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Back from the dead: extracorporeal rewarming of
severe accidental hypothermia victims in accident
and emergency

A J Ireland, V L Pathi, R Crawford, I W Colquhoun

Abstract
Severe accidental hypothermia in an
urban environment is usually associated
with drug or alcohol abuse or serious
illness in elderly or debilitated patients. In
the presence of cardiovascular instability,
extracorporeal rewarming by cardiopul-
monary bypass is the gold standard of
treatment of such patients. Three cases of
profound hypothermia with circulatory
collapse are presented. Each was success-
fully resuscitated to a full neurological
recovery using this method in an accident
and emergency (A&E) department, al-
though one died later of respiratory com-
plications. All three cases had a serum
potassium in the normal range at the start
of treatment. Where facilities exist, extra-
corporeal rewarming can be performed in
A&E for patients with profound hypother-
mia and circulatory collapse. Cardiopul-
monary resuscitation must be continued
throughout the rewarming process.
(fAccid Emerg Med 1997;14:255-257)
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Severe hypothermia, defined as a core tem-
perature below 28°C, is usually associated with
cardiovascular instability and carries a grave

prognosis if not recognised and treated ad-
equately. We present three such cases initially
assumed to have a hopeless outlook, who were

successfully resuscitated and rewarmed using
extracorporeal femoro-femoral cardiopulmo-
nary bypass in an A&E department.

Case 1

A 53 year old chronic alcoholic female was

found by her husband at 09.00 hours lying in a

wet bed at home. She was unresponsive, cold
and blue. He had last seen her at around 23.00
hours the previous evening, intoxicated. On
arrival in A&E she was in cardiorespiratory
arrest in asystole with fixed dilated pupils and a

rectal temperature of 22°C. Cardiopulmonary
resuscitation (CPR) was started with mechani-
cal external compressions using a "Thumper"
cardiopulmonary resuscitator system (model
1005; Michigan Instruments, Grand Rapids,
Michigan, USA) which delivers a fixed rate of
80 compressions per minute and ventilation
with 100% oxygen, in this case through an

endotracheal tube. Initial biochemistry showed
that her urea and electrolytes were all in the
normal range, with a potassium of 4.1 mmol/l.

Through a femoral cutdown, cardiopulmonary
bypass was instituted in the resuscitation room.
CPR at a reduced amplitude was maintained
throughout to prevent cardiac distension.
Rewarming was begun at a flow dictated by the
venous drainage to the cardiopulmonary by-
pass circuit, and oxygenation was provided
through the extracorporeal membrane oxy-
genator, adjusted according to regular blood
gas analysis. At 33°C blood temperature,
cardiac activity in the form of a nodal
bradycardia was seen and cardiac compres-
sions stopped as ejection was evident. A trans-
venous pacing lead was inserted and when a
core temperature of 37.5°C was reached
bypass was discontinued on a moderate dose of
adrenaline. The patient was transferred to the
intensive care unit, where the adrenaline was
weaned and she was extubated on day 3. Apart
from a chest infection which responded to
antibiotics, she made a complete neurological
recovery and was discharged home after 14
days.

Case 2
A 48 year old known alcoholic man was found
having apparently lain all night in a car park on
a cold and snowy night, and brought to
accident and emergency by ambulance at
10.00 hours. On arrival he had a barely palpa-
ble pulse, though spontaneous respirations
were noted with evidence of aspiration of
gastric contents. His eyes were open but he was
otherwise unresponsive. His rectal temperature
was 24.3°C. His potassium was measured at
4.2 mmol/l, and the other electrolytes were also
in the normal range. Moments after his arrival
he developed ventricular fibrillation (VF) from
which he was successfully defibrillated at 200
joules. He then developed asystole followed by
several further VF arrests which responded to
defibrillating shocks, initially at 200 joules and
subsequently at 360 joules. He was intubated
without sedation but maintained spontaneous
ventilation through a T piece. A stable cardiac
rhythm could not be maintained despite
intravenous lignocaine and minimal external
stimulation. A decision was made to actively
rewarm him using cardiopulmonary bypass in
the resuscitation room. Under light sedation
with 2 mg midazolam and local anaesthesia,
femoro-femoral cannulation was performed
and rewarming was begun at 26.2°C. A core
temperature of 35°C was achieved after 80
minutes, when atrial fibrillation developed.
Two 50 joule synchronised shocks were given,
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restoring a stable sinus rhythm at a rate of 120
per minute. Bypass was discontinued after 135
minutes at a core temperature of 37.5°C. The
patient was transferred to the intensive care
unit where he was extubated on the following
day, having regained consciousness. He was
noted to be alert and orientated and required
only a low dose adrenaline infusion to maintain
normal cardiovascular status. Two days after
admission his condition began to deteriorate and
he developed adult respiratory distress syn-
drome. Thereafter he slowly deteriorated despite
reventilation and died 16 days after admission.

