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SCIENTIFIC ARTICLE

Incidence of Shivering after Cesarean Section under Spinal 
Anesthesia with or without Intrathecal Sufentanil: 
A Randomized Study

Giovani de Figueiredo Locks 1

Summary: Giovani de Figueiredo Locks – Incidence of Shivering after Cesarean Section under Spinal Anesthesia with or without Intrathecal 
Sufentanil: A Randomized Study.

Background and objectives: Shivering is a cause of discomfort and dissatisfaction in patients undergoing cesarean section. The objective of this 
study paper was to assess the impact of intrathecal administration of sufentanil on the incidence of shivering after cesarean section.

Method: In a prospective blinded, randomized clinical trial, pregnant women undergoing cesarean section under spinal anesthesia were enrolled. 
Pregnant women in labor, febrile, obese, with pregnancy-induced hypertension, anesthetic block failure or surgical complications were excluded. 
Patients were randomly assigned to two groups. In Group I, 10 mg of 0.5% hyperbaric bupivacaine combined with 80 mcg of morphine and 
2.5 mcg of sufentanil were administered. In Group II, 10 mg of 0.5% hyperbaric bupivacaine combined with 80 mcg of morphine were administe-
red. In the post-anesthesia care unit, patients were evaluated for signs of shivering by an investigator blinded to the patient’s group allocation.

Results: The sample consisted of 80 patients. In both groups there was a decrease in axillary temperature of patients after cesarean section (p < 
0.001). This decrease was not different between groups (p < 0.21). In Group I, the incidence of tremor was 32.5% (13/40) and in Group II it was 
62.5% (25/40) (p < 0.007); RR 0.53 (CI 95% 0.32-0.87).

Conclusions: It has been suggested that the addition of sufentanil to hyperbaric bupivacaine and morphine during spinal anesthesia for cesarean 
section provides a decrease in the incidence of shivering in the immediate postoperative period.
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INTRODUCTION

Unintentional hypothermia, defined as central blood tempera-
ture below 36oC, often occurs during anesthesia and surgery 
due to various factors. The main ones are the direct inhibition 
of thermoregulation by anesthetic, decreased metabolism, pa-
tient exposure to cold environment of operating rooms, and 
body cavity exposure 1. There is evidence that perioperative 
hypothermia is associated with severe outcomes. Increased 
incidence of wound infection, greater intraoperative blood 
loss, need for blood transfusion, increased incidence of car-
diac events, long acting drugs, postoperative shivering, incre-
ase in post-anesthetic recovery, greater adrenergic activation, 
and increased incidence of thermal discomfort are associated 
with hypothermia 2.

Shivering is a protective reflex that increases the produc-
tion of body heat through muscle contraction. Its side effects 
are increased oxygen consumption as well as levels of pain 
and interference with monitoring 3. Shivering, along with pain, 
nausea and vomiting are causes of discomfort and dissatis-
faction in patients undergoing cesarean section 4.

Neuraxial anesthetic techniques are the most commonly 
indicated for cesarean section due to lower rates of maternal 
morbidity and mortality and less neonatal depression compa-
red with general anesthesia 5. The combination of lipophilic 
opioids with hyperbaric bupivacaine during spinal anesthesia 
for cesarean section provides reduced latency, longer dura-
tion of anesthesia, and better quality of anesthesia without 
increasing the incidence of neonatal depression 6. Another 
known effect of opioids is the prevention and treatment of 
postoperative shivering 7.

The objective of this study was to analyze the impact of 
intrathecal sufentanil administration on the incidence of shive-
ring after cesarean section.

METHOD

A prospective blinded, randomized clinical trial. Patients were 
invited to participate in the study immediately before anesthe-
sia for cesarean section. The study included pregnant women 
at term, undergoing low-risk cesarean section under spinal 
anesthesia, ASA status I or II, who agreed to participate by 
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signing the informed consent. Pregnant women in labor, febri-
le, obese (body mass index > 35 kg.m-2), with pregnancy-indu-
ced hypertension, who had third or more cesarean sections, 
with failure of anesthesia or complication requiring transfusion 
were excluded from the study.

