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Abstract

Background: Effective postoperative analgesia after cesarean section is essential to facilitate early maternal recovery and reduce
opioid-related side effects. Although fentanyl is commonly used as an intrathecal adjuvant to bupivacaine, concerns about adverse
effects such as pruritus and nausea have prompted exploration of alternatives like dexamethasone. Objective: To compare the efficacy
and safety of intrathecal dexamethasone versus fentanyl as adjuvants to 0.5% bupivacaine in spinal anesthesia for cesarean section.
Methods: In this quasi-randomized clinical study, 70 women undergoing elective cesarean section were allocated to receive spinal
anesthesia with bupivacaine plus either fentanyl (10-25pg; Group F) or dexamethasone (2-4mg; Group D). Hemodynamic parameters,
duration of postoperative analgesia, incidence of side effects, ambulation time, and patient satisfaction were assessed using validated
instruments. Results: Group D demonstrated significantly longer analgesia duration (median 5.0 h [IQR 4.0-6.0]) compared to Group
F (3.0 h [IQR 2.0-4.0], p<0.001). Post-spinal systolic blood pressure and heart rate were significantly higher in the dexamethasone
group but remained within physiological limits. Adverse events such as pruritus and postoperative nausea/vomiting were significantly
more frequent in Group F, while back pain was reported only in Group D (20%, p=0.011). Patient satisfaction was higher in group F
(p<0.001), potentially due to earlier ambulation. Conclusions: Intrathecal dexamethasone is a safe and effective adjuvant to bupivacaine
in cesarean section spinal anesthesia, offering prolonged analgesia and fewer opioid-related side effects compared to fentanyl. Further
randomized trials with longer follow-up and neonatal outcomes are warranted.
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INTRODUCTION analgesia not only enhances patient comfort but also

) ) . . facilitates breastfeeding and reduces stress-related
Cesarean section remains a highly prevalent surgical hormonal activation [2]. Intrathecal adjuvants added to
procedure .worldwllde, emphasizing the need for efficient 0.5% bupivacaine spinal anesthesia are increasingly
postoperative pain management to support early used to extend analgesic duration while maintaining

maternal mobilization and neonatal care [1]. Optimal
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safety profile yet choosing the most effective and least
harmful additive remains a critical clinical decision [3].
Traditionally, local anesthetics such as bupivacaine have
been employed for this purpose, often in combination
with opioids like fentanyl to prolong analgesic effects.
Recent studies have demonstrated that the addition of
fentanyl to bupivacaine can significantly extend the
duration of postoperative analgesia, with findings
indicating that the combination can lead to a mean
duration of analgesia of approximately 360 minutes
compared to 220 minutes with bupivacaine alone [4].
However, the use of opioids is not without drawbacks,
including potential side effects such as respiratory
depression and increased sedation, which necessitate the
exploration of alternative adjuncts to enhance analgesia
without these adverse effects [5]. Dexamethasone, a
corticosteroid, has emerged as a promising alternative
adjunct to local anesthetics [6]. Its anti-inflammatory
properties may contribute to prolonged analgesia when
combined with bupivacaine [7]. Studies have shown that
the addition of dexamethasone can significantly increase
the duration of analgesia in various surgical settings,
including cesarean sections. For instance, one study
reported a mean duration of analgesia of 466 minutes
with bupivacaine plus dexamethasone, compared to 268
minutes with bupivacaine alone [8]. This suggests that
dexamethasone may provide a viable option for
enhancing postoperative pain control while minimizing
the reliance on opioids. Although both fentanyl and
dexamethasone have shown beneficial effects when
combined with bupivacaine, direct head-to-head
comparisons (especially in cesarean section) are sparse.
Limited trials suggest that dexamethasone may be as
effective as fentanyl in prolonging analgesia while
mitigating opioid-related side effects in a mixed surgical
population [9,10]. Furthermore, adjuvant combinations
involving dexmedetomidine, fentanyl, and
dexamethasone explored in some cesarean anesthesia
studies found dexmedetomidine superior, but
dexamethasone and fentanyl similarly outperformed
control regimens [11]. However, standardized
evaluation in the context of bupivacaine-only spinal
anesthesia during elective cesarean delivery remains
limited. In summary, while evidence supports the
efficacy of both intrathecal fentanyl and dexamethasone
in prolonging postoperative analgesia when combined
with bupivacaine, there is a notable absence of well-
controlled comparative studies in cesarean section
settings. The existing literature lacks conclusive data on
which adjuvant better optimizes analgesia duration,
side-effect profile, and recovery milestones in this
specific patient population. Therefore, this study seeks
to fill this gap by rigorously comparing 0.5%
bupivacaine plus fentanyl versus 0.5% bupivacaine plus
dexamethasone in women undergoing elective cesarean
section, with a primary focus on the duration of
postoperative analgesia and secondary evaluation of
hemodynamic stability and recovery-related outcomes.
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METHODS
Study design and setting

This study was a quasi-randomized clinical trial
conducted at Al-Imam Al-Sadiq Teaching Hospital,
Babylon, Iraq, from January 15 to May 15, 2025.
Systematic assignment by admission order was
implemented: even-numbered participants received
bupivacaine with fentanyl (Group F), and odd-numbered
participants received bupivacaine with dexamethasone
(Group D).

