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Introduction: Postcesarean section pain management is important for both the mother and the 

newborn. This study compared the analgesic effects and incidence of adverse events associated 

with intravenous patient-controlled analgesia (iv-PCA), using different sufentanil–tramadol 

combinations for postoperative pain control.

Methods: Parturients (n=5,794) who had been scheduled for cesarean section under neuraxial 

anesthesia and had received iv-PCA between September 2013 and March 2017 were retrospec-

tively analyzed. These patients were assigned to three groups, based on different sufentanil–tra-

madol combinations: ST1 (n=1,347), ST2 (n=2,401), and ST3 (n=2,046). The analgesic efficacy, 

total drug consumption, and incidence of adverse effects within 24 hours after surgery were 

compared among the three groups.

Results: The ST3 group had lower visual analog scale pain scores at rest and with movement 

at all time points during the first 24 hours postoperatively than the other two groups (P<0.01, 

Bonferroni corrected). The sufentanil dosage administered to the ST3 group was lower, and 

the tramadol dosage was higher than those administered to the other groups within 24 hours 

after surgery (P<0.01, Bonferroni corrected). Moreover, all parturients scored 2 points on the 

Ramsay sedation scale. Adverse reactions such as pruritus and respiratory depression were not 

observed in any group. No significant differences were noted in the incidence of nausea/vomit-

ing, abdominal distension, and dizziness among the three groups (P>0.05).

Conclusion: The visual analog scale scores for postoperative pain decreased as the concentra-

tions of sufentanil and tramadol administered in iv-PCA moderately increased over 24 hours 

after surgery. This analgesic strategy resulted in a significant reduction in the total sufentanil 

requirement without increasing the incidence of adverse effects.
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Introduction
Cesarean sections (CSs) are one of the most common surgical procedures performed 

in female patients. A recent study revealed that women post-CS ranked ninth for pain 

severity among 179 different surgical procedures.1 Uncontrolled pain may interfere 

both with the mother’s ability to care optimally for her child and the early stage of 

mother–child communication.2 Therefore, appropriate analgesia is important in the 

short term, following a CS.

The most common methods of pain management after CS include neuraxial 

medications (intrathecal opioids, and continuous and patient-controlled epidural 
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infusions) and intravenous analgesics (acetaminophen, non-

