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Abstract

Objective: To investigate the postoperative analgesic effects of rectus sheath block (RSB) in
combination with patient-controlled analgesia (PCA) compared with PCA alone after single-port
total laparoscopic hysterectomy (TLH)

Methods: This randomized, single-blind study enrolled female patients that underwent single-
port TLH. The patients were randomized to receive either fentanyl PCA (PCA group) or RSB
with the same PCA. The primary outcomes were fentanyl consumption at 8 h postoperatively
and visual analogue scale (VAS) pain scores, which represented the severity of postoperative pain.
Results: A total of 36 patients were enrolled in the study: |18 in the PCA group and 18 in the RSB
group (two patients were excluded). The primary outcome of fentanyl consumption was signif-
icantly lower at 8 h postoperatively in the RSB group than in the PCA group (148 £ 61 ug versus
222 + 107 pg, respectively). VAS scores were significantly lower at arrival in the post-anaesthesia
care unit and at 30 min after arrival in the RSB group compared with the PCA group. There were
no significant differences in the nausea/vomiting score and in additional analgesic consumption
between the two groups.

Conclusions: RSB can be used as a multimodal approach for pain control in single-port TLH
procedures.
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Introduction

Rectus sheath block (RSB) has been widely
used as a pain control method in proce-
dures involving the abdominal wall. It is
administered by injecting local anaesthetics
between the abdominal rectus muscle and
posterior rectus sheath and acts by blocking
sensations from the anterior cutaneous
nerve of the dorsal root of the T12 spinal
nerve at the level of T7.' Conventional
methods used previously included the two-
pop technique, which involved feeling for a
loss of resistance when the needle penetrat-
ed the anterior rectus sheath and posterior
rectus sheath; however, it was not certain as
to whether anaesthesia was achieved in the
correct location and this method presented
a risk of peritoneal puncture. Accurate
needle positioning and pattern of spread
of the anaesthesia can be seen in ultrasound
(US)-guided RSB techniques, due to
increased levels of safety, reproducibility
and a higher success rate than the conven-
tional method.*> This new method, a fascia
plane block, has been reinvented as laparo-
scopic surgery has become a more popular
procedure.

Ultrasound-guided RSB is known to be
a useful neural block for postoperative pain
control in the surgical treatment of umbili-
cal and paraumbilical hernias.>>*7 In
gynaecological laparoscopy operations, it
has been reported that RSB reduced post-
operative pain more effectively as compared
with a group that received no nerve block
and another that received either intraperi-
toneal or incisional local filtration.® !

Since the visual analogue scale (VAS)
pain scoring system is a subjective opinion
of the patient there is interindividual varia-
tion and researcher bias can occur when
obtaining the data. In this current study,
if the postoperative pain was severe in the
RSB group it may be an ethical problem,
but it could be solved because intravenous
(i.v.) analgesics were additionally injected
whenever there was pain via patient-
controlled analgesia (PCA). Both groups
were given i.v. PCA and the opioid con-
sumption was compared between the two
groups so that postoperative pain could be
assessed accurately.

To the best of our knowledge, no
research has been undertaken on the effects
of RSB following a single-port total laparo-
scopic hysterectomy (TLH). Therefore, this
current randomized, single-blind study
investigated the postoperative analgesic
effects of RSB after a single-port TLH.
This study aimed to demonstrate the effec-
tiveness of the RSB as a multimodal anal-
gesic procedure, using opioid consumption
and VAS score as the main outcomes.

Patients and methods

Study population

This randomized, single-blind study
enrolled patients in the Department of
Anaesthesiology and Pain  Medicine,
Daejeon St. Mary’s Hospital, College of
Medicine, The Catholic University of
Korea, Daejeon, Republic of Korea
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between June 2015 and November 2015.
The inclusion criteria were as follows:
(1) females within an age range of 19-70
years; (ii) patients that underwent single-
port TLH. The exclusion criteria were as
follows: (i) patients with characteristics or
underlying diseases unacceptable to this
study, such as clinically considerable
blood clotting disorders, infection at the
procedure site, allergies to local anaes-
thetics, severe cardiovascular problems,
American Society of Anesthesiologists
(ASA) classification >3, body mass index
(BMI) >35kg/m? diabetic neuropathy,
intake of chronic pain medication and sus-
pected malignancies; (ii) operation took
>3 h; (iii) TLH changed from single-port
to multi-port during surgery.