Participants and sample size

Convenience sampling was employed to recruit
pregnant adults presenting for elective cesarean section
under spinal anesthesia at admission to the operating
suite.

Inclusion criteria

Age <45 years at enrollment. Body mass index (BMI)
20.0-29.9 kg/m?, measured at admission. Scheduled for
elective cesarean section with planned spinal anesthesia.
No known hypersensitivity or allergy to bupivacaine,
fentanyl, or dexamethasone (study drugs). No obstetric
complications, such as preeclampsia or placental
abnormalities (e.g., previa, abruption). Ability to

provide informed consent and complete study
assessments.

Exclusion criteria

Contraindications to spinal anesthesia, including

coagulation disorder or infection at the puncture site.
Any obstetric complication identified preoperatively
(e.g., preeclampsia, placental abnormalities). Known
hypersensitivity to  bupivacaine, fentanyl, or
dexamethasone identified after screening. Incomplete
follow-up data or withdrawal from the study after
randomization.

Sample size and power

An a priori power analysis indicated that 35 patients per
group were required to detect a 20% difference in
postoperative analgesia duration with a = 0.05 and 80%
power. To accommodate potential attrition, we recruited
70 participants in total.

Interventions and outcomes measurement

Written informed consent was obtained from each
participant after a thorough explanation of study
objectives and procedures. Upon admission, patients
received 500 mL of normal saline preload. Under aseptic
conditions and local skin infiltration, a 25-gauge spinal
needle was introduced at the L3—L4 or L4-L5 interspace
until cerebrospinal fluid return was confirmed.
According to group allocation, intrathecal injections
were administered over 10-15 seconds. Group F
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(n=35) received 10 mg of 0.5% bupivacaine combined
with 10-25 pg fentanyl. The intrathecal fentanyl dose
range (10-25 pg) was determined based on randomized
controlled trials and systematic reviews in cesarean
delivery, which reported effective analgesia at 10-25
pg, with 15 pg frequently identified as an optimal
compromise between analgesic efficacy and side effects
[10,12]. Group D (n=35) received 10 mg of 0.5%
bupivacaine combined with 2—4 mg preservative-free
dexamethasone in accordance with recent randomized
data indicating that 4 mg prolongs analgesia comparably
to 8 mg, alongside reports supporting efficacy at 2 mg
in cesarean delivery; prior studies using 8 mg informed
the upper boundary of historical practice [13, 14]. To
eliminate any confounding effect of injected volume, the
total intrathecal volume was standardized to 3.0 mL in
both groups. Bupivacaine 0.5% (10 mg; 2.0 mL) was
combined with the assigned adjuvant, and preservative-
free normal saline was added to reach 3.0 mL. In group
F, fentanyl 10-25 pg (drawn from a 0.5 mg/mL
preservative-free vial; volume 0.02—0.05 mL) was used;
in Group D, preservative-free dexamethasone 2—4 mg (5
mg/mL; volume 0.40-0.80 mL) was used. For accuracy
of measurement and improved blinding, fentanyl was
pre-diluted 1:10 with preservative-free saline to 50
pg/mL prior to preparation, and the final mixture in each
case was made up to 3.0 mL with saline. Intrathecal
injections were administered over 10—15 seconds using
identical syringes by an anesthesiologist not involved in
outcome assessment. The exact dose of intrathecal
adjuvant within the specified range (fentanyl 10-25 pg,
dexamethasone 2-4 mg) was determined by the
attending anesthesiologist based on clinical judgment,
considering patient factors such as age, body weight,
and expected analgesic requirement. Patients were then
positioned supine with a left lateral tilt, and standard
monitoring continued throughout surgery and recovery.
Systolic and diastolic blood pressure and heart rate were
recorded noninvasively using calibrated automated
monitors at baseline (pre-spinal), and at 5, 10, 30, and
60 minutes, as well as at 2 and 4 hours after spinal
injection. Duration of spinal anesthesia was defined as
the time from intrathecal injection until regression of
sensory block to the T12 dermatome, as assessed by
pinprick testing every 15 minutes in the postoperative
recovery room. This was documented by a blinded
research nurse. Duration of postoperative analgesia was
defined as the interval from completion of intrathecal
injection to the patient’s first verbal request for
additional analgesic, documented by the blinded
research nurse. A checklist was used to record the
presence or absence of back pain, pruritus, postoperative
nausea and vomiting (PONV), and time to independent
ambulation. The research staff marked each item
immediately upon occurrence. Patient satisfaction was
evaluated at 4 hours post—spinal injection by a trained
research nurse, who directly asked each participant to
rate her satisfaction using a structured checklist based on
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a 5-point Likert scale (1 = very dissatisfied to 5 = very
satisfied) and recorded the responses immediately. This
approach has been previously adopted in perioperative
anesthesia research using similar Likert-type measures
[15].

