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AST Standards of Practice for Maintenance of
Normothermia in the Perioperative Patient
Introduction
The following Standards of Practice were researched and authored by the AST Education
and Professional Standards Committee, and are AST approved.
AST developed the following Standards to support healthcare delivery organizations
(HDO) reinforce best practices as related to the role and duties of the Certified Surgical
Technologist (CST®), the credential conferred by the National Board of Surgical
Technology and Surgical Assisting (NBSTSA), in assisting the surgical team in avoiding
inadvertent perioperative hypothermia (IPH, also referred to as unintended or unplanned
perioperative hypothermia) in the surgical patient as well as maintaining patient’s
normothermia throughout the perioperative course of treatment. The purpose of the
Standards is to provide information for OR managers/supervisors, risk management, and
surgical team members to use in the development and implementation of policies and
procedures for maintaining normothermia in the surgical patient. The Standards are
presented with the understanding that it is the responsibility of the HDO to develop,
approve, and establish policies and procedures for the CST regarding surgical patient
normothermia according to established HDO protocols.
Rationale
The following are Standards of Practice related to maintaining normothermia in the
surgical patient. Normothermia is defined as a body’s core temperature of 36°C - 38C,
and hypothermia is defined as a core temperature below 36C.3,30,40,48 It is estimated that
IPH occurs in more than 50% of U.S. surgical patients including those undergoing a short
procedure (1 ½ hours or less).48 The commonly accepted levels of hypothermia are:61




Mild
Moderate
Severe

34° - 36°C
32° - 34°C
<32° C

Hypothermia with a patient core temperature of <32°C has a mortality rate of 21%.33, 61
The American Society of Anesthesiologists (ASA) considers the use of aggressive
perioperative thermal management to maintain normothermia in the surgical patient is
imperative to positive surgical outcomes.4,31 The following information provides an
outline of the pathologies associated with IPH in order to stress the importance of the
surgical team being an advocate for the patient by taking proactive, rather than reactive,
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measures to prevent IPH. The optimal approach to hypothermia is to prevent it from
occurring starting in the preoperative phase of care.
Anesthetic-induced impairment of the thermoregulatory control is the primary cause of
IPH in the non-emergent patient; this impairment combined with the exposure of tissues
and major organs in body cavities for a length of time in the cool environment of the OR
can increase the severity of IPH.4,33,36,58 The OR’s cool environment is, obviously,
maintained for the comfort of the members of the sterile surgical team that is wearing a
hair cover, mask, gown, and double gloves, sometimes under stressful conditions for an
extended period of time. The Facility Guidelines Institute and American Society for
Healthcare Engineer recommends an OR temperature of 20C - 23C.13
The body temperature is controlled by the neurons in the hypothalamus.14,50 The
administration of anesthesia eliminates the body’s physiological response to cold and
impairs the thermoregulatory heat-preserving functions of the hypothalamus and
autonomic nervous system.33 During the first 30 – 40 minutes of anesthesia the patient’s
temperature can drop to below 35C.44 The induction of anesthesia causes a three-phase
decrease in core temperature. Initially, anesthesia causes peripheral vasodilation causing
redistribution of the blood flow away from the core to the periphery through
arteriovenous shunts which are anastomoses that link arterioles and veins.14,33,48,50,55
After redistribution the core temperature slowly decreases over the next 2 – 4 hours
(assuming the surgical procedure lasts that long) primarily from heat loss that is greater
than metabolic heat production.50 After that period of time the core temperature plateaus
and remains about the same for the duration of the procedure. The plateau is thought to
represent heat loss that is equal to heat production.50
Piloerection also occurs in hypothermic patients.14 The erect hairs over the surface of the
body prevents air from escaping and aids in the retention of body heat.14
Regional anesthesia is just as much of a risk factor for IPH as general anesthesia.36,58 The
physiological mechanisms of how regional anesthesia impairs the body’s
thermoregulatory system, but one mechanism is the prevention of afferent cutaneous
input in response to cold.49 Additionally, patients that receive neuraxial anesthesia may
report they are warm when actually they are hypothermic leading the team to believe no
action is necessary, in particular if the patient’s temperature is not being monitored.49
Besides anesthesia, there are several medical conditions and traumatic injuries that
predispose the patient to IPH including adrenal insufficiency, basilar skull fractures, brain
tumors, hypoglycemia, hypothalamic injuries, hypothyroidism, malnutrition, spinal cord
injuries, and subdural hematomas.36,55,58 (See Table 1)
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Table 1
Risk Factors for IPH
Patient-Specific Risk Factors












Shock
Alcohol
Head injury
Bacterial toxins
Extremes of age
Spinal cord injury
General anesthesia
Epidural & spinal anesthesia
Medical conditions: adrenal
diseases, cardiac dysfunctions,
diabetes, hepatic diseases,
malnutrition, thyroid diseases
Surgical procedures that have an
increased risk for IPH: long,
complex invasive procedures
including cardiac, thoracic, organ
transplant, total hip and knee
arthroplasty19




