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Chapter

Techniques to Reduce the
Magnitude and Duration of
Redistribution Hypothermia in
Adults
Jonathan V. Roth

Abstract
While much effort has been devoted to correcting intraoperative hypothermia
and documenting the adverse outcomes associated with hypothermia, less attention has been directed to preventing redistribution hypothermia in the first place.
Methods currently exist that can reduce the magnitude of redistribution hypothermia, but are not widely practiced. This chapter focuses on the pathophysiology of redistribution hypothermia and the currently available methods that can
be employed to reduce redistribution hypothermia. Additional promising, but
currently unproven, methods are discussed. Since hypothermia causes adverse
outcomes, it is anticipated that the reduction in redistribution hypothermia will
improve patient outcome.
Keywords: redistribution hypothermia, hypothermia, perioperative hypothermia,
intraoperative hypothermia, inhalation induction, anesthesia induction

1. Background
Hypothermia has multiple adverse consequences and should be avoided (Table 1)
[1, 2]. The Anesthesia Patient Safety Foundation has recently reaffirmed that even mild
hypothermia is associated with an increase in complications [3]. In studies assessing
whether patients were hypothermic, typically the end-of-case temperature has been
used for this determination and its association with complications. With the exception
of one study where there was increased blood loss at 36.5°C [4], an increase in complications occurs when the end-of-case temperature is <36.0°C. However, there is increasing
recognition that intraoperative temperature matters. The American College of Surgeons
consider intraoperative hypothermia to be a modifiable risk factor for surgical site
infections; they recommend the maintenance of intraoperative normothermia and the
use of prewarming [5]. The 2017 Centers for Disease Control and Prevention (CDC)
guidelines recommend maintenance of perioperative normothermia [6].
While much effort has been devoted to documenting adverse outcomes
and correcting intraoperative hypothermia, relatively little attention has been
directed to preventing intraoperative hypothermia in the first place. “Despite
Active Warming, Hypothermia Is Routine in the First Hour of Anesthesia”
was written on the cover of the February 2015 issue of Anesthesiology. In a
1
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• Morbid cardiac events (ischemia, infarctions, arrhythmias, sympathetic activation)
• Surgical wound infection
• Coagulopathy, increased blood loss, increased transfusion requirements
• Patient discomfort, postoperative shivering
• More likely to require postoperative ventilation
• Adverse respiratory events in PACU
• Delayed wake-up
• Prolonged PACU stays
• Increased hospital length of stay
• Negative nitrogen balance
• Delayed wound healing
• Increased financial cost of care of hypothermia complications
• Failure to meet MACRA standard

Table 1.
Complications of hypothermia.

retrospective review, Sun et al. found 64% of 58,814 adult patients had a temperature measurement under 36.0°C after 45 min [7]. Some hypothermia complications occur intraoperatively (e.g., coagulopathy and increased transfusion
requirements), some postoperatively (e.g., shivering and delayed emergence)
and some likely both (e.g., infection risk). The contribution of intraoperative
hypothermia to postoperative complications may often be unrecognized. For
example, patients may have decreased immunologic defense against infection at
the time of incision, that is, during the vulnerable period when infections can
become established. It is plausible that, if redistribution hypothermia can be
reduced, one may be able to reduce the intraoperative and postoperative complications associated with hypothermia, particularly in situations where patients
are at increased risk of developing a greater degree of hypothermia or may have
increased risk of hypothermia-associated complications (Table 2). End-of-case
hypothermia implies intraoperative hypothermia. End-of-case normothermia
does not imply intraoperative normothermia. A patient may have been hypothermic intraoperatively, having suffered the consequences of intraoperative
hypothermia, achieving normothermia only at the end of the case.
The body contains three thermal zones: the core (abdomen, thorax, and brain),
the periphery (the extremities), and the skin. At rest, the core temperature is 37.0°C
(36.5–37.5°C) and the periphery is 2–4°C cooler. The skin temperature can approach
ambient temperature. At rest, most of the basal heat production occurs in the core.
Heat travels from the core to the periphery to the skin and out to the environment.
In the steady state, the rate of heat loss equals the rate of heat production, and the
heat content of the body remains the same. Since temperature is just a measurement
that reflects heat content, the temperature remains the same. The body normally
maintains core temperature within a narrow range. Within limits, the periphery
can act as a temperature buffer as it can add or lose heat, changing its temperature,
while keeping the core temperature within a narrow range. The core temperature is
the temperature that is physiologically most important [8].
There are behavioral (e.g., seeking an environment of a different temperature
and changing clothing) and physiologic defenses to thermal challenges. Under
anesthesia only the physiologic defenses are available. As one becomes too warm,
the first physiologic defense is to vasodilate. If the temperature increases further,
2
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Risk posed by postoperative hyperdynamic/tachycardic response to hypothermia
Coronary artery disease
Stenotic valvular heart disease
Dynamic obstructive cardiomyopathies
Increased risk or consequence of infection
Immunocompromised
Colon surgery
Foreign body placement (e.g., artificial joints)
Potential for large blood loss increased by hypothermia- induced coagulopathy
Spine surgery
Liver surgery
Prostate resection
Large exposure of tissues that have a propensity to bleed
Hypercarbia exacerbating hypothermia-induced coagulopathy
Increased risk of hypothermia due to patient characteristics
Elderly
Frail
Inability or delay in warming patient or environment
Lateral or prone positioning
Other prolonged positioning
Robotic surgery
Axillary-bifemoral artery bypass
Large surface area burn
Remote location with inability to adjust ambient temperature
Warming devices not available
Risk from hypothermia- induced vasoconstriction
Vascular surgery
Raynaud’s disease or syndrome
Free flap with arterial vascular anastomosis

