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ABSTRACT

Shivering may be defined as an involuntary, repetitive activity in the skeletal muscle commonly occurs as a
thermoregulatory response to hypothermia. Shivering increases perioperative heart rate and oxygen consumption by 5 times and
increases the metabolic demand by 100-600%, thereby increasing probability of myocardial ischemia, hypoxia, hypoxemia and later
lactic acidosis. Thus, shivering during caesarean section not only alters the patient's physiology but also affect the parturient's
experience of childbirth. The cause of peri-operative shivering in a patient undergoing caesarean section is not fully understood. It is
necessary to identify the risk factors associated with it for us to prevent them. There are various drugs which have been used for the
prevention and treatment of post spinal shivering but many of them cause various side effects which can further lead to other
complications. It is therefore necessary to study a drug which can be routinely used peri operatively with additional benefits and
minimal adverse effects. In this study, we wanted to identify the potential risk factors for shivering during caesarean section and
compare the efficacy of Ondansetron versus Tramadol as treatment options for the same. The study was conducted in an 850-bedded
tertiary care hospital of the Indian armed forces after obtaining clearance from Institutional Ethics Committee and written informed
consent from the study participants. This was a prospective, observational study conducted among 120 (n=120) pregnant patients
who underwent elective caesarean section under spinal anaesthesia. Age (years), weight (kg), height (cm), Body Mass Index (BMI) in
kg/m2, educational qualification, presence of anxiety {using hospital anxiety and depression scale (HADS) score}, number of previous
deliveries, dermatome level of sensory block after subarachnoid block, temperature difference during surgery and American Society
of Anaesthesiologists (ASA) score were investigated as potential risk factors for intra-operative shivering. Anxiety levels were
evaluated using the Hospital Anxiety and Depression Scale (HADS) questionnaire. Patients who developed shivering (n=50) were
divided into two groups by simple randomisation using coin flip method. Group 1 received Inj. Tramadol 0.5 mg/kg 1.V and Group 2
received Inj. Ondansetron 8 mg1.V. Both drugs were diluted to 5 ml using Normal Saline (NS) before administration and disappearance
of shivering was observed. The incidence of shivering was found to be 41.7% (n=50) in this study. Out of all the observed variables,
association between age (p value 0.495), level of education (p value 0.188) and shivering was not statistically significant. There was
significant corelation between the HADS score and shivering. With an increase in the HADS score, there was increase in the incidence
of shivering (p value < 0.001). The incidence of shivering decreased with increase in gravida (p value 0.04). There was no significant
association between the temperature difference of the patient during surgery and the incidence of shivering (p value 0.390).The
incidence of shivering was 56.4% (n=31) in subjects with sensory block above T4 dermatome and it was 29.2% (n=19) in subjects
with sensory block below T4 dermatome. With an increase in the level of sensory block, the incidence of shivering increased
significantly (p value 0.003). IV Tramadol was found to be superior to IV Ondansetron for treatment of post spinal shivering (p value
0.01). IV Tramadol was found to be superior to IV Ondansetron for treatment of post spinal shivering (n=15,60% v/s n=6, 24%).
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INTRODUCTION

Temperature is one of the most important and closely maintained body parameter, as membrane
fluidity, diffusion capacity and enzyme systems work optimally within a narrow temperature range.
Shivering is defined as spontaneous, rhythmic, oscillatory, tremor-like muscular hyperactivity that occurs
in response to core hypothermia in an attempt to raise the metabolic heat production [1-5].

Mammals are homeothermic. They need a nearly constant internal body temperature. Human core
temperature normally ranges from 36.5° C to 37.5° C. Anterior hypothalamus integrates thermal inputs
from different tissues of the body and compares peripheral information with a set point or threshold value.
Temperature lower than this set point will result in responses to warm the body while temperatures higher
will trigger reflexes to cool the body [6].

Spinal anaesthesia is the preferred method of anaesthesia in parturient undergoing both elective
and emergency lower segment caesarean section. Spinal anaesthesia impairs the thermoregulatory system
by inhibiting vasoconstriction, which plays an important role in temperature regulation. Spinal anaesthesia
results in redistribution of core heat to the periphery from the trunk [(below the level of block). In the
postoperative period, mechanisms like uninhibited spinal reflexes, sympathetic over activity,
postoperative pain, adrenal suppression, pyrogen release and respiratory alkalosis may also be important
[9]. The incidence of shivering has been reported to be about 8.15% to 70.7% after neuraxial anaesthesia
[7,8].