Patients were randomly assigned to the
RSB group or PCA group upon entry into
the operating room using a computer pro-
gram that created a random number table
and number assignments were sealed in
individual envelopes. The research coordi-
nator opened a sealed envelope for each
individual to assign them either to the
PCA or RSB group, after which he or she
informed the practitioner as to which group
the patient belongs. All TLH procedures
were performed by three skilled gynaecolo-
gists that have gained expertise in TLH sur-
gery for more than 10 years. In order to
reduce bias, the researchers were divided
into two groups as well, that of practi-
tioners and evaluators, and each group
had an independent role, as described as
follows: (i) practitioner: if assigned to the
RSB group, the practitioner prepared the
1.v. PCA drug as well as the local anaesthet-
ic for the RSB, and the syringe containing
the local anaesthetic was labelled ‘i.v. pro-
hibition, patient name and for research use’.
If assigned to the PCA group, the practi-
tioner arranged for the patient to only
receive the i.v. PCA drug; (ii) evaluator:
the evaluator studied and collected various
data from all the patients including the pain

scores, opioid consumption and side-
effects. The evaluators were blinded to the
group assignment information of each
patient.

This study was approved by Daejeon St.
Mary’s hospital institutional review board
(no. DCI130ISI0076; approval date was
3 March 2015). Written informed consent
was obtained from all patients participating
in the study. The trial was registered prior
to patient enrolment at Clinical Research
Information Service (no. KCTO0001461).
This manuscript adheres to the applicable
CONSORT guidelines. An anaesthesiolo-
gist visited the patients 1 day before the sur-
gery, gave a thorough explanation of the
procedures and its risks, and obtained
informed written consent from all patients.
All patients underwent a routine preopera-
tive evaluation, along with the collection of
information on demographic characteristics
and medical/surgical history, a physical

examination and a routine laboratory
blood test.
Study protocol

General anaesthesia was induced with 2 mg/
kg propofol and 0.8 mg/kg rocuronium fol-
lowed by tracheal intubation with a 7.0 mm
tube. Intraoperative anaesthesia was main-
tained with desflurane 1 MAC so that the
bispectral index value was in a range
between 40-60 and remifentanil was used
as an additional anaesthetic, adjusted to a
dose of 0.07 pg/kg per min according to the
blood pressure, which was maintained
within 30% relative to the mean blood pres-
sure at the time of admission. After induc-
tion of anaesthesia, 5mg dexamethasone
(Dexamethasone®; Huons BioPharma,
Seongnam, Republic of Korea) and 0.3 mg
ramosetron (Astellas Pharma Inc., Tokyo,
Japan) were injected intravenously to pre-
vent postoperative nausea and vomiting.
Ten minutes before the end of the surgery,
1 pg/kg fentanyl was injected intravenously.
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Ultrasound-guided RSB technique

After post-surgical dressing, the practition-
er prepared to perform RSB in the relevant
group, while maintaining inhalation anaes-
thetic. The patient was laid in a supine posi-
tion and the site of injection was disinfected
using chlorhexidine. All nerve blocks were
performed using an US machine (WS80A;
Samsung Medison, Seoul, Republic of
Korea) with a linear array transducer (3—
12MHz). First, the rectus sheath muscle
was located by aligning the US probe with
the lateral side of the umbilicus. The anterior
and posterior rectus sheath covering the top
and bottom of the abdominal rectus muscle
was also located and a colour Doppler was
used to identify the inferior epigastric vessels
so as not to damage them during needle
insertion (Figure 1). A 22G tuohy needle
(TaeChang Industrial,  Useong-myeon,
Republic of Korea) was inserted at a 30°
angle using the in-plane technique, from
the left lateral abdominal wall to the
medial side. After placing the needle between
the rectus muscle and the posterior rectus
sheath, a small dose (1 ml) of local anaes-
thetic was injected to confirm that the two
layers were well separated. If yes, a total of
20ml of local anaesthetic (0.375% ropiva-
caine) was administered. If not, the tip of
the needle was carefully advanced until the
optimal layer separation was achieved.
Similarly, on the right, the same procedure
was repeated. The total amount of fentanyl
used was 10pug/kg and 0.3mg ramosetron
was added to 100ml normal saline. The
PCA machine (Hospira Gemstar infusion
pump; Hospira, Lake Forest, 1L, USA)
was set using the following parameters:
fentanyl 0.5pg/kg for bolus, 5-min lock
time, 4-h total dose of 200ug/kg and no
background infusion.

Postoperative care

Postoperatively, patients were transferred
to the post-anaesthesia care unit (PACU).

