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The additional analgesic effects of transverse abdominis
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Purpose: Intrathecal analgesia (ITA) and transverse abdominis plane block (TAPB) are effective pain control methods in
abdominal surgery. However, there is still no gold standard for postoperative pain control in minimally invasive colorectal
surgery. This study aimed to investigate whether the analgesic effect could be increased when TAPB, which can further
reduce wound somatic pain, was administered in low-dose morphine ITA patients.

Methods: Patients undergoing elective colorectal surgery were randomized into an ITA with TAPB group or an ITA group.
Patients were evaluated for pain 0, 8, 16, 24, and 48 hours after surgery. The primary outcome was the total morphine
milligram equivalents administered 24 hours after surgery. The secondary outcomes were pain scores, ambulatory
variables, inflammation markers, hospital stay duration, and complications within 48 hours after surgery.

Results: A total of 64 patients were recruited, and 55 were compared. There was no significant difference in morphine
use over the 24 hours after surgery in the 2 groups (ITA with TAPB, 15.3 mg vs. ITA, 10.2 mg; P = 0.270). Also, there was
no significant difference in pain scores. In both groups, the average pain score at 24 and 48 hours was 2 points or less,
showing effective pain control.

Conclusion: ITA for pain control in patients with colorectal surgery is an effective pain method, and additional TAPB was
not effective.

[Ann Surg Treat Res 2021;101(4):221-230]
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INTRODUCTION patient recovery. The effects of perioperative multimodal pain
control with regional anesthesia are well known to be reduced

Effective postoperative pain control is an important factor in  surgical stress response and enhanced recovery [1]. Although
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thoracic epidural analgesia for open colorectal surgery is a
standard pain management guideline for enhanced recovery
after surgery (ERAS), it is not strongly recommended for
laparoscopic surgery due to its poor success rate and side effects
such as urinary retention [1]. In recent ERAS guidelines for
colorectal surgery, diverse regional analgesic methods such as a
transverse abdominis plane block (TAPB), intrathecal analgesia
(ITA), and a rectus sheath block have been introduced, and their
good effects have been reported in laparoscopic abdominal
surgery [1-3]. In addition, comparative studies on each of the
regional anesthesia methods are being conducted, but there
are few comparative studies in patients with minimally
invasive colorectal surgery, so the ERAS guideline does not
yet recommend which regional analgesic method is the most
effective [2,4-8].

In a recent report on colorectal surgical patients, a
randomized controlled study comparing the TAPB and ITA
demonstrated that the opioid-sparing effect of ITA within
24 hours after surgery was better than that of the TAPB [4].
Another study reported a higher pain relief effect of TAPB than
that of epidural block in patients who underwent minimally
invasive colorectal surgery [6]. Before this study, in our pilot
study, we observed the lowest postoperative pain score and
opioid consumption in patients who received both TAPB and
ITA. Therefore, to identify whether a multi-block regional
anesthesia technique with different mechanisms of effect
could result in the best pain relief and opioid-sparing effects in
patients who underwent minimally invasive colorectal surgery,
a randomized controlled comparison between ITA and ITA with
TAPB was conducted.

METHODS

This study was to compare postoperative pain relief effects
in patients who underwent elective minimal invasive colorectal
surgery in a prospective, single-blinded, randomized controlled
trial with groups that received either ITA alone or both ITA
and laparoscopic TAPB. This study was conducted from
December 2019 to October 2020 in Seoul St. Mary's Hospital,
the Catholic University of Korea. The study was approved
by the Institutional Review Board of the Ethics Committee
of the College of Medicine, the Catholic University of Korea
(No. KC19MISV0923) and was registered at the Clinical Trial
Registry of Korea (No. KCT0004838). This study was performed
in accordance with the Declaration of Helsinki and written
informed consent was obtained from all the patients.

