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Summary
Background:

Accidental hypothermia complicated by cardiac arrest carries a high mortality rate in urban areas.
For moderate hypothermia cases conventional rewarming methods are usually adequate, however
in severe cases extracorporeal membrane oxygenation (ECMO) is known to provide the most efficient rewarming with complete cardiopulmonary support. We report a case of severe hypothermia complicated by prolonged cardiac arrest successfully resuscitated using ECMO.

Case Report:

A 45 year old female was brought to our emergency department with a core body temperature
<25°C. Shortly after arrival she had witnessed cardiac arrest in the department. Resuscitative efforts
were started immediately including conventional rewarming techniques, followed by ECMO support. ECMO was used successfully in this case to resuscitate this patient from prolonged arrest (3.5
hours) when conventional techniques likely would have failed. After a prolonged hospital course
this patient was discharged with her baseline mental and physical capacities intact.

Conclusions:

This case demonstrates the advantages of advanced internal rewarming techniques, such as ECMO,
for quick and efficient rewarming of severely hypothermic patients. This case supports the use of
ECMO in severely hypothermic patients as the standard of care.
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Background
Accidental hypothermia associated with cardiac arrest is difficult to manage. Conventional rewarming techniques such
as using a warming blanket, warm intravenous saline, nasogastric lavage, continuous bladder irrigation and thoracic
lavage via chest tubes may not be effective if the patient’s
core body temperature is below 28°C. Extracorporeal membranous oxygenation (ECMO) is the most effective rewarming method for patients who suffer from severe accidental
hypothermia, and also is effective cardiopulmonary support
for patients in cardiac arrest. Successful ECMO rewarming
for accidental hypothermia has been reported mostly from
Northern Europe or Canada with survival rates between 30–
47% [1–3]. Here we report a case of successful resuscitation
with full neurological recovery using ECMO for accidental
hypothermic cardiac arrest observed at an urban medical
center in the Northeastern United States.

Case Report
A 45 year old female was brought in by her caregiver concerned for lethargy. The patient has history of Down syndrome, microcephaly, severe mental retardation and selfabusive behavior. She lives in a group home under 24 hour
supervision. The caregiver was unable to provide the details
of the patient’s activity that day, including the possibility
of her being left outside. On the day of presentation there
was mild precipitation with an outside temperature ranging from –10°C to –6°C. Upon arrival to our triage area at
5:48 pm, she was lethargic with a Glasgow coma scale of 8
(open eyes to stimuli, incomprehensive speech, and flexing extremities to stimuli). The patient was brought to a
resuscitation room and was seen by the emergency physician immediately. Her blood pressure was 94/47 with a
heart rate of 30, respiratory rate of 10 and pulse ox of 94%
on room air. On palpation, she was “icy cold” and temperature was not obtainable (the rectal thermometer in our
facility will not register temperature measurements below 25°C). The patient was minimally responsive, had a
weak gag reflex, palpable femoral pulse and clear bilateral breath sounds. Multiple attempts at peripheral access
were attempted, but unsuccessful. A warming blanket was
placed immediately and warm intravenous fluid was started at 6:40 pm through a triple lumen central line placed
in the right femoral vein. Twelve lead EKG showed a junctional rhythm, rate 30 s. Atropine was given for symptomatic bradycardia with no effect. Due to declining mental
status and gurgling upper airway sounds, endotracheal intubation was performed for airway protection. At 7:12 pm,
no pulse was palpable and blood pressure was not obtainable. Telemetry monitor showed a junctional rhythm, rate
30 s. Advanced cardiac life support (ACLS) protocol for
pulseless electrical activity (PEA) was initiated by emergency department personnel. Humidified heated oxygen
via the endotracheal tube, in and out warm saline lavage
via an orogastric tube and via a three-way foley catheter
were started for rewarming. However, the body temperature remained below 25°C despite these conventional rewarming methods. Catecholamines including dopamine,
epinephrine, and norepinephrine were started. At 7:50
pm, the patient had no gag reflex, corneal reflex and her
pupils were dilated without light reflex.

