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Abstract

Introduction. Accidental coldwaterimmersion(CWI) evokesthe life threatening cold shock
response (CSRyhich increases the risk of drowning. Consequentlg safetybehavior
selectedss critical in determining survivalthe present advice is to ‘float firstnd remain
stationary (i.e. restilWe examined whether leg only exercise (iteeading water ‘CWI-
Kick’) immediately on CWI could reduce the symptoms of the GfiRetthe reduction in
cerebral blood flow that is known to ocamdreduce heCSR’ssymptoms obreathlessness
We also examined whether perceptual responses instintiivaccidental CWI were
exacerbated by thalternativebehavior We contraste@€WI-Kick to a‘CWI-Rest condition
and a thermoneutral contr(85°C); ‘TN-Rest. Method. Seventeerparticipantswere tested
(9 males, 8 femalgsAll immersions weretandardisedwater temperature icold conditions
(i.e, 12°C) was matched + 0.8C within participant. Mddle cerebral artery blood flow
velocity (MCAv) and cardiorespiratory responses were measured alotig thvarmal
perception (sensation and comfat)d dyspnea. &la wereanalysedisingrepeated measures
ANOVA (alpha level of 0.0p Results. MCAv was significantly reduced i@WI-Rest (6
(9)%: T minute of immersion) but was offset by leg only exercise immediately on et w
entry; CWI-Kick MCAv was never different to ThRest (3 (16)%cf 5 (4)%). All CWI
cardiorespiratory and perceptual responses were different tdReBN but werenat
exacerbated by leg only exercig#scussion. Treading water may aid survival by offsetting
the reduction in brain blood flow velocjtwithout changing the instinctivéehavioal
response (i.e. perceptions)Float first — and kick for your life” would be a suitable

amendment to the water safety advice.

Key words: Thermal perceptionreading water, water safety



1.0 Introduction

Each year approximatel§y72,000people drownworldwide by accidentally entering water
and failing to defend their airwaggainst water ingresgl]. If the water is cold the
physiological responsesvokedduring the first few minutes ofvhole bodycold water
immersion (CWI) are life threatening[2] and are stronglyimplicated in this drowning
statistic [3. Consequently,hte responses to CWhavebeenstudied extensivelyn order to
provide evidence basediformation that underpirs the safety behavioto maximise the
chances oturvival should accidental CWI occy#-11]. The cascade of responses that are
seen have beedescibed collectively as the ‘cold shock’ respongeSR [3]), which is
characterised by annitial inspiratory gasp, hyperventilation, tachycardia, peripheral
vasoconstriction, and hypertsion. The hyperventilatory component of tl@SR makes
coordinatingbreathing and swimming onmmersion difficult and significantly decreases
maximum breatthold time in the majority of immersed individuals .[4Buch a
hyperventilations known to cause a reduction in brain blood flehich leads to symptoms
of light-headedngq6]. Thus, during the early minutes of immersibe airway is vulnerable

and there is an increased risk of involuntarily aspirating water and dm@{tjin

The CSR peaks in the first 120 seconds of immersion [3] and subsides withiutes to
the exent that a survival strategy could be sought. As a consequence, the presentsddvice
“float first” and wait for theCSR to decline]2,13,14. However, this approach does little to
reduce the extent of the CSR and does not account for those whoitliauétydfloating
without deployindimb movementdo support themselves the water For examplebecause

of an adult malés differing body compositionio that of females, maleend to beless
buoyant andareinclined to sink on immersiofil2]. Contray to the safety advice, it has

recently been suggested that leg only exercise {feading waterimmediately on water



entry could be benefial in this scenario by altering the ventilatory componenhef@SR.
Indeed, Croft et al [15] and Button et [dl6] demonstrated thareading watelincreased
metabolism and reduced the extent of the hyperventilation induced hypocapnia that is
ordinarily seen at high respiratory rates in the absence of a raisablotrean. Consequently

the reduction in brain blabflow, specifically nd-cerebral artery velocity (MCAVv), that is
ordinarily seen on CWI1[7] was lessenedIn resting tests, which were not included in the
studies of Croft et al [15] and Button et al [16], it has been documented that MCAv could fall
by 21 [4]% and in extreme cases as much68%. This drop was linked teubjective
sensations oflizziness and lighheadedness and could increase the risk of fainting on

immersion[17].

