seasickness,
Dated: 20 August 1943
Pages: 1-2,4,6,

(U.S.) War Department

Headquarters, Army Air Forces, Washington (D.C.)
AFF liemorandum No. 20-10
Subject: Organization of AAF Emergency Rescue Branch

Dated: 25 August 19,3

(Office of Coordinator of Research and Development, U,S, Navy)
Emergency Rescue Equipment Section

liemorandum to Personnel

Subject: Organization of AFF Emergency Rescue Branch

Dated: 6 September 1943

Coordinator of Research and Development, U,S, Navy
Zmergency Rescue Equipment Section
ERE publication #2, Survival Hints
Dated: September TGL3 i
(Reproduced from: Wartime Safety lMeasures for }Merchant Marine
U.S. Coast Guard, January 1943 [ 1])
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{U.5,) war Department

“zadauarters, Army Air Forces, “ashington (DsC.4)
AFF Regulation Mo, 20-23
Subject: Organization: Air Communications Officer
Catad: 1 October 1943
Coordinator of Research and Development, U.S, Ravy

Liaison Committee on Emergency Rescue Zguipment
Emerzency Rescue Equipment (Section)

el

Bi-deekly Report No. 5 (Copy No. 12)
Dated October 16, 1943
rage: 12

(U.S. War Department)
Headquarter , Army Air Forces, Washington (D.C.s)
LFF Iiemorandum Yo, 2C-10A
Subject: Amendment to memorandum No. 20-10
Dated: 26 QOctober 1943

(Coordinator of Research and Development, U.S. Navy)
Emergency Rescue Equipment Section
Report of Conference:
Exposure Suits for Aircraft, 27 October 1943
Cated: 27 Gctober 1643

Office of Coordinator of Research and Development, U. S. Navy
Emergency Rescue Equipment Section
Royal Canadian Air Force Flying Clothing Committee
Reports of: Joint United States Canadian
Air Sea Rescue Equipment Trials
Jashington-liontreal-Halifax-Toronto
Dated: November 21, 1943; 25 November 1943; November 3C, 1943;
December &, 1943

Navy Department, Washington, b.C.

United States Fleet
Headquarters of the Cormander-in-Chief

Copy of Memorandum for kr. H. W. Jackson
Subject: *Vaco"™ rubber life saving suits.
Dated: 27 November 1943

(Zmergency Rescue Equipment Section)
Copy of liemorandum for file
By: George W. Holt, Lt. Colonel, M-C
Subject: AAF and exposure suits
Dated: 27 Vovember 1943
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o T

Qffice of Strategic Services, Vashington, I. C.
Copy of Letter

From Earle F. Hiscock, Lieut., Comdr,,U.S.C.G.R.
Technical Aide for Zmergency Zescue Suulpment
To: Wing Commander 4. . Foss, Air llember, Air 3taff

Director of Cperational Requirements
Joyal Canadian Air Force
Toronto, Carada

Dated: 29 lovember 1943

(U.S.) Kavy Department (Washington, D. C.)
Qffice of the Chief of Naval Cperations, Washirgton, D.C.
Chief of FNaval Operations Armed Guard Bulletin 25-43
From: Chief of ¥aval Operaticns
To: Armed Guard Officers
Subject: Rubber Life Saving Suits
Dated: 1 December 1943

(Emergency Rescue Equipment Section)
Copy of Letter

From: Zarle F. Hiscock, Lieut, Comcr., U.S.C.G.R.
Technical Aide for Emergency Rescue mquipment
To: Birector of Photography

Photo Science Laboratory

Naval Air Station

Anacostia
Subject: Film of Halifax Trials on Exposure Suits
Dated: December 6, 1543

(U.S.) Kavy Department, Washington, D.C.
Coordinator of Research and Development
Copy of Agenda, Seventh Meeting
Liaison Committee on Emergency Rescue Equipment
December 15, 1943

(Emergency Rescue Egquipment Section)
Copy of letter

From: George W. Holt, Lt. Colonel, M-C

Tos wing Commancer M. M., Foss
RCAF, A4MAS/DOR
3103 Lisgar 1ldg.
Ottawa, Canada

Subject: Neoprene treated nylon for exposure suits, with
sample of same,

Dated: 23 December 1943
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Dr. W, R, Keatinge

HYPOTHERMIA - PAST AND FUTURE RHODE ISLAND 1980

The present energy crisis is historically only the latest
of many invoiving cold stress and hypothermia. It is uncert-
ain just how rapidly energy supplies in North America and
Europe will decline, Events in the Middle East could produce
sudden interruptions, but even without these, it is now clear
that present sources of cheap fossil fuel will dwindle before
new sources of cheap energy are available in sufficient quan-
tity to replace them. This crisis is unusual in being gradual
in onset but very wide in its effects. One unusual feature,
which reflects credit of the organisers of this conference, is
that thought is being given in advance to finding ways to
handle it before it strikes in full severity.

Let us start by looking in a simple way at the kind of
options open to us. A medium-sized family house with good in-
sulation, in air at 0oC, needs more than 10 kw to maintain in-
side temperature at 250C (720F). 1If the heating energy avail-
able fell to 5% of this it would not do much to heat the
house. People wearing warm clothing could survive in the un-
heated house but they would not be comfortable, and people
used to heated houses would not willingly tolerate this. If
they were provided with personal heating of 0.1 kw each under
warm clothing, four people could be perfectly comfortable at
little initial cost and at an energy cost of under 5% of the
cost of heating the whole home. However, simple practical
trials show that some systems of this kind are much easier to
use during some types of activity than others. Any widespread

and continuous use of low-energy systems will require a var-



iety of carefully p1anned,researched, and practically tested,

systems. Convenience of use will be as critical as physiol-
ogical and the;mal efficiency, and difficulties must be ident-
ified and recognised before attempts are made to put them into
mass use. Once the systems are available, even an extreme
cutback in heating energy could be perfectly tolerable. With-
out them there would be considerable hardship, and probably
some iliness and a little loss of life.

Previous crises of cold exposure have been caused by
shortlived events such as sinking of ships, or military cam-
paigns on land and sea (l1). Measures to deal with them have
usually been taken only after they were over. There are many
examples - the sinking of the Titanic, with over a thousand
deaths from immersion hypothermia as people floated with life-
belts in water at 0oC, was followed by regulations requiring
ships to carry 1ifeboats fdr all aboard. The Second World War
involved massive loss of life at sea from hypothermia. Naval
lifesaving equipment at that time left people immersed to the
shoulders {n water' while 1lifeboats in civilian ships were
often impossible to launch from listing ships. In the British
navy alone, some 30,000 people died of hypothermia immersed in
the North Atlantic and Arctic Oceans. This was followed by
adoption of inflatab]; liferafts as standard equipment on both
naval and civilian ships, which has greatly improved the situ-
ation at sea.

The closest paraliels with the crisis we now face are
more remote, and are less well documented from the scientific
point of view. For example, Napoleon is recorded as having
lost almost the whole of an army of half-a-million men from

cold on his retreat from Moscow in 1812. Civilian casuaities
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Northern Europe were heavier, though they receive less atten-
tion in history books. B8ut although hypothermia due to expos-
ure, damage to housing, and breakdown in fuel supplies, was
the prime cause of these deaths it was not working alone.
Hunger and disease due to breakdown of food supply and sanit-
ation were also major contributors. The records do not allow
the roles of these various factors to be assessed accurately,
but modern work does make it possible to be fairly confident
that failure of heating alone will at least not cause much
loss of tlife among people who are young, fit, healthy, wel)
fed, well housed and well clothed, even in a severe winter.
This is a very limited statement but it is an iimportant one to
make on the positive side.

Let us remind ourselves of the consequences of really
severe cold stress to people without external protection.
They are best documented for immersion hypothermia. This is
still a major cause of death after accidents at sea. When the
Lakonia caught fire near Madeira, 112 people died of cold in
water at ]6-170C. MWater carries heat away by conduction so
effectively that many people die of deep body ccoling in water
at quite moderate temperatures. There is first shivering and
constriction of blood vessels fin the skin. These increase
heat production, and shut down blood flow in the skin to re-
duce heat loss. If these responses fail to stabjlise body
temperature there is a rather well defined series of mental
changes as body temperature falls, There is first a
stage of genera) apathy in which survivors become depressed,
lethargic and unwilling or unable to take any active measures

to help themselves. There is then a period of real confusian



in which behaviour can become completely irrational and
actively dangerous. As deep body temperature continues to
fall, consciousness is lost at a body temperature of around
300C. The heart can continue to beat as temperature continues
to fall, but there is an increasing risk of serious irregular-
ities of the heart; and below 250f the output of the heart be-
comes insufficient to supply the body tissues with enough
blood. Death then eventually takes place unless the patient

is rewarmed.

The difficulty about recognising early hypothermia is
still the fact that its early mental signs are so unspecific.
There are many reasons why people can be apathetic and ir-
rational, other than hypothermia. The only way to confirm
that someone is hypothermic is to measure deep body temper-
ature, and it is not easy to do this by a reliable method in
cold conditions., Mouth temperature is extremely unreliable in
ccld air, m§in1y because cooling of the face, and the salivary
ducts in the cheeks, causes cold saliva to enter the mouth
(2). Rectal temperature is generally impractical in field
conditions. Some new methods have made matters easier. Urine
temperature can be used in any surroundings, and is very reli-
able when it can be obtained in conscious people (3). It re-
quires 50-100 ml1 of urine, and lags behind the temperature of
the heart when this changes rapidly, but for a single reading
it is very valuable. Aural temperature with servocontrolled
external heat to eliminate local cooling is a comfortable and
reliable method for tracking body temperature after the exist-
ence of hypothermia has been established. Once the ear has
been warmed, this provides a very accurate record and tracks

deep temperature with virtuaily no lag.



As regards resistance to hypothermia by well clothed

people in moderately cold air, we sometimes forget that much
of the external protection and heating we use is there for our
comfort rather than for our survival. In still air at 50C al-
most anyone can survive wearing only scanty clothing. They
are uncomfortable, with cold hands and feet and fairly contin-
uous shivering, but deep body temperature is maintained at a
safe level. Early in the last century, Darwin found the
Indians of Tierra del Fuego living naked in these conditions,
and we are capable of doing the same. However, in air below
this level, and in water at higher temperatures, some normal
people will die while others survive.- Let us remind ourselves
of the reasons for this. They were established by many
people, 1including Carlson in the United States, Pugh and
Edholm in Britain, and Hayw;rd in Canada. I can make scme main
points from some experiments of ours made about twenty years
ago (1). When people go into water at 150C, blood flow in the
skin virtually stops, leaving the skin and fat under it as a
Jayer of insulation, so that the rate of body cooling depends
closely on the thickness of this fat. Children are usually
thinner and cool faster than adults, and men faster than women
(3). Although subcutaneous fat 1is mainly responsible, the
small size of children and their consequent high surface area
to mass ratio also contribute to their rapid cooling. The
main practical point is that small children, and particularly
small boys, can cool} very rapidly in cold water or air which
presents no hazard to most healthy adults. Exercise can in-
crease heat production as much as tenfold, but it alse in-
creases heat loss, because blood flowing to the active muscles

carries heat from the body core to near the surface. 1n cold
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so that exercise then increases the rate of body cooling. So

exercise hinders survival in water cold enough to threaten
life. It can increase body temperature during exposure to
less cold water, and increases body temperature under almost
all conditions in cold air, since external insulation is then
available, Eyen in air it can have some harmful effects; ex-
cessive exercise with sweating canm soak clothing and so in-
crease cooling when exercise stops, and in outdoor conditions
prolonged exercise can cause exhaustion. It is for these
reasons that standard advice if you are caught in severe con-
ditions in snow-covered country and unable to reach buildings,
is to stop and build a shelter quickly while you are still in
condition to do so.

Clothes are still useful even when they are soaked. They
do, for instance, cut down body cooling during full immersion
in water by as much as 75X, though they are much less effect-
fve than in air. Grouping ('huddling’') of survivors can also
help (5). The partial loss of insulation on immersion can be
prevented by sealing air into the clothing, as is done in foam
rubber wet suits. This system only breaks down in diving,
when the air bubbles compress and much of the insulation is
lost. There are, of course, many other therma) problems in
diving, when the diver breathes high pressure gas mixtures
which both conduct and transport heat very rapidly, and pres-
ent evidence indicates that they are probably the cause of
most of the high rate of casualties in North Sea diving at
present.

In any event, dry clothing in air can prdvide very
effective insulation. With clothed people, the main ill-

effects of cold exposure are due to local ccoling of the ex ~
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frostbite is the cdmmonest hazard of severe cold exposure, and
unprotected skin can also freeze solid if it is immersed in
1iquid seawater near its own freezing point of -1.%0C. Skin
freezes at -0.50C, and even a few minﬁtes' immersion in very
cold seawater can produce frostbite, Non-freezing cold injury
('immersion injury'} requires cooling of limbs to below 120C
in afir or water for many hours, It can be a very destructive
injury, but it is rare in peacetime, Chilblains are a much
less serious form of local cold injury, which can be produced
in susceptible people by quite mild peripheral cooling. They
are common during winters in Britain where homes are generally
heated less warmly than in North America. They are not gener-
a11y'dangerous.but are painful, and will certainly become com-
moner if house temperatures are lowered without substituting
energy-saving heating systems. Cooling of the limbs also, of
course, causes considerable loss of manual dexterity and
¢lumsiness and discomfort, even when it is insufficient in de-
gree to produce any kind of lasting cold injury.

The reason that the limbs cam cool even in the absence of
a serious fall in central body temperature is that during
cold exposure heat flow from the extremities is reduced much
more effectively than heat JYoss from the skin of the trunk.
Vasoconstriction is then more effective in the extremities,
there are countercurrent hgat exchange systems in their bilood
supply, and physical heat conduction is trivial over the long
distances to the extremities., As a result, once vasoconstric-
tion has taken place im the cold, .heat flow through the
extremities is so low that even effective insulation by mitts

and footwear may be unable to keep them more than a degree or



two above surrounding air temperature. The reaction known as

cold vasodilatation can rewarm the extremities when their
temperature falls below 120C, but it is intermittent and is
therefore inefficient. Its main effect is, in fact, an ad-
verse one, of increasing overall heat loss during prolonged
and severe cold exposure.

In practice the only reliable way of keeping the extrem-
ities fully warm and comfortable in cold surroundings without
artificial heating is by a combination of exercise and insul-
atton, If heat production is increased by exercise in a warm-
1y ¢lothed person central body temperature will rise. This
will cause the vasoconstrictor tone to relax and blood flow
will carry heat to the extremities. As long as the extrem-
itieS are insulated so that the heat is not immediately lost,
they will rewarm, Equivalent amounts of heat provided to the
trunk by artificial heating instead of exercise can, of
course, produce the same effect of indirectly rewarming the
extremities.

There are situations in which exposure to moderate cold,
as with a clothed person in an unheated house, can produce
large falls in central body temperature as well as peripheral
cooling, The most dramatic is consumption of gquite small
amounts of alcohol after exercise, and in the absence of food
{6). 28 ml of aicohol is insufficient to cause drunkenness
or to have any important direct effects on blood vessels and
heat 10ss. However, in people who have exercised for an hour
or two to use up their reserves of carbohydrate, this much
alcohol will cause a profound fall in blood glucose level and
consequent failure of temperature regulation. Simultaneous

consumption of food prevents alcohol from producing these eff-



ects. We think that they are responsible for otherwise unex-
plained deaths of hillwalkers and hikers in quite mild con-
ditions. They would certainly be a hazard to a population
1iving in unheated houses without personal heating systems,
and turning to whiskey to relieve their discomfort. Actual
drunkenness leading to collapse in the open air is also a
major cause of hypothermia. Some warnings not to drink in
cold conditions without eating a meal are important in com-
plete energy failures such as major electrical breakdowns.
Mild exposure to cold can also be a serious threat to
people with particular diseases. Diabetics on insulin are 1i-
abie to spells of low blood glucose, and can cool rapidly dur-
ing these. Peoplie with thyroid deficiency can cool because of
their low rate of heat production. There has been much debate
about whether old people are liable to die of hypothermia in
moderately cold surroundings. Early reports of a massive in-
cidence of hypothermia in the eliderly were misleading, be-
cause of the use of sublingual temperature in cold surround-
ings. Later studies have shown that old people at home, even
during total heating failures such as occurred in a miner's
strike, are very rarely hypothermic even at the minimal point
of the diurnal! fluctuation in the early morning {(3). The pre-
ferred air temperature for old people sitting still, in winter
clothing, is 2loc and is the same in younger as in elderly
pecple (K. J. Collins, personal communication). 0ld people
who have genuine hypothermia on admission to hospital usually
have it as a result of some other serious underlying con-
dition, Such hypothermia s, in fact, often little more than
part of the process of dying of some other condition such as a
cerebral haemorrhage, heart failure, ma]nutrftion or drug

overdose.: 0ld people are probably on average a little more



susceptible to cold than young aduits (7,3). They tend to

cool a little more readily than younger people, because they
often have less fat, generate less heat, and do not detect
temperature changes in the skin so easily, but these differ-
ences are slight., A very small proportion of o0ld people have
major specific defects in their temperature regulating systems
which can allow them to become dangerously hypothermic in
quite mild conditions (8). This minority almost totally fail
to shiver or to vasoconstrict in the cold, and do not survive
unless they stay in well heated surroundings. A few younger
people have similar specific defects whose cause is usually
obscure, such as a man who is a working engineer and is per-
fectly normal except that he fails te regulate his temperature
and becomes wunconscious from hypothermia if room temperature
drops below 250C for long. Such people at immediate risk in
cool air are rare but need special attention if heating of
houses is reduced or stopped.

There are some mi]dltherma] conditions which can allow
even normal young people to cool, not fatally, but enocugh to
impair normal function during quite mild exposure to cold.
Divers in the North Sea generally work in water colder than
90C and they are usually kept warm by hot water pumped from
the surface to flood the interior of the diving suit. The
temperature of this at the diver is reguliated largely by the
diver asking for it to be made hotter or colder. Some working
divers let their body temperature fall to, and even below, the
hypothermic level without asking for the temperature of the
water supply to be raised, and if we simulate this situation
in the laboratory, normal people can cool to similar levels
without shivering significantiy or complaining of cold (9).

The cooling can be sufficient for cardiac irregularities to



develop and is obviously dangerous in a working dive. The

reason for this type of hypothermic drift seems to be that in
lukewarm water the cold temperature receptors of the skin
adapt to the constant level of very mild cold and fail to sig-
nal any cold stimulus. In thinlpeople heat loss is still sub-
stantial, and body temperature falls, but the deep receptors
alone are insufficient to trigger effective vasoconstrictor
and metabolic responses to cold. The result is progressive
and almost symptomless mild hypothermia. We need to know more
than we do about the factors that can make people prone to de-
velop this; they probably include some kinds of acclimat-
1sation to cold. What is clear is that a very similar situ-
ation to lukewarm immersion can be produced by wearing heavy
clothing in cold air and keeping still, so producing a very
constant level of mild cooling of the skin. Apart from pro-
ducing lethargy and unwillingness to work or move about, there
are indications that such hypothermia can be mildly harmful
even to people s{tting quietly at home., (Cold exposure can
certainly worsen the symptoms of many fevers, such as the com-
mon cold. More serious consequences of mild hypothermia are
doubtful; the increase of deaths in cold weathe;ﬁ?;l;ain]y due
to different factors, such as anginal attacks when pecople g¢
out suddenly into very cold air, particularly if they shovel
snow there:.

We must not forget that at present most cold-related
deaths of healthy people are immersion deaths. Some are due
to straightforward immersion hypothermia. Others are indirect

- for example, in very cold water at near 00C the high vis--



cosity of the water and the intense reflexes set up by cooling

of the skin can prevent even good swimmers from swimming more
than a few yards without some kind of flotation aid (1).

We have evidence that public campaigns can reduce deaths
from cold immersion, but so far only in particular groups of
people. In 1971 a major conference of watér-sport assoc-
jations in Britain gave detailed practical advice to water-
sport clubs and schools throughout Britain., The BBC later ran
a campaign on local radio stations. The main aim of that cam-
paign was to broadcast warnings specifically when weather
forecasts predicted fine weather at weekends early in the year
when water temperatures are Jlow. They, for example, urged
people who were planning to take out a boat that weekend to
make certain they had a lifejacket and to make sure their
children did, and described multiple accidents in previous
years to people who failed to do so. There was a significant
fall in mortality of school-age childrern in the four years
after these measures were taken compared to the four years be-
fore they were taken {12). Pre-school children showed a prob-
able smaller fall. However, there was no change whatever in
the incidence of immersion deaths in adults. We seem to have
got through to school-age children, and probably to some par-
ents of small children. Adults probably heard the advice but
were too sure of their own abilities and experience to change
their customs. We have to find better ways of persuading ad-
ults, if we can, and we may be able to discuss possible ways

of doing this over the next few days.



As regards home heating, to come back to my first point,
there will be no difficulty persuading adults of the desir-
ability of changing to very low-energy heating systems if
energy becomes much more expensive and more scarce. The prob-
lem is to provide a range of fully researched systems which
will be acceptable for longterm use in different situations.
In a smal) apartment with several people living in it, highly
efficient insulation may be enough to keep the whole area warm
at low energy cost per person. An elderly couple in a house
may be comfortable in winter by heating one well insulated
room, and having an electrical blanket in bed. A family with
children in a house may manage with one heated room but may
need personal energy heating systems for the adults so that
they can sit in comfort in other parts of the house if the
children play pop music at full strength. Some background
heating might be needed throughout the house in severe
weather. There are many variants on this, and on the design
of personal. heating systems which could be used. None of
these need to be expensive, but even in a severe energy crisis
people will only use them if the optimum system for particular
situations is fully researched for safety and practical con-
venience as well as physiological and thermal efficiency. If
this can be achieved we would be in the happy position of
being able to contemplate even massive reductions in heating
energy, if ;e have to face them, with few consequences except
some loss of personal convenience. I have tried to review
briefly the information available which could help in planning

for this.
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ABSTRACT

CROSS ACCLIMATION BEIWEEN SEVERE COLD EXPOSURE
PRODUCING HYPOTHERMIA AND EXHAUSTIVE EXERCISE IN RATS

M. B. Kreider
Worcester State College
Worcester, Ma.

One short severe exposure to cold for a period as short as 100 minutes,
vhere hypothermia developed, resulted in an increase of cold tolerance and an
increase of oxygen consumption in successive exposures (Kreider, M. B. Stim~
ulus for metabolic acclimation to cold: intensity versus duration. Proc.
Internatl. Symp. of Environ. Physiol. FACEB 88-91, 1971), Likewise, acclima-
tion to cold has resulted in an increase in the level of physical fitness
(Kreider, M. B, Effects of cold acclimatization on physical fitness in rats.
Fed. Proc. 22:341, 1963). 1In this study cold acclimation was produced by
the standard long-exposure method and it is not known whether short severe
exposures would do the same thing. Also the reverse is not known: whether
short bouts of severe exercise could influence cold tolerance on another day.
This study was designed to answer this question.

Twenty rats were exposed twlce to severe cold (~10C, clipped) until the
rectal temperature reached 29.4C (85F) with one day intervals between ex~
posures, and 4 and 6 days later exposed to an exhaustive swim each day (Group
1). Another group was exposed to the same stresses in reverse order. It
was found that a partial aeclimation to cold existed after only one short
exposure to severe cold confirming previous reports and similarly that improved
physical fitness resulted from one swim to exhaustion. The time for rectal
temperature to reach 29.4C during cold exposure following two swims in Group
1 (161 - 6 min.) was 40 percent higher (significantly) than in the control
(Group 2 not yet exposed to an e;hauative swim). Swimming time following two
cold exposures in Group 2 (26.5 - 3.9 min.) was no different from the control
(Group 1 not yet exposed to cold). While the mechanism of cross acclimation
is not known one hypothesis could be that previous exercise improves cold
tolerance through increased availability of energy for skeletal muscles while
previous exposure to cold increases energy availability for non-shivering
thermogenesis but this energy is not available for skeletal muscles.
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AIRWAY WARMING AS A METHOD OF TREATMENT FOR ACCIDENTAL HYPOTHERMIA

Dr. E. L. L. Lloyd
Edinburgh, Scotland

In the assessment of any method of treating accidental hypothermia there are
three important factors which must be considered.

1. Heat gain. This must be considered not ouly in the aspects of absolute
quantities of heat gain which will include both heat added and any heat
loss prevented, but also from the aspect of where the heat acts.

2. OQther effects of the body. These may be beneficial or adverse and shculd
include consideration of cardiovascular, cerebral, respiratory and renal
function.

3. Where the method can be used. This involves consideration of the whole
medical sequence from discovery of the victim, through first aid treatment,
transport, treatment at base or hospital, to ultimate recovery.

1. HEAT GAIN

Because of the very low thermal conductivity of air, ventilation with warm dry
air will provide negligible heat gain and, being dry, may cause a net heat

loss from the body, Ventilation with warm humid air will provide a greater
quantity of heat from a condensation of water vapour plus an additional, though
small, quantity of heat cooling of the gas and the condensed water. The total
quantity is however still small. Heat is however also being lost during normal
respiration by warming and humidifying cold dry imspired air and the humidifi-
caticn is respomsible for about 60 to 75% of this loss. The air temperature

has to be minus 50 degrees centigrade before the thermal heat loss equals the
humidification heat loss. The quantities of heat lost through respiration

vary according to the respiratory minute volume and the air temperature (Table
1). By substituting warmed humidified gas to breathec the respiratory heat loss
is prevented and there is a slight gain and the net effect can be significant.
It should be noted that shivering will increase the heat production to 300 or
1000 K. cal per hour, and therefore, in a shivering person the effect of the
respiratory heat balance (20-40 K. cal/hr.) is small and there should be minimal
benefit from airway warming. Despite this, though two reports claim no gain
from the use of airway warming with shivering; other reports show significant
benefit. However, airway warming is worth considering in non-shivering subjects.
In the experimental situation using sheep, provision of airway warming improved
the rate of rewarming achieved by any particular level of body insulation

{Table 2) but, as is also obvious, airway warming is no substitute for adequate
insulation of the body surface. Table 3 shows the effect of airway warming in
human cases treated in hospital. As can be seen the rate of rewarming during
airway warming was always greater than the rate before alrway warming was
started. Despite the Q 10 effect, the rate of rise of core temperature during
the period after airway warming was stopped, was also less than the rate of rise
during airway warming. None of these patients were in fact shivering. In none
of the cases treated did the core temperature fall as a result of the introductior
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of airway warming. In fact in most cases the after drop preobably occurred
before airway warming was started. These cases treated in hospital confirmed
that airway warming can accelerate the rate of total body rewarming, while
maintaining normal temperature gradients.

2, OTHER EFFECTS ON THE HUMAN BODY

There were no respiratory problems during or after the use of airway warming
in those patients who survived and when post-mortem was carried out there was
no evidence of damage to the larynx or tracgea except in one case which had
been ventilated with a humidifier set at 80 C with the delivery tube heing
lagged, which would give an endrotracheal temperature of almost BOOC, and vet
even in this case there was only some laryngeal oedema and mild tracheal
scalding. However, rate of rise of body temperature, theoretical or practical,
is not the only factor in considering a rewarming method. Two aspects of
cardio-vascular function important for the safe resuscitation of hypothermic
patients, are cardiac out-put, and arterial blood pressure sufficient to
maintain adequate perfusion of the heart and brain. In experiments with
hypothermic sheep (Figure 1) the response to the initial rise in temperature
was a rise in cardiac out-put whether the method vf rewarming was the hot bath,
spontaneous wrapped in blankets, or airway warming in addition to blankets.
With both spontaneous rewarming and the hot bath, there was a marked fall in
peripheral resistance which was still present when the sheep in the hot bath
had reached normothermia. With airway warming, the peripheral resistance
remained steady, and the arterial pressure could therefore rise after only a
mederate rise in cardiac output. This contrasts with the hot bath where the
rise in arterial pressure required a massive increase in cardiac output at a
time when the heart was at its lowest temperature and therefore most vulnerable.
This increase was greatly in excess of the base line values, even on return to
normothermia, whereas with airway warming cardiac output varied around the
base line values. With spontaneous warming, the increase in cardlac output
was insufficient to compensate for the fall in peripheral resistance and there
was therefore a fall in arterial pressure. This fall in blood pressure had
been noted in man at a time when spontaneous rewarming could be expected and
might be a possible cause of death during the transport of the victim. These
experiments suggest that with regard to cardiovascular stability airway warming
appears to be as safe as any other standard method of rewarming from acute
hypethermia.

In the human cases treated the cardio-vascular status was examined. Imn all
cases, however treated, the arterial pressure and pulse rate improved as the
core temperature rose but airway warming had a specific beneficial effect on
this. In six cases the blood pressure was unrecordable on admission and in a’
further six casex the blood pressure became unrecordable after having been
present on admission. In all the cases treated with alrway warming the blood
pressure and skin colour improved rapidly whereas in the patient who rewarmed
without airway warming the improvement was much slower. The cases of two
elderly women will serve as an illustration. In one, previously absent blood
pressure was restored within three hours by airway warming and at a core
temperature of 27.5 0C whereas in the other, allowed to rewarm spontaneously,
the blood pressure was not recordable for 22 hours and then only when the

core temperature reached 33°C. Airway warming also has a bepeficial effect on
cardiac rhythm and one patient who at 24.3  C showed multi-focal supra-ventricular
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and ventricular extrasgstoles was restored to sinus rhythm before her core
temperature reached 27 C.

Cerebral function also improved as a result of airway warming. In six
patients the respiratory drive which had been depressed by cold or drug
overdose, was rapidly restored by airway warming before the core temperature
had risen 1~ C. In five patients the pupils were dllated and non-reactive
when the patients were first seen. In the four treated with airway warming
the pupils returned to normal size and reactivity very rapidly, two bafore
any rise in core temperature could be recorded. This contrasts with a case
which was allowed to rewarm spontanmeously and the pupillary response did

not return for several hours.

There is one hazard of airway warming. In cases with chronic hypothermia e.g.
the elderly, airway warming is dangerous. If cases of chronic hypothermia
rewarm too rapidly, even spontaneously, the fluid shifts can cause death through
cerebral or pulmonary oedema, and because airway warming accelerates the rate

of rewarming, it may be lethal. The only safe way to treat chronic hypothermia
with alrway warming 1s to use intermittent positive pressure ventilation (IPFPV)
which will prevent the onset of cerebral and pulmonary ocedema.

There are two cases which illustrate the benefits of airway warming in human
victims. In the first (Table 3, A2) (Figure 2) a 53 year old man took an
overdose of Largactil on a cold night, and opened the window. He was found
several hours later and was admitted to hospital unconsclous with a core
temperature of 27 C. He was wrapped in blankets in a hot room and because

he was cyanosed with minimum respiratory efforts, ventilation was mechanically
assisted with a bird ventilator. By replacing dry gas ventilation with warm
humified gas, a zero rate of warmipng, which had been static for four hours was
converted to a temperature rise. After three hours, active warming was dis-
continued and the bedy temperature continued to rise and showed the characteristic
overshoot. The interesting comparison that during the three hours active warming
was used, core temperature rose BOC, whereas the next JDC, without airway warming
required six hours. Pulse and blood pressure improved with the rising tempera-
ture, and the active heating restored the respiratory drive. The patient
regained consciousness and was discharged five days later. Figure 3 (Tab.3, A3)
shows the progress of a young woman with severe overdose of distalgesic. She

was unconscious though her core temperature was only 34°C. Her metabolism

was so depressed by the drugs that she was unable to rewarm spontaneously

despite beilng wrapped in blankets. The introduction of airway warming on two
occasions caused the core temperature to rise and on each occasion the rise
stopped when the airway warming was stopped. This is in contrast to the previous
case where the initial heat stimulus was sufficient to start the rewarming
process. When the patient was first seen, no pulses could be felt anywhere,
breathing was impaired and being assisted, the pupils were dilated and not
reacting to light, and indeed, the only definite evidence of 1life was an

E.C.G. tracing on the oscllloscope. (If this patient had beem found lying

1ike that in her own home, she would probably be writtem off as dead). The

first thing that happened after alrway warming was started was that the pupils
returned to normal size and became reactive. The pulses gradually returned

and became palpable more peripherally, and after two hours, the bleood pressure



Tab. 1
Basal Heat Heat gain [Heat Rise in core o,
Body Vent~ Metabolic| Heat left for with air- lavailable % frem available hiat.
Tetrp. ilaticn Rate loss rewaring | way waaoningi for Lmprove— '
e 1/min Kcal/hr Keal/hr | Keal/hr Keal/hr rewarming | ment without with
Keal/hr airway airway
warming Y
o /hr % /hr
7 5 72 - 8.¢ .bd 1.8
37 10 90 =16.0 74 2,1
30 3 35 -3.2 32.8 + 6.2 39 13 0.9 1.1
30 10 33 -10.6 24.4 + 20.5 55.6 128 6.7 1.6
Adapted from Guild (1973]
Environmental temperature of air = 09¢
Airway warming air temperature = 43°C with

Tab. 2

100% relative humidity.

Rates of rewarming achieved by the methods used in the treatment groups

Mean rate
{and range)

Projected in-
terval for re-

State of of rewarming turn to initial
Method sheep No. (°c/n) temperature
Control, non-cooled Unshorn 3 0.5 (0.4-0.5) -
Hot bath Shorn 3 2.8 {2.0=-3.4} 50 min
Unshorn 2 2.0 (1.9~2.1) 1l h 20 min
Alrway assisted ventilation Unshorn 4 0.9 {0.3-1.3) 2 h 5% win
Airway spontaneous Unghorn 5 0.7 (0.6-1.0) 3 h 20 min
ventilation Shorn 1l 0.1 31 h 30 min
Spontaneocus wrapped in Unshorn 3 0.2 (¢.1-0.3) 11 h 30 min
pelythene and blankets Shorn 1 -Q0.7 -
Spontaneocus no covers Unshern 11 -0.6 (=1l.4~+0.6) -
Shorn 2 ~0.6 {~-0.4--0.8) -
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could be recorded. The respiratory drive was alsc stimulated. Despite a
stormy convalescence thlis patient survived and eventually returned to work.

3. WHERE THE METHOD CAN BE USED

DEFINITTON

Airway warming is a method by which the body gains heat minly through prevention
of the loss of heat and moisture which normally occurs during breathing. With
some types of equipment there may also be some additional heat gain. As far as
equipment is concerned every hospital will have a heated water bath humidifier
which provides the necessary warmth and humidification, and the method can
obviously therefore be used once the victim has reached hospital. The equipment,
however, can be made portable and several cases have been treated in the field
using a variety of designs of equipment. The initial design (Figure 4)
utilized the well known reaction between carbon dioxide and soda lime which
produces heat and moisture. A totally closed circuit was used to conserve all
the expired heat loss and allow the use of a relatively small quantity of soda
lime with a small priming dose of carbon dioxide. Unfortumately, there was

the necessity for the use of oxygen. Equipment to this specification was
carried by the successful Bonnington expedition in 1975 and worked effectively
when tested at 20,000 feet. (It is of interest that in the first successful
ascent of Everest in 1953 the use of closed circuilt oxygen gave a better
¢climbing performance than open circuit oxygen because of the heat and molsture
generated. In fact this caused overheating in the "warm' still weather on

the Western Cwm. The higher the altitude, the greater the heat loss from the
lungs from warming and humidifying the air and therefore, the greater the
benefit of the closed circuit. The fluid loss could amount to 3 1/2 pints

per day, three to four times greater than at sea level.) Another cenfiguration
is to dispense with the oxygen and use air with a non rebreathing circuit but
this, unfortunately, requires a larger quantity of soda lime and a larger
priming dose of carbon dioxide, and also exposes the victim to the possible
danger of the surge of heat from the initial chemical reaction being trans-
mitted directly te the patient's face. However, equipment with this cilrcuit
has now been developed to a high degree of safety, and there should be very
little to choose between the two methods, the ultimate choice depending on the
operational requirements of any particular rescue service. As mentioned
earlier there are a number of other designs which have been tried but these
will not be discussed in this paper. The simplest method of producing some
degree of airway warming effect is to use a condemser humidifier. The most
efficient of these can conserve about 50% of the moisture, and therefore the
heat, normally lost through respiration., It is a fortunate co-incidence that
the best is also the smallest and lightest, weighing only a few grams. With
the development of portable airway warming equipment the method can now be

used from the moment the victim is found and during the transport to base i.e.
times when no other method is available.

Finally though airway warming accelerates rewarming and does appear to have
some other advantages, the ultimate decision about its use will have to depend
on assessment by any individual rescue service as to whether the benefits
justify the expense of purchase, manufacture and maintenance of the equipment
and the added bulk and weight since to be of any use the equipment will have
to be carried on many occasions when it may in fact only be rarely needed.
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- CHANGE AT ATRWAY WARNING AT FND TREATMENT
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A s r ag -3.5 3 -1.2 10 a 12 0.50 38 2.5 8 0.30
A 14 u 50 33 1 2 0,50 24 q 13 0.27
A7 ¥ 5 - 1.5 - 28.5 7.7 4.8  1.70 36.2 1.5 3 0.50
As F 19 ~0.5 0.8 -1 108 a.s 4 0.69 33 1.5 8.5 0.53
A 1| .F 61 -2 10 -0.20 14.8 1.8 2 0.00 36.8
A1 ¥ 7% -8 24 ~0.28 n 8 30 0.20 a7
A3 M R -3 24 -0.21 az 4.5 12 0.38 36.5 -2.8 12 -n.21
A s F 75 28 1.3 5.5  0.80 31.3
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A1s M R4 23 4 8 0.67 27
A 18 ¥ 81 28 7 3 1.40 1s
A 4 F 57 - 7 - 28 0.6 1.8  0.40 28.8
A 1o F 60 28 7 7.25  0.97 a5 -3.5 9 -0,739
A1z F 70 3 5 0.8 a3 2. 2.5  0.80 35 2 ) 0.4
A9 F 75 32.5 1.5 1.5  1.00 24 3 4.3  0.67
A 10 F a8 0.3 2 0.15 24,6 1.2 11 1.02 5.8 1.7% 1o 9.00
Ta.b, 1
Tab £
TEMPERATURE RISE
CASE  gS&X AGE ™me (°o) TEMP. TIME  ° PATE
AT START c HOURS C/Hr
s 3 y 20 30.8 7 10 0.7
5 8 F 24 8.7 9.3 14 0.66
g7 F 86 29.4 3 11.3 0.79
51 13 7% 31.3 0.3 0.5 0.8
518 F 79 23 5 10 0.5
a4 8 0.7
s F 78 20,46 6 27 a.o2
$4q F 69 1 6.9 16 0.41
S s F 82 33.8 1.9 10 0.19
0.8 2 .03
S8 " a3 33.2 4 z 0.14
59 ¥ 89 33 3 9 0.3
s10 F 67 28 3 20 0.35
s11 F 77 28 11.4 43 0.27
s12 F 20 28.5 8.5 17 0.5
— s13 F 78 33.7 3 11 0.27
514 F 83 28 9 24 0.38
16 M old a1.8 3 21.5 0.14
517 F 26 4.5 0.7 8 0.09
3.3 14 0.24
S18 F 98 27.5 9.3 27 0.38
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Fig. 4 ODiagrammatic representation of portable

resuscitation equipment.

A Orygen cylinder,

Demand raeducing valve.

C Sparklets Corkmaster (BOC) with the distal portion of the

ncedle removed and connected to the gas inflow limb of E.
The oxygen supply is connected to the normal outflow part
of the assembly.

D Reservoir bag of 6 1 capacity.

Normal Waters valve assembly with the Heildbrink valve removed
and the reservoir bag connected. The arrangement is nccessary
to transmit the inspiratory negative pressure to the demand
valve B.

Soda-lime.

G Waters canister.

Insulation-expanded polystyrene in the box and air in the
delivery tube,

Faceplece or mouthpiece and nose clip as used by mine rescue
or skin divers or endotracheal tube.

Double lumen delivery tube. The inner lumen is the respiratory
tube while the outer is closed off and acts as insulation. The
length of the tube is not critical since any build-up of car-
bon dioxide due to the deadspace would be beneficial in pro-
tecting the heart from the effects of hypothermia.

Rubber tubing to give a flexible mounting for the Corcmaster
C.
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30
24
56

76
79

78
69
82

&3
69
67
77
80
75
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old
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Tab 4,

e (o)
AT START

30.8
28.7
29.4

33.5
25

29.8
31
33.5

33.2
33
28

25
26.3
33.75
28

34.5

27.5

|

TEMPTRATURE RISE

THEMP. TIME RATE
°c Hours  °cMr
7 10 0.7
9.3 14 0.66
8 11.5 0.73
0.3 0.5 0.6

5 10 0.5

6 8 0.75
6 27 0.22
6.5 16 0.41
1.9 10 0.19
0.6 23 0.03
4 29 0.14
3 9 0.3

9 20 0.45
1.4 43 0.27
5.5 17 0.5

3 11 0.27
9 24 0.38
3 21.5 0.14
0.7 8 0.09
3.3 14 0.24
9.5 27 0.35
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Current Status of Eypothermia Therapy nnd Prophylaxis in Germany
by
Dr.Anthony F. Low

Dept.of Nautical Medicine, Bernhard Nocht Institute,
Seewartenstrasse Y9a, 2 Hamburg 11, Germany.

Germany is bordered in the west and east by the North Sea
and the Baltic Sea with average annual temperatures of abous 9°¢
(48°F). Thus the threat of hypothermia is imminent for those who
fall overboard. In the south, mountalin ranges up to approx.5060 m
height have abundant snow and low temperatures from fall %o spring.

1. Hypothérmia in coastal recions:

Last year, the German Lifeboat Society (DGzRS) rescued almost
5C0 casualties from the seas. Although the DGzRS does not differen-
tiate between non-hypothermic and hypothermic cases in its statis-
tics, we at the Dept.of Nautical Medicine consider the latter near
to or equal to 50%. Hypothermic patients brought tc shore are treat
2d in coastal hospitals.

In 1976, we evaluated the hypothermia therapies at 30 hospitals
and the number of patients treated [l]. Eypothermic patients were
taken either to the intensive care units or %o the internal medic-
departments. OQur findings showed that

- 11 coastal hospitals had had no hypothermia cases during the
last few years

- 14 hospitals dealt with not more than 1 -~ 2 cases per year
with no deaths among the treated hypothermic patienfs, and

~ 5 hospitals mentioned annual patient averages of & to 23.

Most of the above cases stem from swimming and Sports boats’
accidents and only a few from merchant marine ships. Knowledge of
hypothermia therapies in general hospitals, internal medical clin-
ics and ICUs differs considerably. Each hospital seems to have its
own mode of treatment. In general, slow rewarming is prelered ver-
sus rapid rewarming (2 hospitals). Cnly one doctor mentioned in-
creased oxygen needs during rewarming and only one warned of the
dangers of hot water baths =2 409 (skin burns and rewarming collaps
It is remarkable that the majority of coastal ICUs only lave ther-
mometers reading down to 31 - 329C, whereas very few are equipped
with those showing 20 - 22°C. Even hospitals with larger casualty

numbers per year tut without ICUs have only standard thermometers.




Some hospitals did not measure temperatures upon admission and guot
30 .« 35%2 after rewarming had been instigated. Thus the phrase "not
below 5500" is thermometer caused and masks eventual deep Lypother-
mia. Only a few clinics had experience with casualties below 32°C _
core temperature. Several physicians became aware of the impossibi..
ty of low temperature measurements with the means at hand and ask™1
for further advice from our department.

Treatment of hypothermia on board German merchant marire ships
still is in accordance with the book "Health on board merchant mar-
ine ships"(1972) where rapid rewarming in a warm bath of initislly
37°C and increasing its temperature to 40 - 42°¢C in a short time is
recommended. Lacking a thermometer, bath water temperature should
be monitored with the naked elbow. If nc bath is at hand, pouring
water of 40°C over the patient is advised therein.

2. Training of ship officers in hypothermia therapy

In Germany, merchant marine officers have to enlist for 2 or
4 week first aid courses of which one hour is devoted to hypcther-
mia. Due to new research data in this field, we instruct them to
rescue ship-wrecked persons from the sea with a minimum of manhand-
ling, not to throw life-rings or similar devices to them if the
water is very cold (numb fingers!) but to go to their help in the
water, not to permit them to walk but to cover them wilth blankets

-—- especially head and neck region --- and to carry them into the
ship and there, if the hypothermia 1s severe, to rather perform
passive than active rewarming. We prefer passive rewarming due to
the fact that ventr.fibrillation or rewarming collarse in z bath wi.
overburden the means and the knowledge (cardiac massage) of the crey
If a hot beth is used, officers are instructed to start with 30 -
359C (so-called reesonable rewarming) increasing the temperature %o
20°C in 10 - 15 minutes while continuously stirring the water and
checking its and the patient’s temperatures. We urge the introductic
of pramature baby thermometers (27 - 28°C) on all German ships.
Patients should be removed from the bath when body temperature has
reached 359C, and allowed to continue rewarming passively in bed
while under a 24 hour observation. When available, 02 inhalation

is recommended as a supplementary therany. -

We do not recommend rapid rewerming in 40 - 64°C as propesed by

the IIO "Rescolution on hypothermia” (1973) and by the IMCO/LSA
"Frevention of hypothermia" (1977) due to extreme pain for the pati-



Frophylaxis against hypothermia is emphasized as follows:
Administer antiemetics as early as possible, don alternative layers
of clothes (shirt-pullover-shirs ebtc.), cover feet and hands tying
trousers at ankles =and sleeves at wrists to reduce water circulatic
protect head and neck, drink not sugared beverages if available
before abandenning ship.

5. Mountain rescue

— o o e s o= i = = = e

In 1979, mountain rescue patrols saved approx.7/CO people énd
figures are rising each year. The majority of these casualties were
nypothermic. The reasons were: over-estimation of one‘s capabili-
ties, bad equipment and clothing, lack of basic survival knowledge.
In this conference we have discussed severzl rewarming methods in
the field, each with its advantages and inherent problems. In the
csouthern German mountains , rescue groups have developed and per-
fected what they consider a highly effective core rewarming systen
and have been using it for the last 5 years with great success [2].
It is known as the HIBLER warming package (HIBRLER Wirnerackung) and
simply consists of: 1 linen sheet, a thermosflask with not water
and several blankets. Its application is as follows:

- fold the sheet 5 times and pour hot water onto it, wring sheet
- put folded hot sheet on underwger of chest and abdomen

- cover rpackage with clothes and zip parka

- wrap aluminum foil or blanket closely around tody alone

- then wrap several blankets around body, extremities and head

- pour fresh hot water on sheet package each following nour.

If used correctly, this method leads to an immediate rise ir core
temperature. In one case it enabled rectal temp. to rise from 29°%¢
to 37°C in 7.5 hours [é]. This procedure is now used in the Gar-
nisch-Partenkirchen hospital (a center for mountain caszualties)
instead of tath rewarming as it does not lead to a rewarming collar

According to NEUREUTEER (Garmisch) passive and active moving of
hypothermic persons should be omitted as it has been observed that
even by stretching flexed legs of a hypothermic patient a drop in
core temperature from, for examgple, 30°C to 27°C cen occur. If
breathing stops, mouth-to~mouth resuscitation is prefered versus
the Ambu tag as cold mountain air or cold oxyzen would =nter the
lungs via the latter and eventually lead to further cooling.



If frostbite occurs together with general hypothermia in the
field, the following first aid measures are used:
- central rewarming with hot, sugsred drinks
- the EIRLER warming package
- rewarming the extremities by tucking them under rescuers own _
clotning or armpits.

When frostbite 1s present without general hypothermia:
- patient is encouraged to move extremity actively and continuous
- if legs are only slightly frozen he is encouraged to walk ..
~ when larger parts are frozen passive transportation is used.
- if rescue doctor at scene warm (>z7°C) 5% glucose infusions
recommended, but no further medication.

Treatment in mountain cabin:
Administer hot sugared drinks, put frozen extremity into luke warm
water (lOOC!) and increase its temperature gradually within 30 min
to 40°C if tolerable, otherwise slower. Then apply antibiotic pow-
der and dry surgical dressings. Move extremities continuously.
No vascdilatory drugs should be given as infusions.

Curren: German mountain rescue medical opinion does not favor
rapid rewarming of frozen extremities [2].

—_—

4, Underwater hypothermia

The locations of Germany s Underwater Laboratory "Heligoland"
during its missions from 1969-79 (North Sea, Baltic Sea, NW Atlan-
tic) with water temperatures vetween 2°C and 12°C in depﬁhs of
10 to 42 m make protection against hypothermia imperative. Uni-
suits and full-face masks are compulsory. Wet suits perfused by
water of 50°C have also been used. In the UW-habitat, therapy of
hypothermia is possible by means of a hot shower (max.80°C) any
time, hot drinks and warm meals with high caloric value. We have
found that professional divers, paid by the time they spend diving
are apt to overlook warning symptoms of impending moderate hypo-
shermia more frequently than scientist divers (aguznauts). Among
approx.150 aguanauts who have used our habitat between 1269 and
1979, no serious case of hypothermia has occurred.

——

In Germany, our Dept.of Nautical Medicine has been trying <o
make the warm, humidified air/O, therapy (CBRW) and its advantages

more widely known but has met with resistance from several sides.



We hope that the opinions will change when our paper "Comparison
between heat loss and heat gain via the skin and lungs during
hypothermia and its therapy" (in press) appears.
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MEDICAL PROBLEMS IN SEARCH AND RESCUE

By Dr. H. Goethe and Dr. A. Low, MDs.
Department of Nautical Medicine
Bernhard Necht Institute for Nautical and Tropical Diseases
Hamburg, Germany

WHAT DANGERSTHREATEN MEM AT SEA?

Kinetosis can ¢ccur on planes, ships, and submarines
in normtal and adverse weather and sea conditions and
depends on the individual susceptability. As the ship
spends the longest time period on the water and is
inclined to more yaw, pitch, and roll than the others,
seasickness with its unpleasant side aeffects dominates
herc. This is especially so in small boats and during
shipwreck. Time is an important factor for the outbreak
of diseases and they therefore are also more frequent on
ships than pianes, Diseases and fllness encountered most
often on ships and requiring medica! aid are dentz! and
faw discases, acute and subzcute appendicitis, bleeding
and perforating gastric ulcers, kidney and gall bladder
colics, acute psychosis. Accidents and injuries are seldom
20 jets and submarines due to the shortness of their
journeys and the relative stability of their motion. In
comparson, accidents and lethal injuries to seafarers are
quite numerous.

Ship disasters, although decreasing in percentage of
rross ship tonnage, are still continuing to rise after a
1956 low. Wiih the changes in ship sizes, power, speed
and purposes during the last decades, the prme cauges of
disaster also changed. [t was found that between 1560
and 196% the percentage of knman lives lost at sea can
be pramarily attributed to foundering, collision, fire and
finglly zroondings, in that order, wlthough the reasons
for disasters in former days were bused on inadequate
ship  construction, inadequate  seamanship, charts,
weather information, navigational aids, or in general, on
purc lack of knowledge. Human errors are still the main
catce of maritime disasters,

As the number of oil rigs on the continentat shelves
(Gulf of Mexico, North Sea) increases, the risk of hazard
on tiem rises and thus leads to new medical problems in
resciie ot sca due fo their remoleness, ie, far from
regular shipping Jancs, and their being occupied ajl year
round cven in the worst of weather by up to 60 men.
While 1 mass disaster on land comprises 40-60 casuzlties
in gverage, muss disaster it sea, for example on an oil rig,
cquals as few as {ive or six casualties, However, the other
men are often at risk (explosion, [ire) and would also
have to be evacuated.

Mane crashes at sca ocenr cach year and often many
lives are ost cither because the plane exploded before or
on impact and sarek unmediately, or in any case it sank
too {ast for all the passenpers aboard to be able to make
their eseape,

1

FIRST AID AT SEA

Except for large passenger ships, the great majority of
cargo ships and tankers have no doctors ea board. So, in
the event of an emertgency, e.g. injury or sickness of a
crew member, they can only rely on a medically trained
officer. If a catastrophe involving more thun thrée seaman
occurs, this officer, depending on his first 2id training,
might find himself unable to cope with the situation.
Medical training differs from country to country and
between ship agencies so it may be concluded that ships
exist where none of the crew have received any medical
training at all, This makes the situation even worse.

