
 
PERIOPERATIVE HYPOTHERMIA 



Objective: 

1. Definition of hypothermia. 

2. Body heat loss Mechanisms and Regulation Of Temperature. 

3. Definition of intraoperative hypothermia. 

4. Perioperative Temperature monitoring. 

5. Sites of temperature monitoring . 

6. Risk of perioperative hypothermia. 

7. Phases of Intraoperative Hypothermia. 

8. Consequences of Intraoperative Hypothermia. 

9. Prevention and management of Intraoperative Hypothermia. 

 

 

 



Definition of hypothermia : 

 

 

 

Hypothermia is a core body temperature less than 35 C . 



Mechanisms of heat loss from the body: 

1- Radiation: The body heat is lost in the form of infrared rays. 

most heat (about 60%) is lost by radiation. 

2- Conduction: the body heat lost by direct contact with a cooler object. 

conduction accounts for <5% of heat loss. 

3- convection: The body heat is lost by the motion of gas or liquid across the surface  

Convection accounts for approximately 15% to 30% of heat loss in the operating room. 

The rate of convective loss depends on both the air temperature and its velocity. 

 



Mechanisms of heat loss from the body: 

4- Evaporation: The body heat lost when fluid evaporates. 

▪ Evaporation from the skin accounts for about 20% of total heat loss. 

 

▪ Evaporation is the only mechanisms by which the body can eliminate excess heat when 
the temperature of the surroundings is higher than that of the skin. 

 

▪ Evaporation accounts for two-thirds of the heat loss from the respiratory tract. 

 

 



Mechanisms of heat loss from the body: 



Regulation Of Body Temperature: 

▪ There is a narrow range of normal core temperature, 36.7°C to 37.1°C, within which 
thermoregulatory responses are not triggered. 

 

▪ Body temperature is regulated by feedback mechanisms predominantly mediated by the 
preoptic nucleus of the anterior hypothalamus,Which integrates afferent input is modulated 
in the brainstem,skin ,deep tissues and spinal cord before arrival in the hypothalamus. 

 

▪ Heat sensitive nurons in the preoptic nucleus receive additional thermal input from 
extrahypothalamic areas of the brain. 

 

 

 



Regulation Of Body Temperature: 

▪ Reflex responses to cold (vasoconstriction, piloerection, shivering, and nonshivering 
thermogenesis) originate in the posterior hypothalamus. 

 

▪ Reflex responses to heat (vasodilation, sweating) originate in the anterior 
hypothalamus.  

 

▪ The hypothalamic thermostat detects body temperature changes and initiates 
autonomic, somatic, and endocrine thermoresponses when the various set points are 
reached. 



Regulation Of Body Temperature: 

▪ In the awake individual, behavioral responses (putting on a jacket) usually occur before 
the core temperature reaches the set points. 

 

 

▪ If the behavioral response to hypothermia fails or is abolished by anesthesia, the 
hypothalamic thermostat stimulates vasoconstriction at 36.5°C and shivering at 36.2°C. 
As a result, the rate of heat transfer to the skin is decreased, heat product rises from 
shivering, and body temperature increases. 



Definition of intraoperative hypothermia:  

 

 

▪ Intraoperative hypothermia (decrease in core temperature below 36C) develops in 
nearly all unwarmed surgical patients because of the combination of anesthesia-
induced thermoregulatory impairment, cool operating room  and exposure of open 
body cavities during certain surgical procedures. 

 



PERIOPERATIVE Temperature monitoring: 

 

 

▪ the American Society of Anesthesiologists’ standards for monitoring temperature, 
which state that every patient should have temperature monitored when clinically 
significant changes in body temperature are intended, anticipated, or suspected.  



Sites of temperature monitoring : 

▪ Core temperature is monitored at highly perfused sites where temperature is 
homogeneous and high compared with the rest of the body, using nasopharyngeal 
(with probe inserted 10 to 20 cm), distal esophageal, tympanic membrane, or 
pulmonary artery probes. 

▪  Nasopharyngeal or esophageal probes are used routinely during general anesthesia. 

▪ Alternative temperature monitoring sites may be required during some procedures (eg, 
oral or esophageal surgery), for patients who have regional anesthesia, or during 
general anesthesia with a face mask of supraglottic airway for airway management. 

▪  Outside the United States, a double-sensor thermometer is applied to the forehead. 
Several studies have reported that this type of monitor correlates well with other 
methods of core temperature measurement during anesthesia. 



Temperature monitoring sites: 

▪ Axillary, bladder, and rectal temperature may estimate core temperature, though each 
site is subject to possible artifact. 