By contrast to the perceptual responses searsting (i.e. “floating”) CWI, the subjective
sensations that are seen CWI followed byimmediate water treading may fact beless
pleasantndcould potentially exaggerate the CSRdeed, sudden CWI induces a rapid drop
in skin temperature thereby stimulating cutaneoud teermoreceptors3|6]. Following the
detection of a change in skin temperature, the response characteristics oketiegters
shows an initial peak in number of neural impulses sent to the CNS followed by a
stabilisation period to a new, higher, freggy in accordance with the adapting temperature
of the skin[18]. Following ths adjustment, thermal pait will be resetbut the salience (i.e.
unpleasant nature) of the sensory information from the skin will decline, ethaisling
attentional resourceotbe focussed on other stimytleveloping asurvival strategy In
relatively still cold water an insulating boundary layer of wateuld beestablishedoy
remaining stationary (i.eresting/floating) In this scenarighe afferent thermal information
will peak and then stabilise at the new adapting temperalidle However, immediate

movement on CWI by commencing treading water will increase the flow of wateitleve



skin and will disturb any boundary layer thatuld developby remaining stationarylhis
may lead to repeated stimulatidire., switching ‘on’) of the cutaneous cold receptors and
heighten and extend the duration of the G8Rs associated sensations. Likewise, exercise
is also known to be a ventilatory drivE9]. Consequentlythe etent of the sensations of
dyspnea may actually increase and thermal perceptual disturbances may leragedgg
towards participants feeling colder and more thermally uncomfortable. In gharediate
exercise on cold water may have a negative effectsane of thephysiological and

perceptual responses that are evoked.

Before leg only exercise (i,dreading water) can be advocated as a havipigyaiologically
beneficialinfluence on the CSR and can be fully advocated as a survival strategy on CWI
irrespective of wkther persons can float unaided, the consequent perceptual regpanse
are evoked must be considered. Indeed, it is known that thermal discomfort is a primary
driver of behavioal thermoregulationZ0] and treading water may actually exaggerate the
disturbances that are seen. Likewise, any benefits to cerebral fldaothat are seen with
treading water must be contrasted to a suitable resting camtrold water (i.e.remaining
stationary/floating) and considered against a true thezoteoad contral previous studies have
used temperate, 2C [15,16]waterwhich will induce a temperaturdriven vasoconstriction

in contrast to thermoneutrakin temperatureR21]. Consequently, w tested the hypothesis
that leg only exercise could offs#te reduction inMCAv that we expected to ensue in a
resting CWI and be absent thermoneutralwater immersion(H;). However, we also
hypothesised thahe thermal perceptual (i,ecomfort and sensation) and ventilatory (i.e.
extent of dyspnea) respassthat would be seen on leg only exercise would be exaggerated
by immediate leg movement on water entry because of repeated stimulatiotaréons

cold receptors that woulbde lower in a resting CWI an@bsent on thermoneutral water



immersion (H). As aconsequence dhis repeated thermoreceptor stimulatimaused byhe
continued water movement during leg kirg, we hypothesised that CSR magnitude and

duration would béncreasedn contrast that seen in a resting CW§)H



2.0 Materialsand Methods
The Research Ethics Committee of Northumbria University granted ethjmalvap for the
study which wagerformed in accordance with the ethical standards of the 1964 Declaration

of Helsinki. The participants gave their written informed consent to paatie.

2.1 Participants

Seventeenhealthy, nomsmoking participants (9 male, 8 female) volunteered for the
experiment (meafSD]; Age 2L [3] yrs; height1.71 [01] m; mass 70.910.1 kg). The
participants were neamokersand were not cold watehabitiated. They abstainedfrom
alcohol and caffeine consumption for 24 hours before eachndsindertaking any exercise

on the day of the test.

2.2 Experimental Design

The study utilized a withiparticipantrepeated measuregsign.After having providedheir
consentparticipants visited the laboratory tireeoccasions to completareeexperimental
conditions (immersions) The participants were blinded to the experimental manipulation
(i.e., water temperature and physical activity to be undertakati) their arrival for the
experimentEach participant completed, in a randomized order, thiraeGte immersions i)

at rest inthermoneutral watgi35°C; TN-Rest), ii)at rest incold water (12C;CWI-Rest) and

iii) cold water with the immediate commemeent of leg only exercisd 2°C; CWI-Kick).

