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ABSTRACT

Background: Cytoreductive surgery (CRS) with hyperthermic intraperitoneal chemotherapy (HIPEC) causes
severe postoperative pain; thoracic epidural analgesia is recommended, but the optimal epidural bupivacaine
concentration has not been studied in this setting. We compared 0.25% and 0.125% epidural bupivacaine
after CRS + HIPEC.

Methodology: This retrospective cohort study included 77 adults who underwent CRS + HIPEC at a tertiary
care center between January 2017 and December 2021. All received epidural fentanyl 2 mcg/ml with 0.125%
(n =59) or 0.25% (n = 18) bupivacaine (non-randomized). Pain severity was categorized from visual analog
scale assessments. Secondary outcomes were sensory block level, supplementary intravenous (1V) analgesia,
patient-controlled analgesia (PCA), and adverse effects. Groups were compared using Fisher’s exact or Fisher—
Freeman—Halton exact tests.

Results: Mild pain occurred in 11/18 patients (61.1%) receiving 0.25% and 19/59 (32.2%) receiving 0.125%
bupivacaine (exploratory risk difference 28.9 percentage points; 95% confidence interval 3.1-50.3), moderate
pain in 7 (38.9%) and 38 (64.4%), and severe pain in 0 and 2 (3.4%), respectively. The overall pain-severity
distribution did not differ significantly (p = 0.101), nor did sensory block level (p = 0.284), supplementary IV
analgesia (p = 0.272), PCA use (p = 1.000), or nausea and vomiting (p = 0.556). No patient had pruritus or
motor complications.

Conclusion: No statistically significant differences in pain outcomes or adverse effects were detected between
the two concentrations. The small, unequal, and non-randomized groups preclude conclusions about equiva-
lence or superiority; adequately powered prospective studies are needed.

Keywords: Cytoreductive surgery, hyperthermic intraperitoneal chemotherapy, epidural analgesia, bupiv-
acaine, postoperative pain.
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Introduction multivisceral resection, major fluid shifts, and a period of 44

Peritoneal surface malignancies are routinely treated
with cytoreductive surgery (CRS) and hyperthermic
intraperitoneal chemotherapy (HIPEC) [1]. After

pain and substantial morbidity [3,4].

complete macroscopic disease has been surgically Correspondence to: Rasheed Alhabib
resected, chemotherapy heated to 42°C is perfused *Medical Intern, College of Medicine, King Saud
into the abdominal cavity, where hyperthermia and the University, Riyadh, Saudi Arabia.
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Full list of author information is available at the end of
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pharmacokinetic benefit of the intraperitoneal route
synergize to improve penetration into microscopic disease

while minimizing systemic toxicity [1,2]. The operation Received: 15 September 2026 |Accepted: 11 October 2026

is long and physiologically demanding. It involves a
xiphoid-to-pubis laparotomy, extensive peritonectomy,
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Pain after CRS + HIPEC is more intense and more
prolonged than after comparable open abdominal
surgery. This reflects the length of the incision, the extent
of peritoneal stripping and visceral handling, and the
chemical peritonitis generated by the heated perfusate;
analgesic requirements frequently extend well beyond
the conventional 48-72 hours [3,4]. The Enhanced
Recovery After Surgery (ERAS) Society guidelines for
CRS =+ HIPEC recommend thoracic epidural analgesia
(TEA) as the standard technique in the absence of
contraindications [4-7]. TEA provides superior dynamic
pain control and lowers systemic opioid requirements,
and it is the main technique for postoperative analgesia
after CRS + HIPEC [4,6,7].

Bupivacaine is one of the most commonly used local
anesthetics administered via the epidural route [8,9].
In clinical practice, the sensory—motor profile of
an epidural infusion is influenced by both the local
anesthetic concentration and the total dose delivered.
Lower concentrations produce sensory blockade with
relative motor sparing, whereas higher concentrations
progressively recruit motor fibers and deepen sympathetic
blockade [10,11]. This concentration-dependent effect is
the pharmacological basis for combining a dilute local
anesthetic with a lipophilic opioid to provide segmental
analgesia [7,11]. Nausea, vomiting, and pruritus are
known side effects of epidural analgesia in this population
and, together with motor blockade, are the adverse effects
most likely to outweigh any analgesic gain from a higher
concentration [11].

