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ABSTRACT

Postoperative shivering is a common complication that can affect patient comfort and stability. Pethidine and tramadol
are widely used to relieve this symptom, but their relative effectiveness and safety remain under investigation. In this
randomized trial, 50 patients (aged 25–35 years) with postoperative shivering were divided into two groups: one group
receiving intravenous tramadol (n = 25 patients) and one group receiving pethidine (n = 25 patients). Onset of drug
action, vital signs, and side effects were systematically assessed. Pethidine had a significantly faster onset of action than
tramadol (12.20 ± 0.35 min vs 7.16 ± 0.28 min, p < 0.001). No significant differences were observed between the two
groups regarding body temperature, heart rate, oxygen saturation, or blood pressure (P < 0.05). Side effects, such as
dizziness (16% vs. 8%), nausea and vomiting (20% vs. 8%), and nausea alone (48% vs. 20%), were more common and
showed a statistically significant increase in the tramadol group. Both drugs were effective in suppressing postoperative
tremor, but pethidine demonstrated superior efficacy, a faster onset of action, and a better safety profile. These results
confirm pethidine as the recommended choice at an intravenous dose of 0.5 mg/kg.
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1. Introduction

Shivering is a common physiological response after
anesthesia. It is a defense mechanism that increases
body temperature through involuntary muscle con-
tractions during hypothermia [1]. Patients who are
not adequately warmed during surgery often develop
hypothermia, which can exacerbate postoperative
complications [2]. Although shivering is usually con-
sidered a benign postoperative symptom, it has sig-
nificant neuropsychological consequences, including
patient discomfort, increased metabolic demand, and
potential interference with postoperative monitoring

[3]. Electromyography has shown that the human
shiver frequency is approximately 200 Hz, modulated
by a slow rise-fall cycle of 4–8 cycles per minute
[4]. Postoperative shivering increases oxygen con-
sumption, induces lactic acidosis, increases carbon
dioxide production, and stimulates catecholamine re-
lease, leading to increased cardiac output, heart rate,
and blood pressure. Furthermore, shivering compli-
cates monitoring procedures, increases intraocular
and intracranial pressure, and can be particularly
stressful in certain patient populations, such as those
in labor [5]. Pharmacotherapy for Stevens-Johnson
syndrome (SJS) is widely used to alleviate these side
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Table 1. Questionnaire form.

Descriptive data

No. Age Gender

BMI

Treatment

Pethidine Tramadol

Clinical data

Shivering grade Temperature Spo2

HR BP

Side effects

Nausea only Nausea and vomiting Dizziness

effects. Pethidine is a unique opioid that exerts its
anti-shivering effect primarily by activating µ- and
κ-opioid receptors in the central nervous system,
lowering the shivering threshold and body temper-
ature. Pethidine is considered the most effective
intravenous medication for the prevention and treat-
ment of SJS and has demonstrated superior efficacy
to other opioids at similar doses, such as fentanyl,
alfentanil, sufentanil, and morphine. However, side
effects, such as nausea, vomiting, and respiratory de-
pression, may limit its use [6]. Tramadol, a synthetic,
multimodal opioid, acts as a weak µ-opioid receptor
agonist, inhibiting the reuptake of norepinephrine
and 5-hydroxytryptamine (5-HT), while antagonizing
NMDA receptors at clinically relevant concentrations.
Comparative studies have demonstrated the efficacy
of tramadol in controlling postoperative tremor (PS).
Results indicate that a dose of 0.5 mg/kg pethidine is
equivalent to a dose of 1 mg/kg tramadol 15 minutes
after administration, but tramadol causes fewer side
effects [7].

In contrast to previous studies conducted by our
team [8–15], this study aimed to evaluate and com-
pare the safety, onset of action, and efficacy of
pethidine and tramadol in the treatment of PS. This
study was undertaken given the clinical significance
of PS and the different pharmacological properties
of these two drugs. The findings will help improve
treatment and patient outcomes.