[f the .ajury or disease on bourd is too difficult to
treat, the next step would be to ask for radio medical
advice from a physician well acyuainted with nautical
medicine, Several of these redio medical services have
been in existence for many vyears. CIRM in Rome is
without doubt the oldest and nmtost well-known. It is en
a 24 hour duty status in three o four languuges and
reaches around the world, The 1S, Coast Guard has its
own system in compection with AMVER as do the
Netltertands {radio Scheveningen) and the Federal
Republic of Germany. Help and assistance is there when-
ever needed and these services make a high percentage of
correct diagnoses. This can, of course, only be accumn-
plished if the ship’s officer, via the navigator, pives an
exact description of the patient’s symptloms, when they
ovcurred, remedies so far, anamnesis ete., so that the
doctor, maybe thousands of inies away, can form a
correct mentad picture of the case.

The third means of bringing medical assistance to
ships without doctors is by flying so-called paramedics
to the seene by cither SAR or U, 8, Coast Guurd heli-
copters or aim:hibious planes/sea planes, These men have
received special parachute traininp besides their medical
education in order ra be able to restue people in the
warst conditions.

The U, 5. Air Force with its own rescue unit, known
as the ARRS, can also assist i1 Seaich aud Rescue
missions at sea. Utilizing hclicopless and a variety of
specialized medified planes as well as parumedics, ARRS
is well equipped for rescue operations topether with
SAR, U 8 Couast Guard, or other apencies, =ven in
remote plyces, In a number of Furopean couniries wich
laige deepsea fishing leets, radio medicsl wdvee ond
hedp is also available froin so-called fishery pratection
boats. Thuese lollow the eet im walers arournd
Geeenland, Teeland, Morway ete., have a decior trained
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in nantical medicine on board, and ulso a well equipped
sick Luy and operuting theatre,

Stups with doctors on board all the time, such as big
mililury vessels, large passcuger ships and the FPB’s just
mentioned, are in a {ar better situation should disaster
strike. Casuallies and discases can be trealed correctly
and without ony loss of Lime. Medical prophylaxis of
crew members and the possibilities of daily consultations
would decrease the probalulity of acute illness arising or
being overlooked.

In sccidents at sca we must also distinguish between
those that occur near the coast and those that happen
far out at sea. This is especially important in view of
survival chances, When disaster occurs on ships and oil
nigs near the shore, two advantages are at hand. First, the
site of disaster lics within range of a helicopter {250
kilometersy, rescue cruiser (45 km in 1 hour), and
amphibivues plane (350 km in 1 hour) Secondly,
hospitals and airfields on the coast nearest the accident
can be alerted for reception of casttaltics and can make
appropriate preparations.

On ships far from land when in distress, e.g. mid
southern Atlantic or Antarcfic waters, prospects of
rescue get worse. Survivors are usually out of range of
SAR helicojsters, the number of AMVER-registered ships
in the vicinity will be smailer except if distress occurs on
the main shipping lanes, Time il rescuers reach them
gets long and the death {oll would rise, Obtaining radio
medical advice in cases of disease of injuries on board
intact ships might or might not be possible depending on
radio communication possibilities from and to these
remote locations. This is an area where a number of
medical rescue difficulties remain to be solved.

Personal rescue equipment inciudes warm clothing,
life jacket, food, lamp, whistle, radio transmitter, and
sometimes, in military aircraft, one-man rafts. The vital
importance of warm clothing {or survival cannot be
stressed too much. It is essential that all people about to
abandon ship put on as many warm clothes as possible:
socks, shoes or boots, gloves, and protect their necks
with scarves if the waler temperature is below 259C.
Contrary to popular belief, a2 man fully dressed is not
heavier in water and thus in no danger of sinking. Some
studies indicate that even damp clothing provides
considerable thermal inswlation. Clothes should be
fastened at wrists and ankles to prevent water circulation
over the skin. Clothing shifts Molnar’s survival-versus-
time curve (1946) to the left. In water with an average
temperature of 17-189 C. insulating clothing would put
the survivor in the 21-22° C zone and thus prolong his
survival greatly.

Life jackets are mandatory for each passenger. Of
several models in use, the old types and those put on like
jackets should be phased out as soon as possible as they
are dangerous. The present optimal “W9rmed life
jackets, e.g. Secwnar 15, are stable and keep the heads

of wnconscious people above the water luvel. Only life
Jackets with & croteh strap should bo nsed to prvent the
fife jucket from slipping upward and (hus impairing free
breathing and chafing the chin. The mflatabie models
should Le influtee not before but afler cnuering the
water to prevent possible severe injuries to arms, neck,
and chin, or knocking the pesson unconscious upon
impact when jumping, [t is recommended to vse ladders
or ropes to rcach the water. Further requirements {or
life fackets are: casy donning, sufficient buoyzincy, good
fitting in wet and dry conditions, no restriction of free-
dom of movement, and self-righiing tendency 1o a stable
position, Life jackets shouid alse have whistles attached
to them and preferably some sort of light, e.g. on u cap -
so that they can be located in the darkness.

If a small radio transmitter is included in the personal
rescue equipioent it should perform automalically on
contact with water or switches should be of the very
large toggle switch type to [acilitate use. Foad supplics
are at present hardly found in personal rescue equipment
except in those of military jet pilots.

Group rescue eguipment can be divided into life
boats, life rafts, food, radio, water supply, and mayhe
primitive water desalting apparatus, For several years,
life rafts have become more and more popular and have .
led to a deciine in the number of life boats. Food on
rafts or life boats should ke ample for two to three days,
a time span considered sufficient, in average, before
rescue craft arrive at the tocation. Water is also a stand-
ard item (U.S Coast Guard requires three guarts per
person).

As regards passive or exterior rescue aids, thesc are in
the first instance ships in the immediate (relative)
vicinity of the distressed vessel. They either have re-
ceived the SOS call or have been alerted by AMVER,
U. 8. Coast Guard or other similar agencies.

Further passive sea rescue aids are USCG, DGzRS,
RNLI, FPB’, 10 quote a few national organizations that
utilize specially equipped meotor cruisers. Their inlherent
disadvantapes are that they operate near the coast lines
of their countries. The ranges of these rescue ships are
limited by the time it takes to get to a specific disaster
site from their base. Their range is approximately 45 km
in one hour. Shore-based helicopters can cover a much
larger area in a Search and Rescue operation having a
range of about 250 km in one hour, They are also in a
better position to locate single survivors in coloured life
jackets and to noist them up out of the sea. However,
due to their relatively high gasoline consumption heli-
copters are not capable of long searching sorties,

Military SAR and ARRS bhelicopters and amphibious
sea planes stationed on  destroyers or  aircraft
carriers are the best means of bringing assistance to
dl.stressed ships in mid-ocgan, for even shore-based long
range'rescue aircraft, e.g. C-130 Hercules, might arrive at
the site too late to help, depending on prevailing weather
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condilions at the disaster location (cold, wind, rain).
These zircratt can drop life rafts and other rescue items
to survivers as need be. If the sea is not too rough,

SAR/ARRS amphibious planes may try a sea landing or

at least release paramedics to zid the survivors,

Althongt in use tor several yetrs now by modified
ARRS C-130 Hercules planes, the STAR system
(surface to air rescue) seems not to be as widely known
as it should be, Utilizing STAR, it is possible to haul
injured or distressed people {maximally two at a time)
up inte the C-130 from land, sea, ice floes, or jungle
without the rescue plane lmvmg to land or to hover
above those persons.

Psychological survival factors can be summed up as
“the will to live.” It is this will alone that has saved
shipwrecked persons time und again in ail epochs in
situations where death was frominent. Persons in the
situations, e.g on life boats or together in the ocean,
have died when they spiritually gave up, while their
coinrades lived on, Others lTave survived whea all
statistics proved they should have been dead. This “will
to live” incorporates motivation and taking a cormrect
mental attitude toward a certain situation. People who
panic cannot survive for long in this case. Panic stems
from fright or anxiety and this again usually from
ipnomace or incapability of doing certain tasks or using
certain picees of cquipment when dunger arises, Survival
practice can do u lot to keep panic at a2 minimum and
spirits high.

Physiological parameters influencing the duration of
sea survival are numerous, the most important of them
being thirst, immersion, seasickness, hunger, wounds,
body welght, age, sex, and temperature, or mofe cor-
rectly hiypotiiermia and clothing,

The human body requires 2.6 1. of water a day
wlereby 0.3 1. of this aumount is produced by metab-
olism. During acute thirst the body decreases total water
necessity o 0.8 L, per day, ie. 0.5 1, from external
soutces. With this daily gquantum per person in a life
boat, indefinite survival is possible. Unfortunately, in
many sea dJdisasters this water quantum s either not at
iand or the supply is only sinall and symptoms of thirst
soon sef in. Man foses 3% of body fluid « day. If 5% is
lost physical collapse oceurs, hallucinations between an

3-107% loss, and death st approx. a 20-22% loss of body
flujds.
It 2 survivor replenishies his water necds by drinking

sea  waler. even in diduted form, it will hasten
dehydration hecause the kidneys need more water to
climinate the high sodium and chloride content { 33 G
e NaClY yet can only concentrate it to max. 2 G %,
Thus, <hirst soon increases us NaCl levels in the body
rise. Finally, thirst also inereases when trying to eat dry
and too sweel emersency foods, as water is needed for
swallowing, AR concentrated sweets cause thirst, Bitter
choeolate s etler than sweet ~hovolate.,
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An immersed survivor in a life jacket is equally in a
very serious condition as regards accelerated dehydration
and this fact is worth mentioning. Theoretically,
immersion would minimize fluid loss .f not for a striking
water diuresis, Immersion aggravates water loss and
according to Deforest leads to a rise in hematocrt of
34% in 8 hours in water of 34%C and to a 3% weight
decrease within 10 hours instead of the usual 24 hours,
The causes of immersion diuresis are:

1. Negative pressure breathing,

2. Vagal discharging activated by loft atrial stretch

receptors activated by diastolic filling leveis,

3. Skin pressure, which leads to blood being forced

centrally.
Diurcsis, no doubt, would be minimized if the survivor
were to take up a horizental position in the water, This,
however, stands in contradiction to the 459 angle
assumed safe with modern life juckets.

When finally rescued, a survivor who spent the same
time immersed as another on a raft without water would
be in worse condition, even when nnot taking his heat loss
and thermal failure into consideration. On being taken
out of the seca, hydrostatic pressure would be removed
from his skin and his reduced bloed volume would be
insutficient to fill the now available volume, thus leading
to a condition similar to shock from an acute blood loss.

The effects of seasickness on survivors spending
rmany hours or days on little life boats or rafts rocking in
the waves can be very serious. Ewven the most
expenenced seamen gre not immune from it and its
devastating effocts that may casily shorten survival time
on an otherwise intact life craft. It is undemtandable
then that everyone about to leave a distressed ship
should take sufficient antemetics and that they should
be on stock in all life boats. Very great emphasis should
be put on this point. Seasickness leads to yawning,
general fatigue, locomoelive insufficiency, apathy, hypo-
tensive circulatory disturbances and depressions as well
a5 1o a considerable luss of body fluids,

Food is not as essential for life as water is for
shipwrecked  people, especially as the majority  of
survivors on shipping lunes can be oxpected to be found
within 24-36 hours, Since we are uscd to meals at certain
times a day, however, small rations of food would have 2
good psycholopical ¢ffect on anxious people. A protlem
in storage of canned foods on open life boats is the high
corrosive effect of humid abr and salty sex water on the
food containers. Reports are on [il: of castaways having
to ubandon gquantities of food thet becwne inedibie in a
short time tlhrough waler entering rusted cans, burst
barrels, etc.

Salt water leads to a loss of the skin's natural nyois-
ture. The skin thea begins to chap and beccines sore.
Head, face, body, start itehing apd the eves may g2t
inflamed. If saif gets into a serated it will become very
puinful and lure into a bad sorc in one o lwo Jays.
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Uunost care should be tuken 1o use protective skin oils
or cream. Any kind of skin wound will not heal if in
conlact with sca waler.

A cardinal problem in sea survival hag always been
hypotherniin and its trentment, Although death at sea
was previously primarily attributed (o drowning, this is
not so. It itz due to wei-cold. Several physiologicul
factors, .o, hody weight, age, sex, water lemperature
and clathing, can have a posttive or nggative effect on
the duration of survival time in the wet environment.

In the fight against hypoiliermia at sea, clothing can
be a mailer of living or dying. Emphasis should be put
on making passengers don as many layers of warm and
preferably woollen clothing as possible, before bearding
the lifc rafis orentering the water, The insulating effect,
though, does not orly depend on the thickness of the
material but on the amount of tiny air pockets or
bubbles it contains, Clathes should fit well and be
fastened at wrists, ankles, and neck and include some
kind of neck protection. Body weight, subcutaneous
fat-layers and skinfold thickness are also important
patametsrs in sea survival. Fat people have a higher
tissue insulation than thin ones and are able to stabilize
their rectal temperatures at far lower water temperatures
than lean people.

Almost all anthors are against aleohol being issued
prior to leaving the ship or on thie life boats due to its
vasodilatory  effects and  its increasing the heat
dissipation from core to skin, thus encouraging
hypothermia, besides its other side effects. At least one
source, however, states that alcohol, even in subsiantial
amounts, does not noticeably increase heat loss of
persons in cold water though it greatly reduces their
discomfort. Test subjects have been known to tolerate
cold water immersions better with a little alcohot.

Therzpeutic treatment of hypothermic survivors may
be summed up as raising the core temperature of the
body to its normai level as fast as possible. This can be
achieved in several ways, depending on the degree of
hypotherinia and whether a doctor is on board the
rescuc ship or not. Nowadays, the prime method used is
to put the patient in a hot bath of 379C or even higher
{max. 459C) while keeping the four extremities outside
the bath and bandapging their proximal parts so that their
content of cool blood does not flow to the core before
the central organs have regained their normal

teroperatuse. During  this  procedure  the circtufatory
system  should be monitored ot eventual s of
impending collupse. [t is also iniportant (hai the back of
the neck be repidly re-warmed . Core tempoeratiure should
be measured in short inteovals,

Thauer then recommends infusions of warm rlucose
solutions and of NaliCO3 or “tris” buffer to counteract
acidosis and the possible occurrence of hypethermic
cdzima of the brain.

Due to the increased sensitivity ol the hypotliermic
heart to arrytlimia, care must be taken to keep ortho-
static loads t¢ a minimum. A re-warming collapse can
often be treated successfully by applying cold wuter to
the face,

Wentrup recowvunends low molecular dextrose angd
hypotonic efectrolyte infusions as well us analgetics, c.g.
doiau'nR, tranquilizers, and, if need be, cortisone.

Soucihon, besides advising rapid re-warming and the
drugs just mentioned, includes strophanthin, cortisone
derivates and drugs to reduce the fibrillation tendency of
the heart (trophicardR). After the surviver has been suf-
ficiently re-warmed Souchon recommends antibiotics as
a prophylactic measure agnnst i fections.

After re-warming, the susvivor should remain under
observation in bed for at least 24 hours. Alcoliolic drinks
must never be given to patients treuted for hypothermia,
Hot beverares, for example, supar dissolved in wam
water, may be taken but they are never a subsiitule for a
hot batl.
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THE INCIDENCE OF HYPOTHERMIA
IN SCUBA OIVING FATALITIES

by John J. McAniff*

The National Underwater Accident Data Center (NUADC) at the
University of Rhode Island has operated over the last ten years on various
federal grants and is presently supported by funds from the National
Oceanic and Atmospheric Administration of the Department of Commerce,
the U. S. Coast Guard in the Department of Transpbrtation and the
National Institute of Occupational Safety and Health of the Department
of Health, Education and Welfare. The primary charge of the NUADC has
baen the investigation and statistical analysis of underwater diving
fatalities involying United States citizens.

In the ten year pericd of 1970 through 1979 the NUADC has gathered
information on aPproximater.1400 such fatalities. These have included
case histories from the recreational or sport diving field, the occupa-
tional field including search and rescue divers, scientific divers etc.
and the full time commercial diver field. The cases have included all .
types of situations; from the young snorkeler to the extensively trained
professional diver working in the exotic helium-oxygen environment re-
quired in over five hundred feet of sea water.

A recurrent phenomena has surfaced in these investigations which we
have called the "sudden death syndrome”. This can be best described as
an incident in which the victim has appeared to be alright at one instant

and a few seconds or minutes later is observed laying face down in the

*Director, NationalUnderwater Accident Data Center and URI Diving Safety
Officer.



water with no physical response. Such instances are typically noted to
involve a long and arduous dive in cold water. The victim depicts none
of the classical signs of drowning such as thrashing or cries for help
hut appears to have spontaneously collapsed without warning. For quite
some time the suspicion of possible hypothermia as a contributing factor
to such cases has been present. N

To investigate this possibility a search was made of the.NUADC files
covering the period 1970 through 1975. (Later years' cases were in
varying degrees of incomplete computerization.) Of the 917 fatalitles
during this period, 33.4% (307) were found to be-;orthy of close examination.
A1} cases within this sub-group had occurred in water temperature below
65°F (18.3°C) and were further limited to those cases in which we had
cufficient information regarding the use or non-use of wet syit protection.
0f the 307 cases examined it was determined that 85 (27.7%) had been

possible hypothermia situations.

TABLE 1
POSSIBLE HYPOTHERMIA BY ACTIVITY AND SEX

Male Female
Scuba, Sport 69 8
Commercial 2 : 0
Snorkel Diving 5 0

TOTAL 85



STATE

Alaska
California
Florida
Hawaii

I&aho
[11inois
Iowa

Maine
Massachusetts
Michigan
Missourd

New Hampshire
New Jersey
New York
Ohio

Oregon
Pennsylvania
Rhode Island
Texas
Washington
Wisconsin

TOTAL

TABLE 2
POSSIBLE HYPQTHERMIA CASES BY STATE
1970 - 1975
1
28
2

w U

[ TR - RS _ R



TABLE 3
POSSIBLE HYPOTHERMIA BY REGION
Percent

Great Lakes 7
Pacific Northwest 15
New England 16
Mid-Atlantic ) . 13
California 33
Missouri 6
Misc. 10

when the 85 cases were examined for activity and sex (Table 1),
77 of the cases involved non-professional (sport or recreational)
activities and of these there were 69 males and 8 females. Of the
remaining eight cases, two were considered to be commercial and six
were snorkel di;ing and a1l eight were males. The incidence of females
in the total sample was 11%, very similar to the estimated 10 to 12%
female participation in the overall scuba diving population.

A tabulation of the cases by state {Table 2) reveals no significant
trends but when examined regionally the following notes can be made.
The Great Lakes region ( Michigan, I1linois and Wisconsin) accounted
for 6 cases (7%). The Pacific Northwest (Alaska, Washington and Oregon)
had 13 cases (15%) while New England (Maine, Massachusetts, New Hampshire
and Rhode Island) counted 14 cases (16%) and the Middle Atlantic group
(New York, New Jersey, Pennsylvania and Ohic} accounted for 11 cases
(13%). If the New England and Middle Atlantic group are combined, the

total of cases is 27 (32%), almost identical to the count for the state



of California which recorded 28 cases (33%). One other significant

note concerned the state of Missouri which accounted for five cases

(6%2), all of these involved cold fresh water diving. The remaining

10% of cases were distributed among various other regions, each with
numbers too small to be significant.

The incidence of cases occurring in salt water as opposed to fresh
water situations was 61% versus 39% respectively. This is almost iden-
tical to our ten year average for ail fatalities recorded.

Information was not available on 12 cases as to depth but of the
remaining cases 50% occurred in water shallower fhan 30 feet. In nearly
all cases deeper than 30 feet the water temperature was noted to be
colder than 12.7°C (55°F).

It is difficult if not impossible within the scope of the in-
vestigations conducted through the NUADC to pinpoint hypothermia as
the specific cause of death as the following scenario will indicate.

A typical case Tnvoives a chartered boat with about twenty divers on
board whose plan is to dive on a wreck in 90 feet of water 30 miles off
the New Jersey coast in mid April. A1l divers have basic diver certii
fication cards but no knowledge is available regarding their relative
experience. (It is later determined that the victim is on his second
salt water dive and has had only six dives pricr to the accident dive.
These were conducted in a 60 feet deep fresh water quarry.) One of the
twenty divers is seasick so it is impossible to set up a one-on-one
buddy program so three divers including the victim make up a2 three man
team. Moving down the anchor Tine, the three men encounter a thermo-
¢cline at about 40 feet which drops the temperature to about 4.5%C (40°F).
This combined with the compression of the wet suit act jointly to cool

the body.



The water visibility is less than six feet and in short order
each of the three cannot find either of the others. The victim becomes
more and more uneasy and distressed. As he begins to breathe harder
and harder on the regulator, he thinks that he must be low on air. Along
with this he starts shivering and decides to head to the surface leaving
the others benhind on the bottom. In his near panic state he probably
swims up much faster than he should and once on the surface he finds
that he has drifted far from the boat. The victim is now weak and
disoriented and on the verge of unconsciousness. A few moments later
he is spotted floating face down on the surface éﬁd though heroic efforts
of CPR are conducted, he does not survive.

As can be observed from the above account, no one specific cause
ran be isolated for this tragedy but the conditions certainly implicate
hypothermia as at least a contributing cause.

In a recent analysis of autopsies from the NUADC files, it was
noted fhat 22% of all the victims over the age of 35 had died of heart
attack or some form of cardiovascular disease. It is suspicioned that
a2 sizable number of these also involved extreme stress and probable
hypothermia.

In a conference such as this, one would be remiss not tc call
attention to another form of hypothermia which has been noted in commercial
diving operations. In recent years the search for 0il and gas supplies
has reached deeper and deeper intp the seas of the world. Divers
working at such great depths are able to do so only by using exotic
gas mixtures which rely on a high percentage of Helium mixed with Oxygen.
Because of the very high thermal conductivity of the Helium, it is
necessary to keep the divers' environment at 30% (86°F1 or slightly

higher.



In the past few years two classic cases of helium hypothermia have
been noted, both of which resulted in double fatalities. The first of
these involved a lock-out submersible which became trapped by undersea
cables and currents while examining a wreck. The two divers in the
lock-out segment of the sub had a limited supply of heliox gas and nc
way to vent the build up of Carbon Diexide. It was also not possible
to maintain the necessary high temperature within the tiny compartment.
Unon recovery of the submersible many hours later, the two men had
expired while the two other men who had been in the one-atmosphere
capsule of the sub survived with no 111 effects. Ironically, one of
the two deceased divers was the son of world famous inventor Edwin Link.

' The most recent double fatality involving helium hypothermia
occurred last year in the North Sea. Two American divers had completed
their work excusion from a saturation diving bell at about 350 feet
beneath the sea. Upon returning to the bell and sealing same, the
word was passed'for 1ifting to the surface. It was then discovered
that the 1ifting cable was no longer attached to the bell and the men
were trapped on the bottom for the next fifteen hours before recovery -
was accomplished. Both men had expired due to helium hypothermia. It
was later noted that the main shackle to the diving bell which would
normally have been both pinned and then wired, had worked loose due to
the failure of somecne to wire the pin to the shackie,

Some few observations can be made that do not necessarily rely ucon
statistical data but rather upon long years of investigation by the
author. The activity of scuba diving can be very stressful especially
in cold water which will require adequate thermal protection. Often-

times adequate thermal protection for the diver at the surface will



prove inadequate at depth due to the compression of the neoprene wet
suit material with resultant faster cooling. Much of the cooling effect
on the diver will be the result of breathing the cold compressad air
from fhe scuba tank which has been constantly exposed to the very cold
water. Some scuba fatalities can be preventéd by simply practicing
the proper one-on-one buddy system. Propef physical condition and
conditioning is important. |

when in doubt, use some common Sense, it may be colder than you

think.
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ABSTRACT
ACCIDENTAL HYPOTHERMIA: 103 CASES

Jon W, Miller, M.D.
Daniel F. Danzl, M.D.
Donald M. Thomas, M.D.

Department of Emergency Medicine
Univeraity of Louisville

We retrospectively reviewed 103 presentations (86 patients) of
accidental hypothermia treated at the discretion of the emergency medicine
staff and residents over an eight-year period. Rewarming treatment options
included passive external, active external, and heated oxygen aerosol

. administered by mask or intubation.

The slopes of the rates of rewarming were statistically similar
for passive external (0.86°C/Hr) and heated aerosol via mask (0.69°C/Hr).
The rate of rewarming for active external methods was 1.06°C/Hr. Heated
oxygen aerasol via intubation rewarmed the patient gt a gignificantly
. greater rate than the passive extermal method (1.36 C/Hr) {p <0.01).

‘The overall mortality rate for the series was 11.6%, but 47.8% if
serious underlying disease was present. Individual mortality rates were
58% for active external (7/12), 10% for active core with a mask (1/10),
5.8% for passive extermal (3/52), and 3.6Z for active core with an endo~-
tracheal tube (1/29). However, active core rewarming via intubation was
selected more frequently with moderate and severe hypothermia (p-.SgO).
The group of survivors had a higher mean arrival temperature (31.05°C)
than the non-survivors (26.7800) {(p <.001).

Active core rewarming with heated aerosolized oxygen via endo-
tracheal tube is a safe technique for the rapid rewarming of selected
hypothermic patients. The arrival temperature and the presence of serious
underlying disease appear to be major determinants of prognosis.



ACCIDENTAL HYPOTHERMIA: 103 CASES

Jon W. Miller, M,D,
Daniel F. Danzl, M.D.
Donald M, Thomas, M.D,.

From the Department of Emergency Medtcine, University of Loulsville, Louisville,
Kentucky,

INTRODUCTION

Hypothermia is defined as a core (tympanic, esophageal, or rectal)
temperature less than 35°C (95°F). Accidental hypothermla is a spontaneous
decrease in core temperature without intrinsic pre-optic anterior hypo-
thalamic pathology.ls2

Multiple interacting variables may contribute to the development of
acclidental hypothermia via decreased heat production, increased heat loss,
or direct thermoregulatory interference. Age, nutritional status,
medications, intoxicants, previous CNS trauma or pathology, or exposure 3.4
with conduction/convection/radiation/evaporation frequently are involved.”!
Therefore, no rigid prototypiec "hypothermia protocol” can be developed,

A healthy patient may have physiologic compensatory mechanisms over-
whelmed by exposure. Thermoregulation may be inefficient, impaired by
acute or chronie pathology, or pharmacologically suppressed. - The pre~
existing physiologicstatus is then in a dynamic state as the core tempera-
ture declines. Reasonable management must rely on accumulated reported
experience while considering the patient's unique predisposing factors, the
degree, and the duration of hypothermia.

Address for reprints: Jon W, Miller, M,D., University of Louisville School
of Medicine, Department of Emergency Medicine, 323 E, Chestnut, Louisville,
Kentucky 40202
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MATERIALS AND METHODS

A11 hypothermic patients evaluated at the University of Louisville
affiliated hospitals emergency departments from February 17, 1971 to
Fehiruary 15, 1979 were reviewed. Hypolhermia was confirned and mornitored
with a Yellow Springs InstrumentsRiclethermoneter model 43TA electronic
probe placed Soem into the rectum.

Vital signs were obtained usjing a,Dopp]erR if necessary and recorded
on a flow sheet. Respirations were averaged over two minutes. Basic and
advanced cardiac 1ife support were initiated as indicated.

Contributing factors including pertinent cardiac, pulmonary, endocrine,
or neurologic abnormalities were recorded.

A1l clothing was removed for the nhysical examination. The patient was
insu]ated'with hlankets and placed on a cardiac monitor. Peripheral and
central intravenous catheters were inserted as necessary and room temperature
crystalloids administered.

Standard laboratory evaluation included an immediate Dextrostix?

CBL, SMA-18, amylase, prothrombin and partial thromboplastin times, and
toxicologic screen. Cardiac enzymes, thyroid function studies, and
cortisol 1eve1s‘were drawn on selected patients. Arterial blood gases
were corrected for temperaturef'

Electrocardiographic evaluation was obtained. Roentgenographic studies
usually included skull, cervical spine and chest films,

Nasogastric intubation was performed unless the patient was alert with
intact protective airway reflexes.

Indwelling foley catheters were inserted to obtain a urine specimen

and monitor urinary output.
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RESULTS

Eighty-six patients were involved in the 103 treatment episodes. Eight
patients were admitted twice, one patient three times and one patient eight
times. The mean age was 59.6 years with a standard deviation of 17.4 years,
Average arrival temperature was 87.°F with a standard deviation of 6.3°F.

Forty of the one hundred and three cases (38.8%) were mildly hypo-
thermic (95~90°F), twenty-four {23.3%) were moderately hypothermic (90-86°F)
and thirty-nine (37.9%) were severely hypothermic (K86°F). The mortality
rates were 0.5%, 0.4% and 23.1% respectively.

Twenty-three of the cases (22.3%) had serious underlying organic disease
resulting in eleven fatalities (47.8%). One fatality had no demonstrabie
disease. Mortality for the series was 11.7%.

Fifty-two of the cases (50.5%) were treated by Passive External Rewarming
(PER), twelve {11.7%) by Active External Rewarming (AER), ten (9.6%) by
Heated Oxygen Aerosol delivered by mask (HOA-M) and twenty-nine (28.2%) by
Heated Oxygen Aerosol delivered by intubation ([HOA-I) (Figure 1).

Table 1 displays the mortality for each of the four treatment methods.
HOA-I has the lowest mortality (3.5%) and AER the highest (58.3%). Based
on percentages the apparent differences in treatment efficacy are pronounced.
It is not possible, however, to make a straight forward interpretation of
these figures since patients were assigned through medical judgement rather
than random chance. It is therefore possible that factors influencing mortality
were confounded with treatment method. That is, patients with favorable
survival profiles.may have been assigned to HOA-I, and those with poorer

survival factors to AER.
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In order to deal with this problem, as well as the issue of true
statistical "significance" of treatment differences, the data were submitted
to stepwise multiple reqression to "factor out" the effects of age, sex and
presenting temperature before examining the residual effects of treatment
method.  While age and sex had no significant effect on mortality, presenting
temperature did significantly (p€.01) influence mortality, with each
additional degree in presenting temperature increasing survival chances by
about two percent. After taking this relationship into account, a test of
the effects of treatment indicated that AER was significantly (p<.01) more
likely than other methods to be associated with mortality, while HOA-I was
significantly (p<.05) less likely than the other methods to be associated
with mortality. More specifically, estimates from the results suggest that
survival is approximately 31 percent lower with AER and 18 percent higher
with HOA-T (all other things being equal), when each is compared with its
three respective alternatives.

The effect of treatment upon rate of rewarmning was also examined within
the same multiple regression framework described above. While sex had no
effect upon the rate of rewarming, age did have a significant (p<£01) effect;
each additional 10 years of age resulted in a rewarming rate than was
approximately 0.3% per hour slower. Presenting temperature also signif-
icantiy (p<.01) affected rate of rewarming; each additional degree in
presenting temperature slows the rewarming rate by .02 degree per hours,
Finally, after taking these effects into account, it was determinec that
HOA-T resulted in a significantly (p<.n1) faster rate of rewarming, The
superiority of HOA-I over the average effect of the other three treatments

is on the order of 0.74°F per hour.
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Laboratory analysis produced a variety of interesting results. Correction
of pH for temperature reduced the incidence of acidosis to 24 of 70 samples
(34.2%). Alkalosis was present in tweive patients (17.1%).

Sodium was decreased in eighteen cases (20.0%) and elevated in sixteen
cases {17.9%) and decreased in sixteen cases (17.8%). Glucose was elevated
in forty-one cases {(48.2%) and decreased below 90 mgi/100 ml. in fourteen cases
(16.4%). Amylase was elevated in 17 of 33 specimens (51.5%), cortisol was
elevated in 8 of 11 measurements (72.7%).

Fthanol Jevels were measured above 100mg/100cc. in twenty-six patients
(25.2%). Toxicologic screening yielded six drug ingestions in toxic ranges.

Patients were well oxygenated prior to any procedure. No induced
dysrhythmias were monitored during tracheal or nasagastric intubation, or
central venous or bladder catheterization.

Residents chose core rewarming (HOA-intubation) more frequently for
lower temperatures; the study was not randomized (p=530).

Sixty-two presentations were hospitalized.



FIGURE I

1) Passive {or physiologic) external rewarming with
blankets at room temperature - PER

2) Active external rewarming with heating blankets or
whirlpool - AER

3) Active core rewarming with heated oxygen aerosol via mask
at 40°C - HOA-M.

4) Active core rewarming with heated oxygen aerosol via

endotracheal or naso-tracheal tube at 40°C - HOA-I.

TABLE 1

MORTALITY OUTCOMES FOR TREATMENT METHODS

Number of Cases Number of Deaths Percentage of Deaths
PER 52 3 5.8%
AER 12 7 58.37
HOA-M 10 1 10,0%
HOA-T 29 1 3.5%

TOTAL 103 12 11.7%
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DISCUSSION

Passive external rewarming couples cessation of evaporation and convection
with insulation against continued excessive heat loss. The patient is covered
in an ambient temperature of at least 21.1°C. This method has been advocated
as the most physiologic approach for elderiy patients who develop mild hypo-
thermia over periods greater than 12 hours. It may be the only practical
treatment in the field. A pre-requisite for success is the patient's ability
to metabolically generate an "acceptablie" rate of spontaneous rewarming.
Peripheral vasoconstriction is maintained, diminishing the severity of the
"rewarming collapse". This reduces core temperature afterdrop, rewarming
shock, metabolic acidosis, and pulmonary edema, which can result from induced
vasodi]atationf

Rewarming rates vary between 0.5 and 2.00C/Hr depending on the patient’s
physiologic status and age. The rate in the elderly should not exceed 0.55°C/Hr
if hypotension develops, but must be rapid enough to avoid prolonged periods
of susceptibility to dysrhythmiasf

There were three deaths in 52 of our cases treated with PER, a mortality
rate of 5.77%. This method rewarmed the patients at a significantly slower
rate (O.BGOC/Hr) than HOA-intubation (1.36°C/Hr). Although the mortality
rates for these two methods were similar, the majority of the patients treated
passively were mildly hypothermic. This group of patients did spontaneously
rewarm at an acceptable rate. The three non-survivors had serious underlying
diseases including sepsis and pneumonia.

Previously reported results with this method are in Table II.
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TABLE TIT
PASSIVE EXTERNAL REWARMING (PER)

Cases FER Survival Syccess Eate
t7
GREG URY 19773 201 121 67 A
(1951-72) 25:8%
WEYNANS 199y 39 v v 100%
HUDSON? 1974 16 1z 8 75%
O'FEEPFE® 19797 62 56 56 100%
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Active rewarming, the addition of exogenous heat to the patient, is
available by external or internal methods. Generally accepted factors
necessitating active rewarming include cardio-vascular instability, certain
cerebro-vascular accidents, or relative endocrinologic insufficiency
(thyroid, adrenal, pituitary). Ethanol induced peripheral vasodilatation
may also render the patient unable to generate sufficient endogenous neat’"

Active external rewarming can be accomplished by conduction of heat
directly to the skin. Partial immersion in heated water or application of
other heat sources have been successfu]?”5+;e technique is uncomplicated.
Generally, the rate of rewarming exceeds the spontaneous rate, but is slower
than the core rewarming rate. Increased risk of core temperature "afterdrop",
rewarming shock, and decreased ventricular fibrillation threshold secondary
to myocardial thermal gradients have been reported?anggre temperature afterdrop
was not prevented with mask inhalation rewarming in healthy mildly hypothermic
natients experimentally.l7

Thermal burns from blankets, and impaired patient access for monitoring
and resuscitation when in water are considerations}lﬁHea]thy patients acutely
hypothermic from immersion without pathophysiologic changes are optimal
candidates for treatment with this method.

Qur 12 cases treated with a thermal blanket rewarmed at 1.06°C/Hr. The
mortality rate was 58.3%f O0f the seven deaths, six had serious underlying

pathology.

Reported results of this method are noted in Table III.



TABLE II1

ACTIVE EXTERNAL REWARMING (AER)

Cases AER Survival Success PRate
GREGORY ' 19773 201 73 29 39, 7%
(1051-72)
WEYFAN # 1974 39 32 24 75%
HUDSCN? 1974 16 ? 0 C¥
SIESKE" 1975 1 1 1 1004

CHINARD*® 1978 2 1 1 100%



~10-

There are several methods of active core rewarming. Gastro-intestinal
irrigation of the stomach or colon, peritoneal or hemodiaiysis, mediastinal
irrigation, extracorporeal blood rewarming, heated intravenous fluids, and
heated aerosolized oxygen inhalation are available. These techniques may
decrease the incidence of rewarming collapse and dysrhythmias, especially

01;]1)1-))23)2‘{
below 30°C. They require expertise, and have been reported to have
5 1€

associated morbidityf /
152521253%’ﬁ“
The inhalation of heated aerosolized oxygen has received recent attention.
The scanty experimental and clinical data available with this technigue must
be further subdivided. Those patients treated by mask rewarm at a slower
rate than those patients intubated.

Lloyd demonstrated that a portable mask apparatus could deliver up to
30% of the heat production of a hypothermic patient, and Guild discussed
the theoretical considerations at 1ength€¥3however Hudson's calculations
predict minimal heat dains with a mask.*’

The mean rate of rewarming for our ten cases treated with HOA-mask
was 0.69°C/Hr, inexplicably less than the rate for PER (O.BBOC/Hr]. The
non-survivor was septic with a probable aspiration pneumonia.

The rewarming rate for our 29 cases treated with HOA-intubation was
1.360C/Hr, significantly greater than PER {p=.01) with a similar mortality
rate. However, the residents chose HOA-intubation more frequently for
severely hypothermic presentations (p=.530). The non-survivor was septic.

We, Tike Ledinghamfanoted no dysrhythmias during the intubation of pre-
oxyaenated patients. Translaryngeal anesthesia with 4% lidocaine was used

as necessary. Cold induced bronchorrhea and depressed protective airway

reflexes in the intoxicated or elderly could predispose to aspiration unless airway
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protection is providedfs No complications were attributed to this procedure.
Fisher calculated a "functional" value of hemoglobin, considering the
effects of the shift of the oxyhemoglobin dissociation curve in hypothermic
patients during cardiopulmonary bypass. The value was 4.2 gm/100ml blood.
This, coupled with a decreased respiratory rate and tidal volume, suggest
oxygen reserves are minimal despite decreased metabolic requirementsfé

The results reported with active core rewarming are in Table IV.
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TABLE IV

ACTIVE CORE REWARMING (ACR)

CASES  ACH

1473 201 7
(1951-72)

1973 1 1
1973 L L
1973 11 11
1973 1 1
1973 1 1
1074 1

1974 1 1
1976 16 2
1975 2 2
1976 3 3
1977 1 1
1977 1 1
1¢77 1 1
1977 "1 1
1978 1 1
1978 3 3
1978 2 1
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Interpretation and comparison of results to experimental data is difficult.
Expecting the infamous Nazi experiment;? human experimentation on young volunteers
has stopped at 34—35°C. This is prior to the development of many significant
physiologic changes. The subjects are healthy, while the majority of our
patients are elderly, debilitated, and not acclimated.

Qur temperature measurements were recorded rectally. A lag exists
compared with esophageal or aural recordings which have other Iimitationsﬁ"7
There are several factors which affected the probability of survival

in our patients. These include as previously reported the absence of
underlying disease, minimal depression of core temperature on arrival, and
a rapid response to therap;?%%zbe did not correlate with arrival temperature

or survival, although it did with the rate of rewarming. No consistent

previously reported pH or electrolyte abnormalities were found?” As expected,
Ry

4

the blood qlucose and amylase were elevated in half the patients eva]uated?
Hypoglycemia as a diagnostic aid to hypothermia or as a contributing cause
‘was not notedfizsu

Prophylactic intracardiac pacing during rewarming was not necessary in
our patientsfs

No patients received steroids. Cortisol levels were obtained on eleven
of our severely hypothermic patients, and elevated in eight. This was
expected, since acute cold exposure stimulates cortisol secretion. Adrenal
unrespansiveness to ACTH in hypothermia has been reported, thus the value of
steroids is unknown:

Active core rewarming with heated aerosolized oxygen via naso-tracheal

tube is a safe technique for those patients who require rapid rewarming and

airway protection.
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ABRSTRACT

Accidental Hypothermia:

it is apparent that much controversy exiats regarding the most effective
and the least hazardous method of warming the victim of accidental hypothermia.
The elements of warming methods in controversy include "peripheral"
as compared to "core warming," the development of reported phenomenon of
afterdrop and its significance, and the etiology of cardiac irregularities,
attributed to certain warming methoda.

Fifty-one Alaskan case histories are studied. The temperaturs range as
measured by bo:h low reading and standard "clinical“‘thermometers wag 96 F
(36°C) to 70°F (23°C). The calculated range was from 93°F (34°C) to 65-70°F
(19-22° C) Nineteen of the actual recorded initial temperatures {rectal)
read 85°F (30 C) or lower, and 25 of the estimated values were in that
range. The youngest victim was 24 hours old, the oldest 90 years. The 51
patients were warmed by six methods. These were:

I. Uncontrolled spontansous warming, K-thermia pad, warm blankets,
dry heat,

II. Spontaneous warming, controlled.

I1T. Rapid re-warming, warm water bath or whirlpool (external wet heat),
uncontrolled.
IV. Rapid re-warming, warm wateg bath or whirlpool (external wet heat),
controlled (90-106°F) 32-42 c).

V., Pertoneal dialysis, controlled.

VI. Gradual warming with warm fluids (I.V.) and the use of anesthetic
breathing apparatus in surgery.

Four of the 51 patients died. In each case, the warming methods did not
include full physical and chemical body monitoring, or comtrol, and treatment
of the underlying abmnormalities of the hypothermic state.

The cardia irregularities are reported, and include four patients in
ventricular fibrillatien, 12 cases of atrial fibrillation, 24 patients
with tacchycardia, or minor arrhythmias.

Most of the patients were dehydrated, demcnstrated mild to severe
acidosis, and after {and during) warming demonstrated evidence of hyper-
kalemia. The degree of awareness and consciousness 1s correlated with
the level of hypothermia in both.adults and childream. It is noted that the
optimum solution to the problem of hypothermia is dependent upon the time
permitted to solve the complex metabolic and cardiac and chemical changes
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as they appear. More time 1s obviously given by slower, spontaneous warming
methods-—three to eight hours-- and less rapid warming methods-—thirty
minutes to one and one half to two hours. Under controlled warming good
results were demonstrated by all methods. However, the patient with
associated freezing injury appeared to obtain better extremity anatomical
and functional result when rapid thawing methods were utilzed.

The major immediate problems presented by the hypothermic patient
included:

1. Loss of homeothermic control with the concomitant cerebral cardio
pulmonary, renal and enzymatic dysfunction associated with low
temperatures, especially under 85°F (30 c).

.

2. Metabolic acidosis
3. Dehydration and hypovolemia

1f found alive by rescue personnel, the victim may be essentially in a
"metabolic icebox,” in a mid-lethal state, so that further exposure will
result in death from vital organ cooling, and warming may, if uncontrolled,
result in death because of uncorrected acidosis, and the sudden affect of
released metabolities, increased serum potassium levels resulting Iin cardiac
excitation and hypovolemic shock. ,

The "cold heart™ is in a fragile state, and aggressive manipulation in
CPR, or efforts to cardiovert a heart not metabolically prepared to accept
such stimulation, may result in irreversible cardiac failure.

The major irmediate solution appears to demand:

1. Immediate control of the patients rescue enviromnment and immediate
organization of the rescue and treating personnel.

2. A planned approach to the problem,

3. Careful patient handling, the establishment of a patent airway,
through evaluation of the patient, and early monitoring of tempera-
ture, EKG, and urinary output.

4. 1Initiation, as socon as possible, of I.V. leads including central
venous pressure, and evaluation of Ph, blood gases and electro-
lytes, and repetitive monitoring of these values.

5. Correction of hypovolemia utilizing glucose and H,0 solutioms, or
physiclogical saline, and once baselire blood gas and electrolyte
values are obtained, sodium bicarbonate given for correction of
acidosis and mannitol or lasix to develop renal profusion. Serum
glucose values are obtained. Fluids given should be warmed to
physiological levels. Do not assume acid-base values. The patient
may be in a state of alkalosis.

Once the patient is under total system control, warming by the method
best suited to the emergency area or hospital facility, is utilized.
Whatever the method, the purpose of the treatment begun is to:



1. Restore a normal blecod volume and overcome dehydration if present.
2. Restore the acid-base balance.

3. Restore a proper electrolyte balance and avoild a post-warming
hyperkalemic state,

4, Encourage a normal renal flow,
5. Avoid serious cardiac arrhythmias and arrest of the heart.

6. Control respirationm with an adequate airway, intubation if necessary, ™
utilizing warm inspired air, an.adequate respirator with temperature -
and humidity control, or the use of an anesthetic machine 1if total
respiratory control is required.

The evaluation of this group of patients appear to indicate that
spontaneous controlled warming of the trumk and head, with rapid rewarming
of frozen extremities, and the use of a mechanical respirator or anesthetic
gas machine, may prove to be the safest wmethod of warming, allowing
satisfactory time for continuous correction of any imbalance, as the patient
approaches a normothermic stace.
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ABSTRACT
INOTROPES DURING HYPOTHERMIA AND RAPID REWARMING
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Inotropes are drugs that influence myocardial contactility. Although
effective during resuscitation at mormothermia, their use 1is discouraged
during hypothermia. The fear is that negative inotropes may further reduce
an already decreased cardiac output leading to asystole; that the positive
inotropes may precipitate ventricular fibrillation in the irritable heart.
Electrical cardioversion and vemtricular pacing are rarely successful during
hypothermia. '

. The hemodynamic effects of propranolel, lidocaine and dopamineowere
studied in anesthetized, mechanically ventilated dogs, cooled to 25°C with
a veno-venous shunt through a heat exchanger. After 1 hour at 25°C, in
preparation for rewarming, the shunt was converted to an arterio-venous

- ghunt which remained functioning until the study was completed. Before
rewarming, each group of 8 dogs received the drugs intravenously, thus:
Group 1 - 10 ml saline as control; Group 2 - propramolol 0.3 mg/kg; Group
3 - lidocaine, 50 mg initially followed with continuous infusion of 40-50
pg/kg/min; Group 4 - dopamine infusion at 12 ug/kg/min; and Group 5 -
1idocaine as in Group 3 and dopamine as in Group 4. For the dopamine
treated groups, 2 minutes of infusion was allowed, in all other groups 5
minutes elapsed after injection beforg hemgdynamiccdata were recorded. The
hemodynamic data were collected at 257, 30 and 37 C.

The findings are: (i) hypothermia impairs cardiovascular function;
(11) lidocaine and propranclol have minimal hemodynamic effects during
hypothermia, lidocaine being physiologically more desiraeble than pro-—
panol; (iil) dopamine, alone or combined with lidocaine reverses the
cardiovascular depressionofrom hypothermia, the improvement equivalent to
rewarming by as much as 5 C; and (iv) at the completion of rewarming,
cardiovascular recovery is more complete with dopamine/lidocaine compared
to untreated and propranolol treated animals. Based on these findings,
these inotropic agents are safe adjuncts to resuscitation during
hypothermia.

]
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Inotropes are drugs freguently used during resuscitation to
influence myocardial contractilitv, some to control dvsrhvthmia
and others tc augment cardiac output. Based on little or no experi-
mental evidence, their uses during hypothermia have been limited
and in some instances discouraged18. on one hand, although effective
in the control of ventricular dysrhvthmia at normal temperature,
the negative inotropic agents, lidocaine and propranclol, may have
deleterious effectsin a hypothermic patient. These drugs mav further
decrease and already depressed cardiac output (CO) and may lead to
asystole. On the other hand, when increased C0O is needed, positive
inotropic agents are seldom used because they may precipitate ven-
tricular fibrillation. Both asystole and ventricular fibrillation

are difficult to manage, either of which may be the terminal event

in profound hypothermia(6'19'24)- This studv was specifically de-
signed to test and compare the hemodynamic effects of two necative
inotropic agents, lidocaine and propranclol; and a positive inotropic
agent, dopamine, in acutely hypothermic dog model. Dysrhythmia is
not a prerequisite to the study. We emplovyed a surgical aporoach

to rapid core rewarming, an arterio-venous shunt through a neat

exchanger, because of its efficiency and simplicity(ll). Since the

limit of hypothermia below which human survival is unlikelwv is

24-26° C, we choosed to test the drugs at 25° c(13,15})

Methods and Materials:

Male mongrel dogs (20-25 kg), anesthetized with pentobarbital
(30 mg iv), mechanically ventilated with oxygen to PaCOp of 30~-35
torr, were surgically prepared for the study. The ventilation was

not readjusted for the temperature and carbon dioxide production.
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The method 6f cooling was similar to that described bv Warner(25),
and rewarming similar to that described by Greqory(ll). Briefly,
after anticoagulation (heparin 1 mq/kg iv), blood was pumped from

a femoral vein, passed through a hecat exchanger and returned to the
superior vena cava via a canula (Bardiec, 20-22 F) in the external
jugular vein. For rewarming, the veno-venous shunt was clamped

and an arterio-vencus shunt opened to bring blood from femoral artery
back to the superior vena cava through the heat exchanger, Fig. 1.
Cocling the dog took about 1 hour followed by stabilization at 25°C
for another hour. The temperature was assumed to have been reached
if the difference between esophageal and rectal temperatures was

no greater than 2°C. The arterio-venous (A-V) shunt had been fune-
tional for at least 5 minutes before baseline hemodynamic measure-
ments were taken. With a functional aA-V shunt, the drugs were ad-

ministered intravenously in the followino manner:

Group 1 10 ml saline as control (n = 8 in each group)

Group 2 propranclol 0.3 mg/kg
Group 3 - lidocaine, 50 mg initially followed with continuous

infusion, 40—50/@7kq/min throughout the rewarming

period
Group 4 ~ dopamine, 1%A€ng/min, intermittent infusion.
Group 5 - lidocaine as in Group 3 and dopamine as in Group 4.

In the dopamine treated animals, 2 minutes of infusion was
allowed, in the rest of the groups, 5 minutes élapsed after the ad-
ministration of the drug before the data were collected. Rewarming

was instituted after the initial response to the drugs were recorded.
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The temperature of the blood during rewarming did not exceed 42°C,.
The pressures and the average of duplicate CO determinations bv dve
dilution technique were taken and recorded at 25°, 30° and 37°C.

A third CO determination was taken if the first two CO curves were
widely desimilar. The value of the two most gsimilar curves were
averaged and recorded. Balanced electrolyte solution was used to
prime the heat exchanger in order to prevent broad variations in
serum potassiumfll). Each dog received approximately the same
volume of balanced electrolyte solution to flush in the dve for the
determination of CO and to replace the visually estimated blood loss
during the preparation of the vessels. Hematocrits were monitored
at various points during the experiment. A five unit change in the
hematocrit required recalibration of the densitometer. When the
esophageal and rectal temperatures reached 37°C, rewarming was con-
sidered complete. All the blood from the system was returned to

the animals and the anticocagulant was reversed with protamine

(25 mg iv}. The dog was sacrificed 24 hours following thecompletion
of each experiment.

Arterial blood gases, serum electrolytes and blood glucose were
also determined before cooling, at 25°C and at the completion of re-
warming. Although no intergroup differences were expected(9f22).
these parameters were monitored to insure that the individual
changes in cardiovascualr function could not be attributed solely
to changes in blood chemistry and pH. The means of the cardiovas-
cular data are graphically presented in figure 2. Those that visual-
ly appeared different were subjected to t-test for unpaired sam-

ples. A probability of .05 was accepted as significant.



Results:

Cardiac Output (CO): The rapid core rewarming emploved in this
model reversed cardiac depression in the control animals in a step-
ladder fashion, from 30% of CO of normothermic animals noted at 25°C
to 70% at the completion of the study. As the dogs rewarmed, the
increase in CO in the propranolol and lidocaine treated animals,
Groups 2 and 3, were not different from the control. However, at the
completion of rewarming, the CO in the lidocaine group recovered to
98% of the normothermic control value. Treatment with dopamine,
singly or in combination with lidocaine (Groups 4 and 5) caused
significant improvement in CO equivalent to that noted with a 5°C
rewarming in Groups 1, 2 and 3. At 30°C, mean CO in Group 4 ex-
ceeded those of the completely rewarmed Groups 1 and 2, while in
Group 5, combined therapy with dopamine and lidocaine resulted in
complete recovery of the CO. Lidocaine and dopamine, sinagly or in
combination have a sustained effect on CO up to the termination of

the study, well within limits found in normothermic animals.

Stroke Volume (SV) and Heart Rate (HR): These two parameters
are closely related so that at constant €O, they have an inverse
relationship, i e, increased HR means decreased SV. In this studv,
HR and SV were the determinants of CO. Rewarming increased both
HR and SV toward normothermic level. At 25°C, the increased SV
in Groups 4 and 5 (Group 5 vs control, p .001) werelargely responsi-
ble for the higher CO. Dopamine at 25° C increased HR more than
seen in any group (p .01).