Patients were monitored by pulse oximetry, cardioscope in 
DII, and noninvasive blood pressure every three minutes, and 
venous access was obtained in the upper limb with a 20G ca-
theter. Patients received 500 mL intravenous Ringer’s lactate 
at room temperature during the blockade. Axillary temperatu-
re of patients was measured by digital thermometer with the 
arm held close to the body.

With the patient in the sitting position, lumbar puncture was 
performed at L3-L4 with a 27G Quincke needle. At this time, 
patients were randomly assigned to two groups (using a se-
quence of numbers drawn in which odd numbers were allo-
cated in Group I and even numbers in Group II). In Group I, 
10 mg of 0.5% hyperbaric bupivacaine combined with 80 mcg 
of morphine and 2.5 mcg of sufentanil were administered. In 
Group II, 10 mg of 0.5% hyperbaric bupivacaine combined 
with 80 mcg of morphine were administered. The injection rate 
was 1 mL every 5 seconds.

Subsequently, patients were placed in the supine position 
with lateral deviation of the uterus to the left using a pad under 
the right hip. According to the institution routine, all patients 
underwent vesical catheterization, and segmental cesarean 
section was performed with Pfannenstiel incision. No changes 
were made to control operating room or post-anesthesia care 
unit (PACU) routines after anesthesia.

After blockade, hydration with 10 mL.kg-1.h-1 of Ringer lac-
tate was maintained. After birth, 1 g of cefazolin and 10 units 
of oxytocin in 500 ml of Ringer lactate were administered by 
infusion. For treatment of symptomatic or non-symptomatic 
hypotension, bolus dose of 5-10 mg ephedrine was used. If 
the patients reported pain during the surgery, bolus dose of 
500 mcg alfentanil was administered and the patient exclu-
ded from the study. After surgery, patients were referred to 
the PACU, where temperature was measured by the same 
method and the patient evaluated for signs of shiver by an 
investigator blinded to the patient’s group allocation.

To determine the incidence of shivering in the PACU, the 
scale proposed by Crossley and Mahajan was used 8.

0  =  no shivering; 
1  =  One or more of the following: piloerection, peripheral 

vasoconstriction, peripheral cyanosis with no other 
cause, but no musche activity; 

2  =  visible muscular activity confined to one muscle 
group; 

3  =  visible muscular activity in more than one muscle 
4  = gross muscular activity involving the whole body.

For data file and analysis, the program SPSS v 17.0 (IBM) 
was used. One study reported that the incidence of shivering 
after cesarean section is 47% 9. To detect a 30% reduction 
in the incidence of shivering in the sufentanil group, the mini-
mum number of patients in each group was calculated at 40, 
accepting a 5% alpha error and 20% beta error.

Data are presented as mean ± standard deviation or abso-
lute frequency (percentage). To analyze the differences be-
tween quantitative variables according to groups the Student’s 
t test was used.  Relative risk (95% confidence interval) was 
calculated between groups regarding the incidence of shive-
ring (defined as an index on the Crossley scale ≥ 1). The sta-
tistical significance level was 95%. 

RESULTS

From March 2010 to June 2011, 94 patients were included in 
the study. Of these, 14 were excluded (9 from Group I and 5 
from Group II) due to lack of adherence to protocol. Demo-
graphic characteristics, duration of surgery, and temperature 
variation were not different among patients who completed 
the protocol. The final study sample consisted of 80 patients 
equally distributed between two groups. Patients’ demogra-
phic and obstetric characteristics are shown in Table I. There 
were no significant differences between groups.

In both groups, there was a decrease in axillary tempe-
rature of patients after cesarean section (p < 0.001). This 
decrease, however, did not differ between groups. Data are 
presented in Table II.

The group of patients who received intrathecal sufentanil 
had a lower incidence of shivering in the PACU compared to 
the group without administration of sufentanil. The incidence 
was 62.5% in Group II (25/40) and 32.5% in Group I (13/40) 
(p < 0.007), relative risk 0.53 (95% CI 0.32-0.87).

