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Background: Opioid use after surgery is a potential contributor to the opioid epidemic. An adequate pain control method after 
surgery while minimizing opioid exposure is needed. This study aimed to compare the effect of non-opioid multimodal analgesia 
(NOMA) protocol with opioid-based patient-controlled analgesia (PCA) for pain relief after robot-assisted radical prostatectomy 
(RARP).
Methods: This prospective randomized, open, non-inferiority trial included 80 patients scheduled for RARP. The NOMA group 
received pregabalin, paracetamol, bilateral quadratus lumborum block, and pudendal nerve block. PCA group received PCA. Pain 
scores, postoperative nausea and vomiting, opioid requirements, and quality of recovery were recorded 48 hours after surgery.
Results: We found no significant differences in pain scores. The mean difference in pain score during rest at 24 h was 0.5 (95% CI 
−0.5 to 2.0). This result demonstrated the non-inferiority of NOMA protocol to PCA at our non-inferiority margin (−1). In addition, 23 
patients in the NOMA group did not receive any opioid agonist for 48 h after surgery. Recovery of bowel function was also faster in 
the NOMA group than in the PCA group (25.0 hours vs 33.4 hours, p = 0.01).
Limitations: We did not evaluate whether our NOMA protocol could decrease the incidence of new continuous opioid use after 
surgery.
Conclusion: NOMA protocol successfully controlled postoperative pain and was non-inferior to morphine-based PCA regarding 
patient-reported pain intensity. It also promoted recovery of bowel function and decreased postoperative nausea and vomiting.
Keywords: multimodal analgesia, opioid sparing, postoperative pain, robot-assisted radical prostatectomy

Plain Language Summary
● We developed non-opioid multimodal analgesia (NOMA) protocol comprising pregabalin, bilateral quadratus lumborum block, 

bilateral pudendal nerve block, and intravenous paracetamol to reduce postoperative opioids after robot-assisted radical 
prostatectomy.

● Our NOMA protocol showed non-inferiority in postoperative pain control compared to opioid-based patient-controlled analge-
sia, and more than half of the patients did not use any opioids 48 hours after surgery.

● It also decreased opioid-related side effects such as postoperative nausea and vomiting and enhanced recovery of bowel function 
after anesthesia.
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Introduction
Opioids are the primary analgesics for pain management after surgery. Opioid-based patient-controlled analgesia (PCA) 
allows effective and safe pain relief and has become the keystone to postoperative pain control.1 However, opioids can 
cause adverse drug events such as nausea, vomiting, urinary retention, delayed recovery of bowel function, sedation, 
delirium, and respiratory depression.2 In addition, persistent opioid use after surgery is a new problem and a potential 
contributor to the opioid epidemic.3

Prostate cancer is the second most common malignancy among men, with 1,276,106 new cases diagnosed worldwide 
in 2018.4 Radical prostatectomies are primarily employed in treating prostate cancer. Robot-assisted radical prostatect-
omy (RARP) reduces perioperative blood loss, length of hospital stay, perioperative complications, pain, and opioid 
consumption compared to open surgery.5 RARP reduces new persistent opioid use by 35% compared to open surgery. 
However, 6.5% of opioid-naive patients continue opioid use after RARP.6 Nevertheless, abdominal incisions and urethral 
catheter-related discomfort are the primary causes of pain after RARP.7 Hence, adequate pain control while minimizing 
opioid exposure is needed to decrease continued opioid use after surgery.

Multimodal analgesia is defined as two or more analgesic modes targeting different receptors along the pain pathway 
to improve analgesia while reducing side effects.8 Currently, multimodal analgesia focuses on minimizing opioid use. 
However, it is not yet known whether opioid-free multimodal analgesia can provide adequate pain control compared to 
opioid-based PCA in pain control.

Therefore, after reviewing the evidence, we developed non-opioid multimodal analgesia (NOMA) protocol compris-
ing pregabalin, bilateral quadratus lumborum block (QL), bilateral pudendal nerve block, and intravenous paracetamol. 
We hypothesized that our NOMA protocol could provide adequate analgesia after surgery similar to opioid-based PCA. 
Therefore, we performed a randomized controlled non-inferiority trial to compare the analgesic effect of the NOMA 
protocol to that of opioid-based PCA after RARP based on a primary endpoint of the pain scores at 24 h postoperatively.

Methods
This study was approved by the Kyungpook National University Chilgok Hospital Review Board and registered at CRIS 
(cris.nih.go.kr, KCT0003589) and conducted in accordance with the Declaration of Helsinki. This trial included patients 
scheduled for RARP between February 2019 and February 2021. A research assistant contacted the patients, explained 
the study protocol, and obtained written informed consent for their participation in the study.