▪ Axillary temperature is most accurate with the probe positioned over the axillary artery, 
and with the arm at the patient’s side. 

▪ Bladder temperature correlates with rectal temperature, and accuracy is affected by 
urine flow. 

▪ Rectal temperature may accurately reflect core temperature, but changes slowly during 
rapid changes in body temperature, and may not increase rapidly during malignant 
hyperthermia crises. 

▪ Rectal temperature is rarely monitored because of the risk of rectal perforation with the 
probe. 

 



Risk of perioperative hypothermia: 

▪ American Society of Anesthesiologists (ASA) grade II to V (the higher the grade, the 
greater the risk). 

▪ preoperative temperature below 36.0°C. 

▪ undergoing combined general and regional anaesthesia. 

▪ undergoing major or intermediate surgery. 

▪ having general anesthesia lasting more than 30 minutes. 

▪ Body Mass Index (BMI). 

 

 



Phases of Intraoperative Hypothermia:  

1.  Initial Phase : 

▪ after induction of general anesthesia or placement of a neuraxial block, core 
temperature decreases rapidly, due to redistribution from the core to peripheral tissues.  

 

▪ This initial rapid reduction in core temperature is primarily due to anesthetic-induced 
vasodilation resulting from impairment of central thermoregulatory control rather than direct 
peripheral effects of anesthetics.  

 

▪ Although this redistribution of heat does not alter mean-body temperature, it does substantially 
reduce core temperature. 



Phases of Intraoperative Hypothermia:  

2. Slow linear phase: 

Redistribution hypothermia is typically followed by a slower, linear reduction in core 
temperature with heat loss to the environment due to  primarily  radiation and 
convection.  

 

The rate at which temperature decreases is a function of the difference between 
metabolic heat production and heat loss, also dependent on ambient temperature, 
extent of surgical exposure to skin and body cavities, and whether the patient is insulated 
or actively warmed. 



Phases of Intraoperative Hypothermia:  

3. Plateau phase: 

▪ Once patients become sufficiently hypothermic to activate thermoregulatory vasoconstriction 

(typically at approximately 34.5°C during general anesthesia), core temperature reaches a plateau 

and does not decrease further regardless of the incision size or duration of surgery.  

▪ arteriovenous shunt vasoconstriction effectively retains metabolic heat in the core tissues, thus 

preventing further decreases in core temperature.  

▪ However, heat loss from peripheral tissues continues, Even though core temperature remains 

constant 

 A plateau in core temperature may also result from a passive process if heat production is balanced 

against heat loss.  



Phases of Intraoperative Hypothermia:  



Phases of Intraoperative Hypothermia:  



Consequences of Intraoperative Hypothermia:  

1. Coagulopathy : 

▪ Hypothermia causes coagulopathy, primarily due to reversible impairment of platelet 
aggregation via reduced release of thromboxane A3, which reduces formation of an initial 
platelet plug. 

▪  Hypothermia also impairs function of enzymes in the coagulation cascade, which 
reduces clot formation. 

▪  This combination of platelet and enzyme impairment typically increases perioperative 
blood loss and the need for transfusion.  

▪ In one meta-analysis, even mild (eg, 1°C) hypothermia increased blood loss by 
approximately 20 percent. 



Consequences of Intraoperative Hypothermia:  

2. Infection:  

▪ There are at least three mechanisms by which perioperative hypothermia impairs host 
defenses against surgical wound contamination: 

▪ Reduced tissue perfusion to wounded tissue with reduced access for key immune cells 
(due to the vasoconstriction that occurs to constrain metabolic heat to the core).  

▪ Decreased motility of key immune cells (eg, macrophages). 

▪ Reduced scar formation, which is necessary to prevent wound dehiscence and 
recontamination. 

  



Consequences of Intraoperative Hypothermia:  

3. Prolongation of drug effects: 

Even mild hypothermia prolongs the action of drugs used during anesthesia, particularly 
neuromuscular blocking agents (NMBAs). 

▪  For example, hypothermia doubles the duration of action of vecuronium (2°C) , and 
prolongs the duration of atracurium by 60 percent (3°C). 

▪  Similarly, plasma propofol concentrations are increased by 28 percent with hypothermia 
(3°C), primarily due to reduced hepatic blood flow.  

▪ Consequences of delayed drug disposition include delayed reversal of neuromuscular 
blockade and delayed emergence in hypothermic patients. 

https://www.uptodate.com/contents/vecuronium-drug-information?source=see_link
https://www.uptodate.com/contents/atracurium-drug-information?source=see_link
https://www.uptodate.com/contents/propofol-drug-information?source=see_link


Consequences of Intraoperative Hypothermia:  

4. Shivering: 

▪ Vasoconstriction is effective even during anesthesia. Consequently, core temperature 
rarely decrease to the 1°C lower temperature that would be necessary to reach the 
shivering threshold.  

