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Abstract

Background. The analgesic efficacy of continuous transversus abdominis plane (TAP) blocks in comparison with that of
single-injection TAP blocks is not clear. This randomized, triple-blind, placebo-controlled trial investigated the benefits of
adding continuous TAP blocks to single-injection TAP blocks after a laparotomy.
Methods. Eighty consecutive patients undergoing midline laparotomy for gynaecological cancer were randomized and
received bilateral TAP infusions with either ropivacaine 0.1% (n¼40, Rop group) or normal saline (n¼40, NS group) at 10 ml
h�1 per side for 50 h after surgery. After surgery, bilateral oblique subcostal TAP blocks were performed using ropivacaine
0.1%, 50 ml per side, and then catheters were threaded into the bilateral TAPs. Subsequently, continuous TAP infusions and
patient-controlled i.v. morphine administration were initiated. The primary outcome was cumulative morphine consump-
tion by 24 h after TAP catheter placement. Secondary outcomes included pain scores, postoperative nausea and vomiting se-
verity, and time to first ambulation and flatus.
Results. The cumulative morphine consumption (median [interquartile range]) 24 h after TAP catheter placement was lower
in the Rop group (0.25 [0.11–0.48] mg kg�1) than in the NS group (0.44 [0.24–0.73] mg kg�1; 95% confidence interval difference
in medians, �0.30 to�0.03; P¼0.01). No statistically significant differences were observed in the secondary outcomes, except
for reduced pain scores in the Rop group obtained during coughing 1 and 24 h after TAP catheter placement.
Conclusions. Addition of continuous TAP blocks to single-injection TAP blocks reduces pain and morphine consumption
after a laparotomy for gynaecological cancer.
Clinical trial registration. UMIN Clinical Trials Registry identification number UMIN000013449 (http://www.umin.ac.jp/ctr/
index.htm).
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Interest in using transversus abdominis plane (TAP) block as a
regional anaesthetic technique for pain control after abdominal
surgery has increased.1 Nonetheless, whether using a single-
injection TAP block in addition to multimodal analgesia im-
proves postoperative analgesia after a laparotomy remains con-
troversial, because a TAP block can treat only the somatic
component of post-laparotomy pain, while visceral pain re-
quires treatment by other means.1–4 Furthermore, cutaneous
sensory block produced by a single-injection TAP block does not
last more than half a day.5–6 However, continuous perineural in-
fusion can improve the duration of the block.7 Some investiga-
tors have reported that continuous TAP blocks are non-inferior
to continuous epidural infusion in providing analgesia after ab-
dominal surgery.8–9 Nevertheless, only one single-blind study
has directly compared the analgesic efficacy of continuous TAP
blocks with that of single-injection TAP blocks, and has demon-
strated merely a modest difference in visual analog pain scale
scores during movement after abdominal surgery.10 Thus, there
is a need for robust testing of the degree of analgesic efficacy
provided by continuous TAP blocks.

In this prospective, randomized, triple-blind, placebo-
controlled study, we examined whether addition of continuous
TAP blocks to single-injection TAP blocks would provide super-
ior analgesia after major surgery for gynaecological cancer.

Methods
Patients and design

The protocol of this study was approved by the Research Ethics
Committee of Niigata University School of Medicine (Niigata,
Japan; ref. no. 1829) and registered in the UMIN Clinical Trials
Registry (http://www.umin.ac.jp/ctr/index.htm; identification
number:UMIN000013449) before the first participant was enrolled.
We conducted this study at Niigata University Medical and Dental
Hospital (Niigata, Japan) and enrolled patients between March
2014 and February 2016. Written informed consent was obtained
from patients with an ASA physical status I–III, who were to
undergo midline laparotomy, including lymph node dissection, for
gynaecological cancer (endometrial, cervical, or ovarian cancer).
Exclusion criteria included age<20 or>80 yr; body weight<40 kg;
BMI>30 kg m�2; inability to communicate; allergy or contraindica-
tion to drugs used in the study; renal insufficiency (serum creatin-
ine>1.5 mg dl�1); pre-existing truncal sensory disturbance; history
of chronic opioid use; previous laparotomy with an incision lying
across the oblique subcostal line; infections at the injection site;
stoma creation in the relevant surgery; and pregnancy.