Table I – Demographic and Surgical Characteristics of Patients 
Enrolled in the Study

Group I Group II p

Age (years) 26.8 ± 5.8 27.4 ± 6.6 0.66

Gestational Age (weeks) 39.3 ± 1.1 39.3 ± 1.0 0.98

Body Mass Index (kg.m-2) 29.3 ± 4.7 29.2 ± 4.1 0.93

Duration of cesarean section 
(minutes) 74.1 ± 17.0 69.0 ± 18.8 0.22

Table II – Axillary Temperature Pre- and Post-Cesarean Section and 
its Variation in Patients Enrolled in the Study

Group I Group II p

Pre-temperature  (°C) 36.8 ± 0.4 36.9 ± 0.3 0.66

Post-temperature (°C) 35.8 ± 0.5 35.7 ± 0.5 0.35

Temperature range (°C) 1.02 ± 0.49 1.14 ± 0.53 0.21

DISCUSSION

The most important finding of this study was a 30% reduction 
in the incidence of shivering after cesarean section with the 
administration of intrathecal sufentanil 2.5 mcg.

The temperature regulating system of mammals is divided 
into three components: thermosensors and afferent neural pa-
thways, integration system of thermal inputs, and effector pa-
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thways (autonomic and behavioral). The lateral spinothalamic 
tract is the main afferent pathway, projecting to the hypothala-
mic regulatory center and nuclei in pons and midbrain. There 
is a modulation of neural transmission by the nucleus raphe 
magnus (inhibitor) and locus subcoeruleus (facilitator). The 
efferent pathway begins in the hypothalamus, makes multi-
ple connections with the reticular formation in the midbrain, 
pons, and medulla, and ends at the alpha-motor neurons. The 
main reactions activated by efferent pathways in response to 
hypothermia are vasoconstriction, nonshivering thermogene-
sis (described in neonates), and  shivering 7. Shivering is an 
oscillatory and involuntary muscle contraction that increases 
metabolic heat production. In addition to heat, there is marked 
increase in oxygen consumption and carbon dioxide produc-
tion 10 with potential risk of complications in patients with car-
diovascular or pulmonary impairment.

Neuraxial block causes loss of thermoregulation below the 
level of blockage. The vasodilation occurring below the level 
of blockage is presumably responsible for body heat redistri-
bution from central compartment to peripheral compartment 11. 
There is a normal shivering reflex in response to the drop in 
central temperature 12.

However, body temperature is seldom measured during 
conduction anesthesia 13, although there is evidence that both 
regional anesthesia and general anesthesia are associated 
with hypothermia. Patients also do not realize they are hypo-
thermic 12. A review study found that in an analysis of 21 ar-
ticles, a median incidence of shivering (55%) was noted after 
neuroaxial anesthesia 11. It was reported that advanced age 
and high level of spinal block are risk factors for hypothermia 
after spinal anesthesia 14. This observation is important in the 
obstetric care setting, as higher levels of blockade are re-
quired during cesarean section to prevent pain during surgery. 
This variable was not controlled in this study, but it was shown 
that with 3 or 4 mL of anesthetic solution there is no differ-
ence in maximum block level reached in spinal anesthesia for 
cesarean section with hyperbaric bupivacaine (10 mg) and of 
sufentanil (5 mcg) 15. This difference of 1 mL is greater than 
the difference in volume of anesthetic solution in this study 
(0.5 mL). Other factors, such operating room temperature, du-
ration of surgery, and body mass index were not described as 
risk factors for hypothermia during regional anesthesia 14.

Many drugs have been tested for treatment or prevention 
of postoperative shivering: meperidine 16,17, alfentanil 18, tra-
madol 19, pentazocine 20, clonidine 21, midazolam 22, amitrip-
tyline 23, magnesium sulphate 24, ondansetron 16, ketanserin 21, 
and ketamine 25. Most studies reported that meperidine has a 
more prominent effect on prevention and treatment of postop-
erative shivering than other opioids, presumably for being a 
µ- and k-receptor antagonist, unlike µ-receptor agonists (mor-
phine, fentanyl, sufentanil). Moreover, the non-opioid effects 
of meperidine may be associated with its anti-shivering action, 
such as monoamine reuptake inhibition, NMDA receptor an-
tagonism, and stimulation of α-2 receptors 7.

