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                                                                      INTRODUCTION 

 The Majority of caesarean deliveries are performed with neuraxial anesthesia (1) (SAB). Spinal 

anesthesia contributes to heat loss by vasodilation below the level of neuraxial sensory blockade 

predisposing patients to increased radiant heat loss. Neuraxial techniques may obtund skin afferents 

and the vasoconstriction threshold even above the level of sensory block thereby reducing the patient’s 

ability to maintain normothermia. Core body temperature is maintained within a normal range mainly 

by sympathetically mediated vasoconstriction. Vasoconstriction reduces blood flow to the skin and 



 
 

superficial tissues, constrains metabolic heat to the core compartment and creates a temperature 

gradient between the core and peripheral thermal compartments. But under the influence of anesthesia 

these   gradient increases causing distribution of heat from core to periphery leading to the fall in core 

temperature. 

Hypothermia is defined as fall in core body temperature <36 °c and is common during regional 

anesthesia. Incidence is >60% among patients undergoing cesarean delivery (2-5). There are three 

reasons (6) for hypothermia under spinal anesthesia (SAB).  

1. Subarachnoid block [SAB] leads to the internal redistribution of heat from the core to the 

peripheral compartment. 

2. Loss of thermoregulatory vasoconstriction below the level of spinal block leads to increased 

heat loss from the body  

3. Altered thermoregulation leads to 0.5°c decrease in shivering threshold (7) 

Post anesthetic shivering (PAS) is another common problem associated with hypothermia. Shivering 

associated with spinal anesthesia occurs up to 56.7% of patients (8,9). In addition, perioperative 

shivering can occur up to 85% in patients undergoing caesarean delivery under spinal anesthesia (6,9). 

PAS is quite uncomfortable and distressing to the patients. It aggravates postoperative pain by 

stretching surgical incision site and also intervenes with the monitoring techniques. It also increases 

Oxygen consumption, carbon dioxide and catecholamines production leading to increase in cardiac 

output, tachycardia and hypertension in the mother. Hence it is important to treat hypothermia and the 

above-mentioned adverse effects associated with it. But is very difficult to treat the core to peripheral 

redistribution of heat (10) but however it can be prevented. Many studies have shown that one of the 

ways of preventing redistribution is prewarming the patients prior to induction of anesthesia with 

warmed fluids and forced air warming.  Hence this study was conducted to evaluate the effectiveness 



 
 

of prewarming with combination of forced air warming and warm iv fluids in prevention of 

hypothermia in obstetric patients. 

  



 
 

                                                                  OBJECTIVES 

      

             PRIMARY OBJECTIVE:  

             To assess the efficacy of prewarming with warmed IV fluids and FAW in the  

              prevention of perioperative hypothermia in patients undergoing elective caesarean section     

              under spinal anesthesia.  

              

 SECONDARY OBJECTIVE:  

 

  Incidence of shivering. 

 

  Incidence of PONV. 

 

 

 

 

 

 

 

                                               



 
 

 REVIEW OF THE LITERATURE 

 

Physiology of thermoregulation:  

Normal core body temperature varies by at least 1°C, based on circadian and menstrual cycles (11). But 

at any given of time, core temperature is tightly regulated, by thermoregulatory system to within a few 

tenths of a degree during the day with slightly more variability at night (12). The thermoregulatory 

system usually maintains the core body temperature within normal limits, which is approximately 37° 

c in humans. Like any other system, the thermoregulatory system in the brain uses negative and 

positive feedback to maintain normal values. Since 1912, animals have been known to regulate body 

temperature poorly when the hypothalamus is destroyed. The importance of thermal input from the 

skin surface was recognized in the late 1950s, when investigators observed that mice placed in a cold 

environment shivered before decreasing their hypothalamic temperatures. 

 In the early 1960s, physiologists reported active thermoregulation in response to isolated warming 

and cooling at sites other than the hypothalamus or skin surface, including extrahypothalamic portions 

of brain, deep abdominal tissues and the spinal cord. Thus, thermoregulation is based on multiple, 

redundant signals from nearly every type of tissue (13).  

The processing of thermoregulation occurs in three phases: 

1. Afferent thermal sensing 

2. Central regulation 

3. Efferent responses (figure 1) 

 

AFFERENT INPUT: 



 
 

Temperatures changes are sensed by various thermally sensitive receptors present throughout the body, 

with transient receptor protein (TRP) being the most important. Cold sensitive cells are anatomically 

and physiologically distinct from those of warm. Warm receptors increase their firing rates when 

temperature increases where as cold receptors do the same when temperature decreases. Cutaneous 

warm receptors rarely depolarize at normal skin temperature and probably are important only during 

heat stress. The actual sensors appear to be a class of transient receptor potential (TRP) protein 

receptors (14). Among the transient receptor potential receptors, TRPV receptors 1-4 are activated by 

heat whereas TRPM8 and TRPA1 are activated by cold (15.) .Many transient potential receptors are also 

activated by noxious stimuli (16). These receptors are identified recently only their specific action are 

known. Cold signals travel via Aş nerve fibers and warm signals carried by unmyelinated type C nerve 

fibers, although  

Some overlap occurs (17). The C fibre can also detect pain sensation, and that is why intense heat cannot 



 
 

be distinguished from sharp pain. Most ascending thermal information traverses the spinothalamic 

tracts in the anterior spinal cord, but no single spinal tract is critical for conveying thermal information. 

Consequently, the entire anterior cord must be destroyed to ablate thermoregulatory responses. The 

hypothalamus, the other parts of the brain, the spinal cord, the deep abdominal and thoracic tissues, 

and the skin surface each contribute roughly 20% of the total thermal input to the central regulatory 

system (18). 

 

CENTRAL REGULATION: 

Central thermoregulation is based on thermal input from various structures throughout the body, which 

is integrated by the spinal cord, brain, and especially the hypothalamus. Roughly speaking, the skin 

surface, other peripheral tissues, the spinal cord, and the hypothalamus each contribute similarly to 

autonomic control. However, mean skin temperature contributes about 50% to thermal comfort (19), 

with the upper chest and face contributing more than other regions (20). Thermoregulatory control 

depends on instantaneous core temperature, rather than the rate of change of core temperature; by 

contrast, rapid changes in skin temperature provoke disproportionately large responses (21), but only at 

rates exceeding 6°C/h (22). Although integrated by the hypothalamus, most thermal information is 

“preprocessed” in the spinal cord and other parts of the central nervous system. This hierarchic 

arrangement presumably developed when the evolving thermoregulatory control system co-opted 

previously existing mechanisms (e.g., shivering from muscles previously used for posture and 

locomotion). It is likely that some thermoregulatory responses can be mounted by the spinal cord alone 

(13). Each thermoregulatory response consists of threshold, gain and maximum response intensity. 

Thresholds are defined by the core temperature triggering each thermoregulatory defense (at a given 

mean skin temperature); this is analogous to the temperature setting on a home thermostat. Gain 

characterizes the extent to which response intensity increases with further deviation from the triggering 



 
 

threshold; it is analogous to a proportional controller which augments heater output as ambient 

temperature progressively deviates from the thermostat setting. In this context, the highest possible 

heat output from the furnace would constitute the maximum response intensity. An approximately 1 

°C circadian cycle and an approximately 0.5 °C menstrual cycle is superimposed on the normal human 

core temperature of 37 °C. This system of thresholds and gains is a model for a thermoregulatory 

system that is further complicated by interactions between other regulatory responses (i.e., vascular 

volume control) and time-dependent effects. 

 How the body determines absolute threshold temperatures is unknown, but the mechanism appears to 

be mediated by norepinephrine, dopamine, 5-hydroxytryptamine, acetylcholine, prostaglandin E1, and 

neuropeptides. The thresholds vary daily in both sexes (circadian rhythm) and monthly in women by 

approximately 0.5° C. Exercise, food intake, infection, hypothyroidism and hyperthyroidism, 

anesthetic and other drugs (including alcohol, sedatives, and nicotine), and cold and warm adaptation 

alter threshold temperatures. Control of autonomic responses is approximately 80% determined by 

thermal input from core structures in contrast (23,24), a large fraction of the input controlling behavioral 

responses is derived from the skin surface.  The interthreshold range (core temperatures not triggering 

autonomic thermoregulatory responses) is a few tenths of a degree centigrade. This range is bounded 

by the sweating threshold at its upper end and by vasoconstriction at the lower end. Because energy 

cost and nutrients are conserved without excessive ‘autonomic control within this range, some animals 

such as camels and desert rats use this strategy extensively, thus, allowing core temperature changes 

up to 10° C each day. However, most mammals including humans normally regulate core temperature 

tightly. Both sweating and vasoconstriction thresholds are 0.3° C to 0.5° C higher in women than in 

men, even during the follicular phase of the monthly cycle (first 10 days) (25). Differences are even 

greater during the luteal phase (26). Although central thermoregulatory control is apparently intact even 

in premature infants (27), thermoregulatory control may be impaired in older adults (28). 



 
 

 

                                                                  FIGURE: 2 

EFFERENT RESPONSES: 

 Efferent–effector thermoregulatory functions can broadly be divided into behavioral and autonomic 

responses. Behavior, which includes all volitional responses to thermal discomfort, is by far the most 

powerful (29). Behavioral responses range from protective positioning and clothing, to building shelters 

and air conditioning. Behavioral thermoregulation enables human beings to tolerate the wide variety 

of environments we inhabit. In general, energy-efficient effectors such as vasoconstriction are 

maximized before metabolically costly responses such as shivering is initiated.  

A core temperature lower than the thresholds in response to cold provokes vasoconstriction, non-

shivering thermogenesis, and shivering. Core temperature exceeding the hyperthermic thresholds 

produces active vasodilation and sweating. No thermoregulatory responses are initiated when core 

temperature is between the sweating and vasoconstriction thresholds; these temperatures identify the 

interthreshold range. The interthreshold range in humans is usually only approximately 0.2° C.   

Sweating and active cutaneous vasodilation are the major autonomic defenses against heat. Sweating 

is mediated by post-ganglionic, cholinergic nerves that terminate on widely, but unevenly, distributed 

glands. Sweat is an ultrafiltrate of plasma whose composition depends on the rate of sweating, 

hydration status, and a number of other factors. The maximum sweating rate exceeds 0.5 liters/hour in 



 
 

most adults, and is two or three-fold greater in trained athletes (30). Each gram of evaporated sweat 

absorbs 584 cal. Consequently, sweating can easily dissipate many times the basal metabolic rate in a 

dry environment. The efficacy of sweating is augmented by pre-capillary thermoregulatory 

vasodilation. Active thermoregulatory vasodilation is a uniquely human response that is mediated by 

a yet to-be-identified factor released from sweat glands. It increases cutaneous blood flow enormously 

(31), thereby facilitating transfer of heat from the core to the skin for eventual dissipation to the 

environment.   

  

Cutaneous vasoconstriction, the most consistently used effector mechanism against cold, reduces 

metabolic heat loss from convection and skin surface radiation. Total digital skin blood flow is divided 

into nutritional (capillary) and thermoregulatory (arterio-venous shunt) components. The arterio-

venous shunts are anatomically and functionally distinct from the capillaries supplying nutritional 

blood to the skin (thus vasoconstriction does not compromise the needs of peripheral tissues). Shunts 

are typically 100 mm in diameter, which means that one can convey 10,000-fold as much blood as a 



 
 

comparable length of 10 mm-diameter capillary. Blood flow through the arterio-venous shunts tends 

to be ‘‘on’’ or ‘‘off.’’ During heat stress, flow may be 100-fold greater than necessary to supply the 

nutritional needs of the skin, but thermoregulatory constriction can decrease flow more than 10-fold.  

Influence of transportation on hypothermia  

 In the normal ward it is normally no problem for patients to maintain their body temperature (Fig.4). 

The wards are comfortably warm and insulated, e.g. clothing or a hospital duvet, can be added 

according to the individual need of the patient. 

Before leaving the normal ward, patients have to remove their clothes and change into a hospital gown. 

The hospital gown together with a normal blanket is not sufficient to maintain a thermal steady state 

because the insulating properties of these materials are not good enough. The heat loss of the patient 

can be considerable during transfer to the operating room through long and cold hospital corridors. 