Anterior Rectus Sheath

Posterior Rectus Sheath
Transversalis Fascia

(b)

Figure |. Ultrasound image (a) and corresponding
schematic diagram (b) of ultrasound-guided rectus
sheath block showing that the needle is inserted
from the lateral abdominal wall using the in-plane
technique. Local anaesthetic agent is diffused
between the rectus abdominis muscle and poste-
rior rectus sheath. The colour version of this figure
is available at: http://imr.sagepub.com.

The highest pain and nausea/vomiting score
was recorded at 15-min. Pain levels were
scored using a VAS scoring system as fol-
lows: VAS 0 means no pain, whereas a
score of 10 means the most extreme pain
imaginable. If the pain score was >4 on
the VAS, 30mg ketorolac was injected
intravenously. If the pain still persisted for
30 min (VAS: >4), 50 mg tramadol i.v. was
administered by the attending anaesthetist.

All patients followed the routine Acute
Pain Service protocol after being trans-
ferred to a ward after surgery on the same
day. Oral 80 mg zaltoprofen was taken in
the evening of the first operative day.
From the next day, 80 mg zaltoprofen was
taken orally three times a day and PCA
was maintained for 48h. If the patient
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complained of persistent pain, rescue 30 mg
ketorolac i.v. and 50 mg tramadol i.v. were
also administrated, similar to what was
done in the PACU.

Antiemetic drugs were administered
according to a routine protocol. The first-
line rescue treatment was 10 mg metoclo-
pramide i.v.. On the day of surgery,
0.3mg ramosetron i.v. and 5mg dexameth-
asone i.v. were injected during the intrao-
perative period; and 8h postoperatively,
0.3mg ramosetron was injected intrave-
nously. On days 1 and 2 postoperatively,
patients received 5mg mosapride citrate
orally three times a day. Nausea and vom-
iting were recorded according to a 4-point
scale routinely used in our PACU: 0: no
nausea; 1: occasional nausea; 2: persistent
nausea requiring treatment; and 3:
vomiting.'?

Data collection

The patients were assigned a special code to
make sure that the evaluators were blinded
to whether they had received RSB or not.
At 48 h postoperatively, the PCA pump was
collected and opioid consumption was
checked from the PCA data log, after
which the PCA data were downloaded to
a computer. Accumulated infused volume
given via 1iv. PCA were analysed.
Consumption of additional analgesics and
antiemetics was also investigated using
medical records that were retrospectively
collected from the intraoperative anaesthet-
ic records, drug administration records and
nursing logs.

Study outcomes

Patient demographic data, perioperative
conditions and short-term outcomes were
investigated, which included a recording of
parameters that included age, BMI, ASA
score, duration, estimated blood loss,
number and dose of opioids given to the

patient in the operating and recovery
rooms. Postoperative pain severity was
assessed using a VAS pain score and
opioid consumption was recorded at 1h,
8h, 12h, 24h and 48 h after surgery. After
surgery, the nausea/vomiting score and the
use of additional analgesics was investigated.

Statistical analyses

In order to undertake a power calculation,
a pilot study was conducted on 20 patients
that were divided into two equal groups
with or without the use of RSB. In this
pilot study, the primary aim was to record
the VAS pain score at 8 h after surgery and
the R statistical package (version 3.0, R
Foundation for Statistical Computing,
Vienna, Austria) was used. The mean +
SD VAS pain score of the control group
(i.v. PCA group) was 5.2+ 1.3 compared
with 2.9+0.54 for the test group
(RSB +1i.v. PCA). The effect size of the
pilot study was 2.37, « was 0.05 and
power was 90%. The number of patients
required for each group was calculated to
be approximately 13. Considering that
approximately 30% of the total patients
were eliminated or excluded due to compli-
cations, a total of 36 people were enrolled
in this study, with 18 people in each group.

All statistical analyses were performed
using the SPSS® statistical package, version
18.0 (SPSS Inc., Chicago, IL, USA) for
Windows®. Continuous variables were ana-
lysed using Student’s s-test and categorical
variables were analysed using Fisher’s exact
test, y°-test and Mann-Whitney U-test.
Normally distributed continuous data are
presented as mean+SD and continuous
data that were not normally distributed
are presented as the median (interquartile
range). Categorial data are presented as n
of patients (%). A P-value <0.05 was con-
sidered statistically significant.
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Results

This randomized, single-blind  study
enrolled 36 patients (Figure 2). All patients
in the PCA group qualified for inclusion in
the data analysis, but two patients in the
RSB group were excluded due missing
PCA data after the procedure. There were
no significant differences in age, ASA score,
height, weight, BMI, adhesions, operation
time, anaesthesia time, intraoperative fluid
administration, intraoperative bleeding
volume and preoperative haemoglobin
between the two groups (Table 1).
Compared with the PCA group,
accumulated fentanyl consumption was

significantly reduced in the RSB group
throughout the postoperative observation
period (1-48h) (P <0.05 for all compari-
sons) (Table 2). The primary outcome of
fentanyl consumption was significantly
lower at 8h postoperatively in the RSB
group than in the PCA group (148 £61 pug
versus 222 + 107 pg, respectively; P=0.021)
(Table 2).

