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Suspected exertional heat stroke: A case
study of worker cooling in a hot and humid
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Abstract.
BACKGROUND: In the event of a severe occupational heat-related illness, paramedic assistance may not be immediately
available. A worker’s survival may depend on their co-workers access to efficacious field-based cooling modalities. One
cooling method that has been claimed to be practical in field-based settings is the ice towel method.
OBJECTIVES: This case study assessed the practicality of the ice towel method in an industrial setting, where criteria for
use include cost effectiveness, portability, scalability, and implementation by a single worker under the stress of an emergency.
METHODS: This case study describes the emergency application of the ice towel method while awaiting paramedics, for a
worker suffering suspected exertional heat stroke on a remote job site.
RESULTS: Ice towels were able to be transported to a remote field site and applied successfully by a single worker under
the stress of a potentially life-threatening emergency.
CONCLUSIONS: The ice towel method was cost effective, scalable, transportable, and rapidly applied in a field-based
emergency. This case study demonstrates the importance of organizations assessing their heat-related risks, and determining
controls based upon their efficacy and practicality for their unique setting.
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1. Introduction

Production schedules, physical work rates, manda-
tory protective clothing and prolonged heat exposure
amplify the prospect of workers suffering a heat-
related illness, including the medical emergency of
exertional heat stroke (EHS). Despite likely under-
reporting, current epidemiology identifies EHS as a
workplace risk [1] that is predicted to worsen [2].
Since EHS mortality and morbidity are dependent
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upon the duration and severity of core temperature
elevation [3], medical treatment seeks to minimize
area under the core temperature curve to ensure sur-
vival and prevent long-term medical complications.
This is achieved through rapidly lowering core tem-
perature, ideally within 30 minutes of symptom onset
[3].

A 30-minute window for EHS treatment poses
issues for many field-based work environments, par-
ticularly where responding paramedics are relied
upon to administer initial treatment. This potential
for treatment delay implies that EHS survival may
depend on co-workers provision of effective first
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Table 1
Example mean core temperature cooling rates for various cooling modalities

Cooling Modality Cooling Rate
(◦C/min)

Estimated mean time to
lower Tc 1◦C (mins)

Reference

Ice water immersion (2◦C) 0.350 3 [5]
TACO* (9.2◦C)† 0.170 6 [6]
Ice towels/sheets‡ 0.160 6 [10]
Ice towels 0.110 9 [9]
Combined cooling§ 0.036 28 [7]
Passive rest (underwear only) 0.027 37 [7]
Passive rest (insulated clothing) 0.004 250 [17]

†TACO: Tarp Assisted Cooling with Oscillation. ‡Cooling rate of 0.160◦C/min achieved in casualties with an
initial core temperature of ≥39◦C/min. §Cold packs on groin, neck, and axillae plus splashing body with water
while evaporating with compressed air.

aid, inclusive of cooling, while medical assistance
is en route. Achieving this requires workers have
the means to rapidly lower core temperature, irre-
spective of their work location. Hence, both efficacy
and practicality of EHS cooling options are important
considerations.

As outlined in Table 1, core temperature cool-
ing rates vary between EHS treatment modalities,
with cold water immersion considered the gold stan-
dard for treating EHS [4]. This method has produced
cooling rates of up to 0.350◦C/min [5], but is not
considered feasible for many field-based work set-
tings due to the equipment and volume of cold water
required. Overcoming the need for dedicated facili-
ties, Tarp Assisted Cooling with Oscillation (TACO)
utilizes a tarpaulin for field-based immersion with
cooling rates of up to 0.170◦C/min [6]. While effec-
tive, successful implementation of the TACO method
requires numerous personnel and cold water volumes
that may not be available on-site nor practical for
transportation to many work locations.

Less resource intensive cooling modalities include
splashing with water, fanning a wet body and appli-
cation of ice packs to superficial arteries. Table 1
demonstrates that the reported cooling rates for these
modalities are substantially lower than for cold water
immersion or TACO. Combining splashing with
water, evaporating with compressed air, and placing
cold packs on the groin, neck, and axillae produced
cooling rates of 0.036◦C/min [7], approximately half
the cooling rate threshold deemed to be acceptable
for the treatment of EHS [8].

