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Abstract

Background: Fentanyl has been used to prevent shivering in spinal anesthesia but
still the effects of different doses have not been appropriately specified. The aim of
this study was to assess the effect of 10 µg, 20 µg and 30 µg intrathecal fentanyl
on prevention of shivering during and after lower limb orthopedic surgeries under
spinal anesthesia.
Materials and Methods: One hundred and twenty patients undergoing elective orthopedic surgery under spinal anesthesia were enrolled in this clinical trial. Subjects
were randomly divided to four groups; Group P received 3 cc bupivacaine 0.5% plus
normal saline intrathecally; Group A10 received 10 µg fentanyl plus 3 cc bupivacaine 0.5% intrathecally; Group B20 received 20 μg fentanyl plus 3 cc bupivacaine
0.5% intrathecally; and Group C30 received 30 μg fentanyl plus 3 cc bupivacaine
0.5% intrathecally. Shivering and the complications were recorded.
Results: Shivering intensity was different between 4 groups (P = 0.014). There
was no moderate, severe and very severe shivering seen in Group C30 but there
was 16.7% moderate, 10% sever, and 6.7% very severe shivering seen in Group P.
The total incidence of shivering after spinal anesthesia in Groups A10, Group B20,
Group C30 and Group P were 53.5%, 26.7% , 6.7% and 63.3% respectively and there
was statistically significant difference between 4 group in this regard (P < 0.001).
Conclusion: Intrathecal bupivacaine combined with 30 μg fentanyl was superior to
using 10 µg or 20 μg fentanyl for prevention of shivering during lower extremity
orthopedic surgery.
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Introduction
Shivering is one of the common problems after spinal anesthesia with an incidence of up to 56.7%[1-3]. It increases oxygen
consumption, lactic acidosis, carbon dioxide production and catecholamine release[4-7].
One of the primary causes of post anesthesia shivering (PAS) is hypothermia which is due to direct inhibition of body
thermoregulatory mechanisms by anesthetics, decreased metabolism, patient’s exposure to cold environment of operating rooms
and body cavity exposure[8].
Shivering, along with pain, nausea and vomiting are cases of discomfort and dissatisfaction in patients undergoing spinal
anesthesia[9].
The combination of lipophilic opioids with hyperbaric bupivacaine during spinal anesthesia provides reduced latency, longer duration of anesthesia and better quality of anesthesia[10]. Another known effect of intrathecal opioids is prevention and treatment
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of postoperative shivering[11].
Fentanyl is well known for its rapid onset and shorter duration of action following intratechal administration[12,13]. Small
doses of fentanyl (10 - 40 µg) administered directly into the cerebrospinal fluid has been found to be very effective in minimizing
discomfort during cesarean delivery without increasing serious adverse effects[13-17]. Chow et al[18] showed that low dose intratechal
fentanyl during transurethral resection of prostate (TURP) under spinal anesthesia was an effective method for decreasing both the
incidence and intensity of shivering.
Other studies performed by Techanivate et al[19,20] showed the incidence of shivering after appendectomy and cesarean
delivery was significantly lower in fentanyl group when compared with saline normal which was added to bupivacaine or mixture
of bupivacaine and morphine.
To the best of our knowledge there was no previous study to evaluate various intratechal fentanyl doses on prevention of
intraoperative shivering during spinal anesthesia in non-pregnant patients. So we designed the present study to assess the effect of
10 µg, 20 µg and 30 µg intratechal fentanyl on prevention of shivering during and after lower limb orthopedic surgeries.