The VAS pain score was significantly
lower in the RSB group at the PACU and
30 min postoperatively compared with the
PCA group (P=0.017, P=0.003, respec-
tively), but not significantly different at
other times (Table 2). The dose of ketorolac
30mg used as a rescue analgesic was not

Enrolment | Assessed for eligibility (n = 36) |

— .| m not meeting inclusion criteria

Excluded (n=0)

(n=0)
m Declined to participate (n = 0)

l Randomized (n = 36) l

Allocatedto PCA(n=18)

m Received allocated
intervention (n=18)

Lostto follow-up (n = 0)
Discontinued intervention (n = 0)

| Analysed (n = 18)
u Excluded fromanalysis (n = 0)

Allocation

Follow-up

Analysis

Allocatedto RSB (n = 18)

m Received allocated
intervention (n = 18)

Lostto follow-up
(missing PCAdata) (n = 2)
Discontinued intervention (n=0)

[Analysed (n = 16)
m Excluded from analysis (n = 0)

Figure 2. Flow diagram showing patient numbers at various stages in this prospective, randomized,
single-blind study of the effects of ultrasound-guided rectus sheath block (RSB) in combination with patient-
controlled analgesia (PCA) compared with PCA alone for pain relief following single-port total laparoscopic

hysterectomy.



Choi et al.

Table |I. Demographic and clinical characteristics of patients (n = 34) that were included in a prospective,
randomized, single-blind study of the effects of ultrasound-guided rectus sheath block (RSB) in combination
with patient-controlled analgesia (PCA) compared with PCA alone for pain relief following single-port total

laparoscopic hysterectomy.

Characteristic

PCA group n=18 RSB group n=16

Age, years
ASA score

|

2
Height, cm
Weight, kg
BMI, kg/m?
Adhesiolysis required

Yes

No
Operation time, min
Anaesthesia time, min
Intraoperative fluid administration, ml
Intraoperative bleeding, ml
Preoperative haemoglobin, g/dI

3774129 396+ 11.1

1 (6l) 8 (50)

7 (39) 8 (50)

158.0 £ 5.1 160.2+5.8
592485 57.1410.4
237434 223438
10 (56) 10 (63)

8 (44) 6 (38)

93.1 £354 103.3 +40.2
132.1 £37.1 142.5 £ 40.6
539.54+231.3 595.5 4 382.8
50 (50-100) 100 (43-175)
13.1+13 12.5+2.1

Data presented as mean =+ SD, median (interquartile range) or n of patients (%).

No significant between-group differences (P > 0.05); continuous variables were analysed using Student’s t-test; categorical
variables were analysed using Fisher’s exact test, %*-test and Mann—Whitney U-test.

ASA, American Society of Anesthesiologists; BMI, body mass index.

significantly different between the two
groups (Table 2).

Nausea and vomiting were not signifi-
cantly different between the two groups at
any time-point (Table 3). In addition, there
was no significant difference in the admin-
istration of antiemetics between the two
groups for 48 h after surgery. There were
no significant side-effects such as deep seda-
tion, respiratory depression, systemic toxic-
ity due to local anaesthesia and infection in
either group.

Discussion

This randomized, single-blind study aimed
to investigate the analgesic efficacy of RSB
in single-port TLH. Compared with the
PCA group, the opioid-sparing effect was
superior in the RSB group throughout the
postoperative observation period, even
though the VAS score, which was the

primary outcome measure, did not appear
to be significantly different between the two
groups from 848 h after surgery.

The umbilical area is known to be inner-
vated by the anterior cutaneous branch of
the ventral ramus of the spinal nerve of
T10. Since the nerves form a plexus
around the inferior epigastric artery, T9
and TI11 spinal nerves also supply pain
and sensory sensations.'’In 2006, a previ-
ous study reported excellent pain relief by
performing ultrasound-guided RSB after a
paediatric umbilical herniorrhaphy.* Other
similar studies have also shown that RSB is
an appropriate pain management modality
in surgery of the umbilical area.*®’'4

Rectal sheath block is a fascia plane
block that reduces only somatic pain in
the umbilical area. Therefore, if a patient
complains of severe pain that is arising
from a visceral or perineal site, the use of
RSB will not be effective. In a study of pain
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Table 2. Fentanyl consumption, pain scores and ketorolac administration in patients (n = 34) that were
included in a prospective, randomized, single-blind study of the effects of ultrasound-guided rectus sheath
block (RSB) in combination with patient-controlled analgesia (PCA) compared with PCA alone for pain relief

following single-port total laparoscopic hysterectomy.

