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Purpose: We examined whether the addition of sufentanil to local anesthetics improves the quality of continuous femoral nerve block 
in patients undergoing total knee arthroplasty (TKA).
Patients and Methods: With institutional ethical approval and having obtained written informed consent from each, 35 patients 
scheduled for elective bilateral TKA with ASA I or II physical status were studied. Bilateral femoral perineural catheters were 
preoperatively inserted. Both-sided catheters were randomly assigned to receive perineural ropivacaine of 0.2% plus 0.5μg/mL 
sufentanil deemed as RS group or 0.2% ropivacaine alone deemed as R group at the end of surgery. Visual analogue pain scores 
(VAS) during activity and at rest of each lower limb were recorded at 6,12,18,24,30,36,42 and 48h after surgery. During the first 48 
postoperative hours, the number and reason of patients sleep interruption at night, the number of painful compressions, patient 
satisfaction and morphine requirements were recorded for each lower limb of patients.
Results: Pain scores of RS group on movement were significantly lower than R group, but no difference was noted at rest. When 
compared to R group, RS group had a lower incidence of sleep interruption at night, fewer painful compressions, higher satisfaction 
scores and less morphine requirement.
Conclusion: The addition of sufentanil to ropivacaine improved analgesia quality of continuous femoral nerve block after 
arthroplasty.
Keywords: continuous femoral nerve block, ultrasound guidance, total knee arthroplasty, analgesia, ropivacaine

Introduction
Knee arthritis is a disease based on degenerative pathological changes. The main manifestations are pain, movement 
disorders, simultaneous involvement of both knee joints, and poor conservative treatment effect.1 The main types include 
osteoarthritis, rheumatoid arthritis, metabolic arthritis, and traumatic arthritis. Total knee arthroplasty (TKA) is one of the 
most effective surgical treatment methods for pain relief and functional recovery in patients with end-stage knee 
arthritis.2 With the maturity of artificial TKA, TKA has achieved good results. Strictly grasping the surgical indications 
for bilateral TKA can avoid two surgeries, shorten recovery time, reduce medical costs, and ensure good safety. Research 
has confirmed that there were no significant differences in the incidence of complications between bilateral TKA and 
unilateral TKA.3,4

The postoperative pain of TKA is severe, and patients need active functional exercise at an early stage. Therefore, 
effective postoperative analgesia is very important to improve the function of the prosthetic joint.5 At present, the 
analgesic methods mainly include patient controlled intravenous analgesia, epidural analgesia, postoperative analgesia of 
lumbar plexus, postoperative continuous analgesia of femoral nerve and so on.6–10
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Due to the large side effects of intravenous opioid analgesia, patients are poorly tolerated,11 while TKA patients often 
receive prophylactic anticoagulant therapy, which limits the use of epidural analgesia. In recent years, continuous femoral 
nerve block (cFNB) has been considered as a safe and effective analgesic method,12 which can promote patients’ early activity. 
Low concentrations of ropivacaine may lead to insufficient postoperative analgesia.13,14 Brodner et al demonstrated that using 
0.1% ropivacaine in cFNB cannot provide effective analgesic effects, even with increased volume.14 Research has shown that 
in order to achieve good postoperative analgesic effects, high concentrations or doses of ropivacaine are often required, but 
this may affect the strength of the quadriceps femoris muscle, making it difficult for patients to move effectively.15 In previous 
studies, 0.2% ropivacaine was most commonly used for cFNB.16–18 Previous studies have shown that opioid drugs such as 
fentanyl, morphine, and other composite local anesthetics can enhance the analgesic effect of low concentration local 
anesthetics.19–21 Scholars believe that opioids may produce local effects through peripheral receptors: increasing Ca2+ 

conduction and reducing K+ conduction in sensory neurons,22 reducing excitability of nociceptive neurons, and inhibiting 
the release of excitatory neurotransmitter P.23 Neuroplexus administration can trigger central effects: opioid binding proteins 
transport opioid drugs from the periphery to the dorsal horn of the spinal cord.24,25 Additionally, local absorption into the 
bloodstream cannot be ruled out to produce central analgesic effects. In addition, as a commonly used powerful opioid 
analgesic, sufentanil can quickly exert analgesic effects when administered intravenously, and its analgesic effect is superior to 
that of fentanyl and morphine, with fewer related side effects. However, there is little research on the use of sufentanil 
combined with local anesthetics for peripheral nerve block.