Patients and randomization
Patients scheduled to undergo elective, minimally invasive

colorectal surgery in Seoul St. Mary's Hospital, the Catholic
University of Korea were recruited for this study. Inclusion

criteria were adults under 80 years old and American Society of
Anesthesiologists physical status classifications I-1I; colorectal
cancer or benign disease except for inflammatory bowel
diseases such as Crohn disease and ulcerative colitis. Exclusion
criteria were women who were pregnant or breastfeeding;
chronic patients requiring daily opioid use; abnormal liver
function test results; renal insufficiency, defined as preoperative
serum creatinine > 2.0 mg/dL; synchronous surgery on another
organ; abdominoperineal resection; rectal cancer patients who
underwent preoperative chemoradiotherapy; or a history of
side effects of spinal anesthesia or spinal surgery. In accordance
with the American Society of Regional Anesthesia and Pain
Medicine Guidelines, any patients receiving any anticoagulants
other than aspirin were also excluded.

All patients, after providing written informed consent and
satisfying the criteria, were allocated to a study group. Hospital
staff who were not involved in this study performed computer-
generated randomization at a 1:1 ratio to allocate the enrolled
patients to the ITA with TAPB group (n = 29) or the ITA-only
group (n = 30). The randomized allocation was performed
on the day when a patient who gave informed consent was
admitted.

Study intervention
All patients were managed pre-, intra-, and postoperatively

according to our institution's multimodal pain management
protocol. Patients received oral medications (900 mg of
acetaminophen, 200 mg of celecoxib, and 300 mg of gabapentin)
before surgery, and in the operating room, patients were
treated with ITA with or without TAPB according to their
group allocations and received intravenous injections of 2
g of acetaminophen with ketorolac 30 mg before the end of
anesthesia. Postoperatively, intravenous patient-controlled
analgesia (PCA) was applied; the intravenous PCA regimen
consisted of fentanyl 2,000 pg (total of 100 mL of volume
including saline), and the device was programmed to deliver
1 mL (20 pg of fentanyl) per demand without basal infusion.
Additional pain control was performed in the order of ketorolac,
tramadol, and pethidine.

Intrathecal analgesia
Spinal analgesia was performed in the operating room before

the induction of general anesthesia by 2 anesthesiologists (SHH
and JWS). For this, 0.5% hyperbaric bupivacaine 10 mg and
preservative-free morphine were administered, with the patient
in the lateral position, at the L3-4 or L4-5 intervertebral space
using a 25-gauge Quinke needle. Male patients aged =70 years
and female patients received 150 pg of intrathecal morphine,
and male patients aged <70 years received 200 pg of intrathecal
morphine,
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Laparoscopic transverse abdominis plane block
The laparoscopic TAPB was modified from the TAPB described

in a previous study [9]. All laparoscopic TAPBs were conducted
with ropivacaine hydrochloride before the wound was closed.
Ropivacaine solution (0.75%, 150 mg in 20 mL) was diluted with
20 mL saline to a total volume of 40 mL (0.375%, 150 mg in 40
mL). Ropivacaine was injected into the transverse abdominis
plane from the peritoneal side under ultrasound guidance.
Under ultrasonic visualization of the transverse abdominis
plane between the internal oblique and transverse abdominis
muscles, the surgeons introduced an 18-gauge laparoscopic
needle into the plane between the lower costal margin and
the iliac crest, injecting 20 mL of diluted ropivacaine on each
side [9]. Each laparoscopic TAPB was performed by 3 surgeons
participating in the surgery, securing intestinal safety with a
laparoscopic camera. The plane positions of all TAP blocks were
cross-confirmed by other surgeons.

Surgical procedure
Laparoscopic surgery was performed using 4 trocars with a

small wound protector in the umbilicus, where the specimen
was extracted by transumbilical incision. With robotic surgery,
4 to 5 trocars with a small wound protector were used, and the
specimen was extracted through wound protector placed in
a transumbilical or right lower quadrant. Complete mesocolic
excision with central vascular ligation in colon surgery or total
mesorectal excision in rectal surgery was performed according
to the tumor location. All patients underwent double stapled
anastomosis by side-to-end anastomosis in right hemicolectomy
or end-to-end anastomosis in left colon and rectal surgery.