Table 2.
Examples of situations where patients are at increased risk of developing a greater degree of hypothermia or
may have increased risk of hypothermia-associated complications.

the patient perspires. As one cools, the first defense is to vasoconstrict. If the
temperature decreases further, the patient shivers [9]. These physiologic defenses
are impaired during anesthesia.
There is a large vascular supply to the periphery and skin, but at rest these vessels are relatively vasoconstricted and there is relatively little blood flow. The blood
flow to the periphery and skin can increase if these blood vessels vasodilate because
of the administration of a vasodilator (or there is an increased metabolic need such
as what occurs during physical activity). If pharmacologic-induced vasodilation
occurs, the increased blood flow to the periphery transfers more heat from the
core to the periphery and skin. As a result, the core’s temperature decreases while
that of the periphery will increase. This process is called redistribution hypothermia. Since heat only travels from higher to lower temperature (second law of
3
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thermodynamics), the heat in the periphery cannot be transferred back to the core.
However, warming the periphery decreases the temperature gradient between the
core and periphery. A smaller temperature gradient reduces the rate of heat transfer
from the core [10]. Thus, more of the heat produced in the core will remain in the
core, thus contributing to increasing the core temperature or decreasing the rate of
core temperature decrease. If the periphery is warmed to a temperature greater than
the core, heat can be transferred from the periphery to the core.
Propofol administration causes vasodilation and thus redistribution hypothermia. Propofol inductions typically result in a decrease in core temperature of
about 1.5°C [11–13]. While there is also heat loss to the environment (via conduction, convection, radiation, evaporation, and airway losses), redistribution
hypothermia is the major reason for the core temperature decrease in the first
15–60 min of an anesthetic. Although not specified in Sun’s results, because propofol is the most common method of anesthetic induction in developed nations,
it is likely most of these patients were induced with intravenous propofol and can
explain the 64% incidence hypothermia (core temperature < 36.0°C) found in
his review [7].
With this understanding, the following physiologic strategies have been studied
to reduce redistribution hypothermia: (1) reduce the increased blood flow to the
periphery and skin, (2) prewarm the periphery and skin, (3) increase metabolic
activity, and (4) warm the environment. This chapter will discuss actual and
potential methods available to reduce the magnitude and duration of redistribution
hypothermia in adults.