Materials and Methods
After obtaining institutional approval from the Ethic Committee of University and taking informed consent from the patients, 120 American Society of Anesthesiologists (ASA) physical statuses I – II patients scheduled for elective lower limb orthopedic surgery under spinal anesthesia were included in this double blinded randomized clinical trial study. Other inclusion criteria
were as follows: age ranged from 18 to 65 years, lack of previous history of Convulsion, Psychological disease, Hypertension,
Hyperthyroidism, Cardiopulmonary disease, Alcoholism, Vasodilator using and lack of fever, Hypothermia or Bleeding tendency
and Allergy to the local anesthetics or fentanyl, Metoclopramide, Ephedrine and Pethidine. Exclusion criteria were any change in
anesthesia technique and need to the intra-operative blood transfusion.
Before the study was begun, a random table was used to generate a randomized schedule specifying the group to which
each patient would be assigned up on entry into the trial. In case of exclusion, the next patient was randomized per schedule. The
included patients were divided into four groups each with 30 members. The patients in the first group (Group A10) received 10µg
fentanyl plus 3 cc bupivacaine 0.5% intratechally; the second group (Group B20) received 20 µg fentanyl plus 3cc bupivacaine
0.5%; the 3rd group (Group C30) received 30 µg fentanyl plus 3cc Bupivacaine; and the fourth group (Group P) received 3cc bupivacaine 0.5% plus normal saline.
All drugs were diluted with sterile normal saline to give 5 ml solutions, which were administered intrathecally. Also all
drugs were labeled with the randomization number of the patient. Patients and staff involved in data collections were unaware of the
patient group assignment. Spinal anesthesia was done with quince spinal needle number 25 at L2 – L4 level in the sitting position.
A wide bore intravenous catheter (no: 18) into a forearm vein was inserted and ringer lactate 10 ml/kg was administered. Monitoring
were included oral and tympanic temperature, pulse oximetry, noninvasive arterial blood pressure and ECG.
Core and peripheral body temperature were recorded every 15minutes by tympanic and oral thermometer respectively
intraoperative and during recovery period. The ambient temperature was hold at 22-24ºC and 25-27ºC intra-operatively and in recovery room respectively. Infused fluids were warmed up to environmental temperature.
Sensory analgesia was evaluated by pinprick before the start of surgery and re checked for at least 15minute after spinal
anesthesia. Mean arterial blood pressure and heart rates were recorded every 15 minutes with noninvasive blood pressure monitoring
and pulse oximetry. Shivering involving whole body was checked every 5 minutes during surgery and at recovery room by a 4 point
rating score system (0: none, 1: mild fasciculation in face or neck, 2: visible tremor in more than one muscle group, 3: shivering
involving whole body) for 2 hours[6,7,19,20]. In case of shivering score ≥ 2 intravenous pethidine 0.5 mg/kg was given.
Perioperative hypotension, bradycardia, Nausea, and vomiting were assessed. Bolus of fluid or incremental doses of ephedrine 10 mg IV was used to treat hypotension (SBP < 30% from baseline or < 80 mmHg), and intravenous Atropine 0.5 mg used to
treat bradycardia (HR < 40 bpm or HR < 60 with hypotension). Pain was checked objectively at the time of patient complain by visual analogue scale (0: None, 10 = the worst imaginable pain) and pain with VAS ≥ 4 was treated with incremented dose of fentanyl
25 µg IV. Nausea and vomiting was managed with metoclopromide 0.15 mg/gr IV as necessary. A sample of 120 patients (4 groups
of 30) was calculated to be required with standard errors of 0.05, a power of 0.95 and d = 1.2 based on previous relevant clinical
data.
Statistical analysis was performed with SPSS version 22 software using chi-square, ANOVA and Man-Whitney tests.

Results
We performed a double blind, prospective, randomized study to determine the preventive effects of various low doses of
intratechal fentanyl on shivering in elective lower limb orthopedic surgeries under spinal anesthesia.
A total of 120 patients were studied. The four study groups were comparable with respect to age, sex, weight, highest sensory level, type and duration of surgery and ASA functional Class [Table 1]
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Table 1: Demographic data of patients, type and duration of surgery and maximum sensory level 1 in 4 groups (Mean ± SD or n-%)
Variable group

Group P

Group 10

94.9 ± 18.3

Group 30

P

Age (year)

38 ± 13.2

42 ± 15.3

42.7 ± 15.1

39.4 ± 15.1

0.58

Weight (Kg)

66.8 ± 9.6

66.1 ± 8.4

66 ± 11.7

69.6 ± 10.4

0.48
0.91

Operation time (min)
Sex (n-%)
ASA (n-%)