Study outcome measurements
The primary outcome was the total morphine milligram

| Assessment for eligibility (n = 64) |

equivalents (MMEs) administered within the first 24 hours
after surgery. Secondary outcomes were mean pain scores
within 24 and 48 hours after surgery, the time for the first
ambulation, ambulatory distances within 24 and 48 hours,
postoperative inflammatory markers, and clinical outcomes.
Pain was assessed on a visual analogue scale ranging from 0 (no
pain) to 10 (severe pain) by a specialized ERAS nurse unaware
of allocation at 0, 8, 16, 24, and 48 hours after surgery. All
patients received perioperative care from an ERAS nurse before
and after the surgery. When they arrived at the ward after the
surgery, each patient wore a smart bracelet (InBodyBAND2,
InBody Corp., Seoul, Korea), and the data on the patient's
postoperative exercise were stored in the application installed
on the patient's own smartphone. In this study, the time until
the patient’s first ambulation and the number of walking steps
within 24 and 48 hours after surgery were investigated by smart
devices. Markers of inflammation were evaluated daily for 48
hours after surgery, including serum albumin, CRP, ESR, WBC
count, neutrophil and lymphocyte counts, and the neutrophil
to lymphocyte ratio (NLR). A modified Glasgow prognostic
score (mGPS), which is based on serum CRP and albumin
concentrations, was also determined. The NLR and mGPS were
used as systemic inflammation markers. NLR was classified as
higher or lower than 5, and mGPS was divided into stages 0,
1, and 2. Higher NLR and higher mGPS values indicate severe
inflammation. In addition, we investigated patient hospital stay
and surgical complications.

Sample size calculations and statistical analysis
The sample size was calculated based on the primary

outcome according to the superiority hypothesis. Based on
preliminary analyses (unpublished), the 24-hour MMEs of the
ITA and TAPB group (n = 18) and the ITA-only group (n = 5)

Excluded (n = 5)
» - Not meeting criteria (n = 4)
- Opioid overuse (n = 1)

| Randomized (n = 59) |
v
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}
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Open and closure (n = 1)
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flow diagram. ITA, intrathecal
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abdominis plane block.
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were 17.1 vs. 243, and the standard deviation was 11 MMEs.
With o = 0.05 and a desired power of 80%, assuming a 10%
dropout rate, we decided to enroll 32 patients per group.

This primary analysis was performed on per-protocol
basis with a secondary intention-to-treat (ITT) analysis. The
categorical variables of the groups were compared using the
chi-square or Fisher exact test. The chi-square and Pearson
correlation tests were used to evaluate the correlations between
clinical factors. We used the 2-sided independent sample
Mann-Whitney test or t-test for the continuous variables of
opioid consumption (MMEs) and pain scores. All statistical
analyses were performed using IBM SPSS for Windows ver. 24.0
(IBM Corp., Armonk, NY, USA). P-values less than 0.05 were
considered significant.

RESULTS

A total of 59 patients who were eligible according to our
criteria were enrolled in this study. Four patients withdrew
after randomization because of 2 failures of ITA, an open
conversion, and an open and closure due to carcinomatosis.
Ultimately, 55 patients were included and allocated in the ITA
with laparoscopic TAPB group (n = 27) and the ITA-only group (n
= 28) (Fig. 1). Baseline demographic and clinical characteristics
with preoperative inflammatory status are shown in Table
1. There was no significant difference between the 2 groups
among the preoperative inflammatory markers. The main
results, primary and secondary outcomes were presented in
Table 2 for the per-protocol with ITT analysis.

Primary outcome
The primary and secondary outcomes are shown in Table 2.

In per-protocol analysis, the total MMEs administered within
the first 24 hours after surgery were 153 + 20.0 mg in the ITA
with laparoscopic TAPB group and 10.2 + 143 mg in the ITA-
only group (P = 0.270). There was no significant difference
in opioid consumption between the 2 groups for 24 hours
after surgery (Fig. 2). In the ITT analysis, we could not find
significant difference in opioid consumption between the 2
groups for 24 hours after surgery (Table 2).