Treatment allocation took place during surgery after con-
firmation of the required surgical procedure based on intraoper-
ative findings. Eighty consecutive patients were randomized

and received bilateral continuous TAP infusions with either
ropivacaine 0.1% (Rop group) or normal saline (NS group) at
10 ml h�1 per side for 50 h, after surgery. Randomization was ac-
complished using a computer-generated randomization se-
quence (http://www.randomization.com), in blocks of 10, by a
research pharmacist. The research pharmacist kept the ran-
domization allocation table in a locked box installed in the in-
hospital pharmacy throughout the study.

The pharmacist provided two types of portable, elastomeric
infusion pumps, set at a fixed rate of 10 ml h�1 and with a 500 ml
reservoir (Vessel Fusor; AuBEX, Tokyo, Japan), which were filled
with the relevant study solution as determined by the allocation
table. Patients, anaesthetists, nurses, observers, statisticians,
and all clinical staff except for the research pharmacist were
blinded to treatment-group assignment throughout the study.

Technique for transversus abdominis plane block and
postoperative pain management

No premedication was given. Standard monitoring was per-
formed, and the bispectral index and intra-arterial blood pressure
were determined for every enrolled patient. General anaesthesia
was induced with a target-controlled infusion of propofol (target
blood concentration of 4.0 lg ml�1) and remifentanil 0.4lg kg�1

min�1. Afterwards, rocuronium 0.9 mg kg�1 was administered i.v.
to facilitate tracheal intubation. Anaesthesia was maintained with
propofol 1.0–4.8lg ml�1, remifentanil 0.05–0.6lg kg�1 min�1, and
intermittent boluses of rocuronium. The bispectral index was
maintained between 40 and 60. Blood pressure and the heart rate
were kept within 20% of the preoperative values.

Two anaesthetists (T.Y. and Y.W.), who were skilful at
ultrasound-guided nerve-block techniques, performed all TAP
blocks and catheter placements, using an oblique subcostal ap-
proach. In this procedure, a needle is inserted into the TAP im-
mediately inferior to the costal margin, medial to the linea
semilunaris, with subsequent needle advancement and hydro-
dissection along a line from the xiphoid process toward the an-
terior border of the iliac crest (the oblique subcostal line; Fig. 1).11

After induction of general anaesthesia, and �30 min before initi-
ation of surgery, we performed bilateral, single-injection, oblique
subcostal TAP blocks with ropivacaine 0.3% (30 ml per side),
under ultrasound (S-Nerve; FUJIFILM SonoSite Inc., Tokyo, Japan)
guidance, using a 6� 13 MHz linear transducer (HFL 38x;
FUJIFILM SonoSite Inc.), as previously described.11

After ensuring skin asepsis in a standard manner, we placed
the transducer in a sterile sheath near the xiphoid process, par-
allel to the costal margin. Then, we verified that the TAP was
located between the rectus abdominis and transversus abdomi-
nis muscles. A 20-gauge, 8-cm-long Tuohy needle (Uniever
Epidural Anesthesia Needle; Unisis, Tokyo, Japan) was intro-
duced into the TAP, in plane with the transducer. Furthermore,
�3 ml of ropivacaine was injected into the TAP to confirm cor-
rect positioning of the needle tip. If the TAP was appropriately
dilated by the ropivacaine, such that a downward convex lens
shape became apparent below the intermuscular fascia, the
needle tip was advanced to the lateral edge of the dilated TAP,
and an additional 3 ml of ropivacaine was injected to hydrodis-
sect the TAP in a lateral and inferior direction. Subsequently,
the transducer was moved in a lateral and inferior direction
along the oblique subcostal line. The needle was again
advanced to the lateral edge of the dilated TAP, and another
3 ml of ropivacaine was injected to dilate the TAP further. We re-
peated this sequence along the oblique subcostal line until the
transducer made contact with the anterior border of the iliac

Editor’s key points

• Benefits of continuous infusion plus single-shot trans-

versus abdominal plane (TAP) block are unclear.
• This study in gynaecological cancer surgery investigated

the analgesic effect of continuous infusion TAP.
• Extending TAP block duration by continuous infusion

improved pain scores and reduced morphine use.
• Further studies are needed of the role of prolonged TAP

block in perioperative analgesia.
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crest. When the needle was inserted to a depth of 8 cm and
could no longer be advanced, the needle was withdrawn and re-
inserted into the lateral edge of the dilated TAP, and we then re-
peated this sequence. During the above-mentioned procedure,
the needle passed lateral to the edge of the rectus abdominis
muscle, beneath the aponeurosis of the linea semilunaris, and
continued into the TAP, deep into the internal oblique muscle
(Fig. 1).