Therefore, the body loses a significant amount of heat and thermoregulatory vasoconstriction is 

activated. The core of the body maintains its temperature, but the heat content of the arms and legs 

decreases (11,32). This means that an important temperature gradient between the core of the body and 

the periphery is created. This gradient is nothing pathological, actually this gradient is necessary to 

maintain normal steady state conditions for the body, because the body must lose all the heat that is 

generated by the metabolism or it would overheat. To enable heat transfer from the core of the body 

to the environment, heat has to flow from the core to the periphery and then to the environment. A heat 

flow from the core to the periphery of the body is only possible when a temperature gradient exists 

between these compartments, because heat always flows from a site of higher temperature to a site of 

lower temperature. This temperature gradient changes over time and even a large temperature gradient 

is not pathological because the periphery of the body serves as a thermal buffer. Under cold stress the 

gradient is larger, whereas under heat stress it is smaller. However, before induction of anesthesia, this 

temperature gradient is of great clinical importance, because a large temperature gradient will cause a 



 
 

large redistribution of heat from the core of the body to the periphery after induction of anesthesia 

(32,33). This is a very important mechanism for the development of perioperative hypothermia. 

                             

                                                                        FIGURE: 4 

THERMOREGULATION AND NEUROAXIAL BLOCKADE  

How does hypothermia occur after spinal anaesthesia? 

The primary mechanism of perioperative hypothermia during cesarean delivery under spinal anesthesia 

is because of redistribution of body heat from the core to peripheral compartment below the level of 

sympathectomy, predisposing the body to radiant heat loss. This phase in the development of 

perioperative hypothermia is called the redistribution phase and lasts about one hour. This phase 



 
 

during neuraxial anesthesia contributes 89% to the initial decrease and is typically restricted to the 

legs.  

The redistribution phase is followed by the linear phase, in which the core temperature decreases at a 

slower rate. This decrease occurs because the body’s heat loss exceeds its heat production. The linear 

phase lasts several hours, after an initial decrease, the thermoregulatory vasoconstriction is activated 

and shivering in unblocked regions., because the core temperature is now low enough to trigger it.  

The emerging thermoregulatory vasoconstriction keeps the core temperature stable again. This is 

called the plateau phase of perioperative hypothermia. Autonomic thermoregulation is impaired 

during regional anesthesia, and that results in intraoperative core hypothermia. This hypothermia is 

not consciously perceived by patients, but triggers shivering. The mechanism involved here is the 

administered local anesthetic drug impairs centrally mediated thermoregulation and alters the afferent 

thermal input from the legs. The tonic cold signals dominate thermal input at leg in typical operating 

room environments. Regional anesthesia blocks all thermal input from blocked regions, which is the 

primarily cold information. The brain may interpret decreased cold information as relative leg 

warming. This appears to be an unconscious process because perceived temperature does not increase. 

So skin temperature is an important input to the thermoregulatory control system, leg warming 

proportionately reduces the vasoconstriction and shivering thresholds. The decrease in the temperature 



 
 

thresholds is directly proportional to the number of spinal segments blocked. (Fig 5)

 

                                                               Figure:5 

Influence of Sedatives and Analgesics 

Neuraxial anesthesia supplemented with sedative and analgesic medications results in significant 

impairment in thermoregulatory control. Such inhibition may be severe when combined with the 

intrinsic impairment produced by regional anesthesia and other factors, including advanced age or 

preexisting illness.  

 

 



 
 

                         

                                                                           FIGURE: 6 

 

Influence of body weight 

Obese persons have a problem losing heat because their high body mass leads to a high energy 

production roughly proportional to their weight. Because weight increases faster than surface area as 

body size increases, larger patients lose a smaller fraction of their heat production. In contrast, slim 

persons have a problem maintaining their body heat content, because their heat production is lower 

and they lose relatively large amount. 



 
 

`  

                             The figure 7   shows the influence of body mass/fat on redistribution of heat 

                                                                   FIGURE: 7 

 

Influence of transportation: 

As already discussed previously, transportation from wards to preop ward results in the mean 

temperature gradient between core and the periphery. This gradient is helpful in maintaining the steady 

core temperature. Before induction of anesthesia, this temperature gradient is of great clinical 

importance, because a large temperature gradient will cause a large redistribution of heat from the core 

of the body to the periphery after induction of anesthesia or neuraxial anesthesia. This is a very 

important mechanism for the development of perioperative hypothermia. 

HEAT BALANCE 

Hypothermia is common during regional anesthesia and may be   as severe as during general anesthesia 

(34,35). Core temperature typically decreases 0.5° C to 1.0° C shortly after induction of anesthesia. 

However, vasodilation induced by regional anesthesia only slightly increases cutaneous heat loss. 



 
 

Furthermore, metabolic heat production remains constant or increases because of shivering 

thermogenesis. This rapid decrease in core temperature, results from an internal core-to-peripheral 

redistribution of body heat (32) similar to the one that follows induction of general anesthesia. 

Redistribution hypothermia during regional anesthesia can be minimized by cutaneous warming before 

induction. 

Subsequent hypothermia results simply from heat loss exceeding metabolic heat production. Unlike 

patients given general anesthesia, in spinal anesthesia core temperature does not necessarily plateau 

after several hours of surgery. Not only is the vasoconstriction threshold centrally impaired by regional 

anesthesia, but more importantly, vasoconstriction in the legs is directly prevented by nerve block. 

Because the legs constitute the bulk of the peripheral thermal compartment, an effective plateau cannot 

develop without vasoconstriction in the legs and the resulting decrease in cutaneous heat loss and 

constraint of metabolic heat to   the core. 

 

SHIVERING 

Shivering-like tremor, is very typical in neuraxial anesthesia, is preceded by core hypothermia and 

vasoconstriction (above the level of the block) (35). The electromyographic analysis indicates that the 

tremor has the waxing-and waning pattern of four to eight cycles/minute that characterizes normal 

shivering (10). The tremor thus apparently is normal thermoregulatory shivering, triggered when 

redistribution hypothermia decreases core temperature. 

Spinal thermal receptors have been detected in every mammal and bird tested. Experimental 

stimulation of these receptors reliably produces shivering in animals. Stimulation in humans of these 

putative receptors by epidural anesthetic injection theoretically could initiate thermoregulatory 

responses, including shivering. However, epidural administration of large amounts of ice-cold saline 



 
 

does not trigger shivering in volunteers (36). Furthermore, the incidence of shivering is comparable in 

volunteers and patients given warm or cold epidural anesthetic injections. These data indicate that 

temperature of injected local anesthetic does not influence the incidence of shivering during major 

conduction anesthesia. The risk of shivering during neuraxial anesthesia is markedly diminished by 

maintaining strict normothermia. However, a small incidence of low-intensity, shivering-like tremor 

occurs in normothermic patients and is not thermoregulatory (37). 

The cause of this muscular activity remains unknown. However, it is associated with pain (38), and it 

may thus   result from sympathetic nervous system activation Shivering during neuraxial anesthesia is 

treated by warming sentient skin. This increases cutaneous thermal input to the central regulatory 

system and thus increases the degree of tolerated core hypothermia. Because the entire skin surface 

contributes 20% to thermoregulatory control, and the lower body contributes approximately 10%(39). 

Hence sentient skin warming is used to compensate   reductions in core temperature.    

        

Incidence of Hypothermia  

The first systemic studies regarding the incidence of perioperative hypothermia were done in the year 

1980s. Vaughan et al (40). in his study where 198 patients were included showed that 60% of the 

patients had a core temperature of less than 36 °C and 13% were below 35 °C in the recovery room 

(Fig 8).  

In the recent most study published in 2003, the incidence of postoperative hypothermia after admission 

to the intensive care unit was 57.1%(41) . 

               



 
 

                                    

                                                                                FIGURE:8 

   Figure 8 shows the Core temperatures of patients on admission to the recovery room 

 

 

 

 

 

 

 

 

 



 
 

In various studies conducted   between 2005 and 2013 it was found that   the incidence of postoperative 

hypothermia in intensive care units ranged between 29.6% and >75% (42-46). The largest of these studies 

included more than 50, 000 patients see table 1. 

 

                                                  TABLE  1    

Concluding from the above studies it is said that incidence of hypothermia can range from 29% to up 

to 75%, making it one of most common adverse effect seen in anaesthetized patients. So, proper 

measures have to be taken in the prevention of hypothermia. 

 

 

 

 

 

 



 
 

CONSEQUENCES OF INTRAOPERATIVE HYPOTHERMIA: 

Peri anesthetic hypothermia produces potentially severe complications, as well as benefits. Thermal 

management has to be very thoughtful analysis of potential risks and benefits like any other therapeutic 

decisions. 

BENEFITS 

Substantial protection against cerebral ischemia and hypoxia is provided by just 1° C to 3° C of 

hypothermia in animals (47). Protection initially was thought to result from the approximate 8%/°C 

linear reduction in tissue metabolic rate (48). However, the efficacy of mild hypothermia far exceeds 

that of treatments such as high-dose isoflurane or barbiturate coma, which comparably reduce the 

metabolic rate. These data suggest the other actions like decreased release of excitatory amino acids 

which explain the protective action of hypothermia. As such, no data suggests the protective action of 

hypothermia but in animal studies it appears to be beneficial. Some in vitro and animal studies, 

therapeutic hypothermia has been shown to improve outcomes from out-of-hospital cardiac arrest. 

Rapid induction of hypothermia is thus becoming routine for patients after recovery from cardiac 

arrest. The other situation in which therapeutic hypothermia appears beneficial is in asphyxiated 

neonates.  

The potential protection afforded by mild hypothermia is so great that reduced core temperature (i.e., 

≈34° C) is sometimes used during neurosurgery and other procedures in which tissue ischemia can be 

anticipated. The difficulty is that the appropriate target temperature for therapeutic hypothermia has 

yet to be established. 

 

 

 



 
 

ADVERSE EFFECTS OF HYPOTHERMIA  

Coagulation is impaired by mild hypothermia. The most important factor appears to be a cold-induced 

defect in platelet function. The defect in platelet function is related to local temperature, not core 

temperature. Wound temperature, is largely determined by core temperature and is distinctly higher in 

normothermic patients. Another important factor is hypothermia directly impairs enzymes of the 

coagulation cascade. Hence hypothermia causes bleeding during the surgery. Nearly all randomized 

trials indicate that mild hypothermia increases blood loss during hip arthroplasty and increases 

allogeneic transfusion requirements. Similarly, nearly all randomized trials report an increased 

transfusion requirement in hypothermic patients. Meta-analyses indicate that both blood loss and 

transfusion requirement are more in hypothermia patients. It is said just 1° C of core hypothermia 

increases each complication by approximately 20%. Drug metabolism is markedly decreased by 

perioperative hypothermia. The duration of action of muscle relaxants and various drugs are increased. 

Hypothermia also alters the pharmacodynamics of the volatile anesthetics, thus reducing minimum 

alveolar concentration (MAC) approximately 5%/°C. Subsequently, the duration of post-anesthetic 

recovery is significantly prolonged. Even temperature is not a discharge criterion.  

Wound infections are among the most common serious complications of anesthesia and surgery, and 

they probably cause more morbidity than all other anesthetic complications combined. Hypothermia 

can contribute to wound infections both by directly impairing immune function and by triggering 

thermoregulatory vasoconstriction that, in turn, decreases wound oxygen delivery. It is well established 

that fever is protective and that infections are aggravated when naturally occurring fever is prevented. 

A prospective, randomized clinical trial indicated that mild intraoperative hypothermia tripled the 

incidence of surgical wound infection in patients undergoing colon surgery. Furthermore, hypothermia 

delayed wound healing and prolonged the duration of hospitalization 20% even in patients without 

infection. With poor wound healing, elevated the duration of hospitalization of the patients.  



 
 

Thermal comfort is markedly impaired by postoperative hypothermia, resulting in thermal discomfort. 

This Postoperative thermal discomfort is also physiologically stressful, by elevating blood pressure, 

heart rate, and plasma catecholamine concentrations. These factors presumably contribute a threefold 

increase in morbid myocardial outcomes. It is said that myocardial ischemia is among the leading 

causes of unanticipated perioperative death. 