We hypothesized that sufentanil could act locally to improve the postoperative analgesic effect of local anesthesia in 
cFNB. Therefore, this study selected patients who planned to receive bilateral TKA and adopted the self-controlled study 
method to evaluate the effect of sufentanil on the analgesic effect of ropivacaine in cFNB, so as to clarify whether 
sufentanil can be used to enhance the analgesic effect of local anesthesia, so as to provide clinical reference.

Materials and Methods
Patients and Enrollment
The study protocol was approved by the independent Ethics Committee at the First Affiliated Hospital of Wenzhou 
Medical University (April 6, 2017/No. 2017–115). It was also registered with Chinese Clinical Trial Registry under the 
number ChiCTR-TRC-12002537. The study adhered to the World Medical Association’s Declaration of Helsinki. Data 
are presented in accordance with the Consolidated Standards. Figure 1 summarizes the design of the study. Inclusion 
criteria were as follows: whose age was 53~82y, weight was 47~81kg, height was 150~179cm, ASA I or II, and 
scheduled for bilateral TKA between June 2017 and January 2018. A total of 47 patients were assessed for eligibility for 
the study. Exclusion criteria were as follows: allergy to local anesthetics, chronic opioid usage, coagulopathy, presence of 
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infection at the planned injection site, peripheral neurologic or neuromuscular disease, severe liver or renal insufficiency 
and an inability to comprehend study-related procedures. All patients were taught to assess the degree of pain using 
a visual analogue.

Conduction of Anesthesia
All patients were sent to the nerve block preparation room one hour before the operation. Bilateral femoral perineural 
catheters were inserted in patients placed supine, monitored with electrocardiogram, pulse oximetry, and non-invasive 
blood pressure. All patients were administered oxygen by a nasal cannula (3L/min). Intravenous access was also 
obtained. Before anesthesia, all patients received intravenous premedication (midazolam 1 or 2mg plus fentanyl 50μg) 
to produce sedation while ensuring that study subjects remained responsive to verbal cues.

Using a 13–6MHz 38mm linear array transducer (HFL38, MicroMaxx; SonoSite, USA) with a sterile sleeve, the femoral 
nerve was identified in a transverse cross-sectional (short axis) view at the inguinal crease and adjusted to obtain the best image 
of the femoral nerve. A local anesthetic skin wheal was raised lateral to the ultrasound transducer. A stimulating needle [a 
Stimulong Plus Plexolong Catheter Set (Pajunk, Germany) was used with a 19-G × 50-mm stimulating needle and 20-G × 50- 
cm stimulating catheter] was inserted through the skin wheal with an in-plane technique under ultrasound guidance toward the 
femoral nerve. The stimulating needle was advanced with the initial stimulator current set at 0.8mA, 2Hz, and 0.3ms 
(Stimuplex HNS11; Braun, Germany) until quadriceps femoris muscle contractions were elicited (cephalad patellar move-
ments). The needle was kept in place if quadriceps muscle contractions were elicited at a current of 0.3mA or less. A total of 
10mL 5% dextrose (D5W) was injected to facilitate catheter insertion. With the catheter tip remaining visualized by ultrasound 
to ensure that its position remained fixed under femoral nerve when the needle was withdrawn over the remaining catheter, and 
the puncture point was sutured to fix catheter (like the fixation of the drainage tube after surgery). Adhesive tape and 

Figure 1 Enrollment and randomization of the subject.
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application were used to strengthen the fixation. 4mL of 2% lidocaine was injected through the femoral nerve catheter. After 
10 min, sensory block of the femoral nerve was assessed by evaluating the presence or loss of a sharp sensation with pinprick 
testing (20-G needle) delivered at the central sensory region of the femoral nerve, anterior to the patella. One would be 
excluded from the study, if bilateral inserting was fail. After the manipulation above, patients were sent to the operating room 
for anesthesia and surgery.