Secondary outcomes
In per-protocol analysis, 1 of the secondary outcomes, the

mean pain scores within 24 hours and 48 hours, showed no
differences between the 2 groups (24 hours: 1.8 + 09 vs. 1.6
+ 1.1, P = 0512; 48 hours: 19 + 09 vs. 1.7 = L1, P = 0511).
Both groups started ambulation about 4.2 hours after surgery,
and there were no significant differences between the 2 groups
with regard to inflammatory changes measured after surgery.
The duration of hospital stay showed no significant difference
between the 2 groups (5.1 * 3.0 days vs. 45 = 23 days, P =

0.459). However, the ITA and laparoscopic TAPB group showed a
trend of higher postoperative complications than the ITA group,
although this was without statistical significance (22.2% vs. 7.1%,
P = 0.143). In the ITT analysis, we could not find significant
difference in pain scores within 24 and 48 hours, ambulatory
quality, hospital stay, and inflammatory variables between the
2 groups (Table 2).

Side effects and safety data

One patient had a serious adverse event during this study.
The patient was not included in the analysis due to ITA
failure, but a reoperation was performed due to external iliac
artery bleeding. In the ITA with laparoscopic TAPB group, 5
patients showed clinical symptoms indicative of anastomosis
leakage and were treated with antibiotics and conservative
management, and 1 patient had anastomosis site bleeding with
conservative care. In contrast, in the ITA-only group, one patient
was suspected of anastomosis minor leakage, so antibiotics and
conservative care were provided (Table 2).

Table 3 summarizes the side effects associated with the
interventions. There were no serious cardiovascular or
respiratory problems. The urination failure was significantly
higher in the ITA-only group (29.6% vs. 60.7%, P = 0.031). Of
the 28 male patients in both groups, 23 patients (82.1%) had a
Foley catheter reinserted after surgery. Among the 27 female
patients, 16 patients (59.3%) complained of nausea and vomiting
(Supplementary Fig. 1).

DISCUSSION

In the present study, we found that the patients who
underwent ITA showed effective pain control with a pain
score of 2 points or less until 48 hours after surgery. However,
additional TAPB in patients with ITA for laparoscopic colorectal
surgery had no additional analgesic effects. The use of ITA
alone provided satisfactory analgesia.

According to the previous literature, both ITA and TAPB
showed significant pain relief effects in patients who
underwent laparoscopic abdominal surgery as pain control
methods with relatively low complications [4,6,10-13]. In this
study, it was also confirmed that effective pain control was
achieved in all patients who underwent ITA with or without
TAPB. It was confirmed that the average pain score within 24
and 48 hours after surgery was maintained at 2 points or less
in both groups, and the amounts of opioid consumption were
153 and 10.2 mg within 24 hours, respectively. In laparoscopic
abdominal surgeries where ITA was performed in other
institutions, opioid usage was 11.3-22.5 mg, and pain score was
0.3-2.8 points, similar to our results [4,11,14,15].

Since 1979, ITA, which has been used for postoperative pain
control, has been used at various effective doses of 0.1-25
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Table 1. Baseline characteristics and details by technique

Per-protocol

Variable
ITA+TAPB (n=27) ITA (n =28)
Demographic characteristic

Age (yr) 61.4+12.6 62.9+7.6

<70 24 (88.9) 23 (82.1)

>70 3(11.1) 5(17.9)
Sex

Male 12 (44.4) 16 (57.1)

Female 15 (55.6) 12 (42.9)
Body mass index (kg/m*)  24.0 = 3.0 23.6+2.9

<25 16 (59.3) 22 (78.6)

225 11 (40.7) 6(21.4)
ASA PS classification 2l 24 (88.9) 24 (85.7)
Underlying disease

>1 24 (88.9) 24 (85.7)

22 3(11.1) 4(14.3)
Location of lesion”

Right 9(33.3) 6(21.4)

Left 9(33.3) 15 (53.6)

