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Effect of ultrasound-guided bilateral rectus sheath block on
postoperative pain control after robotic single-site gynecologic
surgery: a randomized controlled study
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Purpose: Rectus sheath block (RSB) is a simple abdominal wall block that can be readily applied. This study evaluated the postoperative analgesic efficacy of
ultrasound-guided bilateral RSB in robotic single-site gynecologic surgery.

Methods: Sixty patients were randomly assigned to the RSB group (n=30) or the control group (n=30). After induction of general anesthesia, patients in the
RSB group received ultrasound-guided bilateral RSB with 30 mL of 0.25% ropivacaine. Pain intensity was assessed using a verbal numerical rating scale
(VNRS) at 0, 1, 6, 12, 24, and 48 hours postoperatively. Intravenous patient-controlled analgesia was provided to all patients, and fentanyl was administered as
rescue analgesia on request.

Results: VNRS scores at 0, 1, and 6 hours were significantly lower in the RSB group than in the control group (all P<0.05). Rescue fentanyl use in the post-an-
esthesia care unit was also significantly lower in the RSB group than in the control group (19.8+21.0 pg vs. 46.3%27.6 pg, P<0.001). Subgroup analysis showed
that RSB was associated with lower VNRS scores in patients undergoing ovarian surgery or myomectomy, whereas no significant difference was observed in
patients undergoing hysterectomy.

Conclusion: Ultrasound-guided bilateral RSB reduced early postoperative pain and rescue analgesic requirements after robotic single-site gynecologic sur-

gery.
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Introduction

Multimodal analgesia has become a cornerstone of postopera-
tive pain management [1,2]. In abdominal surgery, regional
blocks such as the transversus abdominis plane (TAP) block, rec-
tus sheath block (RSB), and quadratus lumborum block are effec-
tive components of this approach [3,4]. Postoperative abdominal
pain has somatic and visceral components [5,6]. TAP block and
RSB primarily target somatic pain, whereas systemic analgesics
address broader postoperative pain, including the visceral compo-
nent [2,3]. Combining these modalities can improve the quality
of postoperative recovery [1]

Over the past decade, laparoscopic and robotic surgeries have
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become increasingly common. Although these minimally invasive
approaches can reduce postoperative discomfort, patients may
still experience substantial pain [5,7]. The sensory blockade pro-
duced by RSB is usually confined to the midline; however, our
previous study demonstrated clinical benefit even in laparoscopic
gynecologic surgeries involving multiple lateral incisions [8]. Be-
cause bilateral RSB-induced somatic analgesia can reduce pain af-
ter gynecologic laparoscopy, the present study evaluated the effi-
cacy of bilateral RSB in single-site robotic surgery, which requires
only a single periumbilical incision. We hypothesized that ultra-
sound-guided bilateral RSB would reduce early postoperative
pain after robotic single-site gynecologic surgery. The primary

objective was to compare the verbal numerical rating scale
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(VNRS) pain score at 6 hours postoperatively between the RSB
and control groups. Secondary objectives were to compare VNRS
scores at other time points, rescue analgesic requirements, fentan-
yl consumption through intravenous patient-controlled analgesia

(IV-PCA), and the time to the first rescue analgesic request.

Methods

Study design and patient selection

This prospective, randomized, observer-blinded clinical trial
was conducted from May 2015 to January 2017. After approval by
the Institutional Review Board of Ewha Womans University Med-
ical Center (EUMC 2015-01-024-002) and registration at Clini-
calTrials.gov (NCT02450084), 60 patients provided written in-
formed consent and were enrolled in the study. The inclusion cri-
teria were age 21-60 years and scheduled robotic single-site gyne-
cologic surgery. The exclusion criteria were gynecologic cancer
surgery, American Society of Anesthesiologists (ASA) physical
status IIT or higher, a history of abdominal surgery, allergy to local
anesthetics, particularly ropivacaine, opioid tolerance, coagulopa-
thy, infection at the needle insertion site, and inability to cooper-

ate with the study protocol.

