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Abstract 

Background: Shivering can be caused by neuraxial as well as general anaesthetics. Because of the 

heterogeneity of the studies, estimating the incidence of shivering secondary to neuraxial block is tricky, 

however it is estimated to be around 55%. Spinal anaesthesia lowers core body temperature faster than 

epidural anaesthesia in the first 30 minutes following the block. Both strategies cause the temperature to 

drop at the same rate after 30 minutes. the recovery unit. Shivering not only causes psychological stress in 

the patient, but it also causes physiological changes such as increased oxygen consumption by 200–600%, 

increased carbon dioxide production, increased blood pressure, increased risk of myocardial ischaemia, 

infection, and bleeding, and increased minute ventilation. It also causes hypoxaemia, lactic acidosis, 

increased intraocular pressure, and intracranial pressure, as well as impeding patient monitoring tools like 

the electrocardiogram (ECG), non-invasive blood pressure (NIBP), and peripheral oxygen saturation 

(SpO2). Temperature monitoring is required for patients receiving anaesthesia, but due to the unavailability 

of an accurate non-invasive core temperature monitor, core temperature is frequently under-monitored 

during spinal anaesthesia, and significant hypothermia often goes unnoticed in these patients. For 

monitoring core temperature, disposable thermocouple and thermistor probes are utilized. They are a 

reasonably accurate (±0.5°C), low-cost, and dependable method. Infrared monitors detect the heat emitted 

by radiation and can measure the temperature of the tympanic membrane and forehead skin, however they 

are less accurate 
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Introduction 

Shivering can be caused by neuraxial as well as general anaesthetics. Because of the heterogeneity of the 

studies, estimating the incidence of shivering secondary to neuraxial block is tricky, however it is estimated 

to be around 55%. Spinal anaesthesia lowers core body temperature faster than epidural anaesthesia in the 

first 30 minutes following the block. Both strategies cause the temperature to drop at the same rate after 30 

minutes  

Shivering may be attributed to a variety of causes, including modulation of thermoregulatory thresholds, 

changes in body heat distribution, reduction in body core temperature, and the cooling action of fluids 

injected into the neuraxis [1]. 

Post-spinal shivering (PSS) is one of the most common reasons of patient discomfort inside the OR and in 

the recovery unit. Shivering not only causes psychological stress in the patient, but it also causes 

physiological changes such as increased oxygen consumption by 200–600%, increased carbon dioxide 

production, increased blood pressure, increased risk of myocardial ischaemia, infection, and bleeding, and 

increased minute ventilation. It also causes hypoxaemia, lactic acidosis, increased intraocular pressure, and 

intracranial pressure, as well as impeding patient monitoring tools like the electrocardiogram (ECG), non-

invasive blood pressure (NIBP), and peripheral oxygen saturation (SpO2) [2]. 
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Shivering during Neuraxial Anaesthesia 

Shivering-like tremor is a frequent mishap throughout neuraxial anaesthesia, and it can be caused by one of 

four things: (1) normal thermoregulatory shivering responding to core hypothermia, (2) normal shivering in 

normothermic or even hyperthermic patients who are feverish, (3) direct stimulation of cold receptors in the 

neuraxis by administered local anaesthetic, and (4) non-thermoregulatory muscular activity that resembles 

shivering. 

Other aetiologies, however, are still feasible. For example, until now there is not any established credible 

explanation for the severe shivering that frequently happens shortly after induction of spinal or epidural 

anaesthesia.  

The majority of shivering accompanied with neuraxial anaesthesia appears to be typical shivering as a result 

of hypothermia. Shivering almost always follows core hypothermia and vasoconstriction (above the block 

level) in patients given neuraxial anaesthesia [1]. 

Moreover, electromyographic studies reveal that the tremor is waxing and waning at a rate of 4 to 8 cycles 

per minute, which is consistent with typical shivering. Even in normothermic people, fever is characterised 

by a regulated increase in thermoregulatory response thresholds, which can cause shivering. Perioperative 

fever, on the other hand, is presumably a rather uncommon cause of shivering [3] . 

Thermoreceptors in the spinal cord are found in all mammals and birds. Therefore, a neuraxial injection of a 

comparatively cool (i.e. room temperature) local anaesthetic may theoretically trigger shivering by 

activating local temperature sensors.  

Shivering-like tremor isn't always thermoregulatory. Low-intensity shivering-like muscle activity can be 

detected in surgical patients and during labour. Although the reason of this muscular activity is uncertain, it 

is linked to pain and hence could be the product of sympathetic nervous system stimulation [4]. 

Surface temperature influences thermoregulatory responses; therefore, any sort of shivering can be 

alleviated by warming the skin surface. This is also why, even when the core temperature did not have the 

time to change, shivering often stops in a matter of a few seconds when a person enters a warm room [5]. 

Sentient skin warming, on the other hand, is expected to only compensate for slight losses in core 

temperature because the entire skin surface contributes 20% to thermoregulatory control while the lower 

body contributes around 10%. As one might assume, skin warming is only successful in a small percentage 

of people [4]. 