Rectum 9(33.3) 7 (25.0)
Stage

Tis/I 1/9 (3.7/33.3) 1/4 (3.6/14.3)

1 2(7.4) 5(17.9)

Il 11 (40.7) 16 (57.1)

\Y% 0 (0) 1(3.6)
Operation method

Lap 20 (74.1) 24 (85.7)

Robot 7 (25.9) 4(14.3)
Operation time (min) 216.2 £49.0 2029 +43.8
EBL (mL) 28.5+22.6 28.6+21.9

Preoperative inflammatory status

WABC count (x10°/L)

<10 23 (85.2) 25 (89.3)

>10 4(14.8) 3(10.7)
Albumin (g/dL) 44+03 4.2+0.4
NLR

<5 24 (88.9) 24 (85.7)

25 3(11.1) 4(14.3)
CRP (mg/dL) 0.6+2.0 0.3 +0.5
ESR (mm/hr) 45+3.8 10.1 £ 8.3
mGPS

0 23 (85.2) 25 (89.3)

1 4(14.8) 3(10.7)

2 0 (0) 0(0)

Values are presented as mean =+ standard deviation or number (%).

Intention-to-treat

P-value ITA+TAPB (n=29) ITA (n = 30) P-value
0.597 60.8 +12.7 62.9+7.6 0.273
0.705 26 (89.7) 23 (76.7) 0.299

3(10.3) 7(23.3)
0.423 0.301
12 (41.4) 17 (56.7)
17 (58.6) 13 (43.3)
0.602 243 +£3.3 23.8+2.9 0.612
0.152 17 (58.6) 23 (76.7) 0.170
12 (41.4) 7 (23.3)
0.518 26 (89.7) 26 (86.7) 0.518
0.782 0.755
25 (86.2) 26 (86.7)
4(13.8) 4(13.3)
0.308 0.569
10 (34.5) 7 (23.3)
10 (34.5) 15 (50.0)
9(31.0) 8(26.7)
0.200 0.236
1/9 (3.4/31.0) 1/4 (3.3/13.3)
2(6.9) 5(16.7)
13 (44.8) 18 (60.0)
0 (0) 1(3.3)
0.329 0.333
22 (75.9) 26 (86.7)
7 (24.1) 4(13.3)
0.292 212.2 +53.0 2059 +43.3 0.593
0.234 29.7 £22.7 29.3 £249 0.959
0.705 0.472
24 (82.8) 27 (90.0)
5(17.2) 3(10.0)
0.270 4.3 +£0.5 42+04 0.745
>0.999 >0.999
25 (86.2) 25 (83.3)
4(13.8) 5(16.7)
0.519 1.2+29 0.6+1.5 0.332
0.036* 45+3.8 10.1+8.3 0.512
0.705 0.701
25 (85.7) 27 (90.0)
4(14.3) 3(10.0)
0 (0) 0 (0)

ITA, intrathecal analgesia; TAPB, transverse abdominis plane block; ASA, American Society of Anesthesiologists; PS, physical status;
EBL, estimated blood loss; NLR, neutrophil to lymphocyte ratio; mGPS, modified Glasgow prognostic score.
“Diverticulum, huge adenoma, desmoid tumor, appendiceal cancer, and colorectal cancer.

*Statistically significant (P < 0.05).

mg [16]. However, there have been reports related to side
effects such as pruritus, nausea, vomiting, and respiratory
failure. Therefore, in recent years, it has become important
to use a small amount of morphine to achieve adequate pain

control. Many studies have recently reported the use of low-
dose morphine from abdominal surgery to orthopedic surgery,
confirming its effectiveness [12,1718]. It has been reported that
dosages of morphine used in ITA of abdominal surgery ranged
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Table 2. Clinical outcome differences between the intrathecal morphine with or without surgical transverse abdominal

