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Purpose: This retrospective study evaluated the efficacy, opioid consumption, and safety profile of two patient-controlled intravenous 
analgesia (PCIA) regimens (sufentanil combined with nalbuphine vs sufentanil alone) after cesarean section (CS).
Patients and Methods: Parturients (n = 1808) received sufentanil combined with nalbuphine (SN group) or sufentanil alone (S 
group) as PCIA after CS. The primary outcome was the numeric rating scale (NRS) pain score with movement (NRS-M) at 24 h after 
CS. Secondary outcomes were NRS scores at rest (NRS-R) at 24 and 48 h after CS, NRS-M at 48 h after CS, cumulative PCIA bolus 
times, and opioid consumption during the first 24 and 48 h postoperatively, which was measured in morphine-equivalent doses.
Results: The population comprised 993 and 815 subjects in the SN and S groups, respectively. At 24 and 48 h after CS, the respective 
NRS-M scores of the SN group (4.62, 3.37) were each significantly lower than those of the S group (5.18, 4.01; P < 0.01 for both). The 
corresponding NRS-S scores were similarly lower in the SN group (0.96, 0.19) than in the S group (2.05, 0.92; P < 0.01 for both). 
After adjusting for covariates, the SN group still had lower NRS-M than the S group at 24 h after CS (estimate adjusted = 0.565, P < 
0.001). The PCIA bolus times were significantly lower in the SN group than in the S group. The rates of bradycardia and respiratory 
depression were lower in the SN group than in the S group. However, the rates of dizziness and postoperative hypotension were 
slightly higher in the SN group, and those of nausea/vomiting were comparable.
Conclusion: Compared with sufentanil alone, sufentanil combined with nalbuphine for PCIA provided superior analgesia in 
parturient women after CS.
Keywords: nalbuphine, sufentanil, patient-controlled intravenous analgesia, cesarean section

Introduction
Rates of cesarean section (CS) have increased globally in the last three decades. China has the highest rate of CS in Asia, 
rising from 28.8% in 2008 to 34.9% in 2014 and 36.7% in 2018.1 Postpartum pain is a major concern for women 
undergoing CS as it directly affects their functional recovery, physical and mental health, maternal–neonatal bonding, and 
breastfeeding.2 Due to inadequate pain control, at least 5.9% of patients undergoing CS reportedly experience chronic 
pain.3 Severe post-CS pain is also associated with several complications, such as venous thromboembolism, hyperalgesia, 
immune system disorder, overdose or addiction to analgesics, and postpartum depression.4 Therefore, adequate control of 
postpartum pain in women after CS is necessary and beneficial to both the mother and infant. However, the trauma 
caused by CS and the uterotonic drugs administered thereafter are obstacles to achieving adequate postoperative 
analgesia. There are no clear guidelines for the management of pain after CS,2 and multimodal analgesia is always 
recommended. Patient-controlled intravenous analgesia (PCIA) is widely used for postoperative analgesia after CS,5 also 
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an important section of multimodal analgesia. It could provide better pain control with lower drug consumption and has a 
higher level of patient satisfaction, shorter hospital stay, and fewer adverse effects on pulmonary function.6

Sufentanil is widely used in PCIA as it has a rapid peak and a short half-life.7 Sufentanil offers lesser respiratory 
depression and better analgesic effect than fentanyl.8 However, like other opioids, sufentanil may have dose-dependent 
adverse effects, such as respiratory depression, nausea, vomiting, bradycardia, dizziness, and hypotension, which hamper 
postpartum recovery. Moreover, sufentanil alone cannot exert a satisfactory analgesic effect in parturient women because 
the pure µ-opiated receptor agonist cannot alleviate the visceral pain arising from the uterus. Nalbuphine is a mu (μ)- 
opioid receptor antagonist and kappa (κ)-opioid receptor agonist.9 Experiments and clinical trials on specific κ-opioid 
receptor agonists have reported that they can effectively block chemical stimulation-induced visceral pain better than 
pure µ-opioid receptor agonists.10 Nalbuphine, administered either via the intravenous or intrathecal route, is well known 
to effectively decrease opioid-induced pruritus and shivering. A combination of mixed agonist–antagonist opioids and μ- 
opioid receptor agonists for PCIA reportedly relieves both visceral and somatic pain effectively while decreasing the 
incidence of several adverse effects (vomiting, nausea, respiratory depression, and pruritus).11–13 Sufentanil combined 
with nalbuphine for PCIA has been used in post-CS pain management since 2017 at our hospital.

