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Abstract: A patient was brought to the hospital with severe accidental hypothermia due to cold
exposure associated with acute alcohol intoxication. Initial bladder core temperature was 21°C
(70°F). The patient was agitated and combative with altered mental status and suffered rescue
collapse during transport. Initial rhythm was ventricular fibrillation and we initiated a standard
advanced cardiac life support (ACLS) protocol with rewarming measures. The patient received
28 mg of epinephrine and 13 shocks. Active and passive rewarming were initiated without
extracorporeal rewarming. The patient achieved return of spontaneous circulation (ROSC) at
a core temperature of 23.8°C (74.8°F). Patient was discharged 15 days later neurologically intact
with no organ damage. The clinical management and implications for further research in severe
accidental hypothermia management are discussed. In patients with severe accidental hypother-
mia (defined as <30°C or <86°F) in cardiac arrest, the optimal rewarming technique, use of
epinephrine, and time when defibrillation should be attempted remain controversial. In our
patient, the patient achieved ROSC in less than 2 hours with standard ACLS procedures despite
a minimal increase in core temperature (21°C to 23.8°C or 70°F to 73.9°F).
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Case Presentation

Patient Presentation

A patient was found was found unresponsive on the ground in an outdoor environment.
The overnight weather was clear with low temperature of 2.7°C (36.9°F) with 43%
humidity. Emergency medical services (EMS) arrived at the scene at 8:43 AM and noted
the patient’s clothes were wet and his skin felt cold. The patient was responsive with eyes
opening to touch. The patient was transported to the nearest emergency department and
transferred care at 8:53 AM. Upon arrival at the emergency department’s ambulance bay,
the patient was agitated, combative, and had altered mental status. Attempts were made to
move the patient out of the ambulance. During transfer, the patient became apneic and
unresponsive. Chest compressions and bag-mask ventilation were initiated as the patient
was transported into the emergency department. Defibrillator pads were place on the
patient and the initial rhythm was ventricular fibrillation.

CPR Course

The patient’s wet clothing was removed and cardiopulmonary resuscitation (CPR) was
resumed at 8:58 AM with manual compressions and endotracheal intubation. A urinary
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catheter with temperature sensor was inserted and revealed
a core temperature of 21°C (69.8°F), by definition severe
hypothermia. Rewarming measures were implemented and
involved: the infusion of 43°C IV saline via two Hotline®
(Smiths Medical, Minneapolis, Minnesota, United States)
fluid warmers through both central and peripheral IV routes;
warm fluid bladder lavage; warm water lavage through the
nasogastric tube; application of the Bair Hugger™ (3M,
St. Paul, Minnesota, United States) warming blanket system
at the 43°C temperature setting; and eventually Artic Sun®
(Medivance Corp, Louisville, Colorado, United States) initia-
tion to start normothermic therapy at 37°C.

Initial point-of-care laboratory studies were significant
for a low sodium of 114 mEq/L, potassium of 4.3 mEq/L,
high chloride level of 111 mEq/L, low HCO3- of 20 mEq/
L, low ionized calcium of 0.95 mMol/L, and pH of 7.07.
Whole blood laboratory studies obtained one hour later
were significant for sodium of 138 mEq/L, low potassium
of 3.0 mEq/L, low HCO3- of 17 mEq/L, albumin of 0.9 g/
dL, and a serum calcium level below detectable range.
Additionally, the ethanol level was 106 mg/dL, PT of
26.1 seconds, INR of 2.46, and an aPTT of 96.3 seconds.

Electrocardiographic monitoring showed ventricular
fibrillation and the first defibrillation attempt was unsuccess-
ful at 9:04 AM with 200 Joules (J). He was given a total of
28 mg of epinephrine (the first 11 doses administered as [V

| Epinephrine Infusion

approximately 1 mg IV every 4 minutes); 12 more defibrilla-
tion attempts with escalating doses up to 360J (the last nine
attempts were performed after core temperature improve-
ment with rewarming measures); 100 mEq of IV sodium
bicarbonate; 2 gm of IV magnesium; 100 mg of IV lido-
caine; 450 mg of IV amiodarone; and 400 mg of IV thia-
mine. Return of spontaneous circulation (ROSC) was
achieved at 10:46 AM. The ventricular fibrillation sponta-
neously converted to a bradycardic rhythm at 36 bpm, with
electrocardiogram (ECG) showing Osborn waves. The total
duration of CPR was 108 minutes. At the time of ROSC, the
patient’s core temperature was 23.8°C (74.8°F). An over-
view of cardiac arrest interventions is illustrated in Figure 1.