Type of surgery
(n- %)

Maximum
sensory level

39.7 ± 20.2

93.9 ± 17.9

96.2 ± 18.5

94.9 ± 18.3

Male

16 (53.3)

17 (56.7)

15 (50)

15 (50)

Female

14 (46.7)

13 (43.3)

15 (50)

15 (50)

I

18 (60)

17 (56.7)

16 (53.3)

15 (50)

II

12 (40)

13 (43.3)

14 (46.7)

15 (50)

DHS

5 (16.7)

6 (20)

4 (13.3)

5 (16.7)

Femur

4 (13.3)

8 (26.7)

8 (26.7)

3 (10)

Knee

8 (26.7)

6 (20)

6 (20)

9 (30)

Tibia

8 (26.7)

6 (20)

6 (20)

8 (26.7)

Ankle

5 (16.7)

4 (13.3)

6 (20)

5 (16.7)

6

6 (20)

5 (16.7)

5 (16.7)

5 (16.7)

7

8 (26.7)

7 (23.3)

11 (30.7)

8 (26.7)

8

9 (30)

8 (26.7)

8 (26.7)

8 (26.7)

9

4 (13.3)

6 (20)

3 (10)

5 (16.7)

10

3 (10)

4 (13.3)

3 (10)

4 (13.3)

0.95
0.88

0.92

0.99

As is shown in Figure 1 the total incidence of shivering after spinal anesthesia in groups 10, 20, 30 and P were 53.5%,
26.7% , 6.7% and 63.3% respectively and according to chi – square test there was statistically significant difference between 4 group
in this regard (P < 0.001).

Figure.1: Frequency and incidence of postoperative shivering in 4 groups.

Shivering intensity was different between 4 groups (p = 0.014). According to Table 2 no moderate, severe and very severe
chills was seen in group 30, but there was 16.7% moderate 10% sever and 6.7% very chills seen in group P.
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Table 2: Frequency of shivering intensity in 4 groups (n- %)
Group Shivering intensity

Group P

Group 10

Group 20

Group 30

No shivering

11 (36.7)

14 (46.4)

22 (73.3)

28 (93.3)

9 (30)

4 (13.3)

5 (16.7)

2 (6.7)

Mild shivering
Moderate shivering

5 (16.7)

4 (23.3)

2 (6.7)

0 (0)

Severe shivering

3 (10)

3 (10)

1 (3.3)

0 (0)

Very severe shivering

2 (6.7)

2 (6.7)

0 (0)

0 (0)

P = 0.04

As shown in Table 3 there was no significant difference between group P and group 10 in regard to incidence and severity
of shivering but this is significant between other groups when compared with each other.
Table 3: Intensity and incidence of shivering between groups (P value comparison)
Group P
Intensity

Group 10

Incidence

Group P

Intensity
0.8

Group 20

Incidence
0.44

Group 10

0.8

0.44

Group 20

0.003

0.005

0.014

0.037

Group 30

< 0.001

< 0.001

< 0.001

< 0.001

Group 30

Intensity

Incidence

0.003

0.005

< 0.001

< 0.001

0.014

0.037

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

Intensity

Incidence

< 0.001

The time of the first analgesic requirement was statistically different between group 20 and group 30. The need for pethidine was significantly lower in group 30 when compared with other groups, but was not significant between group P and group 10
or 20 [Table 4].
Table 4: Frequency of intra operative and post operative complications (Mean ± SD or n (%)
Group complication

Group P

Group 10

Group 20

Group 30

No complication (n - %)

22 (73.3)

23 (76.6)

21 (70)

18 (60)

Bradycardia (n - %)

3 (10)

1 (3.3)

2 (6.7)

2 (6.7)

Hypotension (n - %)

1 (3.3)

1 (3.3)

1 (3.3)

2 (6.7)

Urinary retention (n - %)

1 (3.3)

1 (3.3)

1 (3.3)

2 (6.7)

Nausea (n - %)

1 (3.3)