2. Studied methods to reduce redistribution hypothermia
2.1 Reducing the increased blood flow to the periphery and skin
2.1.1 Etomidate
Compared to propofol, etomidate inductions result in a lesser initial temperature
drop (1.4 vs. 0.5°C) [12]. Because of the adrenal axis suppression resulting from
etomidate [14], the author does not recommend using etomidate just for thermal
stability. However, if etomidate is used for other indications, one would expect a
thermal benefit.
2.1.2 Ketamine
Compared to propofol, ketamine inductions result in a lesser initial temperature
drop (1.5 vs. 0.9°C) [13]. Because of the risk of emergence reactions and hallucinations from an anesthetic dose of ketamine [15], the author does not recommend
using ketamine just for thermal stability. However, if an anesthetic dose of ketamine is used for other indications, one would expect a thermal benefit.
2.1.3 Phenylephrine infusion
Ikeda et al. have demonstrated that a phenylephrine infusion of 0.5 mcg/kg/
min starting immediately before induction with 2.5 mg/kg propofol results in an
initial lower temperature decrease compared to propofol after the first hour (1.2 vs.
0.5°C decrease after 1 h) [16]. Presumably the vasoconstriction from phenylephrine
opposes the vasodilation resulting from propofol administration. In addition, the
patients who received the phenylephrine infusion maintained a higher mean arterial
4
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blood pressure (83 ± 9 vs. 72 ± 8 mm Hg, mean ± SD). (It seems plausible that any
technique discussed in this section that reduces vasodilation has the potential to
accrue an additional benefit of reducing induction-associated hypotension. This
hypothesis requires investigation.)
2.1.4 Phenylephrine bolus
A 160 mcg bolus of phenylephrine immediately prior to 2.2 mg/kg propofol
reduces the mean decrease in core temperature by about 0.43°C in the first hour than
those who did not receive the phenylephrine bolus [17, 18]. While redistribution
hypothermia can continue for up to 3 h, a large part of the temperature decrease
occurs within the first 15 min. The vasoconstricting effect of a bolus of phenylephrine lasts sufficiently long to oppose much of the maximal vasodilation resulting
from propofol induction. While most patients decrease their blood pressure after
propofol administration, the bolus phenylephrine reduced the incidence of propofolinduced hypotension from 98 to 58% [17, 18]. While generally effective, the 160 mcg
dose was used on all patients in this study but may not be optimal. Some patients
still became hypotensive (systolic BP < 85 mm Hg), and 1 patient in this group of
50 patients increased the systolic blood pressure to >180 mm Hg [17, 18]. It remains
to be determined if a weight-based dose could be found that further reduces the
incidence of hypotension, avoids dangerous hypertension, and still maintains the
thermal benefit.
2.1.5 Inhalation inductions
Ikeda et al. demonstrated less core hypothermia when anesthesia is induced
with inhaled sevoflurane than with intravenous propofol (1.5 vs. 0.8 °C decrease
after 1 h) [11]. This study of 10 patients in each group was done at a time when the
concept of redistribution hypothermia was still in development and the harmful
effects of even mild hypothermia were not as well appreciated as they are today. A
recent study (50 patients in each of six groups) replicated and strengthened these
findings [17, 18]. Inhalation inductions of 8% sevoflurane in either 100% oxygen
or 50% oxygen/50% nitrous oxide resulted in a higher mean temperature by about
0.5°C than those who received 2.2 mg/kg propofol in patients aged 18–55 years
[17, 18]. Inhalation inductions were also found effective in reducing redistribution
hypothermia in older (56–88 years, mean 67.2 years) patients. Elderly patients
have an increased risk for hypothermia [19–21] for reasons that include decreased
metabolic activity, decreased muscle mass, an impaired vasoconstriction response,
and an impaired shivering response. A previous study also concluded that inhalation induction is more hemodynamically stable than IV propofol inductions [22].
In contrast to propofol inductions where significant hypotension can occur immediately, an inhalation induction typically causes a more gradual decrease in blood
pressure which can be treated before severe hypotension develops.
In adults, anesthetic inductions are achieved most commonly by intravenous,
not inhalation, inductions for reasons that include inhalation inductions take extra
time, room contamination with anesthetic gases, and possible patient dissatisfaction. An inhalation induction takes 1–2 min longer than an intravenous induction
[17, 18] and that lost time may be recovered by a quicker wake-up because of the
patient being warmer. However, Muzi et al. demonstrated that the speed of inhalation induction approached that of an intravenous induction using a primed circuit
[23]. Although many anesthesia practitioners may assume patients would not want
the inhalation technique, when offered a choice, 50% chose an inhalation induction,
33% chose IV induction, and 17% were undecided [24].
5
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Inhalation inductions are not for everyone. Medical contraindications would
include concern of increased intracranial pressure, indication for hypothermia,
contraindication to hyperthermia (e.g., multiple sclerosis), increased aspiration
risk, unfavorable airway anatomy, and patient fear of face masks. Since patients
may lighten more rapidly when the face mask is removed for endotracheal intubation than with propofol, it may be prudent to avoid inhalation inductions when
intubation may be a more prolonged process as there may potentially be an
increased risk of awareness than a propofol induction. Examples would include
inserting double-lumen tubes or training novice laryngoscopists.
However, there are additional potential benefits to preforming inhalation inductions. First, there will be no pain on propofol injection. Second, trainees will get more
practice with airway management. In current practice, most patients after IV induction immediately receive a laryngeal mask airway (LMA) or endotracheal intubation.
Third, future propofol shortages can be mitigated by employing inhalation inductions.
Fourth, LMAs may be easier to insert while patients are breathing spontaneously as the
airway tends to open during inspiration and there is less of an obstruction to proper
LMA positioning than a totally collapsed airway one typically gets after IV propofol
inductions. Fifth, there will be less second-hand exposure to propofol, currently a
candidate factor in propofol addiction. Sixth, inhalation inductions may be a superior
alternative over other induction agents to patients with allergies to propofol. Seventh,
with intravenous inductions, atelectasis develops very quickly. One would expect that
with spontaneous ventilation, there may be less atelectasis, but this will need to be
studied. In patients breathing spontaneously via an LMA after IV propofol induction,
one does not have to manage a patient who becomes apneic, thus eliminating extra
tasks and saving time while starting a case. Lastly, propofol supports bacterial growth
[25]. There is an increased number of colony-forming units in the stopcocks of patients
who received propofol (10× at 24 h and >100× at 48 h) compared to those who did not
[26]. While it is not established that this is a cause of increased infections, the avoidance of propofol would eliminate this as a concern. Removing the stopcocks could also
address this concern but that adds cost and likely would not be universally done.
2.1.6 Nitrous oxide
Previous work suggests an ongoing thermal benefit to using nitrous oxide.
Ozaki et al. found nitrous oxide impairs thermoregulation less than sevoflurane or
isoflurane [27]. The threshold for vasoconstriction was 35.8 ± 0.3°C (mean ± SD) in
the patients given 50% nitrous oxide combined with 0.5 MAC sevoflurane, which
was statistically significantly greater than that in those given 1.0 MAC sevoflurane:
35.1 ± 0.4°C. Similarly, the threshold for vasoconstriction was 35.9 ± 0.3°C in the
patients given 60% nitrous oxide combined with 0.5 MAC isoflurane, which was
statistically significantly greater than that in those given 1.0 MAC isoflurane:
35.0 ± 0.5°C. The use of nitrous oxide allows for the thermal defense of vasoconstriction to activate before the patient becomes more hypothermic.
Nitrous oxide has been under challenge for several decades. Two of the reasons why nitrous oxide has been out of favor with many practitioners have been
the concern of major cardiovascular morbidity and mortality and an increased
risk of surgical site infections (SSI). In combination with another retrospective
study of 49,016 patients where nitrous oxide use was associated with decreased
30-day mortality and decreased in-hospital mortality/morbidity, the results of the
ENIGMA II have essentially eliminated these concerns [28–31]. ENIGMA II concludes “Our findings support the safety profile of nitrous oxide use in major noncardiac surgery. Nitrous oxide did not increase the risk of death and cardiovascular
complications or surgical site infection, the emetogenic effect of nitrous oxide can
6
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be controlled with antiemetic prophylaxis, and a desired effect of reduced volatile
agent use was shown.” [4] The other major reason for not using nitrous oxide has
been the concern for postoperative nausea and vomiting (PONV). If a patient has
been administered an antiemetic, there is a small nonsignificant increased risk of
severe PONV. ENIGMA II concludes “Nitrous oxide increases the risk of severe