An alternative method that can be implemented by
a single person is the application and rotation of ice
towels over the body. This method requires an ice
bin or cooler, ice, water, and towels. Towels are sub-
merged in the cold water and placed over the exposed

skin of the torso and limbs, facilitating heat exchange
as they are rotated every 2–3 minutes or as they warm.
Owing to its portability and simplicity [8], the use of
ice towels can be initiated anywhere within seconds
of EHS symptoms and is therefore, potentially well-
suited to field settings. Ice towels produced cooling
rates of 0.110◦C/min when applied to the torso and
limbs to treat hyperthermic athletes in a field medi-
cal station [9]. An extension of this method utilizes
bed linen soaked in ice-cold water (ice sheets) for
treatment of EHS in military settings during trans-
portation to a medical facility. Ice sheet cooling rates
were 0.160◦C/min for exertional heat stroke casual-
ties with an initial core temperature of ≥39◦C/min
[10]. Collectively, this evidence suggests that the use
of towels or sheets to facilitate heat transfer from
the body to cold water provides a viable alterna-
tive when practical constraints preclude cold water
immersion.

Despite the reporting of acceptable cooling rates,
there’s a paucity of information addressing the practi-
cality of ice towel cooling in industrial settings, where
criteria for use include cost effectiveness, portability,
scalability, and implementation by a single worker
under the stress of an emergency. Therefore, this case
study describes an organizations experience from
identifying a heat-related risk, assessing the evidence,
implementing the ice towel method for suspected
EHS, and use in a field-based emergency.

2. Context

The current case occurred in a worker of an Aus-
tralian state (QLD) electrical distributer of ∼4000
field-based employees that operate in climates vary-
ing from temperate to tropical. As for many industries
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with outdoor workers, the prospect of heat strain
symptoms and/or heat-related illness is heightened
by the combination of manual work tasks, seasonal
heat exposure, mandatory protective attire, and prox-
imity to radiant heat sources. The respective risk
of workers enduring heat strain symptoms or heat
related illness was assessed by a workforce survey
and heat-related incident data analysis for Octo-
ber 2018 to April 2019, otherwise known as the
2018/19 storm season. These assessments confirmed
that while chronic low-grade heat strain symptoms
and minor heat related illness were more likely, there
was a risk of EHS, with one hospitalization during
the 2018/19 season [11]. In addition to implementa-
tion of a range of heat-related controls, treatments for
EHS were reviewed to determine their efficacy and
field suitability [12].

With the objective of rapidly reversing elevated
core temperature in austere field conditions, vari-
ous cooling methods were considered as part of the
internal review. While ice towel cooling rates were
available, there was limited published information for
other industrial considerations. In December 2019,
the organization distributed in excess of 1100 heat
stroke kits (one per field vehicle), consisting of an ice
bin (locally known as an esky) and two towels (cotton
towels 1.2 m × 0.6 m). Field workers also completed
online heat stress training that included how the heat
stroke kits were to be incorporated into the first aid
response to EHS. In the event of EHS, the organi-
zations heat stress standard recommended medical
assistance be immediately sought and ice towels be
applied to initiate cooling of the worker as an addition
to the standard first aid response.

3. Key elements of the event

In the current case, a worker, Worker A, was
operating in Northern QLD, Australia, on a site
approximately 8 km from the local township. At the
time of the incident, ambient temperature 29.5◦C,
relative humidity 72% and a wind speed of 4 km/h
were recorded at the nearest Bureau of Meteorology
weather station, approximately 4.8 km from the work
site.

Worker A, a 28 year old male Vacuum Truck opera-
tor was the first onsite, where he described conditions
as hot, very humid and with limited airflow. It was
reported that it had rained during the previous night.
Worker A had been on site for approximately 3 hours,
conducting work that was considered manual and

strenuous when he began to feel very hot and unwell.
He phoned his manager (Manager A) to indicate
that he was going to take a break in the shade and
pour water over his head to cool down. Manager A
informed Worker A that he was travelling to site.

Another worker, Worker B, was immediately
informed by Manager A of the situation and com-
menced travel to the site to perform a welfare check
on Worker A, arriving approximately 20 minutes later.
Initially, Worker B could not locate Worker A and con-
firmed that conditions onsite were very hot, humid
with little to no breeze. The vehicle of Worker A
was located but Worker A was not present. Worker
B then located Worker A a short distance away under
some vegetation. Worker A had been vomiting and
was noted as semi-conscious, breathing, not respond-
ing to verbal stimuli, and having skin that was very
hot to touch. Worker B had completed organizational
heat stress training and recognized Worker A’s signs
and symptoms as the potentially life-threatening
EHS.

Worker B immediately called the QLD emergency
hotline and described the situation and the organiza-
tions EHS first aid protocol involving the application
of ice towels. The emergency dispatcher reassured
Worker B to proceed with the application of the ice
towels, and that paramedics were en route. Worker B
removed the shirt of Worker A and began applying
an ice towel to the torso of Worker A. Worker B con-
tinued to apply the towel to the torso and rather than
rotating towels, he reapplied cold water to the towel
as it heated up. Approximately 10 minutes later, two
additional workers (Worker C and Worker D) arrived
onsite. Worker C assisted Worker B with the ice towel,
while Worker D waited to direct the paramedics to
Worker A. A few minutes later, Manager A arrived
on site. Cooling was applied to Worker A for a total
of approximately 15 minutes until paramedics arrived
and assumed responsibility.