Ethical Considerations

The study protocol was approved by the Ethical
Committee of Tehran University of Medical Sciences
(Approval No. IR.TUMS.SPH.REC.1403.302). All
participants provided written informed consent. The
study conducted adhered to the Declaration of Helsinki.

Statistical analysis

Data analysis was performed in SPSS v26. Normality of
continuous variables was assessed using the Shapiro—
Wilk test. Between-group comparisons for continuous
outcomes employed independent-samples t-tests or
Mann—Whitney U tests as appropriate. Repeated
measures ANOVA (or Friedman’s test) evaluated
within-subject changes in hemodynamics over time.
Categorical variables, including adverse event rates,
were compared using chi-square or Fisher’s exact tests.
A two-tailed p-value < 0.05 was considered significant.

RESULTS

Seventy participants (35 in each group) completed the
trial. The overall mean age was 29.3 + 5.2 years, and the
mean BMI was 26.1 +2.8 kg/m?, with no significant
intergroup differences (p >0.05). Average height was
comparable  between groupD and  group F
(162.5+5.1cmvs. 159.7+5.1 cm; p=0.022) (Table 1).

Table 1: Demographic Characteristics of (n=70, 35 in each group)
Dexamethasone Fentanyl

Characteristic p-value*
group group
Age (years) 29 (7) 31 (6) 0.323
Height (cm) 162.5 (5.1) 159.7 (5.1) 0.022

Values were expressed as mean+SD. * Independent samples t-test.

Baseline systolic blood pressure (SBP) did not differ
significantly between group D and group F (median 131
mmHg [IQR 122-138] vs. 134 mmHg [IQR 128-139];
p=0.169). Post-spinal SBP was consistently higher in
group D at 5, 10, 30, and 60 minutes and at 2 and 4 hours
(all p<0.001) (Table?2). Both cohorts exhibited
significant changes over time (Friedman test p <0.001).
Heart rate (HR) trends demonstrated no baseline
difference (96 = 10 bpm vs. 99 + 10 bpm; p = 0.190), but
group D maintained higher HR values at 10 and 60
minutes and at 2 and 4 hours post-spinal (p <0.01)
(Table 3). Within-group HR variations were significant
across all time points (Friedman test, p <0.001). The
median duration of postoperative analgesia was
significantly longer in group D (5.0 hours [IQR 4.0-
6.0]) compared to group F (3.0 hours [IQR 2.0-4.0];
p<0.001).



Rahimi et al

Table 2: Systolic Blood Pressure Trends in Dexamethasone and Fentanyl Groups (n=70, 35 in each group)

Intrathecal dexamethasone for cesarean section

Systolic Blood Pressure Dexamethasone group Fentanylgroup p-value*
Bassline SBP 131 (122, 138) 134 (128, 139) 0.169
SBP (after 5 min) 124412 111 £15 <0.001
SBP (after 10 min) 123411 99+10 <0.001
SBP (after 30 min) 12549 11049 <0.001
SBP (after 60 min) 131 (120, 135) 113 (110, 120) <0.001
SBP (after 2 hrs) 131 (126, 132) 116 (111, 121) <0.001
SBP (after 4 hrs) 126 (122, 130) 116 (112, 120) <0.001
p-value** <0.001 <0.001
Values were expressed as mean+SD, and median (Q1, Q3). *Independent samples T test; Mann-Whitney test. ** Friedman’s test.
Table 3: Heart rate trends in dexamethasone and fentanyl groups (n=70; 35 in each group)

Variable Dexamethasone group Fentanyl group p-value*
Bassline HR 96+10 99+10 0.190
HR (after 5 min.) 90+8 88+11 0.226
HR (after 10 min.) 90 (80, 91) 77 (70, 82) <0.001
HR (after 30 min.) 83 (74, 88) 83 (78, 85) 0.805
HR (after 60 min.) 80+8 85+9 0.006
HR (after 2 hrs.) 79+7 867 <0.001
HR (after 4 hrs.) 81+7 87+7 0.002
p-value** <0.001 <0.001

Values were expressed as mean+SD and Median (Q1, Q3).* Independent samples t-test; Mann-Whitney test. ** Friedman’s test.