Two features of CRS + HIPEC make the choice of
epidural concentration less straightforward than in routine
abdominal surgery. First, thoracic epidural sympathetic
blockade can exacerbate, and clinically mimic, the
hemodynamic effects of HIPEC: hyperthermic perfusion
markedly reduces systemic vascular resistance and
causes a hyperdynamic circulation, which compounds
the hypovolemia and capillary leak caused by extensive
peritonectomy. This concern has been raised repeatedly
since the technique was introduced [12—14]. In a large
cohort, however, most epidural-associated postoperative
hypotensive episodes responded to fluid boluses, and no
epidural hematomas were reported [15]. Second, CRS +
HIPEC can disturb coagulation, which directly affects the
timing of catheter insertion and removal. Intraoperative
coagulopathy appears limited [16], but postoperative
thrombocytopenia has been reported around the third
postoperative day [17] and may delay catheter removal
[15], so the margin of safety is narrow. The choice of
epidural bupivacaine concentration may matter clinically
in these patients.

Despite this, the concentration of bupivacaine used
for epidural infusion after CRS + HIPEC has not been
examined directly. The ERAS recommendation of a low
concentration of local anesthetic combined with a short-
acting opioid rests on expert consensus and extrapolation
from major abdominal surgery rather than on data from this
population [6,7]. In non-HIPEC abdominal and thoracic
surgery, the most directly relevant comparison remains a
randomized double-blind trial in which 0.125% or 0.25%
bupivacaine was added to an epidural fentanyl infusion:

the higher concentration conferred no additional analgesia
but produced significantly more sensory loss and a denser
motor block, with some patients reaching Bromage grade
2-3 [10]. Obstetric studies reported similar analgesia
[18,19]; the cesarean cohort reported more hypotension
with 0.25% bupivacaine, but its groups also received
different lidocaine concentrations, so this difference cannot
be attributed to bupivacaine alone [19]. Their applicability
to prolonged TEA after CRS + HIPEC is limited.

Practice consequently varies widely between institutions
[20,21]. A higher concentration might provide a denser
sensory block to counter the substantial inflammatory
and nociceptive load of the heated perfusate. Conversely,
higher concentrations of bupivacaine may cause more
motor blockade and hypotension in patients already at
risk of vasoplegia, prolonged immobilization, and venous
thromboembolism, which could delay mobilization and
recovery [22,23].

This study therefore aimed to compare postoperative
analgesia and adverse effects between 0.25% and
0.125% epidural bupivacaine, each combined with
fentanyl, in patients undergoing CRS + HIPEC at a
single tertiary center in Saudi Arabia. Specifically, we
compared pain severity derived from visual analog
scale (VAS) assessments, sensory block level, the use of
supplementary intravenous (IV) analgesia and patient-
controlled analgesia (PCA), and the incidence of nausea
and vomiting, pruritus and motor complications between
the two concentrations.

Subjects and Methods

Study design and setting

This retrospective cohort study reviewed the electronic
medical records (EMRSs) of all consecutive adult patients
who underwent CRS + HIPEC at a single tertiary care
center in Saudi Arabia between January 2017 and
December 2021. CRS + HIPEC is routinely performed
at this center.

Participants

Patients were eligible if they were aged 18 years or
older, underwent CRS + HIPEC during the study
period, received epidural analgesia with either 0.25%
or 0.125% bupivacaine during the perioperative period,
and had medical records documenting postoperative
analgesia and pain assessment. Patients were excluded
if the bupivacaine concentration or postoperative pain
assessments were not documented, if they received
additional or alternative local anesthetics during the
perioperative period, or if they had conditions likely to
influence pain outcomes, such as chronic pain syndromes
or opioid dependence. Eligible patients were grouped
according to the epidural bupivacaine concentration they
received (0.25% or 0.125%).

