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Abstract

We report a case of severe accidental hypothermia (core body temperature of 26.8 °C) in a five-year-old boy due to submersion in freezing lake
water. The child was brought to the hospital intubated, in cardiac arrest rhythm of pulseless electrical activity and with dilated and nonreactive pupils.
We continued with cardiopulmonary resuscitation and administrated adrenaline in boluses (10 pg/kg) and infusion (0.2 pg/kg/min). Spontaneous cir-
culation returned after 50 minutes. Rewarming was performed with minimally invasive techniques. Post resuscitation he was admitted to the inten-
sive care unit, where he required venovenous extracorporeal membrane oxygenation due to respiratory failure. He was discharged from the hospital

neurologically intact and without organ damage on day 17 post arrest.
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Introduction

Accidental hypothermia is defined as an involuntary drop of body
core temperature below 35 °C and is further categorised by temper-
ature into mild, moderate and severe." In severe hypothermia, below
approximately 28 °C, all body systems begin to fail, with severe
impairment or absence of consciousness, ventilation and circula-
tion.? Drowning is a leading cause of death in children between 1
and 14 years of age.® Outcome is worst in drowned children who pre-
sent with cardiac arrest, especially in the case of prolonged resusci-
tation beyond 30 minutes.* The morbidity and mortality associated
with drowning and accidental hypothermia can be minimised with
early identification and aggressive treatment. Parental consent was
obtained for the publication of this case report.

* Corresponding author at: Zaloska cesta 2, 1000 Ljubljana, Slovenia.
E-mail address: vanesa.anadolli@kclj.si (V. Anadolli).
https://doi.org/10.1016/j.resplu.2021.100161

Clinical record

A previously healthy 5-year-old boy, with body weight of 20 kg, was
playing on a frozen pond when the ice broke beneath him. He was
rescued after being underwater for approximately 10 minutes. Res-
cuers were unable to feel a pulse and started with cardiopulmonary
resuscitation [CPR]. When ambulance officers arrived, they found a
palpable pulse, but he was unresponsive with Glasgow Coma Score
of 3. His pupils were medium sized and reactive to light. He was intu-
bated on site. He received atropine as premedication and etomidate
and succinylcholine for anaesthesia. He went into circulatory arrest
with pulseless electrical activity during transport to University Medi-
cal Centre Ljubljana. CPR started in the ambulance and he received
the first dose of adrenaline [200 png].
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Upon transfer to emergency department the patient was still in
pulseless electrical activity and we resumed with CPR. The team lea-
der was an anaesthesiologist, but a paediatric intensivist was also
called to assist. The patient’s pupils were dilated and fixed [right
8.2 mm and left 7.9 mm] on arrival. We removed wet clothing. Uri-
nary catheter with temperature sensor was inserted and revealed a
core temperature of 26.8 °C. He was warmed with the infusion of
warmed intravenous crystalloids and application of forced air warm-
ing blanket [Bair Hugger, 3 M]. He received 9 boluses [200 pg] of
adrenaline [total 1.8 mg], total 60 mEq of sodium bicarbonate and
two 200 ml boluses of saline. We started with adrenaline infusion
[0.2 pg/kg/min] after 25 min of CPR. Return of spontaneous circula-
tion [ROSC] was achieved after 50 minutes. After ROSC, he was
sedated with midazolam and fentanyl. Ventilation was poor due to
low compliance of the lungs. Initially manual bag ventilation was
required to overcome high airway pressures. After initial stabilisation
he was put on volume controlled ventilation, but the set tidal volumes
[6 ml/kg] were not achieved due to peak airway pressures exceeding
limitations of 35 cmH,O [actual delivered tidal volume was around
80 ml]. He was ventilated with 100% oxygen, his saturation was
94%. Blood sample was drawn after ROSC [Table 1]. As per local
protocol we carried out imaging with chest x-ray [Fig. 1], abdominal
ultrasound and CT scan of the head, neck and thorax. Head and
neck CT scan were normal, CT scan of the chest showed marked
lung oedema of noncardiogenic origin, with more than 90% of lung
parenchyma being impacted.