2. Methods

2.1. Participants

In this study, 50 samples were collected and divided
into two groups. The first group included 25 patients
who received tramadol, and the second group in-
cluded 25 patients who received pethidine to reduce
postoperative tremors. Participants’ ages ranged from
25 to 35 years. Samples were collected from patients

who underwent surgery at Nasiriyah Teaching Hos-
pital in Thi Qar, Iraq. Clinical data were collected
regarding vital signs, time of symptom onset, side
effects, and descriptive data, as well as age and sex
as shown in Table 1.

2.2. Inclusion and exclusion criteria

The study included patients aged 25 to 35 years
(ASA I-II) who experienced grade 2 or higher Shiv-
ering after undergoing elective surgery under general
anesthesia. Patients with drug allergies, chronic opi-
oid analgesic use, severe liver, kidney, or cardiac
disease, pregnancy or breastfeeding, or elevated body
temperature (less than 34°C or greater than 39°C)
were excluded.

2.3. Study design

This study was conducted at Al-Husseini Teach-
ing Hospital, Thi-Qar Governorate, Iraq, and spanned
from January 2025 to June 2025. The study consisted
of two groups:

• Group 1: 25 patients receiving tramadol for the
treatment of postoperative Shivering (PS).

• Group 2: 25 patients receiving pethidine for the
treatment of postoperative Shivering (PS).

The following parameters were measured in all
study groups:

1. Shivering grade
2. Vital signs (temperature, blood pressure, heart

rate, blood oxygen saturation)
3. Time to onset (in minutes)
4. Body mass index (BMI)
5. Side effects (dizziness, nausea, vomiting)
6. Physician satisfaction

2.4. Parameters measurement

Patients with postoperative shivering received
0.5 mg/kg intravenous tramadol in the first group and
0.5 mg/kg intravenous pethidine in the second group.
The onset of drug action was recorded, and vital signs
such as blood pressure, heart rate, blood oxygen sat-
uration, and body temperature were measured using
a Philips IntelliVue MP70 (Philips Healthcare, The
Netherlands). Tremor scores were calculated using
the Crossley and Mahajan scale, and each patient’s
body mass index (BMI) was measured [16, 17]. Po-
tential side effects were also recorded and calculated.
A questionnaire was administered to measure physi-
cian satisfaction with the effectiveness of antitremor
treatment.
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Table 2. Baseline characteristics and clinical data.

Variables Tramadol group Pethidine group P-value

Age 28.1 (27–35) 30.5 (25–34) 0.211
Gender

Male. No (%) 13 (52) 14 (56) 0.701
Female. NO (%) 12 (48) 11 (44) 0.676

BMI 27.2 ± 3.17 26.7 ± 3.03 0.191
Shivering grades 1/2/3/4 6/7/10/2 7/8/6/4 0.769

Table 3. Effect of tramadol and pethidine on hemodynamic variables.

Variables Tramadol group Pethidine group P-value

Time to Onset (min) 12.20 ± 0.35 7.16 ± 0.281 <0.001**
Temperature (°C) 36.98 ± 0.098 37.1 ± 0.102 0.736 NS
HR 90.3 ± 9.8 89.6 ± 15.3 0.814 NS
Spo2 94.24 ± 0.34 96.92 ± 0.37 0.732 NS
Blood pressure

Systolic 122.0 ± 1.8 126.4 ± 1.67 0.075 NS
diastolic 78.00 ± 1.18 79.68 ± 0.98 0.278

2.5. Statistical analysis

Collected data were evaluated using Microsoft Ex-
cel 2019, IBM SPSS (version 28), and GraphPad
Prism (version 8). Statistical analysis was performed
using the unpaired t-test [18]. The relationships
between variables were assessed using Pearson corre-
lation analysis. Statistical significance was defined as
(P < 0.05) [19].

3. Results

3.1. Baseline characteristics and clinical data

Table 2 summarizes the baseline demographic and
clinical data of the study groups. The mean age did
not differ significantly between the tramadol and
pethidine groups (28.1 years vs. 30.5 years, p =
0.211). The gender distribution was similar: 52%
were male in the tramadol group, 56% were male
in the pethidine group (p = 0.701), and 48% were
female in the pethidine group (p = 0.676). Simi-
larly, body mass index (BMI) and shivering grades
did not differ significantly between the two groups
(p = 0.191 and p = 0.769, respectively).