Few researches have compared the outcomes of sufentanil combined with nalbuphine and sufentanil alone for PCIA 
after CS. This retrospective study investigated and compared the analgesia efficacy, opioid consumption, and safety 
profile of sufentanil combined with nalbuphine and sufentanil alone for PCIA in a population of 1808 parturient women.

Materials and Methods
Study Cohort
The Medical Ethics Committee of First Affiliated Hospital of Air Force Medical University approved this study protocol 
(No. KY20212111-C-1). Owing to the retrospective design of the study, the need for individual consent was waived. The 
patients’ records and related information were made anonymous before this analysis. Our study complied with the 
Declaration of Helsinki, and this article was drafted in compliance with the Strengthening the Reporting of Observational 
Studies in Epidemiology guidelines.

The medical records were collected of parturient women who underwent CS at Xijing Hospital between 21 September 
2017 and 31 July 2020. Parturient women who underwent CS and received either sufentanil alone or sufentanil combined 
with nalbuphine for PCIA were enrolled. We excluded women who were given general anesthesia, switched to CS during 
labor analgesia, postoperatively transferred to the intensive care unit, or had missing primary outcome data (ie, numeric 
rating scale score with movement [NRS-M] at 24 h after CS).

Treatment Regimen
Our hospital has a standardized protocol for neuraxial anesthesia for CS. Spinal or spinal combined with epidural 
anesthesia is routinely used for patients with no contraindications. An epidural catheter is typically placed if procedures 
are anticipated to take a long time (eg, in cases wherein additional surgery besides CS is performed). Intrathecal opioids 
are not routinely administered in our setting.

PCIA via a patient-controlled analgesia device (AutoMed, Am3300) was started for parturient women as soon as they 
arrived at the ward. Women belonging to the sufentanil group (S group) received 2-µg/mL sufentanil (background 
infusion rate, 1 mL/h; demand dose, 0.5 mL/bolus). Women belonging to the sufentanil plus nalbuphine group (SN) 
received 1-µg/mL sufentanil combined with 0.4-mg/mL nalbuphine (background infusion rate, 2 mL/h; demand dose, 1 
mL/per bolus). The lockout time for both groups’ PCIA was set at 10 min.

The parturient women were followed-up for 48 h postoperatively, and the following parameters were evaluated: vital 
signs (blood pressure, heart rate, respiratory rate), pain score, morphine-equivalent consumption, parameters of PCIA 
(including bolus attempts, bolus actual, volume of accumulation), sedation score (levels of sedation, LOS, 6-point scale: 
0 = alert; 1 = mildly drowsy; 2 = moderately drowsy, easily arousable; 3 = very drowsy, arousable; 4 = difficult to arouse; 
and 5 = unarousable) at 24, and 48 h postoperatively) and adverse effects (eg, pruritus, postoperative nausea and 
vomiting, dizziness, and respiratory depression). During first six hours at ward postoperatively, vital signs of parturient 
were monitored closely with a Mindray monitor. If parturient did not have serious uncomfortable and whose vital signs 
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were normal, the monitor would be removed after six hours postoperatively. At other times during postoperative, vital 
signs were manually observed and recorded by nurse.

Assessments
The primary outcome was the numeric rating scale (NRS) score with movement (NRS-M) at 24 h after CS. The 
secondary outcomes included NRS scores at rest (NRS-R) and at 24 and 48 h after CS, NRS-M at 48 h after CS, and the 
cumulative PCIA bolus times and opioid consumption within 24 and 48 h postoperatively measured in morphine- 
equivalent consumption. Postoperative pain was scored on a scale of 0 to 10 on the NRS, with nil (0) representing no 
pain and 10 representing the worst imaginable pain. Using the already available opioid conversion tables, intravenous 
opioid doses were converted to IV morphine-equivalent consumption. Additional secondary outcomes included post-
operative hospitalization, time to remove the urinary catheter, and PCIA-related adverse effects within 48 h after CS.

