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Abstract

Background/Aim: Effective postoperative pain (POP) control remains a major determinant of recovery
after laparoscopic cholecystectomy (LC), particularly in resource-limited healthcare settings such as Libya.
Although propofol-based total intravenous anesthesia (TIVA) may improve early analgesia compared with
isoflurane-based inhalation anesthesia (1A), comparative evidence from these settings is limited. This trial
compared acute POP trajectories during the first 24 hours after LC under these two anesthetic techniques in
Eastern Libya.

Methods: This prospective, double-blind, randomized controlled trial was conducted at two public hospitals
in Eastern Libya between February and May 2025. Fifty-nine patients scheduled for elective LC were
analyzed after randomization to propofol-based TIVA (n = 29) or isoflurane-based IA (n = 30). The primary
outcome was pain intensity measured with the Numerical Rating Scale (NRS; 0-10) at 2, 6, 12, and 24 hours
postoperatively. Data were analyzed using SPSS version 26.

Results: A significant anesthesia-by-time interaction was observed for postoperative pain scores (F[2.92,
166.63] = 11.67, P < 0.001). Pairwise comparisons showed lower mean pain scores in the TIVA group at 2
hours [4.3 (0.8) vs. 4.8 (0.8), P = 0.010] and 12 hours [2.2 (0.5) vs. 2.7 (0.6), P = 0.001]. The 6-hour
difference was smaller [3.2 (0.6) vs. 3.4 (0.7), P = 0.028], and no significant difference was observed at 24
hours [1.5 (0.3) vs. 1.7 (0.4), P = 0.063]. The main effect of anesthetic type was not significant (F[1, 57] =
2.21, P =0.143).

Conclusion: Propofol-based TIVA was associated with modestly lower early postoperative pain scores after
LC compared with isoflurane-based IA, but this benefit was not sustained at 24 hours. Selection of anesthetic
technique should consider whether early POP control is a clinical priority within the broader multimodal
analgesia strategy.
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Introduction

Postoperative pain (POP) is a key determinant of patient
satisfaction, quality of recovery, and healthcare utilization after
surgery. Although laparoscopic cholecystectomy (LC) is
considered minimally invasive, it is frequently associated with
moderate to severe acute pain, particularly during the first 24
postoperative hours [1, 2]. In Libya, where healthcare resources
have been constrained by ongoing instability, POP management
remains suboptimal, and approximately 55% of patients
experience significant pain on the first postoperative day [3].

Effective POP control requires multimodal strategies and
may also be influenced by the choice of anesthetic maintenance
technique. The two main approaches for maintaining general
anesthesia are total intravenous anesthesia (TI1VVA) with propofol
and inhalation anesthesia (IA) with volatile agents such as
isoflurane [4]. Recent evidence suggests that these approaches
may have different effects on postoperative nociception and
inflammatory responses [5].

Beyond its hypnotic effects, propofol has anti-
inflammatory and potential analgesic-sparing properties that may
modulate early POP [6]. In contrast, volatile anesthetics may
contribute to nociceptive sensitization through receptor-mediated
pathways [7]. Clinical studies comparing these techniques have
produced conflicting results. Some studies have reported lower
early pain scores and reduced opioid consumption with propofol-
based TIVA [8, 9], whereas others have found no significant
differences in overall pain outcomes [10, 11]. These discrepancies
may reflect differences in surgical procedures, analgesic
protocols, and timing of pain assessment.

The analgesic efficacy of propofol-based TIVA may
depend on several factors, including surgical technique and
perioperative analgesic management [12]. Although the
comparative effects of TIVA and IA on POP have been studied
[13, 14], findings regarding the temporal pattern of analgesia
remain inconsistent. Moreover, no study has evaluated this
question in the Libyan healthcare context or in similar resource-
constrained settings, where postoperative care pathways may
differ. This randomized controlled trial (RCT) aimed to compare
the trajectory of acute POP during the first 24 hours after LC in
patients receiving either propofol-based TIVA or isoflurane-based
IA in Eastern Libyan hospitals.

Materials and methods

Study design and setting

We conducted a prospective, double-blind, parallel-
group RCT at two public hospitals in Eastern Libya, Derna and
Shahat, between February and May 2025. The study protocol was
approved by the Ethics Committee of the College of Medical
Technology, Derna (CMTD 02-025), and was registered locally
(The Libya Clinical Research Registry, LCRR/2025/02/003270).
Written informed consent was obtained from all participants. The
trial was reported in accordance with the CONSORT guidelines
[15]. All study procedures complied with the Declaration of
Helsinki.