Factors That Contribute to
Body Heat Loss
Burns
Exposure

Research studies have also linked an association between IPH and multiple perioperative
complications including:4,15,21,24,36,43,49
 Cardiac abnormalities and complications18
 Post-anesthetic shivering that can increase pain and considerably increases
oxygen consumption by the muscle cells20,55
 Impaired wound healing and susceptibility to surgical site infection (SSI)36,56,61
 Slowed drug metabolism that causes prolonged drug action that delays recovery
and other metabolic disorders
 Coagulopathies that are associated with an increase in blood loss leading to
transfusion requirements
Hypothermia affects the myocardium including decrease in the strength of left ventricular
contraction with a reduction in cardiac output of up to a third, and atrial and ventricular
arrhythmias.33 The initial arrhythmia that will be recognized on the electrocardiograph is
sinus tachycardia.55 As the core temperature decreases a co-related progressive
bradycardia occurs.55 Furthermore, hypothermia decreases the release of oxygen from
hemoglobin to the tissues, further impairing the delivery of oxygen which can result in a
life-threatening complication particularly for the patient with multiple traumatic injuries
who is already experiencing a lowered circulating oxygen level.61
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Moderate to severe shivering can occur between 34° C - 36°C core temperature that
results in an increase in oxygen demand by as much as 400%, and an increase in
myocardial work load and blood pressure.33,55,61 In the postoperative patient, shivering
can increase the level of pain due to the overall body movement. By preventing shivering
obviously the patient’s level of pain and need/demand for analgesia may be lowered.33
Independent of shivering, oxygen consumption increases by 92% with a decrease of
1.5°C core temperature.61
Hypothermia has been shown to be a contributor to complications that promote SSI;
studies have shown that following surgery IPH triples the risk for bacterial SSI.14,33 The
complications include significant peripheral vasoconstriction, impaired function of
neutrophils and macrophages, decrease of tissue oxygen levels, decrease in collagen
deposition, and delayed wound healing.50,55,61 IPH causes thermoregulatory
vasoconstriction that decreases the level of oxygen in the tissues thereby lowering the
surgical patient’s immune system to fight infections.56 One study showed that the
incidence of SSI in patients that had experienced mild IPH was three times higher as
compared to the normothermic perioperative patient.31 A reduction in core temperature
of 1.9°C has been shown to triple the occurrence of SSI after colon resection and increase
the hospital stay by 20%.55,56 The Association for Professionals in Infection Control and
Epidemiology (APIC) has consistently referred to the Centers for Disease Control and
Prevention’s (CDC) Guideline for the Prevention of Surgical Site Infection that states
excellent surgical technique contributes to a reduction in SSI, and these techniques
include the prevention of IPH.37 Additionally, the avoidance of tissue ischemia by the use
of intraoperative warming has been shown to significantly reduce the risk of pressure
sores.33 Obviously, reducing the risk of SSI in surgical patients contributes to lower
antibiotic use.
Drug metabolism and elimination is affected by core temperature; drugs can remain in
the circulatory system longer than usual in the hypothermic patient.61 The duration and
increased effect of the action of drugs such as benzodiazepines and neuromuscular
blockers can be extended by 40 – 50%.50,61 Hypothermia affects the body’s metabolism
of propofol and increases the duration of action of atracurium.48 Hypothermia increases
the solubility of inhaled anesthetics.52 This combination of increased duration of muscle
relaxants and solubility of inhaled anesthetics explain how hypothermia may be a
contributing factor for the delay of emergence and recovery from general anesthesia.16,52
When rewarming a hypothermic patient it can cause additional serious metabolic
complications due to blood that was pooled in the peripheral vascular beds of the body
that now returns to the body’s core.21,24,43 Along with the transport of the blood, acid
metabolites are also released resulting in cardiac instability.55 The signs and symptoms of
hemodynamic instability include hypotension, myocardial depression, and release of
metabolic acids.55
One of the most researched and documented effect of hypothermia is coagulopathy and
blood loss. Hypothermia effects hemostasis through three primary factors: impaired
platelet function, coagulation cascade, and initiation of fibrinolysis.50,61 In one study, life-
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threatening coagulopathy occurred in trauma patients who required a massive transfusion
with a temperature below 34C along with a co-morbid increase in metabolic acidosis.7,55
Prothrombin time is significantly increased at core temperature of <35°C which implies
that the primary mechanism of hypothermia-induced coagulopathy is due to altered
enzymatic activity.61 Lastly, hypothermia increases blood viscosity creating the risk for
the development of blood clots and emboli with diminished blood flow.
Hypothermia has been estimated to increase blood loss by up to 30% and up to a 70%
probability of the need for transfusion during surgery.33,49 Even a core temperature
reduction of 0.5C has been shown to have a physiologic effect on blood loss.42 In one
study 150 patients undergoing a total hip arthroplasty were randomly assigned to be
either warmed to 36.5C or 36C. Several outcomes were better in the group warmed to
36.5C including the amount of blood loss.63 The authors concluded that aggressive
intraoperative warming can reduce blood loss in total hip arthroplasty patients; this was
further supported by another study in which FAW was applied for total hip arthroplasty
patients.40,63
These complications cause prolonged recovery and hospital stay that contributes to loss
of work and wages, increased treatment costs for the patient, and an increase in the risk of
healthcare acquired infection (HAI).2,20,26,33 Studies have shown that hospital stays can be
20% - 65% longer for the IPH patient.33 In positive terms, the prevention of IPH clearly
benefits the patient through reduced morbidity and mortality that is correlated to reduced
hospitalization costs and faster recovery. See Table 2.
Another challenge is some patients undergoing a particular procedure are simply difficult
to keep warm. Patients undergoing open cardiothoracic procedures or complicated spinal
procedures have a limited surface area to which the warming device can be applied.
Preoperative temperature is of utmost importance for these patients.
The last part of this discussion involves a brief review of the physiology of body heat loss
in order to fully understand the mechanism of hypothermia and frame the importance of
maintaining normothermia in the patient.
Heat loss occurs through four mechanisms: conduction, convection, evaporation, and
radiation. Conductive heat loss occurs when the skin, or tissue, has direct contact with
colder objects such as when the patient is positioned on the cold mats of the OR table.
Convective heat loss often occurs when air currents are present and there is a continual
removal of the warm air. The rate of convective heat loss depends on the velocity of the
air currents; additionally, this increases the conductive heat loss.55,61 Conductive heat loss
also occurs when cold IV fluids and blood products are administered; the infusion of a
large amount of ambient or cold fluids can quickly decrease the temperature of the
circulating blood. Heat loss from evaporation occurs from the patient’s airway, and
exposure of the tissues and organs in the major body cavities, i.e. thoracic and abdominal
cavities. Lastly, radiant heat loss occurs when the skin and viscera are warmer than the
environment; exposed patients can rapidly experience radiant heat loss as compared to
the surgical patient that is covered by sterile drapes.
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Table 2
Effects of IPH on Body Systems
Body System
Cardiovascular Disorders

Coagulopathy

Decreased Metabolism of Drugs
Gastrointestinal
General Metabolic Disorders
Increased Risk of SSI

Neurological















Effects of IPH
Bradycardia
Arrhythmias
Metabolic acidosis
Myocardial ischemia
Blood viscosity increased
Peripheral vasoconstriction
Impaired tissue oxygen delivery
Impaired platelet function
Impaired coagulation factors
Impaired clotting enzyme function
Decreased renal circulation
Decreased hepatic functions
Decreased motility









Shivering
Acidosis
Sepsis
Decrease of WBC
Impaired immune response
Impaired function of neutrophils
Confusion