Intraoperative Anesthesia and Study Groups
All patients took lateral position. The subarachnoid puncture was performed at the L3-L4 inter-vertebral space with 
hyperbaric solution including 0.5% bupivacaine 3mL (0.75% bupivacaine 2mL and 10% glucose 1mL), controlling the 
level at T6-8. Patients who were nervous intraoperative were given midazolam 1 or 2mg plus fentanyl 50μg. If the spinal 
anesthesia fail, change to general anesthesia and be excluded from the study.

The operations were performed with a tourniquet. After doing a 12cm incision in the middle of the front of the knee, 
TKA implant (P.F. C SIGM A Total Knee System, DePuy UK, Leeds) was placed, fixed with bone cement. A drainage 
tube was used and the knee joint was bandaged postoperatively. Patients were observed in a postoperative room after 
surgery. Patients acted as their own controls: Using a computer-generated sequence of random numbers and a sealed 
envelope, the right side was randomly assigned to receive ropivacaine of 0.2% plus 0.5μg/mL sufentanil deemed as RS 
group or 0.2% ropivacaine deemed as R group, the left catheter receiving the alternative solution deemed as R group or 
RS group. When the level of anesthesia declines to L1, both knees of all patients were connected to analgesia pumps 
(Shanghai Bo Gen Medical Equipment Co., LTD) randomly, with continuous infusion of 5mL/h. The infusion pumps 
were labeled as either “left” or “right” so that subjects could self-administer a bolus to the necessary side. The electronic 
display was covered with opaque medical tape to mask treatment assignments. All patients received patient-controlled 
analgesia (PCA) morphine (Shenyang first pharmaceutical factory, China), using a 2mg bolus and a 5-minute lockout 
period, and 1 hour maximum was 10mg. Patients had been taught to use the PCA to make the visual analogue scale 
(VAS) score <3 at rest. All patients were intravenous injected parecoxib 40mg postoperative, 2 times a day and 
enoxaparin 20mg subcutaneous once the first morning after operation.

Assessments and Data Collection
The intensity of postoperative pain was assessed using the VAS score, at 6, 12, 18, 24, 30, 36, 42, 48h after surgery, 
ranging from 0 (no pain) to 10 (extreme pain), both at rest and during activity (when the knee was bended 30 degrees). 
The number of sleep interruption because of each side of the lower limb pain during the night after surgery and the 
number of painful compressions of the analgesic pump connected to the femoral nerve and morphine consumption in the 
48h post operation were also recorded. Patient degree of satisfaction about the analgesia of each side of the lower limb 
was recorded with 4 grades, very satisfied as 4, generally satisfied as 3, moderately satisfied as 2, unsatisfied as 1.

Sample Size Calculation
The primary endpoint was the VAS score for pain during activity after surgery. In the preliminary study, the VAS score for pain 
during activity was 1.7 ± 0.7 for limbs receiving 0.2% ropivacaine plus 0.5μg/mL sufentanil and 2.4 ± 1.0 for limbs receiving 
0.2% ropivacaine alone, respectively, at 24h after surgery. Assuming a type I two-tailed error of 5% and power of 0.80, 
a sample size of 26 patients per group was calculated. To compensate for dropouts, 35 patients were included.

Statistical Analysis
SPSS 19.0 statistical software was used for statistical analysis. The Shapiro–Wilk test was used for normality of data distribution. 
The normal distribution measurement data were expressed as mean ± SD, and the skewed distribution measurement data were 
expressed as median (interquartile range). Morphine consumption were compared using one-way ANOVA. VAS scores and 
patient satisfaction scores after surgery were compared by repeated measures ANOVA. Values for the number of sleep 
interruption and the number of painful compression were analyzed with the Kruskal–Wallis H-test. Values of P < 0.05 were 
considered significant.
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Results
A total of 47 patients were assessed for eligibility for the study. Twelve patients were excluded due to the exclusion criteria, 
and 5 patients were excluded due to unsuccessful femoral nerve catheterization. Ultimately, 30 patients were included in the 
experiment and followed up. A CONSORT checklist was used for patient enrollment and allocation, as shown in Figure 1.