steroidal antiinflammatory drugs [NSAIDs], and intravenous 

opioids).3 However, there is presently no “gold standard” for 

postcesarean birth analgesia.4 Each approach has its limita-

tion. Although intrathecal morphine is thought to be the best 

single-shot drug for postcesarean pain, it is associated with 

numerous side effects, especially pruritus and vomiting.5,6 

Moreover, the use of continuous and patient-controlled epi-

dural analgesia (PCEA) could decrease maternal mobility, 

complicate anticoagulation prophylaxis, and increase nursing 

workload.7 Since the use of intravenous patient-controlled 

analgesia (iv-PCA) in obstetrics was first described in 1976, 

it has been widely used, as the patient-controlled aspect 

of this approach achieves greater patient satisfaction than 

other methods.8 Morphine, hydromorphine, fentanyl, and 

sufentanil are popular opioids frequently used in iv-PCA.9–11

Sufentanil, a selective μ-receptor agonist, is ideal for iv-

PCA because of its fast onset and short duration of action, 

and strong analgesic effect, with a lower incidence of respira-

tory depression than morphine, alfentanil, and fentanyl.9,12 It 

has been in common use in the People’s Republic of China 

for postoperative pain management.12,13 Because of the two 

components of pain following CS, somatic pain from the 

wound itself and visceral pain arising from the uterus, suf-

entanil alone is insufficient to produce the desired relief in 

parturients, and higher doses could lead to severe adverse 

reactions such as respiratory depression.14 Tramadol, as a 

weak μ-opioid receptor agonist, also inhibits presynaptic 

noradrenaline and serotonin (5-HT) reuptake, stimulates 

5-HT secretion, and shows good clinical efficacy in treating 

visceral pain without significant side effects.15–17 However, 

for severe postoperative pain, the use of tramadol as the sole 

analgesic is not recommended.6 Thus, the concomitant use of 

tramadol with other opioids may provide a synergistic effect 

that is beneficial and advisable in the treatment of severe post-

operative pain and could reduce the need for other opioids.18

Sufentanil–tramadol combinations for iv-PCA have been 

used in post-CS pain management since September 2013 at our 

institution. Limited studies exist in the literature that compare the 

effects of different sufentanil–tramadol combinations as analge-

sic agents post-CS. Therefore, we retrospectively evaluated and 

compared postoperative analgesic efficacy, drug consumption, 

and adverse effects with different sufentanil–tramadol combina-

tions in iv-PCA on patients who had undergone CSs.

Methods
This retrospective study was approved by the Research and 

Ethics Committee of Tongji Hospital at Tongji Medical 

College, Huazhong University of Science and Technology. 

The requirement for written informed consent was waived for 

this medical record-review study under the regulations of the 

Institutional Review Board (IRB). Patient records and related 

information were anonymized before analysis. On receipt of 

IRB approval, data were compiled from a postoperative anal-

gesic follow-up database that was maintained by the Acute Pain 

Service (APS) at our hospital13 between September 2013 and 

March 2017. Parturients between the ages of 18 and 50 years, 

with an American Society of Anesthesiologists physical status 

score of I to III, who had undergone a CS under neuraxial 

anesthesia were enrolled. The exclusion criteria for participa-

tion were as follows: received general anesthesia; received 

intraoperative sedation or additional opioids; the presence of 

severe hepatic or kidney disease; transferred to the intensive 

care unit postoperatively; and incomplete patient charts.

Our primary outcome was the quality of postoperative 

pain relief provided by different sufentanil–tramadol com-

binations. The secondary outcome was the manifestation of 

any side effects within 24 hours after cesarean delivery for 

different sufentanil–tramadol combinations.

Among 6,538 patients evaluated for eligibility, 5,794 

patients were included in this study and assigned to three 

groups to which different sufentanil–tramadol combinations 

were administered as follows: 1 µg/mL sufentanil and 1.4 

mg/mL tramadol diluted to150 mL with normal saline (ST1, 

n=1,347);1 µg/mL sufentanil and 2 mg/mL tramadol diluted 

to150 mL with normal saline (ST2, n=2,401); and 1.3 µg/

mL sufentanil and 4 mg/mL tramadol diluted to 150 mL with 

normal saline (ST3, n=2,046; Figure 1).

Neuraxial anesthesia for CS is standardized at our insti-

tution. Furthermore, combined spinal–epidural anesthesia 

is routinely used. Standard dosing included 1.6–1.8 mL of 

0.5% hyperbaric bupivacaine. No intrathecal opioids were 

administered. The epidural catheter was placed as soon as the 

spinal needle was withdrawn. All cesarean deliveries were 

performed using a Pfannenstiel incision.

Immediately after surgery, iv-PCA was commenced 

through a PCA device. The PCA parameters were set accord-

ing to the body weight of each patient. For example, patients 

weighing 40–50 kg received a background infusion at a rate of 

1 mL/hour, a 1 mL bolus injection, and PCA with a 10 min-

utes lockout interval and limit of 10 mL/hour (Table 1). The 

iv-PCA was continued for 24 hours.