HR appeared most sensitive to rewarming, almost complete re-
covery to normothermic values in all the groups at 30°C. In Groups

4 and 5, rewarming from 25-30° C increased SV (p .02) significantly,



a level even higher than the normothermic value. At the conclusion
of rewarming, SV in all groups were fully recovered seemingly un-

affected by the drugs.

Mean Arterial Blood Pressure (MARD): Rapid rewarming in-
creased MABP in all animals. At 25°C, dopamine increased MABP to
normothermic level, significantly higher than anv MABP at the same
temperature {p .05). A 5°C rewarming coupled with dopamine therapy
in Groups 4 and 5 caused significantly higher MABP than noted in
Groups 1, 2 and 3. No intergroup differences were noted in the MABP

at the completion of the experiment.

Pulmonary Arterial Wedge Pressure (PAWP): With hypothermia,
PAWP fell to 50% in the control animals after rewarming. Presence
of drugs made the response unpredictable; lidocaine tended to cause
the highest PAWP although not significantly different from all the
rest at anyone temperature. Propranolol caused the same directional
change as control while dopamine alone seemed to stabilize PAWP

against wide fluctuations.

Discussion:

We hypothesized that the negative inotropic agents might cause
further depression of an already depressed cardiovascular state and
that positive inotropic agents might increase myocardial irritability
leading to ventricular fibrillation. Our experiments did not bear
these out. The important findings may be summarized, thus: (i)
hypothermia in this model impaired cardiovascular function: (ii}

lidocaine and propranolol caused minimal changes in cardiovascular



function, lidocaine having a physiologically more desirable effect

than propranolol; (iii) when administered at 25° C, dopamine alone

or in combination with lidocaine reversed the cardiovascular de-

pression, the improvement being equivalent to rewarming by as much

as 5°C; and (iv} at the completion of rewarming, cardiovascular

recovery was more complete when the animals were treated with do-

pamine and lidocaine, either singlv or combined, dnlike the untreated

or propranolol treated animals where recovery is incomplete.
Hypothermia caused depression of cardiovascular function in

this model similar to the depression previously reported bv others

(5,611,210, Rewarming from 25°C, there is a direct relationship
between temperature and cardiovascular parameters except for
vascular resistances which varied inversely with the temperature.

Similar to those noted by Gregory et al{ll), patton et alf(21), and

others(14), rapid core rewarming in our model reversed all the
cardiovascular effects of hypothermia, albeit at a slower pace in
the absence of drug therapy. Gregory et al also reported an incom-
plete recovery at the end of rewarming although further improvement
of Cooccurred 12 hours later.

Cardiovascular reflexes, Starling phenomenon as well as
adrenergic responses to catecholamines are readilv recodnizable and
are more predictably modified by drugs during normothermia. However,
there maybe less predictability in the direction as well as maani-
tude of hemodynamic responses during hvpothermia., The regative
inotropes showed surprisingly little hemodynamic effects. Lidocaine
at normal body temperature is known to cause arteriolar dilatation (1)

and mild pulmonary vasoconstriction‘l7}. Other than an increased



PAWP, insignificant in this study, there is little to sugqgest
peripheral vascular effect of lidocaine. Propranolol also showed
minimal beta blocking property both on the heart and on the peri-—
pehral vasculature. Reduced HR, a prominent sian of beta adrenergic
blockade at normothermia, was transient, remainina sensitive to re-
warming despite the large dose of propranolol administered at 25°c.
The vascular effects of dopamine at the dogg infused suggest mild
vasodilatation of resistance vessels(10) since increased SV and O
had little effect on the MABP.

The minimal effect of the negative inotropes on €O is most
surprising of all. An explanation for such an effect remains specu-
lative, the possibility of adrenoceptor interconversion. Proponents
of the theory aver that beta adrenoceptors become less specific
during hypothermia, that the beta adrenoceptors become responsive to
alpha agonists as well, perhaps a cellular adaptation to low meta-
bolic state. Whether there is an actual change in configuration or
only a change in receptor sensitivity is presently unclear(23). 1n
our study, CO remained unchanged after administration of propranolol
as though the drug has no beta blocking effect, or that there were
fewer functional beta receptors, or that the existing CO is not at
all under the influence of beta adrenergic mechanism. No proof for
any of these possibilities could be obtained from the data.

At the infusion rate of dopamine, no increase in ventricular
irritability was noted, however, the increased HR was not at all

(10)

unexpected since dopamine ig known to increase HR Angelakos

and Daniels(z) reported that dopamine at 10ma/ka/min, as well as nor-



epinephrine lower to 12°C the temperature at which ventricular
fibrillation occurs, in contrast, fibrillation occurs at 21°C
with epinephrine. The stability of cardiac rhvthm with dopamine or

(7} could at least in part

norepinephrine as well as other amines
be explained on the basis of adrenoceptor interconversion. If the
receptors are responsive to both alpha and beta agonists, then
dopamine, (a direct precursor of norepinephrine} and the other
alpha adrenergic amineg could bind the beta receptors. When occu-~
pied, the receptors then become unavailable to the process that

triggers ventricular fibrillation. Catecholamines, notably

epinephrine are known to increase during hypothermia(zs); and

ventricular fibrillation generally coincides with the increased
epinephrine levefd}.

Covino and Beavers have shown increased myocardial contrac-
tility at low temperatures, they claim, a mechanism that is separate

from the Starling phenomenon, or from the release of endogenous

catecholamines( 8). Badeer et al claim an improvement in myo-
cardial efficiency with hypothermia as evidenced by increased work
without accompanying increase in oxygen consumption(3} It appears
that dopamine, with or without lidocaine augments the effects
of cold as shown by increased SV to levels much higher than seen
during normothermia. Dopamine at 12«q/kg/min did not elicit
similar effects at the completion of rewarming.

Induced hypothermia in the dog under controlled conditions
is by no means similar to accidental hypothermia in man. We would,

for example, hesitate to introduce a Swan-Ganz catheter into
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hypothermic patients for fear that the procedure may trigger
ventricular fibrillation. However, others have inserted the cathe-
ther into the pulmonary artery of victims of accidental hvyvpothermia
without complication., The same investigators have also used
isoproterencl during rewarming without inducing ventricular fi-
brillation{12 . Admittedly the temperature of their patients are
above 30°C,outside the critical range for fihrillation.

The use of pharmacologic agents as adjuncts to rewarminag have
sound rationale. Prevention of fibrillation is logical because
electrical cardioversion is difficult in a cold patient. In addi-
tion, if the cardiac output could be augmented pharmacolegically,
rewarming by any means becomes more efficient. Since there are
evidence that lidocaine and dopamine, as well as other adrenergic
amines could stabilize the cardiac rhythm, then thev are indeed
logical inotropes to use during resuscitation. The added benefit
from dopamine maybe its splanchnic and renal vasodailating pro-

perty (100 which will virtually assure good urine output, renal

shut-down after all is a common complication of hypothermia( 16,20},
Based on the findings in the dog, propranolol, lidocaine and
dopamine ought to be safe adjuncts to resuscitation in hypothermic

patients.
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INTRODUCTION

-

It is a sign of our times that a conference examining an
exciting new field of emergency medicine must alsoc include an
analysis of potential legal problems. But just as having the
proper equipment used correctly can prevent hypothermia, knowl-
edge of the legal issues involved in this field can prevent the
chilling effect of a lawsuit. 1In law as well as in medicine,
prevention is the key factor.

This paper is an effort to provide basic legal information
for three client groups represented at this conference: organiza-
tions taking an active role in hypothermia training; individuals
taking part in a hypothermia rescue; and manufacturers of prod-
ucts designed to prevent hypothermia. The focus is on United
States law, although some foreign law is mentioned. The law may
differ substantially from state to state, so that universal an-
swers cannot be given on many of the questions posed. Both or-
ganizations and manufacturers should have local counsel to keep
them advised of new developments in the law.

ORGANIZATIONAL/INSTITUTIONAL LIABILITY

The most likely theory of law that would be utilized in
an action against an organization providing hypothermia instruc-
tion is negligence. Negligence can be defined as the failure to
observe, for the protection of the interests of another person,
that degree of care, precaution, and vigilance which the circum-
stances justly demand, whereby such other person suffers injury.1
An act of negligence may be one which involves unreasonable risk
of harm to others, even though it is done with reasonable care,
skill, preparation, and warning. The negligence is inherent in
the act. In other types of conduct, the act may become negli-
gent through the lack of care, skill, preparation, or warning
although the act in itself would not have constituted negligent
condugt had reasonable care, skill, preparation, or warning been
used.

Focusing on the failure to exercise care, the negligence
question is: "Did the defendant use such care as ordinarily
prudent men would use under similar circumstances?" Whether

*Member of the Rhode Island Bar and Assistant Professor of
Marine Affairs, University of Rhode Island :



the facts of the case involve negligence is a question for the
jury to decide. When planning a training program, keep that
jury in mind when you consider how and where the course will be
coffered.

A recent case involving sailboat racing has had a dramatic
impact on the sport. Claims in excess of $10 million have been
brought against a boat owner and the Lloyd Harbor Yacht Club of
long Island by the widow of a sailor who drowned last year after
being thrown cverboard during a race sponsored by the club. The
suit, alleging negligence by the yacht club, claimed that the
wind speed was too high and the water temperature too low to ™
safely conduct a race. In addition, the suit alleged that an -
inadequate number of rescue craft were available.

According to William Lynn, United States Yacht Racing Union
Vice President, "Lloyd Harbor has created something of a panic
in the Long Island Sound Area."3 The club has zero assets, not
even a clubhouse, and costs of legal defense arising from the
lawsuit are proving to be significant. As a direct result of
the suit, USYRU has decided to purchase an $11 million regatta
liability insurance policy, which would give member yacht racing
associations and yacht clubs the opportunity to purchase similar
coverage for approximately $200 in annual premiums.4 In addi-
tion, litigaticn is expected as an aftermath of the Fastnet race
which claimed 15 lives in England last summer.

All of these suits may prove to be unsuccessful, but one
point to remember is that they cost a great deal to defend. It
is a virtual certainty today that any death or serious injury
which appears to be even remotely related to an organization's
activities will spark a Lloyd Harbor-style lawsuit. A training
program must not include activities which might have "an un-
reasonable risk of harm." Keep in mind that that is a flexible
term, which may vary from student to student. Activities which
may be quite safe for trained lifeguards might be considered un-
reasonably dangercus for an older student. Thus your program
must be flexible enocugh to meet the needs and abilities of dif-
ferent groups. In the zeal to "spread the word" about hypo-
thermia training, safety standards cannot be relaxed--they must
remain the most important consideration in every part of your
program. Despite the best safety program possible, some injuries
will probably still occur. But if you have exercised "that de-
gree of care, precaution, and vigilance which the circumstances
justly demand," your organization will be able to defend any re-
sulting lawsuit based on negligence,

As an example of the many bases for liability suits,_ccn-
sider a typical indoor pool hypothermia training program. A
plaintiff could allege that you had failed to "provide safe —
facilities" and that his slip-~and-fall injury was caused by
your slippery decks, insufficient lighting, or steps and hand-



rails which do not comply with government codes. Lesson:

operate or rent only a very safe facility, with excellent safety
equipment available. Another plaintiff could allege that his
instructor "failed to perform properly" and that his near-drowning
was the result of his instructor leaving the pool area to make a
telephone call. Lesson: your instructors must be highly respon-
sible and mature individuals who understand the dangers inherent
in aquatic instructioen.

Designing a completely safe training program can be compared
to walking across a minefield loaded with exploding lawsuits. .
Hopefully, the information that has been provided will serve as
an effective guide through those dangers. In addition, it is
highly recommended that any organization involved in instruction
protect itself further with substantial liability insurance to
protect against unforeseen dangers.

INDIVIDUAL LIABILITY IN HYPOTHERMIA RESCUE

Under common law, there is no duty or legal obligation to
come to the aid of another person who is in peril. This rule has
long been criticized as anachronistic and outmoded. Most civil=-
law countries have changed this rule by statute, and many scholars
have argued eloquently for its repeal in this country. Judeo~
Christian philosophy has maintained that a man has a duty to aid
his neighbor in peril, but courts faced with a breach of this moral
duty have consistently refused to find that any legal duty was
breached. Consider the following case: Albert Osterlind rented
a canoe and paddled to the middle of a lake. He was drunk, and
the boat overturned. He shouted for help for half an hour before
he drowned. Standing on the shore, the owner of the boat heard
the cries but did nothing. The court found that the owner was
guilty of no crime or tort. "The failure of the defendant to
respond to the intestate's outcries is immaterial. No legal right
of the intestate was infringed."? Such decisions have been con-
demned by legal writers as revolting to any moral sense, but thus
far they remain law. B

As with any rule of law, however, there are a variety of
exceptions in which courts have found an affirmative duty to
rescue. The first is when a special relationship exists between
the rescuer and victim. Examples of this would be the relation-
ship among family members, between innkeeper and guest, and be-
tween emplover and employee. The second exception occurs if the
defendant was at fault in causing the plaintiff's injuries or
peril. He then has a legal obligation to go to the plaintiff's
aid and is under a duty to exercise care in so doing. The next
exception is statutory. Several states have statutes making it
a criminal offense for the driver of an automobile to fail to go
to the aid of any person in an accident with his car, even though
the driver was in no way at fault in causing such accident. 1In
addition, there is a federal statute recognizing that ancient



law of the sea:

The master or person in charge of a vessel shall,
as far as he can do so without serious danger to
his own vessel, crew, or passengers, render as-
sistance to every person who is found at sea in
danger of being lost; and if he fails to do so,

he shall upon conviction, be liable to a penalty
of not exceeding $1,000 or imprisonment for a term
not exceeding two years, or both. 46 U.s.C. 728

Many other nations have turned this exception into the rule.
Twelve civil-law countries recognize a legal duty to come to the
aid of one in peril. The French Statute is typical--it imposes
a jail sentence, a fine, or both, on "any person wno willfully
fails to render or obtain assistance to an endangered person
when such was possible without risk to himself or others."?

Let us assume, however, that our potential rescuer does not
need a statute forcing him to go to someone's rescue; his basic
sense of humanity instructs him to take action. What legal re-
lationship exists now? Our rescuer need not have acted_at all,
but if he does act, he must act with "reasonable care."10 Courts
have defined this "reasonable care” in a very flexible way by use O
the so-called "emergency doctrine." Very simply, one confronted
with a sudden emergency is not held to the same accuracy of judg-
ment as would be required if he had time for deliberation; and 3&_
he exercises such care as an ordinarily prudent man would exerc..
in a like emergency, he is not liaple for a resulting injury.

widely recognized, this doctrine has provided substantial
protection for the responsible volunteer rendering emergency as-
sistance. The largest organization in this country sanctioning
safety/instruction programs, the American Red Cross, reports that

there has never come to our attention nor to that of
our legal office, any case in which a student, who
has been duly certified by the Red Cross, been made
a party to a lawsuit or subject to a judgment for
damages for any cause of action related t¢o_the ren-
dering of volunteer emergency assistance.

When a rescue in U. 8. waters is taking place, more often
than not the rescuer is the U. §. Coast Guard. The Coast Guard
is authorized, though not obligated,

nto render aid to distressed persons, vessels, and

aircraft on and under the high seas and on and under

the waters over which the United States has jurisdic-

tion" and to "perform any and all acts necessary to -
rescue and aid persons and protect and save property.”

14 U.s.C. 88 (a) (1} o



The emergency doctrine applies to members of the Coast Guard,
but since they are trained in emergency rescue operations, they
must demonstrate a higher standard of care than those untrained
in emergency operations.

Although the vast majority of Coast Guard rescues are handled
in a professional manner, occasionally mistakes are made and the
Coast Guard has been found liable for its negligence, In U. S. v.
Lawter,12 a husband sued for the death of his wife who fell from
a Coast Guard helicopter during rescue operations. The court
found that where there was a Coast Guardsman aboard the helicopter
who was trained in the operation of rescue equipment, but the offi-
cer in charge of the helicopter allowed an untrained man to operate
the rescue equipment, the evidence was sufficient to support a find-
ing that the Coast Guard was negligent.

Another class of individuals often faced with rendering emer-
gency aid is doctors and other medical personnel. This country
has, through the so-called Good Samaritan statutes, exempted doc-
tors and other medical personnel from liability for negligence when
they render unsolicited aid in an emergency. Over 30 states have
adopted these statutes. Most of them exempt doctors and other medi-
cal personnel from liability for ordinary negligence when they stop
at the scene of an accident to render aid. Three of the states, New
Mexico, Tennessee, and Texas, however, extend immunity to all per=-
sons who so render aid. A recent poll of doctors and medical per-
sonnel in those states which have adopted Good Samaritan laws shows
that the statutes have not achieved their desired effect, that is,
to encourage doctors to come to the aid of those in peril. Over
fifty percent of the doctors polled in Good Samaritan states said
that they still would not stop and render aid to the injured.l3
In fairness to the physicians, the statutory conditions placed upon
the grant of immunity are, in many cases, vague and ill-defined;
they leave a great many factual questions to be decided by a jury,
arguably encouraging the emergency patients to bring action for
malpractice.l4

Finally, let us assume that our rescuer, with competent first
aid and hypothermia training, acting as a reascnable, prudent per-
son in the face of this emergency, injures himself in his effort
to save the victim. Can he recover for his injuries? Under the
principle of law known as the rescue doctrine, one who is injured
in undertaking the rescue of a person who is in imminent and seri-
cus peril may, absent rash or reckless conduct on his part, re-
cover for his personal injuries from the person whose negligence
created the perilous situation. The majority view is that the
doctrine is applicable even where the party being rescued was the
one guilty of the negligence creating the danger. Essentially,
the rescue rule expands the risks which a rescuer mav properly
take in order to save a third person in danger from harm. Thus,



conduct which ordinarily might be held negligent may not neces-
sarily be so considered when performed by a rescuer in an effort
to save another from bodlly injury. An example is the case of
Doran v. Kansas City,l5 in which a child drowned attempting to
rescue his brother from drowning in a water-filled hole in a -
public park. Recovery on the kasis of the rescue doctrine was
allowed, in light of the fact that the city knew fcor a long time
of the conditicns which attracted c@ildren to the dangerous hele.

—

An excellent summary to this section discussing the indi-
vidual and rescue was written by the eloquent Judge Cardozo 1n
the Wagner v. International R. R.16 case in 1921:

~ "Danger invites rescue. The cry of distress is the
summons to relief. The law dces not ignore these
reactions of the mind in tracing conduct to its con-
sequences. It recognizes them as normal. It places
their effects within the range of the material and
probable. The wrong that imperils life is a wrong
to the imperiled victim; it is a wrong also to his
rescuer.

PRODUCTS LIABILITY LAW AND MANUFACTURERS
OF HYPOTHERMIA PREVENTION EQUIPMENT

Products liability law is a relatively new field of law
which has developed rapidly as a result of the increasing com- -
plexity and hazardous nature of products intreocduced in the mar-
ketplace. Very simply, it means that a legal liability is created
when a product which is defectively made or designed causes injury
to another. A wide range of survival/hypothermia prevention prod-
ucts currently available could be affected by this quickly grow-
ing field of law.

—

Recovery under products liability law is generally sought
using one or more of the following legal thecries: negligence,
breach of .express or implied warranties, or strict liability.
The trend is clearly from "buyer beware” to '"seller beware.”

A brief discussion of these three theories follows.

A. Negligence - The subject of negligence has been generally
discussed in the preceding sections. With regards to product
liability, proof of negligence in manufacturing a product that
proximately causes injuries that are reasonably foreseeable will
impose liability upon the manufacturer. An example of this could
be a negligently manufactured survival suit which falls apart upon
usage.

B. Warranty - Causes of action arising from breach of warranty

are based upon the provisions of the Uniform Commercial Code, —
which has been adopted in 49 states. The UCC lists three types

of warranty: express warranty (Sec. 2-313), implied warranty -
of merchantability (Sec. 2-314), and implied warranty of fitness
(Sec. 2-315).



Express warranty applies when the seller makes an oral or
written statement of promise about the product to the buyer.
An example would be a sleeping bag guaranteed to keep you warm
at 20 degrees below zero.

The implied warranty of merchantability is involved when
there has been no representation by the seller; the product is
nevertheless warranted for its general purpose, that it will do
what it is supposed to do. A life jacket, for example, (or per-
sonal floatation device, if you prefer}, is designed toc keep a
person afloat. If it fajils to do so, a breach of the melxed
warranty of merchantability could be found.

An implied warranty of fitness provides the final source
of protection for the buyer. It becomes involved when the sel-
ler knows that the product will be used by the buyer in a par-
ticular way. For example, a small inflatable rubber boat would
have an implied warranty of merchantability to not leak, have a
certain loading capacity, etc. But, if the seller knows that
the buyer intends to use that open boat for a survival life raft,
then the product is further warranted under fitness to be suit-
able for survival conditions. The liability in this case would
obviously fall upon the seller who made the promises and not the
manufacturer.

C. Strict Liability - A theory which is rapidly gaining strength
and which can be brought to bear relatively easily bv the buyer
is strict liability. The theory is adopted in most jurisdictions
in the form expressed in the Restatement of Torts 2nd Sec. 402a:

Cne who sells any product in a defective condition
unreasonably dangerous to the user or consumer or to
his property is subject to liability for physical
harm thereby caused.

This liability is imposed if two additional requirements are met:
(1} that the seller be engaged in the business of selling;. and

(2} that the product reach the consumer without substantial change.
Liability is imposed even if the seller has "exercised all peossible
care in the preparation and sale of his product."l17

From this brief summary, it is evident that manufacturers and
sellers of products designed for special service must he extraor-
dinarily careful in the production and advertisement of their goods.

CONCLUSION

The single most important point running through this paper
is caution. Hypothermia training must be carried out in as safe
an environment as possible; rescue operations should bes cconducted
as carefully as emergency conditicns allow; and manufacturers of
equipment designed to prevent hypothermia must be very cautious
about the way their procducts are manufactured and advertised.



The law does nothing to interfere with trained personnel
undertaking a hypothermia rescue using recognized techniques.
It provides protection for both the rescuer and the victim if
negligence occurs. All in all, it provides a reasonable bal~
ance of the interests of society and the individual in this
exciting new field of emergency medical care.
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ABSTRACT

EXPERIMENTAL EVALUATION OF THE EFFECTIVENESS
OF HYPOTHERMIA PROTECTION EQUIPMENT

E. M. 0'Brien, R. M. Harnett, F. R. Sias, J. R. Pruitt

College of Engineering
Clemson University
Llemson,. South.Carolina 29631

Experiments were conducted on a diverse group of immersjon hypothermia
_qrotection articles to determine their effectiveness. The articles examined
included a ski vest PFD, jacket—typé devices, a short wet suit, deck suits,
dry suit flight ensembles (ventile cotton and gortex), dry foam survival
suits and dry suits with an inflatable air-bladder for insulation. One article
of the last type was designed to provide respiratory heat reclamatiom. A
total of 16 articles were tested. These experiments were conducted using
human subjects in either 53° or 35°F water depending upon considerations
of the suit type and the safety of the subjects. Experiments were terminated
Hhen the subject's rectal temperature reachgd 95°F or after 3 hours whichever
came first. The cooling data so obtained was used to predict survival time in
35°F water for an average, thin and heavy individual. The survival time pre-
dﬁctions for the person of average somatotype ranged from 2.8 hours while wearing
tpc ski vest PFD to 27.1 hours wearing the air-bladder insulated dry suit em-
pioying respiratory heat reclamation. The corresponding survival time ranges
fér the thin aﬁd heavy individuais are from 1.3 to 30.2 hours and from 4.0
té 73.2 hours respectively. The same two articles again provideg the least

and most protection.



A STUDY OF IMMERSION HYPOTHERMIA

PART |I.

Experimental Evaluatlon of the
EffectIveness of Hypothermia
Protection Equlpment

by

E.M. 0'Brien, Ph.D., R.M. Harnett, Ph.D.,
F.R. Sias, Ph.D. and J.R. Pruitt, M.D.
College of Englineering

Clemson University
Clemson, S. C. 29631

1.0 INTRODUCTION

The selection of equlpment_to provide protection from hypothermia
during acclidental Tmmersion tn cold water is difflcult not only because the
abllity of the equipment to prolong life is dIfficult to assess, but also
because there may be several additlonal attributes of the equipment which
are varlously important to different potential users. Merchant mariners
or commercial fishermen require equipment which can be donned qulckly iIn
the eventof an accident which necessitates prolonged survival In cold
water. Avlation personne! who routinely fly over cold water may require
equipment which can be worn for several hours at a time in warm alr while
they perform thelr various functions In the alrcraft. Because they often
are equipped with electronic devices which render them easy to locate by
search and rescue teams, the aviators may not require protection during
prolonged exposure (many hours). Some aviators, such as tactical alrcraft

crews or even search and rescue crews, may also place conslderable demands

* Sponsored by U. S. Coast Guard Office of Research and Development
Contract Number POT-CG-72074-A



on their protectlon equipment to be qulckly donned. Deck crewmen on
boats and workers on offshore oil platforms may require equipment that
can be used In a constant-wear mode but which will not Interfere with
their ability to perform thelr duties elther directly by reducing their
mobility or indirectly by Inducing exceptional fatlgue. There are other
equlpment performance attributes which are fmpartant Tn making selection
decisions for equipment to be used by different groups with different
requirements. This study was formulated to provide an evaluation of
selected attributes for state-of-the-art equipment relevant to such
selection declslons for merchant mariners, Coast Guard operational personnel
and recreational boaters. Cold protectiveness and wearabillty are specl-

fically presented.

The range of equipment to be considered for Inclusion In this study
was restricted to devices which are commerclally avallable and to existing
prototype devices. HNo new prototypes were developed for inclusion in
the study. In addition, the selection of test articles was restricted to
include in the study only one article representing each general type of
equipment. The study was not intended to compare the products of di fferent

manufacturers which employ the same general design features.

The conduct of the cold protectlion effectiveness Investlgation was
restricted to be based on data which could be obtalned from safe, in vivo,
cold-immersion experiments using human subjects. Thus human responses to
cold-immersion, whlle wearing the test articles, could be observed only over
a narrow range of body core temperatures Involving the mildest hypothermia.
The estimation of survival times associated with the test articles was, of

necessity, based on extrapolations of cbservations made in mild hypothermia.



2.0 DESCRIPTIONS OF THE TESTY ARTICLES

The test articles consldered In thls study may be categorized by general

design approach Into the following flve groups.

Wet sults coverlng entlre body (WE)

. Wet suits covering partial body {WP)

Dry sults with I1ttle Intrinsic !nsulation (D)
Dry sults with foam-rubber Insulation {(DF)
Dry sults with alr-space Insulatlon {(DA)

v oE W —

The following paraaraphs present descriptions of the test articles grouped
lnto these categories. The anclllary equipment with which they were tested

is also described.

Two ensembles of ancillary equipment were standardlized for use in
testing certaln of the test articles. One, which wil) be referred to as
'standard work/recreatlon clothing', consists of denim Jeans, a light-weight,
long-sleeved cotton shirt, cotton undershorts and T~-shirt, cotton athletic
socks and low-top canvas sneakers. The other, referred to as ''standard
anciilary aviator's ensemble', consists of one sult of nomex underwear
and undershirt (CWU-43/P and CWU-44/P), one palr of cotton athletlc socks,

low-top canvas sneakers, and an avlator's water wings flotation device

(SRU-21 and LPU-10).

2.2.1 Wet Sults Covering Entire Body

Bayley WeatherMate Plus (WE!)

The Bayley WeatherMate Plus, Is a two-piece suit
constructed of neoprene foam rubber. The jacket features a deployable
diaper-1lke closure at the groln, a hood formed from the collar by closing

a zipper and an orally-Inflated flotatlon bladder lTocated mainly in the upper

shoulders area. C(lnching, belt-type closures are provided at the wrists and

ankles. This sult was tested over the standard work/recreatlon clothing.

Henderson Z1p-On Exposure Sult (WE2)

The Henderson ZIip-0On Exposure Sult, Is essentlally a 3/16 inch
neoprene wet sult with zlppered gussets provided on the arms, legs, hips and

torso to facilitate donning and to permlt tightening the fit of the suit In
the event of inadvertent entry of cold water. Accessorfes Include a hood, three-
finger mitts and hard-sole booties. Velcro closures are provided at the wrists
and ankles to retard the entrance of outside water Into the puckers caused by
closing the zippered gussets. Thils sult was worn over undershorts only.

3



Stearrs Feavy-Duty Offshore Survival Suit (WE3)

The Stearns Heavy-Duty Offshore Survival Sult, s a one-piece

jumpsuit,lined with PVC foam rubbur of varying thlckness {thicker on torso than arms).
A hood attaches to the sult by two snaps. Zippered closures are provided at

the wrists and ankles. Supplemental flotatlon Is provided by an orally-inflated
flotat lon bladder located In the upper chest area. This sult was tested over
the standard work/recreatlon clothing.

White Stag Nylon-Two Wet Suit (WEh)

The White Stag Nylon-Two Wet Sult, Is constructed from
3/16 inch neoprene rubber {Rubatex 1400). Accessorles include a hood, 5-
finger mitts and soft-sole bootles. Zlppered closures are provided at the

wrists and ankles. This suit was tested over undershorts only.

2,2.2 Wet Suits Coverlng Partial Body

Henderson Prototype Jacket (WPI)

The Henderson Prototype Jachet,is constructed of neoprene foam
rubber of varying thlckness. An Integral hood stows under the collar.
Zippered gussets are provided on the arms and torsc. Velcro closures are
provided at the wrists. A beaver tall, sllghtly larger than on a standard
wet sult closes the bottom of the jacket. It was tested over the standard
work/recreation clothing and with a small kapok Type i1 Mae West flotation
ald.

Medalist Ski Shorty (WP2)

The Medallst Ski Shorty, is a one-piece short wet sult
constructed of nylon-faced necprene rubber 1/8 inch thick. It was tested
In conjunctlon with a wet sult hood (White Stag 3/16 inch), light weight
flight coveralls (CWU-27/P}, cotton athletic socks, canvas sneakers and
the water wings flotation device (SRU-2! and LPU-10). The short wet sult

was worn over undershorts only.

Mustang U-VIC Thermofloat (WP3)

The Mustang U-VIC Thermofloat, s llned with PV(C foam
rubber of varylng thickness. Recessed knit cuffs provide some protection

from outslde water entry. A deployable dlaper-llke device provides groln
protection and closes the bottom of the jacket. A thin hood stows inside

the collar. This jacket was tested over the standard work/recreatlon clothing.
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NADC Modlfied Wet Sult (WPL)
The NADC Modifled Wet Sult, Is a combination of flight sult and

a short-sleeved, one-plece wet sult. The wet sult construction is of neoprene

rutber and features zlppered closures at the ankles. Fittings and tubing are
pruvided In the suit to allow It to be attached to a forced-air coollng
system to remove excess body heat while In a dry environment. Thls capability

was not exerclsed durlng testing. Thls sult was tested with one suit of nomex

undervear, athletlc¢ socks and sneakers.

Stearns Windjammer Jacket (WP5)

The Stearns VWindjammer Jacket, Is llined with PYC foam rubber
of varying thlckness. Recessed knit cuffs provide some protection from outside
water entry. A thln hood stows Inside the collar. Thls jacket was tested

over the standard work/recreation clothing.

Stearns Offshore Survival Jacket (WP6)
The Stearns COffshore Survival Jacket, is lined with PVC foam

rubber of varying thickness., An addltional 1lner of 1/8 Inch reoprene foam

may be closed after enterling the water providing addlitional protection to the
torsc. This liper Is closed at the bottom by a narrow beaver tail. Recessed
knit cuffs provide some protectlon from outside water entry. Additlonal elastic,
wrap around closures are provided at the wrists. An insulated hood s an
integral part of this jacket. This Jacket was tested over the standard work/

recreation clothing.

Texas Recreation Corporation Nylon-Covered PFD (WP7)

The Texas Recreation Corporation Nylon-Covered PFd, is 1lined
with unicellutar foam rubber. The design features no openings through which
water could pass except the front, which Is closed by three buckles. Selectlng
for snug fit reduces the abllity of water to enter around the vest. This vest

was tested over the standard work/recreation clothing.

2.3 Dry Suits with Little Intrinsic Irsulation

This group of test artlcles share the property that they are generally
constructed from thin materfal which seeks to provide a water barrier during
irmersion. This allows one to achieve cold protection by Imposing beneath
the suit a garment (e.g., nomex, waffle-weave underwear) which will immobilize

ar air layer.



Eeaufort 1K-10 Britlsh Immerslon Coverall (DI)

The Mark 10 Immersion coverall, 1s a one-plece sult with integral foot
coverings whlich can be worn under flight boots. It !s constructed of double-
layered ventile fabric. Vent!le fabric Is designed to permit the ellmlination
of waste heat by passing water vapor when in the dry, but to provide a water
barrler durlng immerston because of changes that occur in the fabric. The
coverall is closed by means of a single waterproof zlpper which ¢loses from
the right shoulder to the left hlp. Water Is also excluded from the sult by
elastic seals at the neck and wrists. The sult was tested wlth one sult of

nomex underwear and canvas sneakers.

NADC Goretex Experlimental Coverall (D2)

The NADC Goretex Experimental Coverall, was constructed of
a light, canvas-type nomex to which '"goretex' had been laminated on the
inside. The theory of this construction Is that It permlts the elimlination
of waste heat in the dry since goretex {s permeable to water vapor whille
provi&ing a water barrier durlng Immersion because of changes that occur in
the goretex. The coverall has Integral feoot coverings which could be worn
under flight boots. The coverall Is closed by means of a single waterproof
zipper which closes from the left shoulder to the groin. Water Is also
excluded from the sult by elastle seals at the neck and wrists. The sult

was tested with the standard anclllary avlator ensemble.

U. S. Air Force Mod!fied Anti-Exposure Assembly (D3)

The U.S. Alr Force Modifled Antli-Exposure Assembly is a
modification of the CWU-21/P. 1t is constructed of single-layered ventile
fabric which is deslgned to permit the ellmination of waste heat, by passing
vater vapor when in the dry but to provide a water barrier during immersion
because of changes that occur In the fabric. The assembly has integral foot
coverings which can be worn under fllght boots. The coverall is closed by
reans of a single waterproof zlpper whlch closes from the groin to the throat.
Vater is aslo excluded from the suit by elastic seals at the neck and wrists.

The suit was tested with the standard ancillary aviator ensemble.

r Bry Suits With Foam Rubber Insulation

The test artlicles In this category share the features that they seek to
keep the occupant dry and warm. Thermal Insulation Is provided in the form

of a foam-rubber-stabillzed layer of alr.
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Bayley Exposure Sult (DFI)

The Bayley Exposure Sult, was tested in two types of
foam rubber {neoprene and PVC) each 3/!6 Inch thlek. The sult includes
Integral head, hand and foot protection and will accommodate shoes inslide.
The sult Is closed by a single waterproof zipper which closes from the
groin to the chin. The Iatrinsic buoyancy of the sult is augmented by
an orally-inflated "pillow" which attaches to the upper back area by two short
zlppers. Mater is excluded from the sult by a soft rubber seal around the
wearer's face. Flotatlon attitude may be contralled somewhat by expelling
excess air from the legs of the suit through 'valves' located on the toe
arca of each leg. This sult was tested over the standard work/recrestlon

clething,

Helly-Hansen Survival Sult (DF2)

The Helly-Hansen Survlval Sult, utilizes foam rubber to impede

conductive heat transfer and has a metalized foll layer between the outer

material and the foam rubber to Impede the loss of heat by radiation. The

suit includes integral head and foot protection and will accommodate shoes

inside., The sult is closed by a single waterproof zlpper whlch closes from

the groin to the chin. Water s excluded from the sult by neoprene rubber

seals at the wrists and around the wearer's face. Thls sult was tested over

the standard work/recreation clothlng. The hands were protected by 3/16 Inch

neoprene three-finger wet-sult mitts,

S.1.D.E.P. Seastep Survival Sult (DF3)

The S.1.0.E.P. Seastep Survival Sult is constructed of
5 mm thick closed-cell, nylon-1Ined neoprene rubber. The suit includes integral
head and foot protection. Integral flve-finger hand coverings are also pro-
vided but are constructed of much thinner material. The entrance is a tubular
attachment jolning the suit at the shoulders. It is closed by a zipper but the
waterproof seal of the entrance is provided by rolling 't and hooking It to
@ metal ring on the chest. This ring also serves as the focus for a built-1In
harness facllitating retrieval by winch from the water. fntrinsic flotation
is augmented by an inflatable, front-mounted bladder. The sult does not
accormodate shoes Inside. 1t was tested over the standard work/recreation

clothing, less the sneakers.



2.5 Dry Sults With Alr-Space Insulation

The suits In this group share the feature that they seek to provide cold
protection through an alr-space which Is contalned In and controlled (for
thickness) by an inflatable, alr-tight bladder. Thls contrasts with the dry,

foam suits which Immobillzed an alr-space In closed-cell foam rubber.

fLC Industries Prototype Survival Sult (DAl)

The ILC !ndustries Prototype Survival Suit conslsts of two
main components. An ocuter shell to which goretex has been laminated permits the
release of water vapor In the dry but provides a water barrler during immersion,
Inside this shell Is an Inflatable bag which surrounds the entlre body. The two

layers of the bag are heat sealed together in round patches at regular intervals

to control the thickness of the alr layer when fully inflated. The centers
of the heat sealed patches were removed to provide paths for water vapor

to escape the body carrylng excess bady heat with it. [Integral protection

is afforded the feet. An Inflatable hood was also attached to the back

of the suit. The hands are protected by separate Inflatable mitts. In-
flating seals are provided at the neck and wrists. The sult has flttings

and tubing to allow It to be connected to a faorced-alr coolling system to
remove excess body heat while In a dry environment. This capabllity was

not exercised during testing, The outer shell Is closed by a single zlpper
(not waterproof) which closes from the groln to the neck. A separate water-
tight closure made of heavy plastic and simllar to the closures of a zip-lock
bag Is provided Inside thls zlpper. This sult was tested with the nomex under-
wear and cotton athletic socks. The alr bag was orally inflated to the maxi-

mum extent posslble.

Dr. Rentsch's Prototype Survival Sult (DA2)

ULr. Rentsch's Prototype Survival Suit Is a modiffed Beaufort

Mark VIl Submarine Escape and Immersion Sult. The prototype completely en-
closes the body (except for the hands) with resplration belng accompl!shed
through gas exchange criflces in the blcurved face plate. A separate mouth

port is provided for issulng distress calls (e.g., by blowing a whistlie). The
suit is an inflatable insulation bladder surrounding the body. A sepszrate
inflatable Mae West-like flotation bladder 1s provided. The two layers of

the insulation bladder are sealed together at regular Intervals {glving the
dimpled appearance) tc control the thickness of the alr layer when the bladder



is fully inflated. Integral alr-space protection Is provided the feet and

head. The hands are protected by Inflatable mitts. Elastlc seals are provided
at the wrists. The sult closes by a single waterproof zipper extending from

the groin to the neck and then around the right slde of the head to a terminal
position at the top, left side of the head. Exhaled gasses are shunted down

a plastic tube to the Inside of the sult In an attempt to reclaim respiratory
heat losses. Opening the mouth port effectively ellminates this heat reclamation
aspect of the suit. Thls sult was tested over the standard work/recreation
clothing with the alr bladder orally inflated to the max!mum extent possible.

It was cold-immersion tested In two condltions: mouth port closed and mouth port

open. This was done to obtain an Indlcation of the potential usefulness of

respiratory heat reclamation.



3.0 COLD-PROTECTION EFFECTIVENESS INVESTIGAT [ON

3.1 Objectives

The objective of the cold-protection effectlveness investigation was
to establish a quantltative measure of the effectiveness with which each
test article selected for thls investlgaticn protects victims of accldental
immersion from potentially-lethal losses of body heat. To facllitate the
meaningful interpretation of these quantitative results they were expressed
in terms of survival-time estimates. To facilitate comparlsons among the
test articles the survival times were estimated to correspond to immersion
In 1.7°C (35°F) water. |t was known that several of the test articles could
not be tested in water that cold, due to test subject discomfort and the
risk of damage to peripheral tissues. Therefore, it was antlcipated that the
survival-time estImates for these test artlcles would have to be established
using an analytically-based adjustment to estimates assocfated with warmer

water.

It was desired that the analysis of the experiment results should pro-
vide the capability to estimate survival time for Indlviduals with selected
physical structures (morphologles). Thls capablllity was needed to determine
the survival times afforded individuals with morphologies different from the
average. |t was also needed to permit comparisons among the survival times
of the test artlcles for selected morphologles when the articles were tested
by different test subjects. Achieving thls capabillty requlred that a quan-
titative measure of morphology be internalized into the analys!s methodology.
It was hoped that this analysis approach would also serve to reduce un-

explained (random) varltation In the results.

3.2 Methodaolocay

The estimation of survival times was, of necessity, based on extra-
polations of the core cooling observed in volunteer test subjects wearing
the suits during cold-water Immersions in which only mild hypothermia was
induced. As indicated In Table 1-3, the determination of a lethal level
of core cooling (measured rectally) is nontrivial. It was for thls reason
that Hayward, et al., (1978) parameterized on its value using 27, 30 and
33°C. For present purposes core cooling Is assumed to be lethal at 30°C,
It is at this level that cold-induced physical and mental debilitation re-

move the immersion victim's abillty to participate meaningfully in the
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TABLE -1

LEVELS OF HYPOTHERMIA'
“C
37.6 ""Hormal”' Recta! Temperstyure
16 Increased Matabollc Rate In attempt to
batance heat loss
35 Shivaring maxlmum st this temperatyre
kL) Patlants uiually responsiva and norral blood
pressurs
33 SEVERE MYPOTHERMIA BELOW THIS TEMPERATURE
32 Consclousness c¢louded Puplls dlVated
most
31 Blood Pressure dl fflcu't to obtain shlvering ceases
10 Progressive loss of consclousness
Increasad muscutar rigldity
29 5low pulse and resplration
Cardlac arrhythmla devalops
28 Ventricular flort) latlon may develop | heart [rritated
27 Voluntary motion lost along with puplliary 1!ght
raflex, desp tandun and shin reflexey - appear dead
26 Victims saldom consclous
25 Ventricular fibrillatlion may sppear spontanenusly
2h Fulmonary Edema develops
2l
Haximym risk of flarlllatlon
22
21
by Heart Standstill
19
18 Lowast Accldental Hypothermlc patient with recovery
17 ISO=ELECTRIC EEG
9 Lowest Artlficlally Cooled Hypothermlc patlent with

recavary

+

From Harpert, ot al., (1579)



preservation of his 11fe. Table |-3 makes clear that the cold, In
and of itself, Is not necessarlly lethal at 30°C. However, survival below

this level depends upon exogenous support of flotation and freeboard for

breathing passages. Whlle many of the test articles considered in thls

study provide abundant buoyancy, none is Intrinslcaily capable of guaranteeing
breathing passage freeboard. Most could however be supplemented with flotation
devices with sufflcient rlighting moment to support respiratory ventilation.
However, at present the use of flotation devices with this intrinsic capa-
bility Is not required by all Indivlduals at risk of cold-Immersion and
therefore may not be relled upon to extend survival beyond the polnt of physical

and mental debillitation.

Design of the Experiment

The basic experiment plan called for obtaining 5 replications of cold
immersions with each of the 17 test articles {Rentsch's prototype twice)
indicated for the cold-protection effectiveness Investigation in Table 1-2,
These were to be performed In such a way that each test article was worn by
test subjects exhiblting a reasonable range of physical characteristics.
Because a study of rewarming theraples {descrlibed In Part Il of this report}
was intecrated with thls sult investigatlon and addltlonal rewarmings were
desired, additional experIments were cbtained with some of the sults exiending
their sample sizes to 6. Table -4 shows the sample sizes which were obtalned
with each sult and the means and standard deviations of the temperatures of
the water and alr in which the experlments were done. Two target temperatures
were used 1.7°C (35°F) and 11.8°C ({53.2°F). The warmer water temperature
was selected to match that used by Hayward, et al. {1978} and to preclude

injury to unprotected or lightly protected perlpheral tissues.

Table |-5 presents the physical characteristlcs of the 19 male test subjects
who participated in this fnvestigation. The subjects who tested each of the
test articles and the slzes they wore are Indicated In Table 1-6. Because of
the special nature of the comparison to be made between the two condltions
with DA2 (mouth port open and closed), special emphasis was placed on arranglng
the test subject - test article assignments to Involve the same subjects In

both experiments with this suit.

This repeated use of test subjects was not possible to accompllsh overall.
The volunteers were free to withdraw from partlclpation In the project at any

time - a right some of them exerclsed; e.g., KC, JH, CM, MO, TP, PS and BS.
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TABLE 1-%
EXPERIMENT SAMPLE S)ZES AND WATER TEMPERATURES

Sult Numbsr af Water Termperature {*C) Ale Terperature (*C)
Lode Sult Description Repltcatlons ~ Wean 5.0 “Pean 5.0,
WEI Bayley WeatherMate Plus 4 1,8 6. 21.) 6.5
WE2 Henderson Zip-On Exposurs Sult 5 1.9 6.3 IR b2
Wy Stearns Heavy-Duty Offshore Survival) Sult 5 12,1 b4 HR 0.7
L Henderson Prototype Jacket 5 12.0 0.1 FLA 0.0
w2 Medallst Skl Shorrty L .8 04 21.8 B.9
WPl Hustang U-VIC Thermofloat 5 1.8 0.0 0.6 1.4
WP§ Stearns Windjemmer Jacket [ 12.8 0.3 1.4 0.8
wPh Stearns OfFshore Survival Jacket 5 1.8 0. 21.0 0.2
w71 Texas kecraatlon Corp, Nylon-Coversd PFD 6 il.B 0.1 2.6 1.1
b2 WADL Goratex Experimentml Coverall [ 1.9 0. 22.0 1.6
3] U. 5, Alr Farce Modlfled Antl-Exposurs Assembly |3 1.8 0.0 2.7 1.2
af1 Bayley Exposure Sult (PVC foam) 3 2.0 0.3 20.8 0.6
LF2 Welly-Hansen Survival Sult [ 1.9 Q.5 20.6 1.}
bF3 $S.1.0.L.P, Sesstep Syrvival Sult 9 1.9 0.4 211 1.8
BA| ILL Industrles Prototype 1 1.7 0.2 22.9 3.2
bz Rentsch's Pratotype {mouth port cloved) 5 1.9 g3 22.7 1.3
DAZ Rentsch's Prototype {mouth port open) 13 1.7 0.2 22.6 1.3
TABLE 1-5
DESCRIPTIONS OF COLG- IHEERSION SUBJECTS
Huath-Carter Total Kean Reclprocal
Somatatyps Skinfold Skinfold
Subjmct Aga Helght Welght Compongnty * furface Arga t | Thickness & thck[\'u [
{cm) {kg) {m?} {mm} {m %)
| th 11
Je 21 182.0 88,2 4.0 6.0 |I.5 .n 37 083
KC 21 185.0 85,4 3.5 4.0 [2.0 2.13 3.7 .95
LE 2] 182.9 199 1 2.0 k.o |45 1.86 2) k3
GF 2] 1768.2 67.3 2.5 4.0 3.5 1.85 26.5 J15
BH i3 176.9 92.7 §.5 h.0 t.5 2.0} L] 071
b 2% tB2.7 64,1 1.5 2.5 5.0 1,83 18 70
JH 21 170.3 70.4 L.D 5.5 l.5 1.02 36.7 .083
HK 22 t83.0 75.9 2.5 .0 1130 t.o8 b 123
PX H 183.5 9l.4 4.5 &.¢ |1.5 2.16 hi 978
tn 2 186.6 70.2 2.5 3.0 |48 1.99 25 .22
RM 2% 168, 3 63.6 h.o 5.0 [ 2.5 .73 37 . 084
HO 21 186.90 Te. 4 1.5 6.5 | 2.5 1.96 3! 094
Lig 5 185.2 76.4 3.0 3.5 [ 3.5 2.02 9 LI08
th 19 180.4 69.3 2.0 4.0 | 3.5 1.9D 12 L148
JR 21 178.5 66.9 j.0 3.0 ] 4.5 1,78 30 10
F5 5 t719.2 75.4 3.0 4.5 2.5 1.95% 3 .087
BS 2t 1671 7.4 .8 4.0 | 4.5 i.96 ? .18
Ll ¥ 1715 66.3 3.0 Lo .5 t.82 28 ML)
Tw 23 177.0 L5 4.0 h.o | 2.9 1.92 18,2 .08}
Averages | 21.8 | (80.4 | 7).% 1.1 i3 § 1.0 1.5) 0.4 407

* Sea Cartar (1575}
t From Dubols Body Surfaca Chart prepsced by Boothby and Sandlford (Maye Clinic)
& Skinfold thicknetses measurad at tricep subscapular and supralllsc with Lenge Callper,



TABLE |-&
A55 1 GNHENT OF COLD- IHMERS O% SUBJECTS TO TES™ ARTICLES

TEST SUBJEETS Ranye of Total

TEST Skinfold Thickness
AATHCLES JC | KC | GE | GF [BH (MH | JH [ MK {PK [CH R MO TR JCR | R {PS | BS ] SW | Tw (inm)
w | CE R E [ - 36.7
mEZ " L ] » 26.5 ~ &l
Wk 3 M Mom H M 26,5 « 43
Wi H L ] M M 1 - 43
WP2 [ ML H ; 20 -
WPy 5 " M ofL H 21 - b3
wey Moys M H " 5 20 - W3
wkE W LR I/E Y H L/w 26.5 + 43
wF7 L [L | mo|L M 21 - 4
uz 4o 3B | 4c 4“0 Lo Lo 21 - 37
tl K Honm M M 20 - 37
DFL{RNC) X X X X | x 2 -kl
] H H H “ M [ 18 - 38,2
DE3 M M M H M 2 -1
] X X H 18 - 38.2
Daliclosed) X LS ¢ X 18 - 8.2
pa2 (open) X XK x 18 - 38.2
5 = Lmall

M = Medlom
L = lLarge
S/M = Small/Medlum
L/E = Large/Extra Large
3 = Chest slze {Inches}, langth-regulasr
40 = Chest slze (Inches), length - long
L = Unslzed prototype or one-size flts all




Furthermore, these subjects were simultaneously particlpating in the
study of rewarming therapies in which their useful participation was 1lImited
to elght experlments. Therefore, they could not participate In more than

eight cold-immerslon sult experiments.

The plan for analyzing the experlimental results was formulated to
relleve the necesslty for complete replication In testing each article with
each subject. Survival-time predictions would be developed from regression-
based relations which quantltatively predict cooling behavior In each par-
ticular suit as a functlon of the physical characteristlcs of a selected
Individual. A separate regression relatlon would be established for each
sult from the coollng behavior observed during Its tests. The primary
requlrements of this approach to developlng survlival-time estimates are
that a reasonable number of repllcations be performed with each test
article and that each be tested by subjects representing the range of
physical structures for which survival-time estimates are desired. Table
-6 indicates the range of total skinfold thlckness (three sites: tricep,
subscapular and supralliac) exhlbited by the subjects testling each article.
The significance of thls total skinfold thickness (which provldes the basls
for Heath-Carter Somatotype Component 1} as a quantifler of physical struc-
ture is established in Section 3.4. The ranges in skinfold thickness shown
In Table 1-6 all contaln the 30.6 mm value used as a quantitative descriptor
for the "averagé“ man. The use of a 30.6 mm total for an average man s
based on the average of the |9 test subJects described In Table |-5 and fts

significance is also discussed In Sectlon 3.4.

Experiment Protocol

The cold-immersion experiments were conducted, generally twc at a time,
in a tank of refrigerated water between June 30, 1978 and June 15, 1979. Al}
were conducted beginning In the early afterncon (between 1-2 p.m.). Subjects
were requested to report to the laboratory having had no alcohol or medication
for 24 hours or food or tobacco for 2 hours. If there was doubt as to the
proper size of a test artlcle for a subject to wear, he was asked to try on
the most likely sizes and the one affording the best flt was selected.

After voiding his bladder and/or bowels, Instrumentation was applied to the
subject, including a rectal temperature probe; skin probes for great

toe, thigh, groin, subscaputar, blicep and forearm temperatures; ECG and -



sphygmomanometer., Next the subjects donned clothing appropriate for

the article they were to test that afternoon (elther standard work/
recreatlon clothing, nomex underwear and socks, or for WEZ and WP2 just
undershorts). The subjects then began a 30-minute rest period which they
spent reclined on a 4'' foam rubber mattress and, depending upon thelr
clothing, covered for thermal comfort. Followlng the 30-minutes of rest,
mcasurements of their rate of oxygen uptake and the other parameters were
recorded while the subjects were sti]l reclined and resting. The subjects
then donned the test artlcle and entered the cold-Tmmerslon tank via a
hydraulic chair 11ft. When testing wet-mode suits, a gradual entry Into
the water was permitted taking up to 4 or 5 minutes. This reduced the
trauma of the entry and presumably the stressfulness of the exposure
(although blood pressures of 160/100 mm Hg were not uncommon during the
initia)l phase of the immersion). The immerslon was regarded as initiated

when the subject was immersed to waist level.