There was no difference in surgical duration (58 + 9 min
vs. 61 + 8 min; p =0.231). Ambulation time was delayed
in group D (195 min [IQR 185-200]) versus group F
(145 min [IQR 115-180]; p<0.001). Adverse events
differed markedly: back pain occurred in 20.0% of
group D and none in group F (p=0.011); PONV was

absent in group D but reported by 17.1% of group F
(p=0.025); and pruritus was present only in group F
(17.1%; p=0.025) (Table 4). Patient satisfaction scores
favored group F (median 2 [IQR 1-3] vs. 1 [IQR 0-17;
Mann—Whitney U test, p <0.001).

Table 4: Analgesia duration, recovery metrics, and adverse events between groups (n=70; 35 in each group)

Variable Dexamethasone group Fentanyl group p-value*
Duration of spinal block (min) 16614 144+16 <0.001
Surgery time (min) 58+9 61+8 0.231
Analgesia time (hr) 5.0 (4.0,6.0) 3.0 (2.0,4.0) <0.001
Back pain
No 28(80) 35(100) 0011
Yes 7(20) 0(0.0) ’
PONV
N+V 0(0.0) 6(17.1)
No 35(100) 29(82.9) 0.025
Ambulation time (min) 195 (185, 200) 145 (115, 180) <0.001
Pruritus
No 35(100) 29(82.9)
Yes 0(0.0) 6(17.1) 0.025
Patients’ satisfaction 2.0 (1.0, 3.0) 1.0 (0.0, 1.0) <0.001

Values were expressed as mean+SD, median (Q1, Q3), and n (%).* Independent samples t-test, Mann-Whitney test, and Fisher's exact test.

DISCUSSION

In this study, intrathecal dexamethasone produced a
notably longer duration of sensory and motor blockade
and postoperative analgesia than fentanyl when added to
0.5% bupivacaine for cesarean section. For example,
previous cesarean studies report that adding 8—10 mg
intrathecal dexamethasone extended analgesia to ~430—
473 min vs. ~200 min without dexamethasone [16,17].
By contrast, intrathecal fentanyl (25-50 pug) typically
adds only about 60-90 minutes of analgesia [10].
Consistent with these data, we observed that the
dexamethasone group had a significantly longer pain-
free interval than the fentanyl group. Both groups
maintained stable hemodynamics, though
dexamethasone is reported to mitigate spinal
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anesthesia—induced hypotension [13]. Indeed, meta-
analytic evidence shows fewer episodes of hypotension,
nausea, and vomiting with intrathecal dexamethasone
[13]. whereas fentanyl does not alter blood pressure but
is well known to cause pruritus (RR ~5.9) [10]. In this
study, pruritus occurred only in the fentanyl group,
while neither group had respiratory depression. The
prolonged effect of dexamethasone likely reflects its
anti-inflammatory action and suppression of C-fiber
nociception [18], whereas fentanyl’s lipophilic p-
agonist effect has a rapid onset but shorter duration [19].
The findings of this study align with several high-quality
trials in obstetric anesthesia. Multiple randomized
studies have demonstrated that adding intrathecal
dexamethasone to bupivacaine in cesarean sections
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significantly prolongs analgesia duration without
increasing adverse events [16,17]. This is consistent
with the prolonged pain-free interval observed in our
dexamethasone group. By contrast, while intrathecal
fentanyl is known to improve intraoperative comfort and
delay analgesic demand by roughly 60—90 minutes, it is
frequently associated with pruritus and PONV [20].
These adverse effects were also evident in the fentanyl
group, underscoring dexamethasone’s more favorable
safety profile.

Study limitations

This study, however, has limitations. Quasi- rather than
blinded randomized allocation may have introduced
selection bias. The lack of an opioid-free control arm,
single-center setting, short follow-up period, and
relatively small sample size also restrict the
generalizability and depth of our conclusions.

Conclusion

Intrathecal dexamethasone appears to be a safe and
effective adjuvant to bupivacaine in spinal anesthesia for
cesarean section, providing extended postoperative
analgesia and fewer opioid-related side effects
compared to fentanyl. However, potential drawbacks
such as the limited availability of long-term safety data,
possible risks of neurotoxicity with corticosteroid use,
and variability in patient response should be considered.
Further randomized, multicenter studies with longer
follow-up and comprehensive maternal-neonatal
outcome  assessments are  warranted  before
recommending its routine clinical use.
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