Paramedics remained onsite for approximately
20 minutes treating Worker A. Worker A was subse-
quently transported to the local hospital and reported
being discharged without medical complications
approximately 6 hours later with a diagnosis of heat
stroke. Worker A has since made a full recovery, not-
ing that he experienced a lack of heat tolerance in the
weeks post-event. Worker B stated that paramedics
indicated that if cooling had not been initiated when
it was, Worker A would have likely suffered irre-
versible damage or even death. A timeline of key
events from the reporting of symptoms is presented in
Fig. 1.
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Fig. 1. Timeline of key events from the reporting of symptoms.

4. Discussion

Rectal temperature is considered the gold standard
for assessing core temperature, with the commonly
utilized aural thermometry reported to consistently
underestimate core temperature in hyperthermic indi-
viduals [13]. In the current case, rectal temperature
was not measured, hence, the core temperature curve
of Worker A remains undetermined. Feeling hot prior
to collapsing, vomiting, skin that was hot to touch,
and a semi-conscious state indicative of central ner-
vous system impairment, are potential indicators of
EHS [14]. Observation of EHS signs and symptoms
are essential in work settings, where first aid provi-
sion to an EHS victim generally occurs in the absence
of valid core temperature measurement. Previously
it has been suggested that if collapse occurs dur-
ing or immediately following the cessation of heavy
physical work in hot environments, and a rectal tem-
perature cannot be measured, EHS should be the
presumptive diagnosis [15]. In the current case the
collective of signs and symptoms were indicative of
EHS, and verbal accounts of a heat stroke diagnosis
from treating hospital staff, forms the basis for EHS
diagnosis.

Despite recognition of ice towels as a potential
field-based alternative to water immersion for EHS
treatment [12, 16], we are not aware of reports
describing their practical application in field based
industrial settings. While this case study does not
contribute data relating to core temperature cooling
rates, it provides a pragmatic description of ice towel
application during a suspected EHS in the field. For
implementation of ice towels in an industrial setting,

cost, portability, scalability, and number of personnel
required to implement are relevant considerations that
have not been reported in the literature.

Once notified of Worker A’s condition, Worker B
transported the heat stroke kit to site without issue,
and therefore, the ice towel method was consid-
ered practical in this context. Due to the minimal
equipment required, once Worker A was located and
assessed by his colleague, the ice towel method
was administered immediately, thereafter. Given that
mortality and morbidity are dependent on the dura-
tion and severity of hyperthermia [3], the prompt
administration of cooling likely averted a far more
serious outcome in this case as reasoned by the
paramedics.

‘Worker B’ also indicated that the simplicity of the
method facilitated its application under the cognitive
stress of this emergency. Furthermore, the applica-
tion of ice towels were initiated by a single person
without issue, as opposed to the alternate field-based
method of TACO which requires multiple people to
successfully implement.

In the context of occupational use, the method is
simple, cost effective, and scalable. In the current
case the method was applied to an organization with
thousands of vehicles, however the method could eas-
ily be scaled for an organization with as little as
a single vehicle. Space availability can be an issue
on commercial vehicles, yet in the current case the
eskies had a volume of 25 liters with dimensions of
420 mm × 350 mm × 360 mm (L × W × H).

It should be noted that in the current case, all
field-based employees completed online heat stress
training, inclusive of EHS signs and symptoms and
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implementation of the ice towel method. All field
workers are also trained in the provision of first aid.

Limitations of this case study should be acknowl-
edged. This case study involved a single individual
from the electrical utilities industry. When evaluating
the suitability of the ice towel method, organizations
should consider the existing and evolving evidence,
in addition to the specific industrial environment in
which the method will be applied. Likewise, leg-
islative, regulatory and/or local customs need to be
considered, as globally, these vary significantly.

Future research should consider broader applica-
tions of the ice towel method to other industrial
environments. In addition to evaluating cooling
rates, such research should account for the logistical
considerations when applying the method in occupa-
tional settings.

5. Conclusions

Climate change represents a significant challenge
to Occupational Health and Safety [18]. It is impor-
tant that organizations ensure adequate controls are
in place to mitigate a hazard that is predicted to
worsen [2]. This case study describes an organiza-
tion’s experience from identifying a heat-related risk,
assessing the evidence, implementing a field-based
cooling treatment for suspected EHS, and describing
its practicality when utilized in a field-based emer-
gency. The organization in which this case study
transpired involves workers operating in field envi-
ronments where paramedic assistance is not always
readily available. In this setting, the ice towel method
proved to be cost effective, easily transportable, and
simple to implement by a single worker under the
stress of an emergency.
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