Standard of Practice I
The patient and patient’s family should be provided preoperative education on
maintaining the warmth of the patient.
1. Maintaining normothermia begins in the home; the night before surgery and the
morning of surgery when travelling to the HDO the patient should be kept warm.
A. During the preoperative interview the patient and patient’s family should
receive verbal and written instructions for maintaining normal body
temperature at home, in particular during the winter months.
(1) The patient and family should be informed that staying warm
before surgery will lower the risk of postoperative
complications.44
(2) The patient and family should be advised to bring extra clothing
such as slippers and nightwear since the HDO environment may
be colder as compared to home.
B. It is recommended the patient take his or her temperature before going to
bed the night before surgery and the morning of surgery.
(1) The patient should try to maintain a normal body temperature as
close to 37°C as possible.
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2. The patient and family should be provided discharge teaching and instructions
regarding methods to maintain normothermia at home such as the use of blankets,
increased clothing, socks, and increased room temperature.
Standard of Practice II
The anesthesia provider is ultimately responsible for assessing the patient for the
risk of IPH.
1. All non-emergent surgical patients should have their risk for IPH assessed and
documented preoperatively by the anesthesia provider.
A. Patients are at a higher risk of IPH if any of the following two
apply:20,36,44,58
(1) Major surgery will be performed.
(2) Perioperative temperature below 36°C.
(3) At risk for cardiovascular complications.
(4) Extremes of age – very young or elderly.
(5) Combined neuraxial and general anesthesia.
(6) ASA patient grade of 2 – 5 (the higher the grade, the greater the
risk)
B. The risk assessment should include review of the patient’s medical chart,
interview and physical examination of the patient, and discussing the
anesthesia plan and surgical procedure with the patient.48
(1) The patient should be assessed for the risk of shivering.
(2) The patient’s preoperative baseline temperature should be
measured and documented.23
(3) The risk assessment should consider the age of the patient.
(a) Neonates and infants are more susceptible to IPH than
adults due to a high ratio of body surface area to weight
that causes more heat loss.36,58 Neonates are also at an
increased risk because of disproportionately larger heads
and thinner skulls and scalps allowing a greater heat loss
from the brain as compared to adults.58
The anesthesia plan for pediatric patients should include
the use of equipment to humidify warm anesthetic gases
as an adjunct to other warming methods such as FAW.
The OR should be prewarmed above 26C and
maintained at that temperature.54 One study of pediatric
patients reported an increased risk of IPH by 1.96 times
in an OR temperature of less than 23C. Warm IV fluids
and irrigation fluids at body temperature (37C) should
be used.
(b) The thermoregulatory mechanisms of the elderly are
often not optimal requiring the surgical team to be
diligent in the provision of warming methods.21,24,43
Elderly patients often have less subcutaneous tissue, and
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(4)

(5)

(6)

(7)

(8)

the thermoregulatory mechanisms of vasoconstriction and
shivering are less effective.48
Patients that have suffered extensive burns must be carefully
assessed.
(a) Patients with burns easily lose body heat by radiation and
convection, and they have lost the insulation of the skin
placing them at a higher than normal risk for IPH.
(b) The anesthesia plan should include the availability of
equipment to humidify warm anesthetic gases.
(c) Warm IV fluids and irrigation fluids at body
temperature (37C) should be used.
(d) FAW should be used if possible; if the patient suffered
burns over a large portion of the body it may not be
possible to use any type of active warming method and as
much of the body surface should be covered as possible.
(e) The OR should be prewarmed above 26C and
maintained at that temperature.
If a patient is on a drug therapy plan for taking antipsychotics it
should be assessed and documented. Antipsychotics impair the
thermoregulatory functions of the hypothalamus.30
The assessment should include evaluation and documentation of
the patient’s body weight. Low body weight is a risk factor for
IPH.27 Slender patients have less insulation and a larger bodysurface-area-to-weight ratio. Whereas, bariatric patients have a
high weight-to-body-surface ratio and the peripheral adipose
tissue is maintained at a normal to high temperature.
Patients should be assessed for metabolic disorders that can
interfere with normal thermoregulation. Studies have shown
patients with diabetic neuropathies tend to have a low core body
temperature when under anesthesia for two hours when
compared to non-diabetic surgical patients.29
The plan should include: anesthesia method(s); surgical
procedure to be performed; methods to be used for pre-warming,
and intraoperative and postoperative warming.
(a) The plan should be developed based upon the specific,
documented risk factors that have been identified for the
patient.
(b) If the plan includes the use of a pneumatic tourniquet,
such as for a Bier block, it should be documented.
Pneumatic tourniquets lessen hypothermia by blocking
the exchange of blood and heat between the extremity
and rest of the body.28,42 However, the risk factor is when
the tourniquet is released redistribution of the blood flow
and heat from the core to the extremity occurs resulting in
a sharp decrease in core temperature.28,42
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(9) The risk factor assessment findings and plan should be shared
with all members of the surgical team to allow the team the
ability to plan ahead of time in making sure devices and
equipment are in working order and available for the
procedure.23 Abreu developed a personalized Hypothermia Risk
Index (pHRI) as a tool to identify in advance patients that are at
risk for hypothermia; however, he acknowledges further studies
are needed to confirm its usefulness; see Table 3.1
The risk assessment documentation should include the anesthesia
plan, surgical procedure plan, patient assessment for risk of IPH,
anesthesia diagnosis, and planned interventions for warming the
patient and preventing IPH.
Table 3
Personalized Hypothermia Risk Index
Parameter

Y/N Value

Insert
Value of Y
Responses

Autonomic Responses
Piloerection
1
Shivering – mild or cold hands/feet (pallor)
2
Shivering – pronounced
3
Behavioral response
Cold?
1
Hot?
0
Neutral?
0
Unresponsive/unable to communicate
1
Core/brain temperature
4
<34.5C
3
>34.5C to <35.5C
2
>35.5C to <36C
1
>36C to <36.5C
0
>36.5C
Total:
Patients with a score of >4 are at increased risk for developing complications from
hypothermia and should be closely monitored during and after surgery.
Abreu M. New Concepts in Perioperative Normothermia: From Monitoring to Management.
Anesthesiology News. 2011; 37(10); 39-48.