PONV by only a small percentage, and the increased risk is essentially eliminated by
antiemetic drug prophylaxis. Concern about severe PONV thus does not appear to
be a valid reason to avoid nitrous oxide.”
Except for potential environmental concerns, there is little reason not to use
nitrous oxide in cases that are not of long duration (>4–6 h) unless there are physical contraindications (e.g., gas space expansion). Besides from its potential thermal
benefit, nitrous oxide has been shown to reduce chronic pain in specific populations
(Asians and other patients with variants in the methylenetetrahydrofolate reductase
gene) [32]. The United States is in the midst of an opioid epidemic. The majority of heroin users got their start from medically prescribed opioids [33]. Nitrous
oxide also has analgesic efficacy and may reduce intraoperative opioid use. Further
research is needed, but the possibility of reducing chronic pain and intraoperative
opioid use may have benefit in combatting the opioid epidemic [34].
2.2 Prewarm the periphery and skin
Prewarming is the active warming of the body surface, often via forced-air
warming, prior to induction of general or central neuraxial anesthesia. It is currently
the most effective method of reducing redistribution hypothermia. It has been
extensively studied, and, in addition to demonstrating warmer core temperatures,
improved outcomes (decreased blood loss, transfusion requirement, and infection
rate) have been demonstrated. (A recent chapter reviews much of the relevant detail
and will not be repeated here [10]. A small representative sample of studies are listed
[35–39].) Prewarming is fundamentally different from all other techniques in that it’s
the only technique that exogenously adds heat content to the patient. However, the
technique is not universally used [40]. Obstacles to its use include (1) requirement of
space, equipment, supplies, and personnel time, (2) change in the pattern of patient
flow, (3) patient refusal or intolerance, (4) requirement of cleaning if reusable
equipment is utilized, (5) insufficient availability of a power supply, (6) requirement
to train personnel, (7) bypass of the holding area, (8) additional equipment maintenance requirement, and (9) inadequate knowledge of the value of prewarming [10].
Prewarming works by adding heat content to the periphery. This decreases
the temperature gradient between core and periphery and thus decreases the
heat transfer and redistribution hypothermia. Any method that can increase the
peripheral temperature will reduce redistribution hypothermia. Any event that
decreases peripheral temperature will increase redistribution. Thus, all reasonable
efforts should be made to keep the periphery warm before induction of anesthesia.
After application of forced-air warming, it will take time (usually 30 min) until an
increase in core temperature occurs [41, 42]. This delay occurs because the periphery needs to be warmed before there is a significant effect on core temperature.
The efficacy of prewarming can be limited by sweating, thermal discomfort,
and efficacy of the warming device. Sessler et al. found that 30 min of prewarming
increased peripheral tissue heat content by more than the amount normally distributed during the first hour of anesthesia [43]. Since there are other and ongoing
mechanisms of heat loss, prewarming more than 30 min will likely benefit many
patients. However, if it is difficult to arrange for 30+ min of prewarming or the
patient does not tolerate the longer durations, even 10–20 min of prewarming is
effective in reducing hypothermia and shivering [44].
7
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Because of redistribution hypothermia, ideally, every patient undergoing general
or neuraxial anesthesia should be prewarmed [45, 46]. If the patient receives just a
peripheral nerve block, there is little risk of hypothermia. Prewarming (and forced-air
warming) should not be applied over ischemic limbs. Normally when there is heat
transfer to an area of the body, blood circulation removes the heat from that area, thus
decreasing the local temperature. If there is impaired blood flow, it is possible that
the heat accumulation from prewarming or intraoperative forced-air warming could
cause tissue damage. (In therapeutic hyperthermia, temperatures >42.0°C have been
associated with tissue damage such as fat necrosis [47].) For similar reasons, forced-air
warming over the lower extremities should be turned off during aortic cross-clamping.
Also, in theory, there may be more risk of cell death from warming ischemic tissue
because of the resulting increase in metabolic oxygen demand in combination with the
impaired blood supply. It may be prudent to avoid prewarming when there is a contraindication to hyperthermia (e.g., risk of neurologic ischemia and pregnancy).
There is no data to guide the decision to use prewarming on patients who are
hyperthermic preoperatively. Patients are hyperthermic because either (1) their
cooling mechanisms have been overwhelmed as that which occurs in heat exhaustion or heatstroke (nonfebrile hyperthermia) or (2) they have an elevated temperature set point as occurs with many infections (febrile hyperthermia). The nonfebrile
patients probably should be allowed to have their core temperature normalized
and thus probably should not be prewarmed. It has been suggested that the febrile
patients should be allowed to remain hyperthermic intraoperatively [48]. There is
overwhelming evidence that fever is part of a coordinated defense system [49, 50].
The lines of evidence include evolutionary, correlative, antipyretic, and hyperthermia/hypothermia studies [49]. For example, infectious illnesses in animals are of
longer duration, and mortality rates increase if the fever is treated [49]. Some of
the enzymes in the immune system have a temperature optima in the febrile range.
In addition, if the temperature of these patients decrease to below their elevated
temperature set point and the set point does not change during the anesthetic, then
these patients will behave postoperatively as though they are hypothermic (e.g.,
increasing metabolism and cardiac output, shivering), even if their temperature is
>37.0°C. Thus, although unproven, there is reason to maintain the febrile hyperthermia intraoperatively. It is an unanswered question as to whether these patients
should be prewarmed.
2.3 Increase metabolic activity
2.3.1 Amino acid administration
The preoperative administration of amino acids increases metabolic heat
production and leads to the release of insulin and leptin resulting in a mean temperature increase of 0.46°C [51]. These hormones may also affect central thermoregulation. If amino acid infusion is started after hypothermia develops, rewarming
is not augmented [52]. It is possible that the amino acid-induced increase in
cardiopulmonary demands may be problematic in frail patients and those with
reduced cardiopulmonary reserve. Since there is limited evidence, this technique is
considered experimental.
2.3.2 Fructose administration
The preoperative administration of fructose increases metabolic heat production
and affects central thermoregulation [53]. However, in patients with hereditary
fructose intolerance (HFI), the infusion of fructose can lead to liver damage, kidney
8
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damage, convulsions, and death. HFI often goes undiagnosed. The prevalence of
HFI is estimated at 1 in 20,000, similar to the incidence of malignant hyperthermia
events.
2.4 Warming the environment
As discussed above, anything that is practical and can be done to keep the
patient warmer will likely result in the periphery remaining warmer and thus less
redistribution. There is often a difference of opinion among various operating
room personnel as to what temperature of the operating room should be. A cooler
environment will increase the rate of heat loss from the patient. With the resultant
decrease in peripheral heat content, the magnitude of redistribution hypothermia
will be greater [8].
There are five methods of heat loss (conduction, convection, radiation, evaporation, and loss via the airway). Radiation and convection losses are most important
[54]. One of the major determinants of radiative heat loss is the temperature
difference between the radiator (i.e., the patient) and the environment. A greater
temperature difference will result in a greater heat loss. Another major determinant
is the absorption/reflection properties of the environment. The author is unaware
of any clinical data regarding these factors.
Convection refers to heat transfer resulting from the bulk movement of a fluid
(i.e., gas or liquid). A patient will transfer heat to warm the air immediately around
him or herself. Convective airflow will move this warm air away from the patient
and replace it with cooler ambient air. Thus, heat loss will continue to warm the
newly adjacent cool air. The cooler the adjacent air, the greater the rate of heat loss
from the patient.
Surgeons generally prefer a cooler room because they are working, are under
lights that may emit heat, may be under stress, are gowned, may be in physical contact with other personnel, and may also be wearing lead aprons. An uncomfortable
surgeon may not work at his/her best and may drip perspiration into the surgical
wound. With modern operating rooms where the air is replaced many times an
hour, the temperature can be adjusted within minutes. Thus, a reasonable compromise would be to keep the operating room warm until the patient is prepped and
draped and then cool the room for the benefit of the surgical team. Once the patient
is draped, convective losses are reduced except from the surgical wound.