The patient’s age, gender, height and weight, ASA score and other general indicators are shown in Table 1. At 6, 12, 
18, 24, 30, 36, 42 and 48h postoperative, there was no statistical difference in the VAS scores of both sides of the lower 
limb at rest time, but the VAS scores of the RS group were significantly lower than those of the R group during the 
activity time (P < 0.05), as shown in Figure 2. At 6–48 hours after surgery, patient satisfaction with analgesia in the RS 
group was significantly higher than that in the R group (P < 0.05), as shown in Figure 3.

Postoperative patients were treated with PCA for supplementary analgesia. The use of morphine in RS group was 
significantly lower than that in R group on the first and second day after surgery (P < 0.05), as shown in Figure 4A and B.

In addition, the number of sleep interruption caused by postoperative pain at night on the day of surgery was 3 (2) 
times in the R group and 1 (1) times in the RS group, and 0 (1) times in the RS group and 2 (3) times in the R group at 
night on the first day after surgery, with statistically significant differences between groups (P < 0.05).

The number of compressions of the analgesic pump connected to the femoral nerve was 6 (4) times in the R group 
and 2 (1) times in the RS group on the first day after surgery, 4 (2) times in the R group and 1 (0) times in the R group on 
the second day after surgery, and the difference between groups was statistically significant (P < 0.05).

Patients were followed up 30 days after surgery, and no neurological complications were observed in both groups.

Discussion
The purpose of this study was primarily to determine whether sufentanil could enhance the analgesic effect of ropivacaine and 
whether the effect could be achieved through local action. The results showed that (1) VAS score in RS group was significantly 
lower than that in R group; (2) The satisfaction of analgesia in RS group was significantly higher than that in R group; (3) The 
use of morphine in RS group was significantly lower than that in R group on the first and second postoperative days; (4) The 
number of sleep interruption and painful compressions on the first postoperative day in RS group was significantly lower than 
that in R group; (5) During follow-up 30 days after discharge, no neuro-related complications were observed.

Table 1 The General Situation

ASA (n, I/II) Gender (n, Man/Woman) Age Weight (kg) Height (cm)

17/13 13/17 73.5 
(11.25)

56 (17.5) 168±6.05

Notes: Date are expressed as number, mean (SD), and median (interquartile range). ASA means American Society of 
Anesthesiologists.

Figure 2 Comparison of bilateral VAS scores during rest and activity 48h after surgery. (A) shows the VAS score during rest 6–48h after surgery. There was no statistical 
difference in the VAS score during rest on the RS group and the R group. (B) shows the VAS score during activity 6–48h postoperatively. The VAS score on RS group was 
lower than that on R group during activity. RS group: 0.2% ropivacaine and 0.5μg/mL sufentanil mixture were injected at a rate of 5mL/h. R group: 0.2% ropivacaine was 
injected at a rate of 5mL/h.
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The results showed that VAS score in RS group was significantly lower than that in R group, suggesting that sufentanil can 
improve the analgesic effect of ropivacaine in cFNB after TKA. This study selected patients were bilateral TKA surgery, 
patients with bilateral femoral nerve connections of different formulations of continuous femoral nerve analgesia pump, so 
that we can insight its controlled analgesia effect, eliminate sufentanil or other analgesics systemic effect of analgesic effect. 
This study adopts a self-controlled study that can eliminate individual differences, improve the internal validity of the study, 
reduce experimental errors, and provide more accurate explanations to the experimental results.