2. Patient’s that have sustained one or more traumatic injuries are susceptible to
IPH. Up to 50% of trauma patients are unintentionally hypothermic before they
reach the HDO.21,24,43 Hypothermic trauma patients are less likely to survive their
injuries when compared to trauma patients who are normothermic.10,21,24,43,55 The
“lethal triad” of hypothermia, impaired coagulation, and metabolic acidosis
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significantly decreases the patient’s ability to recover from traumatic
injuries.21,24,43 Trauma patients that are particularly at risk for IPH are
neonates/infants, elderly, and homeless.55 Factors that may contribute to the high
incidence of IPH in the trauma patient include prolonged exposure to the weather
elements, alcohol intoxication, head injury, and shock.55 A French study
conducted in 2012 confirmed that the three most significant risk factors for IPH
are severity of injury, temperature of IV fluids, and temperature inside the
ambulance.32 The study reported that the severity of hypothermia is linked to the
severity of the injury, such as blood loss and spine or head injuries that impair the
body’s internal temperature regulating mechanisms.32
As with all patients, cross-department teamwork is essential; emergency firstresponders (Emergency Medical Technicians and Paramedics) and the surgery
team must take under consideration that factors that contribute to IPH tend to be
exaggerated in the trauma patient.
A. Emergency first-responders must be aware that the infusion of cool
isotonic solutions such as normal saline contributes to IPH and
complicates the ability of the surgical team to achieve
normothermia.21,24,32,43 Additionally, when the trauma patient is in shock
hypoperfusion can also further exacerbate IPH.20,22,39
(1) Warming trays should be used in the ambulance to keep IV
fluids warm.21,24,43
(2) It is recommended that only enough IV fluids should be
administered to maintain the systolic blood pressure at 85-90
mmHg.32,43
(3) Emergency first-responders and the surgery team must be aware
of the signs and symptoms of metabolic acidosis, and be
prepared to treat the condition.
B. Other risk factors that should be addressed and treated in the trauma
patient are:
(1) Shivering: Trauma patients should be covered as best as possible
as soon as possible at the scene and when being transported;
emergency foil blankets are effective in retaining body heat. Wet
clothing should be removed, but if not wet as little clothing
should be removed as possible that still allows access to the
traumatic injuries. The compartment heater of the ambulance
should be turned on to make the patient area as warm as
possible.10,32
(2) Coagulopathy: The challenge for the surgery team is the trauma
patient’s coagulation laboratory test results may be reported as
normal since the blood sample(s) are heated to 37C before being
tested.61
C. If the trauma patient is hypothermic and all other immediate measures
have been completed such as covering the patient, the next step is to verify
the core temperature. See Standard of Practice IV for sites where the
temperature is taken and recorded.
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Standard of Practice III
100% of patients should be adequately covered on the ward and during transfer to
the preoperative holding area.20
1. The patient should be adequately covered on the ward or any other units such as
the ICU before and after surgery.
A. The patient should be encouraged to communicate to healthcare providers
and/or family if he/she is not warm enough.
2. During transfer from the ward or other unit such as the ICU, the patient should be
adequately covered to prevent IPH.
A. It is recommended that the patient be covered with one sheet and at least
two warm blankets prior to transfer.
(1) If a CST is responsible for transporting the patient, he/she should
visually confirm that as much of the surface area of the patient is
covered including arms.
(2) The CST should verbally confirm with the patient that he/she is
warm and provide additional blankets if the patient expresses
being cold.
3. While waiting in preoperative holding the patient must be kept warm by providing
additional warm blankets, in particular if the patient has been administered
premedications.44 Shivering by the patient must be prevented.
A. If a patient has been preoperatively assessed for being at-risk for IPH it is
recommended that forced-air warming be implemented in preoperative
holding.
Standard of Practice IV
The body temperature of the patient should be recorded throughout the
perioperative period.
1. Body temperature is just as important of a vital sign as the blood pressure or
pulse.20
A. 100% of non-emergent patients should have a temperature of 36C or
above prior to transport to the OR and before the start of anesthesia.20
B. It is recommended that the body temperature be recorded a minimum of
one hour before transfer from the ward or other unit such as the ICU to
preoperative holding.
(1) If a CST is responsible for transporting the patient, he/she should
confirm that the body temperature has been recorded in the
patient’s record.
C. The body temperature should be recorded at the same frequency as other
vital signs throughout the perioperative period including up to a minimum
of the first 24 hours postoperatively.20
(1) The patient’s temperature should be measured and documented
before the induction of general or neuraxial anesthesia.44
(2) It is recommended that all surgical patients should have their
core temperature recorded every half-hour during anesthesia.2
(3) A consistent measuring site and technique should be used
throughout the perioperative period for every patient in order to
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detect changes of temperature from the baseline and obtain
comparative results.23
(4) Adult patients receiving FAW are unlikely to become
hyperthermic due to sweating that cools the body. However,
neonates, infants, and adolescents quickly become warm and
require close monitoring.50
D. Temperature measurement is divided into two categories: core temperature
and near-core.23 Clinical research literature reports that the sites that most
accurately provide core temperature readings are the distal esophagus,
nasopharynx, pulmonary artery and tympanic membrane via
thermocouple.19,23,50,61 Near-core sites include the bladder, oral chemical
dot thermometers, temporal artery, and tympanic membrane with infrared
sensor.23
(1) Bladder temperature can be measured with a urinary catheter that
contains a temperature transducer.35 Bladder temperatures
provide a good calculation of the core temperature as long as the
urine flow is good; if the urine flow is low the accuracy of the
bladder temperature monitoring decreases.34,35,50 Therefore,
obtaining an accurate bladder temperature relies on a third factor,
urine flow, making the bladder a less than optimal site.
(2) Distal esophageal temperature accurately reflects core
temperature, but the reading is affected by the use of humidified
gases if the probe is not positioned far enough and may be
affected during open cardiothoracic procedures since the cavity
is exposed to ambient air.34,35 However, the site is easy to use
and minimally invasive.19
(3) Nasopharyngeal temperature is measured by placing the
esophageal probe superior to the soft palate; this positions the
probe close to the brain to obtain an accurate core temperature.48
But the temperature measurement can be affected by inspired
gases.34,35
(4) Pulmonary artery catheters measure the central blood
temperature which directly measures the core temperature.35
However, pulmonary artery catheter use is usually for patients
that require close hemodynamic monitoring due to their
invasiveness and high cost of the catheters.34,35
(5) Studies have indicated tympanic membrane via thermocouple
(also called thermistor) measurements are highly reliable and
consistent, and are the preferred perioperative method.19,48,50,61
The tympanic membrane is close to the carotid artery and
hypothalamus allowing for an accurate measure of core
temperature, and taking the measurement is noninvasive.34,35
However, infrared tympanic thermometry and temporal artery
thermometers do not provide an accurate temperature
measurement during the perianesthesia period.19,23
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E. CSTs should complete training in the use, care and handling of
temperature recording devices.
(1) On the day of the surgical procedure, the CST should collaborate
with the anesthesia provider and other members of the surgical
team in confirming the availability of the temperature recording
device that has been documented to be used in the patient’s
anesthesia plan.
(2) The CST should complete training in how to test the temperature
recording device prior to use on the patient. The CST should test
and use the temperature monitoring device according to
manufacturer’s instructions for use (IFU).
(3) The training should include how to clean and store the devices
according to manufacturer’s IFU.
Standard of Practice V
Forced-air warming (FAW), circulating-water device, and energy transfer pads are
recommended methods for perioperative warming of the surgical patient and
prevention of IPH.
1. Methods for maintaining normothermia are categorized as passive or active. It is
recommended the surgical team employ both methods to prevent IPH.19
A. Passive warming refers to decreasing heat loss by insulation, i.e. covering
exposed skin surfaces to the extent possible. This is accomplished through
the use of warm blankets, foil blankets, sterile drapes, and plastic bags,
e.g. anesthesia provider covers the head of the patient with a plastic bag.
(1) Rubber warming bottles or warm IV fluid bags should never be
used to warm patients, in particular pediatric patients. The
temperature of the bags cannot be controlled and can result in
patient burns.
B. Active warming involves the use of a device.
2. FAW is an effective method active warming.3,64 FAW utilizes the mechanisms of
convection and radiation.56 The movement of the warm air transfers heat to the
surface of the patient’s skin; this allows FAW blankets to transfer more heat at a
lower temperature.56,64 However, in hypothermic patients, particularly trauma
patients, peripheral vasoconstriction can limit the efficacy of FAW and other
methods such as the heated water blanket may be more efficient.61,53 For a
summary of the available methods see Tables 4 and 5.
3. Circulating-water devices use convective heating to warm the patient.12 The
method has been confirmed to be effective for both adult and pediatric patients,
and reported to transfer more heat to patients than FAW.59
A. Several studies have confirmed the effectiveness of circulating-water
devices with a focus on its use during pediatric and adult cardiac surgery,
and major open surgery such as liver transplant. The results of the
research consistently showed that circulating-water devices were more
effective than FAW during cardiac and major open surgery.26, 42, 50, 59, 56
(1) Due to a decrease in the surface area for effective cutaneous heat
transfer, FAW has been shown to be insufficient during cardiac
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surgery and major open surgery.51 However, the circulatingwater garment allows the surgical team to cover a much larger
surface area with the ability to position it under the patient and
wrap around the anterior surface to cover the torso, legs and
upper arms.51 Three studies showed that the mean core
temperature of patients was significantly higher with the use of
the circulating-water garment as compared to the control group
in which FAW was used.38, 43,56
(2) In a study that used nine volunteers the conclusion is the
circulating-water garment transferred more heat than FAW with
the difference resulting mainly from posterior heating.51
(3) Orthotopic liver transplants (OLT) present multiple factors that
contribute to IPH including massive fluid administration,
convective and evaporative losses from lengthy exposure of the
abdominal cavity, decrease in hepatic energy production, and
implantation of the cold liver allograft.23 The results of the study
showed that the mean core temperature during incision, one hour
after incision, and during skin closure were significantly higher
in the circulating-water garment group of patients as compared to
the FAW control group.23 Additionally, the core temperature was
also significantly higher during the placement of the cold liver
allograft.23 The conclusion of the authors of the study is the
circulating-water garment results in better maintenance of
intraoperative normothermia than FAW due to the ability to
cover a greater percentage of the body surface.23
4. A newer system for preventing IPH is the energy transfer pads (ETP). Studies
have been performed in the use of ETPs primarily during off-pump coronary
artery bypass (OPCAB) surgery and pediatric procedures. The conclusion of the
studies is consistently that ETP is significantly more effective than FAW and
other conventional methods, e.g. higher room temperature, heated IV fluids.17, 22,
45, 46, 51, 62
It is shown to significantly maintain higher core body and skin
temperatures, and in some instances even raise the core body temperature when
necessary.17, 22, 45, 46, 51, 62
5. It is recommended patients should be pre-warmed a minimum of 30 minutes
immediately prior to the administration of general or neuraxial anesthesia.
A. When the periphery is pre-warmed, the core to periphery flow of heat can
be greatly reduced.50,53 This is especially important for patients
undergoing a short or complicated procedure.
B. It is recommended that active warming methods, defined as forced-air
warming (FAW) or circulating water device, be used throughout the
intraoperative period to achieve the target temperature of 36°C within 30
minutes immediately before or 15 minutes after the discontinuation of
anesthesia.2,23 The measure applies to all patients including pediatrics that
undergo a non-emergency surgical procedure in which the patient is under
general or neuraxial anesthesia for 60 minutes or longer.4,20
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C. It is recommended that the temperature setting of the warming device be
set as high as possible according to the manufacturer’s IFU and adjusted to
the level at which the patient’s temperature is maintained at 36C.11,44
D. CSTs that perform the assistant circulating role should complete training
on the use of warming devices used in the surgery department.
6. The OR table mattress and linens should be pre-warmed as an adjunct to
preventing conduction heat loss.
7. To assure patient safety, the manufacturer’s IFU for the use of a warming device
should be followed.
A. Only U.S. Food and Drug Administration (FDA) approved warming
devices should be used.
B. Only the blanket and hose that were delivered with a FAW device
upon purchase should be used; the items should not be replaced by a
blanket or hose from another device even if it is the same model.
C. The hose should never be disconnected from the warming blanket
when in use; the hose alone should not be used to deliver the warm air
which has resulted in patient injuries.38,39
Table 4
Methods to Maintain Normothermia in the Surgical Patient