3.2. Effects of tramadol and pethidine on
hemodynamic variables

Table 3 shows the onset of action of tramadol
(12.20 ± 0.35 min) and pethidine (7.16 ± 0.28 min).
A significant difference was observed between the
two groups (p < 0.001). No significant differences
were observed between the two groups regarding
body temperature (tramadol: 36.98 ± 0.10°C vs.
pethidine: 37.10 ± 0.10°C, p = 0.736), blood pres-

sure (p > 0.05), or heart rate (tramadol: 90.3 ±
9.8 vs. pethidine: 89.6 ± 15.3, p = 0.814). Sim-
ilarly, as shown in Figs. 1 and 2, no significant
difference was observed in oxygen saturation (SpO2)
(tramadol: 94.24 ± 0.34% vs. pethidine: 96.92 ±
0.37%, p = 0.732).

3.3. Comparison of post-treatment shivering
characteristics in the two groups

Table 4 summarizes the shivering characteristics
in the two groups. Dizziness differed significantly
between the tramadol group (4 patients, 16%) and
the pethidine group (2 patients, 8%) (P = 0.0005).
Similarly, nausea and vomiting were significantly
more frequent in the tramadol group (5 patients,
20%) compared to the pethidine group (2 patients,
8%) (P = 0.012). Furthermore, as shown in Fig. 3,
a statistically significant difference was observed
only in nausea: 12 patients (48%) in the tramadol
group and 5 patients (20%) in the pethidine group
(P = 0.0002).

3.4. Physicians’ satisfaction

Fig. 4 shows physicians’ satisfaction with the use
of tramadol and pethidine for the treatment of
postoperative shivering. In a survey of more than
50 physicians, satisfaction with pethidine was 64%
compared to 26% for tramadol, a statistically signifi-
cant difference between the two groups (p = 0.002).

3.5. Correlation between time of onset and vital
signs

Fig. 5 shows the correlation between time of on-
set and body temperature, systolic blood pressure,
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Fig. 1. Comparison of tramadol and pethidine groups: [A] time to onset, [B] temperature, [C] systolic BP, [D] diastolic BP.

diastolic blood pressure, and blood oxygen saturation
(SpO2). Statistical analysis revealed no statistically
significant correlation between time of symptom on-
set and body temperature, systolic blood pressure, or
diastolic blood pressure (R = 0.058, P = 0.691; R =
–0.264, P = 0.064; R = –0.168, P = 0.123, respec-
tively). However, a positive correlation was found
between time of symptom onset and SpO2 (R= 0.362,
P = 0.098), as shown in Fig. 5[D].

4. Discussion

Postoperative shivering is a common and undesir-
able complication of general and spinal anesthesia.
However, its precise etiology remains unclear, and
there are currently no standard recommendations
for prevention or treatment [1]. Pharmacological
intervention remains the cornerstone of shivering
management, with pethidine and tramadol being the
most commonly used medications. Tramadol is gen-
erally considered less depressant and sedative than
pethidine [20].

This study compared the efficacy of intravenous
tramadol (0.5 mg/kg) and pethidine (0.5 mg/kg)
in patients undergoing elective surgery under spinal
anesthesia. Both medications effectively suppressed
shivering. The anti-shivering effect of pethidine is
primarily mediated by activation of µ- and κ-opioid
receptors, which play an important role in thermoreg-
ulation [21]. This explains the superiority of pethi-
dine over other µ-opioid agonists such as morphine,
fentanyl, and sufentanil [22]. Furthermore, pethidine
may act directly on the thermoregulatory center [23].
In contrast, tramadol exhibits weak µ-opioid activity,
but its anti-shivering effects are thought to be medi-
ated by the serotonin and norepinephrine pathways.
Specifically, the R(+) enantiomer reduces 5-HT3 re-
uptake and promotes serotonin release, while the L(–)
enantiomer inhibits norepinephrine reuptake, and
these two elements together promote the activation
of descending inhibitory pathways [23, 24].