Shivering increases perioperative heart rate and oxygen consumption by 5 times and also
increases the metabolic demand by 100- 600%, thereby increasing chances myocardial ischemia, hypoxia,
hypoxemia and later lactic acidosis [2]. Traditionally researchers attributed shivering to intraoperative
hypothermia but the mechanism remains unclear [13]. In addition, mean body temperature decreases in
some patients and not in others [14]. On the other hand, evidence suggests that perioperative anxiety levels
are affecting physiological behaviours in obstetric patients [15]. The neurotransmitter pathways involved
in the mechanism of shivering are complex and still poorly understood. Serotonin (5-hydroxytryptamine
[5-HTs3]), abiologic amine found in the brain and spinal cord, plays a partin neurotransmission of shivering.
Many studies explained that the serotonergic system plays an important role in the pathogenesis of
perioperative shivering [16, 17]. Serotonin antagonism seems to lower the human thermal set range,
thereby reducing metabolic cold defences and discomfort associated with postoperative hypothermia. The
cause of peri operative shivering in a patient undergoing caesarean section is not fully understood.

Consequences of hypothermia and shivering include: reversible coagulopathy (platelet
dysfunction), increased blood loss, increased blood transfusion, impaired wound healing, increased risk of
infection, delayed drug metabolism, left shift of haemoglobin - oxygen dissociation curve, altered mental
status, cardiac arrhythmias and ischaemia, increased peripheral vascular resistance, increased myocardial
oxygen consumption, increases basal metabolic rate and monitoring artefacts — shows aberrant values [18].

Shivering creates difficulty in monitoring the patients as most of the multi parameter monitors
used for anaesthesia show erroneous values. Also, there can be delayed recovery from anaesthesia [19]. It
may affect the autonomic nervous system and thus have an impact on hypotension after spinal anaesthesia
during LSCS [20].

Treatment of shivering consists of both non-pharmacological and pharmacological methods. Non-
pharmacological methods of treatment include external heating like use of blankets, forced air warmers
and warmed fluids, maintaining operating room temperature etc. Pharmacological methods for treatment
of hypothermia are the next resort to treatall these patients. A number of drugs were studied and are being
used. Dexmedetomidine, Ketanserin, Pethidine, Magnesium Sulphate, Clonidine, Alfentanil, Tramadol,
Granisetron, Ondansetron is some of the agents studied for the prevention and treatment of shivering.

Tramadol, an inhibitor of the re-uptake of serotonin and norepinephrine in the spinal cord is found
to influence the thermoregulatory control mechanisms. Tramadol is emerging as a new and safe drug for
treatment of post anaesthesia shivering [22]. Ondansetron, a selective 5SHT3 receptor antagonist, is
primarily used in PONV. In previous studies, mostly preventative effects of Ondansetron on post
anaesthetic shivering has been studied, and useful results were obtained [23].
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Ondansetron, 5-HT3 antagonist, is a widely used antiemetic drug. It can be used safely during
pregnancy and surgery. Some studies showed its anti-shivering effect following both general and regional
anesthesia [24]. It has a potential advantage in obstetric anaesthesia because of its very low incidence of
sedation, hypotension, bradycardia, or risk to the neonate. The mechanism of action of Ondansetron as anti-
shivering is not clear, and it is proposed to act centrally at the level of the preoptic anterior hypothalamic
region by inhibition of serotonin reuptake [25]. On the other hand, nausea and vomiting during spinal
anaesthesia for caesarean section are very common but unpleasant complications. During spinal
anaesthesia, Ondansetron has been shown to be effective in the prevention of nausea and vomiting [26].

This study also intends to identify risk factors causing shivering in patients undergoing caesarean
section under spinal anaesthesia to prevent them. It also intends to study a drug which offers additional
benefits but minimal adverse effects which can be routinely used peri operatively to treat this vexatious
condition.