Data Collection
The evaluated demographic variables included age, gestational weeks, weight, number of prior cesarean deliveries, and 
comorbidities. Perioperative variables included CS combined with concomitant procedures (eg, myomectomy of the 
uterus or removal of an ovarian tumor or cyst), surgery duration, anesthesia method, blood loss, blood transfusion, and 
intraoperative medication. PCIA-related adverse effects were defined a priori as postoperative respiratory depression 
(respiratory rate < 10 breaths/min or oxygen saturation below 90% without oxygen inspired), dizziness, hypotension 
(systolic blood pressure <90 mmHg), bradycardia (heart rate < 60 beats/min), nausea, vomiting, and pruritus. The time to 
remove the urinary catheter was defined as the time passed since the end of the CS until the removal of the urinary 
catheter. Data were compiled from the medical record system and postoperative analgesic follow-up database.

Statistical Analysis
Both Shapiro–Wilk and Kolmogorov–Smirnov tests were applied for normality tests a priori to the presentation of 
descriptive statistics. Continuous variables with symmetric distribution are shown as the mean (standard deviation); 
conversely, continuous variables with skewed distribution are shown as the median (interquartile range). The categorical 
variables are displayed as frequencies and percentages.

To accommodate skewed distributions, the non-parametric Wilcoxon rank sum test was used to compare crystalline 
liquid volume, blood transfusion, blood loss, and urine output between groups. Between-group comparisons for the 
following parameters were conducted using the chi-squared test: the number of prior cesarean deliveries, comorbidities, 
combined operation, intrathecal morphine administration, colloidal liquid administration, transversus abdominis plane 
(TAP) block, NSAIDs, and other categorical variables. No imputations for missing data were performed as the 
percentage of missing data was less than 5% for all outcomes.

The primary outcome was evaluated with multiple linear regression model. The model was built following the logic 
of univariate analysis, multiple regression (saturated model) and the final optimal regression (via stepwise selection, 
backward regression). The factors identified in the final model were those with P-values <0.2 in the univariate analyses or 
with clinical significance. Multicollinearity was evaluated using the variance inflation factor, wherein independence was 
assumed at variance inflation factor <10. A logistic regression analysis was then conducted to investigate the occurrence 
of inadequate analgesia (NRS score ≥ 4) adjusted for relevant confounders. Comparison of between groups was 
performed using t-test. Effect sizes for outcome variables were described by difference with 95% confidence intervals.

All hypothesis tests were two-sided at a 5% significance level. SPSS software (Version 26.0, SPSS, Chicago, IL, 
USA) was used to perform all statistical analyses.

Results
Demographic and Perioperative Characteristics
Overall, 2014 parturient women who visited our hospital between 21st September 2017 and 31st July 2020 were evaluated 
for eligibility, and 1808 of these women were included in the final analysis (Figure 1). There were 993 and 815 women in 
SN and S groups, respectively.
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The rate of comorbidities was significantly lower in the SN group (54.61%) than in the S group (56.82%, P = 0.004; 
Table 1); conversely, the operative time was significantly longer in the former (P < 0.001). Compared with the S group, 
the rates of NSAID use and TAP were lower in the SN group (P < 0.001, P = 0.001); however, dexamethasone was 
administered to significantly more patients in the SN group (P = 0.001). In addition, the ratio of colloidal liquid 
administration was lower in the SN group (8.36%) than in the S group (16.93%; P < 0.001). In addition, there were 
significant differences in blood loss and urine output between the two groups (P = 0.001, P < 0.001). The groups were 
comparable in terms of the duration of postoperative hospital stay and time of indwelling catheter.

Figure 1 Case screening flow chart. 1808 parturient women were included in our study, 993 of them in sufentanil-nalbuphine group, and 815 patients in sufentanil group. 
Baseline characteristics of parturients are shown in Table 1.