After imaging, we transferred him to paediatric intensive care
unit. Up until the transfer we could not lower the continuous support
with adrenaline infusion at 0.2 pg/kg/min. Rewarming was sustained
with external rewarming modalities [CritiCool, Belmont Medical]. The
medical team continued with controlled mechanical ventilation with
100% oxygen. His oxygenation was worsening despite inhaled nitric
oxide. That is why venovenous extracorporeal membrane oxygena-
tion [ECMO] was started 8 hours after transfer to the intensive care
unit. At that time his core temperature was 33 °C. He was kept
hypothermic [at 33 °C] for 24 hours according to the standard post
arrest guidelines.® He developed multiorgan failure with acute respi-
ratory distress syndrome, acute liver and kidney failure. He was on
ECMO for 5 days, intubated for 6 days and in the intensive care unit
for 12 days. On the day he was extubated, he was already alert and
able to answer questions. He was discharged from the hospital neu-
rologically intact with Paediatric Cerebral Performance Category
[PCPC] score of 1 and without organ damage on day 17 post arrest.®

Table 1 - Blood sample drawn in the emergency
department after ROSC.

Glucose 25.0 mmol/l
Potassium 5.6 mmol/l
Sodium 141 mmol/I
Calcium 1.72 mmol/I
Lactate 18.12 mmol/l
PT 0.49

INR 1.58

APTT 103.5 s
Fibrinogen 1.1 g/l

TT 274 s

Discussion

Clinical signs of hypothermia worsen as the core temperature decli-
nes and severe hypothermia can progress to cardiac arrest. Because
of the neuroprotective effects of hypothermia, complete recovery of
patients with cardiac arrest caused by hypothermia is possible
despite prolonged resuscitation.”-® Except in the presence of obvious
lethal injury, the declaration of death should be withheld until the core
temperature has reached at least 32 °C.? Signs associated with
death such as rigor mortis and dilated fixed pupils have little prognos-
tic value in severe hypothermia, as was also evident in our patient.’
Pupillary light reflex is depressed and dilated pupils are observed
below a core temperature of about 29 °C."°

Key management principles of severe accidental hypothermia
include: prevention of further heat loss, initiation of rewarming, sup-
porting airway, breathing and circulation and, in cardiac arrest, pro-
viding cardiopulmonary support until completely rewarmed.'’
Rewarming is a vital cornerstone of treatment and should begin as
soon as possible. It is divided into passive external, active external
and active internal rewarming methods.? All three techniques have
a role in severe hypothermia management. Active external rewarm-
ing applies heat to the skin and depends mainly on the circulation to
warm the core. External rewarming in cases of arrested circulation
may be so slow as to produce extremely long resuscitations, but
reports of successful active external rewarming even in cases of car-
diac arrest have been described.'*'®

Active internal rewarming is preferred to external rewarming in
hypothermic patients with arrested circulation because it is more
effective.” The techniques include intravenous administration of
warmed crystalloid, irrigation of the thorax or peritoneum, and extra-
corporeal blood rewarming either by cardiopulmonary bypass [CPB]
or by ECMO.?"" Extracorporeal life support [ECLS] is the preferred
technique in arrested patients not only because it is a more effective
rewarming strategy but mostly because it supports the circulation
and therefore better than any other active internal technique sup-
ports blood supply and oxygenation of the brain and heart.'* It was
used successfully in severely hypothermic patients with cardiac
arrest with favourable neurological outcomes.'®'® The latest Euro-
pean Resuscitation Council [ERC] guidelines state that in hypother-
mic cardiac arrest rewarming should be performed with ECLS,
preferably with ECMO over CPB."'* Many patient and facility factors,
however, will govern the choice of technique, and successful resus-
citation has been reported using a large array of methods.? In our
patient, we used a combination of passive external [removing wet
clothes], active external [forced warm air device] and active internal
rewarming techniques [warmed intravenous crystalloid administra-
tion]. We employed a stepwise approach and our patient achieved
ROSC before we could initiate extracorporeal blood rewarming.