Hemodynamic parameters were generally similar
in both groups, but the tramadol group had a sig-
nificantly higher heart rate after treatment, likely
reflecting inhibition of adrenaline reuptake [25].
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Fig. 2. Comparison of tramadol and pethidine groups: [A] Spo2, and [B] HR.

Table 4. Comparison of shivering characteristics after treatment
between the two groups.

Tramadol Pethidine
Side effects group group P-value

Dizziness. No (%) 4 (16) 2 (8) 0.0005**
Nausea and vomiting 5 (20) 2 (8) 0.012*
Nausea only 12 (48) 5 (20) 0.0002**

The mean shivering cessation time was significantly
shorter with pethidine (7.16 ± 0.281 min) than with
tramadol (12.20 ± 0.35 min) (p < 0.001). These
results are consistent with previous reports [26–28],
including a recent Ethiopian cohort study [23]. In
contrast, Wan J-X et al. [29] and Manouchehrian
N et al. [30] reported superior efficacy of tramadol
compared to pethidine and highlighted potential vari-
ability related to methodological differences such as
assessment intervals and patient populations.

Regarding side effects, pethidine had a higher in-
cidence of sedation (10%) than tramadol (2.2%),
which is consistent with the Ethiopian study [23] but
contradicts the results of Wang N et al. [22]. Mean-
while, nausea and vomiting were significantly more
frequent with tramadol (20%) than with pethidine
(8%) (p < 0.05). This may be due to the direct effect
of tramadol on the chemoreceptor trigger zone via
activation of µ-opioid receptors. However, previous
studies have also reported that pethidine can cause
similar side effects, such as nausea, vomiting, and
respiratory depression [30].

Consistent with Mamo M. et al. [26], no significant
correlation was observed between onset of action,
body temperature, or blood pressure. However, a
positive correlation was observed between onset of
action and SpO2, which may reflect faster tremor
suppression in the pethidine group and support the
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Fig. 3. Comparison of tramadol and pethidine groups regarding to side effects [A] dizziness, [B] nausea and vomiting, and [C] nausea only.

Fig. 4. Physicians’ satisfaction with the use of tramadol and pethidine in the treatment of shivering.

hypothesis of Khalil R.Y. et al. [31]. It is important
to note that physicians reported greater satisfaction
with pethidine than with tramadol, likely due to a
faster onset of action. This observation is consistent
with Ambika B.A. [32], but should be interpreted
with caution, as physician satisfaction is inherently
subjective and may be influenced by clinical experi-
ence and established efficacy profiles.

Overall, our results confirm the superior anti-
tremor efficacy of pethidine compared to tramadol,
but at the cost of greater sedation and a higher inci-
dence of nausea and vomiting with tramadol. These

findings highlight the need for personalized drug se-
lection based on the patient’s risk profile, expected
side effects, and physician preferences.

5. Conclusion

Both tramadol and pethidine were effective in
suppressing postoperative shivering, and no signif-
icant difference was observed in terms of hemo-
dynamic stability. However, intravenous pethidine
(0.5 mg/kg, IV) demonstrated significant clinical ad-
vantages over tramadol (0.5 mg/kg, IV), including
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Fig. 5. Correlation between time to onset with [A] temperature, [B] systolic pressure, [C] diastolic pressure, and [D] SpO2.

a faster onset of action, a lower relapse rate, and
fewer sedative side effects. Furthermore, physicians’
satisfaction was significantly higher in the pethidine
group, highlighting the overall efficacy and clinical
benefit of pethidine in the management of postoper-
ative shivering.

6. Recommendations

Pethidine (0.5 mg/kg, IV) is recommended as the
drug of choice for postoperative shivering due to its
rapid onset of action and reduced side effects. How-
ever, in patients with contraindications to pethidine
use, tramadol (0.5 mg/kg, IV) may be considered,
subject to close monitoring for side effects.
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