Similar to our study, Nishikawa’s study demonstrated that the addition of opioid fentanyl to lidocaine solution for axillary 
brachial plexus block can improve the success rate and prolong the duration of analgesia.26 Similarly, Elmawgoud27 compared 
the postoperative analgesia of 0.2% ropivacaine and 0.2% ropivacaine combined with 4ug/mL fentanyl for TKA, and found 
that the combined group could significantly enhance the analgesic effect of ropivacaine and reduce the intravenous use of 
opioids. However, Fanelli28 found that the addition of 0.75% ropivacaine to 1ug/mL fentanyl could not improve the nerve 
block characteristics of axillary brachial plexus anesthesia. In his study, patients receiving fentanyl and ropivacaine did not 
differ in intraoperative analgesia and the duration of the first postoperative analgesia from those receiving ropivacaine alone. 
Similarly, Bouaziz29 found that the addition of 1.5% mepivacaine to 5ug, 10ug or 20ug sufentanil did not accelerate the onset 
of axillary nerve bundle block or prolong its duration. However, we think Fanelli’s study differs from ours in that he used 
a higher concentration of 0.75% ropivacaine and the same Bouaziz study used a higher concentration of mepivacaine. High 
local anesthetic onset time, analgesic effect and maintenance time are long, which may mask the effect of fentanyl, and such 
concentration does not conform to the concept of quick postoperative recovery. Overall, our results suggest that opioids 
combined with low concentration local anesthetics are more effective for postoperative analgesia.

Figure 3 Comparison of patient satisfaction with activities at each time point 6–48h after surgery. The satisfaction levels of patients were divided into four levels: Very 
satisfied (4 scores); Generally satisfied (3 scores); Moderately satisfied (2 scores); Unsatisfied (1 score).

Figure 4 Comparison of bilateral morphine consumption 48h after surgery. (A) shows the total amount of morphine consumed in the RS and R groups on the first day after 
total knee arthroplasty. (B) shows the total amount of morphine consumed in the RS and R groups on the second day after total knee arthroplasty. *Indicates a statistical 
difference. 
Abbreviations: VAS, visual analogue pain scores; TKA, total knee arthroplasty; PCA, patient controlled analgesia; cFNB, continuous femoral nerve block.
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The results of this study showed that in the resting state, there was no statistical difference between the VAS score of RS group 
and R group. This was because the wound pain of patients in the resting state was not so intense, so the simple local anesthetic 
block effect could have a good analgesic effect, which led to no difference in analgesic effect between the two groups. However, 
the focus of postoperative rehabilitation after knee surgery lies in early exercise. In this experiment, the motion pain score of RS 
group was significantly lower than that of R group, which is more meaningful for patients undergoing knee surgery.

The results of our study were self-controlled and showed that sufentanil locally enhanced the analgesic effect of ropivacaine. 
This is similar to Nishikawa’s study26 which found that fentanyl enhances the analgesic effect of lidocaine through a peripheral 
mechanism. Previous animal experiments have demonstrated that peripheral opioid receptors exist in immune cells and primary 
afferent neurons.30 In addition, opioids can not only activate peripheral opioid receptors,31 but also produce analgesic effects by 
inhibiting sodium channels.32 These mechanisms may explain the effect of sufentanil on local analgesia.

In addition, our results showed that addition of sufentanil not only reduced intravenous morphine use but also improved 
analgesia satisfaction and sleep quality during activity. The study also showed no neurological complications associated with 
topical sufentanil use. This suggests that sufentanil may be a beneficial method for peripheral analgesia. But more research is 
needed.

Of course, this study also has some limitations. Firstly, the sample size of this experiment was relatively small, which 
was due to the small number of patients requiring bilateral TKA. However, we found significant differences between the 
results of the two groups during the experiment, so the experimental results are relatively reliable. Secondly, although the 
pain of TKA mainly originates from the femoral nerve, it also originates from some sciatic nerve branches and the lateral 
femoral cutaneous nerve. Therefore, the cFNB we used could not completely cover the painful nerve. In recent years, the 
development of iliac fascia block has been rapid, as the femoral nerve, lateral femoral cutaneous nerve, and pelvic 
segment of obturator nerve located below the iliac fascia. A breakthrough in this direction will significantly reduce 
postoperative pain and increase patient satisfaction in TKA patients. Therefore, the related research on the impact of 
continuous iliac fascia block on postoperative pain after TKA is the direction of our team’s future research.

Conclusion
In conclusion, compared with 0.2% ropivacaine, cFNB analgesia with 0.2% ropivacaine combined with 0.5μg/mL 
sufentanil can improve postoperative analgesia effect, improve patient satisfaction and reduce morphine use after 
TKA. At the same time, the study demonstrated that sufentanil’s effect was activated through the periphery.
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