Postoperative analgesia was managed by the APS. Partu-

rients were followed-up at 4–6 hours, 8–12 hours, and 18–24 

hours postoperatively to evaluate the following parameters: 

vital signs, pulse oxygen saturation (SpO
2
), respiratory rate, 
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pain score, sedation score, bolus attempts, sufentanil or tra-

madol consumption, and adverse effects such as postopera-

tive nausea and vomiting (PONV), respiratory depression, 

abdominal distention, pruritus, urinary retention, and dizzi-

ness. Maternal age, height, weight, and PCA parameters were 

also recorded. Pain was assessed using a 100-mm visual ana-

log scale (VAS; from 0, no pain to 100, the worst imaginable 

pain) both during movement and at rest. A VAS score ≥40 was 

used to identify patients with inadequate analgesia.19 Seda-

tion was assessed using the Ramsay sedation scale (RSS; 1, 

anxious patient; 2, cooperative and tranquil; 3, responding to 

command; 4, brisk response to stimulus; 5, sluggish response 

to stimulus; and 6, no response to stimulus).12 A verbal 

descriptive scale was used to define PONV (where 0=none, 

1=mild, 2=moderate, and 3=severe nausea).20 Respiratory 

depression was defined as a respiratory rate <10/minute and 

SpO
2
 <90%.21 As all parturients who have undergone a CS also 

have an indwelling catheter until 24 hours postoperatively at 

our institution, urinary retention was not recorded.

If the VAS <40, the parturient continued to receive the 

same analgesic protocol; if the VAS ≥40, PCA parameters 

Figure 1 Inclusion and exclusion flowchart.

General anesthesia (n=311)
Additionalintraoperative opioid/sedation (n=67)
Severe hepatic/kidney disease (n=5)
Being transferredto ICU postoperatively (n=59)
Incomplete charts (n=302)

Total chart reviewed
(n=6,538)

Included
(n=5,794)

Excluded
(n=744)

ST1
(n=1,347)

ST2
(n=2,401)

ST3
(n=2,046)

Table 1 Patient-controlled analgesia protocol

Weight (kg) Background infusion
(mL/hour)

Bolus injection
(mL)

Lockout interval  
(minutes)

Limit  
(mL/hour)

40–50 1 1 10 10
50–60 1.5 1.5 10 12
60–70 2 1.5 10 15
>70 2 2 10 15

were upregulated by members of the APS, and pain was 

assessed again after 10 minutes. If the parturient continued 

to complain about inadequate analgesia, flurbiprofen axetil 

was administered. If parturients complained of severe 

adverse events such as respiratory depression or PONV, 

the PCA parameters were adjusted accordingly by the APS.

Statistics
Descriptive statistics were computed for all study variables. 

The Kolmogorov–Smirnov test and normal quantize plots 

were used to determine whether continuous variables were 

normally distributed. Normally distributed data were ana-

lyzed using one-way analysis of variance. Nonnormally 

distributed data were analyzed using the Kruskal–Wallis 

test. Dichotomous variables were expressed in proportions 

and analyzed using the chi-squared test. A P-value <0.05 was 

considered significant. Comparisons between two groups 

were adjusted using the Bonferroni correction. An adjusted 

P-value <0.01 was considered significant. Numerical calcula-

tions were performed using the SPSS software (Version 16.0, 

SPSS Inc., Chicago, IL, USA).
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Results
The pain scores of study participants are presented in 

Figure 2. In comparison with the other groups, the ST3 group 

had lower VAS pain scores, both at rest and with movement, 

at all time points during the first 24 hours postoperatively. 

In addition, the VAS pain score in the ST2 group was lower 

than that in the ST1 group at rest (P<0.01, Bonferroni cor-

rected). With movement, the VAS scores in the ST2 group 

were higher than those in the ST1 group at 8–12 hours 

postoperatively; however, no significant differences were 

noted at 4–6 hours and 18–24 hours after surgery (P<0.01, 

Bonferroni corrected). Table 2 shows the number of bolus 

attempts and consumption of sufentanil and tramadol during 

the first 24 hours after surgery. Generally, the bolus attempts 

and sufentanil consumption in the ST3 group were lower 

than those in the other groups. However, a higher number 

of bolus attempts were made in the ST3 group than in the 

ST2 group at 4–6 hours postoperatively (P<0.01, Bonferroni 

corrected). Moreover, the quantity of tramadol administered 

in the three groups increased with decreasing sufentanil con-

sumption (P<0.01, Bonferroni corrected). The RSS score of 

all parturients was 2 points.