Case 3
A 53 year old male insulin dependent diabetic
was found unresponsive at home by a relative,
after he had not been seen for two days. He was
given intramuscular glucagon by ambulance
staff and admitted to A&E at 09.30 hours. On
arrival he had a rectal temperature of 260C,
poor respiratory effort, a pulse rate of 86 per
minute, and a blood pressure of 170/140 mm
Hg; however, there was no eye opening or ver-
bal response and he had a flexion withdrawal
response to pain. Despite high flow oxygen and
warmed intravenous fluids, his condition rap-
idly deteriorated until his blood pressure
became unrecordable and he developed brady-
cardia and anuria. Laboratory analyses showed
haemoconcentration, acute renal failure (urea
49.7 mmol/l, creatinine 525 ,umol/l), and
hyperglycaemia (glucose 62.5 mmol/l). His
potassium was slightly raised at 5.2 mmol/l. A
diagnosis of hyperosmolar non-ketotic diabetic
coma was made.

In view of his severe hypothermia, anaesthe-
sia was induced with intravenous etomidate
and suxamethonium followed by endotracheal
intubation. Cardiopulmonary bypass was insti-
tuted in the resuscitation room through a
femoro-femoral cutdown and anaesthesia was
maintained using small doses of intravenous
propofol and alfentanil. Extracorporeal re-
warming to a blood temperature of 37.50C was
achieved after 90 minutes and the patient
transferred to intensive care on a low dose
adrenaline infusion. His blood glucose was not
formally retested after rewarming, but bedside
capillary blood analysis on arrival to the inten-
sive care unit confirmed continuing hypergly-
caemia of more than 44 mmol/l and he was
begun on a sliding scale insulin infusion with
simultaneous rehydration. He was extubated
the following day and transferred to a medical
ward. He made a full recovery with his
neurological status preserved intact and was
discharged home after 10 days with normal
renal function and resumption of his subcuta-
neous insulin regimen.

Discussion
In all three cases cardiopulmonary bypass was
performed with full heparinisation at 300 U/kg
and was readily established using femoral
artery Bardic (C R Bard, Murray Hill, New
Jersey, USA) 16-1 8F arterial cannulas and
venous 24-28F intercostal drains, with the tip
lying at the atrio-caval junction. Cobe CML
membrane oxygenators (Cobe Cardiovascular,

Arvada, Colorado, USA) with 40 micrometer
arterial line filters were used with a heater-
cooler unit. Adequate flow was achieved to
allow rewarming without compromising tissue
perfusion. During circulatory arrest, CPR was
performed and sinus rhythm was regained at
33-35°C. Before restoration of a spontaneous
output, an arterial pressure of 50-70 mm Hg is
generated on bypass by the extracorporeal
pump and it is essential that, in the absence of
cardiac activity, the heart is regularly emptied
by external chest compressions to prevent ven-
tricular distension and pulmonary oedema.
The neurological status of all three patients

was normal on gross testing following extuba-
tion, although no pre-arrest comparison could
be made. The second patient died of adult res-
piratory distress syndrome and sepsis on day
16, presumably secondary to aspiration during
the initial event. During this patient's initial
resuscitation he was successfully defibrillated
several times at a confirmed core temperature
of less than 28°C. Conventional teaching
suggests that this is very unlikely to be success-
ful, but our experience in this case showed that
it was indeed possible to convert ventricular
fibrillation to a sinus rhythm; however, a stable
rhythm could not be maintained and the
smallest stimulation precipitated further ven-
tricular fibrillation. We suggest that at this
temperature efforts should be directed towards
rewarming and maintaining an adequate circu-
lation for the body's metabolic demands rather
than continued attempts at defibrillation.
Although extracorporeal rewarming is rec-

ognised as the treatment of choice for severe
hypothermial there are few published reports
describing its use in an emergency depart-
ment.2 3As in a similar case previously reported
from this unit,4 when prolonged CPR is
required in addition to extracorporeal rewarm-
ing, the use of a mechanical cardiac compres-
sion device such as a "Thumper" proves
invaluable and is to be recommended. Percuta-
neous bypass cannulas are also available and,
provided the femoral pulse can be located, would
shorten the time to institution of bypass. If
systemic heparinisation is contraindicated, as in
hypothermia associated with multiple trauma or
intracranial haematoma, heparin bonded bypass
circuits have been successfully used.5
Though exposure to cold is a common cause

of death in the inner cities of the Western
world, the true prevalence of reversible acci-
dental hypothermia remains unknown. In the
younger population this condition is associated
with drug and alcohol abuse, whereas in the
elderly it reflects poor socioeconomic support
and underlying debilitating illness.6 In moun-
tain accidents this form of exposure is associ-
ated with skeletal and asphyxiating trauma,
which makes full functional recovery unlikely'7
but, if hypothermia is the primary insult,
recovery should be expected in a higher
percentage of patients. The prognosis for this
acute physiological insult remains poor, mainly
because of our poor understanding of the
pathological process. Thus interventions which
may improve the chances of survival are not
performed and rewarming attempted without