▪ Shivering is avoided since it acutely augments metabolic rate, with potential adverse 
consequences (eg, increased myocardial oxygen consumption with consequent 
myocardial ischemia).  

▪ Postoperative shivering is common in hypothermic patients. 



Consequences of Intraoperative Hypothermia:  

5. Myocardial ischemia: 

▪ Hypothermia results in sympathetic stimulation with augmentation of plasma 
norepinephrine concentration (eg, approximately 700 percent at 1.3°C of hypothermia) 
with consequent increased metabolic rate and hypertension. 

▪  These effects increase myocardial oxygen consumption, particularly if shivering occurs. 

▪  In patients with ischemic heart disease, these effects may lead to myocardial ischemia 
and arrhythmias although there is scant evidence that mild hypothermia causes 
myocardial injury . 



Prevention and management of Intraoperative 
Hypothermia:  

1. Prewarming before induction of  anesthesia: 

▪ Redistribution hypothermia can be ameliorated by prewarming patients.  

▪ Although warming patients before induction of anesthesia or placement of a neuraxial 
block does not substantially increase core temperature, the absorbed heat increases 
peripheral tissue temperature, thereby reducing the normal core-to-peripheral tissue 
temperature gradient. 

▪  Typically, core temperature in prewarmed patients remains approximately 0.4°C 
warmer compared with those who are not prewarmed. 



Prevention and management of Intraoperative 
Hypothermia:  

2. Passive insulation: 

▪ A single layer of passive insulation reduces cutaneous heat loss 30 percent at typical operating room 
temperatures.  

▪ The type of insulation is relatively unimportant since the layer of still air trapped below the insulator is 
actually the major heat-loss barrier.  

▪ Fully covered skin approximately compensates for the 30 percent reduction in metabolic heat 
production that accompanies general anesthesia. 

▪  Adding additional layers of insulation provides little additional benefit. 

▪  For example, three layers of passive insulation only reduces heat loss by approximately 50 percent. 

▪  Most surgical patients become and remain hypothermic even if insulation is employed, unless active 
intraoperative warming is employed.  



Prevention and management of Intraoperative 
Hypothermia:  

3. Skin surface warming: 

▪ Most surgical patients are actively warmed via the skin surface because skin is easily 
accessible, can be safely warmed, and most heat loss is from the skin. 

▪ Forced-air devices are the most commonly used and the most effective one. 

▪  They are effective because modest heat intensity is distributed over a large body 
surface area.  

▪ Since the air does not reach dependent regions of the skin, the dangerous combination 
of heat and pressure on skin is avoided.  

 



Prevention and management of Intraoperative 
Hypothermia:  

4. Fluid warming: 

▪ Fluid warming does not significantly warm patients because intravenous fluids can only 
slightly exceed core temperature.  

▪ fluid warming does not compensate for initial hypothermia due to redistribution from 
peripheral to core tissues, nor for subsequent losses from skin surface and surgical 
incisions.  

▪ Similarly, warming of irrigation fluids used in the peritoneal cavity does not transfer 
meaningful amounts of heat to the patient. 

▪ However, patients can be cooled considerably by infusion of unwarmed intravenous or 
peritoneal fluids.  

▪ Each liter of fluid infused at ambient temperature reduces mean body temperature 
0.25°C in a 70 kg patient. 

▪  A unit of refrigerated blood can also reduce mean body temperature by 0.25°C since 
blood is typically twice as cold.  



Prevention and management of Intraoperative 
Hypothermia:  

5. Respiratory  gas warming: 

▪ The heat capacity of air is low.  

▪ The heat of vaporization (required to humidify dry gases) is higher, but still low compared 
with the metabolic rate of patients. 

▪  Consequently, little metabolic heat is lost through the airway, and airway heating and 
humidification does not transfer clinically important amounts of heat into patients. 



Prevention and management of Intraoperative 
Hypothermia:  

6. Endovascular heat-exchange catheters: 

▪  Invasive endovascular heat-exchange catheters transfer far more heat than surface 
systems. 

 

 

▪  Their use has been limited to establishing deliberate therapeutic hypothermia because 
they are invasive and expensive. 



Take home message: 

 

 

Intraoperative hypothermia is preventable by simple precautions which 
make deference in patient outcome  . 

 

 



Thank you.. 
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