During the course of the immersion, temperatures were monitored continu-
ously and recorded perlodically with the sampling frequency being determlned
on the basis of the rates of changes of the parameters. Measurements of the
rate of oxygen uptake were generally made at |-hour intervals through the
immersion plus an additional measurement was made just before removing the
subjects from the cold water. Oxygen uptake measurements were not made in

test article DA2 {open or closed).

The cold-immersion experliments could have been terminated on the basis

of any one of the following criteria.

rectal temperature reduced by 2°C or to 35°C
. any sklin temperature reduced to 5°C

. discretion of the test subject

. discretlon of the attendlng physician

5. discretion of the research team leader

) My -

In practice, the attendlng physiclan never found it necessary to terminate an
immersion experiment, nor was one ever terminated because of excessively-cold

skin.

The immersions were conducted in a steel tank containing water about (.67
meters deep with surface of 1.83 by 3.05 meters. The water was agltated by a
small alr-powered turbulator (primarily intended to deice refrigeration
coils and prevent thermal stratiflcatlon of the water) and a 12-volt, DC-

powered tralling motor {to prevent formation of thermal boundary layers around
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the Immersed subjects). An effective water velocity of 3 to 5 meters per
minute was produced. Thls veloclity is more than the 1.5 meters per minute
shown by Baker (1979) to be required to effectlvely maxImize convective
heat losses due to relative motlon of the water. No other provision was

made to attempt to simulate effects of open water.

Throughout the Immerslon, the subject's position in the water was
essentially that which resulted from the Inherent flotation of the test
articles. WIth some test articles thls Inherent flotatlon was augmented
by inflating flotation bladders. This was the case for WEI, WE3, WP2, D2,
D3, DFt, DAl and DA2. Inflating the bladder accompanylng DF3 had no effect
on flotation attltude In the calm water in the Immersion tank., Therefore,
it was not inflated during the cold Immersions. One test article (WP1)
required supplemental flotatlon to provide reasonable breathing-passage
freeboard during the Immersion. This was provided by a kapok, Mae West Style
Type |1 PFD which was selected because of Tts minimal Interference with the

thermal performance of the test artlcles.

Instrumentation

The instrumentation used to monitor temperature data In thls study was all
manufactured by Yellow Springs Instruments. Skin temperatures were measured
with a Mode! 447D, 12-channel monitor (50°C face sweep) using Model 409 probes
(1.1 second time constant} taped to the skin. Rectal and esophageal tempera-
tures were measured with a Model 46TUC, 6-channel ronitor (11°C face sweep)
using Model 40l probes (7.0 second tlme constant}. The accuracy of temperature

probes was verifled, over the range of 12.6 to 37.8°C.

3.3 Results

The first step in analyzing the results is to adopt a general model

of the cooling process.

Selecting a Model of the Coollng Process

Three considerations predominate the selectlon of a model of the cooling

process.

!. The parameters of the model must be estimatable
from the data obtained during the cold-immersion
experiments.



2. The model should "fit" the observed data
reasonably well,

3, The model should have some basls suggesting
that extrapotations of the temperature response below
levels seen experimentally are reasonable.
0f these three conslderations, numbers | and 3 are very much more important

than number 2. Conslderation 3 wi}] be addressed first.

There is little real evidence on which to base extrapolations of
core temperatures for individuals protected by equlpment of varying
offlciencies. Alexander {1945) presents the time-rectal temperature
profile of a prlsoner murdered by cold-water immersion at Dachau concentration
camp. The temperature reduction, once 1t began, occurred at an essentially
constant rate {about 11°C/hr). One might expect that a well-protected immersion
vietim would cool, perhaps linearly, until at some polnt the gradient between
the victlm and the water !'s reduced sufficlently and the metabollc rate is
increased sufficiently to collectively reduce the rate of coollng. This would
produce a convexity (deceleration) In the coollng profliie. One might also
expect, based on the Information In Table 1-3, that as the core temperature
approaches 32°C, reduced capacity for shivering thermogenesis would increase

the rate of coolling. Thls would produce a concavity {acceleration) in the

cooling profile.

The determinaticn of survival time requires an estimation methodology,
but there is no truly adequate basls for the estimation. Therefore, In the

absence of indications to the contrary, a linear model [s the most desirable.

A Linear Cooling Model

Figure I-1 exemplifles the )lnear mode! adopted for developing survival-
time estimates. The model entalls three parameters: the maximum elevation in
core terperature (T), the time at which this maximum elevation occurred (t},
and the rate of cooling {r) that occurred after time t. The rate-of-cooling
parameter is simply tased on the slope between the observation at time t and
the last observation recorded. The adoptlon of this particular 1inear mode !
involved consideration | from the earller 1ist. A slmpler, two-parameter mode |
was considered first. The only parameters required to describe this simpler
model are the time at which the change In rectal temperature retums to zero
and the rate of coollng followling this time. For these parameters to be
estimable from the experimental observations (consideration 1), Tt Is necessary

that the change in rectal temperature must have returned to zero in each experiment.
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This was not the case In a few experiments. Therefore the three-parameter
linear mode! was adopted to descrlbe the cooling process. It was dictated
by considerations | and 3. Consideration 2, which may superficlally seem

important, did not enter Into the selectlon of the model.

Experimental Observations

The results of the cold-immersion experiments are summarlzed, in terms
of the linear-model parameters, In Table !-7. The means and standard errors
of the means are shown for each of the three parameters for each of the test
articles. The t parameters have been presented In units of hours to facill-
tate later estimation of survival times in hours. It should be noted that

the t's range over such small values (less than 0.59 hours) that they would not
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TABLE |-7
RESULTS OF COLD-IMMERSION EXPERIMENTS

* Results obtained In approximately (1.8°C water, other

results obtained In approximately 1.7°C water.

20

Parameters

Test t (hrs) T (°C) r (°C/hr)
Article Mean S.E.M. Hean S5.E.M. Mean S.E.M. S, D.
WE [ % .37 16 1 .02 0.64 .16 .36
WE2 .34 .09 .25 .09 0.62 A3 .29
WE3* 33 A1 .15 .0k 0.46 .10 .23
WP I % .25 07 48 .09 .06 .34 .76
WP 2 .36 .0k .15 .05 0.5l .05 Al
WP 3% .32 .07 .20 .08 1.09 46 .03
WP 5 .31 .06 .29 .05 1.19 46 1413
WPb* .33 .05 b .03 0.48 .12 .27
WP 7% .19 .08 .20 .08 1.68 .hg .20
D2 * .59 N .30 .13 0.55 .10 .25
D3 * .40 .02 .26 .08 1.30 Jho .88
DFI(PVC) .22 .09 .04 .02 0.37 .03 07
DF2 .36 .07 A2 .03 0.48 10 .25
DF3 45 .10 .15 .03 0.47 07 .16
DAI .54 Y .13 .03 0.33 .03 .07
DAZ (closed) 6 .08 .04 .02 0.27 .03 .Q7
DA2 (open) b2 2 .06 .03 0.44 .01 .02



contribute more than a small proportion of reasonable survival times {a

few hours or more depending upon the suit).

3.4 Analysis and Dlscusslon

In analyzing the results of the cold-Immersion experlments, the first
step was to develop the capabillty to predict, for each test article, the
parameters of the coollng model for the body structures of Interest (thin,
average and heavy). Because the parameters t and T were expected to have
relatively little Impact upon survival-times estimates, It was decided that
this effort would be concentrated upon predicting the rate of cooling r and
that the survival-time estimates for each sult would be based upon the

average values t and T shown In Table -7,

Development of Copllng Rate Regression Predictors

A set of six quantlitative measures of physical/metabolic attributes
were composed and investlgated to determine If one would explaln the
varlation In cooling rates observed with each of the test articles. The
Indlces, denoted X| through X6 are defined as follows.

. Xl = [ Heath-Carter |11
’ | (Heath-Carter 1) .{Heath-Carter I}
2. x2 = | Xl
) Metabolic Rate After |-Hour !mmersion

- i Welight
3. X3 Surface Area]

[ Mean Reclprocal Skinfold Thlickness
L, X4t = 3
5. X5 = [ (Surface Area) -({Mean Reciprocal Skinfold Thickness)
Metabollc Rate After |-Hour Immersion

6. X6 = Total Skinfold Thlckness]

The first Index, X!, !s based entlrely on the three components of the Heath-
Carter somatotype method. This Index was found by Hayward, et al., {1978} to
explaln cooling-rate vartatlon moderately well. The second Index, X2, was
formulated to determine what Improvement in the performance of X| would
result from Including the conslderatfon of the indlvidual's capabilitles to
generate heat. Metabollc rate measured after | hour in the cold was chosen
since it was avallable most conslstently. The third index, X3, Is formulated
to conslder the indivlidual's propensitles to exhiblt thermal Inertia as
measured by body weight and the area that he possesses through which heat
may be lost. The fourth Index, Xk, was recommended by Keatinge (1979) as
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having worked well In his experience. The '"'mean recliprocal skinfold thickness"
was computed as | iLi SI-I)/3 where S, S, and 53 are the tricep, subscapular
and suprafliac skinfold thicknesses. The fifth index, X5, was formulated

to conslder the primary thermodynamic factors which should affect changes In
core temperature -- surface area, thermal conductivlity of surface material

and the rate of internal heat production. The last index, X6, was formulated
to be a simple measure of fatness. OFf the & Indlices, X1, X2, X4, X5 and X6
were arranged to be dlrect Indicators of expected cool Ing rate. That is,
cooling rate would be expected to Increase as each of them Increase. Index

3 is arranged In reverse fashion -- coollng rate should decrease as X3

increases.

Fach of these Indlces were computed for each test subject from the data
presented In Table |-5. Flirst-order, least-squares regression relations were
established relating cocling rate to each of the 6 Indlces for each test
article. They are of form r” = ax + b where the x !s one of the 6 indlces
and r* Is the predlcted coolling rate. The accuracy wlth which regression
relations conform to data !s often expressed by ''F test statlstlcs’. The
significance of these statistics may be Interpreted by the "level of signifi-
cance't at which the hypothesls, that the observations follow the 1lnear
model (r- = ax + b}, may be rejected. Small levels of signiflcance indlcate
that the regressions conform well to the observations. Table 1-8 presents the
significance levels for the r* = ax + b regresslons for each index and each
test article. No regressions were possible with indices X2 and X5 for test
article DA2 since metabollc rate data durlng Immersion was unavallable. Table
-8 also shows the average and maximum of the slgnificance levels for each
index. The best Indlces are X4 and X6 which exhlblt an average signiflcance
level of about 2 percent and a maximum significance level less than 7 percent.
This indlcates that efther of these Indices could be used toc predict cooling
rates for this collectlon of test articles. Because of Its slmplicity index

X6 was chosen for use In thls study.

Index X6 has a value of 1/30.6 = 0.0327 for the average of the test
subjects participating In this study. This corresponds to a value of 3 in
component | of the Heath-Carter somatotype methed. The ''middle range' for
this component is from 3 to 5§ (Carter, 1975). Thls Indicates that the group
of test subjects described In Table i-5 {all college students) are thinner
than a comparable group selected at random from the population at larce.
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SIGNIFICANCE OF INDICES FOR PREDICTING COOLING RATES

TABLE -8

{r- = ax + b Model)

Phystcal/Metaboll¢ Attribute Indices

Test
Article X X o x3 Xk X5 X6
WE | .080 .0B4 . 087 . 060 .078 . 065
WE 2 .050 . 048 .031 031 .034 .032
WE3 .066 064 .06k 064 .054 .066
WP | .0Lb 019 .082 012 131 .006
WP2 .003 . 004 .00l .002 .004 .002
WP3 .58 213 A8 . 068 . 165 .067
WP5 .00l .00t 026 .007 .005 .006
WFb 006 .002 022 .024 .064 .026
WP7 .009 . 005 .005 .0c3 .090 .002
D2 013 .008 . 004 .006 .002 . 006
D3 133 132 . 130 046 A0 .053
DFI{PVC) . 004 .002 .003 .002 001 . 002
Df2 .006 .002 .06 L0011 .007 .01
DF3 .008 .009 .010 006 Ol . 008
DAL 006 . 006 007 005 .003 . 004
DA2 (closed) ,003 - .00l . 007 - .007
DA2 (open) .000 - . 000 .000 - .000
Average .035 040 L0386 L6021 L0580 021
Maximum . 158 213 .30 068 . 165 . 067
Elements in table are levels of signlflcance at which the
regressions may be accepted as accurate predlictors of coollng rate.
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However, these test subjects may be more representatlve of military personnel,
merchant seamen and recreatlonal boaters who may be more fit than the popu-
latlon at large. To establish a quantitative description of the "thin' and
Uheavy'' individuals for survival-time estlmation, Heath-Carter component |
values of 2 and 6 wlll be used. These values correspond to 2! and 62 mm

total skinfold thicknesses, respectlively., Revlewing the data describing the
range of total skinfold thlckness with which each sult was tested (Table 1-6),
it may be seen that all test artlcles were tested at or near a 2| mm total
skinfold thickness but none were tested near 62 mm. This means that the
regression relations for predicting coollng rates are valld for thin {21 mm)
and average (30.6 mm) indlviduals but are not necessarily valid for heavy

(62 mm) indivlduals. Therefore another model must be developed In which more

confidence can be placed for predlcting coollng rates of heavy individuals.

As skinfold thickness lncreases Its reclprocal (index X6) decreases
approaching zero and presumably the corresponding cooling rate decreases toward
zero. A zero value of the reciprocal of total skinfeld thlckness, whlch means
infinite total skinfold thlckness, Is of no practical Importance. However,
by forcing a linear coollng-rate predlctor to indicate a2 cooling rate of zero
when the reciprocal of total skinfold thickness reaches zero and by simul -
taneously forcing it to give the best (least-squares) fit to the_experlmenta1
data, one may achieve reasonable extrapolations of the cooling-rate observa-

tions for large‘skinfoid thicknesses {small reciprocals).

The linear model which passes through the orlgin Is of form r” = c-x.
The least squares estimator for the coefflcient ¢ for a particular test
article is:

Xp

i
Xy

— —
e 2§ He1 2
Y

where n = the number of cold-immersion experiments with the test article

X, = index value for subject In experliment ! with the article.

r = cooling rate observed in experiment | with the artlicle.
These linear models were developed for each of the test articles and evaluated
(as the r* = a-x + b models were) with the F test statlstics. The ltevels of
slgnificance of the models using !ndex X6 were calculated for each test artlicle.
The average of them is about 0.6 percent and the maximum s about 2.4 pefcent.

This indicates that these models using Index X& are qulte accurate. Hence,
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they will be used to estimate the cooling rates for heavy Individuals. The
cooling-rate, regression predictors for thin, average and heavy Individuals
are shown for each test artlcle in Table I-9. Both regression models are
based on analysis of the exact values of index Xé and the cooling rates ob-
served with each subject testing each artlcle. The numbers of data points
analyzed for the test articles are Indicated in Table I-4 by 'Number of

Replicatlons''.

It is interesting to note that the only two appearances of negative
values of "a'' (the coefficient of the first order term In the basic cooling-
rate, regression predictor} occurred for the two sets of experiments con-
ducted with test artlcle DA2. It was previously indlcated that the X6 Index
varies directly wlth antlclpated cocling rate. The negative coefficlents
of the Index In the DA2 models reverses this behavlor. This Indicates that
thin indlviduals cool slower than heavier ones in that suit {a reversal of
the normal relatlonship). It should be recalled that DA2 Is a one-slze-fits~
all Inflatable suit. The reversal mlght result from thin individuals allow-
ing the suit to infiate to a greater thickness than Is possible with a
larger person wearing the sult. This would provide greater buoyancy and
thermal protection for a thinner indlvidual. The Increased buoyancy and
lighter welght of the thinner Individual would reduce the surface area m-
mersed in the cold water. While this result was not found wlith the other
inflatable test article (DAl), a relatively small value of "a' was found.
The failure of the sign to reverse could indicate that, while generally the
same factors descrlbed for DA2 were acting, the separate outer shell of DAL,
which preserves more uniform effectlive air spacing between wearer and water,

renders It less sensitive to those factors.

Establishing Cooling-Rate and Survival-Time Estimates

To determine the cooling rate estimates for individuals with the
three selected total skinfold thicknesses one simply has to evaluate the
approprlate predictor model, given in Table 1-9, at the appropriate value
of the X6 index (thin 0.0476; average 0.0327; and heavy 0.016!}. The
resulting coollng rate predictions are given in Table 1-10. These rates
are those expected when Individuals with the varlious scmatotypes are
immersed in water of the temperatures In which the varlous suits were
tested. The negative flrst-order coefficients discussed earlier for test

article DA2 have resulted In larger cocling rates for average individuals
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TABLE (-9

COOL ING=RATE T PRED(LTOR MODELS

"“"Thin And Average'' [ndlviduals CHeawy' bndlvidusls

Test {r* = ax + p Models) {r” = cx Hodels)
Article a b 4

WE I+ 20,514 -0.125 17.262

WEZ 29.838 -0.319 19,990

WE ¥ 0.557 n.%27 13435

wF I * Th. 746 =1.53% 33.097

WP 11147 0. 124 14, 558

wh 3* 77.702 -1.527 35.391

WP 116, 224 -2.5B0 41,372

WL+ 31,062 -0, 56 16, 54

WPyt 132,123 -2.858 51,962

+F1d i0.570 -0.283 15201

vl 76.328 -1.70% 3, 508

OF 1 (PYCY 7.038 0.11% 10.219

oF2 16.076 -0.138 12.649

bF3 22,673 -0.378 12.775

DAl 3.570 0.202 B.496

DAz {closed) -1.5956 0.346 6. 4Bl

D42 [open) -0.27 0.45] t0.738

t+ Coolling rates glven Tn *Cihr

* Coollng rates predicred for Irme-slon In [).8°0 water,
other coo!fng rates predicted for Immerslon In £.7°C water.

TagE I1-10

COOLING RATE T ESTIMATES
{Experiment Water Te~pcratures}

Mo rphology
Test Thin Avergge Heavy
Article Estirare 5.0. E3ilms 5.0, Esgimate 5.D.
WE* 0.852 & C.566 k2 278 . 588
WEZ 1. g LBk 0.657  .305 L322 20
WE 34 o.47%  .588 0,459 L LD7 41 42
WP i* 2.02) .388 o.908 .333 .533 715
WP+ 0.655  .099 n.489 083 234 .08
wP3r 2.172 963 [T 1] 570 1,092
wegs 2.952  .BsI .22k .579 666 1,285
WPEa 1.023  .355 9.560  ,229 . 266 L343
WP T 3431 B4 1,462  ,gho 853 1.186
D2+ 0.776 L2810 0.470 .229 L 24§ i
3 1,928  .@92 0.791 .86 556 kg
oFI{PYE) 0,45k  _0BS 0.349 g1 168 L10)
oF2 0.627 .280 0.388 747 L2060 AgE
DF} .11 181 0.36) 14§ 206 L274
pal 0.)72 . DBl G.413 078 37 12
BA2{ciosed) 0.253  .07% 0.282  ,p75 A0k TS
bA2(open) 0.438 NLT U442 ph2 173 .207
+ Coollng rates glven In "C/hr
% (Coollng rates predlicted fur lemersion s 11.8°C water,

other coollng rates predicted for fr—erslon In 1.7*C water.



than for smaller individuals. This, of course, assumes that these indl-
viduals (thin and average) are Immersed in the same type of one-size-flts-
all suit. Custom fitting or even simple sizing could change this. it
should be noted that the use of the r” = cx model to predict cooling rates
for heavy Individuals wearing DA2 tmplictitly assumes that slzling to fit wlll

be done.

Table I-10 also shows the standard deviatlons {S.D.)} of each of the
cooling rate predictions obtalned from the regression relations. These
standard deviatlons were computed for each test article and body morphology

as follows. 1/2

where MSE

mean square error from analysis of
variance performed on the respective
regresslon relationship

n = number of subjects testing the article

xP= value of (total skinfold thlckness)_'
for which cooling rate is to be predicted

X.= value of (total skinfold thickness) | for
subject j testing the article (j =1, 2,....., n)

X =

13

& Xj)/n

These standard deviatlions recognize the intrinsic error In the regression
retation, the size of the sample upon which It |s based as well as the proxf-
mity of the value of the Independent varfable, at which the prediction Is
developed, to the values upon whlch the regression s based. These standard
deviations indicate clearly that the cooling rate predictions involve less

error for the average body morphology than for the thin or heavy ones.

Comparing the standard deviations for the average man to those for the
cooling rates in Table !-7, 't may be seen that the regression-based approach
to estimating cooling rates which are sensitlive to somatotype variation has
produced only small reductions in random variation. Thus the main contri-
bution of the regression-based analysis has been that It allowed survival-time

estimates to be developed for selected somatotypes for all test artlcles.
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This gives comparability in the results even though dIfferent groups of
subjects tested each article. It Is Important to rnotice that though ran-
dom variation was not reduced as rmuch as had been hoped, It was certalinly
not increased to any significant extent by the analysis approach. It

was increased for only three test articles: WEIl, WE3 and pA2 (open); and
these increases are unimportant in the comparison of the test articles
because of the close agreement between the sample means (r) and the re-
gression estimates (r”) for these three articles. The survival time
estimates for thin and heavy Indlviduals (though their random variatlon
may be seen to be often large) could not have been developed without the

regression-based analysis.

Fach survival time s formulated as the time required for the indi-
vidual to cool to 30°C core temperature. This time [s the sum of that
required for temperature to reach Its peak value plus the time required
for subsequent cooling to 30°C. it will be assumed that the time requlred
to reach the peak temperature s the mean of these times (t) observed with
the respective test articles. !t will also be assumed that the individual
enters the water with a '"mormal' core temperature of 37.56°C and that his
initial increase In core temperature will be the same as the mean of these
values (T) observed with the respective test articles. Thus cooling begins
from a peak temperature of (37.56 + T)°C. The survival-time estimate {s)

is as follows

s -7 + _(37.56+7) - 30
r)

where t and T are selected for the appropriate test article from Table I-7

and r* is selected for the appropriate test article and morphology from

Table [-10. The survival-tlme estimates resulting from this calculation are
shown In Table I-1l ranked I'n order of decreasing values for the average
individual. The test articles have been divided Into two groups in this table.

Those listed above the horizontal llne were tested in 1.7°C(35°F) water.
Those listed below the 1ine were tested In 11.8°C(53.2°F) water. To achieve
comparability among these two groups of test articles, the survival-time
estimates for those tested in I11.8°C water will be adjusted (shortened) to

approximate those which would result when fmmersed in !.7°C water. It should
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TABLE 1-11

SURVIVAL-TIME i ESTIMATES

(Experiment Water Temperatures)

Morphology

Test

Article Thin Average Heavy
DAZ (closed) 30.2 27.1 73.2
DA 21.2 25.6 56.7
DFI (PVC) 17.0 22.0 46.3
DF3 P14 21.7 37.9
DF2 12.6 20.2 38.0
DA2{open) 17.8 17.7 4y, g
WE2 7.4 12.2 24.6
D2# 10.7 7.3 32.7
WE 3% 16.6 17.1 36.0
WP2* 12.1 6.1 33.3
WE|* 9.4 4.4 28.0
WPE* 7.9 4.1 29.3
D3* 4.5 10.3 14,5
WP * 4,1 8.8 4.8
WP3# 3.9 8.0 13.9
WP 5 " 3.0 6.7 12.1
WP 2.5 5.5 9.3

+ Survival time estimates glven In hours.

* The estimates for these test articles apply for immerslon
In 11.8°C water.
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be noted that in Table I-11 only the lowest-ranked test article of the
top group would rank below any of those In the bottom group {f the groups

were merged.

The problem of adjusting the survival-time estimates fer changes in
Immersion-water temperature Is a complex but unavoidable one. It Is unavoid-
able |f one wantsto identify the least-Inhibliting sult that will glve at
least 4 hours of survival time In 1.7°C water. The problem Is complicated
because much more than mere thermodynamlcs Is Involved. When Immersion-water
temperature is lowered by 10.1°C one can expect a more pronounced elevation
in rates of thermogeresis and possibly more pronounced peripheral vaso-
constrictlon as well. These differences In physiologlc responses may, to
some degree, offset the increased rate of heat loss to be expected because
of the increase temperature gradient existing between the immersion victim
and the water. However, these response differences may be expected to vary

among the test articles due to varlation In the rates of coollng of different

body surface areas.

The best available approach for quantitatively predicting the impacts,
upon the cooling process, of Immersion In colder water while wearing the
suits which were tested In I1.8°C water, Is to perform a detalled numerical
simulation of the imersion, Including consideration of characteristics of
the test articles. Part I1! of this paper addresses an investigation of the
accuracy of a varlety of mathematical models for performing simulation of
cold immersion. It is concluded in Part 11| that even with the best model
considered (Montgomery's model) and with an Improved metaboll¢ rate control
submodel substituted, the accuracy with which the model represents actual
observations varies arong the test artlcles. Therefore, one may not assume
that the mode! produces results which are comparable among the test articles

in colder water.

However, it s possible to use mode! simulation results to modify
observations obtained In I11.8°C water to produce estlmates for 1.7°C water
without assuming that the model !s accurate In an absolute sense. Instead
one must assume only that the model's results, obtained for a glven test
article in different water temperatures, are relatively accurate {changes

are proportionally accurate). This weaker assumption enables the estimation
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of proportional changes in the parameters of the cocoling models (t, T, r°)
due to changes in immersion-water temperature, which may then be used to
adjust the correspondlng parameters developed from the data obtained from
experiments in !11.8°C water. From these adjusted parameters, correspondlng
survlval-tlme estimates can be developed. This process Is symbolically

described in the followlng algorithm.

. Deflne parameters based on resuits In |1.8°C water.

Ei = mean time for temperature to peak In
test artlicle I (i =1, 2, ...., 10, since 10
sults were tested In 11.8°C water)

T = mean elevation In rectal temperature at peak

value In test article |

r”..= regression-predicted cooling rate for
morphology j In test artlicle i {j = | represents
thin, 2 represents average, 3 represents heavy

2. Define morphologles in terms of mocel Inputs.

Morphology Ht {cm) Wt {(kg) Body Fat (%)
thln 182.9 65.5 3.2
average 180.4 73.4 9.6
heavy 182.9 86.4 15.3
tBased on estimatlon In Montgomery's model drawn from Siri
(1956)
3. Perform mathematlcal slmuiation for each morpholeogy 'n each
test article in 11.8°C and 1.7°C water. Determine
f. = ratlo of time for temperature to peak for

i average morphology and test article { In

{.7°C water to the corresponding elevation
tn 11.8°C water

9; = ratlo of elevation In rectal temperature at
peak value for average morphology and test
article 1 In 1.7°C water to the corresponding
elevation In 11,8°C water

= ratlo of rate of cooling {peak to end} for
test artlcle | and morphology j in 1.7°C
water to the correspondlng rate of cooling
In 11.8°C water
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4. Estimate time for temperature to peak In test article
i in 1.7°C water (KI)‘

I(I = fl- tI for 1 =1, 2, ..... , 10

5, Estimate elevatfon In rectal temperature at peak value In
test article | In .7°C water (L')

6. Estlmate cooling rate for morphology j In test article
i In 1.7°C water (Mlj)

A T For | = 1, 2, coessv, 10 and J =1, 2, 3.

7. Construct survival-time estimates for test article 1
and morphology j In 1.7°C water (S'Ij).

(37.56 + Li) - 30
i} | M

i
This approach to adjusting the coollng model parameters is consistent with
the earlier development of parameters based on experimental observatlions In

that distinctlons in values of the minor parameters (t and T or K and L),

due to varlation in body structures, are not made.

The parameter ratlos (fl’ 9 and hlj) obtained by exerclslng Montgomery's
model including the Improved metabollc-rate-control submodel, |.7°C-water
results in the numerator and |1.8°C-water results In the denomlnator, are
shown in Table 1-12. The mathematlcal model could not simulate the effects
of a device coverling only part of the torso. Therefore, no results and hence
no ratios could reasonably be obtalned for WP7. For purposes of adjusting
cool ing parameters to allow estimatlon of survival time tn 1.7°C water, It
was assumed that the parameter ratlos for WP7 are the same as those for WP5.
It should be noted that the ratios of times to reach peak temperatures range
from 1/3 to 3/4. The ratlos of elevations In temperatures are based on small
numbers, hence their range is relatively large (0 to §). The ratios of
ceoling rates are generally well behaved among the test articles and among

the body structures.

The cooling parameters resulting with the use of these adjustment

factors are shown in Table I-13. These adjusted parameters are identifled
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by the symbols used to represent them in the algorithm stated earller.
The survival-tine estlnates in 1.7°C water will be shown in a later table

surmmarlzling the results of this Investigation.

TABLE 1-12

RAT 108 ' OF COCGLING PARAMETERS FROM
MATHEMAT ICAL MODEL

fatlos of
Ratlos of Ratlos of Coaling Rates [hU)
Test Timas to Pesk Elevations In
Article (1) Temperaturey (f,) Temperaturs {g} I.}.‘..!: Averags  Aeavy
WE§ 500 5.000 1.BE4 1.96% 1,280
WE} 667 4.000 1,864 2.007 2.%18
WE 1 .66} |.000 1,863 1.987 2.091
WP2 . 500 a 1706 1,769 -1
WP} . 500 1.500 1.921  1.958 1.2L0
¥F5 -750 1.500 1.9687  2.p40 t.366
whh . 600 1,280 1.009  2.0%0 2,446
WP+ . 750 1.500 t.9B7 2.0LD 2.386
n2 . 333 1.000 1.793  1.816 2.823
b3 500 |.500 1. &8) 1,750 1.912
4+ Ratlos constructed with |,7"C-watar perametars divided
by J1.8"C-water parametars.
*+ Ratlas for WP7 atsumed same at for WPG
TABLE t-13
COCOL ING PARAMETERS ESTIMATED FOR |.7"L WATER
Conling Rates lH”J
Test Times to Peak Elevat|omrs in i
Acticle (1) Temperatures {KI) Terparaturas (H] Thin Average Keavy
WEI A8 .85 b 605 1,078 0.4623
WE3 W22 .60 0.B84 g.921 G457
WE) A7 18 3.769 1.B06  1.11§
WP2 8 ] LA 0.865 0.431
wP) .16 .30 L7 2.013  1.277
wP5 .23 LAl 5. B&s 2,491 1.87%
wPb .20 .18 2.845 1.148 9,651
[* N L30 £.817 3.000 2.008
D2 .10 60 1.33l 0.854 0.500
03 20 .9 3205 1,386 1,063

at
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4.0 VVEARABILITY INVESTIGATION

Many of the cold-protection articles tested in this study are designed
to be worn by individuals while pursuing their normal duties or activities.
Therefore the choice of an article must be based on wearability as well as
cold protectiveness. This aspect of the articles was investigated through

mobitity-reduction and fatigue-induction investigations.

4.1 Mobility-Reduction Investigation

The objective of the mobility-reduction investigation was to quantita~
tively assess the interference with mobility associated with wearing each
test article selected for this investigation. The elementary movements which
were selected for inclusion in this study were: shoulder flexion, extension,
abduction, internal rotation and external rotation; elbow flexion; hip flexion
(knee straight), extension (knee straight), flexion {knee bent), abduction,
adduction, internal rotation, and external rotation; knee flexion; hand
flexion: and spine flexion and extension., Selections were based upon impor-
tance of the movements in most physical activity.

The general approach to guantifying the mobility reduction associated
with wearing a particular test article was to measure the ranges of motion
of 5 test subjects for each selected movement while wearing nominal clothing
{the standard work/rection clothing described in section 2). These measure-
ments were repeated while wearing each of the test articles. The range of
mot ion for each subject and each selected movement in a particular test
article was compared to the corresponding range measured in the nominal
clothing and the reductions were determined. This approach uses each sub-
ject as his own experimental '"control'. This measurement of ranges of motion
was actually the second step of a two-step evaluation procedure.

The first step of the procedure was the subjective evaluation of motion
inhibition performed by the test subjects. In this subjective evaluation
they assigned an ordinal score depending upon their assessment of each ele-

mentary movement as follows.

Score Definition
0 Mo interference at all
] Can achieve full motion with extra effort
2 Slight reduction of motion
3 Moderate reduction of motion
4 Great reduction of motion

Following the subjective scoring, the reduction in motion was determined

only for the elementary movements for which subjective scores of 2 or greater
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were obtained. The reduction of movement was determined by measurement of
the ranges of each movement in and out of the test article, as described
earlier. A reduction in motion of 0 was assigned to each elementary move-
ment for which a subjective scare of 0 or | was obtained.

A number of the test articles feature either deployable attachments or
zippered gussets to increase comfort in the normal mode of wear while
retaining cold-protection effectiveness. In general these articles were
tested with these devices positioned so as to maximize comform and mobility
in the dry. No flotation bladders were inflated and no supplemental flota-
tion devices were worn during this investigation. All main entry closures

were closed.

},2 Fatigue-induction Investigation

An objective of this investigation was to quantify and compare the pro-
pensities of several constant-wear, cold-protection articles to induce
fatigue in the wearer. A second objective was to determine the increase
in mean skin surface temperature resulting from wearing each article. The
standard work/recreation clothing is used as the basis of comparison.

It would be impossible to predict the exact working activities of all
individuals who might wear the cold-protection articles. Therefore, it was
decided to test the articles with 5 subjects engaged in three exercises
from which various working activities could be implied. The exercises were
(A) sitting at rest for 30 minutes, (B} touching the toes for 5 minutes at a
rate of 30 toe touches per minute, and (c) climbing two nine-inch stairs at
a rate of 100 paces per minute for 5 minutes.

The articles were worn in the same manner as 'n the mobility-reduction
investigation. Percent increases in heart rate and increases in average skin
temperature were determined for each exercise and test article. The average
skin temperatures were determined by weighting the three measurements accord-
ing to the distribution of body surface between legs (39%), arms (19%) and
torso (42%), (Hardy and DuBois, 1938). The results for the three exercises
were averaged to produce fatigue and thermal stress descriptors for each
test article. This averaging was done according to five different activity
models., Each model was defined in terms of the relative importance of each
exercise to the activity being modeled, They are indicated by the weighting

factors in the following table,
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Exercises

Model Humber Type of Activity A B [
l Uncertain .33 .33 .33
2 Generally Active .10 A5 g
3 Genera]ly Sedentary B0 .10 .10
b Mostly Upper Body .10 .60 .10
5 Mostly Lower Body Jdo0 .10 .80

The results of this analysis were compared across the five activity models
leading to the conclusion that they were very similar for all the models and
thus insensitive to variation in the particular activity being pursued.

Thus the final results for both the fatigue and the thermal stress investi-

gations are based upon Activity Model 1.
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5.0  SUMMARY OF RESULTS AND DISCUSSION

The results of thls study are showr In Table i-1k. The suits have
been ranked according to the estimated survival time In 1.7°C water for
an Individual with average morphology. ~“he cdashes Indlcate that a sult
was either not tested in the cold water or not considered a constant-wear

article.

A number of interesting observations may be drawn from the results In
Table I-14. The respiratory heat reclamation feature of DA2 seems to
significantly extend survival time. That for the average Individual 1Is
extended from 17.7 to 27.1 hours. |t should be noted that "dry foam'' and
"dry air'' suits were categorically superior to dry suits and wet sults.

This 1s consistent with the results of Hayward, et al. (1378). Suit D3

was regularly observed to contaln significant amounts of water followlng
cold-lmmersion experiments. I[t, therefore, should not be regarded as a
proper dry sult. The cther dry suit (p2) did not suffer this difficulty

and performed better than all but one of the wet sults for an average
Individual. The best wet sult was WE2, probably due to its snug fit and
resistance to flushing. The best wet-mode, partial-body sult, WPZ, was

the only one indicated to provlide a thin individual more than four hours

of survival time. Thls is due In part to It being tested In conjunction

with the water wings flotatlion device. The next-best sult, wWP6, Is Indicated
to provide a thin individual about four hours of survival time. The longer
survival times for the thin Indlvidual than for the average one in sult DAZ
(open and closed) are due to the regresslon predictors obtained for that

sult and probably result from the factors discussed eariler, The snug fitting
ski vest, WP7, yields a 60% increase In estimated survival time cver the

kapok type of PFD Investigated elsewhere (Hayward, et al. 1978).

The wearabillty indlcators of mobility-reduction and fatigue inducement
are aleo summarized in Table [-14 for those articles thought to be candidates
for use in a constant wear mode. The mcbillty reductions are expressed
in terms of the reductions in range of motion (averaged per subject for all
|7 elementary movements) and the average number (per subject) of the 17

elementary movements for which full range of rotion was achlevable but only
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at the expense of extra effort. The fatigue-Induction and overheating
results for Activity Mode | are also summarlzed In Table I-14. These
are the mean percent Increase In heart rate and the mean increase in

surface temperature.

Concerning wearabillity, the WP type artlicles are better than the
WE artlcles. The exceptlon was the CWU-33/P(WPL) which was classifled as
a WP article only because It Is short-sleeved. The addition of gussets to
a wet sult such as WE2 offers 11ttle Improvement in wearabllity compared
to the standard wet sult WE4. The dry foam article, DF2 offers distinct
cold-protectlon advantages however the wearabllity may be a problem as
Indicated by the large Increase In heart rate and skin temperature assoclated
with it. The wet partial body sult WP2 offers the best cold-protection of
the WP-type sults however lts wearabilfty Is less than the others of that
type. This is due, In part, to characterlstics of the fiight coverall worn
over the short wet sult durlng testing. The D-type sults appear to be very
wearable with the exception of sult D2. However thls sult was rather snugly
fitting and therefore wearablllty lmprovements could possibly be obtalned by

more generous use of fabrlc such as In D3.

A dry-type sult such as D2 appears gulte attractive from a cold-protectiveness
standpaint and potentially so, regarding wearabillty. However, & question as
to the heat reslistance of the goretex materlal, from which D2 !s constructed,

kas been ralsed (Harnett, et al., 1979).

In summary, this study was conceived to develop a basis for Informed selec-
tlons from the state-of-the-art In personal, Immersion-hypothermia protection
equipment. It is not possible to prescribe an optimal choice for all users
based on this research. That must be left for the user who is aware of his
priorities. This paper could only summarize some of the essential information
needed to evaluate the trade-offs which are imbedded in the equipment selection

problem.
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Panel: Preventing Hypothermia
(protective clothing and survival equipment)

Position Statement
Edward M. 0'Brien, Ph.D.
Clemson University

There are many different types of articles designed to protect persons
against hypothermia due to cold water immersion. These articles can be classi-
fied either as dry mode sults or wet mode suits. The dry mode suits are whole
body suits and can be further classified according to the type of insulation
used. There are those using air insulation, those using foam insulation and
those which provide very little insulation of their own (these are the dry
shell type of suit). Of the wet suits there are those which cover the entire

body and those which partially cover the body.

No sweeplng statement can be made as to the best sult since the choice of
suit depends often on other factors beside maximum survival time. Some of these
factors are wearability, buoyancy, and fire resistance. However, the different
types of suits avallable can roughly be ranked as follows concerning estimated
survival time in 35°F water. Dry sults with air as the insulating medium pro-
vide the longest estimated survival time, dry suits with foam insulation are
ranked next. Following these suits there 1s a large difference in the estimated
survival time with the wet sults covering the entire body and the dry shell suilts
ranked next. The last suits iIn the ranking are those wet mode articles which
only partially cover the whole body. Such a ranking is not as obvious concerning

other factors governing suit choice.

Concerning increasing survival times, experiments have shown that a snug
fitting ski vest PFD increases the estimated survival time by about 60% over a

kapok Type II Mae West PFD and that reclaiming heat lost in respiration can
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increase survival time. An individual in a cold environment loses a signifi-
cant amount of heat in warming and humidifying inspired air. Most of this heat
is then subsequently lest with the expired air. An increase of 10 hours {a

53% increase) 1in the estimated survival time of an average individual wearing

a dry suit with ailr insulation and respiratory heat reclamation as compared to
the same suit without the respiratory heat reclamation has been shown. Therefore

it seems desirable to incorporate this concept into the more protective dry suits.

The following characteristics would be desirable in the implementation.
1) The reclaimed heat should be used to pre-warm the inspired alr. 2) The
moisture in the expired air should be trapped (possibly to be reclaimed by the
victim). 3) There should be no direct mixing of inspired and expired air because

1t might allow a carbon dioxide build up.

Another item of some importance and concern deals with the use of a gore-
tex composite in the construction of light weight dry shell suits. Goretex is
a synthetic microporous material which in its dry state allows alr and water
vapor to pass through it. When exposed to water it expands cleosing off the
micropores thus becoming impermeable to water. The composite material generally
consists of an outer layer of nomex {(a fire resistant material), a layer of
poretex, and an inner layer of either nomex or nylon. Fire exposure tests
have shown that the goretex material tends to shrink and pucker when exposed
to heat and to resist expansion back to 1ts original shape. This would indicate
that normal movement within a sult made from the goretex composite which was

exposed to heat way in fact tear the goretex causing the sult to leak water.

The concept of a "dry" suit made from goretex is attractive for aircraft
personnel who must constantly wear a cold protective device. However further

research Into its characteristics when exposed to heat 13 recommended.
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[R. ERLING OKSENHOLT

1.

Z.

4.

5.

HYPOTHERMIA PROTOCOL

Notify Hospital Immediately of possible Hypothermia
victim

Hospital to notify -- Hypothermia team

a.

o T = PR T

2 Physicians
Inhalation therapist
Lab. technologist
X-ray technologist
Physical therapy

2 Nurses

If time available - hospital to send part of hypcthermia

team to beach

Rescue

a.

H 500 = o0

Personnel

Resuscitate all hypothermia victims (Not dead until
warm and dead)

Immediately place victim on stretcher - Do not allow
victim to walk

Handle patient gently

Immediately remove wet clothes and pat dry

Place cardiac monitor on patient

Begin hot humitified 0, (105°- 110%)

Place rectal temperature probe

Place 1V at X/0

Allow no oral fluids

Hospital procedures

a.

1

Temp. above 92° - Place in whirlpool 98° - 102° and
hot humified O2 and warm IV fluid
Temp. below 90° - Hot humified 02 plus warm IV fluid
if not comatose
Comatose or Arrested - May consider using peritoneal
rewarming run 2/L as quickly as possible and remove
(Warm fluids in surgery warmer at 1307)

Monitor core temp. g 5 minutes.



10.

t

(kSENHOLT - Pace 2

e.- l-2gm Cephalosporin IV for those with temp. below 92°
f.- Steroid 1-2gm Solumedral IV

.- Lab.

a.- Chest x-ray - portable
b.- Electrolytes
¢.- Blood gases
Motify PO2 and PCO2 to temp.

d.- Clotting studies and platelet count

.~ Admit all hypothermia victims with temp. below 9sC

.~ Possiblilities to consider for future studies

a.- Value of Mast pants to prevent DIC
b.- Use of Barbiturates
Levels of 40-50ug/ml
Phenobarbital or Pentobarbital

.- Patient needing C.P.R. - may be intubated - No patients

with spontaneous heart beats.

- Defibillation - not to be done until core temp reaches
90° - 92° or greater.
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Purpose:

HYPOTHERMIA CART

The following guidelines should establish what equipment
is located on the hypothermia cart; and, what equipment
or solutions are located in other areas of the hospital.

General Directions/Guidelines:

A.

A cart, completely equipped, will be kept in the respirator
therapy room for the sole purpose of treating patients with
acute hypothermia. The cart will be preparec at all times
and the following equipment will be readily savailable:

FENEREPRN RN

[l el el el A R o

heated oxygen units with tubing and masks.

extension cord.

thermocouple (electric) thermometer with recral prob
Eveready batteries.

Centigrade thermometers.

screw driver.

Centigrade conversion table sheets, one on each heat
oxygen unit.

Flowmeters with nipples.

Oxygen masks (adult).

Oxygen connecting tubing.

OEM hand nebulizer.

2000 ml bottles of Imperscl.

emesis basins.

Scalpels with #11 blade.

Betadine Solution Swabsticks.

10 packs 4 by 4's

10 packs K-Y jelly.

2 airways (2 of each size ie: adult and child).

10 copies of peritoneal dialysis record.

3 Trocath peritoneal dialysis catheters #V4900 McGaw.
2 Imperson sets with drainage bag. #1612 Abbot=-.

+ small bottle of either vodka or 50% grain ETOH for

inhalation.

4 rolls tape 1".
10 20 ga 1% Angiocath.
5 Medicuts.

Butterflies 23 x 3/4.

10 alcohol swabs.

K-75 3-way stopcocks.

L.V. loops (Connector loops).

anesthesia Venosel (I.V. tubing) # 1884,
300 ml Dextrose 5% in water.

500 ml Lactated Ringer's Injection U.S.P?.
ambu-bag resuscitator.

Puritan Heated Nubulizer with cora tubing and aeroso
mask.

1 Throat suction set (complete).

1 Dririete set with black corrigated tubing.
1 Heated water bath.
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ABSTRACT

EFFECT OF THE TEMPERATURE OF INSPIRED AIR
ON THE AMPLITUDE OF SHIVER

R. S. Pozos
Department of Physiology
' School of Medicine
University of Minmesota-Duluth

Current thinkins concerning thermoregulation states that the
‘hypothalamus is the key site of thermoregulation. Recent results in our
-labatory indicate that the oral cavity might be sensitive to the tempera-
ture of inspired air. Surface electromyograms of the forearm, motion and
;alr temperature were measured and recorded on a tape recorder. The
- temperature of cold inspired air caused an instantaneous increase in the
;amplitude of shiver in humans. These results are of significance since
'they indicate that there are some reflex loops which monitor inspired

‘alr, posaibly in addition to the hypothalamus. In addition, this data

/ :would be important relative to different ways of elevating core temperature.
iUsing warm humidified air to increase core temperature might inhibit some
‘mechanisms that monitor temperature and control shiver.



rnfluence of Breathing ilot humildified Az on the Amplitude of Sn.ver
R. S. Pozos, L. E. Witetrers, Jr., P. lalzzo, and ®. Burgstahler
Department of Physiology, School cf Mzdicine
University of Minnesota-Duluth, Fuluth, Minnesota 55812

Shivering {8 a thermoregulatory ncuramuscular response to cold and serves
fu ane meshanism for Inereasing metalolic rate thereby increasing heat pro-
duction. Although tr (s commonly observed, an exhaustive study of the electro-
mvagraphy of this imperrant physiolegic résponse has not been undertaken, Th{s
study deals with some initial ovservacions concerrning stilver and its modifica-
#ian oy breathing humidified air of various temperatures.

Subiects were ploaced eitiher in ooid water (lEOC) or in cold air (320C).
Temperatures were recorded {rom the racrum, tvapanic cavivv, from the sxin
surface over the pectoralls msicr, trapesius, and masseler. Surface elactro-
myograms were recorded from the extensor digitornm, soleus, mnassetir, pactor-
ails major, and trapezius muscles. Motion was detecred using an AVR-250
L-celerometer attached to the knee. The signals were recorded on a tanc
recorder and later'analyzed on a PDP-12 computer.

*11 subjects were stress tested and signed human consent forms before
the experiment. As the person became cold, peripheral temperature drorped
snd there was an initial tensing of the musculature. This tensing 1ls best
seen in Figure 1 in which there is an increase in motor unit firing in the
latissimus dorsi and in the masseter. This firing increased in intensity
un*il there was synchronous bursts. In some individuals in cold air environ-
ment, the legs would demonstrate a clonus like activity which was svnchronized
with the EMG of the soleus. Eventually the subject, whether in water or in
a.r, demonstrated an overt shiver {Figure 2) which was characterized by a
waxing and waning of the amplitude of the shiver. This amplitude modulation

is a well documenced observation especially of muscle groups of the trunk.

It is interesting to note that the leg shiver was not as evident in watar as



{n air. This might be due to the faci that the legs were moving slowly in
the water and also that streteh reflexes might not be as activared in water
as when the subject 18 standing {n afr. In our laboratory, overt shiver of
the lopgs was e;ident when the subjcct stocod on the deck--whereas in the watar,
EMG activity assoclated with shiver was very low.

In the seven subjects tested (6 males, 1 female), there was a variabilicy
in the pattern of shiver in that not all individuals shivered ir the jaw first.

In our studies, it has been observed that inspiration has heen associated
with the intensity of the shiver. We were interested in the increasing emphasis
on rewarming hynothermic patients using hot humidified air. In our initial
studies, subjects were made hypothermic bv placing them in a cold envirenmental
chamber and walting until overt shiver was continuous. The subjects were then
instructed to breathe hot humidified air (40°C). As Flzyre 3 shows, when the
suhject breathed in hot humidified air, therz was a reduction in the elactrical
activity of the soleus, pectoralis major, trapezius, and a decrease in the
amplitude of the tremor. In some subjects assoclated with the inspiraticn
of fot humidified air was an overt decrease in goose bumps and a blushingz,
espec.ally on the backs of cértain subjects., Tie response was instantaneous
and persisted as long as the subject inspired the hot humidified zir. After
cessation of breathing the hot inspired air, there was a rebound effaecy, L.e.
a prenounced increase in amplitude of the shiver.

Control experinments in which the subject just bent forward and touched
the mouthpiece ov breathed in ecold air did not elicit the above respounscs.
'n fact, breathinm in colid air increased the amplitude of the shiver.

Durin; these experimonts the core temperature was alwass nlgher chan
trac of the periphery. Thus the shiver in all these studies -as due rto a
deczrease {n perivheral relacive to core temperature. The immediate Aecrease

In amplitude of shiver with ho: inspired air might be attributed to activation
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of thermal receptors in the mouth and/or respiratory tract. Since the response
was so immediate, it does not seem that cnough time had elapsed for warming of
certain nuclei in the hypothalamus. Rather, this data substantiates ocher work
which indicates that shiver may h¢ produced by refiex loops independent of
higher centers,

This preliminary data indlceates that rewarming subjects using hot humid-
1fied air may influence those mechanisms that control certain aspects of the

generation of shiver.

This work was supported in part by a grant from Sea Grant (DOC/NA7S.A-

D-00025).
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THE EFFECT OF
BREATHING WARM AIR (40°c+) OH SHIVERING

EMG SOLEUS

[ 472,2 B

EMG *- PECTORALIS MAJCR

[ 500.0 pv

EMG .- TRAPEZIUS

N I 482.3 Ay

ACCELER?TION .‘ =2 %¢. -~
; mm.ru,m| L e o SLLLE f
i;?tfi “t”hliljhw 'h V m‘lll‘wj—yww fﬂ “ﬂMMW“‘W Yy ‘Ha'm QRLTHEY ﬁimﬂm I 164.3 cmeec?

W —— —r— e .

BREATHING WARM AlR

Figure 3. Effects of breathing wam humidified air on the
electrical activity of three muscles as well as
the acceleration patter*- assoclated with shiver,
Note the imediat:e (£irse inspiration) decrease
in both electrical activity and acceleration when

the subject breathes the wamm bumidified air,



Workshop on Urban Hypothermia, Alcohol and Hypothermia,
and Physically Handicapped and Hypothermia

R. 8. Pozos, L. E. Wittmers, Jr., and N. Bradley
Department of Physiology, School of Medicine
University of Minnesota-luluth, Duluth, Minnesota 55812

Although this topic 1s wide ranging, L believe there is a certain under-
lylng theme from which the topic might make sense--and that 1s the various
physfologic mechanisms that come Into play when a person is hypothermic.

As a person is becoming hypothermic, many reflexes come into play. The
initial tension of the skeletal muscle, the shiver, the peripheral vasocon-
striction, the bradycardia, and increase in arterial pressure all depend on
an intact neural system. In addition, there are those physical factors such
as amount of fat, amount of skeletal muscle, etc. which will help determine
the rate of heat loss. Finally, there are the metabolic responses which are
associated with hypothermia, e.g. an increase in circulating catecholamines,
lipids, and sugars.