A midline incision was first made at the lower abdomen and
then extended above the umbilicus, depending on the surgical
procedure. The number of incisions extending above the
umbilicus were recorded. Approximately 5 min after the begin-
ning of the surgery, droperidol 1.25 mg i.v. was administered to
prevent postoperative nausea and vomiting (PONV).
Approximately 1 h before completion of surgery, morphine
hydrochloride 0.16 mg kg�1 i.v. and flurbiprofen axetil 50 mg i.v.
were administered.

After completion of surgery, we again performed bilateral ob-
lique subcostal TAP blocks with ropivacaine 0.1%, 50 ml per side,
using a 17-gauge, 15-cm-long Tuohy needle (Disposable Epidural
Needle 17 gauge� 150 mm; Hakko, Nagano, Japan), and threaded
the catheters into the bilateral TAPs. We bent the Tuohy needle
slightly before insertion, in order to avoid interference between
the needle and the costal margin during needle advancement.11

The Tuohy needle was inserted near the xiphoid process and cos-
tal margin and advanced along the oblique subcostal line toward
the anterior border of the iliac crest, while hydrodissecting the
TAP in a similar manner as for the preoperative TAP block. When

the needle was inserted to a depth of 15 cm, the needle tip was
located near the iliac crest between the anterior axillary line and
the midaxillary line in all study patients. Then, an epidural cath-
eter (Perifix Softtip Catheter; B. Braun AG, Melsungen, Germany),
which had a closed tip and three lateral holes located within
1.7 cm of the tip, was threaded through the needle into the TAP.
The catheter was inserted approximately 0–2 cm beyond the nee-
dle tip, and the catheter tip was confirmed to be located in the
TAP nearby the iliac crest at the midaxillary line level by means
of ultrasound (Fig. 2). After confirmation of the catheter tip loca-
tion, the catheter was fixed to the skin with a suture (Fig. 3).
Ultrasound movies of TAP catheter insertions were recorded for
all study patients.

Both bilateral continuous TAP infusions (ropivacaine 0.1% or
normal saline, 10 ml h�1 per catheter) and patient-controlled i.v.
morphine (bolus dose, morphine 1 mg mixed with droperidol
75 lg, with a 5 min lockout interval and with no background in-
fusion) were initiated immediately after completion of the TAP
catheter placement. Patient-controlled i.v. morphine was ad-
ministered using a portable, programmable, battery-powered
mechanical infusion pump (iFusor Plus; JMS, Hiroshima, Japan).
After emergence from general anaesthesia, sugammadex 4 mg
kg�1 was administered i.v. to antagonize neuromuscular block
and then the patient’s trachea was extubated. Ward nurses as-
sessed the appropriate functioning of the two elastomeric
pumps for TAP infusions and the mechanical infusion pump for
patient-controlled i.v. morphine every 8 h during the study
period.
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Fig 1 The transducer position and pathway of the oblique subcostal transversus abdominis plane (TAP) block. (A) Blue rectangles and dotted lines indicate the

transducer and typical distribution of the anterior branches of spinal nerves, respectively. The transducer was initially placed near the xiphoid process and paral-

lel to the costal margin (B) and was then moved towards the anterior border of the iliac crest (C–E). The letters indicate the transducer position when the corres-

ponding ultrasound images were obtained. The filled triangles indicate the TAP. (B) The TAP is located beneath the rectus abdominis muscle. (C) The TAP is

located beneath the rectus abdominis muscle and continuous with beneath both the aponeurosis of the linea semilunaris and the internal oblique muscle.

(D) The TAP is located beneath the internal oblique muscle. (E) The TAP is located beneath the internal oblique muscle near the iliac crest. ALS, aponeurosis of

linea semilunaris; EOM, external oblique muscle; IC, iliac crest; IOM, internal oblique muscle; RAM, rectus abdominis muscle; TAM, transversus abdominis

muscle.
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Study parameters and statistical analysis

The primary outcome of this study was defined as cumulative
morphine consumption 24 h after TAP catheter placement. The
secondary outcomes included cumulative morphine consump-
tion at other time points, pain at rest, pain during coughing,
pain during movement, time to first ambulation after TAP cath-
eter placement, time to first flatus after TAP catheter place-
ment, and severity of PONV. The records of postoperative
cumulative morphine consumption 1, 4, 12, 24, 36, and 48 h after
TAP catheter placement were extracted from the internal mem-
ory of the iFusor Plus. The pain score was evaluated by means of
a numerical rating scale (NRS; 0, no pain; 10, the worst pain im-
aginable). The severity of PONV was described using a four-
grade scale (0, patients had no nausea; 1, patients had nausea
that did not require antiemetic agents; 2, patients had nausea

requiring antiemetic agents but did not vomit; 3, patients vom-
ited). These outcomes were evaluated 1, 4, 24, and 48 h after TAP
catheter placement by anaesthetists who were blinded to the
treatment allocation. Time to first ambulation and flatus after
TAP catheter placement were recorded by ward nurses.