Table 1 Demographic and Perioperative Characteristics, Values are Mean (SD) Unless Stated Otherwise

Sufentanil–Nalbuphine  
Group, n = 993

Sufentanil  
Group, n = 815

P

Age (year) 31.66 (4.07) 31.51 (4.11) 0.401

Weight (kg) 72.87 (10.64) 73.49 (9.91) 0.202

Gestational week (week) 37.79 (2.26) 37.90 (2.27) 0.297

Non-first cesarean section, n (%) 479 (48.23) 371 (45.52) 0.25

Comorbidities, n (%) 0.004

Gestational hypertension 67 (6.75) 80 (9.82)

Diabetes 52 (5.23) 65 (7.97)

Placenta previa 29 (2.92) 29 (3.56)

Placental abruption 7 (0.71) 3 (0.37)

Others 420 (42.30) 288 (35.34)

(Continued)
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Pain Scores and Opioid Consumption
Pain Scores at Rest and with Movement (NRS-R and NRS-M)
The SN group had lower NRS scores than the S group, both with movement and at rest (Figure 2). At 24 and 48 h after 
CS, the NRS-R scores of the SN group (0.96 ± 1.17 and 0.19 ± 0.58, respectively) were significantly lower than those of 
the S group (2.05 ±1.08 and 0.92 ± 1.24; P < 0.01 for both; Figure 2A). At 24 and 48 h after CS, the NRS-M scores of the 
SN group (4.62 ± 1.27 and 3.37 ± 1.11) were significantly lower than those of the S group (5.18 ± 1.27, 4.01 ± 1.16; P < 
0.01 for both; Figure 2B). An NRS score ≥4 indicated inadequate analgesia. Notably, at 24 h after CS, the rate of 
inadequate analgesia was significantly lower in the SN group (84.29%) than in the S group (89.93%; P < 0.001).

Table 1 (Continued). 

Sufentanil–Nalbuphine  
Group, n = 993

Sufentanil  
Group, n = 815

P

Combined operation, n (%) 0.051

Myomectomy 47 (4.73) 39 (4.79)

Uterine artery ligation 49 (4.94) 47 (5.77)

Others 184 (18.53) 112 (13.74)

Duration of surgery (min) 60.42 (17.14) 55.12 (26.03) <0.001

Anesthesia, n (%) 0.683

Subarachnoid block 839 (84.49) 690 (84.66)

CSEA 154 (15.51) 125 (15.34)

Puncture intervertebral space, n (%) 0.535

L2-3 265 (26.69) 207 (25.39)

L3-4 728 (73.31) 608 (74.61)

Epidural morphine, n (%) 23 (2.32) 15 (1.85) 0.483

Intraoperative opioid, n (%) 278 (28.00) 252 (30.93) 0.174

NSAIDs, n (%) 250 (25.18) 273 (33.50) <0.001

TAP, n (%) 34 (3.43) 57 (7.00) 0.001

Dexamethasone, n (%) 811 (81.67) 613 (75.21) 0.001

Vasoactive drugs, n (%) 425 (42.80) 348 (42.70) 0.966

Crystalline liquids (mL) 1150.15 (269.58) 1126.50 (262.48) 0.193

Use of colloidal liquid, n (%) 83 (8.36) 138 (16.93) <0.001

Blood transfusion, n (%)) 3 (0.30) 7 (0.86) 0.204

Blood loss* (mL), median (IQR) 200 (200, 200) 200 (200, 200) 0.001

Urine (mL), median (IQR) 100 (100, 200) 100 (100,200) <0.001

Length of stay in hospital postoperatively (d) 3.30 (1.52) 3.22 (1.81) 0.348

Indwelling catheter duration (h) 18.25 (6.49) 18.50 (5.50) 0.383

Notes: *This outcome measure was not normally distributed and had a large spike in frequency at 200 mL, the point at which the measure was 
truncated, because the blood loss was more than or equal to 200 mL. 
Abbreviations: CSEA, combined spinal and epidural anesthesia; TAP, transversus abdominis plane; NSAIDs, nonsteroidal anti-inflammatory drugs.
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The following covariates showed a P-value <0.2 in the univariate linear regression model and were included in the 
multivariate analysis (Table 2): comorbidities, combined operation, surgical duration, intraoperative opioid administra-
tion, NSAID administration, TAP block, blood loss, dexamethasone use, and the volumes of crystalline liquid and urine 
output. Other clinical covariates entered into the multivariate analysis were as follows: repeated CS, blood transfusion, 

Figure 2 The numeric rating scale (NRS) score at rest and with movement. The sufentanil-nalbuphine group (white box) had lower NRS scores than the sufentanil group (gray 
box), both with movement and at rest. And P values are all less than 0.01. (A) NRS at Rest at 24 and 48h. The numeric rating scale (NRS) score at rest of patients in sufentanil- 
nalbuphine group (white box) were significant lower that in sufentanil group (gray box), both at 24 and 48h. P value are all less than 0.01. (B) NRS with movement at 24 and 48h. The 
sufentanil-nalbuphine group (white box) had statistically significant lower NRS with movement at 24 and 48h than the sufentanil group (gray box). P values are all less than 0.01.