We included patients aged 20–75 years with American Society of Anesthesiologists Physical Statuses of I and II, who 
were expected to have a midline incision of <6 cm. We excluded patients with a history of allergy to analgesics, opioids, 
or gabapentinoids; impaired kidney or liver function; dependency on any drug; sleep apnea; obstructive pulmonary 
disease; coagulopathy; chronic pain syndrome; chronic use of opioids; use of analgesic medication within 24 h before 
surgery; and psychotic disorder. Patients who could not provide consent or use the PCA device independently were also 
excluded. A research assistant trained patients to record their postoperative pain scores using an 11-point numeric rating 
scale (NRS; “0” for “no pain” to “10” for “worst pain imaginable”).

We randomly allocated patients to the NOMA (n=40) or PCA (n =40) groups in a 1:1 allocation ratio by block 
randomization with a block size of 4. According to the allocation table, a research assistant assigned the patient group 
the day before surgery.

On the day of surgery, propofol (1–2 mg/kg) and rocuronium (0.4 mg/kg) were administered to induce anesthesia. All 
participants inserted an indwelling urinary catheter after an intraurethral 2% lidocaine gel injection. Anesthesia was 
maintained using desflurane (4–8%) and remifentanil (2–4 ng/mL using a target-controlled infusion pump) to maintain 
a bispectral index (BISX™ System, Medtronic, Minneapolis, MN, USA) of 40–60 and blood pressure within 20% of the 
preoperative value. Additional doses of rocuronium were administered as required to maintain muscle relaxation. The 
patients received maintenance fluid at 6–12 mL/kg/h.

RARPs were performed by two experienced surgeons using a transperitoneal approach with a 4-arm da Vinci Xi 
robotic system (da Vinci Xi, Intuitive Surgical, California, USA). Most patients underwent standard pelvic lymph node 
dissection, including dissection of the obturator and external iliac lymph nodes.
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The patients in the NOMA group underwent the NOMA protocol. The NOMA protocol has four steps: 1) oral 
pregabalin 150 mg 2 h before anesthesia on the day of the surgery, 2) preemptive ultrasound-guided lateral QL block on 
both sides using 25 mL of 0.2% ropivacaine at each side, 3) preemptive pudendal nerve block on both sides using 10 mL 
of 0.2% ropivacaine, 4) 1.0 g intravenous paracetamol at the end of surgery and every 8 h for 48 h after surgery.

An anesthesiologist who was experienced in nerve blocks performed the bilateral lateral QL blocks and pudendal 
nerve blocks. QL blocks were performed using an ultrasound transducer (L11-3, Konica Minolta, Tokyo, Japan) placed 
on the posterior axillary line between the subcostal margin and iliac crest. The tip of the 22-gauge Tuohy needle was 
placed at the anterolateral border of the QL muscle. After the needle tip penetrated the transversus abdominis 
aponeurosis, 3 mL of saline was injected to separate the fascial layers, and the exact position of the needle tip was 
confirmed. After securing negative aspiration of blood, 25 mL of 0.2% ropivacaine was injected on each side (Figure 1).

Bilateral pudendal nerve blocks were performed using an anterior approach technique.9 The patients were placed in 
a lithotomy position, and a hockey stick ultrasound transducer (HL18-4, Konica Minolta, Tokyo, Japan) was placed 
medial to the bony ridge of the ischial tuberosity in an oblique sagittal or transverse position (Figure 2). First, the internal 
pudendal neurovascular bundle was identified using color Doppler imaging. Then, using an out-of-plane approach, a 10- 
cm, 22-G echogenic needle was inserted into the neurovascular bundle. Once the correct needle position was confirmed, 
gentle aspiration was applied to prevent intravenous injection, and 0.2% ropivacaine 5 mL was slowly injected.

Patients in the PCA group were connected PCA device (GemStar®, Hospira Inc., Lake Forest, IL, USA) at the end of 
the surgery. The PCA device was set to deliver 1 mg of morphine sulfate bolus with a lockout time of 5 min, without 
baseline infusion.