External Methods
Fluid warmer
Force-air warming
Heated water blanket
Heated water mattress
Warm blankets; foil blanket
Increase temperature in OR
Heated humidified anesthetic gases
Remove patient from cold
environment






Internal Methods
Cardiopulmonary bypass
Hemodialysis with warm fluids
Peritoneal lavage with warm fluids
Continuous arteriovenous warming
(CAVR)47

Standard of Practice VI
The pharmacologic agent of choice for the treatment of shivering is meperidine.
1. Based upon clinical studies, the ASA recommends that meperidene should be
used for the treatment of patient shivering during emergence and postoperatively.
(ASA)
A. Clinical research literature supports the effectiveness of meperidine when
compared to other opioid agonists or agonist-antagonists for reducing
shivering. (ASA)
B. The CST in the assistant circulator role should be familiar with meperidine
including actions, side-effects and uses.
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Table 5
Advantages and Disadvantages of Specific Methods of Patient Warming
Method of Warming
Forced-air warming




Advantages
Immediately produces
warm air; quickly warms
the patient
Low risk of patient burns






Water mattress






Risk of pressure sores
alleviated
Does not warm the OR
Low risk of patient burns
Can cool and heat






Fluid Warmer




Direct warming of IV
fluids and blood products
before they are infused
Easy and fast to set-up
portable fluid warming
units



Disadvantages
Warms the OR making
it uncomfortable for the
surgical team
No cooling option
except to turn off unit
Disposables increase
cost of use
Patient must be padded
to prevent pressure
sores
Water leakage if
mattress damaged
Heavy; transporting,
handling, and
positioning mattress
difficult
High-use of electrical
power
Only use is for warming
IV fluids and blood
products