Epidural analgesia regimen and treatment
allocation

All patients received an epidural infusion of bupivacaine
(0.25% or 0.125%) combined with fentanyl 2 mcg/ml.
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Bupivacaine concentration was not randomly assigned;
both 0.25% and 0.125% were in use throughout the study
period, and the choice was made according to the practice
preference of the attending anesthesiologist.

Data collection and outcome definitions

Data were extracted from the EMRs using a standardized
data collection form and entered into a secure database.
Recorded variables included postoperative VAS pain
assessments, duration of epidural infusion, infusion
rate, use of supplementary IV analgesics and PCA, the
sensory level of the epidural block (range T4-T10), and
adverse effects, namely nausea and vomiting, pruritus,
and motor complications. Pain severity was categorized
from each patient’s recorded postoperative VAS score
(0-10 scale) using standard clinical VAS cut-offs: mild
(1-3), moderate (4—6), and severe (7-10). No patient had
a recorded VAS score of 0 (no pain), so every patient
was assigned to one of these three categories. The overall
mean VAS was calculated from these patient-level scores.

Statistical analysis

Continuous variables are presented as mean + standard
deviation (SD) and categorical variables as frequencies and
percentages; in between-group comparisons, percentages
were calculated within each bupivacaine group. 95%
confidence intervals (CIs) for individual proportions were
calculated using the Wilson score method.

Categorical variables were compared between the 0.25%
and 0.125% groups using Fisher’s exact test for 2 x 2
tables and the Fisher—Freeman—Halton exact test for larger
contingency tables (pain severity, three categories; sensory
block level, seven categories), with p values estimated
by Monte Carlo simulation based on 200,000 resamples.
Pain was compared between groups using the VAS-
derived severity categories, and the overall mean VAS is
reported descriptively for the cohort. The between-group
difference in the proportion of patients with mild pain was
summarized as an exploratory risk difference with a 95%
CI calculated using the Newcombe method; this contrast
was not treated as a confirmatory outcome. A two-sided p
value < 0.05 was considered statistically significant. All
statistical analyses were conducted using SPSS software
(version 26.0; IBM Corp., Armonk, NY, USA).

Ethical approval

The study was approved by the institutional review board
of the study center (approval details are provided on the
title page), which waived the requirement for informed
consent because of the retrospective design. Patient data
were stored in an encrypted database accessible only to
authorized study personnel, and findings are reported in
aggregate without personally identifiable information.

Results

Of 93 patients initially identified as having undergone
CRS + HIPEC during the study period, 16 were
excluded because of incomplete medical records: the
bupivacaine concentration was not documented in
3 patients, postoperative pain assessments were not

documented in 5, and both were missing in 8, leaving
77 patients for analysis. Of these, 18 (23.4%) received
0.25% bupivacaine and 59 (76.6%) received 0.125%
bupivacaine.

Table 1 summarizes the characteristics of the 77 included
patients. All patients received epidural analgesia with
bupivacaine combined with fentanyl 2 mcg/ml, at a mean
infusion rate of 7.2 + 2.3 ml/h, and the mean duration
of epidural infusion was 4 + 1.4 days. Supplementary
IV analgesia was given to 66 patients (85.7%), and one
patient (1.3%) received PCA. The cohort mean VAS
score was 4 + 1.2.

Overall, 45 patients (58.4%) had moderate pain, 30
(39.0%) had mild pain and 2 (2.6%) had severe pain. The
most common sensory block levels were T6 (25 patients,
32.5%), T8 (18, 23.4%), and T4 (17, 22.1%).

Nausea and vomiting occurred in three patients (3.9%),
and no patient had pruritus or motor complications.

Table 2 compares outcomes between the 0.25% and
0.125% bupivacaine groups; percentages were calculated
within each group.