Hospital Course

He required vasopressor support with epinephrine IV infu-
sion at 8 mcg/min. He was then admitted to the medical
ICU to continue rewarming with external rewarming mod-
alities (ie, Artic Sun®™ and Bair Hugger™). A temperature
of 30.1°C (86.2°F) was finally achieved at 4:00 pm (7
hours after cardiac arrest).

Streptococcus parasanguinis was present in two of the
four blood culture bottles and appropriate antibiotics were
initiated. He was extubated on day 5 post arrest with
a GCS of 15. The patient was discharged on day 15 post
arrest, neurologically intact with no organ damage during
his hospital stay.
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Figure | Overview of cardiac arrest interventions. Compressions and pulse checks were performed per advanced cardiac life support (ACLS).
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Discussion

Management of the accidental hypothermia patient is
important even to healthcare facilities located in temperate
climates. Our patient case occurred in Houston, Texas,
a climate described as humid subtropical with tropical
influences.! Patient characteristics at risk of hypothermia
include neonates, immobility, unconsciousness, intoxica-
tion, and very advanced age. Excessive ethanol consump-
tion may significantly predispose persons to hypothermia
due to its vasodilatory properties and immobility leading
to prolonged exposure.” Post-resuscitation evaluation
revealed an ethanol level of 106 mg/dL.

Hypothermia is typically classified into mild hypother-
mia (>34°C [93.2°F]), moderate hypothermia (30-34°C
[86-93.2°F]), and severe hypothermia (<30°C [86°F]).}
Our patient’s condition was classified as severe hypothermia
with a core temperature of 21°C (69.8°F). Key management
principles of severe accidental hypothermia management
involve the following tenets: initiating core rewarming,
recognizing risk factors for rescue collapse, and providing
cardiopulmonary support until completely rewarmed.

Rewarming Principle and Techniques

In accidental hypothermia, rewarming is a crucial corner-
stone of treatment. When treating hypothermic patients,
healthcare professionals should remember the mantra that
“no one is dead until warm and dead”.* Unless a patient
shows obvious signs of being dead (eg, decomposition,
rigor mortis, and irreversible severe bodily injuries),
healthcare professionals should continue lifesaving treat-
ment until the patient is sufficiently warmed.’

Rewarming techniques have three different classifica-
tions: passive external, active external, and active internal
(core) rewarming. All three techniques have a role in
severe hypothermia management.

Prehospital warming usually includes passive external
techniques: removing a patient’s wet clothing to limit heat
loss and full-body insulation as available with wool blankets
and a warm environment. Active rewarming techniques are
typically not used in prehospital settings as it may delay
transport to a hospital. In addition, first-responders can ensure
transport to a hospital with extracorporeal life support
capabilities.*>

Once the severely hypothermic patient arrives at the
hospital, patients with a perfusing rhythm can be aggres-
sively treated with active external and active internal
warming techniques. Active external techniques include

forced air devices to warm the patient’s surface. Active
internal (core) rewarming techniques may include warm-
water lavage of the thoracic cavity, warmed IV or intraoss-
eous (I0) fluids and warm humidified oxygen. In patients
with severe hypothermia and cardiac arrest, active internal
(core) rewarming with extracorporeal blood rewarming is
often used for immediate central warming while providing
beneficial circulatory support.

Extracorporeal blood rewarming has been used suc-
cessfully in severely hypothermic patients with cardiac
arrest with favorable neurological outcomes.®’ Two obser-
vational studies in hypothermic patients showed 39.1-47%
survival with extracorporeal blood.®” However, extracor-
poreal blood rewarming may not be available at all med-
ical centers. If available, extracorporeal blood rewarming
with ECMO can also be time intensive to set up (possibly
up to 6 hours) and labor intensive to continue.®

Transfer to an extracorporeal rewarming site is not
always possible and capable hospitals may need additional
time to set up their machines. Therefore, it is crucial to
look at the outcomes of severely hypothermic patients
without extracorporeal blood rewarming. Several case
reports have detailed full neurological recovery in severely
hypothermic patients with cardiac arrest who did not

receive extracorporeal blood rewarming.’ "

Rescue Collapse

In the hypothermic patient, rough handling can precipitate
post-rescue cardiac arrest (rescue collapse). In order to
decrease position associated changes in venous return,
ideally, patients should be transported horizontally to pre-
vent rescue collapse.” Furthermore, it is extremely impor-
tant to handle the patient carefully during physical exam
and essential procedures in order to decrease the risk of
arrhythmias, including ventricular fibrillation.”