 

PERIOPERATIVE THERMAL MANIPULATIONS  

Intraoperative thermoregulatory vasoconstriction, once triggered, is remarkably effective in preventing 

further core hypothermia. Most of the patients are poikilothermic during surgery because they do not 

become sufficiently hypothermic to trigger thermoregulatory responses. Therefore, intraoperative 

hypothermia can be minimized by any technique that limits cutaneous heat loss to the environment 

resulting from cold operating rooms, evaporation from surgical incisions, or conductive cooling 

produced by administration of cold intravenous fluids. The efficacy of various approaches differs 

enormously. Mean body temperature decreases when heat loss to the environment exceeds metabolic 

heat production. Heat production during anesthesia is approximately 0.8 kcal/kg/hour. Because the 

specific heat of the human body is approximately 0.83 kcal/kg, body temperature decreases 

approximately 1° C/hour when heat lost to the environment is twice metabolic production. Normally, 

approximately 90% of metabolic heat is lost through the skin surface. During anesthesia, additional 

heat is also lost directly from surgical incisions and by administration of cold intravenous fluids. 

 

PREVENTING REDISTRIBUTION HYPOTHERMIA  

The initial 0.5° C to 1.5° C reduction in core temperature is difficult to prevent because it results from 

redistribution of heat from the central thermal compartment to cooler peripheral tissues. Consequently, 



 
 

surface warming usually fails to prevent hypothermia during the first hour of anesthesia. Lack of 

efficacy during this period results both because the central-to-peripheral flow of heat is massive and 

because transfer of applied cutaneous heat to the core requires nearly an hour, even in vasodilated 

patients. Although redistribution is difficult to treat, but can be prevented. Redistribution results when 

anesthetic induced vasodilation allows heat to flow peripherally down the normal temperature gradient. 

Skin surface warming before induction of anesthesia does not much increase core temperature, but it 

does increase body heat content. Most of the increase is in the legs, the most important component of 

the peripheral thermal compartment. When peripheral tissue temperature is sufficiently increased, 

subsequent inhibition of normal tonic thermoregulatory vasoconstriction produces little redistribution 

hypothermia because heat can flow only down a temperature gradient. Although substantial amounts 

of heat must be transferred across the skin surface, active prewarming for as little as 30 minutes likely 

prevents considerable redistribution. 

 INTRAVENOUS FLUIDS 

 It is not possible to warm patients by administering heated fluids because the fluids cannot greatly 

exceed body temperature. Conversely, heat loss resulting from cold intravenous fluids becomes 

substantial when large amounts of crystalloid solution or blood are administered. One unit of 

refrigerated blood or 1 L of crystalloid solution administered at room temperature each decreases mean 

body temperature approximately 0.25° C. (The blood is twice as cold, but it has only half the volume.) 

Fluid warmers minimize these losses and should be used when large amounts of intravenous fluid or 

blood are administered.  

 

 

 



 
 

CUTANEOUS WARMING 

 Operating room temperature is the most critical factor influencing heat loss because it determines the 

rate at which metabolic heat is lost by radiation and convection from the skin and by evaporation from 

within surgical incisions. Consequently, increasing room temperature is one way to minimize heat loss. 

However, room temperatures exceeding 23° C are generally required to maintain normothermia in 

patients undergoing all but the smallest procedures. Most operating room personnel find such 

temperatures uncomfortably warm. Infants may require ambient temperatures exceeding 26° C to 

maintain normothermia. Such temperatures are sufficiently high to impair performance of operating 

room personnel and decrease their vigilance. The easiest method of decreasing cutaneous heat loss is 

to apply passive insulation to the skin surface. Insulators readily available in most operating rooms 

include cotton blankets, surgical drapes, plastic sheeting, and reflective composites (“space blankets”). 

A single layer of each reduces heat loss approximately 30%, and no clinically important differences 

exist among insulation types. Therefore, insulators chosen should be   strictly cost effective. The 

reduction in heat loss from passive insulators is because of the layer of still air trapped beneath the 

covering. Consequently, adding additional layers of insulation further reduces heat loss. For example, 

one cotton blanket reduces heat loss by approximately 30%, but three cotton blankets reduce heat loss   

by 50%.  

Cutaneous heat loss is roughly proportional to surface area throughout the body. The popular 

perception that a large fraction of metabolic heat is lost from the head is false in adults. Loss from the 

head can be substantial in small infants, but loss is high mostly because the head represents a large 

fraction of the total surface area. Consequently, the amount of skin covered is more important than 

which surfaces are insulated. It does not make sense, for example, to cover the head and leave the arms 

exposed because the arms have more surface area than the head and account for more heat loss. Passive 

insulation alone rarely is sufficient to maintain normothermia in patients undergoing large operations; 

active warming is required in those cases.  



 
 

The most common peri anesthetic warming system is forced air warmers. The best forced-air systems 

completely eliminate heat loss from the skin surface. Forced air usually maintains normothermia even 

during the largest operations, and it is superior to circulating-water mattresses. It is also remarkably 

safe, with few if any injuries reported with proper use. It is cost effective and hence is most common 

warming method used. 

 

 EQUIPMENT USED TO MEASURE CORE TEMPERATURE 

 Infrared-thermometer: They are widely used to measure core temperature in patients that are awake. 

For that purpose, special optical sensors have been developed, that are capable of measuring a portion 

of the infrared emissions from surfaces within the field of view (49). The sensor does not have to be in 

contact with the measured object. The received infrared energy must then be converted into a 

temperature reading (49). The calibration of infrared-thermometers is performed by the use of black-

body radiators. In general, the technology can measure temperature accurately (50). However, when the 

devices are used to measure core temperature at the tympanic membrane, they do not measure only 

the tympanic temperature, but also that of adjacent parts of the aural canal (49,50) which are up to 1 °C 

cooler. Therefore, the measured values are adjusted using confidential algorithms from the 

manufacturer. To get the best possible measurement results, the device has to be directed towards the   

tympanic membrane. This can be difficult or even impossible because the aural canal has a sigmoid 

form that becomes more tortuous and narrowed in later life (51). It is best to straighten the cartilaginous 

part of the external ear by pulling the ear upwards and posterior. 

 

Advantages  

Temperature measurement with infrared thermometry is fast, convenient and noninvasive.  



 
 

 

 Potential problems/Disadvantages: 

1. Tympanic membrane temperature measurement with infrared thermometer measures a large 

portion of the aural canal (Fig 9) and therefore is inaccurate in most studies (50,52). However, some 

studies have shown acceptable accuracy.  

2. The accuracy depends on ear canal morphology and visibility of the tympanic membrane.  

3. The accuracy of tympanic membrane temperature measurement with infrared thermometry depends 

very much on the handling of the device. The following handling problems are associated   with lower 

accuracy: 

           a. Repeated measurements over short time intervals (52,53). 

           b. Positioning of the device in the auditory canal before taking the temperature  

           c. Rotation of the device out of the standard position (52,53)  

          d. Lack of experience with the device. Some degree of earwax does not reduce the accuracy of   

the   device whereas complete obstruction of the auditory canal by earwax lowers the temperature 

reading   about 0.5 °C (53). 

 5. Major ear surgery, such as canal wall down surgery, has a significant influence on the result of 

tympanic membrane temperature measured with infrared thermometry. 

 6. Can only be used for spot checks and not for continuous temperature monitoring. 

 

 

 



 
 

          

                                                          FIGURE:9 

The figure 8 shows the aural canal with the positioned infrared thermometer. The grey area shows the 

area from which infrared emissions are detected. This is mainly the auditory canal and not the tympanic 

membrane. 

 

 

 

PREWARMING  

Prewarming can be defined as active warming of the body surface before induction of anesthesia or 

neuraxial anesthesia. It is an essential part of modern perioperative temperature management and 

cannot be substituted by other measures. A combination of prewarming, warming during anesthesia 

and infusion warming enables postoperative hypothermia rates of less than 20%, even in large 

retrospective studies (54). Prewarming is a key element of perioperative warming therapy and cannot be 

substituted by intraoperative measures. The reason for this is that prewarming aims at the reduction of 

the initial drop in core temperature after induction of anaesthesia, which is caused by the redistribution 



 
 

of heat from the core of the body to the periphery.  In contrast, warming therapy during anaesthesia 

and infusion warming aim at maintaining or restoring a thermal balance during the operation, which 

is another mechanism of the development of perioperative hypothermia. 

 

FORCED-AIR WARMERS 

Forced-air warmers are also called convective air warmers. The devices are a very well accepted 

method for preventing hypothermia in surgical patients because of their documented efficacy, low cost 

and ease to use. The first construction and clinical application of a forced-air warmer was published in 

1973 by Lewis. However, it took until 1988 for the first commercially available forced-air warmers to 

be introduced into clinical practice 

 

Efficacy  

Forced-air warming is a very useful method of preventing perioperative hypothermia. Numerous 

studies (55-58) proved the efficacy of forced-air warmers during many surgical procedures and only a 

small number of these studies are cited here(55-58).  

 

WARM INTRAVENOUS FLUIDS 

IV fluids are warmed in warming cabinet to 40 °c. Several additional studies supported the use of AW 

modalities, that is, forced air warming and warm IV fluid infusion. 

 

 



 
 

Efficacy 

The study conducted by Goyal P et al(59) “Efficacy of IV fluids warming for maintance of core 

temperature during lower segment cesarean section under spinal anesthesia”. The result favored the 

group prewarmed with warm IV fluids as this group showed 0.5°-0.7°c   increase in temperature than 

the non-AW group. 

 

 

Woolnough M et al(60) in 2009 in their study “The effect of warm intravenous fluids during elective 

caesarean section under combined spinal- epidural anesthesia in a blinded, randomized controlled 

study”. In this study sixty-two patients were randomly assigned into two groups one group received 

all intravenous fluids at room temperature and other group received heated in a cabinet set at 45°c or 

via hotline fluid warmer. The group that received fluids at room temperature had greater fall in 

temperature (0.4°c) than the other group that received warm fluids i.e change in the core temperature 

is 35.34+/-0.6° c and 36+/-0.5° c respectively (p=<0.05). They concluded that warming intravenous 

fluids mitigates the decrease in maternal temperature during elective caesarean section under combined 

spinal- epidural anaesthesia and improves thermal comfort but does not affect shivering. Hence 

warmed fluids should be used routinely in elective caesarean section especially for cases with expected 

longer duration. 

 

Sung Hee Chung, et al (6) in 2012 in their study “The effect of preoperative warming during cesarean 

delivery under spinal anesthesia for prevention of hypothermia and shivering”. Forty-five patients 

under this study were randomly assigned into three groups, of which group F received warm IV fluid, 

group A received forced air warming and a control group. It was found that Core temperature at 45 



 
 

min decreased less in group A and F (-0.5 °C +0.3°C vs -0.6+/-0.4°c vs -0.9+/-0.4°c RESPECTIVELY 

p=0.004). The incidence of shivering was significantly less in group A and F than group C (20%, 

13.3%, 53.35% respectively) and concluded that preoperative forced air warming and warmed fluids 

prevents hypothermia and shivering in patients undergoing elective cesarean delivery with spinal 

anesthesia. 

 

Cobb, et al (61) in 2016 in their study “Active warming with combined iv fluids and forced air warming 

decreases hypothermia and improves maternal comfort during cesarean delivery”. Forty- six women 

in the study were randomly assigned to receive either active warming (warmed iv fluids and lower 

body forced air warmer) or no warming and it was found that active warming group(35.9°c+/-0.5°c) 

had significantly higher temperature on arrival at the PACU than no warming group(35.5°c+/-.05°c). 

Concluded that warm fluid combined with forced air warming is effective in decreasing the incidence 

of perioperative hypothermia and improving maternal thermal comfort. Despite multimodal active 

warming majority of women became hypothermic and shivering was not prevented. The findings 

suggest that combined active warming for cesarean delivery with spinal anesthesia is difficult and only 

modest benefit should be expected.  

Jun JH, et al(62) in 2019 in their study “The efficacy of forced air warming and warmed intravenous 

fluid for prevention of hypothermia and shivering during caesarean delivery under spinal anesthesia”. 