block
Per-protocol Intention-to-treat
Outcome
ITA + TAPB (n = 27) ITA (n =28) P-value ITA + TAPB (n = 29) ITA (n = 30) P-value
Cumulative opioid consumption (MMEs)
At O hr 34+25 32+£33 0.703 33+25 3.8+£3.3 0.872
At 8 hr 8.6 £13.9 5.1+4.4 0.215 7.2+13.0 6.9+8.2 0.911
At 16 hr 11.2+16.5 6.6 6.1 0.187 9.0+ 13.7 9.6 +13.8 0.861
At 24 hr 15.3 £20.0 10.2 £ 143 0.270 12.1+£14.9 11.9 £15.1 0.961
At 48 hr 35.1 +41.1 17.3 £24.7 0.078 27.7 +41.1 21.6 +£299 0.449
Pain score (0-10 NRS)
At O hr 24+1.0 21+1.2 0.383 24+1.0 22+13 0.547
At 8 hr 1.7+ 1.1 1.4+1.1 0.464 1.6+1.0 1.6+1.3 0.963
At 16 hr 1.6 1.1 1.5+1.3 0.825 1.6 1.1 1.7+1.4 0.662
At 24 hr 1.7+1.2 1.5+1.5 0.715 1.7+1.2 1.6+1.5 0.876
At 48 hr 22+1.4 1.8+1.4 0.265 22+14 1.8+1.8 0.385
Highest scores 24 hr 2.6+ 1.1 24+15 0.605 2.6 1.1 26+15 0.967
Average scores 24 hr 1.8+0.9 1.6 1.1 0.512 1.8+0.9 1.8+1.1 0.946
Average scores 48 hr 1.9+09 1.7+1.1 0.511 1.9+£09 1.8+1.1 0.756
Ambulatory quality
First time to ambulation (hr) 4.1+32 42 +4.1 0.936 43 +3.1 79+17.4 0.273
Foots for 24 hr 3,416.4 £3,241.3 5,2489+4,311.5 0.098 3,416.4 +3,241.3 5,228.9 +4,321.5 0.093
>1,000 21(77.8) 24 (85.7) 0.503 21(77.8) 24 (85.7) 0.503
<1,000 6(22.2) 4(14.3) 6(22.2) 4(14.3)
Foots for 48 hr 9,010.6 £+ 6,417.6 12,503.8 +7,403.1 0.074  9,010.6 +6,417.6 12,662.8 +7,495.1 0.066
Ratio 48/24 hr 6.6 +10.7 4.5+6.5 0.357 6.7 +10.5 4.6 £ 6.5 0.384
Inflammatory variables at postoperative 1st day
WBC > x10* 15 (55.6) 14 (50.0) 0.789 17 (58.6) 15 (50.0) 0.506
Albumin (g/dL) 3.6+0.5 3.5+0.4 0.642 3.6 0.3 3.5+04 0.642
NLR 0.422 0.367
>5 13 (48.1) 17 (60.7) 15 (51.7) 19 (63.3)
<5 14 (51.9) 11 (39.3) 14 (48.3) 11 (36.7)
CRP (mg/dL) 3.6 £2.2 3.5+£2.0 0.800 54+24 72+52 0.800
mGPS 0.355 0.343
0 25(92.6) 28 (100) 27 (93.1) 30 (100)
1 13.7) 0 (0) 1.7 0(0)
2 13.7) 0 (0) 13.7 0(0)
Clinical outcome
Hospital stay (day) 5.1+3.0 45+23 0.459 4.9+3.0 44+13 0.459
Complication 6(22.2) 2(7.1) 0.143 6 (20.7) 2(6.7) 0.209
Anastomosis leakage 5 1 5 1

Fever
Anastomosis bleeding

1

Values are presented as mean =+ standard deviation or number (%).

ITA, intrathecal analgesia; TAPB, transverse abdominis plane block; MME, morphine milligram equivalents; NRS, numerical rating
scale; NLR, neutrophil to lymphocyte ratio; mGPS, modified Glasgow prognostic score.

between 0.1 and 0.8 mg, and there were some studies in which
0.015-0.05 mg/kg was used as a weight-adjusted dose [12]. Fares
et al. [19] reported on the relationship between morphine dose
and the effect of pain control. According to this study, the group
using 1 mg of morphine reported a longer pain effect and an
opioid reduction effect in turn, compared to the groups using
05 and 0.2 mg, There is a dilemma in that using small doses of

morphine decreases pain control effects with fewer side effects,
with no current consensus on a low dosage for morphine.