2.2.1 Procedure
All three immersions took place at the same time of day to minimise circadian varigtien in
responsesFollowing arrival at thd.aboratory ofExtreme HEvironments eachparticipant’s

height (m) and mass (kgjvere recorded using &tadiometer(Holtain limited, Crymych,



Dyfed) and calibrated weighing scales (S&tadel 705 232 1009, Vogel & Halke, Hamburg,
Germany. Each participantchanged into theiswimming ©stume; tle same type of close
fitting swimming costumeavasworn by the participanbn eachoccasion.They then entered
the laboratorywearing abathrobeand sat adjacent to the immersion pool. They received a
verbal briefing on the experimental procedure which was repeated on eacloractasyy
also had the perceptual scales (see meamnts section for description) introduced to them
Thesewereexplained using a standardised forraatidesigned to measure thermal sensation
(TS), thermal comfort (TC) anithe sensation of breathlessnéss, dyspneajn response to
eachimmersion.Once the procedures were verified as clear to them, they were instrumented
with a heart rate monitoPplar FT1, Polar Electro Oy, Kempele, Finlatml measure cardiac
frequency ;) and a stable cerebral bl flow velocity signal was establisheflom the
middle cerebral artery (MCAvusing a2-MHz transcranical doppler ultrasound system
(Digi-Lite™, Rimed Inc, New York, USp The MCA was chosen for insonation as it
supplies a large proportion of ttegtal cerebral blood flow [22]. The Doppler probe depth and
anatomical location wereecorded prior to the first immersion to enable a reproducible
measurement sit®r the remaining immersions. During the immersijdhs probe was fixed

in placeusinga commercially available headframdgrc 600, Spencer Technologies, USA
The participants were also instrumented with an oronasal midiskespiratory turbine and
gas sampling hosattached to an online gas analy§@xycon Pro, Erich Jaeger GmbH,
Hoechberg, Gerany) to enable the measurement of oxygen consumpgiid), carbon
dioxide productionVCQO,), respiratory frequencifr) and end tidal carbon dioxide pressure
(PerCOy). The spirometer was calibratedjainsta syringe of known volume (3 L syringe,
Harvard hstruments, Harvard, USAgnd the gas analyser was calibratesihg a 2point

procedureagainst gases of certified concentratiBOC Gases, Guildford, Surrey, U.K



Once instrumented the participants sat at rest forirtutes and provided a perceptual
measurement for thermal perception and dyspnea before entering the water. Alsiomsie
took place in to the same immersion pool (iCoolSport, iSprint, Queensland, Austral@), wer
to the same depth (i,é0 the sternal notch), were in the same posture (i.e. suantdhe

cold water conditions were matched within@5AIll water temperatures were verifibg a
thermistor (Grant Instruments (Cambridge) Ltd, Shepreth, United Kingdeoured to the
wall of the immersion poohttached to a data loggét000 series, Squirrel Data Logger,
Grant Instruments (Cambridge) LtD, Shepreth, JJTKe ambient temperature was displayed
and recorded using a portable laboratory monitoring stabagitél weather station, Model
BAA913HG, Oregon Scientific, Tualatin, OregokSA). Following a 10seond verbal
countdown the participant entered the wated completed full water entry withinsgconds.

In the TN-Rest and CWRest conditias the participants remainethsonary throughout the
immersion. In the CWKick condition the participant commenced leg only exercise at an
intensity of 80 bprl. In order to ensure the exercise intensity was standardised the
participants were required to produce their lower limb movements in time with dsleaudi
metronome (Mobile Metronome Pro 1.2.4H for Andrdghogle Apps, Google, CA, USA).
The kicking action corresponded most closely to the sculling pattern descrilSathigizer

et al [23] which has beedassifiedas moderately complex amdoderatelyefficient [23].
MCAv was recorded atinuously throughout the immersion and the respiratory parameters
were recorded breath by breath. Heart rate was manually recorded esagoBds with

perceptual responses requested in the first, third and fifth minute of immersion.

Once the Bminute immersion was complete, the participant exited the immersion pool and

towel dried before taking a hot shower (cold immersions only). Before leavingthersion
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facility the participant was asked for any subjective comments atheutimmersion

experience.

2.2.2 Perceptual Measurements

Thermal Sensation: Participants reported thesensation of temperature anl3point Likert
scaleranging froml —unbearably cold to 7 —Neutral to 13 -unbearably hot [24].

Thermal Comfort: Participants reportetheir sensation of temperature on -@adint Likert

scaleranging froml —very comfortable to 7 —unbearably uncomfortable [24].