3. Candidate methods to reduce redistribution hypothermia
Unfortunately, none of the abovementioned techniques fully solves the redistribution hypothermia problem. It is plausible that either reducing propofol dosages
or combining techniques may provide additional thermal benefit. The following
techniques show promise but require formal investigation:
1. Ketamine in analgesic doses is commonly used as part of a multimodal analgesia strategy. It is plausible that reducing the propofol dose by an analgesic dose
of ketamine would reduce the magnitude of redistribution hypothermia. The
induction dose of propofol (2.2 mg/kg) is similar in mg to the induction dose
of ketamine (2 mg/kg). Reducing the propofol dose by 30 mg and replacing it
with 30 mg ketamine seems reasonable.
2. Kazama et al. found that patients can be induced with a reduced total dose of
propofol and with less hypotension when diluted propofol was administered
9

Autonomic Nervous System Monitoring - Heart Rate Variability

as an infusion [55]. It is plausible that, by using less propofol, there would be a
lesser amount of redistribution hypothermia (and less hypotension).
3. A blended propofol-inhalation induction would utilize less propofol and thus
potentially reduce redistribution hypothermia.
4. Combining prewarming with any of the other techniques (e.g., prewarming
and inhalation induction, prewarming and phenylephrine prior to propofol).
5. Combining prophylactic phenylephrine with inhalation inductions.