Standard of Practice VII
Intravenous (IV) fluids and blood products should be warmed prior to transfusion
to aid in preventing IPH.
1. It is recommended that IV fluids should only be warmed when it is anticipated
that more than 2 liters per hour will be administered in adults.44,48 When less than
2 liters per hour will be administered warm IV fluids have little effect on the
patient’s core temperature.44,48
A. Studies support the warming of IV fluids as an adjunct to FAW to
decrease the risk for IPH.35,52
B. The IV bags should be warmed according to manufacturer’s IFU.
(1) The CST should collaborate with the anesthesia provider and
other members of the surgical team in confirming there is an
adequate number of warm IV bags available prior to the start of
the surgical procedure.
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(2) The IV bags should be warmed to a temperature of
approximately 37C.44,48
2. Blood products must be warmed prior to transfusion.7
A. The CST can collaborate with the anesthesia provider in obtaining the
portable blood-warming unit and assist in preparing it for use, e.g. attach
to IV pole, plug electrical cord into outlet, start the unit, assist anesthesia
provider with placing tubing inside the unit.7
Standard of Practice VIII
Warm skin preparation antiseptics should be used when performing the patient skin
prep.
1. Warm antiseptic solutions will help to prevent cooling of the surface of the skin.
However, the manufacturer’s IFU should be consulted to confirm if it is safe to
warm the antiseptic solution, what temperature the solution can be warmed, and
the storage temperature.8
2. Some antiseptic solutions are flammable; heating the solution is a fire hazard.
3. To the extent possible, expose only the skin necessary for the patient skin prep to
prevent convection heat loss.
4. The sterile drapes should be placed as soon as possible after the patient skin prep
is completed to prevent evaporation heat loss.
Standard of Practice IX
The CST in the first scrub role must provide warm irrigating fluids for use by the
surgeon to aid in preventing IPH in the surgical patient. (ST for the ST)
1. Warm irrigation fluids support the use of other warming methods to prevent IPH.
A. A study of patients that underwent a shoulder arthroscopy concluded that
core temperature may be effected by irrigation fluid temperature and
recommended that the fluid be warmed to 36C.9
B. The irrigation fluids should be warmed to a temperature of approximately
37C. However, the irrigation fluids should be warmed according to the
manufacturer’s IFU.
C. The CST should confirm there are an adequate number of warm containers
of irrigation fluids available prior to the start of the surgical procedure.
Standard of Practice X
The patient’s perioperative record should include documentation of the measures
taken by the surgical team to prevent IPH and maintain normothermia in the
patient.
1. The documentation should include the type of temperature measurement device
used and settings; temperature measurements recorded during the surgical
procedure; type of active warming device used and setttings; use of warming
device for blood and blood products if infused; any other thermoregulation
methods or devices.
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Standard of Practice XI
Incidences of IPH and device malfunctions should be documented and reviewed in
order to identify measures that can be taken to improve surgical outcomes.
1. An incidence of IPH that occurs during the perioperative period should be
documented and assessed by the surgical team.
A. The surgical team should evaluate to the extent possible the reason(s) for
the occurrence of IPH including if there was a lapse in applying the
policies and procedures, and make the necessary adjustments to prevent
further incidences.
B. The HDO’s normothermia policies and procedures should be reviewed at
least biannually.
(1) The policies and procedures should be available in the surgery
department for the surgical personnel.
2. Incidences involving warming devices and temperature monitoring devices should
be documented according to the HDO’s adverse event reporting policies and
procedures, and in compliance with the Safe Medical Devices Act of 1990.57
A. A patient device injury is required to be reported to the FDA and device
manufacturer within 10 days; the report should include the type of device,
identifying information such as serial number and date of manufacture,
inspection dates performed by biomedical equipment technicians, and
description of the adverse event.57
Standard of Practice XII
CSTs should better familiarize themselves with the clinical subject of normothermia
and IPH by completing continuing education on the adverse effects of IPH, and
methods for preventing and treating IPH.
1. Given its critical importance to positive surgical outcomes, literature has
recognized that regulation of normothermia has been inconsistent and often
ignored.
A. The following have been identified as barriers for establishing a national
standard of care for normothermia:50
(1) Lack of clear, evidence-based guidelines on warming techniques
that are most successful. It has been identified that an evidencebased approach to thermoregulation is needed for HDOs to use
as guidance in developing policies.
(2) Inconsistent practice within HDOs; some patients are monitored
and others are not monitored.
(3) Inconsistent practice from one HDO to another; 100% of patients
monitored and hypothermia prevented, whereas an HDO may
report hypothermia in the PACU as being common.
(4) Staff turnover can contribute to inconsistent practices; one or
more advocates for preventing IPH leave and efforts to monitor
patients decreases.
(5) The benefits of warming the patient are not immediately
noticeable. Surgery personnel are more accustomed to seeing
immediate results, such as a drug taking effect or stopping
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bleeding with electrocautery. Surgery personnel may not be
aware of the long-term benefits to the patient of maintaining
normothermia and preventing IPH. Operating room staff that do
not follow patients postoperatively will not have the experience
of observing the benefits and positive outcomes of warming.
Continuing education that stresses the evidence-based benefits of
patient thermoregulation is important for getting the message out
to surgery personnel.
(6) The warming methods used by the surgery department may be
ineffective causing the surgery personnel to disregard the effects
of IPH. The department may only be relying upon passive
warming methods combined with a lack of awareness of other
available technologies.
(7) The increased focus and pressure by HDO administration on fast
OR turnovers can contribute to ignoring the use of warming
measures and monitoring the patient’s temperature. A FAW
device takes time to set-up and position on the patient as well as
transportation issues when the patient is transported from
preoperative holding to the OR and then the PACU.
Additionally, the anesthesia provider may feel the pressure to not
take the time to establish a base core temperature prior to the
administration of anesthesia as well as upon emergence in the
OR.
2. Educational efforts on patient warming and IPH should be provided to all surgery
team members in order to better understand the correlation between hypothermia
and adverse outcomes.50
A. The continuing education should include up-to-date, outcomes-based
information on the ways IPH can be prevented and treated.
B. The CST should periodically complete continuing education on
normothermia, IPH, temperature measurement technology up-dates, and
methods for preventing IPH.5
C. The completion of continuing education and annual competency
assessment of the CST in the prevention of IPH, and safe use of
temperature measurement and warming devices should be documented by
the HDO.
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Competency Statements
Competency Statements
1. CSTs have the knowledge and skills to
provide patient care by reviewing the
anesthesiologist’s risk factors assessment
in order to participate with the surgical
team in implementing the thermoregulatory
plan for the surgical patient.
2. CSTs have the knowledge and skills to
perform patient care by participating in
assembling, testing and applying
thermoregulatory devices in the
perioperative setting.
3. CSTs have the knowledge and skills to
perform patient care by applying passive
methods of warming patients in the
perioperative setting.
4. CSTs can serve on as well as participate
in the work of a committee assigned to
assess incidences of IPH and adverse
events related to device malfunction.

Measurable Criteria
1. Educational standards as established by
the Core Curriculum for Surgical
Technology.6
2. The didactic subject of
thermoregulatory care of the patient is
included in an accredited surgical
technology program.
3. Students demonstrate knowledge of
thermoregulatory care of the patient in the
lab/mock OR setting and during clinical
rotation.
4. CSTs perform patient care by
implementing the thermoregulatory plan in
coordination with the surgical team
members.
5. CSTs participate on the HDO’s patient
normothermia committee.
6. CSTs complete continuing education to
remain current in their knowledge of
normothermia, preventing IPH, and safe
use of temperature monitoring and
warming devices.5

CST® is a registered trademark of the National Board of Surgical Technology & Surgical Assisting
(NBSTSA).

References
1. Abreu MM. New concepts in perioperative normothermia: from monitoring to
management. Anesthesiology News. 2011; Volume 37(10):39-48.
2. Alderson P, Campbell G, Smith AF, Warttig S, Nicholson A, Lewis SR. Thermal
insulation for preventing inadvertent perioperative hypothermia. Cochrane Database
of Systematic Reviews. 2014; 6, Article No. CD009908.
3. American Society of Anesthesiologists. An updated report by the American Society
of Anesthesiologists Task Force on Postanesthesia Care. Anesthesiology. 2013;
118(2):1-17.