2.2.3 Sensations of Dyspnea: Participants rat the extent to which they febreathless
(dyspnea) on a 1(tvisual analogue scale ranging from O-cnat at all breathlessto 10cm

extremely breathless; [24].

2.3 Data Analyses

The magnitude of the cold shock response was examineditbynaticallyidentifying the
peakvalues recordeth fr andthenadir in RtCO, that occurred immediately on immersion.
The duration of the cold shock was examined by generatingiute averagesdr the pre
immersion phasand for eacli-minuteperiod of thes-minute immersioncomparisons were
made withinparticipant across tim®r P=rCO,, VO,, VCO,, MCAV, f., fr, dyspnea, TS and
TC (across 4 time points in the perceptual variables otdyjvariateanalyses werehecked
for sphericity using Mauchy’'s test and, where nespherical data sets were evident, a
Huynh-Feldt adjustmet was appliedThe direction of statistically significant effects ave
determined using post-hoc pair-wise comparisons proceduieor all statistical tests level
was set at 0.05. Data are presented as mean fDjtatistical tests wereonducted using

SPSS version 21EM SPSSStatistics Chicago, IL, USA).
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3.0 Results

The watertemperatures recorded in the ‘Rést, CWiRest and CWKick conditions were
34.7 (2.6)C, 12.2 (0.5)C and 12.1 (0.5C respectively the cold immersion water
tempeatures were not differenp =.470).The ambient temperatures were 22.5 (LC4p2.2

(2.0)°C and 22.6 (1.2)°Cespectively

3.1.1 Magnitude of the CSR

Immersia, irrespective of water temperature, caused an increassspiratoryfrequency
(main effect for conditionE,, 37 = 6.01;, p =.006). On average, thig was greater in both the
CWI-Rest(43 (16) breaths.mif) and GVI-Kick (40 (11) breaths.mif) condtions than the
TN-Rest condition (31 (7) breaths.ritinp = .012 & .008 respectively. The cold immersion
conditions were not different (p = .474). Thadir P=tCO, data showed a similar pattern
being lowest in th&€WI-Kick (2.7 (1.1) kpa) and CWI-Rest 2.8 (1.3 kpa) conditions than
the TNFRest condition (4.4 (0.5) kpa; p = .001 & .QG#&spectively The cold immersion

conditions were not different (p = .702).

3.1.2 Brain Blood Flow Velocity (MCAv)

During immersion consisteltMCAv responses could ndte established in two of the
participants, consequently the MCAv data are for 15 participants. Immersion induced
significant changes in MCAWut these responses were highly variable in each condition
(interaction effectFs 5 = 2.66 p =.042; figure 1A. Immersion in the TARest condition
induced, on average, an increase in the MCAv throughout-thenlite immersion period.
Both theCWI-Rest and @/I-Kick conditions induced reductions in MCAv in the first two

minutes of immersion following which an inage in MCAv was seen. This initial reduction
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was greatest in the\WI-Rest condition in contrast to tl@WI-Kick condition which was

neverstatisticallydifferent to the TNRest immersion

% INSERT FIGURE 1 NEAR HERE****

3.1.3 Cardiorespiratory Responses to Immersion

Oxygen uptake (V@ was changed, on average, by the experimental manipulations
(interaction effectFs g3 = 8.90 p = .001) and wadifferent in all conditions being greatest in
the CWI-Kick condition(grand mean: 575 (67) mithan boththe CWI-Rest(486 (104) mL)

and TNRest(434 (115) mL)conditions (p = .001 & .0Qlrespectively) which were also
different (p = .018). As the immersion ensued M@as sustained at a higher level in the
CWiI-Kick condition than both th€EWI-Rest and TARed condition. After the second minute

of immersion, all of the test conditions were differdiguie 1B).

Similarly, carbon dioxide production (VGPDwas highest, on averagetéraction effect:
Fo,169 = 7.349 p = .001), in theCWI-Kick condition (583 (179) mL)than both the @/I-
Rest(493 (198) mL)and TNRest conditions (377 (82) mL; p = .008 & .QG&spectively
which were also different being higher in tkdVI-Rest condition (p = .004). As the
immersion ensued the differences in VC®ere sustained as higher in tliaVI-Kick
condition; see figure @ for time specific differences. The consequent effect of the higher
CO, production wasa significantly higher average RERinteraction effect:Fuo, 169 =
14.825 p = .001) in the CWI-Kick condition (0.98 (0.19)han the TNRest condition .88
(0.03;p = .012) but did not differ to theWI-Rest condition (0.97 (0.18); p = .831). The-TN

Rest condition neared being different to @/ I-Rest condition (p = .058As the immersion
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ensued, the differencés RERwere exclusively seen between the cold water conditions and

the TN-Rest condition and were evident only for the first two minutes of immernsible ().