Patients in both groups received tramadol (50 mg) as rescue analgesia if the pain score at rest was >5.
The primary outcome was NRS of pain at rest 24h after surgery. The secondary outcomes were NRS pain scores 

during 48h surgery at rest, during movement, and catheter-related. A research assistant monitored postoperative opioid 
consumption, rescue analgesic use, and postoperative nausea and vomiting (PONV) 48 h after surgery. The assistant also 
asked patients their NRS pain scores at rest, on movement, and catheter-related at 2, 6, 12, 24, and 48 h after surgery. We 
also assessed the time to first flatus by asking patients to measure the extent of the paralytic ileus. We administered the 
Korean version of the quality of recovery 15 questionnaires (QoR-15) the night before and 48 h after surgery to evaluate 
the quality of recovery.10 We converted 1mg of tramadol to 0.1mg of morphine to compare postoperative opioid 
consumption.11

Figure 1 Postinjection ultrasound image of quadratus lumborum block. Triangles indicate needle path. Asterisk represents the spread of local anesthetics. 
Abbreviations: EO, external oblique muscle; IO, internal oblique muscle; TA, trasversus abdominis muscle; QL, quadratus lumborum muscle.
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Sample Size Calculation and Statistical Analyses
A pilot study showed a mean pain NRS score at rest of 3.0 at 24 h postoperatively in the PCA group, with a standard 
deviation of 1.3. We defined an acceptable non-inferiority margin of 1.0 to reflect a practical clinical perspective. Sample 
sizes of 36 patients per group were calculated to provide a power of 0.9 and a one-sided α of 0.025.12 We recruited 40 
patients per group to account for potential dropouts. For non-inferiority evaluation, we calculated the 95% CIs of the 
median differences in NRS scores using the Hodges–Lehmann estimator.13 Differences in pain scores between PCA 
groups and NOMA groups were analyzed. We then tested the following null and alternative hypotheses as median 
differences in pain scores from the PCA and NOMA groups (MPCA-NOMA):

Patient characteristics, surgical values, and QoR-15 are shown as means and standard deviations, while the NRS scores 
are shown as medians and interquartile ranges. The incidence of PONV and rescue analgesics used were analyzed using 
the Wilcoxon rank-sum test. We used R statistical package (version 3.5.2, R Foundation for Statistical Computing) to 
assess non-inferiority. MPCA-NOMA were shown as median and 95% confidence interval (CI). Other statistical calculations 
were conducted using IBM SPSS Statistics for Windows, version 21.0 (IBM Corporation, Armonk, NY, USA). The 
analysis target was per-protocol set data, which excluded cases that dropped out after the study to compare the analgesic 
effect of the two analgesic methods.

Results
We assessed 153 patients and enrolled 80 patients. All patients followed the study protocol, and there were no dropouts. Thus, 
we analyzed 80 patients (Figure 3). We observed no differences in the baseline patient and surgical values (Table 1).

The pain scores did not differ significantly between the two groups at any time. The MPCA-NOMA at rest 24h was 0.5 (95% CI 
−0.5 to 2.0). The 95% CI of MPCA-NOMA at rest 24 h postoperatively was > - 1, indicating the non-inferiority of the NOMA group. 
The 95% CI of MPCA-NOMA at rest at 2 and 12 h, during movement at 6, 12, 24, and 48 h postoperatively, and catheter-related pain 
at 2, 6, 12, and 48 hours postoperatively were also > −1. The lower bound of the 95% CI of the median differences in NRS pain 

Figure 2 Pudendal neurovascular bundle (PNVB) in the color Doppler ultrasound image at the perineum. 
Abbreviations: IT, ischial tuberosity; sTP, superficial transverse perineal muscle.
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scores at rest 6 and 48 h after surgery, during movement at 2 h postoperatively, and catheter-related at 24 h postoperatively were on 
the non-inferiority margin (Figure 4).

The frequencies of rescue analgesics use did not differ significantly between the two groups. 23 patients in the 
NOMA group did not receive any opioid agonist for 48 h after surgery. The cumulative postoperative opioid use was 
significantly lower in the NOMA group (Table 2). The duration of post-anesthesia care unit stay and QoR-15 scores did 
not differ significantly between the two groups. However, the hours to first flatus and incidence of late PONV differed 
significantly between the two groups (Table 3). The groups showed no significant differences in the resumption of 
a regular diet. No serious adverse events were observed during the admission period.

Discussion
This prospective randomized clinical trial demonstrated that our NOMA protocol offered non-inferior analgesia com-
pared to opioid-based PCA. Our protocol also showed comparable analgesic efficacy for movement-induced and 

Figure 3 The flow of study. 
Abbreviations: ASA PS, American Society of Anesthesiologists physical status; NOMA, non-opioid multimodal analgesia; PCA, patient-controlled anesthesia.