MATERIALS AND METHODS

Aims of study:

. To investigate the incidence of shivering during caesarean section under spinal anaesthesia

. To investigate the correlation between preoperative anxiety and the risk of shivering during
caesarean section

. To examine the relationship between potential risk factors and the incidence of intraoperative
shivering during caesarean section

. To compare the efficacy of Ondansetron and Tramadol for control of intraoperative shivering.

Place of study: The material and data for the study were collected from all the patients undergoing elective
caesarean section under spinal anaesthesia at a tertiary care hospital in the department of anaesthesiology
for a period of 2 years (Sep 2019 to Aug 2021).
Study design: The current study was a prospective observational study.
Sample size: The sample size (N) was calculated to be 120 using the following formula:
N = (Z alpha)?[p * q] / e?
Where,
p = prevalence of shivering in LSCS under spinal anaesthesia i.e. 8.5% based on previous studies
q=100-pie 91.5%
e = margin of errori.e. 5%
Z alpha = 1.96 with 95% confidence interval with 2 standard deviations of the mean
Data collection tools: All the relevant parameters were documented in a structured study proforma.

Inclusion criteria: The patients were included in the study if they satisfied the following criteria:

e Over 18 years of age undergoing elective caesarean section under spinal anaesthesia.
e ASA classification I - 11

Exclusion criteria: The patients were the exclusion criteria:

o Refusal by patient

o History of anxiolytic or psychotropic drug use

e Those with any surgical or anaesthetic complication (massive haemorrhage, conversion to general
anaesthesia, intravenous sedation, etc)

e ASA classification more than II

Study Methodology: Written informed consent to participate in the study was taken from each parturient
during the pre-anaesthetic consultation. On the day of surgery, each participant was provided with the
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Hospital Anxiety and Depression scale (HADS) questionnaire and was asked to fill it 30 mins before transfer
to the operation theatre. Age (years), weight (kg), height (cm), BMI (kg/m?), anxiety level (HADS Score),
number of previous deliveries, sensory block level, level of education, temperature difference during
surgery (2C) and ASA score were noted down.

Ambient temperature of the OT was maintained between 212C to 24 °C. Intravenous access was
obtained with 18 G intravenous (IV) cannula. The volume of the local anaesthetic, volume of preloading IV
fluid, use of vasopressors was at the discretion of the attending anaesthesiologist. Baseline preoperative
axillary temperature was noted in all the patients using a skin probe placed in the axilla in the vicinity of
the axillary artery. Intra-operative patient monitoring as per Standards for Basic Anesthetic Monitoring
issued by American society of Anesthesiologists (last affirmed on December 13, 2020) were used.

All patients received spinal anaesthesia with Bupivacaine heavy (2.2ml to 2.5ml) according to
departmental protocol. The level of maximum block height was assessed after 5 min using cotton wool
soaked in alcohol. Oxygen at rate of 6 L/min was administered through face mask to all the parturient.

Shivering, if appeared, was assessed as Grade 0 = no shivering; Grade 1 = piloerection/peripheral
vasoconstriction, no visible shivering; Grade 2 = muscular activity in one muscle group; Grade 3 = muscular
activity in >1 muscle group, but not generalised; Grade 4 = generalised shivering [21].

Patients who develop shivering were divided into two groups by coin flip method. Group 1
received Inj Tramadol 0.5 mg/kg intravenous and Group 2 received Inj Ondansetron 0.1 mg/kg
intravenous. Both drugs were diluted to 5 ml using normal. All the patients were assessed for shivering and
graded using the shivering classification [21], its disappearance and complications (if any). Those patient
in which the shivering was not controlled within 10mins were considered as treatment failure.

Statistical method of analysis: Data was entered into Microsoft excel data sheet and was analyzed using
SPSS 22 version software. Categorical data was represented in the form of Frequencies and proportions.
Chi-square test was used as test of significance for qualitative data. Continuous data was represented as
mean and standard deviation. p value (Probability that the result is true) of <0.05 was considered as
statistically significant after assuming all the rules of statistical tests. MS Excel, SPSS version 22 (IBM SPSS
Statistics, Somers NY, USA) was used to analyze data.