Consistent with the RER datthe RtCO, changed in response to immersi@nteraction
effect F, 75 = 7.71, p =.001) and was highest in the TRest condition than both ti@&wI-
Rest and @/I-Kick conditions (p = .010 & .0Q2espectivelywhich were not different (p =
.153). Consistent with the average changes, as the immersion ensued hiGidmRAsseen
between the TMNRest condition(4.78 (0.11) kpapnd the @VI-Rest(4.31 (0.15) kpapnd
CWI-Kick (4.17 (0.11) kpagonditions until the third minute of immersion following which
differences between the cold conditiomared to occu(figure 1D). The fr datafollowed a
similar pattern being high€mteraction effectFsgs = 3.25 p =.009), on average, in the
CWI-Kick condition than th&€WI-Rest condition only (p = .013) and neared being different
to the TNRest condition (p = .092As the immersion ensuefk remained higher in the

CWI-Kick condition than th€WI-Rest and TNest conditionstable J.

****% INSERT TABLE 1 NEAR HERE ****

The experimental manipulations also had a significant effect ofy tegponse that wasese
(interaction effect: (Fao,169 = 6.26 p =.001). On average only th€WI-Kick condition
produced a highef than the TNRest immersion (p = .014) which was not different to the
CWI-Rest condition (p = .757). Both cold conditions were different Wwitieing higher in
the CWI-Kick condition (p = .001)Time point specificdata indicated an anticipatory effect
of impending immersion ofy prior to coldwater immersion being higher on both occasions
(p = .002 & .008) when compared to Rest As the immesion ensued th& persisted in

being higher in th€WI-Kick condition (table }.
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% INSERT FIGURE 2 NEAR HERE***

3.1.4 Thermal Perceptions

Ratings of hermal sensation indicated the participants repoliedoming ‘very cold’
(interaction effectFg o9 = 136.36 p =.001)in both theCWI-Rest andCWI-Kick condition

in contrast to TNRest condition where they remained ‘warm’ throughout (p = .001 &,.001
respectively). These differences persisted across time but did not shodiffangnces
betweenhe two cold conditions (p = .504) aside from at the first minute of immersion which

neared being higher in ti@&WVI-Kick condition (p = .06figure 2A).

Thermalcomfort ratings indicatedhte participants reportegdecoming ‘veryuncomfortablé
(interactioneffect: Fg 99 = 28.95 p =.001)in both theCWI-Rest and &/I-Kick condition in
contrast to TNRest condition where they remainembimfortablé throughout (p = .001 &
.001 respectively). These differences persisted across time but did not shoWeaapas

between the two cold conditions (p = .71i§ure 2B).

3.1.5 Dyspnea Ratings

The participants reportedecoming breathless on immersi@nteraction effect:Fg o9 =

13.43 p =.0Q; figure 2C)in the CWIRest and CWKick conditions in contrast to the FN

Rest condition which was unchanged (p = .001 & .001, respectively). Ratings five times
greater than at rest were reported in the cold conditions although neithecocalition

differed from the other (p = .893).
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4.0 Discussion

We tested the hyhesis that leg only exercise could offset the reductid@Av that we
expected to ensue in a resting CWI and be absehermoneutralvater immersior{H,); we

find partial support for this suggestioiVe also hypothesised thée thermal perceptuéle.,
comfort and sensation) and ventilatory (i.extent of dyspnea) responses would be
exaggerated by immediate leg movement on water entry because of repeaitictirof
cutaneous cold receptors which would not ocourrestingcold and thermoneutl water
immersion (H); we find no evidence to support this idea. As a consequence of this repeated
thermoreceptor stimulation we hypothesised that the CSR magnitude and duratidve ma
extended in contrast that seen in a resting CW).(Met the components of the CSR
remained unchanged;ldan therefore be rejected. Threesentdata provide further evidence
that leg only exercise (i,etreading water) would be beneficial from the perspective of
offsetting the reduction in brain blood flow that normadigcursduring resting CWI. The
safety behavior and advice that is underpinned by these data shouldobsidered