Mild pain was recorded in 11 of 18 patients (61.1%)
in the 0.25% group and 19 of 59 (32.2%) in the 0.125%
group, moderate pain in 7 of 18 (38.9%) and 38 of 59
(64.4%), and severe pain in 0 of 18 (0.0%) and 2 of 59
(3.4%), respectively. The overall distribution across the
three pain-severity categories did not differ significantly
between groups (Fisher—Freeman—Halton exact test, p =
0.101). The exploratory risk difference for mild pain was
28.9 percentage points (95% CI 3.1-50.3); although this
interval excludes zero, it concerns a single category of a
three-category outcome whose overall comparison was not
statistically significant, and it was therefore not interpreted
as confirmatory. Supplementary IV analgesia (14 of 18,
77.8% vs. 52 of 59, 88.1%; Fisher’s exact test, p = 0.272)
and PCA use (0 of 18, 0.0% vs. 1 of 59, 1.7%; Fisher’s exact
test, p = 1.000) did not differ significantly between groups.

The distribution of sensory block levels did not differ
significantly between groups (Fisher—Freeman—Halton
exact test, p = 0.284). The most common level was T8 in
the 0.25% group (7 of 18, 38.9%) and T6 in the 0.125%
group (20 of 59, 33.9%). Nausea and vomiting occurred
in 1 of 18 patients (5.6%) in the 0.25% group and 2 of 59
(3.4%) in the 0.125% group (Fisher’s exact test, p = 0.556).

Discussion

In this retrospective cohort of 77 patients who underwent
CRS + HIPEC, epidural analgesia using 0.125% and
0.25% bupivacaine combined with fentanyl showed
no statistically significant differences in the recorded
postoperative pain-severity distribution, sensory block
distribution, postoperative nausea and vomiting,
or supplemental analgesic requirements. No motor
complications were recorded in either group. The 0.25%
group had a higher proportion of patients with mild pain,
but the overall three-category pain-severity comparison
was not statistically significant.

Since both groups received epidural fentanyl, the
opioid component may have contributed substantially
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Table 1. Characteristics of the study cohort (N = 77).

Variable Value

Epidural analgesia, n (%) Yes: 77 (100%)

PCA, n (%) No: 76 (98.7%); Yes: 1 (1.3%)

Supplementary IV analgesia, n (%) No: 11 (14.3%); Yes: 66 (85.7%)

4+14

4+12

Mild: 30 (39.0%); moderate: 45 (58.4%); severe: 2 (2.6%)
0.25%: 18 (23.4%); 0.125%: 59 (76.6%)

2 mcg/ml in all patients (77, 100%)

72+23

T4: 17 (22.1%); T5: 4 (5.2%); T6: 25 (32.5%); T7: 4
(5.2%); T8: 18 (23.4%); T9: 5 (6.5%); T10: 4 (5.2%)

No: 74 (96.1%); Yes: 3 (3.9%)
No: 77 (100%)
No: 77 (100%)

Duration of epidural infusion (days), mean + SD

VAS pain score, mean + SD

Pain severitya, n (%)

Bupivacaine concentration, n (%)

Epidural fentanyl concentration

Epidural infusion rate (ml/h), mean + SD

Sensory block level, n (%)

Nausea and vomiting, n (%)

Pruritus, n (%)

Motor complications, n (%)

Data are n (%) or mean + SD. ?Pain severity categories were derived from each patient’s recorded VAS score (0—
10): mild, 1-3; moderate, 4-6; severe, 7-10. Abbreviations: 1V, intravenous; PCA, patient-controlled analgesia;
SD, standard deviation; T, thoracic dermatome level; VAS, visual analog scale.

Table 2. Comparison of outcomes between 0.25% and 0.125% epidural bupivacaine (N = 77).

Variable 0.25% bupivacaine (n = 18)

0.125% bupivacaine (n = 59)

Test; p value

PCA—-No

18 (100.0%, 95% CI 82.4%—-100%)

58 (98.3%, 95% Cl 91.0%—-99.7%)

Fisher’s exact test; p = 1.000

PCA - Yes

0 (0.0%, 95% CI 0%—-17.6%)

1(1.7%, 95% CI 0.3%-9.0%)

Supplementary IV analgesia — No

4 (22.2%, 95% Cl 9.0%-45.2%)

7 (11.9%, 95% Cl 5.9%—22.5%)

Fisher’s exact test; p = 0.272

Supplementary IV analgesia — Yes

14 (77.8%, 95% CI 54.8%—-91.0%)

52 (88.1%, 95% CI 77.5%—94.1%)