256

 on M
ay 17, 2023 by guest. P

rotected by copyright.
http://em

j.bm
j.com

/
J A

ccid E
m

erg M
ed: first published as 10.1136/em

j.14.4.255 on 1 July 1997. D
ow

nloaded from
 

http://emj.bmj.com/


Short reports 257

attention to maintenance of the circulation.
This may increase metabolic requirements
without improving tissue perfusion, thereby
causing severe damage to vital organs and
making survival unlikely. There is controversy
about whether CPR should be instituted out of
hospital where the priority should be to trans-
port the patient to an advanced life support
facility as rapidly as possible-the protective
effect of hypothermia probably justifying the
minimal use of CPR during this phase. It is
clear that once in hospital, where active
rewarming is being started in the absence of a
monitored perfusing rhythm, CPR should be
instituted and continued during cardiopulmo-
nary bypass to prevent cardiac distension until
cardiac ejection occurs.

It has previously been observed that hyper-
kalaemia (> 10 mmol/l) in the presence of pro-
found hypothermia is associated with an
adverse outcome8and it may be significant that
all three of these cases presented with potas-
sium levels in the normal range. The common
adage that "you are not dead until you are
warm and dead" could possibly therefore be
qualified thus: "...unless your potassium is
greater than 10 mmol/l".
We conclude that extracorporeal rewarming

is extremely effective in accidental hypother-
mia with circulatory collapse in the absence of
hyperkalaemia. It can be rapidly instituted in
A&E using femoro-femoral bypass where

facilities are available. The protective effect of
the hypothermia should, however, be main-
tained until extracorporeal circulation can be
established, even if this requires transfer to
specialist centres. It is essential to maintain
CPR (ideally with a mechanical device) until
bypass can be instituted, rather than attempt-
ing other forms of rewarming which may
increase metabolic needs without improving
the circulation.

1 Vretanar DF, Urschel JD, Parrott JCW, Unruh HW. Cardi-
opulmonary bypass resuscitation for accidental hypother-
mia. Ann Thorac Surg 1994;58:895-8.

2 Hill JG, Bruhn PS, Cohen SE, Gallagher MW, Manart F,
Moore CA, et al. Emergent applications of cardiopulmo-
nary support: a multi-institutional experience. Ann Thorac
Surg 1992;54:699-704.

3 Phillips SJ, Zeff RH, Kongtahworn C, Skinner JR, Toon RS,
Grignon A, et al. Percutaneous cardiopulmonary bypass:
application and indication for use. Ann Thorac Surg 1989;
47:121-3.

4 Jones AI, Swann IJ. Prolonged resuscitation in accidental
hypothermia: use of mechanical cardiopulmonary resusci-
tation and partial cardiopulmonary bypass. Eur J Emerg
Med 1994;1:34-6.

5 von Segesser LK, Weiss BM, Garcia E, von Felten A, Turina
MI. Reduction and elimination of systemic heparinisation
during cardiopulmonary bypass. J Thorac Cardiovasc Surg
1992;103:790-9.

6 Hislop U, Wyatt JP, McNaughton GW, Ireland AJ, Rainer
TH, Olverman G, et al. Urban hypothermia in the west of
Scotland. BMJ 1995;311:725.

7 Walpoth BH, Locker T, Leupi F, Schupbach P, Muhlemann
W, Althaus U. Accidental deep hypothermia with cardiop-
ulmonary arrest: extracorporeal blood rewarming in 11
patients. Eur J Cardiothorac Surg 1990;4:390-3.

8 Hauty MG, Esrig BC, Hill JG, Long WB. Prognostic factors
in severe accidental hypothermia: experience from the Mt
Hood tragedy. J Trauma 1987;27:1107-12.

Trauma Care (UK) 1st Biennial Conference

"Total Trauma Care"

Harrogate International Centre
25-27 November 1997

This conference and future conferences will promote integration of trauma care by
establishing "Total Trauma Care". The conference will provide access to relevant
advances and current thinking in all aspects of trauma. Trauma care professionals are
all aware of the advances being made in their respective areas of involvement with the
trauma victim and the conference will recognise those parts of the chain of care
which, often repeatedly, break down. The conference will allow both local and
national professional groups to work together on an equal basis, through a common
doctrine, to a single goal. Professionals attending the conference can then understand
the whole chain of care concept, with a view to reducing morbidity and mortality
associated with trauma.

Details available from Total Trauma Care, c/o Conference Secretariat, Index Communica-
tions Meeting Services, Crown House, 28 Winchester Road, Romsey, Hampshire SO51
8AA. Tel: 01794 511331/511332; fax: 01794 511455.
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