Table 2 Multiple Linear Regression Analysis of the NRS with Movement at 24 h

Variables Estimate (95% CI) P

Subgroup −0.565 (−0.685, −0.445) <0.001

RCS −0.069 (−0.193, 0.055) 0.274

Gestational week 0.020 (−0.007, 0.046) 0.150

Comorbidities 0.018 (−0.008, 0.043) 0.177

Combined operation −0.051 (−0.107, 0.004) 0.069

Duration of surgery 0.002 (−0.001, 0.005) 0.256

Blood loss 0.000 (0.000, 0.001) 0.314

Urine output 0.000 (0.000, 0.001) 0.269

Blood transfusion 0.002 (0.000, 0.003) 0.038

Crystalline liquid −0.00002 (0.000, 0.000) 0.862

Colloidal liquid 0.000 (0.000, 0.000) 0.422

Epidural morphine −0.423 (−0.828, −0.018) 0.041

Intraoperative opioid 0.054 (−0.076, 0.184) 0.414

NSAIDs −0.393 (−0.523, −0.263) <0.001

TAP 0.020 (−0.247, 0.287) 0.884

Dexamethasone −0.191 (−0.335, −0.048) 0.009

Abbreviations: CI, confidence interval; RCS, repeated cesarean section; TAP, transversus abdominis plane; 
NSAIDs, nonsteroidal anti-inflammatory drugs.
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and use of epidural morphine. According to the multivariate linear regression analysis, at 24 h after CS, the following 
factors were associated with lower NRS-M: sufentanil combined with nalbuphine administered via PCIA, epidural 
morphine, intravenous NSAID used, and dexamethasone. Even after adjusting for the covariates, the NRS-M of the SN 
group was lower than that of the S group (Table 3).

Regarding inadequate analgesia (NRS score ≥ 4), at 24 h after CS, the following were associated with a lower rate of 
inadequate analgesia (Table 4): sufentanil combined with nalbuphine administered via PCIA, epidural morphine, and the 
use of NSAIDs (odds ratio [OR] = 0.582, P < 0.001; OR = 0.396, P = 0.014; OR = 0.537, P < 0.001, respectively).

Table 3 NRS with Movement at 24 h After CS

Sufentanil–Nalbuphine  
Group, n = 993

Sufentanil  
Group, n = 815

Non-Adjusted Adjusted *

Estimate  
(95% CI)

P Estimate  
(95% CI)

P

NRS with movement 4.62 (1.27) 5.18 (1.27) −0.556  
(−0.67, −0.438)

<0.001 −0.565  
(−0.685, −0.445)

<0.001

Inadequate analgesia, n (%) 837 (84.29%) 733 (89.93%) 0.600 
(0.451,0.798)

<0.001 0.591 
(0.437,0.799)

<0.001

Notes: *Adjusted for gestational week, first cesarean section, comorbidities, combined operation, surgical duration, intraoperative opioid, NSAIDS, TAP, blood loss, 
dexamethasone, amount of crystalline liquid, colloidal liquid, and blood transfusion, and urine output. 
Abbreviations: TAP, transversus abdominis plane; NSAIDs, nonsteroidal anti-inflammatory drugs.

Table 4 Binary Logistic Regression Analysis of Inadequate Analgesia at 24h with 
Movement