Shivering must be treated quickly and efficiently since it is exceedingly unpleasant for the patient, increases 

oxygen consumption and metabolic rate, and has many of the negative effects listed above [6].  

Shivering that is moderate or severe will almost always necessitate pharmacologic intervention. Shivering 

during neuraxial anaesthesia can be treated with the same medications that are useful for shivering after 

general anaesthesia by lowering the threshold temperature even further. Meperidine, tramadol, ketamine, 

and magnesium sulphate are among them [3]. 

 

 

Management of inadvertent hypothermia & Shivering during anaesthesia 

Temperature Monitoring 

Temperature monitoring is required for patients receiving anaesthesia, but due to the unavailability of an 

accurate non-invasive core temperature monitor, core temperature is frequently under-monitored during 

spinal anaesthesia, and significant hypothermia often goes unnoticed in these patients [7].
 

For monitoring core temperature, disposable thermocouple and thermistor probes are utilized. They are a 

reasonably accurate (±0.5°C), low-cost, and dependable method. Infrared monitors detect the heat emitted 

by radiation and can measure the temperature of the tympanic membrane and forehead skin, however they 

are less accurate [8]. 
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The tympanic membrane, oesophagus, nasopharynx, and rectum are all preferred sites. These regions are 

anatomical areas of highly perfused tissues with a uniform and high temperature in relation to the rest of the 

body. Because of its higher fluctuations and that it is less representative of core temperature, skin surface 

monitoring is not regarded accurate or dependable [9]. 

 

 Avoiding hypothermia during anaesthesia  

Evaporation, conduction, radiation, and convection are the four main mechanisms that contribute to 

perioperative heat loss. To avoid unintentional perioperative hypothermia, several approaches have been 

devised. The most popular method is cutaneous warming, which can be accomplished through passive 

insulation or active warming [10].  

The simplest technique of cutaneous warming is passive insulation, although it is insufficient on its own. 

Cotton blankets, surgical drapes, plastic sheets and reflective composites are among the materials utilised. 

The layer of still air trapped beneath the device acts as an insulator. A single layer reduces heat loss by 

around 30%; adding more layers reduces heat loss only slightly more [11].  

Circulating-water mattresses/garments, forced air warming devices, resistive heating devices, negative 

pressure water warming systems, and radiant heaters are examples of active warming equipment. For 

intraoperative warming, forced air warming devices are the most often tested, recommended, and used 

technologies [12]. 

In contrast, warming intravenous fluids does not warm patients, but contributes to prevent fluid-induced 

hypothermia in patients given large volumes of fluid as Administration of large quantity of cold fluids 

causes significant heat loss. One unit of refrigerated blood or one-litre crystalloid at room temperature can 

reduce mean body temperature by 0.25°C [12].  

The temperature of the operating room has the greatest impact on heat loss from skin radiation and 

convection, as well as evaporation from large surgical incisions. During induction and while the patient is 

prepped and draped, the operating room should be warmed to at least 24°C. If the room temperature drops 

below 21°C, all patients become hypothermic. The room temperature can be adjusted to a suitable level for 

the staff once warming devices have been applied to the patient [13]. 
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Figure 1: Comparison of various cutaneous active warming devices
[45]

 

 

Pharmacological methods of PSS prophylaxis: 

Opioids, α2-agonists, anticholinergics, central nervous system stimulants, and corticosteroids have all been 

demonstrated to be beneficial in the prevention and treatment of PSS. Owing to temperature modulation, it 

is strictly regulated by a complex and multilevel control loop including thermal receptors, the spinal cord, 

brain stem, anterior hypothalamus, and cerebral cortex; targeted antishivering therapy is complicated and 

comprises a wide variety of drugs [14]. 

Centrally acting analgesics (tramadol), opioid agonists (pethidine, fentanyl), cholinesterase inhibitors 

(physostigmine), and NMDA antagonists (ketamine, magnesium sulphate) were all highly effective 

antishivering medications However, due to varied adverse effects, only a handful of them were suggested 

for the prevention of PSS [15]. 

 Opioid receptor agonists: 

Pethidine has a therapeutic impact on PSS, and its mechanism is most likely linked to the activation of the κ 

and μ-opioid receptors, which act primarily on the central nervous system. It is the only opioid that acts as 

an agonist at both receptors, which are linked to the pathophysiology of shivering by lowering the shivering 

threshold and causing a drop in core temperature, resulting in an anti-shivering action. The most frequent 

intravenous medication used to treat and prevent shivering is pethidine. Taking the side effects into account, 

findings of the research showed that pethidine might cause nausea and vomiting, as well as respiratory 

depression [16]. 

Tramadol is a synthetic opioid that works in a variety of ways. It is a weak agonist for μ-opioid receptors, 

with little activity for κ- or σ-receptors. It's also a partial norepinephrine (NE) and 5-hydroxytryptamine 

(5HT) inhibitor. At therapeutically relevant concentrations, tramadol is said to block the N-Methyl-D-

Aspartate (NMDA) receptor [14]. 