Pain severitya — Mildc

11 (61.1%, 95% CI 38.6%—79.7%)

19 (32.2%, 95% CI 21.7%—44.9%)

Fisher—Freeman—Halton exact
testb; p =0.101

Pain severitya — Moderate

7 (38.9%, 95% Cl 20.3%—61.4%)

38 (64.4%, 95% Cl 51.7%—75.4%)

Pain severitya — Severe

0 (0.0%, 95% Cl 0%—17.6%)

2 (3.4%, 95% Cl 0.9%-11.5%)

Sensory block level — T4 2 (11.1%) 15 (25.4%) Fisher—Freeman—Halton exact
testb; p = 0.284

Sensory block level — T5 1(5.6%) 3(5.1%)

Sensory block level — T6 5 (27.8%) 20 (33.9%)

Sensory block level — T7 2 (11.1%) 2 (3.4%)

Sensory block level — T8 7 (38.9%) 11 (18.6%)

Sensory block level — T9 0 (0.0%) 5 (8.5%)

Sensory block level — T10 1(5.6%) 3 (5.1%)

Nausea and vomiting — No

17 (94.4%, 95% CI 74.2%-99.0%)

57 (96.6%, 95% CI 88.5%-99.1%)

Fisher’s exact test; p = 0.556

Nausea and vomiting — Yes

1(5.6%, 95% CI 1.0%—25.8%)

2 (3.4%, 95% Cl 0.9%—-11.5%)

Data are n (%; 95% Cl) or n (%). Percentages are calculated within each group; 95% Cls for proportions were calculated using the Wilson score
method. ®Pain severity categories were derived from VAS assessments as defined in the Table 1 footnote.

P value for the overall comparison across all categories of the variable; Fisher—Freeman—Halton p values are Monte Carlo estimates based on
200,000 resamples.

Exploratory risk difference for mild pain (0.25% minus 0.125%): 28.9 percentage points (95% Cl 3.1-50.3; Newcombe method). This single-category
contrast was not treated as a confirmatory comparison.

Abbreviations: Cl, confidence interval; IV, intravenous; PCA, patient-controlled analgesia; T, thoracic dermatome level; VAS, visual analog scale.

282 to analgesia in both groups and may have reduced rather than continuous scores, these results should not 288
283 differences attributable to bupivacaine concentration be interpreted as evidence for or against a difference in 289
284 alone. The overall mean VAS score of approximately mean VAS scores. 290
285 4 also indicates that pain was generally controlled at a The mild-pain finding requires cautious interpretation. 291
286 moderate level across the cohort. Because between-group The exploratory risk difference of 28.9 percentage points 292
287 comparisons were based on VAS-derived categories was imprecise (95% CI 3.1-50.3), as the 0.25% group 293
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was small, and the overall comparison across the three
pain-severity categories was not statistically significant
(p = 0.101). Because bupivacaine concentration was not
randomly assigned, this difference may reflect differences
in patient or clinical characteristics between the groups
rather than an effect of concentration. It should therefore
be regarded as hypothesis-generating.

These results are consistent with the closest non-HIPEC
trial identified, in which 0.25% bupivacaine combined
with epidural fentanyl did not provide a pain-relief
advantage over 0.125% but led to more sensory loss and a
denser motor block [10]. Obstetric evidence is limited: a
labor trial found no significant difference in pain scores or
motor block [18], while a cesarean cohort reported more
hypotension with the higher bupivacaine concentration
but also used different lidocaine concentrations [19].
These studies do not establish a preferred concentration
after CRS + HIPEC.

Most of the existing CRS + HIPEC literature has
compared different analgesic techniques, such as TEA
versus transversus abdominis plane block [21] or IV
lidocaine infusion [22,23]. There is little direct evidence
on the optimal concentration of epidural bupivacaine
for this patient group. The present study addresses this
specific, clinically adjustable question while keeping the
analgesic technique consistent.