Characteristics OR (95% CI) P

Subgroup 0.582 (0.432, 0.785) <0.001

Age 0.990 (0.956, 1.024) 0.554

Weight 1.000 (0.987, 1.014) 0.948

Gestational week 1.044 (0.982, 1.111) 0.171

Comorbidities 1.026 (0.964, 1.091) 0.426

Combined operation 0.898 (0.792, 1.018) 0.093

Duration of surgery 1.001 (0.993, 1.009) 0.864

Blood loss 1.001 (0.999, 1.002) 0.566

Urine 1.001 (1.000, 1.003) 0.077

Blood transfusion 0.999 (0.995, 1.004) 0.820

Crystalline liquids 1.000 (1.000, 1.001) 0.853

Colloidal liquid 1.001 (1.000, 1.002) 0.116

Epidural morphine 0.396 (0.189, 0.829) 0.014

Intraoperative opioid 0.880 (0.646, 1.199) 0.418

NSAIDS 0.537 (0.400, 0.719) 0.000

TAP 0.773 (0.421, 1.419) 0.406

Dexamethasone 0.816 (0.562, 1.185) 0.285

Abbreviations: CI, confidence interval; RCS, repeated cesarean section; TAP, transversus abdominis plane; 
NSAIDs, nonsteroidal anti-inflammatory drugs.
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Bolus Attempts and Opioid Consumption
At both 24 and 48 h after CS, the cumulative number of bolus attempts in the SN group (5.74 ± 7.89 and 11.33 ± 13.36, 
respectively) was significantly smaller than that in the S group (8.34 ± 13.21 and 17.84 ± 19.85; P < 0.01 for both, 
Figure 3A).

Concerning opioid consumption, the morphine-equivalent consumption during the 24 h after surgery was slightly 
higher in the SN group (91.09 mg) than in the S group (80.64 mg; P < 0.01); however, the consumption was comparable 
between the two groups during the 48 h after surgery (Figure 3B).

Adverse Effects
The rates of postoperative respiratory depression and bradycardia were significantly lower for the SN group (nil and 
0.91%, respectively) than for the S group (0.73% and 3.31%; P = 0.014 for both; Table 5). However, the SN group 
experienced higher rates of postoperative hypotension and dizziness (10.88% and 5.4%) than the S group (6.03% and 
2.09%; P < 0.001, P = 0.002). The rates of postoperative nausea and vomiting for the two groups did not markedly differ. 
Pruritus was not observed in any of the women.

Figure 3 The cumulative PCIA bolus times and drug consumption. The cumulative number of bolus attempts in the sufentanil- nalbuphine group (white box) was significantly 
smaller than that in the sufentanil group (gray box). The opioid consumption within 24h after CS was slightly higher in the sufentanil- nalbuphine group (white box) than in 
the sufentanil group (gray box), P < 0.01. (A) The cumulative PCIA bolus times. At both 24 and 48 h after CS, the cumulative number of bolus attempts in the sufentanil- 
nalbuphine group (white box) was significantly smaller than that in the sufentanil group (gray box), P < 0.01 for both. (B) Drug consumption. The opioid consumption, 
measured equivalents in morphine, during the 24 h after surgery was slightly higher in the sufentanil- nalbuphine group (white box) than that in the sufentanil group (gray 
box), P < 0.01. The consumption was comparable between the two groups during the 48 h after surgery (P = 0.899).

Table 5 Adverse Effects in Parturient Women Within 48h After Surgery

Observed Indicators, n (%) Sufentanil–Nalbuphine Group Sufentanil Group p

Respiratory depression 0 (0) 6 (0.73) 0.014

Bradycardia 9 (0.91) 27 (3.31) 0.014

Dizziness 55 (5.54) 17 (2.09) <0.001

Hypotension 108 (10.88) 54 (6.03) 0.002

Nausea 19 (1.91) 20 (2.45) 0.431

Vomit 10 (1.01) 11 (1.35) 0.499

Pruritus 0 (0) 0 (0)

Level of sedation 0 (0) 0 (0)
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Discussion
This retrospective study evaluated the efficacy and safety of two PCIA regimens after CS: 1-μg/mL sufentanil combined with 
0.4-mg/mL nalbuphine (SN) vs 2-μg/mL sufentanil (S) alone. It was found that the combined sufentanil–nalbuphine regime 
had the better analgesic effect: the NRS scores were lower in the SN group both at rest and with movement, and the rates of 
inadequate analgesia (NRS score ≥ 4) were lower. Furthermore, compared to the S group, the SN group had lower rates of 
respiratory depression and bradycardia but higher incidence of dizziness and hypotension. The reason about higher incidence 
of postoperative hypotension may be the lower utilization rate of colloidal solution in SN group than that in S group during 
surgery. Of course, this is also a conjecture, which needs to be confirmed by further prospective studies.