Ethical considerations: The study was approved by the institutional human ethics committee. Informed
written consent was obtained from all the participants, and only those participants willing to sign the
informed consent were included in the study. The risks and benefits involved in the study and the voluntary
nature of participation were explained to the participants before obtaining consent. Confidentiality of the
study participants was maintained.

RESULTS

The flow of patients in our study has been depicted in Figure 1. Out of 145 patients enrolled in the
study, 120 patients completed the study. 15 patients were excluded from the study since they did not meet
the inclusion criteria and 10 patients opted out of the study.

Out of the 120 patients who participated in this study, 50 patients (41.7%) developed shivering
after receiving spinal anaesthesia for elective caesarean section. Out of this, 09 patients (7.50%) developed
grade 1 shivering, 4 patients (3.30%) developed Grade 3 shivering and 37 patients (30.80%) developed
Grade 4 shivering (Figure 2).
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Figure 1: Consolidated flowchart of patient recruitment, randomization and observation.

: Assessed for eligibility (n=145)

«  Not meeting inclusion
criteria (n = 15)

+  Declined to
participate (n = 10)

Participated in the study (n = 120)

Did patient develop shivering after receiving spinal
anaesthesia for elective caesarean section?

/\

No

Yes

n =70 (58.3%)

n =50 (41.7%)
randomisation using
coin-flip method.
Group 1 Group 2
Inj. Tramadol 0.5 mg/kg Inj. Ondansetron 8 mg L.V
v n = 25 (20.8%)
Shivering cured Shivering not cured Shivering cured Shivering not cured
n =15 (60.0%) n = 10 (40.0%) n =06 (24.0%) n =19 (76.0%)
p=001 p=001 p=0.01 p=001

Figure 2: Percentage distribution of grade of shivering amongst study participants

3.30%
(n=4)

= Grade0 w=Grade1 w=Grade2 w=Grade3 = Graded

DISCUSSION

Childbirth is a germane event in a woman'’s life. It is a moment that will be cherished throughout a
person’s life. Shivering is an undesirable effect which can lead to both physical and mental impediment in
a parturient’s experience of childbirth. It is therefore necessary to identify the factors responsible for it, so
that it can be prevented. We designed this study in a way that the patients faced minimal hassle while
participating in it. Hospital Anxiety and Depression Scale (HADS) questionnaire was given to them to be
filled out 30 mins prior to the study and all clinical parameters were noted down in the study proforma
intraoperatively.

The incidence of shivering amongst patients undergoing elective caesarean section in this study
was 41.7% (n=50) which is not dissimilar to previous studies which have reported incidence ranging from
8.15% to 70.7%. Kelsaka et al [27] reported an incidence of 36%, whereas Buggy et al [6] have reported
the incidence of shivering in their study to be 8.15%. Lema et al [7] have reported a high incidence of 70.7%.
Wodarski et al [28] had an incidence of 21.9% shivering in their study. The wide variation in the prevalence
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of shivering could be due to the different protocols followed in different institutes regarding administration
of spinal anaesthesia.

Some used intrathecal fentanyl that resulted in a lower incidence rate. The use of vasoconstrictors
also altered the incidence of shivering. In some studies, the temperature of the operation theatre was not
constant which was a major confounding factor. We standardized the ambient temperature of the operation
theatre between 212C to 24°C. Intrathecal opioids were not administered. Spinal anaesthesia was given
with hyperbaric Bupivacaine only.

In this study, the major risk factor associated with shivering was anxiety. There was significant
relationship between the Hospital Anxiety and Depression Scale (HADS) Score and incidence of shivering
(Figure 3). Patients with HADS score of 1 had the least incidence of shivering of 7.1% (n=1). To avoid any
bias, patients with known psychiatric disorders like anxiety, psychosis, depression with history of taking
anxiolytic medications regularly were not included in this study. As the HADS score increased, so did the
incidence of shivering. This proved that anxiety was a risk factor for intraoperative shivering during spinal
anaesthesia. This is consistent with other studies. Wodarski et al reported that peri operative stress was a
major risk factor for intra operative shivering [28]. Detailed discussion about the delivery plan, including
analgesia and anaesthesia techniques with the patient should be an important part of preoperative
anaesthetic workup and would help in reducing incidences of shivering among patients undergoing
caesarean section under subarachnoid block.