21
4. American Society of Anesthesiologists. Perioperative normothermia: quality
incentives in anesthesiology perioperative normothermia. 2013.
http://www.asahq.org/For-Members/Advocacy/Advocacy-Division/PerioperativeNormothermia.aspx. Accessed July 10, 2013.
5. Association of Surgical Technologists. AST continuing education policies for the
CST and CSFA. 2014.
http://www.ast.org/uploadedFiles/Main_Site/Content/Members/ASTCEPoliciesCSTC
SFA.pdf. Accessed January 21, 2015.
6. Association of Surgical Technologists. Core curriculum for surgical technology. 6th
ed. Littleton, CO: Association of Surgical Technologists; 2014.
7. Association of Surgical Technologists. Guideline statement for massive transfusion of
the surgical patient. 2013.
http://www.ast.org/uploadedFiles/Main_Site/Content/About_Us/Guideline_Massive_
Transfusion.pdf. Accessed January 1, 2015.
8. Association of Surgical Technologists. Standards of practice for skin prep of the
surgical patient. 2008.
http://www.ast.org/uploadedFiles/Main_Site/Content/About_Us/Standard_Skin_Prep.
pdf. Accessed January 1, 2015.
9. Board TN, Svrinivasan MS. The effect of irrigation fluid temperature on core body
temperature in arthroscopic shoulder surgery. Archives of Orthopaedic & Trauma
Surgery. 2008; 128(5):531-533.
10. Dallas ME. Trauma patients at higher risk of dying of hypothermia: study. 2012.
http://www.medicinenet.com/script/main/art.asp?articlekey=161043. Accessed
January 1, 2015.
11. ECRI Institute. Hazard report update: ECRI Institute revises its recommendations for
temperature limits on blanket warmers. Health Devices. 2009; 38(7):230-231.
12. ECRI Institute. Healthcare product comparison system. Warming units, patients,
forced air. Plymouth Meeting, PA: ECRI Institute; 2007.
13. Facility Guidelines Institute, American Society for Healthcare Engineer. Guidelines
for design and construction of hospitals and outpatient facilities. Chicago, IL:
American Hospital Association; 2014.
14. Feinstein L, Miskiewicz M. Perioperative hypothermia: review for the anesthesia
provider. The Internet Journal of Anesthesiology. 2010; 27(2).
https://ispub.com/IJA/27/2/10779. Accessed July 10, 2013.

22
15. Fleisher LA, Fleischmann KE, Auerbach AD, Barnason SA, Beckman JA, Bozkurt B,
Davila-Roman VG, Gerhard-Herman MD, Holly TA, Kane GC, Marine JE, Nelson
MT, Spencer CC, Thompson A, Ting HH, Uretsky BF, Wijeysundera DN. 2014.
ACC/AHA guideline on perioperative cardiovascular evaluation and management of
patients undergoing noncardiac surgery: a report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines. Journal
of the American College of Cardiology. 2014; 64(22): e77-137.
16. Frank SM. Pathophysiology and consequences of hypothermia. Trauma Care. 2004;
14(2):64-67.
17. Grocott HP, Mathew JP, Carver EH, Phillips-Bute B, Landolfo KP, Newman MF. A
randomized controlled trial of the Artic Sun Temperature Management System versus
conventional methods for preventing hypothermia during off-pump cardiac surgery.
Anesthesia & Analgesia. 2004; 98(2): 298-302.
18. Hannan EL, Samadashvili Z, Wechsler A, Jordan D, Lahey SJ, Culliford AT, Gold
JP, Higgins RS, Smith CR. The relationship between perioperative temperature and
adverse outcomes after off-pump coronary artery bypass graft surgery. The Journal of
Thoracic & Cardiovascular Surgery. 2010; 139(6):1568-1575.e1.
19. Hannenberg AA, Sessler DI. Improving perioperative temperature management.
Anesthesia & Analgesia. 2008; 107(5):1454-1457.
20. Harper M. Peri-operative temperature management. In: Colvin JR, Peden CJ, eds.
Raising the Standard: A Compendium of Audit Recipes. 3rd ed. London, England:
The Royal College of Anaesthetists; 2012:104-105.
21. Helm M, Lampl L, Hauke J, Bock KH. 1995. Accidental hypothermia in trauma
patients: It is relevant to preclinical emergency treatment? Anaesthesist. 1995; 44(2):
101-107.
22. Hofer CK, Worn M, Tavakoli R, Sander L, Maloigne M, Klaghofer R, Zollinger A.
Influence of body core temperature on blood loss and transfusion requirements during
off-pump coronary artery bypass grafting: a comparison of 3 warming systems.
Journal of Thoracic and Cardiovascular Surgery. 2005: 129(4): 838-843.
23. Hooper VD, Chard R, Clifford T, Fetzer S, Fossum S, Godden B, Martinez EA,
Noble KA, O’Brien D, Odom-Forren J, Peterson C, Ross J, Wilson L. ASPAN’s
evidence-based clinical practice guideline for the promotion of perioperative
normothermia: Second edition. Journal of PeriAnesthesia Nursing. 2010; 25(6):346365.
24. Hsieh A. 2012. The chilling effect of hypothermia on trauma patients.
http://www.boundtreeuniversity.com/print.asp?act=print&vid=1263681. Accessed
January 1, 2015.

23
25. Janicki PK, Stoica C, Chapman WC, Wright JK, Walker G, Pai R, Walia A, Pretorius
M, Pinson CW. Water warming garment versus forced air warming system in
prevention of intraoperative hypothermia during liver transplantation: a randomized
controlled trial [ISRCTN32154832]. http://www.biomedcentral.com/1471-2253.2/7.
Accessed February 13, 2015.
26. John M, Ford J, Harper M. Peri-operative warming devices: performance and clinical
application. Anaesthesia. 2014; 69(6):623-638.
27. Kasai T, Hirose M, Yaegashi K, Matsukawa T, Takamata A, Tanaka Y. Preoperative
risk factors of intraoperative hypothermia in major surgery under general anesthesia.
Anesthesia & Analgesia. 2002; 95(5):1381-1383.
28. Kim YS, Jeon YS, Lee JA, Park WK, Koh HS, Joo JD, In JH, Seo KW. Intraoperative warming with a forced-air warmer in preventing hypothermia after
tourniquet deflation in elderly patients. The Journal of International Medical
Research. 2009: 37:1457-1464.
29. Kitamura A, Hoshino T, Kon T, Ogawa R. Patients with diabetic neuropathy are at
risk of a greater intraoperative reduction in core temperature. Anesthesiology. 2000;
92(5):1311-1318.
30. Kudoh A, Takase H, Takazawa T. Chronic treatment with antipsychotics enhances
intraoperative core hypothermia. Anesthesia & Analgesia. 2004; 98(1):111-115.
31. Kurz A, Sessler DI, Lenhardt R. Perioperative normothermia to reduce the incidence
of surgical wound infection and shorten hospitalization. New England Journal of
Medicine. 1996; 334(19):1209-1215
32. Lapostolle F, Sebbah JL, Couvreur J, Koch FX, Savary D, Tazarourte K, Egman G,
Mzabi L, Galinski M, Adnet F. Risk factors for onset of hypothermia in trauma
victims: the HypoTraum Study. Critical Care. 2012; 16.
http://ccforum.com/content/16/4/R142. Accessed January 4, 2015.
33. Leaper D, Kumar S, Bettles N. Maintaining normothermia during surgery. 2010.
http://www.hospital-int.net/article/maintaining-normothermia-during-surgery.html.
Accessed July 10, 2013.
34. Lenhardt R. Monitoring and thermal management. Best Practice & Research Clinical
Anesthesiology. 2003; 17(4):569-581.
35. Leslie K, Sessler DI. Perioperative hypothermia in the high-risk surgical patient. Best
Practice & Research Clinical Anesthesiology. 2003; 17(4): 485-498.