Randomization and anesthesia protocol

Patients were randomly allocated to the RSB group or the con-
trol group (n=30 each) using a computer-generated randomiza-
tion table. General anesthesia was induced with intravenous gly-
copyrrolate 0.2 mg, midazolam 3 mg, 1% propofol 2 mg/kg, fen-
tanyl 1 pg/kg, and rocuronium 0.6 mg/kg. After endotracheal in-
tubation, anesthesia was maintained with 2%-3% sevoflurane at
an FiO, of 0.5 to maintain a bispectral index value between 40
and 60. Additional fentanyl boluses of 0.5-1 pg/kg were adminis-
tered to maintain blood pressure and heart rate within 20% of the
baseline values recorded in the operating room.

Procedure for ultrasound-guided bilateral RSB
Ultrasound-guided bilateral RSB was performed by a single ex-
perienced anesthesiologist once each patient’s vital signs had sta-
bilized following intubation. Following the protocol established in
our previous study [8], a 38-mm, 6-13-MHz linear transducer
(Sonosite M-Turbo; Sonosite) was placed transversely immedi-
ately lateral to the umbilicus. A 22G Tuohy needle was inserted
using an in-plane technique and advanced from the medial to the
lateral side of the transducer. After the needle reached the plane
between the rectus muscle and the posterior rectus sheath, 15 mL
0f 0.25% ropivacaine was injected. Successtul placement was con-
firmed by real-time ultrasound visualization of a hypoechoic local
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anesthetic pocket. The procedure was then repeated on the con-
tralateral side.

Postoperative pain management and assessment

On arrival at the post-anesthesia care unit (PACU), all patients
received IV-PCA, which was continued for 48 hours postopera-
tively. The IV-PCA solution consisted of fentanyl 800 pg and ra-
mosetron hydrochloride 0.3 mg in normal saline, for a total vol-
ume of 100 mL. To evaluate and compare patient-demand opioid
consumption more accurately, the background continuous infu-
sion was minimized. Because the IV-PCA device required a mini-
mum continuous infusion setting, it was programmed to the low-
est possible rate, 0.8 pg/hr (0.1 mL/hr). The device was also set
to deliver a 16-pg (2.0-mL) bolus dose with a 15-minute lockout
interval. Portable IV-PCA pumps (Accumate 1100; Woo Young
Medical Co. Ltd.) recorded the timing and frequency of each pa-
tient’s bolus attempts.

In addition to IV-PCA, rescue analgesics were administered
when postoperative pain was inadequately controlled. During the
PACU period, including the 0- and 1-hour postoperative assess-
ments, intravenous fentanyl was administered as rescue analgesia.
After transfer to the general ward, intravenous ketorolac 30 mg
was administered as rescue analgesia whenever the patient report-
ed a VNRS score of 4 or higher or requested additional analgesia.

Postoperative pain intensity was assessed at 6 time points. The
first 2 assessments were performed in the PACU: immediately on
arrival (time 0) and 1 hour later (time 1). Pain was assessed using
the VNRS, which ranges from 0, indicating no pain, to 10, indicat-
ing the most severe pain imaginable. To maintain objectivity, all
assessments were performed by an interviewer blinded to group
assignment. After transfer to the ward, the blinded interviewer ob-
tained VINRS scores at 6, 12, 24, and 48 hours postoperatively.

Outcomes

The primary outcome was the between-group difference in
VNRS score at 6 hours postoperatively. This time point was se-
lected based on our previous finding that the analgesic duration of
RSB is approximately 6 hours [8]. Secondary outcomes were
VNRS scores at 0, 1, 12, 24, and 48 hours; rescue fentanyl dose in
the PACU; the proportion of patients requiring rescue analgesics;
time to the first rescue analgesic request; the cumulative number
of rescue analgesic doses; and the cumulative fentanyl dose in-
fused through IV-PCA up to 48 hours.

Sample size calculation and statistical analysis
The sample size was calculated based on an anticipated 33% re-
duction in pain at 6 hours. Power analysis, assuming 90% power
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and a type I error rate of 0.05, indicated that 27 patients were re-
quired per group. To allow for a potential 10% dropout rate, 30
patients were enrolled in each group, for a total sample size of 60.
Statistical analysis was performed using SPSS for Windows ver.
18.0 (SPSS Inc.). Continuous variables were analyzed using Stu-
dent’s t-test, and categorical variables were compared using the
chi-square test or Fisher’s exact test, as appropriate. A P-value

< 0.05 was considered statistically significant.

Results

A total of 60 patients were enrolled in the study (Fig. 1). Demo-
graphic characteristics and operative data did not differ signifi-
cantly between the 2 groups (Table 1).