Neuraxial opioid administration is widely used for acute and 
chronic pain treatment. When opioid is administered in the 

subarachnoid space, it can act in non-specific sites of white 
matter or specific receptors in the dorsal horn of the spinal 
cord. There is also the rostral redistribution to cerebrospinal 
fluid, a factor responsible for the incidence of late respiratory 
depression, fortunately rare. A certain amount of the drug dif-
fuses into the epidural space and conveyed to the venous 
system. The clinical effects observed in patients are the result 
of these three routes of drug distribution. The hydrophilic char-
acter of morphine provides late onset (1-2 hours), longer dura-
tion (18-24 hours), and greater spread of analgesia. Lipophilic 
opioids (fentanyl and sufentanil) provide faster onset of action 
(5-10 minutes), but with shorter duration of action (4-6 hours) 
and more restricted body surface area of analgesia 26.

Injection of opioids into the subarachnoid space has been 
used specifically for prevention of shivering after cesarean 
section. Intrathecal meperidine 0.2 mg.kg-1 associated with 
hyperbaric bupivacaine 0.75% was effective in reducing the 
incidence and intensity of shivering after cesarean section 27. 
Prevention of shivering rather than treatment after its onset 
and non-administration of opioids to a patient due to the pos-
sibility of inducing nausea and vomiting were reported as two 
advantages of using meperidine administered by this route. 
Another study confirmed these results using a fixed dose of 
10 mg intrathecal meperidine 28. These authors found no in-
creased incidence of nausea and vomiting in patients treated 
with intrathecal meperidine. However, in addition to the post-
operative analgesic effect of intrathecal meperidine in obstet-
ric patients, other authors found 40% increase in the incidence 
of intraoperative nausea and vomiting 29.

Intrathecal fentanyl 20 mcg was also evaluated for preven-
tion of shivering after cesarean section and showed a 30% 
reduction in its incidence 30. Our results are in agreement with 
the data found in these studies, and there are authors who 
suggest the use of intrathecal meperidine or fentanyl for pre-
vention of postoperative shivering 11.

Low-dose sufentanil has been reported as safe to both mo-
ther and fetus. Hemodynamic and acid-base status preserva-
tion and absence of side effects have been demonstrated 31. 
Other authors reported a high incidence of pruritus 6.

Administration of a lipophilic and a hydrophilic opioid has 
been used in obstetrics. This strategy allows maximum be-
nefit of both drugs. Sufentanil improves the quality of spinal 
anesthesia during intraoperative and immediate postoperative 
period and morphine has the ability to reduce pain levels up 
to 24 hours 32.

In the institution where the study was conducted, parenteral 
fluid warming is not routinely used for cesarean section (me-
dium surgery). Recent recommendations indicate the use of 
fluid warming in cases of emergency obstetric hemorrhage 5. 
However, benefits have been reported from fluid warming in 
the perioperative period in routine obstetric practice. Recently, 
less variation in maternal temperature after cesarean section 
was reported; however, with no reduction in the incidence of 
shivering 33,34. Conflicting results have been found in these 
two studies regarding the best fetal acid-base balance and hi-
gher Apgar scores as a result of fluid warming. Fluid warming 
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is a low-cost measure and should be normally used because 
of the proven deleterious effects of hypothermia in the general 
surgical population.

One limitation of this study was the use of axillary tempera-
ture to assess heat loss and not core temperature. The axilla-
ry temperature, however, may be used to measure core tem-
perature, except in extreme body temperature changes 12.

The present study suggests that the addition of sufentanil 
to hyperbaric bupivacaine and morphine during spinal anes-
thesia for cesarean section provides a decrease in the inci-
dence of shivering in the immediate postoperative period.
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