Fifty women were randomly assigned into two groups where one group (n =25) received active 

warming with both warmed IV fluids and forced air warming for 15 min and a control group (n =25) 

received no active warming and tympanic membrane temperature and shivering severity were 

measured at baseline and every 10 min till the end of surgery. They found that incidence of peri 

operative hypothermia (0 vs 48%, p<0.001) and shivering (22 vs 52%, p<0.031) were significantly 

lower in active warming than in control group. And hence concluded that combined prewarmed IV 



 
 

fluids and forced air warming appears to be more effective for preventing hypothermia and shivering 

during caesarean delivery under spinal anaesthesia.  

Butwick et al. (3) in 2007 in their study “Intraoperative lower body forced air-warming does not prevent 

intraoperative hypothermia or shivering in women undergoing elective cesarean delivery with spinal 

anesthesia”. Thirty women were randomized into two groups.one group received Forced air warming 

and other control group. The change in core temperature was found to be similar in both the groups i.e 

-1.3+/-0.4° c and -1.3+/-0.3 °c respectively. The incidence and severity of shivering did not differ 

between the groups. So, we realized that preoperative warming was more important than intraoperative 

warming. And hence concluded that lower body was not effective against hypothermia and shivering.  

 

Horn et al(63).in 2012 in their study “The effect of short time periods of pre-operative warming in the 

prevention of peri-operative hypothermia”. Two Hundred patients were randomly assigned to receive 

passive insulation or forced air warming for 10,20 or 30 minutes. They found that there were significant 

differences in core temperature between non pre-warmed and all the prewarmed groups i.e 

(p=0.00001).Without prewarming 69% patients became hypothermic whereas only 

7/52(13%),3/43(7%) and 3/50(6%) patients in prewarmed group became hypothermic following 

10,20,0r 30 min prewarming respectively.. Hence proved that prewarming is important in the 

prevention of hypothermia.10 or 20 min of prewarming mostly prevents hypothermia and reduces 

shivering. 

 

 

 

 

 

 



 
 

                                                METHODOLOGY 

 

The study was conducted in a randomized single blinded manner over a period of 2 years, between 

December 2019 to May 2021.ASA 1 and 2 patients were selected. Each of the patients were assigned 

into three groups, by sealed envelope technique.  

Source of data  

This study was performed on cases posted for elective caesarean at SDM medical college from 

December 2019 to May 2021. During this study period, 231 patients undergoing elective caesarean 

section were included.  

Study subjects 

All pregnant women undergoing elective cesarean surgery at SDM College of Medical Sciences and 

Hospital, Dharwad, Karnataka during my study period.  

 INCLUSION CRITERIA   

• Patients undergoing elective caesarean sections under spinal anesthesia.  

• ASA physical status 1 and 2. 

• Patients willing to participate in study’ 

• Patients aged 18-40 years. 

• Term gestation (>37 wks). 

• Singleton pregnancy 

 

 



 
 

EXCULSION CRITERIA  

• Patient refusal. 

• Patient undergoing Emergency LSCS. 

• Patients undergoing LSCS under general anesthesia  

• ASA physical status >3 

• Those patients who are given anti-shivering agents LIKE pethidine. 

• Those on vasodilating drugs. 

• External auditory canal pathologies like stenosis, growth or ulcer.  

• Patient with excessive ear wax.  

• Contraindication to spinal anesthesia. 

 

STUDY AREA 

The study was conducted in the operation theaters of SDM college of medical sciences and hospital, 

Dharwad 

    

STUDY PERIOD: 

 December 2019 to May 2021 

 

TYPE OF STUDY:  

Prospective, randomized, single blinded, interventional study 

 



 
 

METHODS OF COLLECTION OF DATA 

After taking approval from ethical committee and written informed consent from the participants. Each 

of the participant was assigned into a group, the name of which was written and placed in a sealed 

envelope that was randomly picked up by the patient. Here, blinding technique used was single 

blinding, where the participant was blinded to the study.  

 Patients were pre-medicated the night before and on the day of the surgery with tablet   Pantoprazole 

40mg and tablet Metoclopramide 10mg, had fasted for 6hrs. Then patients were shifted to the 

preoperative ward. In pre-op ward the core temperature was measured using Braun Thermoscan® 5 

after positioning it appropriately so as to measure the tympanic membrane temperature and Skin 

temperature of upper arm measured using mercury thermometer by placing in the axilla. The ear used 

to measure the temperature preoperatively was used to measure temperature intraoperatively and 

postoperatively. Then, the cotton blanket was placed over the patient excluding the head and neck.  

The subjects were randomized by sealed envelope method and   assigned to one of the following 

groups:  

Group F:  received a 10ml/kg intravenous fluid preload warmed at 41 °c in inline warmer 15 min 

before SAB and are applied with identical forced air warming switched off. 

 Group A: received an upper body forced air warming Nellcor Warm Touch® warm air blower was 

positioned at the foot end of the patient under the blanket. and 10ml/kg iv fluids preload stored at room 

temperature 15 min before spinal anesthesia. 

Group B: was received both warm iv fluids preload at 10ml/kg warmed at 41°c and forced air warming 

using Nellcor Warm Touch for 15 min before spinal anesthesia.  

After prewarming the cotton blanket would be left on the patient and the patient shifted to the OR 

where the temperature was set such that the OR temperature was maintained between 21° c and 24 °c.  



 
 

After arrival inside the OR core body temperature was recorded using infrared thermometer at 

tympanic membrane and skin temperature at the axilla, spinal anesthesia was performed in the sitting 

Position at L3-4 interspace with 26G Whitacre needle with 10mg hyperbaric bupivacaine immediately 

after injecting the drug, the patient was made lie supine and uterus is transposed to the left by tilting 

the table 15° to the left to prevent supine hypotensive syndrome. Block height was tested using an 

alcohol swab. The operation was initiated when the blockade level was T6. Immediately after spinal 

anesthesia every 15, 30, 45,60,75,90,105,120 min core body temperature measured using Braun 

Thermoscan at tympanic membrane and skin temperature probe at the axilla and intraoperative 

shivering was also assessed. In case of intraoperative shivering 25mg pethidine was given. 

Intraoperatively irrespective of their group the routine protocol was followed (fluids at room 

temperature and application of forced air warmer).  

Intraoperative hypothermia was graded as (64): 

 Mild hypothermia: core temperature of 35.0° C to 35.9° C; 

 Moderate hypothermia: core temperature of 34.0° C to 34.9° C;  

Severe hypothermia: core temperature less than or equal to 33.9° C  

After the surgery the mother was shifted to the post-operative room and monitored with ECG, pulse 

oximetry and NIBP. Temperature monitoring was continued and patient was observed for the 

occurrence of shivering and graded (65).  

 

Shivering was graded as: 

• 0: No shivering  

• 1: shivering localized to the core and neck. 

• 2: shivering including the upper extremities. 

• 3: total body shivering. 



 
 

                            SAMPLE SIZE ESTIMATION 

    As per data collected from hospital records, the average number of pregnant women undergoing 

elective cesarean section during the last two years (who satisfy the inclusion criteria) 

                                                  n=(1+ g-1) (Z1-α/2+Z1- β)  +Z2
1-α/2g-1   

                                                                           d2                              2(1+g-1) 

       where, Alpha(α) = 0.05 

                     Beta(β) = 0.2 

                     Effect size(d) = 0.5 

                    Number of group(g) = 3 

By substituting the above values, we arrived at n=77. 

A total of 231 pregnant women fulfilling the inclusion criteria during the study period will be randomly 

allocated to the 3 groups each containing 77 in each. 

 

 

 

 

 

 

 

 

 



 
 

 Data collection 

 Data was collected using a standardized proforma for all patients and tabulated in a Microsoft excel 

sheet 

  

 

Statistical analysis  

Descriptive statistics were applied. Data was analyzed by rates, ratios, percentages and proportions. 

 One-way ANOVA method was used for the comparison of demographic data between the groups.  

Turkeys posthoc method was used for the pair wise comparison between the groups. 

 P< 0.05 will be considered to be statistically significant. 

 Statistical software used was SPSS 22.00 version                                 

  



 
 

 

                                                                    RESULTS 

 

Study Design: 

 A comparative clinical study consisting of 231 patients randomized in to three groups with Seventy- 

seven in each Group A (Forced air warming), Group F (Warm IV fluids) and Group B (both) is 

undertaken to Study the efficacy based on parameters like fall in core temperature and shivering in 

the prevention of perioperative hypothermia  

 

  



 
 

 

Table 2: Comparison of three study groups (A, F, B) with mean age by one-way ANOVA 

Groups n Mean SD SE 

Group A 77 29.48 3.27 0.37 

Group F 77 29.39 2.97 0.34 

Group B 77 27.39 3.21 0.37 

Total 231 28.75 3.28 0.22 

F-value 10.8409 

P-value 0.0001* 

 

Figure 10: Comparison of three study groups (A, F, B) with mean age by one-way ANOVA 

 

 

The figure 10 shows mean age distribution. Samples taken under each group were under inclusion 

criteria. Age is comparable between the three groups (A.F, B) with Group A has mean of 29.4+/-3.27, 

Group F 29.39+/-2.97 and Group B 27.39+/-3.28. 
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Table 3: Comparison of three study groups (A, F, B) with mean Height (in meter), Weight (in 

kgs) and BMI (Wt/Htm2 ) by one way ANOVA 

 

 

Figure 11: Comparison of three study groups (A, F, B) with mean Height (in meter), Weight (in 

kgs) and BMI (Wt/Ht/kg/m2 ) by one way ANOVA 

 

 

The figure 11 shows the mean distribution of weight, height and BMI.These demographic data are 

comparable between the there groups(A,F,B). with weight parameter has mean 0f 63.54+/-5.11, height 

1.56+/-0.04 and BMI 26.14+/-2.70. 
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Groups 

N=77 

Height (in meter) Weight (in kgs) BMI (Wt/Ht m2 ) 

Mean SD SE Mean SD SE Mean SD SE 

Group A 1.57 0.04 0.00 63.29 5.64 0.64 25.81 2.64 0.30 

Group F 1.57 0.04 0.00 62.58 5.36 0.61 25.47 2.50 0.29 

Group B 1.55 0.05 0.01 64.75 3.98 0.45 27.14 2.69 0.31 

Total 1.56 0.04 0.00 63.54 5.11 0.34 26.14 2.70 0.18 

F-value 5.8974 3.6995 8.7114 

P-value 0.0032* 0.0262* 0.0002* 



 
 

Table 4: Comparison of three study groups (A, F, B) with Co-existing diseases by chi-square test 

Co-existing diseases Group A 

N=77 

% Group F 

N=77 

% Group B 

N=77 

% Total % 

Nil 76 98.70 76 98.70 71 92.21 223 96.54 

GDM 0 0.00 0 0.00 3 3.90 3 1.30 

Gestational DM 0 0.00 1 1.30 1 1.30 2 0.87 

Hypothyroidism 1 1.30 0 0.00 2 2.60 3 1.30 

Total 77 100.00 77 100.00 77 100.00 231 100.00 

Chi-square= 6.4740,  P = 0.0390* 

 

Figure 12: Comparison of three study groups (A,F,B) with co-existing diseases by Chi-square test 

 

The figure 12 shows comparison of three groups with co-existing diseases. The presence of co-existing 

diseases was found to be comparable between the groups (A.F, B)  
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  Table 5: Comparison of three study groups (A, F, B) with diagnosis 

Diagnosis Group A 

N=77 

% Group F 

N=77 

% Group B 

N=77 

% Total % 

Breech presentation 9 11.69 12 15.58 11 14.29 32 13.85 

Placenta previa 4 5.19 6 7.79 11 14.29 21 9.09 

Previous LSCS 55 71.43 46 59.74 37 48.05 138 59.74 

Short stature 5 6.49 4 5.19 10 12.99 19 8.23 

Twin pregnancy 3 3.90 7 9.09 7 9.09 17 7.36 

Others 1 1.30 2 2.60 1 1.30 4 1.73 

Total 77 100.00 77 100.00 77 100.00 231 100.00 

Chi-square=12.9367, p=0.1104 
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Figure 13: Comparison of three study groups (A, F, B) with diagnosis