Postoperative pain and analgesic consumption in the
PACU

The primary outcome, the VNRS score at 6 hours postopera-
tively, was significantly lower in the RSB group than in the control
group (3.0+1.7 vs. 4.1£1.9, P=0.026). VNRS scores were also
significantly lower in the RSB group than in the control group at 0,
1, and 6 hours postoperatively (P < 0.001, P=0.001, and P =0.026,

respectively) (Table 2, Fig. 2). Although intraoperative fentanyl re-
quirements did not differ significantly between the groups, rescue
fentanyl use in the PACU was significantly lower in the RSB group
(19.8£21.0 pg vs. 46.3+£27.6 pg, P <0.001). The proportion of
patients requiring rescue analgesics in the PACU was also signifi-
cantly lower in the RSB group (P =0.009).

The mean time to the first request for rescue analgesia was sig-
nificantly longer in the RSB group than in the control group (35.4
minutes vs. 12.9 minutes, P =0.002). Although the cumulative
number of rescue analgesic doses was significantly lower in the
RSB group at all time points, the total fentanyl dose infused
through IV-PCA during the 48-hour postoperative period did not
differ significantly between the groups (230.7 £207.8 pg in the
control group vs. 260.8 + 189.4 pg in the RSB group, P =0.560).
In the IV-PCA data (Table 2), no significant between-group dif-
ferences were observed in the number of bolus attempts or deliv-

ered boluses, except for the number of delivered boluses at 1 hour.

Subgroup analysis by surgery type

In the subgroup analysis, VNRS scores were significantly lower
in the RSB group for up to 1 hour postoperatively among patients
undergoing ovarian surgery (n=11 in the RSB group, n=8 in the

Enroliment

Assessed for eligibility (n=62)

Excluded (n=2)
« Not meeting inclusion criteria (n=0)

A 4

« Declined to participate (n=2)
« Other reasons (n=0)

Randomized (n=60)

I

Allocation
A4 A4

Allocated to RSB group (n=30)
« Received allocated intervention (n=30)
« Did not receive allocated intervention (n=0)

Follow-up

Allocated to control group (n=30)
« Received allocated intervention (n=30)
« Did not receive allocated intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Analysis

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Analyzed (n=30)
« Excluded from analysis (n=0)

Analyzed (n=30)
« Excluded from analysis (n=0)

Fig. 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram.
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Table 1. Demographic and operation-related data

Characteristic Control group RSB group  P-value
(n=30) (n=30)
Age (yr) 3541938 343182 0.629
ASA PS 0.573
| 20 22
Il 10 8
Body mass index (kg/m?) 214%28 22.1+45 0.432
Operation type 0.676
Ovarian surgery 8 "
Hysterectomy 6 6
Myomectomy 16 13
Adhesiolysis 0.592
Yes 12 10
No 18 20

1170485 1232+540 0.642
Anesthesia time (min) 159.2%£49.1 164.1t526  0.709
Intraoperative fentanyl dose (ug) 146.0%39.4 15861406  0.231

Operation time (min)

Rescue analgesics in PACU 0.009
Yes 27 17
No 3 13

Rescue fentanyl dose in the 463276 19.8%21.0 <0.001

PACU (ug)

Time to the first rescue analgesic 12.9%+17.9
request (min)

354%+29.0 0.002

Values are presented as meantstandard deviation or number of patients.
The RSB group received ultrasound-guided bilateral rectus sheath block
with 30 mL of 0.25% ropivacaine.

RSB, rectus sheath block; ASA PS, American Society of Anesthesiologists
physical status classification; PACU, post-anesthesia care unit.

control group; P=0.013 at 0 hours and P=0.007 at 1 hour).
Among patients undergoing myomectomy (n=13 in the RSB
group, n = 16 in the control group), VNRS scores were significant-
ly lower in the RSB group at 0, 1, 6, and 24 hours postoperatively
(P=0.007, P=0.01S, P=0.008, and P =0.048, respectively). In
contrast, no significant differences in VNRS scores were observed

at any time point in the hysterectomy subgroup (n= 6 per group)
(Fig.2).