Table 1 Patient Characteristics and Surgical Values

Variable PCA (n = 40) NOMA (n = 40) p

Age (years) 66.5 ± 5.7 64.8 ± 7.1 0.243

Height 166.6 ± 5.1 166.2 ± 5.3 0.702

Weight 70.1 ± 9.3 68.4 ± 8.3 0.389
ASA physical status 0.390

I* 6 (15) 9 (22.5)

II† 34 (85) 31 (77.5)
Duration of surgery (min) 232.1 ± 137.3 207.1 ± 34.7 0.267

Duration of anesthesia (min) 244.3 ± 49.0 247.7 ± 33.8 0.721

Intraoperative fluid (mL) 1208.0 ± 418.1 1318.3 ± 388.8 0.226
Estimated blood loss (mL) 287.3 ± 144.8 226.8 ± 137.7 0.059

Mini-incision length (cm) 4.2 ± 1.0 4.3 ± 0.7 0.661

Intraoperative remifentanil use (μg) 1194.4 ± 387.0 1092.9 ± 322.5 0.206

Note: Data are presented as mean ± standard deviation or number (%). 
Abbreviations: PCA, patient-controlled intravenous analgesia; NOMA, non-opioid multimodal 
analgesia; ASA, American Society of Anaesthesiologists; *I, normal healthy patients; †II, patients 
with mild systemic disease.
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catheter-related pain. In addition, our protocol minimized postoperative opioid consumption and decreased opioid-related 
side effects such as late PONV and delaying bowel function recovery. Furthermore, 57.5% of patients in the NOMA 
group did not receive any opioid agonist. Finally, the quality of recovery of the NOMA group was comparable to that of 
the opioid-based PCA group.

Various perioperative multimodal analgesic methods have emerged in light of the nationwide focus on reducing 
opioid use to combat the opioid epidemic. Multimodal analgesia protocols reportedly reduced postoperative pain and 
opioid use but did not eliminate postoperative opioid use in RARP.14 Therefore, we selected the components of the 
NOMA protocol according to their analgesic, opioid-sparing potential, and side effects.

The incisions of RARP were located above the umbilicus.(Figure 5) To eliminate pain-associated abdominal 
incisions, we adopted a bilateral QL block. QL block can provide somatic and visceral analgesic effects from the 
thoracic 7 to the lumbar 2 dermatomes.15 The spread of local anesthetic drugs to the thoracolumbar fascia (TLF) in the 
QL block could provide analgesia to the incisions above the umbilicus.16

Bladder spasms, penile, and catheter-related pain after RARP causes discomfort and physical limitations.17 Catheter- 
related bladder discomfort (CRBD) is a burning sensation spreading from the suprapubic area to the penis with an urge to 
void.18 The urethra and bladder mucosa contain abundant nerve endings. The mucous membrane can detect stimuli and 

Figure 4 Differences in numeric rating scale (NRS) pain scores between PCA and NOMA groups. Non-inferiority was determined when the lower boundary of the 95% 
confidence interval was −1. Data are presented in a median and interquartile range. Differences in the pain score = pain score of PCA minus pain score of NOMA. P value 
compares the PCA group and the NOMA group. Error bars represent 95% confidence interval. 
Abbreviations: Δ, non-inferiority margin; PCA, patient-controlled analgesia; NOMA, non-opioid multimodal analgesia.

Table 2 Postoperative Opioid Use and Frequency of Rescue Analgesics

Variable PCA Group (n = 40) NOMA Group (n = 40) p

Total morphine consumption, MME 21.1 ± 10.4 2.4 ± 3.0 0.000
Frequency of rescue analgesic use 0.388

0 26 (65) 23 (57.5)

1 12 (30) 13 (32.5)
2 4 (10) 1 (2.5)

3 1 (2.5) 3 (7.5)

Note: Data are presented as mean ± standard deviation or number (%). 
Abbreviations: PCA, patient-controlled analgesia; NOMA, non-opioid multimodal analgesia; MME, morphine milligram 
equivalents; QoR-15, quality of recovery-15 questionnaire score.
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send them through the afferent nerve to the nerve center, causing bladder and urinary tract irritation. The stimulation of 
the urethra by the urinary catheter and the bladder trigone area by the water sac of the tube may cause CRBD.18 CRBD 
has been reported in 47% of men in the post-anesthesia care unit.19 CRBD is resistant to conventional opioid therapy and 
distressing to patients, which decreases the quality of recovery.19

The pudendal nerve is a somatic nerve derived from the ventral rami of S2–S4 that innervates the urethral muscles 
and the sphincter of the perineum and pelvic floor. The afferent nerves of the bladder also travel with the pudendal 
nerve.20 Therefore, pudendal nerve block could prevent catheter stimulation of the urinary tract of male patients and 
decrease the risk of CRBD after prostatectomy.20 We selected the transperineal approach to perform pudendal nerve 
block. This approach is performed in the lithotomy position.9 RARP is also performed in the lithotomy position, so we 
performed the pudendal nerve block without changing position.