24
36. Macario A, Dexter F. What are the most important risk factors for a patient’s
developing intraoperative hypothermia? Anesthesia & Analgesia. 2002; 94(1):215220.
37. Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR. Centers for Disease
Control and Prevention guideline for the prevention of surgical site infection.
Infection Control and Hospital Epidemiology. 1999: 20(4):247-278.
38. Marders J. FDA encourages the reporting of medical device adverse events: freehosing hazards. APSF Newsletter. 2002; 17:42.
39. Mehta SP. Burn injuries from warming devices in the operating room.
Anesthesiologist. 2013; 77(2):16-17.
40. Memarzadeh F. Active warming systems to maintain perioperative normothermia in
hip replacement surgery. The Journal of Hospital Infection. 2010; 75(4):332-333.
41. Motta P, Mossad E, Toscana D, Lozano S, Insler S. Effectiveness of a circulatingwater warming garment in rewarming after pediatric cardiac surgery using
hypothermic cardiopulmonary bypss. Journal of Cardiothoracic and Vascular
Anesthesia. 2004; 18(2):148-151.
42. Murphy CG, Winter DC; Bouchier-Hayes DJ. Tourniquet injuries: pathogenesis and
modalities for attenuation. Acta Orthopaedica Belgica. 2005; 71(6):635-645.
43. National Association of Emergency Medical Technicians. PHTLS: Prehospital
trauma life support, 8th ed. Burlington, MA: Jones & Bartlett Learning; 2014.
44. National Institute for Health and Care Excellence. Inadvertent perioperative
hypothermia: the management of inadvertent perioperative hypothermia in adults.
2008. https://www.nice.org.uk/guidance/cg65/chapter/introduction. Accessed
December 23, 2014.
45. Nesher N, Wolf T, Uretzky G, Oppenheim-Eden A, Yussim E, Kushnir I, Shoshany
G, Rosenberg B, Berant M. A novel thermoregulatory system maintains perioperative
normothermia in children undergoing elective surgery. Paediatric Anaesthesia. 2001;
11(5): 555-560.
46. Nesher N, Insler SR, Shenberg N, Bolotin G, Kramer A, Sharony R, Paz Y, Pevni D,
Loberman D, Uretzky G. A new thermoregulation system for maintaining
perioperative normothermia and attenuating myocardial injury in off-pump coronary
artery bypass surgery. The Heart Surgery Forum #2002-26052. 2002; 5(4): 1-8.

25
47. Nesher N, Uretzky G, Insler, S, Nataf P, Frolkis I, Pineau E, Cantoni E, Bolotin G,
Vardi M, Pevni D, Lev-Ran O, Sharony R, Weinbroum AA. Thermo-wrap
technology preserves normothermia better than routine thermal care in patients
undergoing off-pump coronary artery bypass and is associated with lower immune
response and lesser myocardial damage. Journal of Thoracic and Cardiovascular
Surgery. 2005; 129(6): 1371-1378.
48. Prevention of inadvertent perioperative hypothermia. Pennsylvania Patient Safety
Advisory. 2008; 5(2):44-52.
49. Rajagopalan S, Mascha E, Na J, Sessler DI. The effects of mild perioperative
hypothermia on blood loss and transfusion requirements. Anesthesiology. 2008;
108(1):71-77.
50. Roundtable summary: perioperative temperature management. 2005.
http://www.anesthesiologynews.com/download/544Kimberly-ClarkeSR.pdf.
Accessed December 23, 2014.
51. Sellke FW, Ruel M. (Eds.). Atlas of cardiac surgical techniques. Philadelphia, PA:
Saunders; 2009.
52. Sessler DI. Complications and treatment of mild hypothermia. Anesthesiology. 2001;
95(2):531-543.
53. Sessler DI. Perioperative heat balance. Anesthesiology. 2000; 92(2):578-596.
54. Sessler DI. Temperature Regulation and Monitoring. In: Miller RD, ed. Miller’s
Anesthesia. 8th ed. Philadelphia, PA: Elsevier; 2015:1571-1597.
55. Smith CE. Prevention and treatment of hypothermia in trauma patients. Trauma Care.
2004; 14(2):68-79.
56. Stevens MH. Forced-Air warming: an effective tool in fighting SSI. 2013.
http://www.infectioncontroltoday.com/articles/2011/03/forced-air-warming-aneffective-tool-in-fighting-ssi.aspx. Accessed December 23, 2014.
57. Summary: H.R.3095 Safe medical devices act of 1990.
https://www.congress.gov/bill/101st-congress/house-bill/3095. Accessed January 21,
2015.
58. Tander B, Baris S, Karakaya D, Ariturk E, Rizalar R, Bernay F. Risk factors
influencing inadvertent hypothermia in infants and neonates during anesthesia.
Paediatric Anaesthesia. 2005; 15(7):574-579.

26
59. Taguchi A, Ratnaraj J, Kabon B, Sharma N, Lenhardt R, Sessler DI, Kurz A. Effects
of a circulating-water garment and forced-air warming on body heat content and core
temperature. Anesthesiology. 2004; 100(5):1058-1064.
60. Tisherman S. Accidental and therapeutic hypothermia, cold injury and drowning. In:
Peitzman AB, Rhodes M, Schwab CW, Yealy DM, Fabian TC, eds. The Trauma
Manual, 2nd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2013:554-561.
61. Tsuei BJ, Kearney PA. Hypothermia in the trauma patient. Injury. 2004; 35(1):7-15.
62. Vassillades, Jr. TA, Nielsen JL, Lonquist JL. Evaluation of a new temperature
management system during off-pump coronary artery bypass. Interactive
CardioVascular and Thoracic Surgery. 2003; 2(4): 454-457.
63. Winkler M, Akca O, Birkenberg B, Hetz H, Scheck T, Arkilic CF, Kabon B, Marker
E, Grübl A, Czepan R, Greher M, Goll V, Gottsauner-Wolf F, Kurz A, Sessler DI.
Aggressive warming reduces blood loss during hip arthroplasty. Anesthesia &
Analgesia. 2000; 91(4):978-984.
64. Young VL, Watson ME. Prevention of perioperative hypothermia in plastic surgery.
Aesthetic Surgery Journal. 2006; 26(5):551-571.
65. Zangrillo A, Pappalardo F, Talo G, Corno C, Landoni G, Scandroglio A, Rosica C,
Crescenzi G. Temperature management during off-pump coronary artery bypass graft
surgery: A randomized clinical trial on the efficacy of a circulating water system
versus a forced-air system. Journal of Cardiothoracic and Vascular Anesthesia. 2006;
20(6): 788-792.