Discussion

This study evaluated the effect of RSB on postoperative pain
and analgesic requirements in patients undergoing single-incision
robotic gynecologic surgery. RSB reduced immediate postopera-
tive pain in the PACU, decreased rescue fentanyl requirements,
and delayed the first request for rescue analgesia. However, the to-
tal fentanyl dose infused through IV-PCA over the 48-hour study
period did not differ between groups.

In this study, the RSB group had significantly lower VNRS
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Table 2. Intravenous patient-controlled analgesia and rescue
analgesic data

Variable Control (n=30) RSB (n=30) P-value

VNRS
0 hr 6.412.1 40+27 <0.001
1hr 5521 3.8%1.6 0.001
6 hr 4119 3017 0.026
12 hr 3.1£15 2716 0.270
24 hr 2513 20%£1.2 0.130
48 hr 1911 1.7£13 0.390

Total dose of fentanyl
infused via IV-PCA (ug)

1 hr 248%16.7 17.3£154 0.077
6 hr 84.3£59.5 8431744 1.000
12 hr 123.7£106.6 1205+ 115.3 0.912
24 hr 171.7+£167.0 1824+1760  0.811

48 hr 230.7%£207.8 260.8+189.4  0.560

Cumulative no. of delivered
IV-PCA boluses

1 hr 1.5+£1.0 1.0+09 0.042
6 hr 4735 52%48 0.669
12 hr 6.5%58 6.7£6.7 0.886
24 hr 8.3%83 11.9+125 0.190
48 hr 10.8£10.9 15.3+£134 0.152

Cumulative no. of [V-PCA
bolus attempts

1hr 481137 22137 0.326
6 hr 11.0x16.5 15.1+£41.6 0.615
12 hr 13.1£19.4 19.2+454 0.499
24 hr 15.7+23.5 24.8+49.2 0.368
48 hr 18.8+26.7 28.41489 0.349
No. of rescue analgesic doses
0hr 0705 0.0%0.2 <0.001
1hr 1.7£09 0.8+0.8 <0.001
6 hr 24111 1.5£1.0 0.001
12 hr 3014 18113 0.001
24 hr 3618 20%15 <0.001
48 hr 3.8+2.1 21+15 0.001

Values are presented as meanzstandard deviation. The RSB group received
ultrasound-quided bilateral rectus sheath block with 30 mL of 0.25% ropi-
vacaine.

RSB, rectus sheath block; VNRS, verbal numerical rating scale; IV-PCA, in-
travenous patient-controlled analgesia.

scores at 0, 1, and 6 hours postoperatively than the control group,
as well as lower rescue fentanyl use in the PACU and a longer time
to the first rescue analgesic request. Single-site surgery requires a
major periumbilical incision in an area innervated primarily by
the anterior cutaneous branches of the lower thoracic nerves (T7-
T11) [9,10]. In an RSB, local anesthetic is injected between the
rectus abdominis muscle and the posterior rectus sheath, where it
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All patients
H Control M RSB

VNRS
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Hysterectomy

H Control m RSB
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M Control m RSB

VNRS
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9 Postoperative time (hr)
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Fig. 2. (A-D) Postoperative pain intensity measured using a verbal numerical rating scale (VNRS) over time. Pain scores were
assessed at 0, 1, 6, 12, 24, and 48 hours postoperatively in the rectus sheath block (RSB) and control groups. VNRS scores
are presented for the overall study population and for subgroups defined by surgery type: ovarian surgery, myomectomy, and

hysterectomy. *P<0.05.

blocks these nerves and reduces somatic pain from the skin and
muscles of the abdominal wall [2,3,8,10]. Previous studies have
also reported that RSB is effective for early postoperative pain
management, particularly within 6-12 hours after surgery, and
can reduce opioid consumption after major abdominal surgery;
the early postoperative findings of the present study are consistent
with these reports [7,11-14].

Despite the clear analgesic effect observed in the PACU, the to-
tal fentanyl dose infused through IV-PCA over 48 hours did not
differ significantly between the 2 groups. Two factors may explain
this finding. First, the effect of the local anesthetic used for sin-
gle-injection RSB generally begins to wane after 6-12 hours
[10,11]. Second, from an anatomical perspective, RSB blocks so-
matic pain from the abdominal wall but does not block visceral
pain originating from intra-abdominal organs. Robotic gyneco-
logic surgery may induce substantial visceral pain, potentially
comparable to somatic pain, because of pneumoperitoneum, trac-
tion, and resection of internal organs during the procedure. In the
early postoperative period, somatic pain at the incision site is like-
ly to predominate, which may make the effect of RSB more appar-
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ent. As incisional pain subsides and visceral pain becomes a larger
contributor to the overall pain experience, opioid requirements
may become similar between groups.