Ideal analgesia after CS requires relief from both somatic and visceral pain7 without negative effects for parturient women or 
infants. Sufentanil is a pure µ-opioid receptor agonist, whereas nalbuphine is a κ-opioid receptor agonist and μ-opioid receptor 
antagonist. The effect of opiates on visceral pain is reportedly related to the κ-opioid receptor agonism.14 In a combined 
sufentanil–nalbuphine regimen used for PCIA to relieve the postoperative pain in patients undergoing CS, sufentanil is mainly for 
somatic pain, whereas nalbuphine primarily addresses visceral pain. Nalbuphine is considered comparable to morphine in 
analgesic efficacy, whereas sufentanil has about 1000 times higher analgesic efficacy than morphine.15

The combination of a pure µ-receptor agonist (sufentanil) with a mixed agonist–antagonist, such as nalbuphine, has shown 
complicated effects. Loomis et al16 reported that although nalbuphine at low doses appeared to act as a µ-opiate receptor 
agonist, at high doses, it behaved like an antagonist of a µ-opiate receptor agonist. In the present study, the low-dose 
nalbuphine possibly acts on sufentanil and makes it more potent. Therefore, patients in the SN group reported less pain.

In a randomized controlled study with PCIA comprising hydromorphone (0.05 mg/mL) combined with low, middle, 
or high concentrations of nalbuphine (0.5, 0.7, and 0.9 mg/mL), all treatment groups experienced similar analgesic 
efficacy, with the parturient women either at rest or with movement.4 In that study, the low-concentration group used the 
same concentration of nalbuphine that was used in the SN group in the present study.7 The author also reported that 
compared with low- and middle-concentration groups, the patients in the high-concentration group showed the highest 
sedation level, the lowest uterine cramping pain scores, and the highest rates of urinary retention; they also took the 
longest time until the first flatus. Therefore, to avoid extreme effects, they recommended the middle concentration 
regimen (0.05-mg/mL hydromorphone combined with 0.7-mg/mL nalbuphine) for PCIA after CS. In a future study, we 
will investigate whether this middle concentration of nalbuphine combined with sufentanil is superior to the concentra-
tion used in the present study.

Maternal–neonatal bonding and breastfeeding after CS deserves attention. Jacqz-Aigrain et al17 reported that a 
breastfed neonate ingested 0.59% ± 0.27% of the maternal daily dose of nalbuphine and that it is safe to breastfeed 
the infant during nalbuphine PCIA. The ceiling effect of respiratory depression also favors nalbuphine as an alternative to 
sufentanil for PCIA.18 Compared with the use of sufentanil alone for PCIA, nalbuphine combined with sufentanil for 
PCIA after CS could reduce sufentanil consumption and decrease NRS scores. This translates into a more comfortable 
experience and shortens the bed rest time of postpartum women, thus making it highly beneficial for maternal–neonatal 
bonding and breastfeeding.

Additionally, epidural morphine, TAP block, and dexamethasone infusion have a positive effect on analgesia after CS. 
A previous study19,20 reported significantly improved pain scores in obstetric patients receiving TAP block. NSAIDs 
amplify the analgesic effect of the opioid on both somatic and visceral pain to different extents and decreased the demand 
ratio for patient-controlled analgesia and 24-h morphine consumption after CS by approximately 30%.21 These inter-
ventions are now recommended for patients after CS as components of the multimodal analgesia strategy. Investigating 
whether nalbuphine combined with sufentanil achieves a satisfactory analgesic effect within the multimodal analgesia 
background has more merit than only comparing the effects of different regimes of PCIA.

Limitations
This study has several limitations. As a retrospective study, some residual confounding may have been inevitable 
Logistic regression analysis was employed to eliminate the influence of confounding factors on the primary outcome. 
However, certain factors that may affect the analgesia outcome were not considered, such as changes in surgical 
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techniques over time, differences between surgeons, and the psychological state of parturient women.22,23 Secondly, 
although we analyzed and compared NRS within 48 h of performing CS, there was no distinction made between visceral 
pain and somatic pain. Finally, only one dosage of nalbuphine was used in this study. The ideal dosage of nalbuphine 
needs to be determined by comparing outcomes using multiple doses in a future study.

Conclusion
Compared with sufentanil alone, sufentanil combined with nalbuphine for PCIA provided superior analgesia after CS for 
the parturient women in this population.
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