accordinglyto reflect this new evidence

Our MCAv data agree with those of Croft et 4b] and Button et al16] after habituation
and in skilled and unskilled swimmers respectively. They demonstrated that theéoreduct
MCAv seen on CWI could bminimisedif treading water was commenced immediately on
water entry; this was when contrasted to treading water in a temperate contligionake
the important addition of a suitable restiogld-water control (i.e, CWI-Rest) and a true
thermoneutratesting control (i.e.TN-Rest) in unhabituated persoreflectingthe majority

of the population. The magnitude of the reduction in MCAv in our negttrial was also
similar (i.e., ~6% cf 7%) to that of Mantoni et al 17] who studied resting ice water

immersion.However, the present study observedadaation that was large6D =9% cf 4%)
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and more so during leg only exercise (16%Me interindividual range in the first two
minutes of immersion was also large with a pesduction of ~23% seen in tl@&VNI-Rest
condition and~35% in theCWI-Kick condition.It may be that those participants who show
the greatest reduction in MCAv are most vulnerable to the symptoms of th§lZ]SRhese
individuals should be targeted for additional protection against theifcthldy are atdaily

risk of accidentalater entry

It is feasible that some individuals will have the choice to either “float fus#idedafter
immersion has taken place to commence treading wat@&or example, in a previous study
[12] we found that with the addition @ist 7 N of buoyancy, in the form of a pair of running
trainers, 88 (30)% obur female cohort (n = 12ould keep theirairway clear of the water
(i.e., maintain freeboardunaidedwhen less than 25% of them could do so without the
additional buoyancyrovided by the footweaiThis small amount ofadditional buoyancy
tended to position the participants in a supine posa®mas used in the present study.
comparison, males were much less buoyant, probably because of their differirad) inadyr
composition in the form of lower body fat mass and a different fat distribution thealefe

[26]. Hence, females could “float first” on their backwmaided.In the same study, when a
full winter clothing assembly was worn the floatation characteristi¢dkeotohort improved
further still; we contend that the majority of real life accidental CWIs would take place with
at least eme clothing being worn. Children also showed a high capability to float (94 (21)%
of occasions) but male adolescents more so than their adult counterparts (92 (27)% of
occasionscohort of n = 15 Collectively, it seems thain the circumstance “floatg first”

might be achieved unaided, especially if clothing is worn but, in those who are nab able t
keep their airway clear of the water and in those who have a magnified reé&Rng water

may aid survivabecause of the benefits to brain blood fldtis difficult to convey these
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complexities in a simple safety maxim. Thereftfieat first— andkick for your life” might
be an accuratand encompassingmendment to the water safdighaviorto deploy on

accidental CWI

The perceptual responses evibkey CWIin the CWI-Rest andCWI-Kick conditionswere

also of prime importance in the present study. Indeed, in order for immediaiagreader

to be advocated as an appropriate sgbtg this behaviorwould need to avoid exacerbating
the negativgerceptions linked to the CSR. We found no evidence of this from the perceptual
responses we recorded. Similarly the magnitude and duration of the CSR was not
significantly influenced. Theoretically, remaining relatively still on colater entry would
minimise the thermal drive evoked by thermal stimulation of cutaneous cold recd@ors [
Immediate and extended movement on water entry, such as treading watemaxghise

this thermal input by repeatedly stimulating the receptor thereby extendingréherdof the

CSR. This might be particularly applicable in a situation where a more suldstasulating
boundary layer of water could build up, for example if clothing were worn; thisseagisean
important future study-However, the time course of kSR was far too short for this to be a
factor in participants wearing only a bathing costurdae of the female participants
commentedthat theCWI-Kick condition felt overwhelminglycolder and more unpleasant
(we were careful to match water temperaturéhini 0.5 °C of the GVI-Rest condition) but

this assertion was not reflected in a significantly differpatceptualresponseacross our
cohort of participantdlt is possible that differing thermal perceptions by gender could be a
factor in this scenariosahas been shown in therhparceptual studies in airgp Overall, the
magnitude of thermal stimulation that was present in initial-e@ter entry was sufficient to