Breech presentation Placenta previa
Previous LSCS Short stature
Twin pregnancy Others



 
 

Table 6: Comparison of three study groups (A, F, B) with room temperature at pre operative 

and 15 min of warming time points and their changes by one-way ANOVA 

Time points 

Summery Group A 

N=77 

Group F 

N=77 

Group B 

N=77 

Total F-value P-value 

At Pre-Operative room 

  

Mean 36.98 36.99 37.08 37.02 2.8775 0.0583 

SD 0.30 0.30 0.27 0.29   

15 min of warming 

  

Mean 37.04 37.22 37.33 37.20 3.4082 0.0348* 

SD 1.16 0.24 0.19 0.70   

Change in temperature 

  

Mean 0.07 0.23 0.25 0.18 1.6945 0.1859 

SD 1.16 0.16 0.16 0.68   

 

Figure 14: Comparison of three study groups (A, F, B) with room temperature at pre operative 

and 15 min of warming time points 

 

The table 6   shows changes in core temperature before and   after prewarming (t = 0 min) and (t = 15 

min). Data are expressed as mean with Group A at t= 0 and t=15 was of 36.98+/- 0.30 and 37.06 +/- 
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1.16, Group F 36.99+/-0.30 and 37.22 +/-0.24 and Group B 37.08+/-0.29 and 37.33+/-0.19 

respectively. The change in core temperature is found to be statistically significant. (p=0.03) Group A: 

forced-air prewarming group, Group B: Both, Group F: intravenous warmed fluids group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

Table 7: Comparison of three study groups (A, F, B) with change in core temperature (Ear) at 

different time points by one-way ANOVA 

 

 

 

Time 

interval 

Summery Group 

 A 

Group 

F 

Group 

B 

Total F-value P-value 

0 min 

After SAB 

Mean 37.17 37.20 37.32 37.23 10.4130 0.0001* 

 SD 0.23 0.23 0.18 0.22   

15 min Mean 37.02 37.06 37.21 37.10 12.6583 0.0001* 

 SD 0.29 0.27 0.17 0.26   

30 min Mean 36.90 36.96 37.11 36.99 12.5000 0.0001* 

 SD 0.30 0.30 0.19 0.28   

45 min Mean 36.78 36.82 37.01 36.87 15.8711 0.0001* 

 SD 0.29 0.31 0.18 0.28   

60 min Mean 36.81 36.77 36.90 36.83 7.1298 0.0001* 

 SD 0.20 0.28 0.18 0.23   

75 min Mean 37.00 37.00 37.10 37.03 -- -- 

 SD 0.00 0.00 0.00 0.06   



 
 

Figure 15: Comparison of three study groups (A, F, B) with change in core temperature (Ear)at 

different time points 

 

 

 

Figure 15 shows Changes in core temperature immediately after spinal anaesthesia (t = 0 min) and 

every 15min interval (t = 15 min).  The mean value after 60 min significantly decreased in Group A 

and group F than Group B. i.e 36.1+/-0.20, 36.77+/-0.28 and 36.9+/-0.18 respectively. Difference is 

found to be statistically significant. *P = 0.0007. 
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Table 8: Comparison of three study groups (A, F, B) with fall in Thermal comfort 

fall of Thermal 

comfort 

Group A vs Group F Group A vs Group B Group F vs Group B 

t-value p-value t-value p-value t-value p-value 

0 min -15 min 0.6767 0.4996 2.5700 0.0111* 2.3627 0.0194* 

15 min-30 min 0.5974 0.5511 1.1308 0.2599 0.4525 0.6516 

30 min-45 min -1.2392 0.2172 1.1110 0.2683 2.6395 0.0092* 

45 min-60 min -1.2889 0.1994 -3.7341 0.0003* -1.8281 0.0695 

60 min-75 min -- -- -- -- -- -- 

 

Pair comparison between two groups was found that changes in core temperature is significant in 

Group A vs Group B and Group F vs Group B than Group A vs Group F. i.e   p=0.0003,0.0092 and 

0.1994 respectively. 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

Table 9: Comparison of three study groups with Skin temperature at different time points by 

one-way ANOVA.  

Time 

points 

Summery Group A 

N=77 

Group F 

N=77 

Group B 

N=77 

Total F-value P-value 

0 min Mean 36.37 36.31 36.81 36.50 13.1095 0.0001* 

 SD 0.69 0.82 0.38 0.69   

15 min Mean 36.22 36.20 36.69 36.38 13.5645 0.0001* 

 SD 0.70 0.81 0.39 0.69   

30 min Mean 36.15 36.13 36.47 36.25 3.3744 0.0360* 

 SD 0.67 0.78 1.19 0.92   

45 min Mean 36.08 36.07 36.51 36.22 12.8702 0.0001* 

 SD 0.64 0.77 0.39 0.65   

60 min Mean 36.17 36.06 36.41 36.22 9.0240 0.0002 

 SD 0.55 0.61 0.35 0.53   

75 min Mean 36.00 36.00 36.30 36.10 -- -- 

 SD -- -- -- 0.17   



 
 

Figure 16: Comparison of three study groups (A, F, B) with Skin temperature at different time 

points 

 

 

The Table 9 shows changes in skin temperature after spinal anesthesia (t = 0 min) and every 15min 

time interval (t = 15 min). The mean value after 60 min is significantly decreased in Group A and 

group F than Group B. i.e 36.17+/-0.55,36.06+/-0.61 and 36.22+/-0.53 respectively. Where Group A 

forced-air prewarming group, Group F: Warm IV fluids group, Group B: Both. (P = 0.0001). 
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Table 10: Comparison of three study groups (A, F, B) with presence of shivering at different 

time points by X2  test 

Time 

points 

Group 

A 

% Group 

F 

% Group 

B 

% Total % 2 p-value 

0 min 0 0.00 0 0.00 0 0.00 0 0.00 - - 

15 min 0 0.00 0 0.00 0 0.00 0 0.00 - - 

30 min 1 1.30 0 0.00 0 0.00 1 0.43 2.0090 0.3662 

45 min 1 1.30 0 0.00 0 0.00 1 0.43 2.0090 0.3662 

60 min 0 0.00 0 0.00 0 0.00 0 0.00 - - 

 

 

Figure 17: Comparison of three study groups (A, F, B) with presence of shivering at different 

time points 

 

 

According to the IPH guidelines from the NICE, if the core temperature is less than 36°c, then it is 

considered as perioperative hypothermia. From our study, using X 2 test   it was found that 

intraoperative shivering was found with women prewarmed with Forced air warming at 30 min and 
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45min after induction of anesthesia i.e X2 value Of Group A is 2.009 (p=0.3662). But no incidence of 

shivering was found with the women prewarmed with both warm IV fluids and forced air warming.  



 
 

Table 11: Comparison of three study groups (A, F, B) with mean Ear temperature at recovery room at 

15 min and 30 min by one-way ANOVA 

Groups 

N=77 

Ear temperature at 15 

min 

Ear temperature at 30 

min 

Changes 

Mean SD SE Mean SD SE Mean SD SE 

Group A 36.63 0.29 0.03 36.39 1.22 0.14 0.24 1.18 0.13 

Group F 36.66 0.34 0.04 36.29 1.67 0.19 0.37 1.63 0.19 

Group B 36.81 0.18 0.02 36.72 0.21 0.02 0.09 0.06 0.01 

Total 36.70 0.29 0.02 36.47 1.21 0.08 0.23 1.16 0.08 

F-value 9.6614 2.7336 1.1052 

P-value 0.0001* 0.0671 0.3329 

Pair wise comparisons by Tukeys multiple posthoc procedures 

Group A vs 

Group F 

P=0.8021 P=0.8424 P=0.7460 

Group A vs 

Group B 

P=0.0001* P=0.2100 P=0.7293 

Group F vs 

Group B 

P=0.0016* P=0.0638 P=0.2973 

*P<0.05 

Table 11 shows changes in mean ear temperature in recovery room at (t = 15 min) and (t = 30 min).  

It was found that incidence of fall in core temperature was seen more with women prewarmed with 

Forced air warming or warm IV fluids than the combined warming i.e mean of Group A at (t=0) and 

(t=15) 36.63+/-0.29, and 36.39+/-1.22,Group F 36.66+/-0.34 and 36.29+/-1.67 and Group B 36.81+/-

0.18 and 36.72+/-0.21.The results are found to be statically significant at t=15min with no difference 

at t=30min between the groups. 



 
 

Figure 18: Comparison of three study groups (A, F, B) with mean Ear temperature at post op 15 min 

and   30 min   by one way ANOVA  

 

  

 

 

 

Above figure 18 shows changes in mean ear temperature in post op (t = 15 min) and (t = 30 min).  It 

was found that incidence of hypothermia was seen more with women prewarmed with Forced air 

warming or warm IV fluids than the combined warming. There was statistical significance found at t 

=15min (p=0.0001). There was no difference between the groups at 30 min. 
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Table 12: Comparison of three study groups (A, F, B) with mean Skin temperature at post op 15 min and 30 

min by one-way ANOVA 

Groups 

N=77 

Skin temperature at 15 

min 

Skin temperature at 30 

min 

Changes 

Mean SD SE Mean SD SE Mean SD SE 

Group A 35.98 0.61 0.07 35.89 0.63 0.07 0.08 0.30 0.03 

Group F 35.97 0.69 0.08 35.89 0.70 0.08 0.08 0.30 0.03 

Group B 36.34 0.37 0.04 36.26 0.37 0.04 0.07 0.06 0.01 

Total 36.09 0.60 0.04 36.02 0.61 0.04 0.08 0.25 0.02 

F-value 10.2781 10.5295 0.0518 

P-value 0.0001* 0.0001* 0.9496 

Pair wise comparisons by Tukeys multiple posthoc procedures 

Group A vs 

Group F 

P=0.9973 P=0.9983 P=0.9994 

Group A vs 

Group B 

P=0.0003* P=0.0003* P=0.9536 

Group F vs 

Group B 

P=0.0002* P=0.0002* P=0.9632 

*p<0.05 

 

Above table12 shows changes in mean skin temperature in recovery room at (t = 15 min) and (t = 30 

min).  It was found that incidence of fall in skin temperature was seen more with women prewarmed 

with Forced air warming or warm IV fluids than the combined warming i.e mean of Group A at (t=0) 

and (t=15) is  35.98+/-0.61, and 35.89+/-0.63,Group F 35.97+/-0.69 and 35.89+/-0.70 and Group B 

36.34+/-0.37 and 36.26+/-0.37.The results are found to be statically significant. 

  



 
 

 

Figure 19: Comparison of three study groups (A, F, B) with mean Skin temperature at post op 15 min and 30 

min 

 

 

Above figure 19 shows changes in mean skin temperature in recovery room at (t = 15 min) and (t = 

30 min).  It was found that incidence of fall in skin temperature was seen more with women 

prewarmed with Forced air warming or warm IV fluids than the combined warming.  
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Table 13: Comparison of three study groups (A, F, B) with presence of shivering grade at post operative 15 min 

and 30 min 

Time 

points 

Group 

A 

% Group 

F 

% Group 

B 

% Total % 2 p-

value 

Post OP  

15 min 

7 9.09 3 3.90 0 0.00 10 4.33 7.7350 0.0209

* 

Post OP 

30min 

10 12.99 12 15.58 1 1.30 23 9.96 9.9470 0.0069

* 

 

Figure 20: Comparison of three study groups (A, F, B) with presence of shivering grade at post operative 15 

min and 30 min 

 

 

The table 13 shows post operative shivering incidence in the recovery room at (t=15min) and (t=30min). 

Percentage of shivering in Group A, Group F and Group B is 9.09%,3.90% and 0% respectively. It was found 

that shivering incidence is more in group prewarmed with single modality. 
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Table 14: Comparison of three study groups (A, F, B) with presence of PONV   

PONV Group A % Group F % Group B % Total % 

Yes 3 3.90 2 2.60 0 0.00 5 2.16 

No 74 96.10 75 97.40 77 100.00 226 97.84 

Total 77 100.00 77 100.00 77 100.00 231 100.00 

Chi-square=2.8620, p=0.2391 

 

 

 

 

 

The percentage of PONV   in the post-operative period   was 3.9%, 2.6% and 0% in the Group A, 0. 