Participants

Eligible participants were adults aged 18 years or older
who were scheduled for elective LC and had an American Society
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of Anesthesiologists (ASA) physical status of | or Il. Exclusion
criteria were psychiatric disorders, known drug allergies, planned
discharge within 24 hours, chronic pain conditions requiring
regular analgesics, anticipated intensive care unit (ICU)
admission, concomitant surgical procedures, pregnancy, and
inability to provide informed consent. The primary outcome was
the between-group difference in NRS pain score trajectories
during the first 24 postoperative hours. A key secondary outcome
was the 24-hour pain score. Rescue analgesic timing, 24-hour
tramadol consumption, and postoperative nausea and vomiting
(PONV) were also recorded.

Randomization and blinding

Eligible participants were randomly assigned in a 1:1
ratio using computer-generated block randomization with a block
size of four. Sealed, opaque envelopes prepared by an independent
statistician were opened immediately before induction by an
anesthetist who was not involved in postoperative assessment.
Participants, postoperative outcome assessors, and data analysts
were blinded to group allocation.

Anesthesia protocol

All patients received intravenous atropine 0.5 mg and
midazolam 0.03 mg/kg as premedication ten minutes before
induction.  Anesthesia was induced with fentanyl 1.5
micrograms/kg, propofol 1.5 mg/kg, and rocuronium 0.5 mg/kg,
followed by tracheal intubation and orogastric tube insertion.

The intervention group received propofol-based
intravenous anaesthesia maintained with a continuous propofol
infusion (6 mg/kg/hour) together with a gas mixture of 50%
oxygen and 50% nitrous oxide. No volatile anaesthetic agent was
administered. The IA group received 1.2% isoflurane with the
same gas mixture. Anesthetic depth was adjusted to maintain
hemodynamic stability. All port sites were infiltrated with 0.25%
bupivacaine before incision. Dexamethasone 8 mg intravenously
was administered for PONV prophylaxis. Neuromuscular
blockade was reversed with neostigmine 2.5 mg and atropine 0.5
mg, and patients were extubated after adequate recovery.

Postoperative analgesia

The standardized postoperative analgesic regimen
consisted of intravenous paracetamol 1 g every 6 hours and
ketorolac 30 mg every 8 hours for 24 hours. Rescue analgesia with
intravenous tramadol 50 mg was available on patient request or
when the NRS score was 4 or higher. Total rescue analgesic
consumption was recorded.

Sample size calculation

Based on data from Wong et al. [9], detecting a mean
difference of 1.0 point on the NRS with an SD of 1.5, 80% power,
and an alpha level of 0.05 required 36 patients per group. After
allowing for a 15% attrition rate, the target recruitment was 80
patients, with 40 participants per group.

Statistical analysis

Data were analyzed using SPSS version 26. Normality
was assessed with the Shapiro-Wilk test. Descriptive statistics are
presented as mean (SD) or frequency (n). The primary analysis
used repeated-measures analysis of variance to examine the
interaction between anesthetic type and time on postoperative pain
scores. When appropriate, Greenhouse-Geisser-corrected degrees
of freedom were reported. Post hoc comparisons were performed
using independent-samples t tests with Bonferroni correction. A
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Figure 1. CONSORT flow diagram for the study
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two-tailed P-value less than 0.05 was considered statistically
significant, except where a Bonferroni-adjusted threshold was
specified.

The primary analysis was conducted on a per-protocol
basis, including participants who completed surgery and all
scheduled postoperative pain assessments. Participants who were
randomized but did not undergo surgery, required postoperative
ICU admission, or withdrew before completion of follow-up were
excluded from the final analysis.

Results

Participant flow and baseline characteristics

Of the 100 patients assessed for eligibility, 80 were
randomized and 59 completed the study and were included in the
final analysis (Figure 1). The main reasons for non-inclusion or
postrandomization non-completion were failure to meet inclusion
criteria (n = 17), declining participation (n = 3), surgery not
performed after allocation (n = 6), postoperative ICU admission
(n = 6), and withdrawal after surgery (n =9).

Baseline demographic and clinical characteristics were
comparable between the groups (Table 1). The mean age was 32.1
(11.5) years in the TIVA group and 29.9 (10.8) years in the 1A
group (P = 0.450). Overall, females comprised 57.6% of the
sample and males comprised 42.4%. The distribution of anesthetic
allocation was similar between groups, with 29 patients in the
TIVA group and 30 patients in the | A group.