Figure 3: Percentage distribution of incidences of shivering according to HADS score.

100%
90% I
80%
70%
60%
50%
40% 7
30%
20% - - - -
10% — H —
1 2 3 4 5 6 7 8 9 10 1
HADS Score
m Shivering (n=50, 41.7%) = No Shivering (n=70, 58.3%)

We observed that as the number of deliveries increased, incidence of shivering decreased. In this
study, majority of shivering was observed in primigravida with an incidence of 46.6% (n=27) (Table 1).
The fact that the risk of shivering in our study was lower with each subsequent delivery is very interesting.
This may be since multiparous parturients are less stressed, having had previous experiences which they
can relate to. Such interpretation is related with the transactional theory of stress by Lazarus [29].
According to his work, patient’s previous experiences and their cognitive appraisal may help in coping with
stress. Being in a familiar situation of labour and delivery can affect parturient’s physiological reactions.
Such interpretation was supported by the role of another predictor - patient’s anxiety level.

The level of sensory block was also significantly associated with post spinal shivering. Higher the
level of block, more was the incidence of shivering. Patients who had sensory block above T4 dermatome
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had 56.4% (n=31) incidence of shivering while patients who had sensory block below T 4 dermatome had
an incidence of 29.2% (n=19) (Table 1).

Some studies have reported correlation between temperature change during surgery and
shivering. Sultan et al [12] studied the effects of patient warming during LSCS on maternal and neonatal
outcomes and reported that there was significant relation between the two. De White et al [13] and
Mullington et al [14] reported that change in mean body temperature was associated with shivering. In this
study, we did not find any significant association between difference in temperature and shivering. There
was no significant correlation between age and shivering. There was also no association between the level
of education and shivering.

Kranke et al opined that with pharmacological shivering prophylaxis many patients receive a drug
they didn’t need and in process are unnecessarily exposed to adverse drug effects [32].

Table 1: Summary of Association between Risk factors and Shivering

Shivering
Yes No P value
Count | RowN % | Count | Row N %

21 to 25 years 5 29.4% 12 70.6%

Age 26 to 30 years 29 45.3% 35 54.7% 0.495
31 to 35 years 16 41.0% 23 59.0%
10t standard 3 21.4% 11 78.6%

Education 12t standard 11 37.9% 18 62.1% | 0-188
Graduate 36 46.8% 41 53.2%
Normal (1-7) 38 40.0% 57 60.0%

HADS Score Borderline (8-11) | 12 | 480% | 13 | 5200 | °00%
1 27 46.6% 31 53.4%

Gravida 2 15 | 300% | 35 | 7009% | 0046
3 8 66.7% 4 33.3%
Above T+ dermatome 31 56.4% 24 43.6%

Level of Sensory block 0.003
Below Ts dermatome | 19 29.2% 46 70.8%
0.10C 3 37.5% 5 62.5%

020C 7 36.8% 12 63.29% | 0390
) 0.3°C 13 48.1% 14 51.9%

Temperature difference

0.40C 13 59.1% 9 40.9%
0.5°C 13 31.7% 28 68.3%
0.6°C 1 33.3% 2 66.7%

This study was designed to compare the efficacy of intravenous Ondansetron and Tramadol for
control of shivering in patients undergoing lower segment caesarean section under spinal anaesthesia and
the planned drugs were given only if the patient developed shivering. Ondansetron is a commonly used
drug during caesarean section with minimal adverse effects. We designed our study to standardise the
possible confounding factors. The temperature in the operating room was maintained constant. IV fluids
were warmed and drugs were given at room temperature.

In our study Tramadol was given in dose of 0.5mg/kg based on previous studies that used
Tramadol in a dose of 0.5mg/kg and found it safe and effective for control of shivering. Intravenous
Ondansetron was given in a dose of 0.1mg/kg and was selected based on the study by Mahoori et al [33]
which concluded that Ondansetron and Pethidine have similar effects on shivering and that 8 mg of
intravenous Ondansetron can control shivering and is the dose of choice.