Figure 1. Arterio-venous extracorporeal membrane oxygenation
cannulas are placed in the left groin.
Due to limitations of conventional rewarming, cardiothoracic surgery was consulted for ECMO rewarming at 8:00
pm. Cardiopulmonary resuscitation (CPR) with chest compression was continued until initiation of ECMO. Access to
the femoral vessels was challenging due to truncal obesity.
Finally, an 18 French arterial and a 20 French venous cannula were inserted to the left groin using Seldinger technique,
after giving 5000 units of heparin. Veno-arterial ECMO was
initiated at 8:40 pm with a flow of 4 liter/min (Figure 1).
CPR and catecholamine drips were stopped and rewarming via ECMO heat exchanger was started with control setting at 37°C. Upon initiation of ECMO, rectal temperature
was 26.8°C, the patient was pulseless, telemetry monitoring
showed agonal rhythm, blood pressure was not obtainable,
and her neurologic exam remained unchanged. After 20
minutes of ECMO support, EKG returned to a junctional rhythm with heart rate of 30 s, the arterial pressure was
65 mm Hg without pulsation, the patient started making
urine, and body temperature increased to 30°C. The patient’s mean arterial pressure was maintained above 60 mm
Hg on ECMO without pulsatility. At 10:40 pm, arterial wave
form started showing pulsatility despite ECMO flow of 4 liter/min. The patient’s temperature gradually increased
to a goal temperature of 36.5°C by 11:50 pm. At that time,
cardiac motion was visible on bedside echocardiography, a
strong carotid pulse was palpated and she began moving extremities to verbal commands. A total of 2 packed red cells
were transfused to maintain hemoglobin 10 g/dl and 20 mg
of furosemide was given intravenously to facilitate diuresis.
At midnight, an ECMO weaning trial was performed and
ECMO flow was decreased to 0.5 L/min. During the weaning trial, the hemodynamics of the patient were maintained
with blood pressure 100/58 mm Hg and heart rate 100 in
sinus rhythm (without inotropes or pressor support), oxygen saturation 99% and body temperature 36.9°C. Minimum
ECMO flow 1.5 L/min was maintained until the surgery
team was available for decannulation. ECMO was successfully removed and the access site was repaired at 01:25 am
without cardiopulmonary compromise. Total ECMO time
was 3 hours 45 minutes.
Subsequent head CT and echocardiography were normal
and she was transferred to the intensive care unit for further
monitoring. The patient was extubated on hospital day 3,
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but remained in the hospital for nearly three months. The
patient’s lengthy hospital course was complicated by PEG
tube placement and subsequent removal, self-abusive behavior and an in-hospital fall. No other complications were observed. The patient’s neurologic status, although depressed
initially post-intubation, returned to her baseline after approximately one week. No cause was ever found for this patient’s hypothermia. An investigation into the patient’s social situation by hospital social workers revealed no wrong
doing by the patient’s living facility. The patient returned
to the same assisted living facility upon hospital discharge.