Allocated to 1A (n = 40)
Received intervention (n = 38)
Surgery not performed (n = 2)

Lost to follow-up: ICU admission (n = 5)
Withdrew after surgery (n = 3)

Analyzed (n = 30)
Excluded from analysis (n = 0)

Table 1. Baseline characteristics of study participants

Characteristic TIVA group 1A group P-
(n=29) (n=30) value
Female sex, n (%) 16 (55.2) 18 (60.0) 0.710
Age (years), mean (SD) 32.1(11.5) 29.9 (10.8) 0.450
ASA score /11, n (%) 20 (69.0/9 22 (73.0)/8 = 0.790
(31.0) (27.0)
Chronic pain history, n (%) 13 (44.8) 12 (40.0) 0.710
BMI (kg/m2), mean (SD) 26.8 (4.2) 27.1(3.9) 0.770
Surgery duration (min), mean @ 68.5(18.2) 71.3 (16.7) 0.530

(SD)

ASA: American Society of Anesthesiologists, BMI: body mass index, IA: inhalation anesthesia, n: number,
SD: standard deviation, TIVA: total intravenous anesthesia. P < 0.05 was considered statistically significant.

Primary repeated-measures analysis

There was no statistically significant main effect of
anesthetic type on mean pain scores across the 24-hour assessment
period. Mean pain scores across all time points were 5.2 (1.5) for
TIVA and 5.5 (0.96) for IA (F[1, 57] = 2.21, P = 0.143, partial eta
squared = 0.037), indicating a small effect size. However, the main
effect of time and the time-by-anesthetic type interaction were
statistically significant, indicating that pain scores changed over
time and that the pattern of change differed between groups (Table

2).
Table 2. Repeated-measures analysis of pain scores by anesthetic group and time
Effect df F P-value | Partial eta squared
Main effect of group 1,57 221 0.143 0.037
Main effect of time 2.92,166.63 3252 & <0.001 0.363
Time x group interaction = 2.92, 166.63 = 11.67 & <0.001 0.170

df: degrees of freedom. Greenhouse-Geisser-corrected degrees of freedom are shown for time and interaction
effects. P < 0.05 was considered statistically significant.

Between-group comparisons by time point

Repeated-measures analysis of variance showed a
significant interaction between anesthetic type and time (F[2.92,
66.63] = 11.67, P < 0.001, partial eta squared = 0.170). The main
effect of time was also significant (F[2.92, 166.63] = 32.52, P <
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0.001, partial eta squared = 0.363), whereas the main effect of
group was not significant (F[1, 57] = 2.21, P = 0.143, partial eta
squared = 0.037).

Mean pain scores were lower in the TIVA group at 2
hours [4.3 (0.8) vs. 4.8 (0.8), P = 0.010], 6 hours [3.2 (0.6) vs. 3.4
(0.7), P =0.028], and 12 hours [2.2 (0.5) vs. 2.7 (0.6), P = 0.001].
At 24 hours, the difference between TIVA and IA was not
statistically significant [1.5 (0.3) vs. 1.7 (0.4), P = 0.063]. With a
Bonferroni-adjusted threshold of P < 0.0125 for four time-point
comparisons, the 2-hour and 12-hour differences remained
statistically significant, whereas the 6-hour and 24-hour
differences did not (Table 3, Figure 2).

Table 3. Postoperative pain scores (NRS 0-10) by time point

Time point  TIVA group |Agroup  Total Mean difference P-value
(n=29) (n=30) (n=59) (95% CI)
mean (SD)  mean (SD) mean (SD)
2 hours 4.3(0.8) 4.8(0.8) 4.6 (0.8) -0.50 (-0.92 to -0.08) 0.010
6 hours 3.2(0.6) 3.4(0.7) 3.3(0.7) -0.20 (-0.54 t0 0.14) | 0.023
12 hours  2.2(0.5) 2.7(0.6) 2.5(0.6) -0.50 (-0.79 to -0.21) 0.001
24 hours  1.5(0.3) 1.7 (0.4) 1.6 (0.4) -0.20 (-0.38 to -0.02) ' 0.063

Cl: confidence interval, IA: inhalation anesthesia, NRS: Numerical Rating Scale, SD: standard deviation,
TIVA: total intravenous anesthesia. A Bonferroni-adjusted threshold of P < 0.0125 applies to the four time-
point comparisons; unadjusted P-values are shown as reported.