In our study, Tramadol was found to be significantly superior to Ondansetron in the treatment of
post spinal shivering. Of the 50 patients who developed shivering, 25 (50%) were given Tramadol and 25
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(50%) were given Ondansetron. Simple randomisation using coin-flip method was implemented. 60%
(n=15) of patients who were given Tramadol in our study had effective reduction in shivering. This is
substantially less than 100% response rate in the control of shivering with Tramadol by studies done by
Mittal et al [34], Kaparati et al [35], and Manouchehrian et al [36].

In the Ondansetron group, 24% (n=6) patients had effective reduction in shivering. P value was
0.001. The efficacy of Tramadol was found to be significantly superior to Ondansetron in our study. Mahoori
etal [33] had reported response rate of 81% in control of shivering with Ondansetron. However, Joshi et al
[38] had found a response of 23.52% in their study group treated with Ondansetron. The said study had
used low dose Ondansetron of 0.06mg/kg vs 0.1mg/kg in our study.

Onyekwulu et al reported time taken to control shivering with Tramadol as 3.1mins + 1.1 [37].
Manouchehrian et al found the time taken to control the shivering with Tramadol to be 2.57min * 2.2 [36].
Study done by Kaparti et al28 showed control of shivering with Tramadol within 2 minutes in all patients
(n=20, 100%), they however used Tramadol in dose of 1mg/kg.

No patients developed nausea or vomiting in the Ondansetron group. This finding was similar to
the finding by Joshi et al [38]. The incidence of nausea in the Tramadol group of our study was found to be
24% (n=6). This is same to the findings of Mahoori A. et al [33]. However, it is a little higher than that
reported in studies by Manouchehrian et al [36]. The incidence rate of vomiting in the Tramadol group in
our study was 8% (n=2). This result is similar to studies done by Onyekwulu et al [37].

Limitation of the Study

This is a single-centre study with sample size not large enough to make recommendations.
However, larger, multi-centric studies may draw recommendations pertinent to Indian tertiary hospitals.
External validity of the study is limited, as the study included only armed forces personnel and their
families. No validation or calibration exercise was conducted between the different doctors who were filling
the data forms. As few variables were collected from patient records, they were prone to information bias.

CONCLUSION

A total of 120 subjects were included in the final analysis, of which 50 subjects were observed to
have shivering, with 25 in the Tramadol group and 25 in the Ondansetron group. The prevalence of
shivering was 41.7% (n=50). There was significant corelation between the HADS score and shivering. With
an increase in the HADS score by 1, there was increase in the prevalence of shivering (p value < 0.001). In
this study, the incidence of shivering decreased with increase in gravida. The result was statistically
significant. Highest incidence of 46.6% (n=27) was noted in primigravida (p value 0.04). The incidence of
shivering was 56.4% (n=31) in subjects with sensory block above T4 dermatome and it was 29.2% (n=19)
in subjects with sensory block below T4 dermatome. With an increase in the level of sensory block, the
incidence of shivering increased significantly (p value 0.003). Age of the patient was not significantly
associated with shivering (p value 0.495). Association between level of education and shivering was not
statistically significant (p value 0.188). There was no significant association between the temperature
difference of the patient during surgery and the incidence of shivering (p value 0.390).

In this study, the efficacy of Tramadol was found to be significantly superior to Ondansetron for
the treatment of post spinal shivering (p value 0.01). Among patients who received intravenous Tramadol,
60% of patients (n=15) responded to treatment while only 24% (n=06) of patients who received
intravenous Ondansetron responded to treatment. However, Ondansetron was found to have fewer side
effects and has added benefit of reducing the incidences of postoperative nausea and vomiting.

Having identified anxiety as a potential risk factor for shivering makes it crucial to develop a good
rapport between medical staff and the patient. It is particularly important to highlight how familiarity with
the delivery plan and the actual LSCS procedure could help in coping with stress and anxiety. Discussing
about the delivery plan, including analgesia and anaesthesia techniques with the patient should be an
important part of preoperative anaesthetic workup. ‘Patient-centred’ relates to not only the patient and her
family’s involvement into therapeutic decisions, but also relates to making emotional well-being a top
priority [37]. It is proven that preoperative anxiety has an impact on many crucial physiological factors
such as hypotension during surgery or postoperative pain [38]. That means that we, as part of perioperative
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care professionals should focus more on psychological support and well-being, thus, creating a more
friendly environment.
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