Once the hypothermic patient enters cardiac arrest,
successful resuscitation can potentially take hours.”'*
Despite the long resuscitation time, severely hypothermic
patients can recover neurologically intact.” Thus, providers
should focus on rewarming the patient and providing ade-
quate cardiac support until the patient is completely
rewarmed.

Controversy

There were differences in outcomes between patients with
an unwitnessed cardiac arrest and those who did not have
cardiac arrest at first rescuer arrival. In the 15 patients with
an unwitnessed cardiac arrest, none of the 8 patients who
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received extracorporeal membrane oxygenation (ECMO)
survived. On the other hand, in patients who later suffered
cardiac arrest after first rescuer arrival, 9 of 15 patients
who underwent ECMO survived (this includes 7 of 13
rescue collapse patients who survived after ECMO). This
indicates accidental hypothermia patients with witnessed
cardiac arrest may have better survival.’

ACLS Technique — Defibrillation

Current Guidelines

Arrhythmias are common due to the low core temperatures
in severe hypothermia. Sinus bradycardia may be initially
present; however, conversion to atrial fibrillation then ven-
tricular fibrillation and asystole may occur.* There is con-
troversy surrounding defibrillation attempts in hypothermia
patients with ventricular tachycardia (VT) or ventricular
fibrillation (VF) present. The European Resuscitation
Council recommends defibrillation according to standard
protocols; if ventricular fibrillation persists after three
attempts, delay further defibrillation attempts until the
core temperature is greater than 30°C.* The AHA guide-
lines recommend defibrillation when VT or VF is present
and to consider further defibrillation attempts according to
the Basic Life Support (BLS) algorithm with rewarming
strategies.” In contrast with the ERC, AHA guidelines state
the value of delaying defibrillation attempts until a target
temperature is uncertain.” The AHA guideline recommen-
dations are based on a low level of evidence.® Overall, the
temperature at which defibrillation should first be attempted
and number of defibrillation attempts in severely hypother-
mic human patients have also not been firmly established.

Controversy

It is traditionally believed hypothermic hearts are unre-
sponsive to defibrillation attempts. Human case series have
revealed refractory ventricular arrhythmias, but successful
defibrillation attempts and spontaneous conversions have
also been described in core temperatures between 24°C
and 29°C."°> Hypothermia alters cardiac ion channel func-
tion which may impair defibrillation; however, animal
models have demonstrated better success with defibrilla-
tion in hypothermic animals versus normothermic
animals.'®!” In these animal studies, resuscitation efforts
were initiated less than 10 minutes of induced ventricular
fibrillation. Therefore, these animal studies closely mirror
rescue collapse rather an unwitnessed cardiac arrest in
hypothermia situations. Our patient arrested during trans-

port from the ambulance to our ED with very short down

time prior to CPR and received numerous unsuccessful
defibrillations during resuscitation. Finally, our patient
spontaneously converted 108 minutes after CPR initiation
with a core temperature of 23.8°C (74.8°F).

Medications

Similar to defibrillation attempts, the use of vasopressors
and other medications are also unclear. It has been pro-
posed the metabolism of these medications may be
impaired and could accumulate to toxic levels in hypother-
mic patients.* Previously, guidelines recommended admin-
istering vasoactive medications only when a patient’s
temperature is >30°C.

In animal studies, vasoactive drug administration
appear to be associated with increased rates of return of
spontaneous circulation (ROSC)."®

Guidelines have approached recommendations following
these animal studies differently. Currently, AHA considers
the administration of vasoactive medications to be reasonable
according to the ACLS algorithm. On the other hand, ERC
recommends withholding all drugs until a core temperature
of 30°C. In addition, ERC recommends the dosing interval of
medications be doubled when the patient’s temperature is
30-34.9°C.* For our patient, medications were administered
according to the ACLS algorithm.

Overview of Patient Treatment

The first cornerstone of treating a patient suffering from
hypothermia is rewarming. In our patient, we used
a combination of passive external warming techniques
(removing wet clothing), active external rewarming tech-
niques (forced warm air), and active internal (core)
rewarming techniques (warmed crystalloid irrigation of
body cavities and administration via IV and 10 routes).
The ERC guidelines recommend contacting the hospital in
advance and arranging transport to an extracorporeal blood
rewarming-capable center. Extracorporeal blood rewarm-
ing is not commonly used for this purpose at our facility as
accidental hypothermia cases are uncommon in our typi-
cally subtropical climate. Despite the lack of extracorpor-
eal blood rewarming, our patient was successfully
resuscitated using a combination of other rewarming
techniques.