1 (3.3)

1 (3.3)

2 (6.7)

Vomiting (n - %)

1 (3.3)

1 (3.3)

1 (3.3)

1 (3.3)

Itching (n - %)

1 (3.3)

2 (6.7)

3 (10)

3 (10)

P

0.96

First pethidine prescription (minute)

8.25 ± 4.1

8.06 ± 2.4

23 ± 5.6

35 ± 7.1

< 0.001

Pethidine dose (mg)

39.5 ± 10.9

44.1 ± 10.5

40 ± 13.1

7.5 ± 3.5

0.001

Postoperative complications had no statistically significant difference between 4 groups (P = 0.98) and there was no significant change in mean values of hemodynamic parameters during the study period.

Discussion
Our study results showed that the adding of low dose fentanyl to hyperbaric bupivacaine for spinal anesthesia in patients
undergoing lower limb orthopedic surgery, reduced the incidence and severity of intraoperative and postoperative shivering and this
reduction was significantly higher with the using 30 µg intrathecal fentanyl when compared with other groups (groups 20, 10, and
placebo).
Previous works demonstrated that intratechal low dose fentanyl lowers the intensity of postoperative shivering after TURP
surgeries under spinal anesthesia[18].
In another study Techanivate et al showed that the adding of 20 µgr Fentanyl to hyperbaric bupivacaine for spinal anesthesia in patients undergoing cesarean section diminishes the incidence and intensity of intraoperative and postoperative shivering[19].
Also Sadegh et al[21] concluded that intratecal bupivacaine combined with fentanyl is associated with a lower incidence and severity
of shivering in cesarean section under spinal anesthesia, but another study by chu et al[18] revealed the combination of bupivacaine
with a dose of fentanyl as low as 7.5 µg did not produce actual clinical effect and as the dose of fentanyl was increased to 12.5 µg
or 15 µg the quality of surgical analgesia was better and the incidence of shivering was decreased significantly.
In the present study the need for additional analgesics (pethidine) was significantly lower in group 30 (received 30 µg
fentanyl combined with bupivacaine) when compared with other groups (groups 20, 10 and placebo). Previous studies have shown
www.ommegaonline.org
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that patients who had undergo cesarean section under spinal anesthesia, benefit from simultaneous administration of local anesthetics and opiates because of increased ease of surgery[22], significant increase in duration of spinal anesthesia[23] and lesser need
for sedatives and analgesia post operatively[24]. The findings of the present study confirm the results of other studies for example
Shahriari et al[25] showed that adding 15 µg fentanyl to 80 mg lidocaine intrathecally increased the duration of anesthesia and quality
of analgesia during spinal anesthesia in women who undergo cesarean section. Also palmer and colleagues found similar results in
a comparable study[26]. Jacobson et al[27] studied the effect of adding intratechal fentanyl (25 µg) to 70 mg lidocaine and showed that
this will increase the quality of analgesia and may cause euphoria in patients. In our study hemodynamic parameters such as blood
pressure, heart rate and blood oxygen saturation were not significantly different between four groups in addition, no case of hemodynamic instability and respiratory difficulty were seen in 4 groups. Other studies have demonstrated similar results. For example,
some studies have shown that administration of 15 µg intrathecal fentanyl is not associated with respiratory depression[25,28,29]. Also
this is in accordance with basic science investigations that postoperative pain relief stabilizes patient hemodynamic[30].
Fentanyl is a highly ionized, lipophilic µ- receptor agonist. When it is administered intrathecally, the unionized component is rapidly transferred into the spinal cord. The reduction of shivering in the present study may be attributable to the effect of
fentanyl that was added into the subarachnoid space on the thermo – regulator and spinal effect afferent thermal inputs at the spinal
cord[20]. The limitation of this study was the small sample size and the fact that we followed patients with ASA physical status I-II
only for 2 h postoperatively.

Conclusion
Intrathecal bupivacaine combined with fentanyl 20 or 30 µg is associated with a lower incidence and intensity of shivering
than combination of bupivacaine and 10 µg fentanyl of saline normal.
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