TREATMENT	

Hypothermia

When a patient is hypothermic, target organs and the cardiovascular system respond minimally to most medications. Generally, IV
medications are withheld below 30°C (86°F). In contrast to antiarrhythmics, low-dose vasopressor medications may improve the
intra-arrest rates of return of spontaneous circulation. Because of
increased binding of drugs to proteins as well as impaired metabolism and excretion, either a lower dose or a longer interval between
doses should be used to avoid toxicity. As an example, the administration of repeated doses of digoxin or insulin would be ineffective
while the patient is hypothermic, and the residual drugs would be
potentially toxic during rewarming.
Achieving a mean arterial pressure of at least 60 mmHg should be
an early objective. If the hypotension does not respond to crystalloid/
colloid infusion and rewarming, low-dose dopamine support (2–5 μg/
kg per min) should be considered. Perfusion of the vasoconstricted
cardiovascular system also may be improved with low-dose IV nitroglycerin.
Atrial arrhythmias should be monitored initially without intervention, as the ventricular response should be slow and, unless preexistent, most will convert spontaneously during rewarming. The role of

Table 478e-3 Options for Extracorporeal Blood Rewarming
Extracorporeal
Rewarming Technique Considerations
Continuous venovenous Circuit: CV catheter to CV, dual-lumen CV, or
(CVV) rewarming
peripheral catheter
No oxygenator/circulatory support
Flow rates 150–400 mL/min
ROR 2°–3°C (36°–37°F)/h
Hemodialysis
Circuit: single- or dual-vessel cannulation
Stabilizes electrolyte or toxicologic abnormalities
Exchange cycle volumes 200–500 mL/min
ROR 2°–3°C (36°–37°F)/h
Continuous arterioveCircuit: percutaneous 8.5-Fr femoral catheters
nous rewarming (CAVR)
Requires systolic blood pressure of 60 mmHg
No perfusionist/pump/anticoagulation
Flow rates 225–375 mL/min
ROR 3°–4°C (37°–39°F)/h
Cardiopulmonary
Circuit: full circulatory support with pump and
bypass (CPB)
oxygenator
Perfusate-temperature gradient (5°–10°C [41°–
50°F])
Flow rates 2–7 L/min (average 3–4 L/min)
ROR up to 9.5°C (49°F)/h
Extracorporeal
Decreased risk of post-rewarming cardiorespiratory
membrane oxygenation failure
(ECMO)
Abbreviations: CV, central venous; ROR, rate of rewarming.

prophylaxis and treatment of ventricular arrhythmias is problematic.
Preexisting ventricular ectopy may be suppressed by hypothermia
and reappear during rewarming. None of the class I agents has
proved to be safe and efficacious. There is also insufficient evidence
that the class III ventricular antiarrhythmic amiodarone is safe.
Initiating empirical therapy for adrenal insufficiency usually is
not warranted unless the history suggests steroid dependence or
hypoadrenalism or efforts to rewarm with standard therapy fail. The
administration of parenteral levothyroxine to euthyroid patients
with hypothermia, however, is potentially hazardous. Because laboratory results can be delayed and confounded by the presence of
the sick euthyroid syndrome (Chap. 405), historic clues or physical
findings suggestive of hypothyroidism should be sought. When
myxedema is the cause of hypothermia, the relaxation phase of the
Achilles reflex is prolonged more than is the contraction phase.
Hypothermia obscures most of the symptoms and signs of infection, notably fever and leukocytosis. Shaking rigors from infection
may be mistaken for shivering. Except in mild cases, extensive
cultures and repeated physical examinations are essential. Unless
an infectious source is identified, empirical antibiotic prophylaxis is
most warranted in the elderly, neonates, and immunocompromised
patients.
Preventive measures should be discussed with high-risk individuals, such as the elderly and people whose work frequently exposes
them to extreme cold. The importance of layered clothing and
headgear, adequate shelter, increased caloric intake, and the avoidance of ethanol should be emphasized, along with access to rescue
services.

FROSTBITE
Peripheral cold injuries include both freezing and nonfreezing injuries
to tissue. Tissue freezes quickly when in contact with thermal conductors such as metal and volatile solutions. Other predisposing factors
include constrictive clothing or boots, immobility, and vasoconstrictive medications. Frostbite occurs when the tissue temperature drops
below 0°C (32°F). Ice-crystal formation subsequently distorts and
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response characterized by a continual decline in the core temperature
after removal of the patient from the cold. Truncal heat application
reduces the risk of afterdrop.
Active rewarming is necessary under the following circumstances:
core temperature <32°C (<90°F) (poikilothermia), cardiovascular
instability, age extremes, CNS dysfunction, hormone insufficiency,
and suspicion of secondary hypothermia. Active external rewarming
is best accomplished with forced-air heating blankets. Other options
include devices that circulate water through external heat exchange
pads, radiant heat sources, and hot packs. Monitoring a patient with
hypothermia in a heated tub is extremely difficult. Electric blankets
should be avoided because vasoconstricted skin is easily burned.
There are numerous widely available options for active core rewarming. Airway rewarming with heated humidified oxygen (40°–45°C
[104°–113°F]) via mask or endotracheal tube is a convenient option.
Although airway rewarming provides less heat than do some other
forms of active core rewarming, it eliminates respiratory heat loss and
adds 1°–2°C (1.1°–4.4°F) to the overall rewarming rate. Crystalloids
should be heated to 40°–42°C (104°–108°F), but the quantity of heat
provided is significant only during massive volume resuscitation. The
most efficient method for heating and delivering fluid or blood is
with a countercurrent in-line heat exchanger. Heated irrigation of the
gastrointestinal tract or bladder transfers minimal heat because of the
limited available surface area. These methods should be reserved for
patients in cardiac arrest and then used in combination with all available active rewarming techniques.
Closed thoracic lavage is far more efficient in severely hypothermic
patients with cardiac arrest. The hemithoraxes are irrigated through two
inserted large-bore thoracostomy tubes. Thoracostomy tubes should
not be placed in the left chest of a spontaneously perfusing patient for
purposes of rewarming. Peritoneal lavage with the dialysate at 40°–45°C
(104°–113°F) efficiently transfers heat when delivered through two
catheters with outflow suction. Like peritoneal dialysis, standard hemodialysis is especially useful for patients with electrolyte abnormalities,
rhabdomyolysis, or toxin ingestion. Another option involves the central
venous insertion of a rapid endovascular warming device.
Extracorporeal blood rewarming options (Table 478e-3) should
be considered in severely hypothermic patients, especially those with
primary accidental hypothermia. Cardiopulmonary bypass should be
considered in nonperfusing patients without documented contraindications to resuscitation. Circulatory support may be the only effective
option in patients with completely frozen extremities or those with
significant tissue destruction coupled with rhabdomyolysis. There is
no evidence that extremely rapid rewarming improves survival in perfusing patients. The best strategy is usually a combination of passive,
truncal active, and active core rewarming techniques.