F and group B respectively.  

 Though there was a slightly increased occurrence of PONV in the group prewarmed with single 

modality. But, overall low incidence of nausea, vomiting, and shivering was found   with no 

statistical significance found between the groups
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DISSCUSION    

Redistribution of body heat is the major initial cause of hypothermia in patients with neuraxial 

anesthesia. Neuraxial anesthesia also inhibits thermoregulatory control centrally and blocks peripheral 

sympathetic and motor nerve, which prevents thermoregulatory vasoconstriction and shivering. Core 

temperature decreases   by 0.8 ± 0.3° C in the first hour of neuraxial anesthesia. Redistribution during 

neuraxial anesthesia contributes 89% to this initial decrease and is typically confined to the lower 

limbs. After an initial decrease, sufficient core hypothermia will trigger vasoconstriction and shivering 

in unblocked regions. But upper body shivering is relatively ineffective and insufficient in the 

prevention of further hypothermia. Shivering increases oxygen consumption and carbon dioxide 

production. These causes large increase in metabolic requirement might predispose   to lactic acidosis 

and hypoxemia. These effects are particularly bothersome in the obstetrical group of population. 

Although hypothermia during regional anesthesia is common and severe because of   the   above-

mentioned   mechanism, abnormal tolerance for shivering is   also observed. Spinal anesthesia reduces 

the shivering threshold by 0.6°c.  

In our study, we evaluated the efficacy of combined prewarming in preventing inadvertent 

perioperative hypothermia (i.e., < 36°c) and incidence of intra and post operative shivering. 

Prewarming was given for 15 minutes for all the groups with forced air warmer and warm IV fluids. 

Fifteen minutes duration of prewarming was efficacious in preventing IPH. The number of episodes 

of hypothermia was more in the group prewarmed with single modality compared to the group 

prewarmed with both. Earlier studies have demonstrated the beneficial effects of prewarming. The 

clinical acceptance of use of single prewarming method being questioned, so we attempted to study 

the combined use of prewarming method in reducing the incidence of hypothermia. We have 

demonstrated that prewarming in patients, undergoing caesarean section under spinal anesthesia, with 

the Nellcor warm touch warming system and warm IV fluids resulted in a decreased incidence of IPH. 



 
 

In our study we also confirmed that maintaining the core body temperature also reduces the incidence 

of shivering. 

Ting ting et al in 2005 in their study “Effects of combined preoperative forced-air warming and 

warmed perioperative intravenous fluids on maternal temperature during cesarean section: a 

prospective, randomized, controlled clinical trial”. They randomly allocated one hundred- and thirty-

five-women undergoing elective cesarean deliveries to either the intervention group (preoperative 

forced-air and intravenous fluid warming, n = 69) or the control group (no active warming, n = 66). 

They   revealed   that significantly different core temperature changes (from the pre-spinal temperature 

to that at the end of the procedure) between groups (F = 13.022, P < 0.001). The thermal comfort scores 

were also higher in the intervention group than in the control group (F = 9.847, P = 0.002). The overall 

incidence of perioperative hypothermia was significantly lower in the intervention group than in the 

control group (20.6% vs. 51.6%, P < 0.0001). They concluded that warming preoperative forced-air 

and perioperative warmed intravenous fluids may prevent maternal hypothermia, reduce maternal 

shivering, and improve maternal thermal comfort for patients undergoing cesarean sections under 

spinal anesthesia. Even though our study also concluded the same results as we used blinding technique 

which was not used in their study made our study more significant than their study. 

Goyal P et al in 2011 in their study “Efficacy of intravenous fluid warming for maintenance of core 

temperature during lower segment cesarean section under spinal anesthesia”. Sixty-four patients 

belonging to ASA grade I and II were randomly allocated to either of the two groups. Group I received 

intravenous fluids at room temperature (22°C) and group II received intravenous fluids via fluid 

warmer (39°C). Core temperature was recorded at every 1 min for the first 5 min, followed by 10 min 

till the end of surgery using a tympanic thermometer. The mean decreases in core temperature in group 

I was -2.184 ± 0.413 and -1.934 ± 0.439 in group II. The difference in mean temperature between 

group I and II showed a statistically significant difference.  A lower incidence of shivering was seen 

in group II patients, but the difference in the two groups was not statistically significant. They found 



 
 

that infusion of warm intravenous fluids to parturient undergoing cesarean section under regional 

anesthesia decreases the degree of hypothermia and is associated with a 0.25°C temperature advantage 

compared with intravenous fluids infused at ambient temperature of the operating room, but it was not 

effective to prevent shivering. Our study also showed same results i.e 0.25°c increase in temperature 

in combined group. 

Oshvandi K et al in 2014 in their study “The effect of pre-warmed intravenous fluids on prevention 

of intraoperative hypothermia in cesarean section under general anaesthesia”. Sixty-two women were 

randomly allocated in two groups of intervention and control. Women in the intervention groups 

received pre-warmed IV fluids (37°C) while those in the control group received IV fluids at room 

temperature (25.5°C). The core body temperature and some hemodynamic parameters of participants 

were assessed during the operation. The mean of pulse rate, systolic blood pressure, diastolic blood 

pressure, and arterial O2 saturation in the two groups were not statistically significant (P > 0.05). But 

the mean of mothers’ core body temperature at the end of anesthesia in the intervention and control 

groups were 36 ± 0.5°C and 35.34 ± 0.6°C, respectively (P < 0.05). And concluded that pre warmed 

IV fluids(37°c) is effective in the prevention of hypothermia but no comment was made on 

intraoperative shivering. But our study included both fall in core temperature as well as shivering. 

 

Cobb, et al in 2016 in their study “Active warming utilizing combined iv fluids and forced air warming 

decreases hypothermia and improves maternal comfort during cesarean delivery a randomized control 

trial”. Forty- six women in the study were randomly assigned to receive either active warming (warmed 

iv fluids and lower body forced air warmer) or no warming and it was found that active warming 

group(35.9°c+/-0.5°c) had significantly higher temperature on arrival at the PACU than no warming 

group(35.5°c+/-.0.5°c).  Fourteen (64%) women in AW group and twenty (91%) in the no warming 

group were hypothermic during the study. Concluded that warm fluid combined with forced air 

warming is effective in decreasing the incidence of perioperative hypothermia and improving maternal 



 
 

thermal comfort. There were no significant differences in the incidence of intraoperative shivering 

(22% in the AW and 45% in the NW groups; P = 0.11), Apgar scores, or umbilical vein blood gas 

values between the study groups. 

Despite multimodal active warming majority of women became hypothermic and shivering was not 

prevented. The findings suggest that combined active warming for cesarean delivery with spinal 

anesthesia is difficult and only modest benefit should be expected. But in our study, we found that 

combined warming is effective as fall in core temperature is less(36.90+/-0.18°c) and percentage of 

women developed shivering is 0%. 

Jun JH, et al. in 2019 in their study “The efficacy of forced air warming and warmed intravenous 

fluid for prevention of hypothermia and shivering during caesarean delivery under spinal anesthesia a 

randomized controlled trail”. Fifty women were randomly assigned into two groups where one group 

(n =25) received active warming with both warmed IV fluids and whole body forced air warming for 

15 min and a control group (n =25) received no active warming and tympanic membrane temperature 

and shivering severity were measured at baseline and every 10 min till the end of surgery and shivering 

every 10 min upto one hour postoperatively. They found that incidence of perioperative hypothermia 

(0 vs 48%, p<0.001) and shivering (22 vs 52%, p<0.031) were significantly lower in active warming 

than in control group. Maternal thermal comfort scores were higher in the active warming than in the 

C group. Neonatal parameters were not significantly different between the groups. And hence they 

concluded that combined prewarmed IV fluids and forced air warming appears to be more effective 

than no warming for preventing hypothermia and shivering during caesarean delivery under spinal 

anaesthesia. In Our study we concluded combined warming method is more effective than single 

modality in prevention of hypothermia. 

Meghana VS et al in 2020, in their study “The effect of combination of warm intravenous fluid 

infusion and forced air warming versus forced air warming alone on maternal temperature and 

shivering during cesarian delivery under spinal anesthesia”. Hundred patients scheduled for elective 



 
 

c-section were grouped into two groups, one group received both warmed IV fluid infusion and forced 

air warmer (Combination of active warming WI= 50) and other received only forced air warmer (WA 

= 50). Core body temperature and shivering incidence were recorded using a tympanic thermometer 

from prespinals till the end of surgery every 10 min and in post anesthesia care unit (PACU) at 0, 15, 

and 30 min.  Core temperature showed statistically significant difference in 15, 35, 45, and 55 min 

between air warmer and warm infusion groups and in PACU at 0, 15, and 30 min, it was statistically 

significant (P = 0.000) among WI group (mean temperature = 36.79°C) when compared to WA group 

(mean temperature = 35.96°C). There was a lower incidence of shivering in group warmed with both 

compared to group warmed only with forced air warming, which is statistically significant i.e 7(14%) 

and 28(54%). Hence proved that combination of warm Intravenous fluid infusion and Forced air 

warming is better than forced air warming alone in maintaining near normal maternal core body 

temperature during elective cesarean section following spinal anesthesia. It also reduces shivering 

incidence. Our study also concluded the same results, fall in the core temperature is more with the 

Group A than the combined Group B i.e 36.1+/-0.20, and 36.9+/-0.18, incidence of shivering is less 

with Group B than Group A i.e 0% and 3.9%.  

 

Horn et al.in 2012 in their study “The effect of short time periods of pre-operative warming in the 

prevention of peri-operative hypothermia”. Two Hundred patients were randomly assigned to receive 

passive insulation or forced air warming for 10,20 or 30 minutes. They found that there were significant 

differences in core temperature between non pre-warmed and all the prewarmed groups i.e 

(p=0.00001).Without prewarming 69% patients became hypothermic whereas only 

7/52(13%),3/43(7%) and 3/50(6%) patients in prewarmed group became hypothermic following 

10,20,or 30 min prewarming respectively. Hence proved that prewarming (10 or 20 min duration) is 

important in the prevention of hypothermia and reduces shivering. In our study we prewarmed for 15 



 
 

min which is found to be effective in prevention of hypothermia and shivering i.e 0.07°c,0.23°c and 

0.25°c increase in temperature above the baseline in Group A, Group F and Group F respectively. 

 

Butwick et al. in 2007 studied that intraoperative lower body forced air-warming does not prevent 

intraoperative hypothermia or shivering in women undergoing elective cesarean delivery with spinal 

anesthesia. Thirty women were randomized into two groups. One group received Forced air warming 

and other control group. The change in core temperature was found to be similar in both the groups i.e 

-1.3+/-0.4° c and -1.3+/-0.3 °c respectively. So, they realized that preoperative warming was more 

important than intraoperative warming and upper body warming was more effective than lower body 

warming. In addition, intraoperative upper body forced air-warming is uncomfortable and may 

interfere with early maternal-newborn bonding. But in our study, we found that a brief period of 

preoperative upper body forced air-warming, such as 15 min before operation start, was easy to     

accommodate and reduces maternal hypothermia and incidence of shivering during cesarean section 

with spinal anesthesia. 

 

Woolnough M et al in 2009 in their study “The effect of warm intravenous fluids during elective 

caesarean section under combined spinal- epidural anesthesia in a blinded, randomized controlled 

study”. In this study sixty-two patients were randomly assigned into two groups. One group received 

all intravenous fluids at room temperature and other group received heated in a cabinet set at 45°c or 

via hotline fluid warmer. The group that received fluids at room temperature had greater fall in 

temperature (0.4°c) than the other group that received warm fluids i.e change in the core temperature 

is 35.34+/-0.6° c and 36+/-0.5° c respectively (p=<0.05). They concluded that warming intravenous 

fluids mitigates the decrease in maternal temperature during elective caesarean section under combined 

spinal- epidural anaesthesia and improves thermal comfort but does not affect shivering. Hence 

warmed fluids should be used routinely in elective caesarean section especially for cases with expected 



 
 

longer duration. Our study has concluded that prewarming is effective in prevention of both 

hypothermia as well as shivering. 