4. Summary
At this time, prewarming is the most studied and likely the most effective
method of reducing redistribution hypothermia, and improved outcomes have been
documented. Unfortunately, it is not universally used. Given the priority of operating room expediency, either inhalation inductions or prophylactic administration of
bolus phenylephrine are practical and can be used in virtually every anesthetizing
location. Even though these techniques have been demonstrated to reduce redistribution hypothermia, and post-induction temperatures are similar to what one sees
after prewarming and a propofol induction, we can only anticipate but not yet infer
the same improved outcomes will accrue. Although a strong correlation of adverse
outcomes and hypothermia has been documented in numerous studies, an outcome
study is needed. Inhalation inductions or prophylactic administration of phenylephrine reduces redistribution hypothermia by reducing vasoconstriction; they do not
add heat content. Prewarming reduces redistribution hypothermia by warming the
periphery and adds heat content to the patient. Because the periphery needs to get
warmed before forced-air warming increases the core temperature, it is likely that
prewarmed patients will rewarm more rapidly, which is likely beneficial.
It is important to keep the operating room warm until the patient is prepped and
draped. The temperature of a modern operating room can be decreased rapidly for
the comfort of the operating room personnel. Putting a warm blanket on a patient
as he/she enters a cold operating room does little to rewarm a patient. The skin
temperature receptors have a disproportionate influence on the hypothalamus. The
warm blanket may make the patient feel warmer, but the patient may still have lost
significant heat content to the cool environment.
Besides from thermal benefits, financial benefits may accrue from reducing
redistribution hypothermia. In the United States, the new Medicare Access and
CHIP Reauthorization Act of 2015 (MACRA) temperature target (35.5°C) may now
be easier to achieve [56]. Avoidance of unpleasant side effects (e.g., shivering) may
result in less patient dissatisfaction. Reducing hypothermia-associated complications will reduce costs.

10

Techniques to Reduce the Magnitude and Duration of Redistribution Hypothermia in Adults
DOI: http://dx.doi.org/10.5772/intechopen.80830

Author details
Jonathan V. Roth1,2*
1 Albert Einstein Medical Center, Philadelphia, PA, USA
2 Sidney Kimmel Medical College - Thomas Jefferson University,
Philadelphia, PA, USA
*Address all correspondence to: jvroth1@aol.com

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.
11

Autonomic Nervous System Monitoring - Heart Rate Variability

References
[1] Sessler DI. Complications and

treatment of mild hypothermia.
Anesthesiology. 2001;95:531-543

United Kingdom: Cambridge University
Press; 2017. pp. 42-43. Chapter 6
[9] Brauer A. Physiology of

[2] Stewart PA, Liang SS, Li QS, Huang

ML, Bilgin AB, Kim D, et al. The impact
of residual neuromuscular blockade,
oversedation, and hypothermia
on adverse respiratory events in a
postanesthetic care unit: A prospective
study of prevalence, predictors, and
outcomes. Anesthesia and Analgesia.
2016;123(4):859-868
[3] Prielipp RC, Birnbach DJ. HCA-

infections: Can the anesthesia
provider be at fault? APSF Newsletter.
2018;32(2):64-65
[4] Winkler M, Akca O, Birkenberg

B, Hetz H, Scheck T, Arkilic CF, et al.
Aggressive warming reduces blood loss
during hip arthroplasty. Anesthesia and
Analgesia. 2000;91:978-984
[5] Ban KA, Minei JP, Laronga C,

Harbrecht BG, Jensen EH, Fry DE,
et al. American College of Surgeons
and Surgical Infection Society: Surgical
Infection Guidelines, 2016 update.
Journal of the American College of
Surgeons. 2017;224:59-74
[6] Berríos-Torres SI, Umscheid CA,

Bratzler DW, Leas B, Stone EC, Kelz RR,
et al. Centers for disease control and
prevention guideline for the prevention
of surgical site infection, 2017. JAMA
Surgery. 2017;152(8):784-791
[7] Sun Z, Honar H, Sessler DI, Dalton

JE, Yang D, Panjasawatwong K, et al.
Intraoperative core temperature patterns,
transfusion requirement, and hospital
duration in patients warmed with forced
air. Anesthesiology. 2015;122:276-285

thermoregulation. In: Perioperative
Temperature Management.
United Kingdom: Cambridge University
Press; 2017. pp. 17-25. Chapter 3
[10] Brauer A. Prewarming.

In: Perioperative Temperature
Management. United Kingdom:
Cambridge University Press; 2017.
pp. 170-177. Chapter 32
[11] Ikeda T, Sessler DI, Kikura M,

Kazama T, Ikeda K, Sato S. Less core
hypothermia when anesthesia is induced
with inhaled sevoflurane than with
intravenous propofol. Anesthesia and
Analgesia. 1999;88:921-924
[12] Park HP, Kang JM, Jeon YT, Choi

IY, Oh YS, Hwang JW. Comparison of
the effects of etomidate and propofol
on redistribution hypothermia during
general anesthesia. Korean Journal of
Anesthesiology. 2006;50:S19-S24
[13] Ikeda T, Kazama T, Sessler DI,

Toriyama S, Niwa K, Shimada C, et al.
Induction of anesthesia with ketamine
reduces the magnitude of redistribution
hypothermia. Anesthesia and Analgesia.
2001;93:934-938
[14] Lundy JB, Slane ML, Frizzi JD.