The incidence of inadequate analgesia among the three 

groups differed significantly. At rest, the ST3 group showed 

lower levels of inadequate analgesia at 8–12 hours and 

18–24 hours postoperatively, in comparison with the other 

study groups (P<0.01, Bonferroni corrected; Figure 3). With 

movement, the incidence of inadequate analgesia in the ST3 

group was lower than that in the other groups at 4–6 hours 

and 18–24 hours postoperatively (P<0.01, Bonferroni cor-

rected; Figure 4).

During follow-up, adverse reactions, such as pruritus 

and respiratory depression, were not observed in any of the 

three groups. No significant differences were noted in the 

Figure 2 Pain score during the first 24 hours after surgery.
Notes: Data are expressed as mean±SD. (A) Pain score at rest. P<0.01 among the three groups; (B) Pain score with movement. aP<0.01 vs other groups. No significant 
differences were noted between ST1 and ST2 at 4–6 hours and 18–24 hours postoperatively; P<0.01 between ST1 and ST2 at 8–12 hours postoperatively.
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Table 2 Bolus attempts and consumption of sufentanil and tramadol

Variables ST1
(n=1,347)

ST2
(n=2,401)

ST3
(n=2,046)

P-valuea

Bolus attempts (n)
4–6 hours postoperatively 2 (3) 1 (3) 2 (3) <0.05
8–12 hours postoperatively 6 (9) 5 (9) 4 (6) <0.05
18–24 hours postoperatively 8 (8) 7 (11) 6 (9) <0.05
Sufentanil consumption (µg)
4–6 hours postoperatively 21 (15) 21 (15) 20 (14) <0.05
8–12 hours postoperatively 69 (31) 65 (28) 55 (24) <0.05
18–24 hours postoperatively 95 (36) 97 (37) 83.2 (30) <0.05
Tramadol consumption (mg)
4–6 hours postoperatively 29.4 (21) 42 (30) 60 (44) <0.05
8–12 hours postoperatively 96.6 (43.4) 130 (56) 168 (72) <0.05
18–24 hours postoperatively 133 (50) 194 (74) 256 (92) <0.05

Notes: Data are expressed as M(QR). Data were compared using the Kruskal–Wallis test among three groups. aP-value <0.05 was considered significant. Data were compared 
using the Bonferroni correction between two groups. An adjusted P-value <0.01 was considered significant.
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incidence of nausea/vomiting, abdominal distension, or diz-

ziness among the three groups (P>0.05; Figure 5).

Discussion
The present study showed that the protocol used in the ST3 

group controlled pain more effectively than those used in 

the other groups. Although the VAS scores for pain with 

movement in the ST2 group were higher than those in the 

ST1 group at 8–12 hours postoperatively, no significant 

differences were noted at 4–6 hours and 18–24 hours after 

surgery. The VAS scores for postoperative pain declined as the 

concentrations of sufentanil and tramadol were moderately 

increased within 24 hours after surgery. Moreover, the total 

consumption of sufentanil was reduced, without any increase 

in the incidence of side effects. Thus, postoperative analgesic 

effects could be improved by adjusting the concentrations of 

Figure 3 Incidence of inadequate analgesia among the three groups at rest after 
surgery.
Notes: At Post-4-6h, ST2 or ST3 vs ST1 (P<0.01). No significant differences were 
noted between ST2 and ST3; P<0.01 among the three groups at 8–12 hours and 
18–24 hours postoperatively.
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Figure 5 Incidence of side effects among three groups after surgery.
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sufentanil–tramadol combinations. However, a high dose of 