Discussion
From 1979–2002 there were, on average, 689 deaths each
year in the United States attributable to hypothermia [4].
In Philadelphia, the location of our medical center, there
were no recent reported deaths attributed to hypothermia
[5,6]. Accidental hypothermia is considered a completely
preventable form of death. Risk factors for accidental hypothermia in an urban center include alcohol/drug abuse,
homelessness and mental illness [1]. Moderate hypothermia (28–32°C) carries a mortality rate around 21% and the
mortality rate for severe hypothermia (<28°C) increases to
around 40% [3].
Severe hypothermia complicated by cardiac arrest carries
even higher mortality rates (53–80%) [1]. Electrolyte abnormalities (K+>9), severe acidosis (pH <6.5) and coagulopathy (ACT >400 s) are extremely poor prognostic factors
and prolonged resuscitative efforts may not be indicated if
these laboratory values are seen [7]. Even in cases of severe
hypothermia with an extremely poor prognosis, declaring
brain death in severely hypothermic patients is problematic. A core body temperature >36°C should be maintained
before initiating brain death evaluations. Severe hypothermia can cause neurologic depression that can mimic brain
death [8]. Metabolism is slowed in hypothermic patients
preventing equilibration of PaCO2 and complicating apnea testing necessary for assessing brain function [8]. For
severely hypothermic patients in cardiac arrest, achieving
a core body temperature >36°C may be impossible using
conventional warming techniques. If advanced internal rewarming is not available, it may take long time to rewarm
the patient to 33–35°C, of which temperature allow emergency department physicians to reassess for signs of life [9].
However, as this case demonstrates, ECMO can be used to
achieve a target core body temperature quickly.
Compared to conventional rewarming methods, ECMO has
several advantages. First, ECMO can provide complete hemodynamic support [10]. ECMO flow is adequate to circulate the entire vascular volume and end-organ damage
developed during cardiac arrest can be quickly resolved.
CPR can be safely discontinued as soon as ECMO reaches
optimal flow. Additionally, inotropic agents can be discontinued decreasing the risk of ventricular tachyarrhythmia.
Second, ECMO provides oxygenated blood; allowing ventilator support to be minimized, and therefore reducing the
risks of barotrauma and oxygen related pulmonary injury
[1–3]. Finally, ECMO rewarms central organs rather than
peripheral organs, while conventional methods rewarm peripheral tissue prior to central organs. The degree of the
peripheral vasodilation in ECMO is less than conventional
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rewarming methods. This allows the heart and brain to be
warmed first. Quickly rewarming the myocardium minimizes potential irritation of the ‘cold heart’ which is prone to
ventricular tachyarrhythmia [1].
ECMO requires peripheral cannulation, which can be performed quickly in the emergency department or intensive
care unit. The only contraindications to ECMO use are: irreversible brain injury, difficult vascular access, severe aortic
regurgitation, and aortic dissection [10]. The requirement
of heparin for cannulation is minimal and usually tolerated well by the patients. Our ECMO protocol is a 5000 unit
bolus of heparin at the time of cannulation and no further
heparin during the first 24 hours minimizing the risk of
bleeding associated with anticoagulation needed for ECMO
use. Decannulation of ECMO cannula can be done in the
emergency department under local anesthesia and mild intravenous sedatives.
Although hypothermia usually acts in a neuro-protective
manner [11], many survivors from hypothermic cardiac arrest developed neurological complications, most likely related to cerebral edema due to micro vascular fluid extravasation [2]. ECMO increases third spacing of fluid. Large
fluid volumes given during resuscitation further aggravates
fluid status contributing to marked cerebral swelling and
poor neurologic outcomes if volume status is not followed
closely [10]. Due to similar mechanisms, reperfusion pulmonary edema is another major cause of death after rewarming from hypothermic arrest [11,12]. Maintaining
appropriate hemoglobin level and aggressive diuresis are
key elements in the management of patients undergoing
ECMO rewarming.
This successful resuscitation can be attributed to several factors; the patient arrived in our emergency room hypothermic, but still responsive. PEA arrest was witnessed
in the emergency department where all medical personal
and equipment were available. ACLS protocols were started immediately and chest compressions continued without interruption until the initiation of ECMO. ECMO provided complete hemodynamic support while the patient
remained pulseless. The ECMO flow and rewarming processes were steady, monitored closely, and the heart rhythm
returned spontaneously.

Conclusions
The presented case demonstrates a dramatic survival and
neurologic recovery after prolonged hypothermic cardiac
arrest (3.5 hours) after rewarming with ECMO. At our urban academic medical center, cardiothoracic surgery service is available 24/7 to initiate ECMO in the appropriate
clinical settings. In this case, cardiac arrest occurred on
a weekday, after hours when the attending surgeon and
perfusionist were not on site. Despite this, ECMO was still
started quickly (45 minutes after consultation) while ACLS
protocol continued over 90 minutes by emergency department personnel leading to ECMO cannulation in a timely
fashion. Traditional rewarming likely would have failed in
this case of profound hypothermia and only the immediate availability of ECMO allowed for a positive outcome in
this patient. We believe that placing severely hypothermic
patients on ECMO in the emergency department provides
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the best chance for full recovery and could be the option
for the standard of care.
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