This question is relevant because TEA in CRS + HIPEC
has been linked to sympathetic blockade, hypotension
and coagulation-related concerns [12—15,17], and higher
bupivacaine concentrations produce denser motor
block [10]. Higher concentrations may also increase
sympathetic blockade, although direct evidence is
limited; in a randomized trial comparing low- and high-
concentration epidural levobupivacaine after lower
abdominal surgery, analgesia was similar with both
concentrations, total dose rather than concentration
appeared to determine analgesic quality, and motor block
was more frequent with continuous infusion than with
patient-controlled boluses [24]. No motor complications
were recorded in either group in our cohort; however,
given the small sample, the low event rates and the
absence of systematically recorded hemodynamic data,
this observation does not permit conclusions about the
comparative safety of the two concentrations.

Our findings do not provide grounds for changing current
recommendations. The ERAS Society guidance favors a
dilute local anesthetic combined with a lipophilic opioid,
which may reduce motor and sympathetic blockade
[4,6,7]; the present data neither confirm nor refute this
recommendation. The absence of statistically significant
between-group differences in this small retrospective
cohort does not establish that 0.125% and 0.25%
bupivacaine are equally effective or equally safe, or that
either concentration is preferable.

Larger prospective studies are needed to determine
whether the higher proportion of mild pain in the 0.25%
group is reproducible and to define the optimal epidural
bupivacaine concentration for CRS + HIPEC.

Our study has several strengths. To our knowledge,
few studies have directly compared 0.125% with

0.25% epidural bupivacaine in CRS + HIPEC, where
concentration recommendations rest on consensus and
extrapolation from other populations [6]. It reflects
routine practice in a tertiary center at a time when
analgesic practice varies widely between institutions
[20,21]. The cohort is procedurally homogeneous, as all
patients underwent CRS + HIPEC, unlike earlier trials in
other surgical populations [10,24].

This study has several limitations. First, its retrospective
single-center design increases the potential for selection
bias and unmeasured confounding. In particular, patients
were not randomized to bupivacaine concentration.
Although the concentration was chosen according to the
practice preference of the attending anesthesiologist rather
than a protocol based on patient characteristics, clinicians
may still have considered individual patient factors,
so confounding by indication and other unmeasured
confounding cannot be excluded, and the sample was too
small for multivariable adjustment. Baseline demographic
and clinical characteristics were not captured in the
study dataset, so the comparability of the groups could
not be assessed. Second, the small and unequal group
sizes (18 vs. 59 patients) reduced statistical power, and
the absence of statistically significant differences should
not be interpreted as evidence of equivalence. Third,
postoperative outcomes were limited to routinely recorded
clinical data. Serial pain ratings, total opioid consumption,
hemodynamic variables, and functional recovery markers
were not consistently available; pain was analyzed from
a single recorded VAS score per patient and compared
between groups only as severity categories, not as mean
scores, so a comprehensive assessment of analgesic
efficacy and safety was not possible. Fourth, adverse
events were infrequent, which precludes meaningful
conclusions about comparative safety. Future adequately
powered multicenter randomized trials should predefine
hemodynamic endpoints, such as the incidence and
duration of hypotension and vasopressor requirements
during the hyperthermic phase [ 12—14], quantify analgesia
using patient-level dynamic pain scores and opioid
consumption, and include functional and patient-reported
recovery outcomes relevant to ERAS pathways [6,21].

Conclusion

In this retrospective cohort of patients who underwent
CRS + HIPEC at a single center, epidural infusions
of 0.25% and 0.125% bupivacaine combined with
fentanyl were not associated with statistically significant
differences in the recorded postoperative pain-severity
distribution or adverse effects. Although a higher
proportion of patients receiving 0.25% bupivacaine had
mild pain, the overall pain-severity comparison was not
statistically significant. Given the small, unequal and
non-randomized groups, these findings do not establish
the equivalence or superiority of either concentration.
Larger prospective randomized studies are needed to
determine the optimal epidural bupivacaine concentration
for patients undergoing CRS + HIPEC.
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EMR Electronic medical record;

ERAS Enhanced Recovery After Surgery;

HIPEC  Hyperthermic intraperitoneal chemotherapy;
\Y] Intravenous;

PCA Patient-controlled analgesia;

TEA Thoracic epidural analgesia;

VAS Visual analog scale.
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