tramadol is associated with serious adverse events, particu-

larly seizures and nausea/vomiting.22 The dose of tramadol 

used in our study was within the safe range.23 Our study also 

showed no significant differences in the incidence of nausea/

vomiting among the three groups. These results are consis-

tent with another study conducted at our institution, which 

reported no significant differences in nausea/vomiting scores 

between a sufentanil iv-PCA group and a tramadol iv-PCA 

group.20 The incidence of side effects in the present study was 

also similar to that reported in the study of Demirel et al.24

The U.S. Food and Drug Administration issued a safety 

announcement for tramadol in April 2017 that cautioned 

against the use of tramadol in nursing mothers and the poten-

tial risk of serious adverse reactions, including respiratory 

depression and even death.25 However, although tramadol 
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is a synthetic analog of codeine, the two are not quite the 

same. Tramadol exerts its analgesic activity via at least two 

complementary mechanisms. It has a lower risk of respiratory 

depression compared with classical opioids, and respiratory 

depression does not normally occur when the drug is used 

within the therapeutic range. The Change Pain Latin America 

panel agreed that tramadol is well tolerated, and without the 

safety issues associated with long-term NSAIDs use, has 

fewer opioid-like side effects than classical opioids, and a 

lower risk of abuse.26 Vercauteren et al demonstrated that the 

combination of sufentanil with tramadol reduced the dose 

requirements of both components by approximately 20%.27 

In comparison with another study conducted at our institu-

tion, the consumption of tramadol in the present study was 

reduced by about half, even though there was no significant 

differences in sufentanil consumption between the two 

studies.20 One clinical trial found that tramadol is 10 times 

less potent than morphine,28 and morphine is 400–1,000 times 

less potent than sufentanil.29 Thus, 1 mg of sufentanil could 

be considered equipotent to 4,000–10,000 mg of tramadol. 

If we consider 10 mg tramadol as equivalent to 1.5 µg sufen-

tanil, the consumption of sufentanil during the first 24 hours 

was about 121 µg in the present study. The incidence of side 

effects showed no increase in comparison to the previous 

study conducted at our institution. In this way, the combina-

tion of sufentanil and tramadol in our study was safe.

The median time to initiation of lactation was 55–56 hours 

postoperatively.12 The PCA was terminated 24 hours after 

surgery in the present study. Based on the pharmacokinetics 

of sufentanil (the mean elimination half-life was 784 minutes 

when an intravenous bolus injection of 250–1,500 µg sufen-

tanil was administered) and tramadol (t
1/2

 ≈6 hours),30 both 

drugs may have been partially eliminated during lactation.31 

The amount of colostrum available within the first few days 

after delivery is relatively small; thus, the amount of the drug 

transferred in the milk is also relatively small.32

In consideration of any perceived risk of infection, the 

mother’s inconvenience, and replacement, dislocation, or 

blockage of the catheter, PCEA is not a favorable option for 

cesarean delivery. Therefore, at our institution, epidural cath-

eters are routinely removed at the end of the CS procedure.

This study has several limitations. First, it is a retro-

spective study; therefore, blinding and randomization were 

practically impossible. These aspects limited the rigor of the 

study. Second, operations within the three groups were not 

performed within the same year. Furthermore, the intensity 

of postoperative pain might have been influenced by other 

factors such as the development of CS technology. Third, 

sufentanil and tramadol are lipophilic and can be potentially 

stored in fatty breast tissue and slowly released into breast 

milk. The concentrations of sufentanil and tramadol in the 

plasma and breast milk could not have been accurately mea-

sured. Generally, a retrospective study design such as that 

employed in the present study always has a substantial risk 

of bias. It did not facilitate the formulation of conclusive 

comments on the relevant cause and effect relationships. 

Therefore, we should be cautious in interpreting the data. 

A further prospective randomized trial is required to verify 

these results.

Conclusion
The data in the present study indicate that the VAS scores for 

postoperative pain decreased as the concentrations of sufentanil 

and tramadol were moderately increased within 24 hours after 

surgery. Moreover, the total consumption of sufentanil was 

reduced, without any increase in the incidence of side effects.

By adjusting the concentrations of sufentanil–tramadol 

combinations, the postoperative analgesic effect could be 

improved.
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