PCA group n=18

RSB group n= 16 Statistical analysis®

Total fentanyl consumption, g

I'h 120 + 46
4h 166 + 56
8h 222 £107
12h 277 £170
24h 333£192
48h 371 £214

Visual analogue pain score

Arrival at PACU 3.63+1.16
30 min 3.37+1.38
8h 332+ 1.06
12h 2.89+1.20
24h 279+ 1.47
48h 242+ 1.84

Ketorolac administration, g
8h 95+ 143
8-48h 79+169
Total 17.4 +£25.1

79 +£40 P=0.008
117 £58 P=0.017
148 £ 61 P=0.021
161 £77 P=0.017
214+ 114 P=0.032
240 + 147 P=0.041
2.75+£0.86 P=0.017
2.19£0.66 P=0.003
2.88+1.08 NS
294+ 1.48 NS
206 £ 1.12 NS
1.69+£0.79 NS
75+ 134 NS
1.9+75 NS
94+ 144 NS

Data presented as mean =+ SD.
?Continuous variables were analysed using Student’s t-test.

PACU, post-anaesthesia care unit; NS, no significant between-group difference (P> 0.05).

levels recorded after TLH surgery, visceral
pain was reported to be the highest and per-
ineal pain was greater than the incision site
pain in 30% of the patients.'”> However, the
definition of visceral pain was not precisely
defined in this previous study.'> A similar
pain pattern study on laparoscopic chole-
cystectomy revealed that somatic pain was
the most important factor of discomfort
amongst patients.'¢

In the current study, the postoperative
pain scores in the RSB group varied signif-
icantly from the PCA group in the PACU
and the fentanyl consumption was found to
be significantly lower, which was suggestive
of the fact that somatic pain might have
played an important role in postoperative
pain in these patients. Other gynaecological
research comparing RSB with intraperito-
neal (IP) injection as a modality to reduce

visceral pain found that pain significantly
increased in the IP group 6h after surgery.’
Several papers have been published that
suggest that even if RSB does not resolve
visceral pain, it can reduce overall pain, as
seen in the case of open gynaecological sur-
gery,'!” multi-port laparoscopic gynaecolog-
ical surgery'' and single-port laparoscopic
adnexectomy.'®

One noteworthy point is that most of the
above studies investigated multi-port lapa-
roscopic surgery or open surgery, whereas
in recent years, the popularity of single-port
laparoscopic surgery, which uses the umbi-
licus as the lone port, has increased. There
is much controversy as to which of the
two surgeries is better pertaining to pain
control and this subject requires more dis-
cussion.'®2° However, RSB can be used
effectively in single-port laparoscopic
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Table 3. Nausea and vomiting scores and antie-
metic administration in patients (n = 34) that were
included in a prospective, randomized, single-blind
study of the effects of ultrasound-guided rectus
sheath block (RSB) in combination with patient-
controlled analgesia (PCA) compared with PCA
alone for pain relief following single-port total
laparoscopic hysterectomy.

Nausea/ PCA group RSB group
vomiting score n=18 n=16
Arrival at PACU
0 10 (56) 8 (50)
| 6 (33) 7 (44)
2 2(1) I (6)
3 0 (0) 0 (0)
12h
0 14 (78) Il (69)
| 2(11) 5310
2 2(11) 0 (0)
3 0 (0) 0 (0)
Postoperative antiemetic 2 (11) 1 (6)

administration at 48 h

Data presented as n of patients (%).

No significant between-group differences (P > 0.05); cat-
egorical variables were analysed using Fisher’s exact test
and Mann—Whitney U-test.

PACU, post-anaesthesia care unit.

surgery, given that the umbilical area has
been identified as the main source of somat-
ic pain.

This current study had several limita-
tions. First, the control group did not
receive a sham block to exclude the placebo
effect. Secondly, it was not easy to distin-
guish whether the pain relief observed was
due to the effect of RSB or systemic absorp-
tion of local anaesthetics.

In conclusion, ultrasound-guided RSB is
a multimodal method of pain control that
can provide effective relief after single-
port TLH.
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