N-Methyl-D-aspartate receptor antagonist: 
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Ketamine is a non-competitive NMDA receptor antagonist that inhibits postganglionic NE uptake, resulting 

in a central sympathomimetic action. It also has the effect of reducing the core-to-peripheral heat 

distribution [18]. 

Magnesium sulphate is a natural calcium antagonist and is a non-competitive antagonist of NMDA 

receptors. The medication not only has a central impact, but also acts as a modest muscle relaxant, which 

may help to minimise the shivering gain (incremental shivering intensity with progressing hypothermia) 

[19]. 

Others: 

Other agents for the treatment and prevention of PSS have been explored. The cholinergic system of 

physostigmine suppresses post-anaesthetic shivering (PAS), although it can also cause nausea and vomiting, 

as well as an increase in heart rate and blood pressure [18]. 

Doxapram, a stimulant used to treat respiratory failure, had been shown to reduce PSS, although it had a 

negative effect on haemodynamics [18]. 

In patients receiving day care knee arthroscopy under general anaesthesia, hydrocortisone (1–2 mg/kg IV) 

is an effective prophylactic against postoperative shivering [9]. 

One of the most studied effective antishivering medications is nefopam, a centrally acting analgesic that 

inhibits synaptosomal reuptake of three neurotransmitters: dopamine, NE, and serotonin [20]. 

  Moreover, antiserotonergic Ondansetron and α2-central agonists  Dexmedetomidine are recently used in 

prevention of PSS with effective results and fewer side effects [21].  

 

 

 

 

 

 

 

Antiserotonergic agents 

Ondansetron is a highly specific and selective serotonin 5-HT3 receptor antagonist, with low affinity for 

dopamine receptors.  

 

Molecular Formula 

C18H19N3O•HCl•2H2O 

 

 

 

 

 

 

 

 

 

Figure 3: Molecular formula of Ondansetron
[91]

 

Pharmacokinetic  

Ondansetron is extensively degraded by numerous hepatic cytochrome P-450 enzymes and eliminated in 

the urine and faeces after oral intake or intravenous (IV) injection [22]. 

Pharmacodynamics 

Mechanism of action as anti-shivering  

5-HT3 receptors are found both peripherally on vagal nerve terminals and centrally in the chemoreceptor 

trigger zone of the region postrema in the medulla. In response to chemotherapeutic drugs, 

enterochromaffin cells in the small intestine release serotonin, which may stimulate vagal afferents via 5-
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HT3 receptors, triggering the vomiting reflex. Ondansetron's antiemetic effect is assumed to be mediated 

mostly through antagonism of vagal afferents, with a slight complement from antagonism of central 

receptors [13]. 

Serotonin (5-hydroxytryptamine), a biochemical amine present in the brain and spinal cord, is involved in 

shivering thermoregulation and neurotransmission [23]. Serotonin antagonism appears to limit the human 

thermal set range, lowering metabolic cold defences and the unpleasantness of perioperative hypothermia 

[24]. 

The hypothalamus's preoptic area releases 5-HT3 to activate heat-producing pathways and raise body 

temperature. By inhibiting 5-HT reuptake in the preoptic area, 5-HT3 antagonists may help to reduce 

postoperative shivering [15]. 

5-HT3 receptor antagonists have recently gained popularity as a prophylaxis for postoperative shivering. 

According to previous studies, 5-HT3 receptor antagonists appear to be almost as effective as pethidine in 

preventing postoperative shivering [11].  

Using of weight adjusted dose of Ondansetron (0.1mg/kg) was according to volume of distribution 

according to relation between binding volume to albumin and free one. The more volume free of drug the 

more drug excretion that means according to pharmacokinetic that Ondansetron is dose dependant drug. 

Therefore, using of dose dependant of Ondansetron is more efficient to avoid low dosing decreasing the 

effectiveness or overdosing increasing the side effects of it. Also, several studies reveals the efficacy of 

weight adjusted Ondansetron over fixed doses in preventing of shivering comparing to fixed doses [12, 

25,26]. 

Recent studies established that treatment with Ondansetron is safe in the obstetric population and may 

reduce PSS [38]. This result corroborates the use of Ondansetron to prevent PSS, but its effectiveness and 

safety are still debatable [27]. 

Also, because of the low incidence of sedation, hypotension and bradycardia. It offers a potential advantage 

in geriatric anaesthesia [28]. 

 

 

Side effects 

       The most commonly reported side effects (occurring in more than 10% of adults) include headaches, 

fatigue, dry mouth, malaise, and constipation. Less common effects range from central nervous system 

(CNS) manifestations, such as drowsiness and sedation, to local injection site reactions and pruritus [29,30]. 

        Although typically clinically insignificant, ECG interval changes such as QTc elongation can be seen. 

These changes typically occur within 1 to 2 hours after administration, returning to baseline within 24 hours 

IV administration has a higher risk for arrhythmias; consequently, the FDA does not recommend a single 

dose greater than 16 mg IV [31,32].  
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