Figure 5 Abdominal incisions for robot-assisted laparoscopic prostatectomy. The main incision was made above the umbilicus to insert the camera.

Table 3 Postoperative Recovery Profile

Variable PCA (n = 40) NOMA (n = 40) p

Duration of PACU stay (min) 55.8 ± 20.6 51.1 ± 23.7 0.661
Preoperative QoR-15 92.1 ± 7.0 92.8 ± 11.2 0.756

Postoperative QoR-15 87.8 ± 13.9 92.8 ± 14.8 0.500

Differences between Preoperative and Postoperative QoR-15 4.4 ± 14.0 7.2 ± 14.6 0.379
Hours to first flatus 33.4 ± 11.7 25.0 ± 16.2 0.010

Hours to a first solid diet 62.7 ± 13.0 62.7 ± 13.0 0.883

Postoperative complication 0 0
Incidence of Postoperative Nausea and Vomiting

Early (less than 2 hours) 21 13 0.070
Late (2–48h) 13 1 0.000

Note: Data are presented as mean ± standard deviation or number. 
Abbreviations: PCA, patient-controlled analgesia; NOMA, non-opioid multimodal analgesia; QoR-15, quality of recovery-15 
questionnaire score.
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Pregabalin is an antiepileptic medication to treat neuropathic pain. It binds to the α2δ subunit of voltage-gated 
calcium channels and blocks depolarization-induced calcium influx.21 Surgical injuries cause inflammation. 
Inflammation-induced pain shares the mechanism of neuropathic pain.22 For this reason, pregabalin shows an analgesic 
effect on postoperative pain. Pregabalin is effective for movement-evoked pain and is associated with a faster post-
operative functional recovery.23 Pregabalin also showed an analgesic effect on CRBD after urologic surgery.24 Therefore, 
we included pregabalin in the NOMA protocol to reduce postoperative pain and CRBD. Paracetamol inhibits prosta-
glandin synthesis, acts as a cyclooxygenase-2 inhibitor, and directs N-methyl-D-aspartate receptor inhibition.25 

Perioperative administration of paracetamol reduced postoperative pain and CRBD after RARP.26,27

Our NOMA protocol preemptively delivers pregabalin and nerve blocks. Preemptive analgesia is an antinociceptive 
treatment that prevents central sensitization by incisional and inflammatory injuries.28 It reduces postoperative hyper-
algesia and prevents central sensitization. Intraoperative and postoperative around-the-clock intravenous paracetamol 
administration also reduces postoperative opioid consumption. In addition, it minimized opioid use associated with 
RARP and opioid-related side effects such as PONV and delayed bowel movements. Moreover, our protocol had 
a comparable effect on CRBD severity to that of opioid-based PCA.

This study has some limitations. First, not all protocol components have been validated for pain relief in RARP. 
Moreover, the analgesic effect of pregabalin is controversial.29 Therefore, the effects of each element of the NOMA 
protocol require verification. However, our results showed that the NOMA protocol was effective regardless of the 
effectiveness of each component and showed the advantage of multimodal analgesia. Second, we did not examine the 
sensory block area after the block. The perineal approach to the pudendal nerve block is a painful procedure that 
sometimes requires sedation. Therefore, we decided to perform the blocks after anesthesia. We used ultrasonography to 
perform QL and pudendal blocks accurately, and our results suggest that our blocks were effective. Third, our NOMA 
protocol did not accelerate the resumption of a regular diet. This study did not plan to enhance recovery and did not 
enroll enough subjects to prove the difference. Fourth, we did not evaluate whether our NOMA protocol could decrease 
the incidence of new continuous opioid use after surgery. Multimodal analgesia decreases opioid consumption immedi-
ately after surgery, but it is unclear whether multimodal analgesia prevents chronic opioid use after surgery.3 Further 
studies are needed to prove the effect of multimodal analgesia on chronic postoperative opioid use. Fourth, we used 
remifentanil during general anesthesia. The purpose of this study was to remove opioids after surgery, not opioid-free 
anesthesia. So we used remifentanil during anesthesia. Intraoperative remifentanil could produce opioid-induced hyper-
algesia and removal of intraoperative remifentanil may help to reduce postoperative opioid use.30

Conclusion
Our NOMA protocol, including preoperative pregabalin, QL block, pudendal nerve block, and acetaminophen infusion, 
showed an equivalent effect on postoperative pain control compared to opioid-based PCA. It also showed a comparable 
impact on CRBD compared to opioid-based PCA. In addition, the NOMA protocol minimized postoperative opioid use 
and decreased opioid-related side effects.
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