In the case of physically handicapped persons, the insult to their CNS
will obviously alter tﬁeir reflex responses to cold. Although the term
physically handicapped is encompassing, I use it to refer to groups that
have suffered some form of altered motor function. Patlents who are classi-
fied as suffering from cerebral palsy, stroke, multiple sclerosis, amputees,
muscular dystrophy, are included in this group. In our laboratories, we have
noticed an increase in the spasticity and rigidity of hypothermia patients
who suffer from strokes or have cerebral palsy. Since thermal receptors of
the skin influence the excitability of skeletal mwuscle reflex arcs, it is
quite conceivable that severe impairment of function may be seen im physically
handicapped people who are exposed to cold water. The degree of sensitiviey
to the cold water may differ among the physically handicapped. In fact, they
may not be able to stand cold water stress to the same degree as normal

individuals. Some physically handicapred individuals have low amounts of



fat which alse may influence their abilitv to survive in hypothermic environ-
ments. Since many physically handicapped individuals have lesions in the
cerebral hemlspheres or cerebellum, many complex reflexes that are involved

In thermoregulation may be Impalired. ¥Yor cxample, lesions in the cerebellum
alter the form of shiver so that 1t assumes a more choreiform kind of movement.

In the case of gerontologic patients who have not suffered any overt
pathology, there ls nevertheless a decrease in the ability to withstand
hypothermia, the so-called urban hypothermia. A good definition of gereon-
tologic patients relative to hypothermia is difficult. In this discussion,
any individual past the age of 60 might be considered as being in this category.
Overall there is a decrease in responsiveness of receptors so that the geron-
tologic person does not sense cold as early as does a younger person. Since
many gerontologlec persons are receiving medication for controlling cardiovas-
cular or other pathologies, the 1lnfluence of these drugs on altering the
sensitivity of the autonomic nervous system relative to hypothermia needs
to be thorcuphly investigated. Many drugs which influence vasodilation tone
of the cardiovascular system will compromise a gerontclogic person's ability
to withstand cold environments. To complicate the matter further, multiple
drugs are prescribed to old individuals and their combined effects on the
body's ability to regulate temperature are relatively unknown.

In terms of metabolic responses, let us assume an elderly perscn suffers
from diabetes. What kind of problems will a diabetic encounter when exposed
to a hypothermic environment? Again the research has not been done.

Finally, to round out this complex story, the effect of alcohol on the
thermoregulatory mechanisms is in dispute. Although alecohol is considered
a potent vasodilator, recent studies indicate that alcohol up te levels
considered intoxicating (0.1 gZ) does not seem to significantly influence

the rate of fall of core temperature in a hypothermic environment. There



might be some question about the levels of intoxication used in the above
experiments, since in many accidents the levels of intoxicatiom are much
higher than .08 to .1 g%. In addition, although the decrease in core temper-
ature 1s considered cone of the primary parameters to consider, other ones may
have just as great an importance. Shiver is supoosedly decreased with high
alcoholic levels and also alcohol might interfere with the ability to perform
fine motor movements. In reviewing the literature, there is scant attention
paid to the chronic alcoholic. Although there are cases of alcoholics wha
are found frozen every winter, I wonder how many survive. Many alcoholics

do an impressive job remaining alive in subzero temperatures. Does alcohol
really act like an antifreeze?

In both of the situations listed above—-the physically handicapped and
the elderly--alcohol ingestion may play a predominant role. Studies should
be encouraged that address the specific¢ problem areas above. It is very
interesting that until recently no research into temperature regulatiom of
the physically handicapped or of gerontological people was actively underway.

On a very practical aspect, personal flotation devices are usually not
constructed with the physically handicapped in mind. In some 1Initial studies
undertaken in our laboratory, most personal flotation devices do not work in
keeping the physically handicapped subject afloat so they can swim properly.
Since approximately 20 million people are considered physically handicapped
and there are active programs underway to promote the physically handicapped
to use swimming pools, this is an urgent area of concern.

The following are considered as areas where research should be actively
pursued:

1) The reole of various CNS structures in terms of shiver generation

and thermoregulation.



2)

3)

4)

5)

6)

7)

8)

9)

10)

The role of stretch reflexes in thermoregulatioen.

The alteration of the autonomic nervous system with age and the
consequent effect on temperature repulation.

The alteration of thermoreceptor sensitivity with age and the
consequent effect on temperature regulation.

The alteration in '"physical fitness'" of older people and how this
affects temperature regulafioﬁ.

The effects of drugs commonly used with older patients and thelir
effects on temperature regulation.

An exhaustive study of the acute and chronic effects of alcohol
and its metabolites on temperature regulating systems in the body.
An in depth study of the hypothermia effectiveness of existing
personal flotation devices.

Designing life jackets with the physically handicapped in mind.
Researching the effects of various drugs used to contrel cardiovascular
function and quantitating their effects on the thermoregulatory

centers of the body.

This work was supported in part by a grant from Sea Grant (DOC/NATIAA-

D-00025),
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Camping Standards #77, 24

ypothermia? "Low body temperature” probably makes more sense but still may sesm af
emote as Antaretic ice. Not so! Even on a "ice" day, a day hiker or eager swim-
er may ehiver, fumble, or forget, showing symptoms of mild hypothermmia. At the ex-
reme, hypothermia is behind many stories of "death from exposure” or "drouming."

Lthough sometimes called "the killer of the wwary,” fear of hypothermia, low body
emerature, need not keep Girl Secouts from ventwring out any more than fear of rever,
igh body temperaturs, might. Preventive meqsures are logical, symptoms are easily
ecognisable, and early treatment ie simple and effective.

he following pages define the terms, dssoribe the conditions, preventive measures,

ymptoms, and treatment. The reasons behind the suggestions and cautione are added

o that they may be wisely applied to differing circumstances. Although cold, wet,

r windy conditions occcur without purposeful malice, nature’s neutral challenges are
st met with an alert mind and a prepared body. The will to live does make a dif-
wnoe.
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CHILLING BACTS

Hypothermia weather is not “freezing."
109C (509F) air and moderate wind can catch the unwary.

- Moving air or water is more chilling than still air or water.
409F air + 20 mph wind = 20°F equivalent chill temperature:
49C air + 32 kph wind =-79C equivalent chill temperature.

- Hypothermia water is not "1cy."'
Some people can't keep body temperature up
even in 22°C (75°F) water!

- Water conducts heat at least 25 times faster than air.
20°C (70°F) air feels warm, 20°C (70°F) water feels cold:

- Evaporative cooling is faster in a wind.
Wet, cold clothing can refrigerate 240 times faster than
dry, warm clothing!

- Most cases of mountain hypothermia occur between 1°C and
10°C (35°F - 50°F ) Mist, sweat, and rain are important
contributing factors.
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Metric abbreviatioss: C = Celsius; kph » kilomsters par hour



TERMS TO KNOW.o.

- Hypothermia = “Low/temperature.” Hypothermia, or lowered internal body tempera-
' tﬁra. occurs when the body losas heat faster than it can produce it.

- L%g?-term hypothermia refers to gradual cooling of th; body, with a ;;
proionged progression of symptoms. Changes in body chemistry and
fluid imbalances complicate treatment. _ _ :

- Aftgr-drog refers to further lowering of body temperature after warming treatment
S Degun. Any exercise may result in cooled blood circulation problems leading to
heart and breathing stoppage.

— Survival time refers to the time between exposure to hypothermic conditions and -.-

eath. Preparation and preventive measures being equal, the speed of the progres-
ston of symptoms varies with the amount of energy reserve and body type of each
individual. Women and children are more likely to succumb first because of their
smaller badies, even though women have more body fat for insulation.

- Iﬁﬁﬁgiate disappearance syndrome refars to death bf cold shock and drowning from
sudden immersion in cold water. - -

- PﬁD s Personal Flotation Device. A PFD is a buoyant jécket. vest, bib, cushion, or
rihg designed to be worn or thrown to keep a person afloat.

- HELP = Heat Escape Lessening Position. HELP, 1ike a fetal position, is assumed to
slow cooling from major loss areas (groin and sides of chest.) Keeping knees up
with arms at sides is recommended on land, or in water when a PFD is worn.

- ?dile refers to 2 or 3 people forming a close group to preserve body heat. It too -
s recommended on land as well as in water, when_PFD's are being worn. '

Al

- Drownproofing refers to relaxed, face-down flioating recommended only in "warm”
.water.

- Foul-weather gear refers to a windproof and waterproof'outfit of jacket and pants.

FRECRIES!
&
Hypothermia and Cold Water Survival
U.S. Coast Guard, Aux - 202 (10-76)
Cold Water Survival
The Canadian Red Cross Society

with the assistance of Mustang Sportswear, LTD,
Yancouver, B.C. V6B 2L3

For the Unprepared - Hypothermia, A Killer Companion
The Adirondack Mountain Club, inc.

172 Ridge Street, Glens Falls, New York 12801

Fatigue - Exhaustion (.02 ea.)
Survival Education Association
9035 Golden Given Road, Tacoma, WA 98401 =~

With the f11m By Nature's Rules
Four Lin ¥ Defense Against Hypothermia
Mountain Rescue and I[nsurance

- Association Sterling Film Librarfies
866 Third Ave., New York, N.Y. 10022




BE PRARED §
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AN ALERT MIND IS A PREPARED BODY IS
— THE BEST SURYIVAL TOOL! THE BEST SURVIVAL KIT.

4§F
§ Plan ahead for emergencies: Be in good condition and carry gear to:

g - File trip or float plan Stay dry (rain gear, spare large plastic bag)
8

P

- Plan checkpoints and signals Stay warm (spare wool layers, a hat)

Monitor the weather Fuel up (energy foods, hot drinks)

Enforce the buddy system - Produce heat %gr tinder, waterproof matches)
Select a sensible leader - Stay afloat (PFD
Keep a positive outlook! - Signal distress (whistle, light, flares)

o ] Sen g o sl mew an a3 0w e ] ceks faawf] aec fO ooy Qoo caaf st oo s aem

& STAY W@Rﬂ g

PROTECT CRITICAL HEAT+LOSS AREAS:

- "When your feet ars cold. put on a hat.” From 251 to 50%.of total bedy heat lost
radiates from the head. .

- Assume HELP to protect gides of chest and grpin, other major areas where blood
vessels are close to the surface.

= [f in watsar without flotation, don't drownproof - with the head under water the
combined effect of major head heat-loss and fastar water conductivity cuts sur-
vival time drastically (793!). Slowly treading water is twice as effective as
drownpraofing,

MAXIMIZE INSULATION:

- Wear layers of wool clothing rather than one heavy garment, Layers insulate as
bady heat warms the trapped air. Top layer should be windproo? and waterprosf.
Apply this to feet too ... leather or rubber shoes are wirmer than canvas,

- On water, wedr PFD on top of other lavers, Insulating properties
of a ficat coat quadruple survival time. Fitted foam vest triples time, with
kapok vest, then bib-type PFD's least warm.

- Keep collar, haod, and cuffs snug to prevent moving air or water from axchanging
cald for warmed layers.

- Iasulace against cold surfaces. Avofd sitting, knseling, or lying down withaut
padding (grass, leaves,newspapers.] Remember the “sit-upon“?

- Wear gloves wivn handliing cold obdjects.

~ Keep metal taols, knives, axes, sheathed away from the body.

BEFORE VENTURING OUT IN THE COLD:

Compare cotton and wool when wet. Dip a cotton sweatshirt cuff
and a wool sweater cuff into about an inch of water.

Wateh one "wick", Whioch would stay drier and warmer?

Put on one wat wool sock and ome wet cotton sdck (glove, sleevel.
Which feels warmer? In a "wind"?

+ STAY PRYT

- Cover up before getting wat or change to dry clothes and keep them dry. Wet
clothes Tose up to 90% of their insulating value.

- Wear wool. It 13 stil} 40-600 effective even whan wet.

- Avoid cotten. It “wicks,” spreading moisture from fiber-to-fiter making a larger
area to cool by evaporation. .

- Avoid pilastic alons. It has poor insulating gualities and body moisture builds
up inside unless well ventilated.

- Avoid wearing 2 poncho in wet or windy weather. It "leaks” - moisture drios in
and heat flows out. Xaep ane handy to rig a shelter or windbreak.

« Keep up “loft™ of down, [f down gets wet or matted, insulating air spaces
between feathers are lost.

BEFPORE VENTURING OUT IN THE WET: - :
Teat foul-weather gear when under z shower or sprayed by a hoae.
Ezarcise and perspire in foul-weather gear.
Dogs it leak? Dose it "breathe”?
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- "Quit while you're ahead:"seans to quit while your head can still think safely.
ool blood slows, delivers Tess oxygen: the brain suffers. Use energy oniy to
make things snug and sheltared befors reserves and reason are lost. -~

- Reduce perspiration by reaucing exertion. Perspiration means the bocy is dumo-
ing heat and moisture. Energy can go into producing heat rather than motion if
the body tg at rest.

- Make short rest stops. Five to seven minutes is long enough for muscles to dump
built-up lactic acid and relteve the “tired feeling.”

- Rig a distress sfgnal to show without constantly expending more energy. Wave,
spiash, shoyt, or whistie only when rescuers are likaly to see or hear.

- Swim only 1f it counts. Be gertain of reaching a worthy gosl {flotatian, ather
people, shore.) Swimming senas warm bload to sheulders and 1imos, greatly in.
craasing heat<loss. In 109C (S09F) water, hypothermia hits a "good” Switumer .
wearing ¢ PFD after swirming only 1300 meters (1350 yards). In 09C {1Z29F ) watar,

185 meters (200 yards) is the }imit! ...

BEFORE VENTURING OUT TOC FAR:

Practice distress signals. Use the best attention-getiter: CONTRAST.
Know why emergency gear i3 "intermational orange”.

Leam to aset off a flars.

*BUEL UP ¢

- Eat well reqularly. Maintain an energy resarve with 2 balanced diet.

- For quick, ready enerqy. have frequent sugary smacks. Avoid “junk™ foods. a3
usual. Gorp, raisins, chocolate, and candy will keen up the body's heat-pro-
duction without burning the reserve supply.

- Provide hot drinks to warm the inner core. Energy levels will benefit too, if
drinks are healthful (soup, bouillion, broth, cocoa, tes with sugar, or hot
fruit drinks.) Avoid too much coffee.

- Don't have alcoholic drinks. Alcohbe) gives a false imprassion of warmth by re-
ducing shivering, Actually, surface biocod vessels are relaxing, allgwing more
biced to circulate and cool mors,

BEFORE VENTURING OUT IN WET WEATHER:
Test water-proof matches and mateh holders by dunking them in water.
Then, in the rain or wnder a sprinkler, light a fire,

Boil water for energy drinks.

*STAY AFLOAT !

- Put on & PFD.

- 1f forced to enter the water, ¢o in slowly. Sudden immersion may cause “lmm-

diate Disappearance Syndrome™ with uncontrollable rapid bresthing, dizziness,

and acute pain. Surviving such cold shock may be possidle only if wearing a

PFD. Relieved of the struggle to keep from gulping water ind sinking, the boay

has a chance to adjust to the cold,

- 1f forced to jump in, De prepared for cold shock. Increase buayancy by pinching
nose and hoiding breath, hopafully long emough to surface and control breathing.

- Once in, try to get out of the water and stick with the boat or a nearby floating
object. Rig protection from any wind.

= [f nothing floating is around, stick with other seople. Form a HUDDLE.

- If alone, #Ssume HELP.

= If not wearing 4 PFD, lTayers of clothing increase buayancy. Blow dowm ints front
of jacket to improvise flotation. [F possidle, trap afr in beots for buoyarcy.
Inflated pants make 3 float too.

BEFORE VENTURING QUT ON THE WATER:
Teat different types of FFD's for buoyancy and warmth.
Practice YELP ard HUDDLE positions.



SIMPTOMS

If the inner core temperature deviates only 19C (29F), distress signals
from the brain warn of the onset of trouble. Recognize the symptoms!

2 SHIVERING, CoLD AANBS ¢ [FEET

Shivering is usually the first sign of possible hypathermia, The body is. .
using bursts of anergy in an effort to produce heat, but the heat loss

goes on. "Cold hands mean a warm hearz.” The body constricts surface
blood vessals to reserve warm blood for the inner core. Since the tem-
parature of the extremities may drop to 49C (309F), without damsge, frost-
bite iz not necessarily associated with hypothermia. Symptoms of hypo-
thermia demand treatment before frostbite.

STOP: Recognizing and attending to thesa first symptoms may only require
helping the victim put on dry clothes. [Don't ignore the symptoms.

s CLURSINESS, LOSS oF DEXTERITY

As the 1imbs receive less and less warm blood, responsive movement be-
comes more and moire difficuit. Muscie control centers ars affected oo,
since Tess oxygen is transferred By cold b1ood in constricted blood ves-
sels. The victim stumbles and fumbles. Along with growing numbnuess,

the victim fs unaole to get gofng aftar a rest stop.

STOP. Don't beliave a victim's claim of "I'T1 catch up® she really CAN'T,
Find or rig shelter and start rewarming!

o LSS of REASON arte RECALL

The drain's thought contrdl centers, starved for warm, oaygen-rich blood,
start closing down. The victim acts careless and dazed. Responses may
te inappropriate or show Toss of memory. Spesch 13 slow and slurred,
Without reason, the victim may over-exercise, using up energy raserve to
the point of collapse. Beyond caring, the victim may give in to condi-
tions, dozing off withaut protection from the elements.

STOP: Don‘t believe victim's glaims of "I'm Okay." The victim really
doesn’t know batter! OJefore §t's too lata, keap the victim awake and
provide protection and heat, ;

+ SHAKING, MUSCULAR RIGIDITY

The exhausted hody gathers futile and wastaful bursts of energy, at
times shaking the victim violently. Since cold, slowly moving bloed
stagnates, body chemistry is altersd and muscles bacome rigid. With

d slow and irregular pulte, breathing is also erratic. Skin My appear
discolored and fesls very cold and puffy to tough,

BEWARE: Cald shock to vital argans, abnormally Tow %lcod sressure, and
chemical {mbalances may be fatal, aven hoyrs after wirming treatmant has
apparently "cured” the victim. MEDICAL ASSISTANCE IS CRITICAL:!:

/@’ﬁL[LE\\PSE oae BE@?H

-1 the brain control centers fail, vital organs struggle on with in-

creasing difffcuity and irreqularicy. dreathing and heart beat fimally
Stop.  Lurgs may hemorrhage, causing frothing at the mouth.

- Bowy TEMP,
30-33°¢C
(%=920r)

D0N'T GIVE UP! Although fatal after-crop is Tikely, don't assume death
until the victim is warm and dead. MEDICAL ASSISTANCE [S- IMPERATIVE. Bary Teme



TREATMENT ,

To provide selecti‘ve and gradual warming s the simple treatment
for raising lowered body temperature. Take care! Beware of after-drop.
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= - SEEK MEDICAL ASSISTAMCE + HNever give up without aedical advice
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~WARK BATH

RESCUER:

= Concentrate heat on trynk to prevent “after-drop”

= Start water at 200C (709F) raisa to 429C {110°F)
(comfortable to elbow test) over 10 minuta time span

]
° =
{ ALWAYS: NEVER: 5
§ - Insulata victim against cold - MNever leave victim without a heat-source ﬁ-
g « Pratact victin from wind and wet (it won't help to just cover the victim) b
«  Minimize movement of victim's body - Never massige or rub the victim a
{even walking takes energy) (expecially NOT with snow!} &

= Try to keep victim awake - Never jostle the victim -
- . Keep victim's head low, feet up (such movement could cause heart stoepage) §

{get warm blood to head first) = HNaver give alcohol .y -
- | Baware of after-drop - Hever give a sedative, tranyu:iizer, or pain U
- Protect victim from helfcopter wind-chil) reltever 8
: -
"
o

Mo

- (10T TERELS

i\rICTIH: May be unconsclous

‘RESCUER: .

« Wrap trunk {not Timbs) in hot towels or blankets
= Keep warming with warmer water {like bath)

- Hot water bottle or wrapped. hot rocks OK tao

- Beware of causing superficial burns

s WORRRA AIR
YICTIM: Must be handied GENTLY,

RESCUER:
‘=00 not try to get the victim to swallow warm drinks.
= Scarf aver mouth and noge will trap
warmth from exhaied air and pre-warm next Sreach
‘a Mguth=.g-mouth resuscitation transrers
© warm air to victim (conscious or not)
.= Special respirators provide warmed, moisture-laden aiy

4 BULEY-WARMING
CVICTIM: ‘Hust be handled gently (conscious or not}

- RESCUER:
i = Rewove all wet clothing (cut away to avoid jostling)
.= Place victim on side 1n sleeping bag or blankets
i = Warmth donor{s) should strip too
- Pasittan domor(s) for dirct skineto-skin, heat cransfer
to front ard back of vietim.

5x 9/71 © 0 . ¢ by Nancy H. Richardson






ABSTRACT:

" Drowming Facts + Myths, Part 11

By: LCDR D.S. SMITH, USCG
Chief, Boating Affairs Branch
Second Coast Guard District, St. Louils, MO

New, provocative developments in water and boating safety understandings
augur for reductions in aquatic fatalities. Unfortunately, those ®mos3t
regponsible for disseminating such information are frequently conditioned
not to productively recognize and/or respond .to 1it. Methods are introduced
and discussed for productively modifying beBavior in such instances.

These methods are derived from understanding and applying:

Education, Eden and Enthusiasa; Philosophy, Psychology, and
Technology: Illogical, Irrat;onal, and Irreverent Behavior.

These concepts are examined, {1lustrated, and integrated in the paper.
Direct relationships between them and the present hypothermia geminar
are drawn. A "game plan” for producing change in individuals or
organizations is outlined.



Lt. Commander David Smith
) Boating Safety Bramch
Second Coast Guard District
St. Louls, Missouri

Lt. Cmmdr. Smith is heavily involved in training instructors
in hypothermia treatment and cold water survival techniques.
He is the author of the Coast Guard's "Handbook for Coldwater
Survival” and has appeared on numerous TV and radio shows to
discuss this topic. In the Second Coast Guard District where
he heads the Boating Affairs Branch, the methods he has been
teaching were put into practice and resulted in a 17 percent
reduction in one year of drowning deaths in his district.-

He is a graduate of the Coast Cuard Academy and has worked
with Coast Guard personnel in the area of leadership and
motivation throughout his caraeer.



DROWNING FACTS AND MYTHS - PAPT T1
LTAJTENANT COMMANDIR DAVID S, SMITH, USCG

INTRODMICTLON

Review of reports of drowning, or occupational/recreational, water related
deaths, indicate that almost all of these fatalities are easilv avnidahic,
Yet, because of buman proclivity toward occasional or chronic aguatic
ignorance or stupiditv, far too manv pecple manage to drown themselves each
year. The purpose of this paper, therefore, is to illuminate approaches
proven affective in reducing the mmbers of these deaths. This prrsiit wili
‘proceed from the prospective of three E's, three ('s, and three I's. Thoan
relate to: Education, Eden and Enthusiasm; Philosophv, Pevchologvy and

- Technology; and Illogical, Irrational and Irreverant hehavior.”

The First E-Educati-n

We are all products, victims,! or actually involved in the formal process

of education. What is education? There are probablv as many answers to
this question as there are persons asking it. Education is one of the mnst
general, non-specific and malleahle of terms. It has myriad meanings. Its
interpretation varies among individuals as well as institutions. To hy-vass
this quandry, might we, at least within the context of this paper, consider
the roots of the word and a literalization of them as hinding?. Education
is taken from the latin: e ducere, to lead out. That is fine, but what does
"to lead" mean? Again, could we, for the purpose of onr discussion
compromise 1pon: to guide and to influence?

In education, therefore, we are attempting to gnide and to influence others
as they move {or are caused to move} from one point to another. Mav we
consider these points to lie along a spectrim Taheled understanding, with
our actual activities defining levels of understanding? Moreaver, might we
also state that we desire:

a. That these imderstandings and their resultant activities he

EuIEoseFu]:
h. Be productive (useful to the whole rather than des;rnctive):

c. Remain firmly in our behavioral repertoire, over time?

If so - we may have arrived at a workable concept of education, i.2, a
purposeful, lasting, productive modification of behavior,

Fine. Now we have a concept to work with. However, hefore attemptirg to
hend behavior, we should agree on other, hasic considerations.



THE THREE Os.

As man-and womankind take their first, faint, faltering steps into the
cornucopial ahvss of space, we are hegining to comprehend the hiblical adagn
concerning all things' working together.? The earthly ecologist has
reminded us of the precise halances and interactions of nature on our
planet. Correspondinglv, the cosmologist and his phvsicist contemporaries
are also beginning to discover the amazing interrelatienships of all hodies,
hoth great and small, in the cosmos.3 This leads to two gentlemen of
special note in our considerations. These gentlemen are Noctor Fric Forno
and Mr. Julian Javnes.

Doctor Berne's simplification-internretation of psvchoanalvtic thonght hne
given us a method for analysing and comorehending hran Fehavior, hot” oo
and nther persons', known as Transactional Analvsis or T/A. Doctor Serne
has Eostulated that we are several, if not manv interacoins persons i

one.® tle tells us that our behavior depends on the parsons within n, oo
developed through our uphringing, innate personal attrihntes, and the
situation at hand. Moreover, most of our hehavior, moct of the tire cyn le

descrihed as repitious replaving of certain "taped' instrnctions or ;
postions, mconsciously perpetuated, reinforced, and maintained by ns.>
Doctor Berne's work gives ns a least two insights usefn! in our
discussions,

Firstly, to adequately view people, ourselves included, we have to
objectively consider them from several viewpoints. Secondlv, most of what
we do, we do unconsciously.

Ergo, to change or to modify our hehavior we have to be aware of what we ave
doing, compared to what we might rather do, then concentrate on methnds -
changing our inner tapes, or reprograming our cerebral computers.

Mr. Jaynes' impact on our considerations also has to do with how we think,
Running through most modern, as well as manv not so modern attempts tn
explain human bebavior in the singular or plural, is the dichotcmous theme
of mechanistic versus holistic thought.5 Javnes postulates that our left
and right cerebral hemispheres respectively control the analytical and
synthetical aspects of our thinking.? For several soundlv stated Tensans,
Jaynes sees humanity progressing from a mechanistic, analvtical wav of
viewing the imiverse, to more of a holistic, synthetical posture, As ~ne
hemisphere has to do with rationality, and reasoning, and the other ::ie'
emotion and intuition, the most workahble anproach secms to invnlyve
accomodation of hoth.R

Therefore, in dealing with the problem of preventing / reducing doas' 1o 17
water, we should analvize the related facts and then avnthesize them “rea oy
emplovable, comprehensive solution - approach.

What dces this have to do with the three 0s? And morc hasically, what ore
the three 0s?



'l_‘h\r? First ©) - Philosophv,

Ta track with Dr, Rerne we shonlid view carselyes Jroes 2soorp] qapect

this paper these viewnnints fail nnder philosophy, (e sialooy . and
technnlogy, What is philosophy, and wha or w it is o phitisonher? oo oo
purposes, a philosopter is one who searches {or deenor, vet common
meanings. Philnsophv al<o can be thorght of a< g vav »f viewing, o
plaving, the game of life.

It can be snccessfullv argned that philosophy, at least in rational,
proportedly thinking beings,® preceedes and shapes hehavior. In other
words, what we do is activated, allbeit too often from tapes, hv what o
think we should do. As an agreeahle, useahle cxample, what really wn'erlav
the lunar landing of July 70th, 19697 Along with important technologicl
understandings and wndertakings, there was a philosophical compulsion heing
actualized, which is best descrihed by James FF. Rell. Mr. Bell said, "To
face tomorrow's prohlems with yesterday's solutions, is to view life at a
standstill. If we are to progress there is not one of us doing somethina
well todav, who can't do it better tomorrow. New initiatives, new
understandings, new competancies lie all about us, if we onlv have tho
vision to see them and the courage to grasp and to unse them',

Who was James F. Bell? He was the administrator of NASA, the person mort
directlv accountahle for the activities of 7/20/69. Didn't Rell's
philosophies as well as rocket fuel have much to do with this particilar
ascension? Courage and vision are as equallv important to our hasic wnter
safetv theme as thev are to grasping and altering anv man prohlem. - ter,
we will discuss them in relationship to the three 1'=,

The Second 0 - Psychology

As philosophy gives indications of why we do what we do, nsycholnav, the
studv of hehavior, tells us how we do what we do. ¥e hove stressed soviers
hasic psychological concepts 1n our comprehensive approach to reducion wicor
fatalities. For instance, we indicate that manv persons emploved ir 1iin
guarding at gools or heaches, really do not know what 3 -rowning persen
looks Jike.'® This is due to our reactions' being dependent on and
conditioned by what we think we see, rather than what is actually
transpiring. We have stressed the belief that an appreciable porticn of
drowning or hypothermic accident victims may be declared dead when alive,
because they either appear dead, or hecause the erstwhile rescuer has “een
situationalv conditioned to helieve them dead.!' We also have

investigated and interpreted common, psychological relationships in
different tvpes of recreationists which result in their hecoming victims nf
aguatic accidents. An example of this is the fisherman who, especiallv in
the spring or fall, repeatedly ventures alone or wmheralded wpon cold,
lethal waters, devoid of other humans., When this fisherman typicallv
refuses to wear or to use a personal flotation device, while all too
tzpicallv imhibing alcoholic spirits, he sets himself for tragedy either in
the inmediate or discernable future.]



We have also discussed how knowledge of hehavior is essential to our
encouraging and producing change in others. We stress the simple tas's of
ingratiating ourselves with an audience or class by giving them both our
gifts and ideas. Also stressed is our commmicating on several ltevels
throngh touch as well as visual and auditory example and experience.!’
These are all valuahle, vet too frequently overlooked tools in a well
roumded attempt to approach others, and to share new, exciting, worthwhile
ideas.

At this point, holistic/mechanistic inneractions also come into plav boath in
an individial or organizational sense. Thor liverdahl, a philasopher as mrich
as an explorer - scientist, has given ns a perceptive made]l/parahle of the
primarv failings of modern, analytically oriented science,4

Hyer 1ah1 likens manv, if not most of those who lahor sn ditligently in over
narrowing disciplinary nitches, to miners, extracting precious jewels, Yet,
when these jems of umderstanding travel frem the digzing pits, no one is
avail-hle on the surface to mold or to meld them intn a workable,
un‘erstandahle whole, The metaphor in our deliberaticns is easily ara-ne'.
As an example, the linited States Coast Guard has, for vears, faithfi? e Yoot
records of how, where and when hoaters meet untimelv ends.!> These dara
bave been used for numerous studies, both within or withont the govrricont,
to understand and to develop responses to hecating accidents. However, as
the well meaning statisticians lahored diligently to accrete bits of
information, few individoals outside the pale of statistics attemped *tn:
(a} comprehensivelly interpret the data; or (h) to broadcast what the datn
or its trends meant. Mechanistic, traditionally, "trihally" dominated,
conservative organizations are innatelv, (inertly) inclined to dote upen
their own understandin$s and not to generallv share {dilute) them with, ~r
hy outside influences.!® For instance, when Mr, Frank Pia originallv
submitted his excellent "Drowning Facts and Myths" fiim to the Coast Cnard,
very few who saw it appreciated what they were seeing. Their primary
response was, "we deal with boating deaths, this film mainly treats
drownings." The fact that most hoating deaths are drownings, didn't <iem
important! : T

Similarlv, in another related example of normal interorganizational,
territorial myopia, the statsticians haven't communicated with the
propagandists. The standard protective prescriptions given and perpetnared
by the propagandists exhort bhoaters not to: speed; overload their hnats; art?
to hecome experienced, disciplined operators. Infortinatelv, the gnircsent
statisticians have known for some time that speeding, overloading, ard
operator inexperience, althongh important, were nnt the primarv can~c: nf
fatal hoating accidents., Rather, the leading, overwhelminglv fwpica!
fatality involves falls from, or capsizing of, non-movina, less than
overburden hoats, hv persons well aquainted with what THév were daine!
Disquieting revelations of a like nature from the total spectrim ~fF wno-
fatalities led to deeper, philosophic attempts tn pain a troer persepect iy
of what interrelatecly occurs to cause in-water deaths,  Awl, more
importantIv,”which synthetically generated, global anpreachas arve of v io




in treating these cances, Of similar importance and fmpact have heen

comprehensive attempts te share information Jevelone? throngh the atov..
perspectives. We are now participating in one of these infarmitionad
endeavors.

The Third 0O - Technoloay

The third O is directlv related to the second B in ovr discussion. Thie E
denotes Eden. Eden may not only have heen a real place, hut in many wnvs it
mav still exist. Technology is that part of modern life which allows na tn
de. much of what we do, Tt atlows us to enrich our life stvles and to oxpard
onr ahility to grasp and to nse all the manv resources that we find
surrotnding us,

There are few people attending this conference who live in caves. We are
all the products of, and influenced by, a modern technological society.
Through modern technology we are ahle to visualize solutions to manv
problems, and, through computer enhanced designing, we are ahie to prydice
the solutions in fantasticallv short time periods. As awesnme as the
potentials of modern science are, we still have constraints on our
ahilities. These constraints involve two words that have heen prevismciv
mentioned. The words are vision and courage. It takes vision to son where
solutions must be derived; or, how some solutions produce more prohlams nnd
to anticipate these. It takes vision to understand problems, It tales
courage hoth to generatc thoughts concerning these difficulties and to
change methods and approaches we have heen using for years, methods
involuntarily taped into our behavior., How manv of ns are ritualize ! ioes
seeking old solutions to new prohlems?

As an example, manufacturers of life saving devices an cafetv equive

have worked hard to meet the problems of survival, ecerrcially in col’

water, Unfortumately, manv penple needing these devices are complorois
tmaware of their existence. One group mav lack the nurresgsiveness (oo’
to plumb new markets, while the other is slow to explore (envision) o,
existing solutions. These two groups have not secured a bridge of
understanding between them. PRiilding this bridge is also one of the
purposes of our conference.

The Three Is.

The three I's of Irrational, Illogical, and Irreverent hehavior are
especially germain to our discussion. It can been said that realty is in
actuality a temporal, relativistic, consensus. Tt can also be said that to
advance we need new and different thoughts which continnallv horder on the
edge of irrationality or consensus., Many of the ideas being discussed,
denonstrated, and employed at this confereice are, to many people, totallw
irrational. To tell the average, experienced ontdoorsman that the more
clothing he wears the hetter he will float, is to him a statement that
simply does not make sense. We are thinking differently here. But, tco
frequently in our culture, heing different is equated with heing less. This
conference is demonstrating that heing different is not Jess, rather heing
different mav represent a great resonrce in dealing with anv problem.



Tn a similar vein, much of what we are discussing aprears illogical.  The
path from Ptolemaic thought to Copernicus to Newton to [instein js loced
with i11ngic. Fach one of these thinkers changed, indeed shattered, the
concepts which moved before them.  Their ideas did ner fit the standurd,
existing frame of thought. But, hecause of them, e “ave ndvanced. Ts ir
therefore logical to asstme that we know all and that there is no »end o
change? This is especially true as we mect in the ninth Jecade of tihe 70tk
century, surrotmded by all the wonders and mysteries that modern scienc= ..
contimmally exploring, As we need irrational thonght we alse qecd i 1taeiend
thinkers who are willing to hreak with the past, to pursie new, differert
and frequentlv fruitful ideas,

“The third and last T, irreverence, has to do with donht. This particolar
douhting relates to personally proving what is true. This is one basis af
discovery learning. We use discovery learning in onr pool demonstrations,
allowing each person to see and to experience the points we are stressing.
Also, we insure that our instuctors undergo that which thev teach, hefore
they give it to others. This is the challange of irreverence. Manv of vou,
wpon Jeaving this ceonvocation, will come into direct conflict with widelv
and long held theories of survival, bhoth in and out of the water. TPasic tn
this outlook is the need for testing before we accept, in dogmatic and
yielding fashion, previously generated ideation and concepts. As our world
more rapidly changes and technology brings us revelations heretofore
undreamed, an unccmpromisingly irreverant outlook mav be necessarv for more
than aquatic survival.

The Third E - Enthusiasm

Enthusiasm probably is the single greatest element in provident and
productive change in individuals and organizations. Bofore we can
productively involve someone else, we must be involved ocurselves. 7o
motivate, you must be motivated yourself. FEnthusiasn is the kev tn
motivation. The word enthusiasm comes from two greek words: en, a prefiv
meaning to be full of; and the overall ront, thens. These two worls -ire
related directly to the latin hasis of the wnrd Tnspiraticn. Thev !
literally mean to be full of the spirit of Ond.

Tt can he appreciated thercfora, that what we arc attampting to do ¥i i
some wavs a religious activitv, Although it mav <oom streonge to interiest
this thought into the ending of our discussion, we n~e not departine 7iov
the precepts of the well known educatinnal philosopher, Alfred North
Whitehead. Tn Whitehead's final, philoesophical anavsis of the parnoze apd
calling of education, he stated that education was a religious dutv.'7 A
can he discerned from what has gone before, the concept and the thrusr of
calling and a higher direction, threads itself throngh onr present,
convocative deliherations.

In 211 of the foregoing we have considered hoth survival in the water, and
survival in a much larger sphere. Outlined within this paper, and
demonstrated through the growth and acceptance of this conference, are the
key methodnlogies for insuring survival, through change, in anv
organization, corporate, or social.l18



Footnotes/Bihlography

1. An introductory apology is required. Prior to demeaning other
disciplines, the nascent educator must admit, in too many cases, Johnnv
can't read. Hopefully, the following will suggest approaches useful in mv
house as well as yours.

2, "And we know that all things work together for good to them that love
God...according to His purpose,' Romans 8:28, How frequently we emhraca tho
initial part of this statement, hut overlook the proviso on the end.

3. "There is... considerahle current scientific interest in the implications
for our world view, hrought on by the recent experincntal ohservation of
"guantum interconnectedness', an apparent connection hetween distant

events. This Quantum Connection is codified in a theorim of great elepanc:
known as Bell's Theorum. This theorum emphasizes thiat no theory of reality
compatible with quantum theory can require spatially separated events to he
independent, Rather it mnst permit physically separated events to intaract
with each other in a matter that is contrarv to ordinarv experience. This
aspect of modern theory, which has heen experimentally tested and can®irned,
reveals that parts of the imiverse apparentlv separated from each other con
nonetheless act together as parts of a larger whole, a1 statement more
expected to be found in mystical for religicus, see 2. ahave) writing tian
in a theory of physics."” Targ R., and Puthoff, H., Mind Reach, New Yorl,
Delacorte Press, 1076, page 170, Also sce, J. S. BeTl, ™On the problem of
hidden variahles in quantum theory, in Rev. Modern Phvsics, XXXVIII fJulv,
1066), No, 3, 447.

4. See Fric Berne, Beyond Games and Scrips, New York, Grove Press, 10754:
and, Thomas Harris, I'm 0X, Your OK, Boston, 6. X. llall, 1074,

5. The Swiss educational psychologist Jean Piaget also talks of this, froa a
different view point, in Genetic Epistomology, New York, Nortom, 1071,
Piaget postulates that perhaps only one out of ten persons is practiced in
following the '"What if, then™ proposition in daily life. In other words,
when psvchologists refer to approximatelv 60% of Mmanity as depressed, they
are saying that most of the time, most of us do not closely pay attentinon
to, or contemplate outcomes of our activitv. '

6. Jaynes, J., The Origin of Consciousness in the Breakdown of the Ricameral
Mind, Boston, Houghton Mitflin Company, 1077.

7. For an interesting, highly readable treatrent of this sce, Sagan, ., The
Dragons of Eden, New York, Ballentine Rooks, 1978, -

8. Dector Jonas Salk, a philosopher as well as a scientist, bas written:
"Success in dealing with anv problem is hased upon... recognition and
appreciation of the two complementary components of cach dualism in »
balanced coalescence. See Survival of the Wisest, New York, Harper and Row,
1973, page 54. -




Q. Carl Sagan (op. cit. 7.} is the model of remaissance man. His profession
is hasically astronomy/exohiology. From this pursnit he has distilleld:

"The primiarv question now facing the hunan race, is not whether tlerc is
intellieence in outer space, but rather, whether there is intelligerce an
Earth."

10. Actual drownings are shown in Frank Pia's film "Drowning facts and
Myths" {Water Safety Films, 3 Boulder Brac Lane, Larchmont, New York,
10538.). Of striking importance is the normal non-reaction of people
surrounding the victim, Of the hundreds of water safetv professionals and
volunteers I have lectured, fewer then one in ten initially knew the three
.universal drowning behaviors demonstrated in Mr, Pia's film. Do yon ¥now
them? I.e.: arms outstretched, simu)taniously pressing downward on the
water; head back; mouth open, but no sound.

11. Smith, D. '"The FEMT and the Cold Water Conmnection', The FMT .Journal,
Volume 3, No, 4 (December 1979), pages 55-58.

17, Harnett, R. and Bijiani, M., The Involvement of Cnld Water in
Recreational Boating Accidents - Final Réport, Wasbingfon N. C., 1175, Caasr
Guard Office of Research and Development, Report No, €G-D-31-70, Aprit oo
page 56.

13. Approximately 50% of all conmumication is non verbal, while O Af
all external stimulation i1n sighted persons is visual., Seoc Koneva, M, o
Barbour, A., Louder Than Words, Columbns Ohin, Charles E. Merrillt Disvtichiog
Company, 1976,

14, See Hverdahl, T., Early Man and the Sca, New Vork, Double Pav, i 7,
for insightful comments on the “ohiectivity™ of modern science.

15. Boating Satistics 19 -, Commandant Instruction MIA754.1 (o1d
CG-3577, Washington D. C., U. S. Coast Guard.

16. For an interesting view of why this happens sce Rohert G. Snvier,
"Knowledge, power, and the wumiversity: Notes on the impotence of th2
intellectual", in Gunter Remunling Ed., Towards the Sociology of Knawledue,
New York, Humanities Press, 1971. T

17. See Alfred North Whitehead, The Aims of Education and Other Fssavs,
New York, MacMillan, 1929, "The essence of education is that it he
religious...” A religious education ... inculcates duty and (true)
reverence. Duty arises from our potential control over the course of
events. Where attainahle knowledge could have changed the issue, ignorance
has the guilt of vice," and, "Education is the art of the utilization of
knowledge.,"
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18. ""The mentally active scholar will acknowledge,.. that his mind roans
far and wide. All is grist to his mill and he dees not limit his aunply to
any one fenced-off field. Yet the mind does not reallv roam ahroad. Tt
returns with what is found, and there is constant exercise of judgement to
detect relations, relevencies, hearing upon the central theme. The cntcome
is a continously growing intellectual intergration... 'Within the limits
set b, capacity and experience, this kind of seeking and using {see op.cit.
17 ahove), of amassing and organizing, is the process of Tearning evervwhere
and at anv age." John Dewev, The Way out of Educational and Confusion,
pages 34-35,







Tha Cold Water Conmnection
by
LCDR D. 5. SMITH, USCG

(NOTE: Although the statistical basis for this paper was obtained from
Govermmental or Public Service Agencies in the United States, the author
believes the concepts developed herein are clearly applicable and trans-

ferable to any nation locatad in, or at a higher latitude than the Tem-
perate Zong.)

Water-related recreation is one of the safest pastimes in the United States.
Over 100 million swimmers and 53 million boaters annually enjoy themselves
on and in our waters.l Comparatively speaking, the approximately 6,500
swimmers and 1,300 boaters who died in the water last year were an extremely
small portion of this user population. When viewed against the total number
of hours spent om or in the water, these fatality figures are insignificant,
or are they? 1In the United States, water-related deaths usually classified
as drowning, are the second greatest cause of accidental deaths among childre&
They are also the third leading cause of accidental deaths from ages 1 to 44.
If you happen to be a friend of, or ralated to, one of the unfortunate 7,300
people who drowned last year, you certainly wouldn't believe water deaths
are insignificant. Moreover, if you were ome of the far large number of
people touched in some way by these needless and tragic deaths, you would
want to do something about preventing them. Can something be done?

The overall accident rate for water fatalities has slightly diminished during
the last several years. The accident rate is the total of incidents compared
to the number of people exposed to the hazard. The number of people involved
in swimming has slowly increased, in line with population growth. Boaters,
on the other hand, have multiplied at a dramatic annual rate. The United
States Coast Guard, individual state boating safety agencies, the American
Red Cross, and other volunteer organizatious involved in recreatiocnal safety,
have been working hard to minimize boating accidents and general water safety
hazards. As a result of their endeavors, the boating fatality rate was reduced
50% from 1972 to 1977.3 However, despite this impressive decrease in boating
deaths, most experienced water safety officials believe that very little can
be done to further significantly reduce the overall water-related death toll.

1. ffegﬁgn- K., (Estimated from Racords of) National Swimming Pool

Institute, Washington, DC; and,
Stone, R., 1977 Boating Statis:ics Boating Induatry Association,

Chicago, Illinois, 1978.

2. Recht, J. L., Accident Facts, 1977 Edition, National Safety Council,
Chicago, Illinois, 1977, page 8.

3. Boating Statistics 1977, U. §S. Coast Guard Publication CG-357, U. S,
Coast Guard, Washingten, DC, (1978, page 7.




Their shared belief is largely based on the fact that almost all water
accidents ars caused by gross carelessness or iguorance, either om the part

of the victim or others such as pareats or respounsible persons immediately
invoived in the accident. Although this is the general attitude that describes
the water gsafety business, approximately the same number of pecpla died every
year from polio in the United States in the 1930's and 1940's as now die from
drowning.4 Last year no one in the Unitad Statas died from polio. We were
able to wipe cut palin. Why can't wa do the same with drowvming? One of the
prime problems {s that identifying and treating the causes of infantile
paralysis are in some ways far simpler than dealing with the traditional
disregard of consequences and Jjudgmental errors that result in water-relatad
deaths. On the othar hand, new and interesting discoveries in humsan paychology
and physiology are being made avery day; which, if properly undarstood, packaged,
and disseminated, could result in startling reductions in water deaths. EHere
are 2 few of these ideas. Being at best a poearly aquaticly-adapted mammal,

as a fisherman, water fowl hunter, or person who spends time near or on water,
Jou are a prime potential victim, Leafing through the following, then, might
prove to be some of the most important reading of your life.

Many who drown, don't. Some declarad dead from drowning, aren't. Doctor
John Hayward and his associates at the University of Vancouver, British
Columbiz, and Doctor Martin Nemiroff, Unlversity of Michigan Medical School,
are two key researchers in the fight to reduce water-ralatad deaths. Doctor
Hayward is one of the world's leading suthorities on hypothermia, or reddetion
of inner bodg (core) temperature due to exposure to a chilled or chilling
environment.” Doctor Nemiroff specializes in medicine or treatment
of damage to the lungs and respiratory system.” These two authorities ‘ra—
search, coupled with current findings from boating and swimming accident
statistics, are giving us different ideas about the causes of water accidents
and the means %o prevent them. _

Although water-related deaths are usually called drownings, at least five
diffarent processes are imvolved. Thers are "wet" drownings where the
victin dies from water izhaled into the lungs. There are "dry" drownings
where the vierim has little or no water in the lungs but suffocates due

to blockage of the breathing passage. Some victims expire from shock-induced
heart attacks. Many "drowning" victims die from hypothermia, or what is
commonly called exposure. Finally, an appraciable percentage of deaths

in boating accidents result from the victim's being thrown from, and then
struck by, his own crafe. '

4. Historical Statistics of the Unitad States - Part I, Department of Commerce,
— Bureau of Cansus, Washington, D. C. 1975, pages 9, 77.

S. Hypothermia and Cold Water Survival, U. S. Coast Guard Pamphlet, Aux-202
(Rev. 10-77), U. 3. Coast Guard, Washington, D. C. 1977; and Cold Water
Survival, Crowley Environmental Services Corporatiom, Seattle, Washingtom, 1976.

6. " Repriave frem Drowning', Scientific American Magazine, August 1977, page 57.




Analysis of statistics proves maore significant informacionm. Believably
enough, 2/3 of all drowning victims cannot swim.’ The American Red Cross
states that victims usually die 10 feet or less from safety. Coast Guard
boating accident studies indicate that ouly 72 of available PFDS(Perscnal
Floatation Devices, life jackets or life preservers), are worn by pecple
unintentiocnally thrown intoc the water. About ome half of all boating
fataléties occur during the cold water months of the year (September through
May).® The air may be warm in May, but in many parts of the nation, the
water certaialy is not. Fisherman, both in boats and wading or on the beach,
are frequent drowning victims. Over ome half of all fatal boating accidents
oceur to unpowered or low powered craft under 16' in length. Most boating
victims are over 26 years of a4ge and have more than 100 hours of boating
experiance.g Many, if not most boaters or others required to use PFDs have
little or no knowledge of how to properly wear them.

Factors which crasate stress or impair reaction time, such as the improper

use of alcohol and addictive or harmful drugs, are increasingly recognized

as an important aspect of water fatalities. Other stress factors are the
frequently unnoticed, yet decidedly detrimental effects of continued ex-
posure to sun, wind, vibraticn, noise, and other environmental factors present
in the average boating day.l0 These most frequently effact people either
uaccustomed to them, or inm poor physical conditiom.

The Cold Water Comnection, or the both harmful and helpful effects of cold
water, is an important part of this total picture.

The average fatal boating accident may occur as follows: one or two older
experienced, weekend fisherman will put their small, low or unpowered and
relatively unstable rowboat or canoce into a somewhat isolated or unpopulated
lake or pond in late September of early May. They may or may not tell anyone
vhere they are going. They probably cannot swim. They may be in less than
average physical condition. They will not wear PFDs, although they may .carry
Coast Guard-approved floatable cushions in their boat. They will be wearing
heavy clothing. They will probably have some alcoholic beverages with them.
At approximately 4:00 in the afterncon they will stand or suddenly shift
their balance. The boat will capsize or tip encugh to vhrow one or both

inteo the cold water. Their reactions in the next seconds will determine life

7. Swimming and Water Safety - Course Manual, American Rad Croas, Washington,
D. C., 1877.

8. Op. Cit., reference 3. above, Page 23.
9. Ibid, page 21.

10. Mac Neill, R., and Cohen, S. Recreation Boat Safety Collision Research -

Phase II, Volume I Report # CG-D-129~76, National Technical Informaticn )
Service, Springfield, VA., 1976, page 19; andJMiller, J. M. Gatchell, §. M.

Dykstra, D. R., The Visual Behavior of Recreaticmal Boat erators, Report

# CG-D=31-77, National Technical Information Service, Springfield, vaA, 1977,

page 5.



or death. Unless they hava been specially prepared or trained, they will
probably panic. If they have beeg drinking alcoholic beverages, they may
be confused and disoriented. They may struggle or attempt to remove their
haavy clothing or try to swim to the nearast safety. They will cuickly lose
heat and ability to function in cold vater, especially if their capalaries
have been dialated by consumption of alcohol. They may have massive cardiac
arrest induced by the shoeck of cold water, lose consciousness and rapldly
sink to the bottom. It may be hours hefore anyone zesglizes they are in
difficulty. It may be days before their bodies are found, if ever.

What can be done to pravent this particular type of accident? Understand

and appreciate the inherent problems of small boat instabiliry, plus accept

the idea that the older we get, the more unstable we become. Tell someone

vhere you are going and exactly what time you will be back. Appreciate the

fact that increased smounts of aleohol speed instability and disorientationm,
especially in coldar watar. In cold weather boating always wear a PFD. And
learn to swim. WNote that insulated clothing, minimized movement, clear thinking,
sud a PFD provide the best possible defensas against cold water.il

Shopping for one of the warm, serviceable, and stylish "float coats”, which
are also Coast Guard approved PFDs, is ome good way of protecting yourself
from cold water. Floatabla snowmobile suits are also oo the market. One

of the Canadian makers of these coats claims they will protect and extend
your survival in 50° F watsr up to 9 hours, which is two to four times longer
than if unprotected.l? These float coat PFDs are truly thoughtful Christmas
and birthday gifrs, as well as beding worthwhile insurance policies in them—
salves. Spending a lot of money for a boat and associated gear, but mot

buying or actually practicing proper use of personal floatatiem devices, can
be fatally foolish.

Swimming fatalities tend to fall into two general categories. Victims wmay
elther be improperly supervised, non-swimning children, or adolescents and
adults (freguently intoxicated) who take unnecessary risks in unfamiliar
situations.i3 The marked drowning frequency of 18 year old males oftem in
cold water, shortly after high school graduation, underscores this point.
Another extremely important aspect of drownings is that most potenmtial
cbservers or rescuers are unawars of the typical behavior of a drowning victim
or distressed non-swimmer.l4 Drowning victims cannot call out for help; do
not wave for help; do not mova latarally {n the water; are partially blianded

11. Smith, D. 8., Handbook of Cold Water Survival, Secomd Coast Guard Districe,

St. Louis, MO , 1977, page 7.

12. Cold Water Survival, Crowley Envirommental Services Corporation, Seattle,
Washington, 1976, and Hayward J., "Man in Cold Water”, (16 mm sound/color film)
Cniversity of Vancouver, Vancouver, British Columbia, 1976..