Until now, only a few multiple nerve block techniques have
been attempted during abdominal surgery. According to these
studies conducted in Cesarean sections and laparoscopic
colorectal surgery, the groups using ITA and TAPB reported
better pain relief within 24 hours postoperatively than those
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Fig. 2. Comparison of opioid consumption and pain scores between intrathecal analgesia (ITA) patients with or without
transverse abdominis plane block (TAPB) at postoperative 0 and 24 hours. (A) Opioid at 0 hour, (B) pain score at 0 hour, (C)

opioid at 24 hours, and (D) pain score at 24 hour.

Table 3. Comparison of side effects between the intrathecal morphine with or without surgical transverse abdominal block

Per-protocol

Side effect
ITA+TAPB (n=27) ITA (n =28)

Respiratory depression 0 (0) 0(0)
Postdural puncture headache 0 (0) 0 (0)
Failure for urination 8(29.6) 17 (60.7

Male 8 (100) 15 (88.2

Female 0(0) 2(11.8
Nausea/vomiting 14 (51.9) 9(32.1

Male 5(35.7) 2222

Female 9 (64.3) 7(77.8
Itching 3(11.1) 1(3.6)

Male 1(33.3) 1 (100)

Female 2 (66.7) 0 (0)

Values are presented as number (%).

Intention-to-treat

P-value ITA+TAPB (n=29) ITA (n =30) P-value
NA 0 (0) 0 (0) NA
NA 0 (0) 0(0) NA

0.031* 8 (27.6) 17 (56.7) 0.044*
0.133 8 (100) 15 (88.2) 0.331
0.192 0 (0) 2(11.8) 0.179
0.176 15 (51.7) 10 (33.3) 0.192
0.103 5(33.3) 3(30.0) 0.154
>0.999 10 (66.7) 7 (70.0) >0.999
0.352 3(11.1) 1(3.6) 0.284
>0.999 1(33.3) 1 (100) 0.789
0.488 2 (66.7) 0 (0) 0.492

ITA, intrathecal analgesia; TAPB, transverse abdominis plane block; NA, not available.

*Statistically significant (P < 0.05).

using TAPB alone [15,20]. In orthopedic surgery, when the
femoral nerve block and ITA were performed together, a
significant pain reduction effect was reported compared to
when a single pain modality was used [21]. Therefore, this study
was planned under the hypothesis that the analgesic effects of
the low dose of morphine used for ITA could be enhanced in
the early postoperative period by blocking the conduction of
somatic pain with an additional TAPB.

However, in this study, no additional effect could be
confirmed when adding TAPB in patients who underwent
ITA. Above all, since the patients in this study were colorectal
patients who underwent laparoscopic surgery, their abdominal
incision was not large and the degree of pain was less severe
than that of open surgery, so the dependence on somatic pain
control may have been low. The comparison of postoperative
pain between open and laparoscopic surgery patients has
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proven the better postoperative pain relief of laparoscopic
surgery in many studies [22].

The second reason is that even with the dose of 150-200
ug of intrathecal morphine used in this study, a sufficient
pain control effect can be obtained. So far, the minimum dose
of intrathecal morphine used in colorectal surgery was 200
ug. as in our study. Even in these studies, the pain control
effect was better than that of the control group [15,23]. After
intrathecal injection of morphine, the morphine is circulated
with cerebrospinal fluids (CSF) in the intrathecal space and
is diffused into the spinal cord. For proper ITA, the injected
morphine acts only on the opioid receptors in the dorsal horn
of the spinal cord from the CSF, providing somatic and visceral
pain relief. Therefore, it is known that excessive amounts of
morphine are redistributed to the brain by rostral spread in
CSF, causing a dose-limiting side effect [24]. In contrast, after
reaching the concentration causing the analgesic effect, the
pain relief effect according to the morphine dose appears not
dose-dependent, but time-dependent. Therefore, the initial
pain-reducing effects of high-dose and low-dose morphine were
similar, but the time to first request for rescue analgesics was
longer in the high-dose group [17,19,25]. Rather, it would have
been possible to expect an additional TAPB effect using the
long-acting liposomal agent as a time-dependent approach, and
if a long-acting agent is imported into Korea, further research is
needed.