Acute adrenal insufficiency after a single
dose of etomidate. Journal of Intensive
Care Medicine. 2007;22(2):111-117
[15] Garfeld JM, Garfield FB,

Stone JG, Hopkins D, Johns LA. A
comparison of psychologic responses
to ketamine and thiopental-nitroushalothane anesthesia. Anesthesiology.
1972;36:329-338

[8] Brauer A. Influence of transportation

[16] Ikeda T, Ozaki M, Sessler

to the operating room and preparation
for surgery. In: Perioperative
Temperature Management.

DI, Kazama T, Ikeda K, Sato
S. Intraoperative phenylephrine
infusion decreases the magnitude of

12

Techniques to Reduce the Magnitude and Duration of Redistribution Hypothermia in Adults
DOI: http://dx.doi.org/10.5772/intechopen.80830

redistribution hypothermia. Anesthesia
and Analgesia. 1999;89(2):
462-465

[25] Thomas DV. Propofol supports

[17] Roth JV, Braitman LE. Induction

[26] Cole DC, Baslanti TO, Gravenstein

techniques that can reduce
redistribution hypothermia. Abstract
Presented at the American Society of
Anesthesiologists Annual Meeting;
October 23, 2016

NL, Gravenstein N: Leaving more than
your fingerprint on the intravenous
line: A prospective study on propofol
and implications of stopcock
contamination. Anesthesia and
Analgesia. 2015;120(4):861-867

bacterial growth. British Journal of
Anaesthesia. 1991;66:274

[18] Roth JV, Braitman LE. Induction

techniques that can reduce
redistribution hypothermia. Abstract
Presented at the International
Anesthesia Research Society Annual
Meeting, #1135; May 2017

[27] Ozaki M, Sessler DI, Suzuki H,

Ozaki K, Tsunoda C, Atarashi K. Nitrous
oxide decreases the threshold for
vasoconstriction less than sevoflurane or
isoflurance. Anesthesia and Analgesia.
1995;80(6):1212-1216

[19] Vaughan MS, Vaughan RW, Cook

RC. Postoperative hypothermia in
adults: Relationship of age, anesthesia,
and shivering to rewarming. Anesthesia
and Analgesia. 1981;60:746-751
[20] Kurz A, Plattner O, Sessler DI,

Huemer G, Redi G, Lackner F. The
threshold for thermoregulatory
vasoconstriction during nitrous oxide/
isoflurane anesthesia is lower in elderly
than in young patients. Anesthesiology.
1993;79:465-469
[21] Sessler DI. Temperature monitoring

and perioperative thermoregulation.
Anesthesiology. 2008;109(2):318-338

[28] Myles PS, Leslie K, Chan

MTV, Forbes A, Peyton PJ, Pasch
MJ, et al. ANZCA Trials Group
for the ENIGMA-II Investigators:
The safety of addition of nitrous
oxide to general anaesthesia in
at-risk patients having major noncardiac surgery (ENIGMA-II): A
randomized, single-blind trial. Lancet.
2014;384:1446-1454
[29] Turan A, Mascha EJ, You J, Kurz

A, Shiba A, Saager L, et al. The
association between nitrous oxide and
postoperative mortality and morbidity
after noncardiac surgery. Anesthesia
and Analgesia. 2013;116:1026-1033

[22] Thwaites A, Edmends S, Smith

I. Inhalation induction with sevoflurane:
A double-blind comparison with
propofol. British Journal of Anaesthesia.
1997;78(4):356-361

[30] Fleisher LA. Value of sequels.

[23] Muzi M, Robinson BJ, Ebert

[31] Leslie K, Myles PS, Kasza J, Forbes

TJ. Induction of anesthesia and tracheal
intubation with sevoflurane in adults.
Anesthesiology. 1996;85:536-543

A, Peyton PJ, Chan MTV, et al. Nitrous
oxide and serious long-term morbidity
and mortality in the evaluation of
nitrous oxide in the gas mixture
for anaesthesia (ENIGMA)-II trail.
Anesthesiology. 2015;123(6):1267-1280

[24] Van den Berg AA, Chitty DA, Jones

RD, Sohel MS, Shahen A. Intravenous
or inhaled induction of anesthesia in
adults? An audit of preoperative patient
preferences. Anesthesia & Analgesia.
2005;100(5):1422-1424
13

Is it safe to include nitrous oxide in
your anesthetic. Anesthesiology.
2015;123(6):1229-1230

[32] Chan MT, Peyton PJ, Myles PS,

et al. Chronic postsurgical pain in the
evaluation of nitrous oxide in the gas

Autonomic Nervous System Monitoring - Heart Rate Variability

mixture for anaesthesia (EnNIGMA)-II
trial. British Journal of Anaesthesia.
2016;117:801-811
[33] Quinones S. Dreamland: The True

Tale of America’s Opiate Epidemic.
New York, NY: Bloomsbury Press;
2015
[34] Roth JV. Chronic pain and the opioid

epidemic. Are we ignoring the potential
benefits of nitrous oxide? Anesthesia &
Analgesia. 2018;126(4):1423-1424
[35] Just B, Trevien V, Lelva E, Lienhart