Another cornerstone of treatment in a patient with
hypothermia is preventing rescue collapse. Our case
patient went into ventricular fibrillation while transferring
the patient from the ambulance bay to the hospital. The

combination of the patient’s altered mental status,
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agitation, and combativeness further increased the chance
of rescue collapse. The risk of rescue collapse may have
been decreased with more careful handling of the patient.

Once a patient enters cardiac arrest, the optimal treatment
with defibrillation remains unclear. After our patient went
into ventricular fibrillation (VF), we initiated standard AHA
ACLS protocol with external/internal rewarming. There are
concerns the hypothermic heart may be unresponsive to
defibrillation. In our patient, defibrillation was attempted 13
times and all defibrillation attempts were unsuccessful.
Fortunately, the patient’s VF spontaneously converted to
sinus bradycardia after 108 minutes of CPR with a core
temperature of 23.8°C (74.8°F). Small studies have indicated
good success with defibrillation in situations closely mirror-
ing rescue collapse. The conversion to sinus rhythm despite
a core temperature <30°C may be because this patient suf-
fered rescue collapse with short down time to CPR (ie, not an
unwitnessed cardiac arrest). However, the many defibrilla-
tion attempts did not affect the patient’s outcome.

In addition to unclear outcomes with defibrillation, there
are concerns with vasoactive drug administration in
hypothermic patients. In our patient, epinephrine (IV
pushes and high-dose infusion approximating 1 mg every
3—5 minutes) and antiarrhythmic medications (amiodarone
and lidocaine) were administered. In total, our patient
received 28 mg of epinephrine during cardiac arrest.
Furthermore, he was still hypothermic after ROSC and
continued to require vasopressor support. Despite theoreti-
cal concerns of toxicity when administering vasoactive
drugs during hypothermia, our patient suffered no such
toxicity. Overall, our patient was discharged 15 days later
neurologically intact with no organ damage.

Implications for Practice, Education, and

Research

Institutions in warm climates, such as our facility, may not
have much experience in treating accidental hypothermia
cardiac arrest patients. Key points for personnel training
include:

1. Rewarming the hypothermic patient is crucial; how-
ever, successful rewarming may take hours. While
hypothermia patients may appear clinically dead,
life-saving measures should be continued until the
patient is successfully rewarmed unless injuries
incompatible with life are present. Remember the
mantra, “no one is dead until warm and dead”.

2. If possible, first responders should discuss possible
need for extracorporeal blood rewarming with institu-
tions prior to hospital arrival. Emergency medical
services responders may require training in treating
and identifying the severely hypothermic patients, pre-
venting rescue collapse, and transporting such patients
to designated institutions offering extracorporeal
blood rewarming capabilities, similar to transporting
trauma patients to a designated trauma center.

3. Even if extracorporeal blood rewarming is unavail-
able, patients can recover completely intact with
a combination of other rewarming techniques.

4. Preventing rescue collapse is an essential aspect of
hypothermia treatment. All measures should be
taken to avoid rough handling of the patient.
Further studies are needed on sedating the severely
hypothermic patients to prevent rescue collapse. It
would be prudent to avoid agents with a risk of
causing cardiac arrhythmias like antipsychotics.

5. Severe hypothermia patients with witnessed cardiac
arrest, rescue collapse, or short down time prior to
CPR may have a higher chance of full recovery.

6. The evidence concerning the use of vasoactive
drugs and defibrillation during cardiac arrest in
hypothermia is inconclusive and based on low-
quality literature. This has led to different recom-
mendations from AHA and ERC for administration
of wvasoactive drugs, number of shocks to be
attempted, and ideal temperature for administering
vasoactive drugs and defibrillation.

Conclusion

Successful resuscitation of severe accidental hypothermia
with full recovery has been reported in the literature. In
our case, the patient received non-ECMO rewarming tech-
niques, numerous defibrillation attempts, and a large quan-
tity of ACLS medications. He was discharged from our
hospital 15 days later neurologically intact.

In patients with severe accidental hypothermia and car-
diac arrest, patients should be completely rewarmed.
Extracorporeal blood rewarming techniques are recom-
mended, but not always readily available. Even if extracor-
poreal methods are unavailable, severely hypothermic
patients can still have complete recovery. Evaluation of
both AHA and ERC guidelines on accidental hypothermia
are essential to all healthcare providers — even in subtropical
climates. In addition, more literature is needed to clarify
recommendations surrounding the use of vasoactive drugs,
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optimal temperature for defibrillation, and number of shocks

to be attempted during treatment of cardiac arrest in severely

hypothermic patients.

Consent
We have not had any success in locating the patient to

obtain informed consent for publication of the case details;

however, every effort has been made to sufficiently anon-

ymize the details. Institutional review board approval was

not required to publish the case details.
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