13. Steihl, C., Alcohol and Pleasure Boat Orerators; Report #CG-D-134-75,
U. S. Coast Guard, Washington, DC, 1975, page 6.

4. Pia, F.,Drowning Facts and Myths, (l6mm Sound/color film) Water Safaty
Films, Incorporated. Larchmont, NY 1976.

&



by immersion; and have poor control over leg and arm movements. Moreover,

the average drowning occurs in 20-60 seconds. Unless those in positiom to
offer assistance are trained in recognizing the typical movement of a drowning
person, they may well witness the drowning but not realize what they are
seeins.ls This is especially true in drownings involving inebriated or drug
affected victims, who frequently slip under the water while making no effort
whatsocever to save themselves. Normally these victims are found only after
detailed searches or when some one accidently steps on, or stumbles over them.16

Cold water is the villain in many water fatalities, but it also might be an
unappreciated life preserver. Just as Doctor Hayward has demonstratad the
harmful effects of cold water and what you can do to protect yourself in 1t

(try B.E.L.P.)*, Dr. Niemeroff has discovered that a sugstantial percentage

of presumably dead "drowning victims" are still alive.l/ 1In fact, Dr. Niemeroff
has successfully revived, with no permanent after~effects, a young man who

was trapped under water and ice for over 38 minutes.ld Furthermore, in treating
50 drowning cases over the last 2 and 1/2 years, Dr. Niemeroff has successfully
revived 33 persons, again without permanent brain damage. The average time under-
water for these cases is 10 minutes. Most of these people are young and in-
volved in cold water. #**Dr., Niemeroff has no idea how many drowniag victims

are recoverable. He also has no idea of the time limits for survival under
water. There is, however, some indication that about 15% of all drownings

are "dry" with no water in the victim's lungs. These victims, frequently

found floating on the surface, are the most easily revived. Additiomally,

the type of water, fresh, bRackish, salt, etc, has an effect on revival attempts.

Going four minutes without oxygen may result in brain damage. BHowever, we

are now finding that some people, presumably dead from drowning who have been
under water far longer than four minutes, still have breathable air in their
lungs or usuable oxygen in their blood stream. These persons may appear dead. 19
Their skin and lips can be blue. They may have no observable pulse or de-
tectable breathing. The pupils of their eyes may be fixed and dialated: Their
bodies may sppear ridged and cold to the touch. Yet they are still alive!

15. Ibid.

16. 1Ibdid.

17. Cold Water Drowning - A New lLease on Life, U. S. Coast Guard Pamphlet.
CG-513 (MICBU-SG~77-104),U. 5. Coast Guard, Washington, D. C. 1977.

18. U. S. Coast Guard Hypothermia and Cold Water Survival Slide Show Availlable
from: National Audio-Visual Center, General Services Administration, Washington,
D. C. 20409, 1977. (Price for slide presentation and script: $12.50)

19. Ibid.



Survival in these cases where the body tissues (especially the hrain) are
coolad, requiring less oxygen, is apparently aided by an involuntary reflex
triggered by immersing the face in cold water. This reflex is known as
"diving respouse". In diviag respomse, a small, yet sufficient oxygen
supply is very slowly and imperceptably circulated between the lungs, heart,
and brain, but not to the extremities or skin. This diving response has

been ocbserved in air-breathing,aquatic mammals such as the whale, porpoise,
or seal. When threatemed, these animals have the ability to remain sub-
merged for extended periods of time, up to a half hour for soume species.

Man, as a mammal, unknowingly has a capability for similar behavior. Bowaver,
we are less apt to usae this life saving response.?0 Diving response is re-
lated to hypothermia, since both involve the retreat of warm, Ooxygen—carrying
blood into the body's cors.

The treatment for hypothermia and cold water near-drowning is also similar.
In both cases, the patient is warmed from the instde out. The best mathod
for this in the unconscious patients is inhalation of moist, heated o:ygen.21
*etigressive, sustained resuscitation, initialy attempted using rescue
breathing and cardiac massage (cardiopulmonary resuscitation, or CPR) is
recommended by Dr. Niemeroff in all drowning cases. BHe further recommends
that even though the victim shows no apparent vital signs, they should be
taken immediately to an adequate medical facility, treated with continuing
CPR, or moist warm oxygen inhalation, and rewarmed to normal body tem—
perature. As internal body temperature approaches its normal level, vital
signs will become mors apparent. Additiomally, Dr. Niemeroff warme that many
Tevived near drowning victims dia within 24 hours of the accident. This is
caused by residual, untreated water in their lungs. Therafore, in all
drog%ing or near drownings, the victim should be taken to a hospiral immediate-
1y. .

Cold water can kill, or in an wnknown number of instancas, cold watar can
prolong life. Much has to be learned about this interaction. The water
temperature that marks the lethal/beneficial threshold has yet to be clearly
identified. However, if you and your family go near the water, learn to swinm.
After that, find out how you can protect yourself or defensely use the Cold
Water Commection. Lastly, attempt to teach your childrea the cardimal rtule
of safety: appreciation of the eventual outcomes of their actions. If you
do this, you will not only teach safety, but you'll be teaching something
much more valuable. Some call it common sense, some call it responaibilicy.
All thinking adults raspect it as maturity.

20. Op. Cit., refaranca l17. abova, and, "Natural Lifa Preservers”, Time
Magazine, August 22, 1977, page 73.

21. Op. Cit., referance 1l. above, p. 13; reference 18 above,

22. Tbid.



Additional Notas:

*_.E.L.P. Heat Escape Lessening Posture., In this position in the water,
whether wearing a PFD or not, vital body heat can be conserved through
insulating those areas where heat is most readily lost. The three prime
heat loss areas are: the head, the armpits and down the sides, and the
g::c::m.2 In H.E.L.P. the arms are securely held to the sides with wrists
Placed over the chest. The ankles are crossed, with legs drawn up as close
as possible to the chest. The head should be maintained as much out of

the water as possible. This posture, or huddling side to side with two

OT moTe people, may extend survival time two times longer than swimming

or other activity. If thrown into cold watar, the best survival technique
is to initially move slowly and deliberately, using as little physical
activity as possible. Rapid motion or other vigorous activity wastes

body heat; forces out ingulating and supporting air trapped in clothing;
and disturbs warmed, insulating layers of water next to the body.24 There~
fore, in most cold water cases, It is advisable tc assume the H.E.L.P.
position or to raise the body as high as possible from the water (as on

the bottom of an overturned boat) unless assistance is within very short
swimming range.zs

**Defining "cold water" is tough business aven for the experts, It is
probably somewhere around a water temperature of 70° F (219C), but it may

vary in each case due to the circumstances and physical makeup of the persons
involved. 26

***Rewarming hypothermia victims is best accomplished through placing heat
producing sources such as heating pad57or wet, warm towels or blankets

over the areas of greatest heat loss. In cases of comscious victims, drink-~
ing sweet, warm liquids incresses bodily heat. However, in no case should
alcoholic beverages be provided to a hypothermia victim. Less desirable
methods for rewarming conscious vietimg are immersion of the trunk omly

in a tub of hot water; hot showers; or bundling with other naked persons

in a sleeping bag. These revarming techniques, symptoms, apnd cautioms to

be usegawith them are discussed in detail in the sources referenced in chis
paper.

23. Cold Can Kill, (16mm Sound/Color film) (British) Royal Navy Training
Filmns, 1972.

24. Op. Cit reference 11, above, page 7, pages 16-17.

25. Op. Cit., reference 18, above.

26. Ibid.
27. Ibid.
28. 1Ibid.
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ON INSTRUCTING INSTRUCTORS
—Part [~

1. General Cutline.

a. How goed an instructor are you? o you get your points acress? Good
Communication is basic 0 our many educational endeavers. Too {requently we
think we are communicating, and transmitting valuable informazion 10 pecple
atiendcing our courses and seminars, etc. But are we really? What follows are
some suggestad methods for presentating information to the boating public. We
hope that you might consider, and possibly use them, and that they will
encourage your sanding some ideas back to us for discussicn and pessibie further
dissamination.

2. The eves have it.

All of us have besn exposed at cne time or another to the basic rules for
giving a speach. We are told to: organize owr material; make sure that we have
a good grasp of the points which must be mades do not appear to be {rightenad,
excitad or nervous; to maintain good eye contact with the audiencs, to spezk
audibly, clearly, and distinctly; and to summarize our comments at the end.

Although these are certainly some good examples of the qualities neaded for
effective public speaking, they are only the tip of the expert speaker's icecerg,
because there are a lot of other things that you can easily learn to enhance
interest and motivation in the groups you are addressing,

One of the prime considerations in communicating is the impertance of nen-
verbal behavicr as opposed to traditional concepts of verbal communicaticns.
Thnere is in the Smithsonian Institute in Washington, DC a somewhat surrealistic
presentation of the human form. At first glance it appears to be entirely out of
propertion, the product of a mad painter’s spaced-cut dreams. Actuazlly, what
this drawing represents is the percentage of information received by our various
sense crgans. The eyes ace huge, with the ears being next in size, Icllowed by
the hards,then the nose, and then the mouth. Psychologists tell us that we
recsive approximataly 30% of all our communicaticns through cur visual sense.
Cemplimenting this are other psychological estimaticns that between 60 t0 30
percant of all human behavier and communication ocours in a non-verbal mode.

What this means to the presentcr, is that if he wanis o make, and W
reinforce his points, he must not enly be Se eflsclive verbally, but he must also
usa active and armractive visual presentaticens o more comprehensively commun-
icate with his sudiencs,

3. Follow the bouncing Ball.

Although good speakers can capturs and eantzin an audiencs simply through
their vocal delivery, mest of us have to use other stage Crops 0 g2t oW cCints
across, Hence, we dagend cn supplementary visual means 0 gain and to keep 2n
judience's artenticn, Cre of the mest familiar pleys se2n recandy is Chevy
Chase's encrance into "Saturday Nignt Live”, He always manages 9 immediataly



engage the audiencs by falling down as he starts the evening's program. (Also,
since he has successiuily used this highly visual move so much, the audiencs
automatically expects and is Jooking for him to do it.) though we don's
recommend that presanters repeatediy nit the deck to gain group participation,
we do strengly suggest that as much show and teil matarial be used as possible.
We also recsmmend that speakers not limit themselves to a position behind a
lectern or other immobile, staticnary position.

This last idea has two aspects. U we make an audience use more of their
energy, especially their eyes, in paying attention to us, then they are likely to
become more intsrested in, and retentive. of the information we oresent.
Secondly, psycholegists in the school setting have determined that there is a well
defined space in front of a teacher's desk (or stationary position customarily
occupied by an instructer) known as the ™riangle of learning." This triangle
normally inciudes most of the students on the front row and then tapers back
thres or four rows in a triangular configuration. Studies indicate that stucents
on the sides and in the rear of the classroom are less apt to retain and to use
informaticn presented by a non-moving teacher. Therefcre, to overcome this
type of learning impediment, we recommend that the teacher move arcund the
room to keep his or her triangle of learning spread out as much as possibie as
well as to kesp people's eyes focused on her or him.

There is also strong evidence indicating that many pecple, because of
unpleasant happenings or simple boredom during their early learning years and
school experiencas, ars aytomatically tumed off by situations and settings which
represant o formal classroom atmosphere.

To counter this automatic, and frequently inknown obstacle, we zgain
suggest that speakers do not remain stationary, but move arcund the room, using
as many auciovisual aids, handout sheets, and other show and tell materials as
pessible. This approach has a faw drawbacks. A moving inswructsr must have a
strong voics and clear pronunciation, because he or she may frequently de toc far
away trom a microphone to uss it effectively. However, mest of us, i we are
ceally interested in making an adequate presentaticn, can, with serious practice,
quickly deveiop™ acceptable vocal projection. Besides, occasicnally speaking
with force is good for you physically, Secausa it exercises your heart, ltngs, and
abdomen and helss to get more oxygen to yeur brain.

4§, Know your audience,

Communication is frequently defined as having five basic siements. These
slements ara: ths sender; the scesn of personal percepticns that the sencer
works from ar through; rh= medium of communicaticns: the scresn of perceptions

af the recaiver; and the receiver him oT herself., What this zeazs, for
effactive commmication, is thas the person generating the asssage Just

be aware of: (a) own feeliags and cutleck tcwand the peorle Sedng addrassed;
(b) own feelings about the subject being praseacted; and (c¢) the Ifzelings azud
perceptists of the group being addrassed, btoth toward the sublect =atnar,
and toward the spesksr. aAdded Ts this, of course, must e g undarstandizg
of the medla used to present the Zessage or cthe commmiecatism,



As an example think of the problems craated by a scezker who uses invelved
language and multi-syllable words when adcressing pecple of lower educasicnal
bacegrounds. On the other hand, the spezker can often get into difficuity by
Deing 00 elementary in his approach to people who have a grear deai of
experience and competency in the area that he is discussing. Similarly, we
frequently find presenters who cannot properly show slides or run 2 motien
picture projector. A basic question we showld ask ourseives is: "Do [ want to
impress (or taik down o) this group, or do [ really want to help them learn as
quickly and easily as possible?” Also, sincs the meazium (as well 3 tma presentar
himself), can be considersd part of the message - or 1o some folks- the entire
message, we should also ask oursalves,” What am I saying non-verbally asous
mysalt and my spensoring erganization™ Hencs, our perceptions must te
carefuily examined to make sire that we are not unknowingly turning off a large
percentage of cur audience by alienating them simply through our appearanc=, In
studying this last matter lock back at the paragraph on ncn-verbal behavicr. The
old adage abeut actions speaking louder than words, is ceriainly true hece.

Arother consideration similar to percsptions is that of reality. Whas is real
10 our audience may not seem real to us, and vice-versa. We should therefora
have an understanding of whom we are talking to and what, at the present time,
is mest important to them, and through which routas they can be most easily
approached to insert our ideas ints their stream of consciousness. We live in 2
rapidly changing world, Are you up to date with what's new? Cr, do your talks

reflect an ancient werld that disappeared with the dinosaurs, five or six years
ago?

3«  Mativaticn.

Ecucaticnal theorists say that  education does sot really fake place uzncil a
person actually modifies or changes his behavior, Although we may congratulate
ourselves on delivering a comprehensive prasentation, we really havea't done
much until the recipients modify or change their acticns to reflect or act ypen
the ideas given them. This ghanging of behavior can be described as involving
motivation, in that the recipleat has to chocse to do something diffsramtly
Because cf informaticn that we have presantad,

How do we produca this change in behavior? Cne basic idea is that it is
extremely difficult to motivate someone elsa, if you are not visibly motivated
youwrself. On the other hand, someona who is enthusiastic and ful! of drive about
a project can normally turn on cther pecple, simply through the radiaticn of his
or har own interest and inspiration. Even theugh ycu may be entirsly ssid en
material ycu are cresenting, if you <o not show the audience what you really
celieve, then you may find that they do not easily resgend 1o you. A basic idea
aleng this line is consideration of the spectrum of metivaticn. We may mctivass
at the highest level which is inspiraticn, or we can motivate at the lowest levai
which is intimidatien. If we forcs scmecne o do what we would have <hem 20,
then crnce the intimidatien is remaovad, the motivaticn may also bte endec.
Howaver if we atiempt to inspire others shrougn aur cwn exampie and through
the interest that we have in cur groject, then there is a far greater chance of
their also gaining [Mspiraticn and becsming self-starters in the wmme praject.



The easiest way of motivating pecple through 2 presentazicn ¢r a sceech, is
for you to entiraely and thercughly selieve in what vou ars presenting, We are all
frequenty confrontad by stage iright and appreshensicn before Ziving crecentaa
tons. One of the best ways of overcoming this s to simply caview the
imporiance of what we have ta say, both to curselves and o the listener, This
frequently will give us encugh crive, enthusiasm, and cocnfidencs o push home
the points we wish to maks, -

PLEASE REMEMBER: The Eyes Have [t!

- Parz II =

LEADERSRIP COMMUNICATION

1. Introduction

Part T of this saries emphasized that most incarpersonal communication is
visual or non-verbal. Much of the way we influeace octhers has to do with
how we appear, rather than what we say. Ia this part of our discussion
wve would like to review diffarent concapts of laadership 2s crelated o
communication.

2. What Is Laadership?

There are cver three thousand textbooks dealing with leadershis either
preseatly or receatly in print. We hear a 1ot about leadership.
Prequently pecple who suceed are pointed out as baving good leadership.
Couversely, those who £ail are evidently poor leaders. In =many
commentaries urzing people, in 2ll levels of administration or politics,
to do better jecbs, writers stress the imporzance of leadership., Much i
said about this term, but vhat does it really mean?

Takiang the sizpliest things £irst, leadership evidently has to do wich
people. Secondly, it involves sccomplishing a task. Since leadership
involves pecple, and priamcipally a leader, then leadership is subject to
all the fragile and failable whims of buman nature. Iz should therefore
be safe to deline leadership 21 being an especially individualized aspert
of our personalities. Although cthare are many writings available
leadership, most of them are anmecdotal or descriptive, ia that they
describe the behavior or traits of a perscn believed o exidbit gooed
leadership. However, 2 asingular failing in most of these Ggaxts is that
thay do not clearly specify or prescribe universal requirsments or
criteria for outstanding leadership. In chis light, about rtha Deas:
definition of laadership that wm have come across is attributed to
General Robert Z. Lae. Afzer he had left the m=ilitary, Hobert E. Lee
became presidant of Washington and Lee University. Notwithstacdizg chis
position, General Lee was not known as 2 man of many words, or as a
prolific writar. However, he is supposed to have expressed this abous
leadership: "A good ieadar is someone who: (a) takes care of his
troops, (b) zcts like 2 mam *and, (c) koowa his stuff,

*Jot really lizmited to men. Women can have backbone too!l



There are profound truths ia the foregoing quotaticn. It is not ocur
purpose or intentiom to take these words apart and to try to tall you
what leadersiip should be. We would rather use them as a starting placs
ta show how leadarship does effect communications, especially if you are
leading a classroom presentation, discussion group, or other gathering
attempting to obtain knowledge or learn more about a subject.

Perhaps a workable definition of laadersaip can best be approximatad oy
saying that a leader im our parcicular situation is someone whe
-appreciates, develops and then focuses human potential. In this context
let's talk about 3 few of the important aspects of classraom leadership.

3. Reality/Perception
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The peanuts cartoon reproduced above is a very good presentatisn of the
way each of us differently perceives reality. Sncopy's ideas abour the
respoasibilicy of a teanis partner, are somewhat different from Lucy's.
However, in the last panel we see that Lucy, in making the play, bHelieves
that her concept is the corrsct ome. She aevideatly doesn't consider
Snoopy's view. Lucy automatically thinks he agrecs with her. The point
here is that a good leader attempts to appreciate everyone's poiat of
view, including bis or her own, to find where the group is coming from or
wherz the group wmay be goiang. By appreciating the other person's
cutlook, you may be able to sidestep, or to bend the other person te vour
poine of wviaw, or at lezst to lead them from less productive oo
distracting discussions. Also, the reality of the situation for Luecy is
not the same reality as seen by Snoopy. There is a very basiz need iz
all human intaractions to make sure that we know where we are coming Sro

in relatiom %2 other's efforts. In the classroom settiang we wmust iasure
that we are expreasing ourselves in ferms which are familiar to the ochar
fellow and that we aras providiag information that she or 4e seeks and
aeeds, and for which thay originally came tc class.



4. Goings On Ia Down Home Countvw.

The effect of a leader is reduced if his comcept of rceality i3 uwo¢ ia
tune with those of the people he is attempting to lead. We all go

Tough life with ocur own idea of whar is happening around us and what is
important. Quite frequently my comcept will not at all be the szme as
yours. Usually through compromise we cam work out these diffsrencas.
But, we should realize that differences exist, are important, and must be
treated. For instance, in Down Home County, where we reside, a few

tecent happenings truly illustrate this point. Down Home coualy issues
liceases to cafe owners to dispense non-intoxicating beer. This title is
¢learly explained on the licensa. The reader thersof, in consuming 3.5%
beer, is made to believe that no matter how much of this beer he or she
consumes, they will not become intoxicated. This is a common belief in
Down Home County. In many boating families the idea is to drink beer
rather than hard liquor to pot baccme intoxicated. Similarly, a member
of & boating safety organization was advertised as being om hand for the
grand opening of a brand new marina. On the day of the opening said
nember of the volunter boating safety organization was indeed on hand,
with a can of beer in bis hand. It wasa't continually the same can
because the contents were rapidly emptied and replaced with another
contaimer. What we are saying is that the boating pudblic in Down Home
County in the grand opening of this marina, was sesen to overwhe lmingly
aud immediately aassociate suds with the official and the voluncaer
organization. Is this the image which we wish to creats?

5. On Telling Stories

Leadership in smaller groups is often exchanged. For instance, whez two
people are talking, one will gemerally pause and indicate that he or she
is through making their statement, to allow the other person to state
their side of the story. This, in some ways, can be seem as a lesdership
situation, because there is most definitely a person ia charge, but chis
responsibility shoots back and forth in a generally agreed manner,
Eowever, sometizes commmications suffer breakdowns when this exchange of
leadership, or an understarding of who should be in charge, is not
followed. Ac a recent meeting of Coast Guard Auxiliary liaison officers,
a very vital and productive discussion was being held dealing with
commmicating with state officials. Just as the discussion reached a
high point, another person entered the room who had not been orizinally
involved. TUpomn hearing the word communication this  individual
immediately jumped iato the discussicn aad dominated the proceedings.
Strangly enough the person's topie was, how we need 5 have bhat=~ar
cormuications. Needless to say this unwanted interruption corplecely
ruined the discussion and caused 31l the parzicipants o go back ¢to
ground zero, and to start all over again. The pevson who wmade the
interrupticon wasn't aware of the havoe he caused. How 1~2quently do
things like this happen? To you? 3y you?




6. The Slovie Solution.

Leadership in practical situations can also direct the social attitudss
and understanding of the group towards new ~nd higher planes which the
group may not have encountered or considered before. To eagse and
lubricate the evergrinding wheels of social intaraction amoung ourselves
and others, I'd like to suggest that you coumsider the Slevie Solution the
nex: time you encounter social binding or friction. The Slovie Solutism
is especially appropriats as a leadership ploy by those required to make

delicate decisions betwean groups of different opinions, or factions
which regularly assail each other in voluntary organizations, such as our
Coast Guazd Auxiliary. The Slovic Solution is nothing more tham this: in
most humsn intaractions, the truth will almost always be found lying
somewhere between the poles. Also, as you think about this point, please
go over what we have nmenticned about effective leadership as
appreciating, and developing human potential. Within the group now
reading these papers, there wmaybe a whole host of people who have
potential for contributing a great deal to our organization. However, no
one ever asked them to do their thing, or maybe many of us are unaware of
just what things they, or even we, can do. It would therefore appear
that in the classroom setting, if there is somecne present who has a
special expertise in the subject being discussed, it would be well o ask
them to share with the class. By this method, we get to identify and o
know the pecple who are in our class better, thereby building a asturdy
air of understanding and rapport around our proceedings and making us3
more knowledgeable as a group and as individuals.

Personal development, of course, is the basic reasons for any educational
endeavor. But what we should especially note is our allowing aud
encouraging each pergon to develop his or her specific ability in their
cwn particular way. Too often, those of us who have experience in
classrocm presentations and instruction, begin te think that there is
culy one way to approach a certain topie, and that we have heard,
discussed and rejected all possible variations of this one true method.
This is manifescly false. There is always somebody, somewhers who can
devise a better way of doing the most complex, or simplest of tasks. If
we do not attempt to develop our own and other's abilities to bring
different solutions to problems, then we will find that most problenms
remain unsolved.

Lastly, as a goed ending, it iz well to outline where further research or
empnasis is needed in a particular field. By doing this we may be able
to turn people on, or to focus what they have learned -toward areas that
aeed to be batter defined or problems which need to be overcome. This
challenges people and allows them to grow, to reinforce, and cto use
information that wa have provided thexm.

Point to remember: The Slovic Solutioan.

To ba continued.



«Part III-

REQUIREMENTS FOR COMMUVICATIONS 70 A NAIVE RECIPIENT

l. Raview

Qur previcus articles on iImproving presentations and commucications
with the public have emphasized two points. They are:

2. The eyes have it, or the importance of wunderstanding and
effectively using nonverbal mesns of communications to make your point or
to rainfo;ce previous information; and,

b. The importanc: of understanding basic 1leadership ploys in the
teaching/classrocn situstion.

In this section we are going to introduce you to some new aud possidbly
different ideas for improving your communications with those who wmay aot
be interested in what you have to say, or not familiar with the macarial
you wish to cover,

2. Commmications Requirements.

Thess are rulas that a sender might follow %o maximize the opoporzunity
for a naive recipient to understand atfempts at transmitting
information, After you read these points, and think them over, try to
visualize from wheace they came, or from which discipline of science or
education they were developed.

(1) Transmit on channels on which the =zecipieat is 1likely to
possess a sensitive racaiver,

(2) Avoid the use of refereace to seasations not 1likely ts be
shared by the receiver.

(3) Use raferzaoces that are likely to be known by the recsiver,
using props to establish familiar language references whecever poaisible.

(4) Transmit in a way that provides reinforcement, reward, and
encouragement for tha discovery of the bagic and wmost importactc facts.
Do this in order to emhance the receiver's continuing iateat te leasm.

(5) Reep the duration of transmissiom within a time period rceasonable
for likely receivers.

(6) Use a language that is unambiguous (especially) with respect
to order or sequencs of the informazicn provided.

{7) Use as primitive (or understandahle) a technology as possibla.



(8) Reep up efforts to communicate over as leng a period as
possible.

Although the foregeing principles have been slightly altered from the
original text, do you as a reader have any idea where they came Srom? 1f
you say from the formal fields of education, you are entirely wrong. If
you said that they were generated as part of a public speaking or humar
relations course, you are again entirely wrong. Beliave it or mot, these
eight primary methods for establishing communication with a  naive
recipient, (a person unfamiliar with your subject wmatter) was daveloped
as part of the international effort to contact extra-terrestrial
‘eivilizations. They are taken from an article developed by Dr. 4. J.
Wilson and an engineer, T. J. Gordon. Their article dealt with the
possibility of commmicating with other forms of intalligent life.¥

It is ipteresting %o examine some of the points made in the original
article, as these points may have a surprising importance for us in
boating safsty. The article's introduction reads as follows: '"Many
scientists beliave that communicative sociaties exist elsewhere ia the
universe; in fact, Dr. Frank Drake has estimated that between a thousaad
and a million such societies exist within a thousand 1light years of
earth. Yet, why haven't we heard them? Wilson and Gordon Sugzest we may
not have detected intelligent signals, (or we may aot be sending

intelligent signals) because adequate decoding or encoding methods do not
yet exist."

"Previous authors have invented various kinds of languages which they
believe other races might use in trying to contact us. For the most part
these have assumed that evolution brought the distant being aleng
biological paths at least grossly similar to our own. But perhaps it is
ouly our supreme egotism which leads us to believe that intelligent
beings on other planets in distant gslaxies, think, sense, and reason as
we do. Differences in thought and sensory processes will lead to great
difficulties in establishing communications between interstellar races or
between any races for that matter. The coding (makeup) of a message seat
by an intslligent race to attract the attention of another race will
therefore have to be very carefully designed. Wilson and Gordon suggest
some new criteria for this language.”

*iAhead of Time, a book edited by Harry Harriscea and T. J. Gordon,
Doubleday, Gardem City, NY, 1972, also see last page of this section for
thoughts on the measuring of "intellegence™!




3. What i3 reallw zoinz on hera.

By this zime you may have wondered what are we trying to prove by gzetting
so far afield with all this mish mash about axtra-terrestrial life and
atteopcing to sigral them. In reality, what the foregoing adequacely
illustrates, are scme very, very basic rules for communication Detwesn
presumably intelligent beings anywhere, anytime. For inatance, in the
paragraph immediately proceeding this, if you wers to substitucs words
more familiar or closer to home, Ffur the esteric terms used, you mighe
begin to see an amazing pattern emerge, which can greatly and immadiacely
inprove your productivity as a speaker. For instance, in the last
sentence of the above paragraph substitute the word speaker for ''race",

when race is first used, and an audience for "another race”. Gat the
picture?

4. Purther thoughts.

Perhaps you have been turnmed om by the philesophical and somewhat mind
boggling thoughts in this secticn on imstructing instructors. And then
again, perhaps you have not. In summation it might be well to review a
few of the philosophical insights which have allowed puny man to take his
first hesitant, and scmewhat clumsy steps toward the stars. TYou might
not immediately think that this involves you, but them thizk again. The
Toom you are sitting in, and the building which houses that rocm, and 3ll
the many services which maintain that building and adequately insure you
of the continuance of the standard of 1life which you now enjoy, ars
intimately related to, and are direct products of increasingly complex
technological immovaticns which have heen recently brought about through
discoveries in machanics, engineering, and electronics generated by the
space program. [a the mid 1600's the English poet Johe Donne said
scmething about wot "asking for whom the bell tolls", with his idea being
that we are all involved ia humanity, togethar. A lirtle wore racently
Benjamin Pranklin said, ia the dasperate hours prior to our emergence as
a natiom, 'we must either 3ll hang together, or we will hang
separateiy"”. If you agree with these ideas then possibly you will sae
how that which has gone before, and the ideas immediately following this
paragraph, can serve to not only bring us closer together bur to enabls
us to reach higher goals which we had heratofore posaibly not comceivad
of, nor thought possible to grasp.

From Dr. asthor C. Clark (2001, 2 Spaca Odyssey), MWiaenaver a
raspected and experienced authority in any field says that scmething is
impossible, he is almost always w=eng. Bowever, when an autherity says
that something is possible, he is aimost always correct,”

Prom James F. Bell (Administrator of NASA, Shen Men PFirst, Waliad om
the Mocn), "Facing Tomorrow's problems, with yesterday's solutioms, is =o
view lifs at a standstill., If we are to improve, thers is zot one of us
who cannot do better tomorrow, what he or she does well today. To
advance we must search for, and use, new understandings, new imikiatives
and new competesncies, which lay before us if we omly have the visicn to
acquire, and to grasp them”.



And finally from Dr. Carl Sagan (Corzell OUniversity Astconomer, and
Exobiologist), "The primary question confronting the humuz race at this
time, is not whether there is intelligent 1life im outer space, bur
racher, whether there is intalligemt life om earth”.

Point to remember: Like it or nof, you are part of the future, haat
ars vou going to do with it, and how are you going to meet it?

-Part I7-

A PETLOSQOPEICAL APPROACE TO PERSONAL INTERACTION

phil.o.saoph.i.cal. archaic. characterized
by learning or the spiric of inquiry......
(Webatar's Third Intarnational Dictiomary)

l. Tntroduction

In the first two sections we discussed tactics which cam be used to
improve classroom interaction and instrueter's skills in presenting his
or her material. In part 3 we talked about commmication and
philosophical idezs involved with commrmications. Iz this part we again
deal from a philesophiecal outlocok, but the intent here is to help you,
as a member of a human organization, to ger an overall view of hov you
can improve your deslings with others in the organizatica. As jyou r=ad
on, hopefully you'll discaver ideas about dealings with people useful =znot
only in the e¢lasaroom sitnation, but possibly iz your larger
organizational effort or even in life as a whole.

2. A Prilosophical Aporoach

Waat is a "philosophical appreach”? How can it be best illustrated?
Bxperience indicates that questions of this type can usually be handled
by findiag and analyzing several wricings om the subject, and then eighar
comparing the arguments of the writers or wusing their argumeats as a
basis for stating za original positicu. Uanfortunately, formal thoughts
cu philosophical approaches to perscnmal interacticm are aot easily found
in administraticm and management. Hance, what follews are subjec.ive
opinioc. om this topiec with corroborations drawn from several sources.

Purhaps the best approcach to  personal interactica (or one to one
relazicnships), the most worth~while way of dealing with people for whem
or to vhem you ars respensibla, the best meathed for dealing witkh anyone,
ayvhere, anytime is philssophical in nature. Why? Taking a cue from
Mr. Webster's definition of philesophical, we could defipe  the

philasophical approach as being based on the study of, or learning abeut,
humzn beings.

Furtharmors, we could say that mot conly should we take time 20 study
our fellow homo sapiens, but we should become iacarested ia cthem as
individuals. We should attempt to understand, predict and iatecprst
foibles and failings, zloatings and greatness. More importantly, these
studies should be cmgoing, withk the subjects studisd Deing those around
43, as wvell as curselves,

1



Departing {rom Mr. Webster satill further, we can outline the
philosopaical approach through the following consideratioms:

1. An emotional time delay.

Tue philosophical approach has a certain delay built into interpersonal
responses. It resists either external or intermal, emotional cries for
action by reflection on similar sitvnations in which we may, or may uot
have been involved, before acting om the case at hand.

2. Emotional detachment.

Alonz with the time delay, a person usiang this approach can objectively
detach him or herself from a situation, even those that are highly
personal. This detachment not only affords a more unaffected view of a
situvation, but also allows a pause in which humer cam creep iato,
lighten, a2nd lubricate some otherwise closefitting encounters.

3, The guod versus the bad.

By having a philosophical approach we subscribe to the notion that
everyone, ourselves included, has gpegative attributes as well as
affirmative, and that we must attempt oot re be overcome, blinded, or
disappointed by the former while awaiting or applauding the latter.
Similarly, we mast learm uot 2 be appalled by the conflicts and
ambiguities of lifa. We must rather accept the fact that man is a child
of confliet and that we could not live without stress. Saveral eminent
psychiatric workers emphasize this point by demonstrating that neurosis
is often engendered, not by too mich tension in 1life, but quite
frequently it is found in the person who lives in a state of protection
or isolation from conflict, with this jsolation resulting in such a
person's neurotically generating his own imagined tensions.

4. Falrness and the sciemtific method.

The philosophical approach should be one of fairmess, with the derivation
of this fairness analogous to ome of the basic principles of science.
This principle is the oue which requires duplicated experiments to
produce duplicate rasults under similar condizions. Referring further to
scientific principles, we frequeatly make observations of others, we
diffsrentiate and catalog behavior; and we atlampt to explain and pradict
it. However, wiers we scmetimes erT in social hypothesizing, is in
failing to detsrmine the correctness of our own hypothesis. what
proporticn of your time do you spend in thipking that the other person 1s
wrong, compared to thinking that perhaps Fou have made an error(s)?

12



5. Buman worga.

Each and every buman being is worth a gr2at deal. Certainly we are all
made differently, but just as certainly, each person, when properly
motivated aad guided, has something of value to contribute ©to the roezl
buzan condition. Another imporcant poiat in the same vein is that of
realizing how we cacnot sea goed or worth in others, uptil we can
recognize it in curselves. Similarly, a significant percentage of what
we notics in someone else is not ouly modified by ocur perceprions, but
may indead be self raflaction.

8., Facta non verba. (Acts, not words)

In the final examination, a philosophical approach is neither cruthfully
nor completely characterized by heady preachments and readily profferad
outlooks. A true philosphy is founded not so much in words as in deeds,
Every day we repeatedly, and scmetimes enbarrasingly demcomstrate what we
really value and where our most assimilated beliefs lie. It is one thing
to speak of understanding, and quite another to enact it.

In sucmation, the philosophical approach is characterized by learnirg,
and an understanding of the isolated human; ao appreciation of his or hex
Deeds; a taking of time to thiak through our actions or the actions of
the institutions we represent, as interpreted, appreciated or resentea by
the individual; an attempt at building a total enviroumen: concerned wi‘h
grovth and development beyond the maintenance of an arbitrary,
unimz ;inative, stagnant state of affairs; a respect for each person as an
entity whose promise is scmething of great value; aad a will to serve
rather than an wunthioking negation of the ego 2ud experiences of
learcing, growing, mankind.

How zuch could be accomplished if Mr. Webster's definition, iven at
the begirning were altered by delation of one word - archaic!
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Medical specialties of Dr. Steinman are emergency and aviation
medicine. While stationed Iin the Coast Guard as a physician
at Port Angles, Washington, he became concerned with the treat-
ment of hypothermia in rescue victims. His close proximity in
Washington to Dr. Hayward led to his involvement with cold
water physiology. He has also developed in-water cardio
pulmonary (CPR) techniques. Dr..Stelnman currently is Chief
of the Speclial Medical Operations Branch of the Coast Guard.
His medical training has been at the Stanford School of
Medicine, the Mayo Graduate School of Medicine and the Naval
Aerospace Medical Institute.
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Airway Rewarming and Afterdrop Panel

This panel discussed the efficacy of the administration of heated,
humidified oxygen or air to patients suffering from hypothermia., This
therapy had been proposed several years ago as a means of "core" rewarm-
ing appropriate to the pre-~hospital management of the hypothermia patient
and as an adjunct to definitive rewarming techniques in-hospital. The
advantages of the technigque are: 1) prevention of further heat loss
through the respiratory tract; 2) efficient delivery of heat to the
heart-lung~brain axis (i.e. the critical "core" organs) ; 3) stabiliza-
tion of cardiac temperature (i.e. minimizing cardiac temperature "after-
drop”}.

Airway rewarming has been a highly controversial topic in the past
several years. Its proponents claim it is the most logical technique
for field management of hypothermia; its opponents doubt the ability
of the technique to deliver sufficient calories to be of much use.
Theoretical and experimental evidence appeared in medical literature
supporting both sides of the argument. Clinical evidence began to
accumulate, however, to support the use of the technique as originally
proposed.

The panel participants and audience reached a concensus that the
administration of heated, humidified oxygen or air is useful in the
field management of hypothermia patients. Its primary goal is to pre=-
vent respiratory heat leoss; it is not meant as a definitive means of
rewarming. In this regard the technique fits well into the strategy
of pre-hospital management of the profoundly hypothermic patient defined
by a previous panel; 1) removal of the patient from the cold environ-
ment; 2) prevention of further loss by insulating the patient from the
environment; 3) stabilization of vital signs; 4) transportation of the
patient to a site of definitive medical management. In this latter regard,
several conference participants presented clinical evidence of the useful-
ness of the technigque to the in-hospital management of the profoundly
hypothermic patient«.

Effective use of airway warming requires the delivery of oxygen or
air at 100% relative humidity. Temperature of the inspired gas should
be at 42-44 degrees Celsius (108-111 degrees Fahrenheit &and in no case
greater than 45 degrees Celsius (113 degrees Fahrenheit}). An accurate
thermometer must be used to moniter inspired gas temperature. The patient
should bhe allowed =0 breathe at a spontaneocus respiratior rate; he should
not be vigorously ventilated because of the danger inducing venftricular
fibrillation secondary to sudden changes in arterial pCO; levels. Theore-
tical contraindications to the technique are: 1) the possibility of upper
respiratory tract burns from humidified gases at temperatures greater
than 45 degrees Celsius; 2) the condensation of relatively large volumes
of water into the respiratory tract of the hypothermia patient. Neither
of these has proven to be a probelm in present clinical use.
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The topic of "afterdrop" received little discussion; it was over-
shadowed by a debate on the merits of cardiopulmonary resuscitation
(CPR) in the hypothermia patient. However, the panel and audience agreed
that one component of "afterdrop" is the simple eguilibration of tempera-
tures between a cold periphery and a warmer "core." Whether a second
component exists (due to the return of cooled blood from the periphery
consequent to rewarming measures) remains controversial. Further experi-
mental and clinical evidence is required before a consensus can be reached
on this point.

The most controversial topic the panel and audience discussed con-
cerned the administration of cardiopulmonary resuscitation to hypothermia
victims. The profoundly hypothermic patient may appear to be apneic and
pulseless, when in fact he may have bradycardia and very shallow respira-
tions. CPR in this case will almost surely precipitate ventricular fibril-
lation in an irritable, cold myocardium. Furthermore, the cold myoccardium
may be injured by inappropriate CPR, making subsequent defibrillation
attempts unsuccessful. On the other hand, the profoundly hypothermic
patient may be in a state of cardiopulmonary arrest, and withholding CPR
in this instance may also result in unsuccessful resuscitation zttempts,
due to prolonged anoxia of the brain and myocardium. Complicating the
situation is the difficulty of accurately differentiating in the field
the patient with extreme bradycardia from the patient in full arrest.

Several participants in the discussion presented case histories of
patients given prolonged CPR in the field who were subseguently success-
fully resuscitated in-hospital. Other case histories were presented
wherein pre-hospital CPR was associated with an inability to resuscitate
in-hospital (although some of these latter patients received repeated
defibrillation attempts while still profoundly hypothermic). A consensus
was reached on the following points: 1) No hypothermia patient who demon-
strates signs of life should be given CPR, even if measurable pulse rates
and/or blood pressures are extremely low; 2) No hypothermic patient
should be given CPR in the field if such efforts will endanger the rescue
team (i.e. the rescue team being immobilized at the rescue site by the
necessity of performing CPR); 3) No defibrillation attempts should be
made if the cardiac temperature is below 30-32 degrees Celsius. No con-
sensus was reached on the advisability of administering CPR to the pro-
foundly hypothermic patient who either is or apparantly is in a state of
full cardiopulmonary arrest. Members of the panel and audience agreed to
continue present individual procedures, accumulate case histories over
the next one to two years, encourage animal experimentation in these
areas, consult existing literature for further clinical experierice in
these areas, and to re-open the discussion when more clinical and experi-
mental data are avalable.
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THE BREATH HEATER AND HUMIDIFIER FOR BREATHING APPARATUS

AN INITIAL TEST AND EVALUATION REPORT*

Stephen E. Suess and John D. Isaacs
Foundation for Ocean Research
San Diego, California

ABSTRACT

Tﬁo Foundation for Ocean Research has conducted an eight month
preliminary test and evaluation program of The Breath Heater and
Huwidifier for ématahing Apparatus, as developed and patented
(patent #4,016,878) by the Foundation for Ocean Research.

This small and simple breathing-gas warmer and humidifier has been
tosted in over one-hundred SCUBA dives at depths r;nging from two to
sixty meters. The Heater has proven itself to be reliable, easy to
maintain and repair, and to be almosﬁ foolproof in its use. Some very
simple quantitative body temperature measurements wifh and without the
Heater at shallow depths have thus far been inconclusive. Subjectively,
it has shown itself to be a highly welcome and apprecia%ﬁd method for
helping divers to stay warm and comfortable in the 10°C waters off

southern Californis.

* Naval Coastal Systems Lab Contract #N61331-77-M-0459,



THE BREATH HEATER AND HUMIDIFIER FOR BREATHING APPARATUS

AN INITIAL TEST AND EVALUATION REPORT

Stephen E. Suess and John D, Isaacs
Foundation for {cean Research
San Diego, California
INTRODUCTION

As man begins to spend increasingly more time beneath the ocean, the
need for equipment to enable him to do 3o becomes ever more crucial, And
too, as the type of work performed becomes more complex, 30 ilncreases the
need for low-cost, simple-to-use, light-weight and compact equipment. Yet,
to cope with the problems of diving to greater depths and for longer periods
of time, the neceasary equipment has to become more and more sophisticated to
insure the diver's comfort and survival.

Wnen a person in cold air or water suffers a great loss of body heat
through the skin, his body responds by cutting off the flow of blood to the
skin surface and body's extremities, The body's heat is thus conserved in
the cote {(i.e. brain, heart, lungs, and other central organa} which can
withstand only slight cooling, However, in the breathing of cold and dry
air, heat is lost through the respiratory asystem, and the body has no
substantial defernse against this loss; if the heat loss becomes too great,
the mere act of breathing can drop the body core temperature to dangerouszly
low and potentially fatal levels.

A3 air is inhaled it becomes saturated with water vapor and equilibrated
to the body's temperature by the time it reaches the alveoli of the lungs.
Wwhen air or a gas unsaturated with water vapor and below body temperature is
inhaled, energy i3 expended in warming and humidifying the gas, while
additional heat is devoted to warming it to body termperature,

In a comfortable, 20°C, 50-percent relative numidity environment,
less than 10 percant of the body's metabolic energy production i3 expended in
heating inhaled air., Most of the energy loss is due to vaporization of body

water that is eventually expired. In a cold environment of, say,
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-20°C and a relative humidity of 0 percent, almost one-third of the
body's metabolic heat output is lost through the respiratory system.
Colder environments will, of course, cause even greater respiratory
heat losses, but there is no place on the surface of the earth where the
environment is so harsh as to cause a healthy person to die solely
of respiratory heat loss.

At high altitudes, i.e. lower atmospheric pressures, a breath
of air contains a smaller absolute quantity of air, and thus requires
less energy to warm it to body temperature. However, this savings in
thermal energy is not very substantial since the quantity of water
needed to saturate a volume of air is the same regardless of atmospheric
pressure, and the energy needed to vaporize body water represents the
bulk of the respiratory heat loss at atmospheric pressures found on land.

In a body of water the ambient pressure increases with depth.
This causes a SCUBA diver to inhale denser air, thus each breath contains
a greater absolute quantity of air and consequently requires more energy
to bring it up to body temperature. As the diver's depth increases, so
does his respiratory heat loss.

A diver breathing a dry gas mixture at 10°C, at a depth of about
270 meters would need his entire metabolic energy production just to warm
and humidify his breath. (At this depth most of this energy is used
in warming the breath, rather than in vaporizing water.) If the diver
were to attempt to produce more body heat through physical exercise, he
would also increase his respiration proportionately and would still
require all of his metabolic energy output to warm and humidify the air
he breathes. In such a situation, warm and humid breathing gases are
vital to maintain the acceptable thermal balance of the diver and for his

survival.



THE HEATER

The Heater is simply a small insulated canister, about four
centimeters in diameter and ten centimeters in length, weighing as
iittle as 100 grams. It is filled with pellets of alumina, about
one-quarter of a centimeter in diameter, which are coated with a
platinum catalyst. The gases that the user breathes contain a small
and non-explosive concentration of hydrogen.

In use, the hydrogen mixture passes through the catalyst canister
just prior to inhalation. The catalyst causes the hydrogen to react
with a portion of the gas's oxygen, forming water and releasing heat.
For each one percent hydrogen reacted in this way, one-half of a
percent of oxygen is used. In air, this represents a negligible loss
of oxygen, but in a saturation-diving atmosphere containing very small
amounts of oxygen, additional oxygen may need to be added to make up
for that used by the Heater.

For each percent hydrogen added to air, the Heater should prcduce
a theoretical temperature rise of 80°C, and in a helium atmosphere,
such as is used in saturation diving, this rise should be 110°C. The
temperature rise is solely a function of the percentage of hydrogen in
the gas and of the heat capacity of the gas, assuming sufficient
oxygen content and complete combustion of the hydrogen.

Each percent of hydrogen, when combusted, alsc produces one-half
percent water. The resultant relative humidity is a function of the
temperature, ambient pressure and absolute amount of water, as described

by the following formula:
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o= % H,0 x Pg r = relative humidity
Pv Pa = ambient pressure in mm Hg
PV = vapor pressure of H 0 at

ambient temperature

When combusting one percent hydrogen, this yields a relative
humidity of 18 percent when measured at body temperature (37°C) and
at one atmosphere of pressure. For each additional atmosphere of
pressure, the relative humidity increases by another 18 percent. Thus
at a depth of 20 meters a diver's breathing air has a humidity of 55
percent, and at a depth of 45 meters the diver is breathing air that
is saturated with water vapor when measured at body temperature.

Up to 4.15 percent hydrogen may be added to air or oxygen without
reaching a flammable level of hydrogen. However, a 4.15 percent mixture
would be warmed by more than 300°C when combusted, far hotter than anyone
would care to breathe. Hence, any realistic breathing mixture will
contain much lower concentrations of hydrogen than mixtures that are
potentially explosive. The surplus heat produced by a hydrogen-rich
mixture could be used for other heating needs, and thus such mixtures
might be useful in special systems.

Four Scuba-Pro Mark V regulators, with Sea View gauges weré purchased
and fitted with Heaters. The Heater canisters were machined from brass,
about four by ten centimeters in size, and contained about 25 grams of
platinum-coated alumina pellets. The catalyst was held in place with
fine meshed, stainless steel screens at either end of the canisters, and
the whole unit was insulated with 1 cm (3/8 inch) foam.

Each Heater was then installed into the regulator’s air line about

10 to 1S centimeters upstream from the second stage, by means of pipe-threaded
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brass fittings that were banded onto the cut air hose. The exposed
metal parts of the second stage were also insulated with neoprene foanm.
With no insulation on the canister or second stage, all of the produced
heat is lost when the system is immersed in 10°C water. With only the
canister insulated, three-quarters of the theoretical heat production is
lost and with the insulation of the second stage, half of it is lost.

Heat is lost through the thin rubber diaphragm of the second stage,
and by imperfect insulation elsewhere, The temperature of the gas leaving
the Heater is also reduced by adiabatic expansion as the air goes from
7 atmospheres (100 psi) above ambient in the air line to ambient pressure in
the second stage. Tests of the efficiency of combustion of the hydrogen
have shown that it was consumed to the limit of our measuring sensitivity
(0.5 percent hydrogen}.

Analyses for possible harmful by-products of the system have shown
that only water is produced. Fine particulate-matter measurements show
that the Heater expells a small quantity of fine particulate matter, but
visually identical particulates are also expelled by other regulators
without the Heater using the same air sources.

The first two Heaters built were tested for any added breathing
resistance by Dr. Glenn Egstrom. These tests showed the Heaters to add
no air flow resistance to the regulators down to a depth of 75 meters,
and a tank pressure of 20 atmospheres (300 psi).

Before the start of this program, we had a number of failures with
the Heater. Apparently water had entered the air line, and coated the
catalyst, thereby inactivating it. This resulted in cold and dry air,
with a small amount of unburned hydrogen in it. Simply drying the catalys:
reactivated it and the Heaters again produced warm, humid air with no free
hydrogen. Water can never enter the catalyst in use as it is always 100 ped

above ambient water pressure, but can enter after the regulator is detached



from the air tanks.

At the start of the Heater diving program, all users of the system
were asked not to wash their regulators after dives, and to be careful
not to get water into the first stage when attaching or removing the
regulators from the air tanks. Since then, the Heaters have failed on
only three of more than 100 test dives. Each time a Heater
failed, it had been used previously by someone employing it for the
first time.

These three failures were repaired by passing 3-percent hydrogen-
in-air through the regulator. This caused what little catalyst was still
active to get very hot, heating the surrounding catalyst and thus
evaporating the water from the Heater. Letting the Heater exceed 100°C
for a few minutes removed all traces of water and the Heater functioned
again like new., (The first time this method of drying the catalyst was
employed, the second stage refused to stop purging when the process was
finished. Upon disassembly it was discovered that the plastic boot,
upon which the teflon second stage seal sits, had melted from the heat.
Thereafter the second stage was removed before running 3-percent
hydrogen through the regulator.)

Another potential problem for the catalyst is oil, Any oil in the
air supply or on the regulator upstream from the Heater could coat the
catalyst and thus deactivate it. Since oil and silicon grease are very
hard to remove, any catalyst contaminated with them would have to bhe
replaced. (One of our early Heaters failed when some silicon grease used
to assemble the first stage came loose and coated the catalyst.)

To avoid the complexities of mixing hydrogen in air, we purchased
170 m* (6000 cubic feet) of 3-percent hydrogen in breathing air from the
Linde corporation. (3.2 percent is four-fifths of the explosive mixture

and 1s the maximum concentration that the Linde Corporation will sell.)



This mixed gas was stored in 30 K-size gas cylinders holding about
5.6 m® (200 cubic feet) each. Five cylinders at a time were manifolded
together and installed in the Scripps Institution of Oceanography's
diving locker. From this we 'cascaded" to fill SCUBA tanks with doses
of about one-third hydrogen mix and two-thirds air, resulting in the
desired 1.0 to 1.3-percent hydrogen-in-air concentration. This gas when
passed through the Heater provided the diver Qith breathing air from
40°C to 55°C, depending on the concentration used.

A point to be emphasized is that once a proper gas mixture is
made, there exists no possibility of explosion, and assuming the catalyst
is active, the inhalation temperature has been fixed. {(This temperature
can be reduced by removing insulation from the Heater.) Thus, in use,
the Heater requires no further supervision or controls. All the
complexitites of procper gas mixing have been handled in the well-equiped

shoreside gas mixing facilities.
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THE HEATER IN USE

Between April 19, 1977, and the middle of August 1977, over 100
dives were made with the Hydrogen Heater by divers from the Scripps
Institution of Oceanography at La Jolla, California. Most of these
dives were working, research-oriented dives. They ranged from depths
of as little as 2 meters down to 60 meters and durations of just a
few minutes to over an hour. Water temperatures were between 8°C
and 15°C. The divers were generally in their late twenties or early
thirties, wearing reoprene wet suits of all types of cuts, thicknesses
and states of repair (more often than not on the verge of disintegration).

Only divers with Scripps certification to dive to 20 meters or more
were allowed to use the Heaters, and only one diver per buddy pair.