overwhelm any additional sensation driven from convective flow over the skin.
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The presenstudyis not without limitation.Clearly the laboratory conditions of the present
tests are far removed from the real life scenali@rnativelyButton et al 16] and Croft et al
[15] did an excellent job of reducing this discrepan¥et, we were able to achieve an
immersion speed (full immersion <3 seconds) close that of Button &6]ahrid Croft et al
[15] whilst standardising posture and leg kicking ratelst others have not done so. We feel
this helps the precision of oumtlings. It may also have been illuminating to include a
clothed condition as this represents the majority of accidental immersiorrieseha this
scenario onvection currents caused by limb movement rhaye producednore of a
contrastbetweenthe expemental conditiong28]. Lastly, the exercise intensity we used in
the present study was relatively modest and higher exercise intensitiesaveasetealed a
greater distinction between conditiohskewise the addition of blood pressure measurement
may have illuminated a mechanism underpinning our differendégh regard to exercise
intensity it is known that heat loss is accelerated dulomg-term CWI when even modest
exercise is undertakere.g, 150 W.nf [29]). Using the average participant chaeaistics
and work intensity in the CWKick condition, participants in the present studied worked at
approximately 103 W.f Hence it is with the view to maximisirayirvival prospects in the
shortterm whilst minimising the chances of developing hypothaimihe longterm that we

selected this exercise intensity

It is concluded thategkicking (i.e. treading water may aid survival by offsetting the
reduction in brain blood flow velocity that ordinarily occurs with resting CWIraag help
keep the airway clear of the watétowever, this behavior must be balanced agaimst
possibility of an increasedsk of aspirating water to the lung in the presence of higher
exercise induced ventilatioheg kickingdid not result in any exaggerated physiological or

psychological response by increasing water turbulence and theiredoeasingcold-water
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convection. It is difficult to convey these complexities in a simple safety m&terefore
“float first — and kick for your life” might be an accurate and @npassing amendment to

the water safetpehavior to deploy on accidental CWI.
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Figure Legends

Figure JA-D. Mean (SD) MCAv, VO,, VCO, and RtCO, responsesrior to and on
immersionin the TN-Rest, CWiRestard CWI-Kick conditions ( = 15 for MCAv; n = 17
for all other variables a = p<0.05 TNRestcf CWI-Rest,b = p<0.05 TNRestcf CWI-Kick,

¢ = p<0.05 CWIRestcf CWI-Kick, * = p<0.05 between all conditions.

Figure 2A-C. Mean (SD) TS, TC and dyspnea pptual responses prior to and on
immersion in the TARest, CWiRest and CWKick conditions (0 = 17); a = p<0.05 TN
Restcf CWI-Rest,b = p<0.05 TNRestcf CWI-Kick, ¢ = p<0.05 CWIRestcf CWI-Kick, * =

p<0.05 between all conditions.
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Tables

Table 1 Mean(SD) f, fr and RERresponse®n immersion in the TNRest, CWi{Rest and

CWI-Kick conditions(n = 17) a = p<0.05 TNRestcf CWI-Rest,b = p<0.05 TNRestcf

CWI-Kick, ¢ = p<0.05 CWIRestcf CWI-Kick, * = p<0.05 between all conditions.

1 MIN 2 MIN 3 MIN 4 MIN 5 MIN
TN-Rest
- 90 (14" 78 (14)° 80 (15§ 77 (15§ 79 (15§
fc (b.min™)
CWI-Rest
- 96 (16) 74 (14) 75 (14) 71 (14) 75 (15)
fc (b.min™)
CWI-Kick
- 91 (15) 101 (14) 90 (14) 85 (14) 82 (14)
fc (b.min™)
TN-Rest
- 23 (57 20 (4)>° 20 (4f 18 (4f° 20 (4f°
fr (br.min™)
CWI-Rest
26 (7 19 (6 18 (5 17 (4 19 (3
fx (brmin) (7) (6) ) (4) 3)
CWI-Kick
27 (8 23 (8 22 (7 22 (6 21 (5
fx (brmin) (8) (8) (7) (6) (5)
TN-Rest
RER 0.87 (0.10f*  0.82 (0.10f* 0.88 (0.10f®  0.89 (0.10f°  0.90 (0.10§"
CWI-Rest
RER 1.22 (0.22) 1.07 (0.27) 0.91 (0.27) 0.83 (0.19) 0.79 (0.14)
CWI-Kick
1.21 (0.28) 1.14 (0.27) 0.92 (0.17) 0.84 (0.15) 0.79 (0.08)

RER