Finally, the patients in this study were controlling their pain
to some extent through oral multimodal pain control, so the
effect of the TAPB may not have been significant. One study
reported that there was no effect of the additional TAPB in
patients who underwent oral multimodal pain control and
received Cesarean sections [26].

Contrary to expectations, the group that received ITA and
TAPB showed higher pain scores and opioid usage than the
ITA-only group, although this was not statistically significant.
This could be interpreted as a result of more complications
such as anastomosis leakage in the ITA and TAPB groups. In
the comparison between the 2 groups, excluding patients
with complications, we observed that the patient group who
underwent the additional TAPB, as we expected, used fewer
opioids (8.2 mg vs. 10.8 mg), although this difference was not
statistically significant (Supplementary Table 1).

Side effects commonly reported with the ITA are nausea,
vomiting, pruritus, urinary retention, and respiratory
depression [16]. According to one meta-analysis, there were
more respiratory problems and a higher incidence of pruritus
in studies using high-dose morphine (=03 mg), whereas the
studies that used low-dose morphine (<0.3 mg) reported
nausea, vomiting, and pruritus as the main side effects [16].
In this study, there no respiratory depression occurred, and
pruritus also had a low incidence, but nausea and vomiting

occurred in 23 patients (41.8%), and a high urinary retention
rate (45.5%) was shown. Patients with side effects showed
significantly different characteristics according to sex.
Nausea and vomiting occurred in 16 female patients (59.3%)
compared to 7 male patients (25.0%) (P = 0.020), and urinary
retention could be observed in male patients (82.1%, P < 0.001)
(Supplementary Fig. 1). Previous studies reported an increased
incidence of urinary retention in patients who had received
intrathecal opioid administration [27]. According to the report
of Kuipers et al. [28], opioids entering the subarachnoid dose-
dependently reduced bladder contractility and urge sensation,
and the recovery time of patients using 0.1 mg of morphine was
reported as a maximum of 12 hours. All patients whose Foley
catheters were reinserted in this study succeeded in urination
12 hours after the Foley catheter was removed. The reason
that urinary retention in our study was somewhat higher is
that Foley catheters are removed in the operating room before
awakening from general anesthesia, according to the ERAS
protocol of this institution. Although there are studies reporting
that early Foley catheter removal is possible in patients who
underwent ITA [29], this study using the earliest protocol for
removal of Foley catheters observed a high rate of urinary
retention.

This study has some limitations. It was conducted as a
prospective randomized study, but the researchers were not
blinded. However, for the patients and the nurse who assessed
the pain scores, the allocation result was blinded, and the
pain evaluation was objectively performed. In addition, there
may be a risk of selection bias, because the laparoscopic and
robotic surgeries of the patients in this study were not unified
according to the operator.

Nevertheless, this study aimed to resolve whether additional
analgesia to somatic pain has benefits in patients who
underwent ITA using low-dose morphine. Although there
were no severe side effects such as respiratory depression,
this study provided additional information that different side
effects prevail depending on the sex. In the future, based on
the results of this study, it would be possible to conduct an
additional large-scale study on whether additional TAPB can
bring pain relief in large-incision surgeries such as open surgery
or when long-acting TAPB agents are used.

In minimally invasive colorectal surgery, lower dose ITA
was effective in alleviating pain, and an additional TAPB
for additional pain relief was not observed. However, side
effects such as nausea, vomiting, and urinary retention were
still observed, so when using ITA, it is necessary to note the
appropriate indications and provide preventive management
against side effects.
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