Each diver was given a "Consent to Act as Subject” form to sign after

the design and operation of the Heater were explained. The diver was
basically told what to expect, what to watch out for, and to be careful

with the Heater. Questionaires which were to be filled in at the end

of each dive were also handed out. The diver was then given a Heater-adapted
regulator for his personal use and the combination to the racks where
specially-marked SCUBA tanks with l.1-percent hydrogen-in-air were stored.

All tanks with hydrogen carried labels stating that they contained
hydrogen and air and were dangerous, thereby dissuading unauthorized use.
These tanks were only filled by Stephen Suess and they, as well as the
large cylinders from which they were filled, were kept under lock and key.

When a diver was to use the Heater, the last thing he was supposed
to do before entering the water was to hold the mouthpiece over his

upper lips and gently purge air from his tank for a few seconds. Warm



air was the test that the Heater was working. If the air became burning
hot within seconds, too much hydrogen would have been accidentally added
to the air and the dive would have been aborted. (This has never
happened.) If the air did not get warm at all, the Heater would have
been inoperative, perhaps from the entry of water after its last use.

A description of the general experiences of divers utilizing the
Heater follows:

Upon entering the water, the diver feels his air to be ﬁarm, but not
really any different than ambient atmospheric air on a nice day. It
feels a bit dry, but not as dry as regular SCUBA air. A$ the diver
descends, ét about 7 meters, he may feel that suddenly his air is
becoming very warm. It begins to feel rich and heavy, and penetrating,
almost like a sauna. (This sudden surge of warmth is not the result of
any sudden change in temperature or humidity and thus must be subjective.)
Some divers report that the air begins to develop a taste at this
depth. They describe it as a salty metallic taste at the rear of the
mouth.

If the diver is working hard, and thus breathing rapidly at a depth
of 10 to 12 meters, he may get a dry throat; but as he goes deeper the
humidity keeps rising until at about 20 meters he reaches a depth below
which no user has ever reported a dry throat. A dry throat is a very
common complaint of regular SCUBA users.

As the diver descends further he may notice another apparent
surge of warmth around 40 meters (again, there is no real temperature

surge and so the sensation must also be subjective). Below this depth



the air becomes supersaturated with water vapor and the diver may feel
that he is breathing a fine spray of fresh water.

During the dive the diver will feel a warmth in his chest that
will help him to tolerate the cold on his skin more. He may feel that
his hands remain dexterous longer, and that the "stupid feeling' he gets
from being cold is not there. The deeper he goes the more humid the air
becomes and the richer it feels., Since he is breathing above-body-temperature
air, as he goes deeper, each breath has more air and thus more heat,
and so he gets warmer with depth.

Coming up from the dive the Heater may appear to be producing less
and less heat. Some divers feel that it isn't even working near the
surface. In reality this results from the high heat input at depth to
which they have adjusted.

On the surface the diver will feel warmer, and on his second dive
he will not feel that chill to the bones that is experienced upon
reentering the water.

About a third of the divers report that they use more air with the
Heater; that as the water becomes colder, they breathe the warm air faster.
(One diver whom we subjected to a cold bath, exhausted a tank of air
every 20 minutes with the Heater, whereas it normally took him an hour
to exhaust a tank of air without the Heater.)

At shallow depths the Heater's output with 1.1-percent hydrogen is
minimal, and the diver's heat loss is also minimal. On shallow dives,
only those divers who get cold very quickly, or those who have to sit-
still in the water for long periods of time come to appreciate the Heaferu
However, as the diving depth becomes greater and the diver's wet suit
thinner and the output of the Heater increases, even the most cold-

insensitive diver begins to value the added warmth.



One Scripps diver who feels very sensitive to cold, and makes
daily 15 meter dives with heavy insulation now dives only with the
Heater, and wants increasing amounts of hydrogen, i.e. warmth. He has
apparently become addicted to its use, and will not dive without 1it.

Two other divers who generally feel insensitive to cold, at first
saw no advantage in using the Heater. After their first 45 meter dive,
however, they began to compete for the equipment.

The only common complaints, other than that there are not enough
regulators and hydrogen-filled tanks to go around, concern the heaviness
of the Heater unit itself. The brass makes these particular units quite
heavy and negatively buoyant. This causes the regulator to pull at
the mouthpiece and can be annoying to one not used to the Heater. A new
set of Heaters has been built out of aluminum, and this seems to have
solved the problem. Apparently neither the Heater's added bulk nor
its drag seem to bother the divers.

In an attempt to obtain objective data on the physiological effect
of the Heater body core temperature measurements were made with the help
of Lt. Com. David Hall from the Naval Heaith Research Center, San Diego,
California.

Nine divers volunteered to do two dives each, wearing minimal
insulation at the bottom of a 10 meter deep tank filled with sea water
at 17°C. The divers were told to remain relatively motionless, and
were kept in the water until their core temperature dropped te 36°C or
until they refused to stay in any longer. Dive times varied from 45
minutes with no insulation to 135 minutes with a well-insulating wet
suit top on. Each diver did one dive with the Heater and another without,

and was monitored for core temperature, EKG, and Heater temperature.



-17-

The measured temperature drops showed essentially no difference

between the diver's rate of cooling with and without the Heater.

Volunteers using the Heater during their first test-tank dive did not detect
much help from the Heater in comparison to their second tank dive without
the Heater; however, those using the Heater on their second dive (but not
their first) felt that the Heater helped them greatly. Essentially all of
the divers felt that the second dive was easier as they were more prepared
mentally, having gone through it once before.

This result may ensue from differing physioclogical reactions. Yet
at these depths, hydrogen does not make up for the respiratory heat loss
nor help substantially with that lost through the skin. Our divers were
losing heat at rates into the hundreds of kilocalories per hour, whereas
at that depth the Heater was adding perhaps thirty to fifty kilocalories.
Thus heat input in such a situation becomes small. Instrumental tests
need to be performed at greater depths where the increased pressure results
in more calories being added by the Heater and with adequate insulation
of the divers to minimize body heat loss.

Further temperature measurements of divers working at 30-meter (100 ft)
depths are being planned for this fall, and we still have sufficient mix-

ture to make another one hundred dives with the Heater,
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SUMMARY

It is our conclusion that the small and simple Breath Heater and
Humidifier for Breathing Apparatus is a viable, appreciated and safe
tool for helping divers stay warm and comfortable in cold waters.
Subjective measurements, laboratory tests, and calculations have supported
this conclusion., Physiological measurements limited to shallow depths
were inconclusive., More detailed and carefully controlled experimentation
at greater depths needs to be conducted.

The entire subject of respiratory heat loss is a relatively new
field of study and the concept of maintaining one's heat balance by
adding heat to the respiratory system is even newer. Since the Heater
is such a simple way to provide divers with warmth, it might be timely
to open up this field to detailed study.

We perceive the Heater as a device to keep SCUBA divers, divers
from submersibles and perhaps even saturation divers with appropriate
dry suits, warm and comfortable. It could also serve as a first-aid
rewarming device for hypothermia victims.

Future work on the Heater will be directed towards the development
of such uses and the technical aspects of perfecting mixing techniques
for the hydrogen mixtures, toward finding better catalysts, and in the
study of the effects of breathing warm and humid air in cold environments

and at great depths.
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ABSTRACT
EFFECTS OF ALCOHOL ON THE DIVING REFLEX

L. E. Wittmers
Department of Physiology
School of Medicine
University of Minnesota-Duluth

The dive reflex is considered to be a life saving mechanism in
sltuations where people fall into water. The water on the face triggers
_ a decrease in heart rate and an increase in blood pressure. Since many
water accidents involve the use of aleohol, human subjects were given
alcohol to reach a level of 0.1% gm. Cardiovascular parameters were
- monitored during breath holding in air and with the face immersed in
water (4°C). Alcohol caused a significant decrease in the rise of blood
pressure versus control response. In addition, certain subjects who
were legally intoxicated were able to stay longer in cold water. These
initial results indicate that alcohol has some effect on the cardiovasculak
regulatory system3 when the dive reflex is activated.



Effect of Alcohol on the Diving Reflex
L, E. Wittmers, Jr., L. Fairbanks, S. Burgstahler, and R. §. Pozos
Department of Physiology, School of Medicine
University of Minnesota-Duluth, Duluth, Minnesota 55812

The cardiovascular adjustments which occur on submersion of diving
animals have been studied extensively in non-human species. The major
changes associated with the "diving reflex" are a) bradycardia; b) peripheral
vasoconstriction; and c¢) 1ncreased hlood supply to vital organs. Although not
as well developed, this reflex has heen demonstrated in man. The magnitude of
the diving reflex in man is a function of numerous enviromnmental and physio-
logical parameters (posture, lung volume, venous return, extent of immersion,
and water temperature). Tt has been suggested that even in man the diving
reflex may act as an oxygen conserving mechanism,

Our interest in the diving reflex stems from attempts to evaluate the
cffects of alcohol ingestion on the ecardiovascular function in man under
altered emvironmental conditions with special consideration to cold expocsure.
Alcohol i3 often associated with hypothermic accidents. Rather than inducing
cardiovascular changes by exercise or drugs, the subject's diving reflex (as
elicited by face immersion) was monitored before and after consumntion of
alcohol.

The subjects for these experiments were healtrhy male and female volunteers,
ranging in age from 20 to 38 years. Heart rate was continuously monitored by
a single lead telemetry system and rate calculated over a 5 beat span or for
very slow rates by R-R interval length. Blood pressure (systolic-diastolic)
was measured with a semi-automatic pneumatic cuff and microphone system. The
dive reflex was elicited by submerging the subject's face (up to level of the
ears) in cold water (4 * 2°C). Expired lung volumes were measured with a
spirometer. Blood alcohol levels were estimated by sampling and analyzing

end alveolar gas. All subjects were exposed to the test protocol at least
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once prior to the actual experiment in order to familiarize them with the
equipment and experimental design. Prior to the experimental period (control
+ aleohel consumption) all subjects fasted for 12 hours. The subiect was
scated comfortably with his head hent forward over a pan of water. The
subjeet took a brearh to either vital capaclty or some intermediate lung
volume (70% vital capacity), and either held that lung volume (as long as
possible) in air or submerged in water. The subject then exhaled into a
splrometer, Subjects drank the aleoholic beverage of their choice at a
comfortable rate until a blood alcohol level of 0.1 g4 was achieved. At
that point the breath holding maneuvers at both lung volumes in air and
water were repeated. An overall summary of the experimental design 1is
presented in Figure 1,

ieneral physical characteristics and control mean blood pressures {mean)
and heart rates for the experimental population are summarized in Table 1.
Figure 2 contains a sample recording of blood pressure and heart rate of a
dive reflex resmonse In two individuals. Subjeet R. P. shows decrease in
heart rate and a rise in blood pressure during face immersion. This subject:
is included in the experimental population as #8 (see Table 1). The second
subject in Figure 2 (W. I.) responded to face immersion with a dramatic rise
in systolic and diastolic blood pressure (the systolic values exceed the
maximum range of the calibration) and an EKG pattern suggesting arrhythmias.
No further experimentation was performed on this individual.

The experiments were designed to studyv the effects of alcohol on the
dive reflex and in light of previous work that indicated that breath holding
alone may cause considerable changes in heart rate and blood pressure and that
alterations in these parameters may be affected by lung volume at the time of
apnea. Heart rate response in air apnea is minimal whereas in water rhere is

an initial increase in heart rate followed by a fall representing a 30% decrease



from control levels. At vital capacity the heart rate changes in alir or water
apnea are not altered by alcohol ingestion. Water apnea results in an initial
rapld rise (0-25 sec) in blood pressure of approximately 15 mmHg followec by
a slow continual rise throughout the period of apnea. Mean blood pressure
changes in these experiments were similar in profile both for control anc
after alcohol consumption; however, after alcohol consumption the mean blood
pressures were approximately lUImmHg lower than in the control srudiles. Ailr
apnea is assoclated with a slow continuous rise 1n blood pressure.
Results obtained at the intermediate lung volume differ in the following
respects. The initial increase in heart rate seen 1n water immersion does
not appear. Further blood pressure changes in the control experiments show
a delayed rise in both alr and water apnea. After alcohol ingestion there
is no increase in blood pressure following water immersion (see Figure 3].
Preliminary data presented here indicates that alcohol may alter cardio-
vascular response of the diving reflex but observing this effect depends on

the lung volume at which the reflex is elicited.

This work was supported in part by a grant from Sea Grant (DOC/NA794A-
n-0025),
Ms. Fairbanks is supported by Indians Into Research Careers (IRC) NIH

grants #78-GM1419 and #78-GM042,
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Figure 1. This'is a summary diagram of the experimental design

employed to study the effect of alcohol consumption on the

dive reflex.
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Figure 2. Examples of EKG's and blood pressure recordings on

two subjects before, during, and after face immersion in

cold water, without alcohol consumption.
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Immersien: Some advice on first aid and the nature of

the problem

By Frank Golden (swrgeon commander) ssnior medical officer {survival] R

- spacial study of this subject.

Whether an immersion vietimy ¥ves or dies,
more ofien than nat depends ow the first sid

Knosling behind the patient, the jaw is grasped on
either side in the region of its angle bemeath the ear,

given by his rescuers, rather than the intensive 200 gently pulled forward aad upwards, while the

care he receives subsequently in hospital. For
this resson it is essentind that all those who
may be engaged in the rescue of such victims
should be absolutely clear on the correct first
aid trestment to administer. .

tu rocent years modical rescarch has identiflod
sevaral factors which mey result in death, eithar
during irumersion, or after rescue. An
understanding of these different factors may sasist
the doctor in the me Yoal managomeent of the post
imasersion paticnt, but such knowledge should be
cunsiderad to be ‘icing on the cake’ to the first aider.
Unfortenately, details of the madical classification
of immersion patients bassd on these different
factors has led 10 considerabls confusion in the
minds of many who should be interested only in
first aid. Terminology such as partial drowning,
secondary drowning, dry drowning, fresh and salt
water drawning, exposure, hypothermia, etc., is
medical jargon whicls is irrclevant 10 the pracrics of
pood first aid. Although it may be ‘nice to kaow® the
underlying mechanisms of the problem: one is
enclgavouriag Lo trest, sach knowledge will not
impeove the patient's chances of survival in the
siigheast, if the first sid measures employed wre
noorrect. '
First aid

‘The first nil suasagement of immaersion victims is

quine sireightforward,

1 14 the patient bresthing? If not, clear the
airway, and il necessary start expired air
resuscitation (EAR) as 5004 s possitie. Having
eneured that adequate vestilation resthing) is
being meintained — iy, the chem wall is visibly rising
and falliag when aiv is blown istn the patient —
chock the pulse.

2 In therw a pulse presewt in 8 large antery, o.g. in
the neck ? If not, and the pupils of the ¢yes are largs,
begin clossd chest cardisc massags (CCCM) at a
rate of {ive compressions to each EAR ventilation.
If possible, the regular cardis: compreasions should
not be interrupted for the ventilation, but this
technique raquires much practics o perfect the
timing. Huving snsured that adequate ventilation
and heart action are present (or while maintaining
>0th) try and prevemt further loes of body heat, by
wrapping the patient in 8 blanket, and 1ransport him
o the nearewt medical care.

The above basic advice may be regarded by
nany as an oversimplification, but it forms the
wecessary foundation on which the more specific
wdvice datailed below cam be built.

Zlear sirway

It is ¢ssential that everyons should understand
uhullmumb?l‘dlﬂ airway’, and how to
nsure that one 1s maintained in an unconscious
atient.

A clear airway’means that there is no obstruction
2 the Nlow of air to and from the lungs. In &n
MEONSCious patient, fying on his back, the tongue
‘ollapsex against the back of the throat and thus
bytruces the sirwsy. At best this may just produce
, ratiling, choking, sound during breathing, but
~equently it blocks the sirway complesely.

Supporting the floor of the mouth with the
hile as the same time gendy pulling the jaw
“rward will pul! the tongus away from the back
“all of the throat. This simpie tachnique is so
Aportant that it is worth having it demonstrated to
- by a doctor o¢ nurse who is familiar with it.

)
“

tips of the fingers support the floor of the mouth
benonth it. At the same time the neck shoald be
extended backwards, gently but NOT FORCIBLY,
wntil tha chim and the front of the neck are almost in
a sirnight Roe,

If, having donc this, it is apparent that the patient
is sble to breath freely on his own, then he may be
turned o his side and placed in the ‘unconscious
position’. This will free one to attend Lo other
paticnts, or (0 summon help.

ARernatively, il the patieat still has difficulty in
breathing, atart EAR, but first make & quick check
of the patient's mauth and throat to ensure there js
no vomit, dentures or other obvious cause of sirway
obstruction, If so, clear quickly, using one’s fingers,
There may be an accumulation of water in the
throat, which in salt water immersions it is best to
drain quickly before commencing EAR. However,
time should not be wasted on this procedure, itis
essevdtial to start EAR as quickly as possible.

EAR

Whether one performs mouth-to-mouth, or
mouth-to-nose EAR is largely & question of
personal choice. Some may find it casier to support
the floor of the mouth and jaw while performing
mouil-lo-nose. But the question of which is the best
method is almost academic, provided whichever
methad is empioyed produces an adequate fow of
air into the [ungs.

Many leammrsion victims vomit during, or after,
resuscitation. This is due partislly w the large
volume of water swallowed during the drowning,
and/or partially to the inadvertent distension of the
stomach by air during incorrectly sdministered
EAR. In & relaxed unconscious patient, some air
will enter the oesophagus (gullet) as well &5 the
traches (windpipe) during EAR, unless the neck is
well extended. When the neck is fully extended. the
air forced into the throat during EAR will follow he
path of least resistance, ie. into the trachea. EAR
should be given to all thos: who are not breathing,
and maintained until the pauent starts breathing
spontaneously. If cardiac ar- =st has developed and
there is no response to CCCM, EAR may be
discontinued after 20-> + minutes.

. EAR should alsc be given 1o unconscious
paticnts, who are spontancously breathing but
whose lips are blue, These patients may have large
arcas of lung +hich are collapsed, where blood and
air are not coming into contact, so that the blood is
not fully oxygenated, This is a very common
problem in drowning. Frequently, intermittent — one
of two breathy — excursions of EAR are all that are
necassary; Lhe requirement for which is judged from
the blue ¢olaur of the patient. One shoukd, where
possible, synchronise the EAR with the patient’s
breathing. This tremiment is particularly required if
the colour of the patient is not improving when
breathing oxygen from a mask. Consciois patients
should be encouraged to t3ke deep breaths and to
cough intermittently en rovte (o hospital.

The advantages of EAR over other first md
methods of pulmonary resuscitation, eg. Holger-
Niclsen, Sylvester etc.. are such that instruction in
these other methods should no loager be given. This
is particularly true for immersion victims. where not
only are the more valuminous air flows achisved
with EAR more advantageous, bui ko Uw positive
pressure of the sir blown into the au ways is
essential to cxpand the collapsed tung.

Closed chest cerdiac massage
When performed correctly, CCCM can

oyal Navy institute of Naval Madicine. who hes made s

[
wdoubtedty be lifesaving. by maistaning 3
circulstion until the patiend arrives in hospitsl where
more specific trestment can by given, It is o difficult
procedure to perform correcdy withowt frequent
practice, and dangerous to do wien et required.
One cannot learn the technigus from the written
word and you arc strongly advissd w scek proper
instruction before attempring i

One immersion situation where it may be
inadvisable to give CCM is 1o the spparenty dead
victim found floating in a Kfejacker, or liferaft, -
where thers was no question of water having been
inhaled, This individual may be alive but saffering
from profound hypothermia ie. an extremely low
body temperature. If so, attempis st CCCM may
well stop the heart (cardisc arrest), On the other
‘hand. if he was already in cardisc armemt when
rescued, it is probeble that he had been dead for
some time and CCCM is not likely 1o do much
good. If it is ponsidered possible that the patient
might still be alive, then EAR should be given and
the paticnt placed in & bath of stirred hot water,
417°C (hand hot) il naked, in 45°C if clothod. The
whole body, excepr for the head, should be
immersed. At one time it was comsidered thar the
arms and begs should be left out of the hot water,
but this is no longer recommended, If a hot bath i
not available, then insulate the body in a sleeping
bag or blanket and transfer, slightly head down, to
the ncascst medical care,

The mechanisms of the problem

The temperature of the water around the coast of
the UK, even in summer, can be classed s very
cold in relation 10 body temperature, These
temperature diflcrences produce stress responses in
the body, which may result in death directly, or
cause incapacitation resulting in drowning.

In general there are four identifiable phases
where the nature of the haza+d threatening the life
of the immersion victim s slightly difTerent:

I On witial imm- 5100 ie. the first two or three
minules.

2 Short-term immersion i¢. three (o 15 minutes.
3 Long-term immersion ic. 30 minutes and
thereafier.

4 Post-immersion.

| On initial immersion: The shock of cold water
entry, to thos¢ unaccustomed to it, produces the
most dramatic increase in heart rate, blood pressurs
and bresching rate. Thess changes may kill, or
scriously incapacitate, many people, particolacly
the middle aged and elderly who may already be
sulfening lrom heart disease or high blood pressure.
These responses decline after a few minutes’
immersion, end the immersion victim has then to
contend with the problem of remainiag afiost.

2 Short-1erm immersion: Many individusls who
drown do 30 within 15 minutes of mmersicn. Many
of these are competent swimimars who would have
lietle difMiculty in remaining afloat in » heated
swimming pool. It has bets shown however, that
EVEN COMPELEnt Swimmert who are unactesomed
o swimming in cold water, cannot nemais aflost for
very long in cold water (Keminge staf 1969). That
experiment hightights the importasce 1o even
competent swimmers of wearing sowme form of

duration of immersion is wsually insufficient for
hypothermis 1. Jevelop. The precise season why
people have difficulty in remaining aflost remsing a
mystery.

3 Loag-term immersion: If the immersion victim
is wearing lifzjacket, or has some other mesns 10

- " . o



sssint hien in keeping dis sirwxy slear of the water,
e will cool progressively. wiille sweiting rescus. If
hshmhlduodyn'hq-qnd’.ndlﬂc

* he will deown whan camssiousnens is jost
{around body tempernture af 33°C ~ normal body

ofa
of-

wemparators is 17°C) in befose

ummm-lmum

or choppy sas. ln such waters, the wavs splash
over the face may resuit n drowning even before
consclioutness is lost. In rdutively calms water

_ owever, the indis idual wearing & Efgjacker will

coul progreasively and svastually dis from
cardiac arest unless rescusd.
Ammmumm
mdm-mtheynph.m-ﬁnmmm
on dais obtained from survivors - -
(Molnar [946) where the water tampaeratury and
duration of imunersion were known, Curve A is the
cutimated 30 per ceat survival time for individuals
n owtdoor clothing eg. after one hour in water 1t
§°C, 50 per cant of survivars will be dead, Some
will dig in the first few myinutes, while othery could
survive for several howrs depending on clothing

ween. bty fat content, physical tness, Slejackets,
ska thate ek, R

TIME

(MOURS)

12 ,.[ ,

» _‘,": j"

o - i
‘- e -

4 —A-

2 rs

° 5 0 5 %

WATER TEMPERATURE (*C)
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Curvs A3 Eximated time to 30 per cent mortality in
ouidoor clothing. eg. after one hour, 50
per cemt of survivars in water at 3°C will
be dead.

Curve Bt Recommendad minimum search times.
Should be st least six Uimes the time given
ia curve A.

Curve B is the MINIM UM recommended
search times for immersed individuals. Qbviously it
it not intended to be used as 3 guide to search times
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A Post-iMiea v m&&-md
about 20 per cent of peopls, whe ars rescued alive
from cold water, collapwe snd diar alicy rescuc. Some
of these die from the deleyed sffects of drowning,
others from cold. if the first aid ireatesent outlined
Mnmnmmmmu
preventad. In recent yenrs & senber of casm have

umdhuymuu.ﬁmﬁmulnh
quiite clear — always attompt resuscitation, and
don't give up too quickly.
_ Fioally, it isimportant thet sayomns who has
inhaled water during a8 ioumersion iscident be sent
10 hoapital for & chest X-ray, cvem if be sppencs to
have made & fill snd uneventfil resovery.
Coughing and spluttering, cocasionally
accompanicd by chest paia, is seuslly an indication
that & significamt quantity of water has been
inhaicd. The inhaled water, or contained particulate
matter, irritates the lung and can result in & sudden
dcﬂobdmm' g of the lungs with body Nuid resulting in
aln.
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ABSTRACT A group of representative Free World
anti-exposure suif configurations were selacted
ior a4 test program designed to evaluats their
relative sIfacts on aviator performance in the
areas of mobility loss, heat stress, and
immersion hypothermia protection. Sequential
tescing wAs utilirzed to eliminate those confiigu-
ratisng which did not meet predetermined require-
zments, as defined oy CHD, to satisfy the opera-
tional need of ¥aval forcesg, Mobilicy less and
heat stress testing at JSQC have been completad.
Immersion hypothermia testing in 7.29C water is
currently being conducted with taats in 09C
waray to follow.

INTRODUCTION Backgzrouad: In the early Spring of
1977 the Chief of Naval Operations hosted a water
survival conference which was to examine all
aspects of the Maval Aviation Vacer Survivzl
raining Program. Such an examinarion resulted
in an overview - althouagh not Lntended - in both
the associated Life Support Equipment (L3E) and
accompanying Search and Regcue (SAR) oparations.

As a ragult of this meating, 2 ¢coordinated effort
was aimed at reducing the number of deaths which
occur when aviators fiad themselves removed from
their aircrait and placed in the water. Among
the directives issuad ir the comclusion of this
meating were the Zollowing: revitalized efforts
in uypdating a single training manual for LSE;
formulate a SAR publication to include training,
tactics, rescue equipment and LSE interface; and
specifically for HADC, devise a taest plan to
avaluate various LSE configurarions in the real
environment ,

As a part of that requirsmant, a series of meet-
ings was held in che Soring of 1978 to develop
an gperational requirement (OR) for exposura
systam protection (W1l597SL). It was recognized
that severz]l decisions had co be made in a
logical manner in order to succeed in best meec-—
ing the present and future needa of the entire
Fleet. A legic diagram identifying thesa deci-
sions was therefore used to guide the meeting
discussiong. The fira:c decision wmade was that
land and sea requirements had to be deterxzined
separately, with ses raquiremants becoming the
major thrust for the initial pregram. Desimm
decisions wars also to be nade on tha hasis of
wartime, with unique peacetime requirements being
given consideration only afrer fully meeting the
gotential needs of war. An equal preobability

of going te war in anv one geographical arza wag
agsumed, and it was then agreed that 2 graiuatad
system of protecfion would Seat Teet any jpoaten-
tial operaticnal need. Two hours is the cirreac
operational requirement alreadv set for SAR
operacicns, and this same twe hour pericd vas
agreed upon for designing am exposure protaction
system. This decision was supported hy Naval
Safety Center statistics, which indicaced :zhat
batwean 1969 and 1977, %1% of all rascuas
occurred in less than 60 zinuces. Althougs
fully recognized as peacatime scatistics, the
two hour goal was still felt to be adaquarnes.

Water temperatures for the graduated systen
approach were seft at two lavels. The firac
level was 7.29C and above._ The second level was
sat at a vange of 0 to 7.2°C, The 7.29C cutoff
point was chosen for two ressons. Firsc, :he
najoriry of cjections/ditchings (zreater than
95%) have oczurred over water with a temperature
of at least 7.29C. Secendly, since the survival
time of an unprotected man drops off rapidly ia
water tamperarures lower chan 7.2°C, it was
agreed that this level would allow for the
design of a clothing configuration offering the
lgast encumbrance fo the majority of crew nem~
bers. Since the available SAR lata already
discugsgsed was for paacetime, an extra marg'n of
srotection was included by requiring that :ihe
7.2°C vater system be capable of 3rotecting a
nan for two hours of jmmersion, without consid-
aration being given for any addicional thermal
pratection. Fot the 0 to 7.2°C water tewpera-
ture range, a flotaticn platform for subiect re-
aoval from the water was considared aa the bDest
alternacive. Such equipment mnat be an inragral
part of the system design, thersby guaranteeing
its inscanc availability. Alr cemperacurse, for
testing purposes, was set at 8.4 =o 11,29C below
waler temperature, with a 29 to 32 km/hr wind
velocity,

Protaction at both levels wag defined in terms
of preventing any permanent physiological
damage, as well as maintaining sufficient phys-
ical capability to allow a surviver to aicd in
nis own rescue. To mest this requiremsnt,
rhysiclogical limics wera set a:t 3 minimum of
357C core (rectal) tamperarture, a minimum of
109C skin temperature for the hands, and a
nigimm of 0°C skin tewmperature for the Zeat.
In addition to these levels of hypothermia
protection, the system must: (.} not SuppoTt



compustion; (2) be compatible with all existing
and proposed flight and survival equipmenc, crew
stations, and overall ~ission accompiishment,

{3} izpose mindimum body heat buildup during the
miggion; (4) impose minimum physical restrictions
i.2. nobility loss on aircrewmen; and (3) be re-
liabla, maincainahla, and logistically supporc-
able. Optimizaciom of the syscem for use by
crewmen in ejectign sears, {ixed seats, and for
mobile crevmen 1s also requirad, with commomalitcy
being scughr, hut not being cthe driving force.

Tor the last few years, the U.5. Navy has bean
utilizing a variety of anti-expesure garuents,
spacifically: (1) CWU-33/F wet suir - modified
and unmodified; (2) CWU-21/P ventile anti=-
exposure assembly; {3) various commercially
available wat suita; and (4, the QDI quick
donning suit. Associated with rthese garments are
various flotarion davices. As i{n any situation,
a largze degree of dissarisfaction has resulted
becausa rhese garments, in varying degrees,
eirher do not meat all che tdssion-spacific
raguiremants or provide all the comforts and
faatures desired hy the wearer. aAltheough all
personal orefersnces cannot always be sacisiied,
it was felt that much of the dissatisfactiom
ariaing from operaticnal insufficiencies could be
alleviared 1f future design were to be based on a
comprahensive test program :c include investiga-
tions of mobility restriczion, thermai degrada-
tion i{rom heat buildup, and protecticn from
aypotermia at two distinct levels, 7.29C and 0oC
water Lemperature.

Program Plan: The first area of concern in our
TSE program was to be thar of mobility. dny
anti-exposure assembiy that would significantly
inhibit full range of motion would not be accept-
able. Accordingly, reach neasuraments would be
required which would apply zo all MNaval aircrafec
in which an individual is fixed in his seat
position velative to the instruments and/or con-
trols. Considervation was also to be given to
thowe aircraft types which allow for aircrew
rovement zalarive to critical reach dismangions
during unuswal {light -egizes.

In considataticn of the hypothermia aspects of
anti-expogure equipment, the following parameters
were set as the upper acceptable limdts: heart
rata »>180 beats/min (bpo} during moderate work
load and >140 bpm during rescing matabolic
lavels, and a maximum rectal temperature of 39°C,
ot a rates of rise of 1.69°C/Ar during the, three
hour period.

The hypothermia levels were divided into two
distinet phases, boch with a two hour end point
as previously described in the discussion of the
OR. Results from the zast phases would be used
to develop a modular type exposure protection
system.

METHODS To begin our orogram, we reviawed the

E

current litaratura on the subject with specific
congideration for th2 excellent study comducted
by Jr. John Hayward at che Universicy of
Viceoria. We then selected twenty-one available
"Free World" anti-exposure assemblies for
avaluation in the test phaseg of tha program.
These assemblies are identifiad as Iollows:

WFL Mustang UVic Thermofloat Jacket

WF2  Australian (Vic Flight Jackar

WF3  Parkwav Surfer Shorty Suit -

- Style MISHLS

wF4  Parkwav One-Plege Jumpsuif -
Style 430412

WFS  Parkway Two-Piece Full %Wer Suit -
Style MSS116

WF6  CWU-32A/P Anci-Exposure TFlying
Covarall

Wl CWU=27/? Summer Flying Coverall
.

CWI-48/P Knit Aramia Flyer's
Covaratl

W3 I.C Vari-Temp Tube Sult

911 Imperial "Bubble' Sult
nI2 Imperial Survival Suit No. 1409
I3 ILC AEZ Aati-Expoaure Covarall

o1 CWU-21/P Anti-EZxposure Assewbly

a2 MK-10 British (RAF) Ismersian
Alrcrew Covaerall

23 Swedisn A.F. Immersionm Suir -
Scyle No. 82

D4 Canadian XME-1 Constant Year
Imrersion Suir

D5 NADC Experimental "Goracex”
Coverall (Plain Weava)

D& MADC Experimental "Gorscex'
Coverall (Twill Weave)

o7 Danish Flyer's Anti~Expasure
Coverall

D8 Japanese anti-Exposure Suit

In order to make our mebilicy test procedures
gimilar to those dona by others, e raviewed the
reports by the Yaval Alr Test Cencar "Ivaluation
of tlight Clothing and Equipment Zffects on
Pilor Accommodat{on” and che NASA reZerence
publication 1024 "anthropometric Source Book'.
We chen construcced an anthropometric measuring
device with adjustable poinc-of-reference
mesguring sitaes to imsure that our methodology
would be similar ce that of other suthors. We
used a set of 24 reasurements to Llnsure coOTTRiA-
tion with all the required movements of the
aviaror while operating his aitvcratt. These
massureDents were :then used to eliminace any
cenfiguracions which did not allew fov full
freedom of motion, as defined by alzcraft type



range=cf=motion scudies. [n all oobility tests,
the subjacts wore full flight gear including
Yoots, torso harness, survival veat with life
areserver, mask, helzet and gloves.

Those suit configurations which passed the mobil-
ity test then enrared the next phase of testing.
Tests ware conducted im a tharmal chamber with a
regulated eavironment. The ambient temperature
in the chamber throughout tha test run was main-
tained at 339C, which was selectad for the
foliowing reasong: (L)YATOPS requires use of an
anti-exgosure Zarzent when the water Lemperature
is 5.6 C ot below: (I) siace osutside air temper-
ature (0AT) changes fairly rapidly to match water
temparature, it was assumed thac the maximum QAT,
wien anti-exposure squipment is required, would
1ot sxceed 15.6°%C; (3) according co daca collect-
aed for the H-3 helicopter, the helicopter in davy
inventory having the highest amblent {emperatured,
internal cabiln temperiture can incrsase as much
as 16.6 o 22.2°C higher tham the CAT. The
A@xioud internal cabin cemperature would there-
fore rangs betwesn 32,.3°C and 37.8°C. The
helicopter anvironmenc was chosen ag & bhaseline
siznce it was assumed tc reprasent the worst case.
Ir was Surther assumed that the suit configura-
tions would perform bectar in fixed wing aircraft,
where air conditioning is zvailable, but that the
relative performance levels of sach suit config-
uraczon.would -remain the same.

A brief overview of a rest run involved wedighing
a aude subject on a very ssusikive beam balance,
and application of four thermistor transducers

in the area af the chesc, upper arm (lateral),
lower leg (lateral) and the antercmedial aspect
of the upper leg. An appropriate thermiator
probe was Lnserted some 3-10 cm rectally to
measure deep body temperature. The subject was
ther dressed in the clothing assembly of the day.
Just before entaring the test chamber, where an
ambient temperature of 13°C had been established,
1 blood pressure cuff containing an integral
pressure transducer was wrappad around the laft
unper ara for measures of pre-cest heart rate and
blood pressure. The svstem used for these meas-
ures was the DINAMAP “odel 343 and the Model 950
Trend Recorder/Printer. 4 oreliminary scan of tha
body temperatures was nade to assure the working
order of the inscrumentation.

Imzedistely upen antering the test chamber, the
subject bagap a 20 minute cycle, which included
in the main a five minute worlk taszk, three
separate intervals of a tracking task (Atari),
each lasting 2.3 min., and finally a rest period
of 5.2. The 20 minute cycle was repeated
throughout the course of the test run, which was
scheduled to lasc, at the rosc, for a periocd of
180 min.. The pianned work task was the sare for
all subjacts and consisted of carrving a
distribured 20 kg load suspended from the
shoulders while zacing within the confines of the
chamber at a rata of aoout 1.6 km/hr. The work

task wag intended tn produce a mectabelic output
of approximately 262W (225 keal/hr or 300 3TU/qD,
which was consicdered represantative o»f a
moderate level work load, while the rest zhase,
that of a resting metabolic ocutput. Heart rats
and blocd pressure Neasurements were taken five
times rhroughout the ctest ac 20, 50, 100, 140
and 180 minutes. At the end of the cest run,
afrher full term (three hour) or for a shorter
pariod, following the attainment of subjective
ar objective endpoints, the subject was alded in
the removal of rhe teat clothing, dried with a
towel and weighed once again on the balance. In
the event that the rectal probe becaze digslodgad
in the course of the test activity, the subject
was asked £o re-insert iC as soon as possible
upon leaving the est cell, In order that a
measure of deep Sudy remperature could be
recorded at the 2nd of the tasc exposure. The
subjects exarcised cthe right to raguest
termination of runs in less than three nours for
raagons ranging from extreme discomior: to dig-
orientation and aausea. Objactively, when heart
rate levals duringz the working or sedentary chase
and/or rectal tesmerature inecreasas rzached the
pre-astablished rolerance limics merntioned
previgusly, the rm was termipated in la2ss chan
three hours. Those suit configurations which
pravented tha subjects Srom attaining ar axceed-
ing thermal tfolerance limits were then entered
ingo the cold water immergicu tedc chase.

RESULTS Mobility Tasting: The subjects used in
this evaluation were 12 males and 2 females
represencing a full range of body sizes. The
mobility data is sresented as percentage Incresse
or decrsase from a >aseline consisting of the
summer £light configuracion, which iacluded the
CiI=27/P coverall (W1). aAnalysis of the daca,
revealed that ne zeneralizations about cebility
could ba made bv zrouping the garment types.
Rather, each garment must be considered indivic-~
tzally for ita affect on mobillity.

Certain movements 42 seem Lo be wmore afflectad v
the wearing of an aatli-exposurs garTmentC. T[or
instance, torso corslon, or the zotscticn of the
body as a whole, is affected to a high degree tvy
aloost all of the garmencs tesced., Elaven of thae
15 tegtad garmentsz decreased mobilitv in this
area by 30% or more, with a maximum of as auch

ag 44.9%.

Shoulder mobility was determined by four differ-
ent measureoments - flaxion, extensiom, apduction,
and adduction with the most critically affected
ones being flexicn and adduction. [n zeneral,
the wat foam suita (WF) restricted these shouldar
novenents more than the dry suics, bSut the
CWG-21/P Antdi-Exposure Assembly (D1} also

showed high mebility loss for both o°f these
movemsnts, The ILC AEZ Anti-Exposure Garment
{0123} exhibiced a marked decrease in shoulder
flexion. 1In contrast, the critical movement o
forward reach, which is a comwound action



involving both shouldar and tatso movement, was
more negatively affected by many of the dry suits
with the wet foam suits perievming semewhat
battar. AR esxception to this was the ClA-33A77
Anti-Exposure Flying Coverall (WF8) for which a
greater decreass was measured than for mest of
the wer foam suits {WF). In ganeral, neck
rocation was more restrictaed by the dry sults
than the wet Zoam suits presumably due to the
neck seaml, wnich is a common Eeaturs of all dry
guits. Zlbow flexien was not decreased greacly
by aay of the suits. Knes gxtension was Tost
effacted by the CWU-33A/P inti-Ixposure Flying
Covarall (WF6), which showed a Jecreadse of 1l0.4%.

wirh all measurements seing given equal weight-
ing, the wat foam (WF) suits generally decreased
mobility more than the dry sults. However, two
of the wet foam suits, the Parkway Surfer Shorty
Suit (WF3) and the Parkway Two-Plece Fuell Wet
Suit (WF5), were ameng Che least restricrive
garments. The most reatrictive zgarments were
the TLC Vari-Tewn Tuba Sulrc (W3) and the
CWU-33A/P Anci-Exposure Flying Coverall (WEGY .
In addicion, for several eritical movements,
such as forward resach and neck rotatiom, the dyy
suits generally restricred mobility more than
the wet foam suits. For this reasom, each suit
must be considered individually for its antici-
nated effeccs on mopilicy, depending on which
speeific mission it 1s intended.

Heat Stress Testing: The neal stress medsure-
ments of tocal weizht leoss, racgal tecperature
rise ana indax of srrain are presented in the
form of a ranking of the protective sult syscems,
acgording to the rean response of the parametsr
in guestion (Tables I, II and II1}. The suit
sssamplies are ranked in a decreasing order of
the severity of response ior each paramecer
considered. The standard deviacion and range of
response for each medn value are also shown.

Toral Weight Logs (TWL): The ochservacions
regarding TWL ia g/min rangec frem a mean of
1.98 with the ¥ADC Experimental "sorecax”
Coverall (Plain Neave) (D5) to 8.09 using the
Parkway Twe-Plece Wet Suiz (WF3). Refarence Co
the ranking of all suits regarding TWL {ndicated
that the wet foam sult tvpes evoked an increase
of TWL over the CWU-27/P Jumer Flight Coverall
(WL} by a faetor of two o cue. Although sub-
jects wearing the Danish Covarall (D7) and suilts
D5 and D6 (both “Goretex") exhibited a lower TWL,
because of the reduced number of tests in which
thege euits were used, compatisons with the
remaining suits are difficul: teo make.

Fey
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TaTaL Hergat Lnsg (T, 1w o/mtw) ar dcTive JubJecTy

LU SsIuey Mean, Si. ARGE
WS 8,09 +# 1,55 {5.5 - 0.W
2] 735 4 1,38 (5.2 - 080
WFH §.70 £ 1.7 (4.0 - 8.4}
WF1 (INSIDE GF HARNESS) 6.18 + 1.30 (3,9 - 8.2
W3 5,38 + 111 (6.5 - 7.5)
w3 5.10 + 279 (3.0 - &.3)
W1 {QUTSITE OF nARMESS) 5,01 & .26 (4.7 - 3.0
hii 4,33 + 172 (3.2 -5
Wl 4,08 ~ 3.7 (2.8 - 33
L7 3.88 + 0,82 (3.7 - 4.3)
” 2.65 + 0,86 (2.0 - 2.7)
6 . 2,08 £ 020 (1.9 - 2.3
os o 1.8+ 6025 - LT

Rectal Temperaturs Aise: ZRegarding the rise In
rectal temperature, { 3 Ty in 9C/hr) the ranking
of tne clothing assemblies revealed that the WF
suits produced increases in T, greater by a
factor of at least six over those valuks
measured for the Sutmer Flight Configuracion
(¥1). 1In all trails ia the program, the level
of rectal temperature actained during the heat
exposure was below the predecernined linit
(3992 that would have dicrared earlv rermina-
tiom.

Taane 11

Supy Asspwny M ol +
WFE 1,38 = 0.07 49,20 - 5.500
F4 030 ¢ 000 5.3 - 338
W5 521 £ .07 0.0k - 2,29
w1 (INSIDE OF WARNESS) 208 £ 01T (5,80 = LaF
w3 0,18 « 0,08 0.0 - 0,28)
s 3.8 £ 007 Q.35 - 0.3
WFT (QUTSIDE OF HARMESS) 3,15 + 3,08 2,10 - 3,20
W3 5,13+ 2.7 3.0 - 1.22)
n 0,11+ 3,33 .- 115
0z 0,08 & 0,02 (0.G - 3,10
06 2,2, 5.09 (-2.63 - LN
Fri Q.47 « 2,38 (.30 - 3.18)
W1 T2 £ 0,04 (-0.02 - 50

Index of Strain: [Ihe index of strain

(s = B4 AT (%) + TWL (kg/bw)) Tevaaled
chat tfe WF suits produced respomses that were
greater b5y a facror of almost Lwo over the
responses produced by the Summer Flighet
Canfiguracicn (W1). As showm in che rvanxing

of <he various suit assemblies, rthe Parkway Twa



Piece Wet Suit (WF3) induced the worst Is with a
zean value of 1.99 T (.19 as compared to

1.12 £ 0.11 for the CWC-27/P Summer Flight
Configuracion (W1). Again, lower Is was actain=-
ed using both types of "'Goratax' suits (D7, D&}
in a reduced set of exposure trials.

Lame [II
Em om Sﬂnm s) or dcTive aum:fzg:
Surr Ssseouy deay, S0 Rasez
W5 1,98 £ 0.19 (1.04 - 2,21
Wy 1,79 £ Q.22 (1,55 - 2,11
L] 1,82 # 3,18 (1.32 - 14w
Wl (INSLOE OF WARNELS) .58+ 033 (L7 -0
w3 1.59 + 0.19 (1,30 - 1,39}
&1 {QUTSIDE OF MARNESS) 1.32 £ 0,12 (1,22 - 1.50)
31 1,31 £ 0,171 (116 - 1.45)
(51 1.29 « 0,13 21,09 ~ 1.5%)
37 1.1 = 005 {111 - LI
2 113 £ 0206 1,86 - .21
#1 L2+ 0,11 0,91 - 1.3
05 1,30 # 0,20 (0,20 - 1.2}
06 1.3 + 0,15 {0.%7 - 1.18)

Zuration of Exposure: OJf the 168 test runs in
the program, subjects tolerared the full
exposure period of thrze hours in 108 cases.
In tha remaining tescs, the duratiom of
exposure was lessened as a resule of heat dis-
comfort, headache, impaired circulationm,
dizzinegs and an expressed unwillingness to
continue in the thermal :nvirooment. In none
of the tascs which were lass than three hours
duration were critical physioleogical endpoints
reached. Within the conctext of a voluntary
Zuration of expesure, a rvanking of tha suit
zygemblles is appropriata. L12.3% (2/16) of
test runs invelving the Parkway Two Place Wet
Suit (WFS5) lasced “ull term, followed by 31.2%
{3/16) with the Parkway Ona Piece Jumpsuit (WF4)
and 37.5% (6/16) when the Mustang UVic Jacket

{(WF1) (inside rhe inregrated torsd harnags) was !

worn. The percentage of three hour tests using
the CWU=33A/F (WF6) was 62.5% (10/16) followed
by 64.2% {9/14) wihile wearing the ILC Vari-Temp
Tuba Suit (W3), and 68.87 (11/16) in tests using
the Parkway Surfer Shorty Suic (WFJ) and the
CW5-21/P (D1). 1In tests using the Mustang

UVic Jacker (WFl) worn on the ourside of the
incegrated torsa harmess, 31.2%7 (13/16) of the
tests conducted wera of three hour duration.

In all tests involving the use of D5 and D&,
both types of "Goratex" suits (1/3), the
CWU=48/P (W2} (15/15) and the CWU-27/F Summer
Flight Suir (W1) (15/15), the subjacrs ware
able to tolerate the experimental cemditiens
for the full three hours.

i

Hvoothermia Tast: QOf the different suic assem-
blies used in the cold water phase (7.29C water
temperature, J9C air temperacure, 13-32 km/hr
wind velocity), cnly the results using certain
ones will be discussed at this time, Thesa
incliude the different sult types represaatad ov
the MK-10 British GCoverail (D2), the CWll-334°P7
{WF6), the Hustang UVic Jackec {(WFl) and the
CWU-27/P Summer Flying Coverall (W1). Mean
weighted skin temperature (MST) will be used
a9 a single Indicaror of the relative perfor-
nance of the various suit types. Iz the tea:s
conducted thus far, the following coservations
have been made: (1) MST in the Britisn MK-.LJ
{D2) ranged between 7-119C (A) during a two
hour tun., In suits when leakage sccurred,

A MST was L{ocreased by 30%; (2) io the
CYU-33A/P (WF6) A MST vas obsarved as 14.3°%C
for the same two hours; {(3) in che Muatang [Vic
Jacket (WFL), A MST was obsarved as 14.79C ZSor
a |l hour 20 =in. exposure; and {4 che CWU-27/P
Summar Flight Coverall {(W1l) showed a £ MST »f
20.39C ia a one heur exposure. The tests re-
ported herein do not laclude thoge rasts whizh
by extrapolation of the rectal temperature niznt
have successfully complaced the cwe hours re-
quired before the attainment of a T, of 350C
endpoint temperacurs, these rescs were rermiaas~
ted at the requast of the subject as resulf of
exrreme shivering levela, zrain paia and
muscular ¢ramps.

Leaking drv suits affectad cean skin temperiture
changes appreaching the levels observed using
the CWU-33A/F (WF6)} and the Muscang LVie

Jacket (WFl). In terms of subjeczive response,
thig type of leakage 2fiectad, in some cases
depending on the extent cof water intake, a

more dramatic intolaranca to the cold water
envircnment than that response observed using
gither the wet foam suit or jacker protactive
suit assembly.

The majority of tha t=3ts cenducted in the
7.29C cold water environment were cter=inated at
the request of the subject as coted nerstolate.
Only in two instances thus Zar did recral
temperature approach the endpoint temperature
gf 35°C and the observed rate of decrease
dictated the termination of exposure by the
Test Director. -n one of these cases, a slight
ratraction of the rectal probe was confirmed
during post-tast obgervation.

SUIT SELECTION Three gatment sonfiguracions

were eliminared “rom the program during or
prior to mobility testing. The Mustang Survival
Suit (WF7) was found to be incompatible with
raquired £light zear due to excessive bulk.

The Imperial "Subble" 3uic (DI1l) was firted to
three aubjects but due to extreme discomfert in
the neck seal area, mobility measurements could
not be complered. The NADC Experimental
"Goratex" Coverall (D3) fabricated with plain
wagve aramid fabric was noCt measured hecausa its



design is identical zo 26 with the type of
fabric weave baing the only dirfference. The
Izperial Survival Suit (DI} was not measured
becauge iz is aot incended for constant wear use.
The remaining 17 suits ware all maasured for
mobiliry loss, WFL and WF2 were Zeasured both
inside and cutzide of the rorse narness.

4 toetal of 12 suits was svaluatad during the
heat scress testing. £ thess, three suits
(D5, D6, and D7) underweat ouly a limited
numbar af runs. In additien, five other suits
{pz, D3, D4, D& and DI3) were planned for
inclusion into this phasa of testing bul ware
received at NADC too lata. Three of thosa five
suits (D2, Dé and DB) were included in the
7.2°C water hypethermia tescing. TIE their
performance during this tescing is outstanding,
attempra will be made to obCain some limited
heat stress data £or these garments. Anothar
suit which waa not included during che heat
scress phase was the Australiam UVie Flight
Jacker (WF2). This suif was eliminated since
tr was available in only two sizes and was
girilar to tha Muscang (Vic Jacket (WFl), which
+4s3 available in a full range of sizes. The
WF® was cestad both inside and outside of the
rorsoc harneas. The Izperial Survival Suit (DIY)
again was not included, siace It is not
incended for constant wear usae.

At the initiation of cthe 7.2°C watar hypo-
chermia testing, it was required to limit the
program to i xaxigum of ten Zarments. At this
point, sevaral garments were aliminated for the
Zfollowing reasons., The Parkwavy One and Two
Piace ket Suits {(WF4 and WF5) were eliminated
due tg their very poor performance in the heat.
The CWU-48/P Knit Coverall {W2) was aliminated
due te its gimilariry to the basaline
configuracion (W1), The ILC Vari-Temp Tube
Sult (W3} was eliminared due to restrictions.
The Swedish A.F. Izmersion Suit (D3) was
aliminated since omly a limired number of suits
were available and it was similar to D2, D&,

D7 and 38. The Imperial Survival Suit {DI2)
was not aliminated, but was planned Zor testing
in 0°C wacer only. The CWU=-33aA/P (WF6) should
have been eliminated due to both peor
gerformance in the aeat and for excessively
restricting mobility, but was included in the
7.2°C water testing since 1t is still axtan-
gively used by tha Fleet. Wirh thase
eliminacions, the cold water teating waa
reduced Lo evaluaring 1. suits. In order to
limit the program to the maxioum of ten suits,
one more had te be eliminated from among four
rapaining suits, WFl woim oufgide the torso
harness, DL, D4 and 013. All four of these
suits parformed about aqually in regtriccing
mobilicy. However, In lorward reach, a
eritical movement for any airevewman, the ILC
AE? Anti-Exposure Coverall (DI3) was the mest
restrictive of all suits tested. It was
desirabla te include the Mustang UVic Jacket

{WF1) since it would provide daca o nypothermia
croteccion whica would also dSe appiicabie to

che Australian "¥ie Jacker (WFI). #Fl, wom
cutside the torso harness, had scored quite
well during mobility testing. The CWU-21/P
Anci-Txposure Assembly (DL) was to be included
since it is rhe primary anti-exposure zZarment
of tha Fleet. The Canadiar Immersiom Covera.l
({D4Y showed mo critical mobility deficiencies
and was therefore chosen for Inclusion over I3,
As a resulr, 0I3 wam eliminaced on the hHasis >f
its poor mobllity rating.