 

LIMITATIONS OF OUR STUDY: 

1. Infrared tympanic thermometers used lack evidence of their quality and accuracy. However, 

they are non- invasive and provide an acceptable and comfortable measurement to patients. 

2. We have not calculated the total intra-operative fluids used, large volume of IV fluids at room 

temperature may result further hypothermia in a non-prewarmed group. 

3. Our study has not powered the shivering, hence incidence of shivering not proved to be 

statically significant. 

 

 

 

 

                                               

 

 

 

 

 

 

 

 

 

                                                  



 
 

 

                                                 CONCULSION 

 

In our study we found that combined prewarming for fifteen minutes with warm IV fluids and Forced 

air warmer reduced the incidence of intraoperative hypothermia compared to the group prewarmed 

with any single modality. A lower degree of fall in temperature was observed in the group prewarmed 

with combined modality than either forced air warming or warm IV fluids in the first hour of caesarean 

section under spinal anesthesia and the benefit continued till fifteen min of postoperative period. 

Shivering and post-operative nausea and vomiting was lesser in prewarmed with combined modality 

but was not statistically significant between the groups. 

  



 
 

                                                              SUMMARY 

 

Core temperature is maintained within a normal range when exposed to a cool environment because 

of sympathetically mediated vasoconstriction. But under the effect of spinal anaesthesia these gradient 

increases because of vasodilatation caused by sympathectomy below the level of neuraxial sensory 

blockade predisposing patients to increased radiant heat loss. This causes distribution of heat from the 

core to periphery leading to the fall in core temperature. 

 Inadvertent perioperative hypothermia (IPH) is a most common problem. It is defined as a 

perioperative core temperature of < 36 °C. IPH is associated with increased perioperative morbidity. 

One of the ways to prevent intraoperative hypothermia is prewarming the patient prior to induction of 

anesthesia. 

 In our randomized single blinded prospective study, the primary objective was to find out the efficacy 

of combined prewarming in the prevention of perioperative hypothermia and shivering in women 

undergoing caesarean   section under spinal anesthesia. Two Hundred thirty-one pregnant women of 

ASA physical status I and II were selected and randomized into three groups. The subjects were 

randomly assigned to one of the following groups: Group F - received prewarming with Warm IV 

fluids for fifteen minutes, Group A- received prewarming for fifteen minutes with Forced air warmer 

and Group B- received both. Core body temperatures was recorded on arrival inside OR, immediately 

after induction, 15, 30, 45, 60, 75-, 90-, 105- and 120-minutes post induction with Braun Thermoscan®   

infrared ear thermometer measured at the same ear used preoperatively.  

The data of all the patients were analyzed using SPSS 22.00 version. There was a significant fall in 

temperature in the group prewarmed with single modality compared to group  prewarmed with both   

at 15, 45 and 60 minutes i.e at 60 min mean temperature  36.1+/-0.20, 36.77+/-0.28 and 36.9+/-0.18 

respectively. Difference is found to be statistically significant. (*P = 0.0007) and benefit was continued 



 
 

till fifteen min of post operative period. Incidence of PONV and shivering was lesser with group 

prewarmed with combined modality however statistically no significant differences were 

demonstrated between the groups. (p=0.21). 

 

Hence, we conclude that prewarming for fifteen minutes reduced the incidence of perioperative 

hypothermia in all the groups however more significant with combined modality, compared to the 

group prewarmed with the single modality. The incidence of postoperative hypothermia was 

comparable between the groups. Hence, we suggest that prewarming with combined modality has to 

be routinely followed for the prevention of perioperative hypothermia and shivering. 

 

  



 
 

                                            BIBLIOGRAPHY   

1. Aiono-Le Tagaloa L, Butwick AJ, Carvalho B. A survey of perioperative and postoperative 

anesthetic practices for cesarean delivery. Anesthesiol Res Pract 2009; 2009:510-642. 

2. Carpenter L, Baysinger CL. Maintaining perioperative normothermia in the patient undergoing 

cesarean delivery. Obstet Gynecol Surv 2012; 67:436–46. 

3. Butwick AJ, Lipman SS, Carvalho B. Intraoperative forced air-warming during cesarean 

delivery under spinal anesthesia does not prevent maternal hypothermia. Anesth Analg 2007; 

105:1413–9. 

4. Petsas A, Vollmer H, Barnes R. Peri-operative warming in Caesarean sections. Anaesthesia 

2009; 64:921–2.  

5. Yokoyama K, Suzuki M, Shimada Y, Matsushima T, Bito H, Sakamoto A. Effect of 

administration of pre-warmed intravenous fluids on the frequency of hypothermia following 

spinal anesthesia for Cesarean delivery. J Clin Anesth 2009; 21:242–8. 

6. Chung SH, Lee BS, Yang HJ, Kweon KS, Kim HH, Song J, Shin DW. Effect of preoperative 

warming during cesarean section under spinal anesthesia. Korean J Anesthesiol 2012; 62:454–

60. 

7. Ozaki M, Kurz A, Sessler DI, Lenhardt R, Schroeder M, Moayeri A, et al. Thermoregulatory 

thresholds during epidural and spinal anesthesia. Anesthesiology 1994; 81: 282-8. 

8. Chen JC, Hsu SW, Hu LH, Hong YJ, Tsai PS, Lin TC, et al. Intrathecal meperidine attenuates 

shivering induced by spinal anesthesia. Ma Zui Xue Za Zhi 1993; 31: 19-24. 

9. Roy JD, Girard M, Drolet P. Intrathecal meperidine decreases shivering during cesarean 

delivery under spinal anesthesia. Anesth Analg 2004; 98: 230-4. 

10. Hynson JM, Sessler DI. Intraoperative warming therapies: a comparison of three devices. J 

Clin Anesth 1992; 4: 194-9. 



 
 

11. Sessler DI, Lee KA, McGuire J. Isoflurane anesthesia and circadian temperature cycles. 

Anesthesiology 1991; 75: 985–89. 

12. Lopez M, Sessler DI, Walter K, Emerick T, Ozaki M. Rate and gender dependence of the 

sweating, vasoconstriction, and shivering thresholds in humans. Anesthesiology 1994; 80: 

780–88. 

13. Kurz A. Physiology of thermoregulation. Best Practice & Research Clinical Anaesthesiology. 

2008; 22:627-44. 

14. Brauchi S, Orta G, Salazar M, et al.: A hot-sensing cold receptor: C-terminal domain 

determines thermosensation in transient receptor potential channels, J Neurosci 2006;26:4835-

40. 

15. Feketa VV, Zhang Y, Cao Z, et al. Transient receptor potential melastatin 8 channel inhibition 

potentiates the hypothermic response to transient receptor potential vanilloid 1 activation in the 

conscious mouse. Crit Care Med 2014; 42: e355–63. 

16. Premkumar LS, Abooj M. TRP channels and analgesia. Life Sci 2013; 92: 415–24. 

17. Poulos DA: Central processing of cutaneous temperature information, Fed Proc1981; 40:2825-

9. 

18. Jessen C, Feistkorn G: Some characteristics of core temperature signals in the conscious goat. 

Am J Physiol 1984; 247: R456-R464,. 

19. Frank S, Raja SN, Bulcao C, Goldstein D. Relative contribution of core and 76 cutaneous 

temperatures to thermal comfort, autonomic, and metabolic responses in humans. J Appl 

Physiol 1999; 86: 1588–93. 

20. Burke WEA, Mekjavic IB. Estimation of regional cutaneous cold sensitivity by analysis of the 

gasping response. J Appl Physiol 1991; 71: 1933–40. 

21. McCaff rey TV, Wurster RD, Jacobs HK, Euler DE, Geis GS. Role of skin temperature in the 

control of sweating. J Appl Physiol 1979; 47: 591–97. 



 
 

22.  Taniguchi Y, Lenhardt R, Sessler DI, Kurz A. The effect of altering skinsurface cooling speeds 

on vasoconstriction and shivering thresholds. Anesth Analg 2011; 113: 540-44. 

23. Cheng C, Matsukawa T, Sessler DI, et al: Increasing mean skin temperature linearly reduces 

the core-temperature thresholds for vasoconstriction and shivering in humans, Anesthesiology 

1995;82:1160-1168. 

24.  Lenhardt R, Greif R, Sessler DI, et al: Relative contribution of skin and core temperatures to 

vasoconstriction and shivering thresholds during isoflurane anesthesia, Anesthesiology 1999; 

91:422-29. 

25. Washington D, Sessler DI, Moayeri A, et al: Thermoregulatory responses to hyperthermia 

during isoflurane anesthesia in humans, J Appl Physiol 1993; 74:82-87. 

26. Hessemer V, Brück K: Influence of menstrual cycle on thermoregulatory, metabolic, and heart 

rate responses to exercise at night, J Appl Physiol 1985; 59:1911-17. 

27. Mestyan J, Jarai I, Bata G, Fekete M: The significance of facial skin temperature in the 

chemical heat regulation of premature infants, Biol Neonate 1964; 7:243-54.  

28.  Vassilieff N, Rosencher N, Sessler DI, Conseiller C: The shivering threshold during spinal 

anesthesia is reduced in the elderly. Anesthesiology 1995; 83:1162-66. 

29.  Schlader ZJ, Simmons SE, Stannard SR, Mundel T. The independent roles of temperature and 

thermal perception in the control of human thermoregulatory behaviour. Physiol Behav 2011; 

103: 217–24. 

30. Buono MJ & Sjoholm NT. Effect of physical training on peripheral sweat production. J Applied 

Physiol.1988; 65: 811–814. 

31. Detry J-MR, Brengelmann GL, Rowell LB et al. Skin and muscle components of forearm blood 

flow in directly heated resting man. J Applied Physiol. 1972; 32: 506–11. 

32. Matsukawa T, Sessler DI, Christensen R, Ozaki M and Schroeder M. Heat flow and distribution 

during epidural anesthesia. Anesthesiology 1995; 83: 961–67. 



 
 

33. Sessler DI. Complications and treatment of mild perioperative hypothermia. Anesthesiology 

2001; 95: 531–543. 

34. Sessler DI, Schroeder M, Merrifield B, et al. Optimal duration and temperature of prewarming. 

Anesthesiology 1995; 82: 674–81. 

35.  Frank SM, Beattie C, Christopherson R, Norris EJ, Rock P, Parker S, et al. Epidural versus 

general anesthesia, ambient operating room temperature, and patient age as predictors of 

inadvertent hypothermia. Anesthesiology 1992; 77: 252-7. 

36.  Sessler DI, Ponte J. Shivering during epidural anesthesia. Anesthesiology 1990; 72:81. 

37.  Panzer O, Ghazanfari N, Sessler DI, et al. Shivering and shivering-like tremor during labor 

with and without epidural analgesia. Anesthesiology 1999; 90:1609–16. 

38. Horn EP, Schroeder F, Gottschalk A, Sessler DI, Hiltmeyer N, Standl T, et al. Active warming 

during cesarean delivery. Anesth Analg 2002; 94: 409-14.  

39. Emerick TH, Ozaki M, Sessler DI, Walters K, Schroeder M. Epidural anesthesia increases 

apparent leg temperature and decreases the shivering threshold. Anesthesiology 1994; 81: 289-

98. 

40. Vaughan MS, Vaughan RW and Cork RC. Postoperative hypothermia in adults: relationship 

of age, anesthesia, and shivering to rewarming. Anesth Analg 1981; 60: 746–51. 

41. Kongsayreepong S, Chaibundit C, Chadpaibool J, et al. Predictor of core hypothermia and the 

surgical intensive care unit. Anesth Analg 2003; 96: 826–33. 

42. Abelha FJ, Castro MA, Neves AM, Landeiro NM and Santos CC. Hypothermia in a surgical 

intensive care unit. BMC Anesthesiology 2005; 5: 7–17.  

43.  Leijtens B, Koeter M, Kremers K and Koeter S. High incidence of postoperative hypothermia 

in total knee and total hip arthroplasty: a prospective observational study. J Arthroplasty 2013; 

28: 895–98.  