A. Prevention of intraoperative
hypothermia by preoperative skinsurface warming. Anesthesiology.
1993;79:214-218
[36] Andrzejowski J, Hoyle J, eapen G,

Turnbull D. Effect of prewarming on
post-induction core temperature and the
incidence of inadvertent perioperative
hypothermia in patients undergoing
general anaesthesia. British Journal of
Anaesthesia. 2008;101:627-631
[37] Bock M, Muller J, Bach A, Bohrer H,

Martin E, Motsch J. Effects of
preinduction and intraoperative
warming during major laparotomy.
British Journal of Anaesthesia.
1998;80:159-163
[38] Camus Y, Delva E, Sessler DI,

[41] Negishi C, Hasegawa K, Mukai

S, Nakagawa F, Ozaki M, Sessler
DI. Resistive heating and forcedair warming are comparatively
effective. Anesthesia and Analgesia.
2003;96:1683-1687
[42] Kimberger O, Held C, Stadelmann

K, Mayer N, Hunkeler C, Sessler
DI, et al. Resistive polymer versus
forced-air warming: Comparable heat
transfer and core rewarming rates in
volunteers. Anesthesia and Analgesia.
2008;107:1621-1626
[43] Sessler DI, Schroeder BA,

Merrifield B, Matsukawa T, Cheng
C. Optimal duration and temperature
of prewarming. Anesthesiology.
1995;82:674-681
[44] Horn EP, Bein B, Bohm R,

Steinfath M, Sahili N, Hocker J. The
effect of short time periods of preoperative warming in the prevention
of perioperative hypothermia.
Anaesthesia. 2012;67:612-617
[45] Matsukawa T, Sessler DI, Sessler

AM, Schroeder BA, Ozaki M, Kurz
A, et al. Heat flow and distribution
during induction of general anesthesia.
Anesthesiology. 1995;82:662-673
[46] Matsukawa T, Sessler DI,

Lienhart A. Pre-induction skin-surface
warming minimizes intraoperative
core hypothermia. Journal of Clinical
Anesthesia. 1995;7:384-388

Christensen R, Ozaki M, Schroeder
M. Heat flow and distribution during
epidural anesthesia. Anesthesiology.
1995;83:961-967

[39] Hynson JM, Sessler DI, Moayeri A,

[47] Mackowiak PA, Boulant JA. Fever’s

McGuire J, Schroeder BS. The
effects of pre-induction warming on
temperature and blood pressure during
propofol-nitrous oxide anesthesia.
Anesthesiology. 1993;79:219-228
[40] Brauer A, Russo M, Nickel EA,

Bauer M, Russo SG. Anwendungsrealitat
des peripoperativen Warmemanagements in Deutschland. Ergebnisse einer
Online-Umfrage. Anästhesiologie und
Intensivmedizin. 2015;56:287-297
14

glass ceiling. Clinical Infectious
Diseases. 1996;22:525-536
[48] Roth JV. Some unanswered

questions about temperature
management. Anesthesia & Analgesia.
2009;109(5):1695-1699
[49] Kluger MJ, Kozak W, Conn CA,

Leon LR, Soszynski D. The adaptive
value of fever. Infectious Disease Clinics
of North America. 1996;10:1-20

Techniques to Reduce the Magnitude and Duration of Redistribution Hypothermia in Adults
DOI: http://dx.doi.org/10.5772/intechopen.80830
[50] Mackowiak PA. Fever: Blessing or

curse? A unifying hypothesis. Annals of
Internal Medicine. 1994;120:1037-1040
[51] Aoki Y, Aoshima Y, Atsumi K,

Kaminaka R, Nakau R, Yanagida K, et al.
Perioperative amino acid infusion for
preventing hypothermia and improving
clinical outcomes during surgery unger
general anesthesia: A systematic review
and meta-analysis. Anesthesia and
Analgesia. 2017;125:793-802
[52] Inoue S, Shinjo T, Kawaguchi M,

Nakajima Y, Furuya H. Amino acid
infusions started after development
of intraoperative core hypothermia do
not affect rewarming but reduce the
incidence of postoperative shivering
during major abdominal surgery: A
randomized trial. Journal of Anesthesia.
2011;25:850-854
[53] Mizobe T, Nakajima Y, Ueno H,

Sessler DI. Fructose administration
increases intraoperative core
temperature by augmenting both
metabolic rate and the vasoconstriction
threshold. Anesthesiology.
2006;104:1124-1130
[54] Brauer A. Physiology of Heat

Gain and Heat Loss. United Kingdom:
Cambridge University Press; 2017.
pp. 26-32. Chapter 4
[55] Kazama T, Ikeda K, Morita K,

Kikura M, Ikeda T, Kurita T, et al.
Investigation of effective anesthesia
induction doses using a wide range
of infusion rates with undiluted and
diluted propofol. Anesthesiology.
2000;92:1017-1028
[56] MIPS Standard #424. The Medicare

Access and CHIP Reauthorization Act of
2015 (MACRA). Centers for Medicare
and Medicaid Services. Federal Register;
November 4, 2016

15