The suits includec im the 7.2°9C warer testing
are as follows:

WFL Mustang UVic Jacket worn sutside of
torgc harness

WwF3 Parkway Surfer Shorty Suit
WFE  CaU-~33A/P Anti-Exposure Caoverall

Wl CWi-27/P Summer Flying Coverall
{3aseline configuracien)

Bl CWU-21/P Anti-ixvposure issambly

D2 MK-10 Bpitish (RAF) Immersion
Coverall

D4 Canadian MK-l Constant Wear
ITmersion Suit

D6 HADC Experimental "Soretex”
(Twill Weave)

7 Danisn Flver's Anti-Exvosure
Coverall

oa Japanese Anti-Exposure 3uit

CONCLUSIONS The mobility :esting indicates
that no specifis correlation between Juit -Cyje
and effect on general mobillity exists.
Alchough certain specific body movements ave
more restricted by some suit tvpes chan others,
axceptions do exist, indicarting rthe need :to
avaluate each suit individually. Therafore,
in determining a fimal engineering casign with
regard to mebility, individual aspecis of each
suit dasign will e avaluaced as they would
apply to the specific operaticnal requirement.

In ganeral, results obtained Irom cests con-
jucted in the heart wers essential’y those zc
he axpected when WF suits are comparsd to the
Summer Fllght Suit Configuratioa W1}, More
specifically, the W¥ sults, compared o che
Wl, caused twice the TWL, increased core
cemperature rise by a faeror of six, and
increased the index of straim by a factor of
almost twa.

As the hvpothermia resting is incomplete,
conclusicons are considered inmapprooriate ac
this tina.
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U.S. Coast Guard BOATING SAFETY NEWSLZTTER Winter 1579

Cold Weather First Aid

HYPOTHERMIA WRAP

PA2 Rick Belanger, USCG,
Fifth Coast Guard Disgtrict

Every year with the onset of
cooler temperaturas, & sense of
urgency develops among water
safety groups for the prevention
and treatment of the c¢old water
menace known ay hypothermia.
This year has proven to be no
different. After many hours of
firat aid training, members of
the Coast Guard's Boating Safety
Team in Portsmouth, Virginia,
noticed that their educational
materials did not include a
field method for the prevention
of "afrer-dreop," a4 malady caused
by improper warming techmniques.

Chief Warrant Officer Lonnie
Hyatt, head of the team, decided
that a collective "brainstorm"
by the teams other 25 members
might provide a practical remedy.

"We wanted a way to warm the
truank of the body without
warming the extremities, but the
method had to utilize what we
had stored at hand.”™

In extreme hypothermia
cases, the temperature of the
limbs often becomes cold enough

to drastically cool any blood
passing through them. Already
at a reduced temperature, the

vital organs at the body's core
cannot withstand the additional

temperature variation caused by
the blood <circulating through
the limbs thus jeopardizing the
life of the wvictim. This ia
after-drop.

With this in mind, the wife
of one of the Boating Safety
Team members let her wmaternal
instincts provide the solu~-
tion. She suggested the use of
a mwmodified diaper wrap which
would warm the trunk, but allow
the limbs to warm at air
temperature.

According to Les Fry, a Red
Cross safety inatructor and a 15
year veteran of a Virginia cance
organization called Coastsl
Canoes, the idea was a "stroke
of genius."

"Although I haven't used the
wrap in the field yet, I have
always kept a blanket with my
first aid gear, and 1 expect the
hypothermia wrap to work very
effectively."”

Fry, a commercial artist,
has implemented the wrap's
step-by-step procedure in a
slide program that he teaches to
canoeists every two weeks, The
procedure is:



1. Lay the victim diago-
nally across the blanket on a
£lat surface placing the top
corner of the blanket over the
victims's forehead to prevent
further heat loss.

2. Fold the left and right
sides of the blanket horizou-
tally over the trunk of the body.

3. Pull the bottom corner
of the blanket upwards over the
groin area.

4. Provide an external heat
source (hot water bottle, heating pad, or
hot water up to 115'F poured _o_]_ .
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PREFACE

This final report documents the work conducted under Task Number & of
Contract Number DOT-CG-72074-A from January 17 to October 30, 1978. The work
was performed at Clemson University under the auspices of the U.S. Coast Guard,
with LTig Steven P. Wiker serving as program monitor. The principal investiga-
tors were Drs. R. Michael Harnett, Fred R. Sias, and James R. Pruitt.
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1.0 INTRODUCTION

The literature on hypothermia resuscitation is voluminous. It includes
a large number of clinical observations as well as basic physiological and
medical experiments. As with much of clinical medicine, there are controversies
concerning the proper clioice of therapy for resuscitating patients from the
hypothermic state.

Hypothermia could be defined as “the clinical state of subnormal bedy
temperature...” (Benazon, 1974). However, "normal temperature®” and "body
temperature” are not precise terms since normal temperature has a diurnal
variation of 1 to I degreer centigrade. In addition, measurements taken at
different body locations show differences at any given tims. Skin temperature
(even in protected locations such as the armpit} is almost always different from
deeper body locations such as rectal temperature, esophageal temperature,
tympanic temperature, or the temperature control location in the preoptic araa
of the hypothalamus. Much of the experimental and clinical literature is based
on rectal temperature measurement which is affected by probe depth and possibly
axternal factors such as blood flow raturning from the iegs. Despite the
inadequacies of rectal temperature, it has been used as a primary indicator of

deep-core temperature of the body.



Most clinical and rssearch investigators would probably agree that a rectal
temperature below 35°C is indicative of “clinjcal hypothermia® and that a
temperature below 32°9C is indicative of "severe hypothermia",

The lowest recorded rectal temperature with survival from accidental
hypothermia is 18°C. Patients with a rectal temperature above 12°C will
normally recover spontanecusly if removed from the cold environment and thers
are not other underlying factors causing hypothermia (Weyman, et al., 1974)}.
Most. resuscitation measures should be aimed at reviving hypothermia victims with
rectal temperatures below 32°C,

Table 1 illustrates the levels of hypothermia and their associatad physio-
logical characteristics. The effectiveness of resuscitative measurss will be
closely coupled to physiological states at different rectal temperatures. It
should be noted ;hat there is some variation in the temperatures at which the
literature indicates major changes to occur. Table 1 reprasents an attempt to
distill a consensus from this variation.

Death due to hypothermia ig generally attributed to ventricular fibrilla-
tion in man (Alexander, 1945; Hervey, 1973; Swan, et al., 1955) although this is
not a proven fact since direct evidence, such as. an EXG recording, is seldom
available at the time of death. The Dachau experiments (Alexander, 1945; Gagge,
and Herrington, 1947) and some animal experiments (Bigelow, et al., 1950a)
strongly suggest that ventricular fibrillation is the terminal event if patients
are not maintained by cardiac massage and artificial respiration. Some animal
experiments (Popovic and Popovic, 1974; Hamilton, et al., 1937} point to
respiratory failure ag a terminal event but this is not considered to be the
case in man. Resuscitation of a hypothermia victim involves a numbaer of
supportive and restorative measures some of which are conflicting. Table 2
lists the principal changes that must be affected in restoring a person to
normothermia. Each rewarming therapy considered in this report will be examined
from each of these viewpoints.

There isé an extensive body of evidence indicating that sericusly cooled
hypothermia victims should be handled carefully {Burton and Edholm, 19585;
Truscott, et al., 1973; Bigelow, 1959}. By "carefully” it is meant that the
muscular exertion of the victim should be minimized. Even the process of
c¢limbing aboard a ship may release pooled cocld blood causing a continuing fall
in core temperature {afterdrppl and possibly fatal ventricular fibrillation.
Afterdrop is generally thought to be possible only when there is a source of

2
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TARLE 1
LEVELS OF HYPOTHERMIA

Of O¢
99.6 37.6 "Normal® Rectal Temperature
8.6 37 "Normal"” Oral Temperature
96.8 36 Increased Metabolic Rate in attempt to
balance heat lossg
95.0 35 Shivering maximum at this temperature
93.2 34 Patients usually responsive and normal blood
pressure
91.4 33 SEVERE HYPOTHERMIA BELOW THIS TEMPERATURE
89.6 a2 Consciousness clouded Pupils dilated
_ ' most
87.8 I Blood Pressure diffjicult to obtain | shivering ceases
86 30 Progressive loss of conscicusness
Increased muscular rigidity
83.2 29 Slow pulse and respiration
Cardiac arrhythmia develops
82.4 28 Ventricular fibrillation may develop if heart irritated
80.6 27 Voluntary motion lost along with pupillary light
reflex, deep tendon and skin reflexes - appear dJdead
78.8 26 Victims seldom consciocus
77.0 25 Ventricular fibrillatien may appear spontanecusly
75.2 24 % Pulmonary Edema develops
73.4 23
71.6 22 > Maximum risk of fibrillation
£9.8 21
/
68.0 20 Heart Standstill
66,2 19
64.4 18 Lowest Accidental Hypothermic patient with recovery
62.6 17 ISO-ELECTRIC EEG
48.2 9 Lowest Artificially Cooled Hypothermic patient with

recovery



TABLE 2

REQUIREMENTS FOR RESUSCITATING HYPOTHERMIA VICTIMS

1.

2.

3.

4o

5.

=

Maintain adequate cellular respiration

(a) maintain adeguate circulation

{b) maintain suitable ventilation

Minimize additional heat loss

(a) remove patient from cold

{(b) prevent other routes of heat loss

Restore normal body temperature

{a) apply heat

(b} stimulate normal body sources of heat

{c} restore all lost calories

Restore normal body homeostasis

{a) establish normal pH

{b) establish normal bhlood glucose levels

(c) restore proper kidney function

(d) restore normal fluid and electrolyte balance
Treat any nen-environmental ca;se of hypothermia

Treat medical problemsg unrelated to hypothermia



blood significantly colder than the body core; that is, when a significant
temperature gradient exists hetween body core and periphery,

Thers i3 also evidence from anecdotal clinical experience and surgical
hypothermia which suggests that the only measure of death i3 whether or not a
persdn can be resuscitated, regardless of the body temperature (Golden, 1973;
Jessen and Hagelsten, 1972; Stewart, 1972, Nemiroff, at al., 1977).

During the thres decades since World War II a number of rewarming therapies
have been proposed for resuscitation of hypothermia victims. These range from
simple hot showers, heating pads and trunk immersion in hot water to the inhala-
tion of hot moist gasses, diathermy, peritoneal irrigation, intragastric bal-
loons, extracorporeal blood warming and plumbed garments circulating warm
fluids.

In addition to these specific rewarming therapies two general approcaches to
rewarming have attracted continuing debats. One pursues the rapid restoration
of lost heat through the application of active measures. The other seeks to
slowly restore body heat through the use of passive measures.

This report presents a picture of the rewarming problem and then summarizes
the open literature debate over rapid versus slow rewarming. The significant
literature information concerning selected spacific rewarming therapies is
presented.

The specific therapies addressed were selected because they are sarticu-
larly difficult to evaluate by direct human research. or because their applica-
tion in profound hypothermia poses particular problems. The therapies are de-
scTibed in some detail, their advantages and risks are discussed qual itatively,
known contraindications for the therapies are delineated and discussed, and
specific guidelines for their application are summarized. Finally, conclusions
are drawn concerning the use of the therapies as first-aid treatments by emer-
gency medical technicians {EMT's). These conclusions are based strictly on
scientific and medical considerations. No legal implications of thess conclu-
siong were considered. In additlen to previcusly published facts and opinions,
medical and scientific opinions of the authors have been included in this

report.,



2.0 THE REWARMING PROBLEM

This chapter presents the problems faced in rewarming victims of profound
hypothermia. The problem is first characterized in general terms and then in
detail by summarizing sclentific and clinical observations relating to

physiologic anomalies which may affect the choice of a rewarming therapy.

2.1 General Nature of the Problem

Based on the current literatura, the total rewarming problem may be

stated simply as the restoration of all lost heat without precipitating

additional fatal side effoects.

There is a growing body of evidence that hypothermia per se may not be
fatal above a rectal temperature of around 259C. Below about 25°C ventricu-
lar fibrillation may appear spontanecusly. There is evidence in dogs (Hughes,
1956) that even ventricular fibrillation may not be fatal for periods of over
one hour if appropriate rewarming and defibrillation is carried out. During
cardiac surgery man has survived circulatory standstill for long periods of
time. Nemiroff, et al., (1977} described 11 cases of cold-water near-drowning.
They indicate that physiologic responses to cold-water immersion serve tno
prolong life, even during a 38-minute cessation of respiration. Their work is

suynmarized in the August, 1977, Scientific American (page 57). Niazi and Lewis

(1958) report recavery of a woman from 9°C with no cardiac activity or
respiration for one hour.

If some circulation is maintained by closed chest massage and the lungs are
ventilated, patients can survive for extended periods at very low temperatures.
It has been concluded (Jessen and Hagelsten, 1972) that the only sure indication
of death from hypothermia is the inability to resuscitats the patient.
Nemiroff, et al., (1977} recommends continuing resuscitation efforts, "until the
patient is rewarmed and still does not respond.”

If a patient is unconscious with shivering suppressed or absent, it may be
assumed that the patient is severely hypothermic and requires definitive treat-
ment. A moderately hypothermic patient still shivering but with clouded con-
sciousness may beccme severely hypothermic if left untreated or mishandled.

This report examines the effactiveness of methods for treating profound
hypothermia as generally characterized by rectal temperatures below

6



32°C, depressed ratas of respiration, acidosis, hypovolemia {reduced bloeod
velume), clouded consciousness or unconsciousness, generally cooled organ 5ys-
tems and irritable myocardiumm. It will be asaumed that a significaﬁt tempera-
ture gradient exists-i? the victim's body between core and periphery and that he
is thegefore susceptible to afterdrop. The following paragraphs outline speci-
fic aspects of the rewarming problems with which a therapy must contend.

2.2 PFluid shifts

In cold exposure, diuresis (increases in urine output) occurs in spite
of diminished glomarular Filtration and renal blood flow (Tansey, 1973). This
serves to diminigh blood volume; but Hervey (1973) cites Moyer, et al., (1956) .
and Kanter (1962) who observe that changes in renal function due to cold
exposure tend to ba masked by circulatory changes. According to Keatinge {1963)
cold diuresis, "is probably a physiological mechanism for removing some of the
blood volume when this becomes excessive as a result of constricticn of blcod
vessels in the cold." Hervey (1973] called it, "a volume regulatory responsas to
increased filling of deep capacitance vessels.” '

There is considerable evidence that blood vclume decreages as patients and
animals are cooled to low temperatures. According to Popovic and Popovic (1974)
the blood voclume decreases, "to 60 percent of normal volume after 6 to 8 hours
at a body temperature of 15°C." They also indicate that, "the circulating
blood volume increases during rewarming.® The increase in velume may be up to
130 percent of the value prior to cooling.

A number of autheors report that the decrease in blood volume is accompanied
by an associated concentration of the blood (Popovic and Popovic, 1974; Hervey,
1973; Burton and Ec¢holm, 1955; Keatinge, 1969). The hemoconcentration results
in hematocrit approaching 60 percent (Hervey, 1973) and blood viscosity
increasing 2 percent for each 1°C decrease in temperature (Hedley-Whyte,_et
al., 1976). Barbour, et al., (1944) attribute hemoconcentration to shifts of
fluid into cells. They suggest that increased cellular activity in the cold
results, in the production of osmotically active metabolic end products that
require the movement of water into the cells. However, Popovic and Popovic
(1974) conclude, "the mechanism of hemoconcentration induced during cooling is

not well understood.”™



There i3 also evidence {Barbour, et al., 1944) that fluid shifts into cellsg
are reversed producing increased extracellular fluid when the central rervous
System becomes sufficiently chilled to abolish reflex responses to cold.

Tansey {1973) cautions that, "While one expects a hemoconcentration both
from contraction of plasma volume and from fluid shifts, hemodilution can occur
with blood loss, with parenteral fluids, or with aspiration of hypotonic water.”

There are indications that the severity of fluid shifts is directly relataed
to the duration of cold exposure and, therefore, to the rate of onset of hypo=
thermia. Tansey (1973) cites slow rewarming as appropriate for "prolonged cold
exposure (greated than 6 hours)”™, in part, because of "hemoconcentraticn from
fluid shifetg~*. xeatiﬁge-(1969) indicates that excretion of water can produce a,
"serious loss of blood volume during prolonged hypothermia.” Burton and Edholm
(1955) contrast acute and chronie hypothermia as follows: "In chronic hypother-
mia...the duration of éxposure produces marked changes in blood volume and
depletion of glycogen reserves.” Any problemsg which arise from the shift of
fluids, such as the tendency toward hypovolemia and hemoconcentration, may be
expected to be worse if a given level of hypothermia was arrived at through slow

onset than if through rapid onset.
2.3 Edema

Edema has been considered one of the complications of hypothermia and
may be a significant factor in the choice of a rewarming therapy. Edema is a
frequent finding in clinical medicine. Pulmonary edema, cerebral edema angd
peripheral edema, are thres separate entities with different etiologies,
Pulmonary edema is generally associated wikh either pulmonary capillary membrane
damage, left-heart failure, or mitral valvular disease (Guyton, 1976; Beeson and
MecbDermott, 1971) but also accompanies anoxia. Peripheral edema may have several
causes including a decreasa in plasma proteins, increased capillary permeabi-
-lity, right-heat failure, and "pore stretch" due to increased capillary pres-
sure. Guyton (1976} points out that edema resulting from right-heart failure
generally requires fluid retention by the kidneys. Cerebral edema commanly
results from a direct injury to the brain.

Critchley (1943), in his study of Shipwreck Survivors, describes sailors
having to cut boots off of swollen feet. However, "immersion foot” may hbe
directly responsible for this edema rather than whole body hypothermia. Tmmer-

sion foot results frem, "prolonged soaking of limbs in water at 15°C or telow”
(Critchley, 1943).
’ g



The eticlogies of the types of edema that ars reported in hypothermia are
not clear. It is also not clear whather edema, particularly pulmonary edema, is
a consistent finding in acute immersion hypothermia, although pulmonary edema is
a4 frequent complication in elderly individuals found in the hypothermic

state.

Pulmonary Congestion and Edema

Rarbour, et al., (1944) report earlier work (Walther, 1862) describing
edema in the lungs of rabbits dying fram hypothermia., They also cite Talbott
(1941), who described a similar congested condition of the lungs in the bedy of
a patient who died of hypothermia.

Woodruff (1941) describes experiments in hypothermia using dogs. He re-
ports that one dog out of eleven showed acuts pulmonary sdema while the hearts
of eight showed edema.

The Dachau experiments ({Alexander, 1945) report:

"a great number of experimental subjects showed a profuse
oversecretion of mucus, with vesicular foam at the mouth reminis—
cent of that seen in pulmonary edema. However, there were not
other definite clinical signs of pulmonary edema, and ausculta-
tion showed merely sharpening and impurity of breath sounds. This
foaming at the mouth sometimes appeared as an early symptom at
32°C - 35°C of body temperature. It had no prognostic signif-
icance with regard to the fatal or non~fatal outcome of any one
experiment,...”

A monograph by Lathrop (1972) describes the terminal symptoms of a hypo-
thermia victim on Mt. Adams in 1966: "A terminal event was labored breathing
which produced a frothing foam at the mouth. This, we now realize was
characteristic of the terminal pulmonary edema of acute hypothermia.* Lathrop
Cites, "probable edema and hemorrhage in lungs® as associated with rectal
temperatures below 789F (25.69C). He states that "The frequency with which
pulmonary edema is present in fatal cases of acute hypothermia, is a new finding
in the medical literature on this subject. Often one of the terminal events
before death is labored breathing in which a whitish froth may well inte the
mouth from the congested lungs.” He further states, without reference, that an
Oregon pathologist, Dr. Warren Hunter, “found evidence of pulmonary hemorrhage
and edema in each of 10 fatal cases of accidental hypothermia which he
reviewed.” He is also said to have, "found that pulmonary edema is very often

Fresent as a terminal symptom in such deaths.®

Tansey (1973), in prescribing treatment for "whole body hypeothermia®™, says
that, "In view of depressed respiration and probably atelectasis with aspiration

Oor anoxic pulmonary edema, oxygen supplement and cautious pulmonary toilet with
9



endotracheal suction and intermittent positive pressure breathing should be
initiated.”

There i3 another possible explanation for the pulmonary congestion de-
scribed by Talbott (1941}, Alexander (1945) and Lathrop (1972}). The ciliated
cells which line the nasopharynx and the tracheobronchial tree, save for the
terminal bronchicles and alveoli, serve to clean these respiratory passages by
propelling mucus and waste material toward the mouth. They are normally very
effecrive. Bouhuys (1977} indicates that, "In airways with mucus-secretory
elements, the cilia move in thin fluid and are covered with a mucous layer.
This two-phase liquid system ... is essential for mucociliary transport." Best
and Taylor (1961) indicate that, '

"The efficiency of the cilia depends in part on the viscosity
and stickiness of the material which is in contact with them. Their
effectiveness may be varied by changing the propertisg of this
material as well as by an increase or decrease in the rate or force
of their beating.”

Cherniack, et al., (1972), indicate that, “Ciliary activity carries particles
and macrophages ... to the larger bronchi where the cough reflex is important in
their clearance.”™ They further indicate that the cilia beat, "at a rate of
approximately 1000 to 1500 times each minute...” and that, "this causes tha
mucus to flow toward the glottis at the rate of approximately 10 to 20 mm/min.”
Acﬁording to Best and Taylor {1961), "The cilia are not influenced by nerve
impulses, but are very susceptible to chemical changes in the blood.... Ciliary
action is depressed by cold and increased when the temperature of the cells is
raised slightly above normal.” Bouhuys (1977} cites Iravani (1967) indivating:
"In a 0.2-mm diameter rat airway, beat fregquency was 13/sec at 3:°c, and 2/sec
at 20°C..." and Hakansson and Toremaln (19265) indicating: "in the rabbit
treachea, 20/sec at 37°¢, and 7/sec at 20°C.* Boujuys alsc indicates that,
"mucus has plaséic and elastic, as well as viscous, properties.” He states
that, "In conformance with a property of plaatic materials, a certain minimum
stress must be axerted before mucus moves at all." This supports the notion
that a thermally-induced slowing of ciliary activity could not only slow
muceciliary transport, but could actually stop it completely. Clearly, the
depressing effects of hypothermia upen c¢ilia activity can allow the accumulation
of mucus secretions in the respiratory tree Presenting a clinical picture
resembling pulmonary edema. Of course, the possibility should not be overlocked
of the simul‘tanegus existance af pulmonary edema and mucus accumulation due %o

cold-induced cilia inactivity.
10



Carehral Edema

The literature on cerebral edema is also conflicting. According to Peopovic
and Popovic (1974}, “Thers are several reports that hypothermia protects against
cerebral edema..," (Clausen, et al., 1970; Fay, 1959), The Popovics also cite
Herrmann and Dittmann (1970) who mention indications of ecold-induced swelling of
the brain.

According to Khalil (1957), cerebral edema, “has been reported to follow
the use of [extracorporeal bloed cocling].*

The Dachau report {Alexander, 1945) also shows that autopsies revealed,
"edema of the brain and marked congestion of all cersbral vesselsg” in "those
cases where there had been additional cooling of the neck and occiput.”™ The
Dachauy experiments also point to an increase in spinal fluid pressure in cases
with marked additional cooling of the neck and occiput.

Hedley-Whyte, et al., (1976), cite Bloch (1967b) cautioning that,

"Relapse into coma or confusion can occur with rewarming,
but improvement occurs if the temperature is allowed to fall
again. These changes appear to be the result of an increase in
cerebrospinal fluid pressure. Patients who become increasingly
droway during rewarming promptly become more alert when carebro=
spinal fluid pressure is reduced by lumbar puncture with removal
of cerebrospinal fluid. Some patients who develop acute pulmonary
edema during rewarming experienced dramatic relief within a few
minutes of reduction of cerebrospinal fluid pressure.”

Peripheral Edema

Barbour, et al., {1944) concluded from e#periments conducted with twelve
monkeys (Macacca Mulatta) cooled to 239C and rewarmed, "If any edema is
present in monkeys at these low body temepratures, we were unable to establish
it definitely, although some apparent swelling was noted about the shoulders and
forearms in cne case.” Their results with rats were quite different. They
report: "At 16°C, the rats were completely prostrated in a condition resem-
bling deep anesthesia. At this point considerable edema of the face, eyelids,
and jaw as described by Bamilton [1937], was a constant finding.” They
conclude: "Subcutaneous edema tends to occur and is augmented on rewarming the
animal, which procedure increases greatly the hydration of blood, at least
relativaly.”

A paper on accidental hypothermia (Duguid, et al., 1961) review twanty-
three cases of hypothermia. Most were elderly individuals with associazed,
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"states of disability and illness® including respiratory infection and heart
failure. Duguid states: “Peripheral edema was present in over half the

cases.,”

Summary on Edema

Edema per se is not mentioned in Burton and Edholm's moencgraph "Man in a
Cold Environment’' (1955) in regard to immersion hypothermia but chey do mention
a, "fluid shift from the plasma to the tissue." Xeatinge (1969) acknowl 2dges
the possible contribution of "increased vascular permeability”™ to a, "loss of
blood volume during prolonged hypathermia.” As indicated in Section 2.2,
Barbour, et al., (1944) attributed hemoconcentration to shifts of fluid into
cells which may reverse themselves later in cooling producing increased axtra-
cellular f£luid.

It is reascnable to ipeculate that edema observed in conjunction with
hypothermia might ba connected eticlogically with the other fluid shifts
discussed in Section 2.2. If this connection exists, one may anticipate that
the severity of edema would be worse for hypothermia of long duration than short
duration.

Edema, either pulmonary, cerebral, or peripheral is not consistantly
reported in the literature on immersion hypothermia. Yet there are sufficient
references to observations of edema and to related mechanisms to preclude its
dismissal as a physiological ancmaly unrelated to cold exposure. An implication
of this conclusion is that rewarming therapies intended for tresatment of pro~
found hypothermia should be analyzed for their effects on edema.

2.4 Electrolyte and Acid-Base Changes

Flectrolyte Changes

There have been numerous studies of electrolyte changes during experimen-
tal hypothermia but the results are conflicting and controversial. Serum
potassium bas been found to increage in dogs (Smith, 1956; Bigelow, et al.,
1950b) and in man {Langdon and Ringsley, 1964), to remain the same in dogs
{Axelrod and Bass, 1956), and to decrease in dogs (Kanter, 1963; Gollan, et al.,
1957) and in rabbits (Grote and Schweikhordt, 1969). If the potassium
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concentration could be shown to rise consistently, this might explain the
increased cardiac irritability and the tendency toward ventricular fibrillation
that is often found in hypothermia victims. Popovie and Popovic (1974) further
point out, "The potassium ion concentration in hypothermia can be compensated by
glucose administration which tends to return the excitability of the hypothermic
heart to normal levels.” The reference cited for this is Spurr, et al., (1959).
Jessen and Hagelsten (1978) report that, "plasma electrolytes are usually normal
when the treatment starts, but during the last phase of the rewarming, a severe
hypopotassemia i3 often provoked.” They conclude that, "it may well be respon-
sible for some of the deaths which are reported after the active rewarming has
stopped and the l»ody core temperature has reached almost normal values.”

Alterations in potassium distribution are generally assumed to be due to
changes in membrane permeability and/or alterations in the sodium-potassium pump
due to hypothermia {Popovic and Popovic, 1974). They further state, "In
mnderate hypothermia there is no change in serum sodium concentration, but the
plasma level falls when the body temperature of an experimental animal is
decreased below 25°C."

Hyperphosphatemlia induced in rats by hypothermia has been reported (Popovic
and Popovic, 1974). Calcium changes are as varied in the literature as potas—
sium with serum levels found to be elevated in dogs {Axelrod and Bass, 1956;
Smith, 1956}, unchanged in rats (Nowell and White, 1963), and decreased in
rabbits {(Grete and Schweikhordt, 1969). The magnesium concentration in the _
plasma was reported to rise in rats during hypotheria (Nowell and White, 1963}.

In summary, Popovic and Popovic {1974} state, "Hypothermia induces some
changeg in the alectrolyte metabolism, but the overall picture is still guite
obscure.... Different techniques of cooling, different species of animals, and
the precoeling state of experimental animals or patients greatly affect the
results obtained during cooling.

Tansey {1973) cautions that, "Blocd electrolytes must also be interpreted

with cognizance of ...fluid shifts (which have occcurred].”

Adic-Base Changes

The literature on acid-base balance has also been summarized by Popovic and

Popovic (1974),

"During coeling and rewarming the pH value of the blood of experi-
mental animals or of patients decreases {(cold acidosis), sometimes
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even when bicarbonate is adminstered. Both respiratory and metabolic
acidosis develsp during cooling. This acidosis is very preonounced

but does not appear to be harmful. However, during surface cooling,

a much decreased pH of the blood might be associated with the increased
tendency toward ventricular fibrillation.”

They also state, ‘Duriﬁg rewarming, metabolic acidosis occurs even if it were
not observed during the cooling process. However, the acidosis disappears after
rewarming is completed.”
Keatinge (1369) cites as causes of acidosis:
1. failure of acid excretion,
2. regpiratory depression,
3. increased solubility of COs3, and

4., lactic acid forming faster than it can
be metabolized during shivering.

He concludes that, "All these factors together do not normally cause dangerous
acidosis while the bady temperature remains low”; but he cites Fairley, et al.,

(1957} indicating that "severe acidosis may develop during rewarming.”
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3.0 RAPID VERSUS SLOW REWARMING

The two general approaches to rewarming loosely referred to as rapid and
slow rewarming have been often debated. FEach therapy has its proponents and its
detractors. W.R. Keatinge and A.R. Behnke support rapid rewarming while H.
Hillmgn advocates slow rewarming. This chapter presents a cross section of lit-
erature repregeriting the continuing debate over the better approach to

rewarming.

3.1 General Discussion

The effort to avold side effects during rewarming has resulted in two
general schocls of thought, each with sub-categories. The two dominant ap-
proaches to hypocthermia resuscitation may be termed "rapid rewarming" and "slow
rewarming®. There appears to be general agreement that intermediste warming
rates should be avoided-fﬂurton and Edholm, 1955, Hervey, 1973).

The extremes of viewpoints are illustrated by Bloch (1967a) who states
"Thare does not appear to be any harm resulting from slow rewarming following
prolonged hypothermia® and Meriwether and Goodman {1972) who state, "Rapid
rewarming by water iﬁmersion is recommended for treating patients with savere
accidental hyﬁothermia.' Ferﬁandez, et al., (1970) point out that the main
controversy is not between core rewarming and external rewarming but between
"passive external rewarming” and "active external rewarming”.

The review by Fernandez, et al., (1970) of the literature regarding fast
and slow rewarming is particularly appropriate:

"The major controversy has been between the use of passive
external rewarming and active external rewarming. Active
external rewarming means the direct application of exogenous
heat directly to the surface of the body while passive rewarm—
ing utilizes the heat produced by the patient without the
addition of artificial heat tc the body surface. The authors
with the greatest experience have favored slow, usually passive,
external rewarming.

"In 1958, Emslie=Smith, described eight patients with
accidental hypothermia, all of whom died. In only three
cases was the method of rewarming recorded. Those three
patients were rewarmed by electric blanket. It is of note
that rewarming was slow. WNo patient was rewarmed in less
than 12 hours.
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"Duguid and co-workers, in 1961, reported 23 cases of
aczidental hypothermia. Six patients were 'actively' re-
warmed and all djed. Seventeen patients were passively
rewarmed. Ten patients died during rewarming and an addi-
tional four diasd later in the hospitalization, yielding
a total mortality of 87%. Again, the important point is
that none of the 23 patients were rewarmed in less than
24 hours. The authors concluded from these results that
passive rewarming was the method of choice in their
hypotharmic patients.

"In 1962 Presgcott and his colleagues, rewarmed nine
patients passively over prolonged periodg of time and
gix died.

"Fruehan [1960) treated eight accidentally cooled patients.
Four were rewarmed actively and four passively. One of the
eight survived. Although the survivor was passively rewarmed,
the author emphasizes that this patient had the most rapid rate

of rewarming.

"Recently, Maclean and associatea [1968] reported. enzyme
changes in 25 accidentally frozen patients. Ten patients
recovered. While the method of rewarming was not stated, all
four patiemts who were rewarmed in less than 12 hours survived.

"The results of human experiments performed on persons
of block 5 of Dachau in 1942 support the rapid active rewarming
method. These sordid investigations proved to the satisfac-
tion of the executioners that the best method of resuscitating
hypothermic prisconers was by rapid and intansive rewarming."

A variation on the simplified rapid vs. slow debate are the following steps
recommended by Bangw. (1976) for treatment of chronic hypothermia (partial list):
'. Rewarm the victim only when it can be done
properly. s
2. Handle the victim gently.
3. Prevent further heat losses,

4. In the field do not rewarm too fast,

5. Rewarm the core first.
He recommends rewarming in a hospital, "If at all possible®, or a, "safe
environment where ...[the victim] can be rewarmed properly with proper
monitoring, equipment and medicine....®™ Further he indicates that if rewarming

has to be done in the field, "it is probably safest to do it slowly. Slowly
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means most anything except submerging the vietim ip hot water." His objective

is to avoid, *"bloed vessel dilation and shock....”

3.2 Spontaneocus or Pasgive Rewarming

Slow spontanecus {(or passive} rewarming has long been advocated as the
proper therapy for hypothermia at least in chroniec hypothermia of 2 slow onset
and long duration {Rees, 1958; Whitby, 1964; Maclean, et al., 1974). Talbott
and Burton (1952) recommend slow rewarming at a rate of about 1/2%9¢ per hour.
8loch (1967a) reccmmends even slower rewafming such as 1°C in 400 minutes.
Bloch also recommands that too rapid spontanecus rewarming be slowed by drugs
such as chlorpromazine.

The rationale behind such siow rewarming protocols is that it will avoid
rewarming hypotension and afterdrop of deep body temperature perhaps due to
Cutaneous vasodilatation, and the return of cold per;i.pheral blood to the body
core. 1In addition, slow rewarming is said to allow fluid shifts due to hypo-
thermia to be corrected,

aclean, et al., (1974), referring to Talbott and Burton (1952), points out
that the body tries to restore normal temperature at all levels of hypothermia
above 23.89C. Part of the corrective mechanism is shivering which may be
present intermittently down to a temperature of 23,8°C.

Much of the literature supporting slow rewarming involves clinical cases
where patients are either elderly and/or have consumed congiderable alc¢ohol.
The survival rateg in thase populations are not good; but it is not reasonable
to ascribe them to rewarming rata.

Spontaneous rewarming is certainly a viable therapy in mild hypothermia.
Truscott, et al., (1973) state, "Bringing the patient into a warm environment
and conserving body heat {passive rewarming) will usvally gufficae." He
concludes, "The optimal method of rewarming is still controversial.... Most
authors, however, believe that passive surfaca rewarming is less hazardous."

Tansey (1973) concludes that, "Slow rewarming becomes appropriate with pro~
longed cold exposure (greater than 6 hours) where hemoconcentration from fluid
shifts, increased blood viscosity, exhaustion of glycogen stores, and acidosis
all contribute to an upset 'milieu intarieur' which will be aggravated by rapid

rewarming and which will revive spontanecusly if further cold is prevented,”
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Passive slow rawarming is not as simple as it might seem at first glance..
In the hospital environment, a technique gensrally used is to place the person
in a bed, lightly covered, at normal room temperature. Normal room temperature,
of course, varies with British and European rooms being often maintained at
lnwer temperatures than those in the United States. If the room temperaturs is
close to the lowared body tempgrature of the patient and the air is still,
little heat will be lost by convection, conduction, or radiation. Extremities
may be below room temperature making possible a net gain in heat from the
environment.

Sume hrat will be lost from the body through respiration due to the heat
that must be expended to warm and humidify the room air. Heat losas by raspira-
tion will be moderate if the room humidity is high and room temperature is not
much helow body core temperature.

The heat that is to be used in passive rewarming is largely from metabolic
activity, which may be lass than 50 percent of normal at body temparatures below
25°¢, with small amounts being contributed by the environment. At tempera-~
tures below about 30°C shivering will be largely suppressed and the sole
source of heat is the depressed basal metabolism of the patient. At
temperatures above about 32°C shivering will become the dominant source of
heat for a spontaneously rewarming patient. The heat generated by shiverng may
be several times greater than the resting metabolic rate if the patient did not
exhaust his muscle energy supplies during cooling. If energy supplies were
severely taxed during the patient's cooling period, shivering may not be able to
contribute significantly to a spontanecusly rewarming patient.

If spontaneous rewarming is being used as a first-aid measure, the situa-
tion may be quite different than described above. A blanket or a sleeping bag
intended to prevent further heat loss will temporarily draw heat from the
patient if it has not been pre-warmed. Generally, insulation does not conserve
heat until the surface layer of the insulation has been raised to body tempera-
ture.

A second significant factor in a rescue scenarico is that air temperature
may be very cold. "he heat lost through respiration may be a large part of
the total heat production of the body under conditions of no shivering, a basal
metabolic rate depressed below 50 percent, and continuing significant heat loss
by warming and and humidifying cold, dry ambient air. Spontaneous rewarming
would be most unsatisfactoery under these conditions. If the patient is

shivering, spontaneous rewarming may be completely adequate.
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Another consideration is contrary to intuition. Mild surface rewarming
methnds such as hot water bottlas, heating pads, and even bedy to bedy heat
exchanges in a sleeping bag, can suppress shivering, by warming the skin, and
thereby remove a rewarming mechanism more effective than the mild surface heat,
Of cnurse, it is not possible to make a conclusive statement since such rela-
tively mild surface heat might not suppress shivering in the middle temperatura
ranges of hypothermia. At lower temperatures, say below 28°C, shiveriag is
already suppressed and mild surface heat will have little effect on the rate
nf spontaneous thermogenasis, At temperatures above about 30°¢ suppressing
shivering may slow rewarming, but the patient will probably be in no danger
anyway and the surface heat will make him feel better. Of course, in all of
this discussion it has been assumed that major routes of heat loss are removed.

The major unanswered question is whather a rapidly cooled, deeply hypother—
mic patient witk suppressed shivering can be helped by relatively mild applica-
tion of surface heat as a first-aid procedure. Since human studies can not be
extended to temperatures where shivering is suppressed, answers must be sought
elsewhere. Clinical cbservations and animal research can give indications which

are subject to some uncertainty.

3.3 Active Surface Rewarming

The objective of rapid surface rewarming is to introduce heat into a
hypothermia patient at a very high rate. This seems to be intended to accom-

piish the following:

1. Minimize the time the victim is in the
hypothermic stata.

2. Quickly revitalize a weakened and irritable
myccardiun.

3. Avert afterdrep by overwhelming the temperature
gradients within the viceim's body by a massive
infusion of heat.

Obviously active surface rewarming can be accomplished at a range cf heat
input rates. a widely recommended method is trunk immersion in hot water up to
42°C (Jessen and Hagelsten, 1972). Water heated thermal blankets (Cooper and

Ross, 1960), plumbed garments {Webb, 1973} and simple heating pads or hot water
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bathe could all be considered active surface rewarming but caloric input can
vary by an ordetr of magnitude.

Rapid rewarming by hot bath, according to Milla (1976}, may cause,
"tissue liberation of acid end products of metabolism and the sudden end result
of metabolic acidosis may result in death by ventricular fibrillation...,."

Hypotension may result (Xeatinge, 1963) from the inability of the reduced
blood volume to fill blood vessels which are suddenly dilated as a result of
active rewarming measures. But according to Golden (1973) it is, "ﬁnlikely to
have fatal consequences in immersion victims, as the duration of exposure is
usually insufficient to permit the occurrence of major physiological adiustments
of cirulatory fluid volume."®

Weyman, et al., (1974) provide data supporting active rewarming. In
studying 39 cases of hypothermia, some complicated by underlying digease, they
conclude, "In cur experience, neither a decreased core temperature, as
manifested by the onset of ventricular fibrillation, nor shock resulted from
active rewarming.” They further indicate, "that the response to rewarming, as
measured by the rate of rise in temperature, depends on the underlying metabolic
state of the patient rather than the method of rewarming.® Their final
recommendation is:

"In patients in whom the initial temperature is cloge =o
the threshold for ventricular fibrillation or in patients in
whom response to passive and active rewarming is unsatisfac-
tory, a more efficient method of rewarming is necessary. It
has been shown that immersion in warm water at 104° to 108°F
{40° to 42.2°C) offers such an alternative."

Tansey (1973) cautions that:

"The rate of restoration of core temperature must be care-
fully balanced between the risk of ancxic damage from too brisk
an increase in tissue oxygen requirement before circulation is
improved and the risk of vascular collapse from the critical
afterdrop in core temperature associated with the restoration
of peripheral blood through cold deeper layers of subcutaneous
tissue."

The major risks of hypoxia, metabolic acidosis, and hypotension may, ac=
cording to Ledingham and Mone (1978), be controlled with oxygen and intermittent
positive-pressure ventilation, sodium bicarbonate, and the administration of

warm intravencus fluid.
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3.4 Conclusions

When one examines the literature describing slow rewarming, it becomes
apparent that the authors are usually considering a situation where the patient
is allowed to rewarm himrelf spontaneously using the body's metabolic processes
alone or in combination with a small amount of rewarming supplied by the envi-
ronment. Rapid rewarming, on the other hand, generally connotes the application
of external heat to the patient's body. Just as there is some variation in the
details of the slow rewarming, fast rewarming encompasses quite a variety of
protocols. The basic factor in common among the various rapid methods is that
external heat i{s applied to the body., Howaver, the rates of temperature rise
vary considerably from a fraction of a degres par hour to several degrees per
hour. Techniques that vary from body immersion in a tub of hot water to the
application of hot water bottles and warm blankets create a wide range of rates
of heat input to the body.

As PFernandez, et al., (1970) point out, many of the patients who were
warmed with a method called "active” still required over 24 hours to rewarm.
This rewarming regimen is clearly in a different class from warming in a tub of
water or using a hyperthermia blanket with a total rewarming time under 8
hours.

Active rewarming is said to cause peripheral vasodilatation with resultant
afterdrop and possible hypotension. However, gquite a different situation
results if heat is applied to the thorax with the periphery being allowed to
remain cold and vasoconstricted until the central part of the cardiovascular
system has warmed sufficiently to supply the metabolic needs and perfusion
requirements of the extremities. Some advocatas of fast rewarming specifically
recommend that the arms and legs be allowed to remain cool.

Many examples of active rewarming in the literature appear to be actively
rewarming both the central and paripheral vasculature. Under this cir-umstance,
the periphery can vasodilate returning cold blood to the heart, causing
accentuation of afterdrop, possible cardiac arrhythmia, and possible hypotension
and shock. There does not seem to be experimental or clinical proof that
preoperly applied rapid rewarming is dangercus any more than there is c¢lear

evidence that alow rewarming is dangerous.
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Another factor that contributes to the difficulty in resolving the debate
between advocates of fast and slow rewarming therapies is the fact that much of
the clinical evidence involved is based on cases where the patient is suffering
myltiple medical problams such as drug overdose or acute alcohol intoxication in
addition to hypotharmia.

Because of the compleiity of man's responses to cold exposure and becagge
of the ambiguity of the meaning of the terms "rapid rewarming” and "slow
rewarming®, it is difficult to debate their merits in general termg. When
specific rewarming protocols are proposed for application under specified condi-
tions, discussion is possible. The remainder of this report addresses specific
treatments for profound hypothermia.
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4.0 PERITONEAL I1RRIGATION

The desirability of core rewarming has been established in the earlier
sections of this report. Since peritoneal dialysis is a fairly simple procedure
commonly used in the hospital environment, a heated peritoneal lavage presents a
means of introducing heat dirgctly to the body core of a hypothermia victim.

The procedure does not appear to have been widely used for treatment of hypo-
thermia. Its use was reported by Lash, et al., (1967), Grossheim (1973), and
Jessen and Hagelsten (1978) for treating frostbite and hypothermia patients. A
case of rewarming by pleural irrigation using 40°C physiological saline is
described by Linton and Ledingham {1966).

4.1 Therapy Description

The peritoneal cavity contains the liver, stomach, intestines, kidneys,
pancreas, spleen, gall bladder, urinary bladder, inferior vena cava and other
structures. This cavity is separated from the pleural cavity !which contains
the lungs and heart) by the diaphragm. The peritoneal dialysis procedure
involves inserting a large needle through the abdomen into the peritoneal
cavitys, A liguid dialysate is inserted directly into the cavity and allowed to
bath the surfaces of the organs and the highly vascularized mesentery contained
therein. When used for rewarming, the dialysate is heated above body core
temperature before its insertion into the peritoneal cavity. It ia left there
until it has surrendered most of its excess heat to the surrounding organs, the
inferior vena cava (with its blood supply returning directly to the heart), and
the heart and lungs (by conductive heat transfer through the diaphragm). Then
the dialysate is removed and replaced by a fresh, warm supply. Dialytic
detoxification is accomplished through the diffusion of the toxic substances
from the body into the dialysate which is periodically replaced to maintain a

large concentration gradient and diffusion rate.

4.2 Advantages and Risks

A basic advantage of rewarming by peritoneal irrigation is that thre
procedure is fairly common and most hospitals could easily assemble the few

items needed to rewarm a hypothermia patient. A distinct therapeutic advantage



iz the central application of heat. The greatest value of rewarming by peri-
toneal irrigation would be when dialysig ig indicated, as with drug overdose.
The dialysate could both subply heat and remove toxic substances.

Jessen and Hagelsten (1978) list the following as additional advantagaes of

peritoneal dialysis:

1. Rewarming is rapid because of the large heat capacity of the
liquid dialysate.

2. It facilitates correction of electrolyte imbalances,
particularly hypopotassemia occurring late in
rewarming,

3. It does not interfere with the concurrent treatment
of other aymptoms.

4. The treatment itself does not pose severe risk to
the patient.

They base a conclusion that, "peritoneal dialysis ig a better means of
rewarming than immersion in hot water ««+", upon their clinical experience with
4 rewarming from a 23.49C core temperature in which the patient did not
survive. Two and one-gquarter hours in a 40°C bath raised core temperature to
only 24°C. This was followed by 2.33 hours of peritoneal dialysis with 5 1/nh
of 40°C dialysate which raised core temperature to 30.2°c,

Direct warming within the peritoneal cavity offers the advantage of revita-
lizing the liver. This allows it to resume its functions of detoxification and
conversion of lactic acid to glucose.

There is little danger in introducing a large gauge needle into the perito-
neal cavity. Viscera tend to be pushed aside with little chance or perforation.
Peritonitis and subsequent adhesions are the primary risks of using peritoneal
irrigation as a core rewarming procedure. The incidence of these complications

is minimal in a hospital.
4.3 Contraindications
m—,—.—_—
Probably the only time when peritoneal irrigation could not bhe used ag a
rewarming technique would be if the patient were also suffering from massive
trauma of the peritoneal cavity. Under this circumstance warm irrigatien during

direct surgical exploration would be a logical substituta.
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4.4 Guidelines

Core rewarming by peritoneal irrigation should follow the same proecedures
as the technique applied for dialysis alone except that the dialysate should be
warmed to a higher temperature. According to Doclittle (1977) a dialysate tem-
perature of 40.5° to 42.5°C i3 satisfactory. The rate of heat input can be
increased by changing the dialysate more frequently than is usual for dialysis
alone. The time intervsl for exchanging dialysate should be determined by
measuring the temperature of the fluid being removed and the victima core
(rectal) temperature. A reasonable approach would be to begin with a short
exchange interval and increas. it until the removed dialysate is found to have
lost much of its heat in relation to the core temperature. Detailed guidelines
to maximize the therapeutic effect should consider the affects of the
dialysate-victim temperature gradient on haeat transfer rate and the capacity of
dialysis equipment to remove and replace the dialysate.

Jessen and Hagelsten (1978) describe the use of a two-catheter dialysis
system with suction at the outflow to achieve high throughput rates (12 1/h).
The possibility exists to simplify the procedural aspects of the rewarming
therapy by developing equipment to allow the continuous heating and circulating
of dialysate through a closed-loop system. This would also reduce the 3dialysate
volume needed to accomplish rewarming, but would disallow dialytic detoxifica-~
tion and electrolyte adjustments. _

Jessen and Hagelsten (1978) suggest that hypopotassimia may be treated
“automatically”™ by using & dialysate with a potassium concentration,® corre-
sponding to the normal serum-values.” This remark seems unnecessary since
Guyton (1976}, in discussing a "typical dialyzing fluid," indicates that the
concentrations of sodium, potassium, calcium and magnesium are normally matched

to those found in plasma.

4.5 Conclusions

Core rewarming of hypothermia victims by peritoneal irrigation is a
feasible technique that has been successfully ugsed in the hospital. However,
one would not expect to see it used as a first-aid measure. The major problems
are the difficulty in carrying out a sterile procedure in the field as well as
the necessity of a certain amount of diagnosis by an EMT to determine if the

severity of the victim's condition warrants the use of peritoneal irrigation.
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Probably the main use of peritoneal irrigation for core rewarming is when
dialytic detoxification is necessitated as by drug overdose. If the occurrence
of hypopotassimia in rewarming is ubiguitous then the attractiveness of
peritnneal dialysis would be considerably enhanced.

The procedure does have the advantage that the equipment required for its
application is minimal and is readily available at any hospital. Because of the
‘lack of reliable data describing the rawarming effectivensss of peritoneal
irrigation no coﬁclusion may be drawn concerning its attractiveness when com-
pared with other therapies. It might be speculated that higher rates of heat
input to the core could be achieved with the liquid dialysate than isg possible
with inhalation therapy (discussed in Chapter 7). A conjecture involving trunk
fromersion in hot water is more difficult particularly in the context of the
clinical experience reported. by Jessen and Hagelsten (1978).
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5.0 INTRAGASTRIC AND INTRACOLONIC BALLOONS

Heat may be transferrad to the body core by intragastric and intracolonic
ballcons into which warm fluid is pumped. Both approaches supply heat through
structures [stomach and large intestine) which are located in the peritoneal
cavity. The use of balloons allows the closed-loop circulation of a fluid with
high specific heat and which need not be bio-compatible.

5.1 Therapy Degcription

Both intragastric and intracolonic balloons have been used to transfer
heat into or out of the body. Xhalil and MacKeith (1954) first described an
intragastric balloon for bhoth raising and lowering body temperature. They par-
ticularly discussed rewarming advantages, including heating the liver to stimu-
late metabolic processes. Bernard (1956) described an apparatus for the induc~
tion of hypothermia and rewarming using an intragastric balloon. Later Khalil
gave details for the construction of intragastric apparatuses for cooling dogs
{(1957) and for couling humans with a 1.5 1 balloon (1958). A double lumen tube
transported fluid to and from the balloon. A provision was made for negative
pressure removal of water from the balloon to keep its size constant in the
stomach. In 1966, Moss described the use of an intragastric balloon for cooling
dogs.

Intragastric balloons have been commercially available althcugh their nor-
mal use is for cocling the gastric mucosa to control bleeding due to ulceration.
No evidence hag been found that this technique hag been used to rewarm hypother-
mia patients.

Intracolonic balloons have been used for controlling the body temperature
of animals (Ross, 1954; Cooper and Ross, 1960):; but no evidence has been found
of the use of the technique in humans. Rewarming by intracolonic balloon would
have effects similar to peritoneal irrigation (discussed in the previous
chapter) without the risks due toc penetrating the peritoneum.

Warm enemas would be another alternative with a similar effect. Mo litera=
ture was found describing the use of warm enemas for reswarming from hypothermia.
The use of warm enemas would necessitate larger amounts of fluid than the

closed-lcop ballcon systems and the fluid would have to be bio-compatikle.
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5.2 Advantages and Risks

Intragastric cor intracolonic balloons have the distinct advantage of
fRupplying heat to the core of the body without penetrating the skin. Due to the
fact that heat is carried by a fluid rather than a gas, more heat can be sup-
plisd to the core via an intragastric balloon thapn by hot gasses used in inhala-
tion therapy. In addition, the rate of exchange of the rewarming medium is com-
pletely under external contrel.

The intragastric balloon might have an advantage over the intracolcnic bal-
loon or enemag in that heat is being supplied closer to the heart, even if the
intracolonic balloon were inserted to the transverse colon.

The same advantages due to the stimulation of liver function attributed to
peritoneal irrigation (section 4.2) pertain ta the intragastric and intracolonie
ballocons as well.

The use of balloons inserted into the gastrointestinal tract from either
end is generally without sericus risk. At temperatures below 289C, however,
the heart is usually sensitive to 