 
 

44.  Karalapillai D and Story D. Hypothermia on arrival in the intensive care unit after surgery. 

Crit Care Resusc 2008; 10: 116–9.  

45.  Karalapillai D, Story DA, Calzavacca P, et al. Inadvertent hypothermia and mortality in 

postoperative intensive care patients: retrospective audit of 5050 patients. Anaesthesia 2009; 

64: 968–72.  

46.  Karalapillai D, Story D, Hart GK, et al. Postoperative hypothermia and patient outcomes after 

major elective non-cardiac surgery. Anaesthesia 2013; 68: 605–11. 

47. Wass CT, et al: Effect of General Anesthesia in patients with Cerebral palsy. J Child Neurol 

Anesthesiology 2012 jul; 27(7): 859-66.  

48.  Todd MM, Warner DS. A prospective comparsion of propofol/fentanyl, isoflurane/nitrous 

oxide, and fentanyl/nitrous oxide for elective supratentorial craniotromy. Anesthesiology 1993 

Jun;78(6):1005-20. 

49. Crawford DC, Hicks B, Thompson MJ. Which thermometer? Factors influencing best choice 

for intermittent clinical temperature assessment. J Med Eng Technol. 2006; 30:199-211. 

50. Bräuer A, Perl T and Quintel M. Perioperative thermal management. Anaesthesist 2006; 55: 

1321–40. 

51. Alvord LS and Farmer BL. Anatomy and orientation of the human external ear. J Am Acad 

Audiol 1997; 8: 383–390. 

52. Fritz U, Rohrberg M, Lange C, et al. Infrared temperature measurement in the auditory canal 

with the DIATEK 9000 Instatemp and the DIATEK 9000 Thermo Guide: Influencing factors 

and comparison with other methods of temperature measurement of the body nucleus. 

Anaesthesist 1996; 45: 1059–66. 

53. Rohrberg M, Fritz U, Weyland W and Braun U. Temperature measurement in the ear canal: 

comparison of an infrared thermometer with conventional temperature probes and evaluation 



 
 

of clinical entry levels on the infrared measurement. Anaesthesiol Intensivmed Notfallmed 

Schmerzther 1997; 32: 403–12. 

54. Menzel M, Grote R, Leuchtmann D, et al. Implementation of a thermal management concept 

to prevent perioperative hypothermia: results of a 6- month period in clinical practice. 

Anaesthesist 2016; 65: 423–29. 

55. Hynson JM and Sessler DI. Intraoperative warming therapies: a comparison of three devices. 

J Clin Anesth 1992; 4: 194–9. 

56. Bräuer A, Perl T, Wittkopp E, Braun U and Weyland W. Importance of a reflective insulation 

material (Thermadrape) to prevent intraoperative hypothermia. Anaesthesiol Intensivmed 

Notfallmed Schmerzther 2000; 35: 756–62.  

57. Bock M, Müller J, Bach A, et al. Effects of preinduction and intraoperative warming during 

major laparotomy. Br J Anaesth 1998; 80: 159–63.  

58. Kurz A, Kurz M, Poeschl G, et al. Forced air warming maintains intraoperative normothermia 

better than circulating water mattresses. Anesth Analg 1993; 77: 89–95. 

59. Goyal P, Kundra S, Sharma S, Grewal A, Kaul TK, Singh MR. Efficacy of intravenous fluid 

warming for maintenance of core temperature during lower segment cesarean section under 

spinal anesthesia. J Obstet Anaesth Crit Care 2011; 1:73–7  

60. Woolnough M, Allam J, Hemingway C, Cox M, Yentis SM. Intraoperative fluid warming in 

elective caesarean section: a blinded randomised controlled trial. Int J Obstet Anesth 2009; 18: 

346-51. 

61. Cobb B, Cho Y, Hilton G, Ting V, Carvalho B. Active warming utilizing combined IV fluid 

and forced-air warming decreases hypothermia and improves maternal comfort during cesarean 

delivery: a randomized control trial. Anesth Analg. 2016; 122:1490–7. 



 
 

62. Jun JH, Chung MH, Jun IJ et al. Efficacy of forced- air warming and warmed intravenous fluid 

for prevention of hypothermia and shivering during caesarean delivery under spinal 

anaesthesia: a randomized controlled trial. Eur J Anaesthesiol. 2019 Jun;36(6):442-8. 

63. Horn E-P, Bein B, Steinfath M, Ramaker K, Buchloh B, Höcker J. The incidence and 

prevention of hypothermia in newborn bonding after cesarean delivery: a randomized 

controlled trial. Anesth Analg. 2014; 118:997– 1002. 

64. NICE. Inadvertent Perioperative Hypothermia: Intraoperative Phase. Pathways Clinical 

Guideline 65. Manchester: National Institute for Health and Care Excellence, 2014:1–9 

65. Crossley A W, Mahajan R P. The intensity of postoperative shivering is unrelated to axillary 

temperature. Anaesthesia. 1993;205–07. 

 



 
 

                                                   ANNEXURE I 

 

              

                                                               



 
 

                                                                 ANNEXURE II 

Proforma 
 

 Case No:     IP No:       
                  

 Name:     Height(cm):       
                  

 Age(years):     Weight(kg):       
                  

 Sex:  M  F BMI:       
                  

 Drug history:     ASA class:  I  II   

                  

 Coexisting diseases:               

                  

 Diagnosis:               

                  

 Surgery performed:               

                  

 Anaesthesia start     Anaesthesia end       

 time:     time:       
                  

 Group    F  A   C   
                 

            
                

Ambient Room Temperature: 

Preop 
room 
 

 During surgery  Postop room  

 

PRE OP ROOM: 

Pre op room 

 

Thermoscan (°c) Skin temperature probe(°c) 

Before prewarming  

 

  

After 15 min of 

prewarming with warm 

fluids\forced air 

warming\both 

 

 

  

 



 
 

OPERATIVE ROOM:       

Time(min) 

 

Ear temperature(°c) skin temperature (°c) shivering 

Immediately after SA 

 

   

          15 

 

   

           30 

 

   

           45 

 

   

           60 

 

   

           75 

          

   

           90 

 

   

          105 

 

   

           120 

 

   

 

 POST OP ROOM: 

Post op room(min) 

 

Ear temperature (°c) Skin temperature (°c) shivering 

          15 
 

   

          30 
 

   

         45  
 

   

          60 
 

   

                    

GRADE 

 
                                        DESCRIPTION 

   0 No shivering 

 

   1     

 

No visible muscle activity, but one or more of piloerection, peripheral vasoconstriction 

or peripheral cyanosis (other causes excluded) 

   2 

 

muscular activity in only one muscle group. 

    3 

 

Moderate muscular activity in more than one muscle group, but not generalized 

shaking. 

   4 Violent muscular activity that involves the entire body  



 
 

  

PONV: YES/NO 

 

Need for additional drugs to control post anaesthetic shivering: YES/ NO 

 

If YES mention: 
 

 

SIGNATURE OF THE INVESTIGATOR 

 

 

 

 

 

 

 

 

 

 

  



 
 

ANNEXURE III 

 

SDM COLLEGE OF MEDICAL SCIENCES 

                                          MANJUSHREE NAGAR, SATTUR, DHARWAD-580009  
Patient consent form  

Name of the participant: 
Date:  

Name of the principal investigator:  

 
 

This is a study on “TO EVALUATE THE EFFICACY OF PREWARMED IV FLUIDS AND 

FORCED AIR WARMING IN THE PREVENTION OF PERI OPERATIVE HYPOTHERMIA 

AND SHIVERING IN PATIENTS UNDERGOING ELECTIVE CEASEAREAN SECTIONS 

UNDER SPINAL ANESTHESIA in which you will be the subject. 
 

Prior to the start of the surgery, you will be prewarmed with a warm iv fluids or warm air blower kept 

near your feet. You may receive both or either one of this warming depending on the group you will be 

randomly assigned to. If you belong to the group receiving warming, you will receive it for 15 minutes. 

During this period your temperature will be measured using a thermometer which will be placed in 

your ear and under the axilla.  
After this you will be shifted inside the operating room where you will be given anaesthesia and the 

proposed surgery will be performed. During the time course of the surgery your core temperature will 

be measured using the same thermometer. You will be monitored in the post-operative period for 

development of hypothermia and shivering. The data will be collected and used for research purposes. 

-------------- 
 

Your line of management will be the same as received by any other patient not under the study. 

I, ____________________________ of age_______________ years, have 

read the information in this form (or has been read to me). I was free to ask any questions and they 

have been answered. I am over 18 years of age and, exercising my free power of choice, hereby give 

my consent to be included as a participant in this study.  
1 I have read and understood this consent form and the information provided to me.  
2 I have been explained the consent document and nature of study. 

3 My rights and responsibilities have been explained to me by the investigator. 

4 I have been advised about the risks associated with my participation in the study.  
5 I have informed the investigator of all treatments I am taking or have taken in the past. 

6 I am aware of the fact that I can opt out of the study at any time without having to give any 

reason and  

This will not affect my future treatment in the hospital. 

 
7 I am also aware that the investigators may terminate my participation in the study at any time, for 

any reason, without my consent. 

8 I hereby give permission to the investigators to release the information obtained from me as result of           

participation in    this study to the sponsors, regulatory authorities, Government agencies and the 

ethics committee. I understand that they may inspect my original records. 

9 My identity will be kept confidential if my data are publicly presented. 

10 I have had my questions answered to my satisfaction.  
11 I have decided to be in the research study. 

 
 

 

Date: 
 
 

 

Patient Signature with Name                                              Witness Signature with Name 

 
 



 
 

               

                     
  

  

 

 



 
 

                                                          ANNEXURE IV  

                                   American Society of Anesthesiologists Physical Status 

 

ASA  

Classification 

      

        Definition 

 

                    Examples 

           ASA I 
 
A normal healthy patient 

 
Healthy, non-smoking, no or minimal alcohol 

use 

 

          
        ASA II 

 
A patient with mild systemic 

disease Mild diseases only 

without substantive functional 

limitations. 

 
Examples include (but not limited to) current 

smoker, social alcohol drinker, pregnancy, 

obesity, well controlled DM/HTN, mild lung 

disease 

 

 

         

 

 
        ASA III  

 
 

 

patient with severe systemic 

disease Substantive functional 

limitations; One or more 

moderate to severe diseases. 

 

 
Examples include (but not limited to) poorly 

controlled DM or HTN, COPD, morbid 

obesity (BMI ≥40), active hepatitis, alcohol 

dependence or abuse, implanted pacemaker, 

moderate reduction of ejection fraction, 

ESRD undergoing regularly scheduled 

dialysis, premature infant PCA < 60 weeks, 

history (< 3months) MI, CVA, TIA or 

CAD/stent 

 

  

  
      ASA IV   

 
A patient with severe 

systemic disease that is a 

constant threat to life 

 
 Examples include (but not limited to) 

systemic disease that is a constant threat to 

life recent (<3 months) MI, CVA, TIA or 

CAD/stents, ongoing cardiac ischemia or 

severe valve dysfunction, severe reduction of 

ejection fraction, sepsis, DIC, ARD or ESRD 

not undergoing regularly scheduled for 

dialysis 

 

  

       

 
          ASA V 

   

   

A moribund patient who is 

not expected to survive 

without the operation 

  
       
Examples include (but not limited to) ruptured 

abdominal/ thoracic aneurysm, massive 

trauma, intracranial bleed with mass effect, 

ischemic bowel in the face of significant 

cardiac pathology or multiple organ/ system 

dysfunction 

   
        ASA VI  

 
A declared brain- dead patient 

whose organs are being 

removed for donor purposes 

 



 
 

                                                    ANNEXURE V  

                                               

                                              ASA Fasting Guidelines 

  

                           

 

Ingested Food Material 

 

   Minimum Fasting period 

Clear liquids    
   

                      2h 

  

                Nonhuman milk 

 

                      6h 

  

               Light meal/solids 

 

                      6h 

 

                   Breast Milk  

 

                      4h 

 

  



 
 

                    

                      



 
 

 

 

  



 
 

 

  



 
 

 



 
 

  



 
 

 



 
 

  



 
 

  

    

  



 
 

 

  



 
 

 

  



 
 

    

      



 
 

 

 



 
 

 