Arrhythmias are common in severe hypothermia. Sinus bradycar-
dia is physiologic, but with lowering of core temperature the conver-
sion to cardiac arrest rhythms such as ventricular fibrillation and
asystole may occur. There is some controversy surrounding defibril-
lation attempts and the use of vasoactive medications in hypothermia
patients.® ERC recommends up to three defibrillation attempts until
the core temperature is greater than 30 °C."* American Heart Asso-
ciation [AHA] states that it may be reasonable to perform defibrilla-
tion attempts according to the standard basic life support algorithm
concurrent with rewarming strategies.”
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Fig. 1 - Initial chest radiograph in the emergency department.

Similar to defibrillation attempts, the use of vasopressors and
other medications are also unclear. It has been proposed that the
metabolism of these medications may be impaired and could accu-
mulate to toxic levels in hypothermic patients. And yet in animal stud-
ies vasoactive drug administration appears to be associated with
increased rates of ROSC."” Human trials of medication use in acci-
dental hypothermia do not exist, although case reports of survival
with use of intra-arrest medication have been reported.'"'® Guideli-
nes have approached recommendations differently. Currently, AHA
considers the administration of vasoactive medications to be reason-
able according to the standard Advanced Cardiovascular Life Sup-
port [ACLS] algorithm.®> On the other hand, ERC recommends
withholding adrenaline until a core temperature of 30 °C.'* In addi-
tion, ERC recommends the dosing interval of medications be dou-
bled when the patient's temperature is 30-34.9 °C."*

For our patient, medications were administered according to the
standard ACLS algorithm, without doubling the intervals. Adrenaline
[intravenous boluses and infusion] was administered and during car-
diac arrest the patient received 1.9 mg of adrenaline in total [boluses
and infusion]. Furthermore, he was still hypothermic after ROSC and
continued to require vasopressor support. Despite theoretical con-
cerns of toxicity when administering vasoactive drugs during
hypothermia, our patient suffered no such toxicity. Overall, he was
discharged 17 days later neurologically intact with no organ damage.

The reported case demonstrates complete neurological recovery
in a child with severe hypothermia due to submersion injury, which
usually carry a poor outcome.* According to ERC guidelines in-
hospital prognostication of successful rewarming should be based

on the HOPE or ICE score.'* The HOPE survival probability of our
patient was 10%,'® which is the same as the cutoff proposed during
external validation to determine which hypothermic patients in car-
diac arrest would benefit from ECLS rewarming.2°

Rescue collapse is defined as the occurrence of cardiac arrest
related to the movement of the patient during extrication or transfer
of a patient suffering from profound hypothermia,®’ which was also
the precipitating factor for cardiac arrest in our patient. The study
analysing witnessed hypothermic cardiac arrests found excellent
prognosis of patients after rescue collapse with a 73% survival
rate.’’ Nonetheless, the occurrence of rescue collapse is linked to
doubling of the risk of death compared to severely hypothermic
patients with retained circulation.?> Therefore, movements, which
can be potential triggers of rescue collapse, should be performed
with special care.

Resuscitation of a cardiac arrest in a drowned victim is an added
challenge owing to a combination of hypothermia, fluid aspiration and
consecutive lung damage. Due to damage to the lungs and difficul-
ties maintaining a satisfactory oxygenation we even had to initiate
venovenous ECMO eight hours after admission to paediatric inten-
sive care unit. Respiratory failure is common after cardiac arrest
related to accidental hypothermia and may require ECMO treatment.
That is why ECMO is recommended over CPB in the ERC and Inter-
national Commission for Mountain Emergency Medicine [ICAR
MEDCOM] guidelines.'*?® In this specific case, submersion with
near drowning may have contributed to the respiratory failure of this
patient. Teams facing a similar patient should remember to transfer
and treat such patients in a centre with ECLS capabilities, because of
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ECLS rewarming being recommended as the treatment of choice in
arrested hypothermic patients and as a backup for respiratory failure
after ROSC.

Conclusions

In conclusion, more research is needed to obtain clear guidelines on
the use of vasoactive drugs and defibrillation during treatment of car-
diac arrest in severely hypothermic patients. In addition, continuing
research is required regarding the choice and timing of initiation of
rewarming methods in severe hypothermia in children. Hypothermic
patients with haemodynamic instability or cardiac arrest should be
transported and treated in an ECLS hospital.
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