Figure 2. Mean pain scores by anesthetic group over time
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Rescue analgesia and postoperative nausea and
vomiting

Secondary postoperative outcomes are summarized in
Table 4. Patients in the TIVA group requested rescue analgesia
significantly later than those in the 1A group, with a mean
difference of 1.3 hours (95% CI: 0.45 to 2.15; P = 0.004). Total
tramadol consumption during the first 24 postoperative hours was
significantly lower in the TIVA group, with a mean difference of
-16.7 mg (95% CI: -29.9 to -3.5; P = 0.016). The incidence of
postoperative nausea and vomiting was numerically lower in the
TIVA group (17.2% vs. 23.3%), although the difference was not
statistically significant (risk difference: -6.1%, 95% CI: -26.6% to
14.4%; P = 0.560).

Table 4. Secondary postoperative outcomes

Outcome TIVA 1A Mean Difference  P-
(n=29) (n=30) (95% Cl) value

Time to first rescue analgesia (hours), 4.2(1.8) 2.9 (1.5) +1.3hours (0.45to 0.004

mean (SD) 2.15)

Total tramadol consumption in 24 48.3 65.0 -16.7 mg (-29.9 to  0.016

hours (mg), mean (SD) (22.5) (28.1) -3.5)

PONV, n (%) 5(17.2) | 7(23.3) -6.1% (-26.6% to 0.560

14.4%)

IA: inhalation anaesthesia, PONV: postoperative nausea and vomiting, SD: standard deviation; TIVA: total
intravenous anaesthesia, Cl: confidence interval

Discussion

This RCT evaluated the effect of propofol-based TIVA
on early POP among Libyan patients undergoing LC. The findings
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suggest that TIVVA was associated with lower early pain scores and
reduced rescue opioid consumption compared with isoflurane-
based IA; however, the between-group difference was not
sustained at 24 hours.

Previous studies have reported inconsistent findings
regarding differences in postoperative pain between TIVA and IA
[9, 12]. In the present study, propofol-based TIVA was associated
with modestly lower pain scores during the early postoperative
period. The absence of a significant difference at 24 hours
suggests that any analgesic benefit of propofol-based TIVA may
be time-limited and most relevant during the immediate recovery
phase.

Pain scores decreased over time in both groups, which is
consistent with the expected postoperative recovery trajectory
after LC under standardized multimodal analgesia. Adequate early
POP control remains clinically important because poorly
controlled pain can impair mobilization, reduce patient
satisfaction, and delay recovery [16].

A relatively small proportion of patients in this Libyan
cohort used opioid rescue analgesia, which is consistent with
previous Libyan reports [3, 17]. The present findings are also
broadly consistent with studies by Ortiz et al. [10] and Wong et al.
[9], which did not demonstrate a sustained overall pain advantage
for propofol-based anesthesia. Conversely, the early reduction in
pain scores observed here aligns with reports suggesting an early
analgesic benefit of propofol-based TIVA [12, 18].

Compared with an Iranian RCT [19] and an Indian
observational study [20], patients in the present cohort appeared
to report relatively higher postoperative pain levels. These
differences may reflect variation in analgesic protocols, healthcare
system resources, pain assessment practices, and cultural factors
influencing pain reporting. Previous studies have reported broad
ranges of acute POP prevalence across settings [21, 22],
underscoring the importance of context-specific pain management
research.

Limitations

Several limitations should be acknowledged. First, the
final sample size of 59 patients was below the planned target,
which may have limited the statistical power to detect smaller or
sustained between-group differences. Second, recruitment from
two centers in Eastern Libya may limit the generalizability of the
findings to other regions and healthcare systems. Third, although
the postoperative analgesic regimen was standardized, individual
variation in pain perception and use of non-pharmacological pain-
relief measures could not be fully controlled. Fourth, the study did
not evaluate longer-term outcomes, such as chronic postsurgical
pain, which may also be influenced by anesthetic technique.

Conclusion

Propofol-based TIVA was associated with lower early
postoperative pain scores, delayed rescue analgesic request, and
reduced 24-hour tramadol consumption after LC compared with
isoflurane-based IA. However, the analgesic advantage was not
sustained at 24 hours. These findings support selective use of
propofol-based TIVA when early POP control is a priority,
particularly within enhanced recovery or early-discharge
pathways.
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