The subgroup analysis illustrates the potential indications and
limitations of RSB. Although the RSB group had significantly
lower pain scores among patients who underwent myomectomy
or ovarian surgery, no significant difference in pain scores was ob-
served at any time point in the hysterectomy subgroup. This dif-
ference may reflect variation in the intensity of visceral pain across
surgical procedures and differences in neural innervation path-
ways. Hysterectomy requires extensive manipulation and resec-
tion of the uterus and upper vagina, which may produce marked
visceral pain transmitted through the lumbar splanchnic nerves
(T12-L2) and pelvic splanchnic nerves (52-S4) [15]. Major gy-
necologic surgeries can involve a substantial visceral pain compo-
nent; therefore, the analgesic effects of abdominal wall blocks
alone, such as RSB or TAP block, may be less apparent [3,15].
Thus, even if RSB reduces incision-site pain in patients undergo-
ing hysterectomy, the overall VNRS score may not decrease if in-
tense pelvic visceral pain remains insufficiently controlled [8,15].
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In contrast, myomectomy and ovarian surgery generally involve
less deep pelvic traction and no vaginal cuff suturing, which may
result in a smaller visceral pain component. Consequently, post-
operative pain may remain better controlled for up to 24 hours in
these surgical settings, even after the analgesic effect of RSB has
waned.

Although pain scores were significantly lower in the RSB group
up to 6 hours postoperatively, total fentanyl consumption ap-
peared to converge with that in the control group after this time
point (Table 2). This pattern may reflect rebound pain, in which
previously suppressed pain becomes more intense as the effect of
a single-injection local anesthetic block resolves [16]. Rebound
pain after peripheral nerve block resolution can cause marked
pain and increase the need for systemic analgesics, including opi-
oids. It has been described as a major contributor to increased re-
liance on systemic analgesia after nerve block resolution. There-
fore, although single-injection RSB is effective for reducing imme-
diate postoperative pain, it may not fully prevent a compensatory
increase in IV-PCA use after block resolution, which may limit its
opioid-sparing effect over a longer postoperative period.

This study has several limitations. First, it was conducted at a
single institution and included a relatively small sample; in partic-
ular, the hysterectomy subgroup was small, which limited statisti-
cal power and generalizability. Second, the 48-hour follow-up pe-
riod precluded assessment of patient and surgeon satisfaction and
longer-term recovery outcomes. Third, because pain was assessed
using a single VNRS score, somatic and visceral pain could not be
evaluated separately. Fourth, the objective success of RSB could
not be confirmed by postoperative sensory testing. Because the
block was performed after induction of general anesthesia, senso-
ry blockade could only have been assessed in the PACU. This as-
sessment was deliberately omitted for several reasons: patient re-
sponses immediately after surgery may have been inaccurate be-
cause of residual anesthetic effects; sensory testing could have
compromised patient blinding to group allocation; and, most im-
portantly, applying sensory stimuli, such as pinprick or cold test-
ing, near the surgical site could have caused unnecessary addition-
al pain, particularly in the control group. In addition, neither a
clinically meaningful basal opioid infusion nor routine nonopioid
analgesics, such as nonsteroidal anti-inflammatory drugs or acet-
aminophen, were administered as part of a fixed multimodal regi-
men, to isolate the analgesic effect of RSB on patient-driven opi-
oid demand. Consequently, a substantial proportion of patients,
including 17 of 30 in the RSB group, still required rescue analge-
sics in the PACU. The benefit of RSB might therefore be more
clearly demonstrated when RSB is incorporated into a nonopi-
oid-based multimodal analgesic regimen. Future large-scale, mul-
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ticenter studies should address these limitations and evaluate so-
matic and visceral pain separately.

In conclusion, RSB was a useful component of multimodal an-
algesia for robotic single-site gynecologic surgery. It reduced pain
and decreased rescue analgesic use during the immediate postop-
erative PACU period. Future research should evaluate adjuvants
that may prolong the duration of RSB or examine RSB in combi-
nation with additional analgesic therapies that can address sub-
stantial visceral pain.
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