Sample size calculations were based on the hypothesis that
continuous TAP blocks provide continuous sensory block on the
abdomen and reduce pain after a laparotomy for gynaecological
cancer. To this end, the primary outcome was the cumulative
morphine consumption 24 h after TAP catheter placement.
According to a previous study, the mean (SD) cumulative mor-
phine consumption 24 h after gynaecological cancer surgery
performed under general anaesthesia and with single-injection
bilateral TAP blocks was 0.49 (0.38) mg kg�1.4 We considered
that achieving a 50% reduction in morphine consumption 24 h
after TAP catheter placement by adding continuous TAP blocks
was clinically relevant. With a statistical power of 0.8 and a
type 1 error rate of 0.05, a sample size calculation determined
that 38 patients per group was the minimum required to dem-
onstrate this difference using a two-tailed Student’s t-test. To
allow for dropouts, 40 patients per group were enrolled in the
study. Sample sizes were calculated using StatMate 2 for
Macintosh (GraphPad Software, San Diego, CA, USA).

Differences between the two groups were analysed using
the Mann–Whitney U-test (non-normally distributed continu-
ous data and non-continuous data) or a two-tailed Student’s
t-test (normally distributed continuous data). Normality of
distribution was determined using the Shapiro�Wilk test.
Categorical data were analysed using Fisher’s exact test or the
v2 test. A P-value of<0.05 was considered statistically significant
for all analyses. No adjustments were made for multiple
comparisons in this study. Therefore, significant findings in
secondary outcomes should be viewed as suggestive, requiring
confirmation in a future study. All statistical analyses were con-
ducted using GraphPad Prism 6 for Mac OS X version 6.0h
(GraphPad Software).

Results

Eighty consecutive patients were randomized, and all patients
received their allocated interventions. No patients were
excluded during the follow-up period; hence, 40 patients per
group were included in the final analysis (Fig. 4). The baseline
and perioperative characteristics of the study patients were

Fig 2 An ultrasound image strip of the catheter in the transversus abdominis plane (TAP). The TAP was dilated using local anaesthetic. The catheter (filled tri-

angles) entered into the TAP between the rectus abdominis and transversus abdominis muscles, passed beneath the aponeurosis of the linea semilunaris, con-

tinued in the TAP beneath the internal oblique muscle, and terminated at the TAP near the iliac crest. ALS, aponeurosis of linea semilunaris; EOM, external

oblique muscle; IC, iliac crest; IOM, internal oblique muscle; RAM, rectus abdominis muscle; TAM, transversus abdominis muscle.

Fig 3 The catheters inserted into the bilateral transversus abdominis

planes. Two catheters are bilaterally inserted near the xiphoid process

and costal margin and placed within the bilateral transversus abdominis

planes along an oblique subcostal line toward the anterior border of the

iliac crests. Dotted lines indicate the catheters lying within the transver-

sus abdominis planes. The catheter tip is located in the transversus

abdominis plane nearby the iliac crest at the level of the midaxillary line.
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Assessed for eligibility (n=144)

Randomized (n=80)

Allocated to receive ropivacaine (n=40)
- Received allocated intervention (n=40)

Completed follow-up (n=40)

Analysed (n=40)
- Excluded from analysis (n=0)

Allocated to receive normal saline (n=40)
- Received allocated intervention (n=40)

Completed follow-up (n=40)

Analysed (n=40)
- Excluded from analysis (n=0)

Enrolment

Excluded (n=64)
- Not meeting inclusion criteria (n=25)
- Refused to participate (n=6)
- Inability to communicate lucidly (n=3)
- Age>80 years old (n=2)
- Weight<40 kg (n=5)
- BMI>30 kg m–2 (n=6)
- Preexisting neuropathy (n=2)
- Prior laparotomy (n=3)
- Chronic opioid use (n=1)
- Pregnancy (n=6)
- Stoma creation (n=5)

Allocation

Follow-up

Analysis

Fig 4 CONSORT flow diagram.

Table 1 Baseline and perioperative characteristics of study patients. BSO, bilateral salpingo-oophorectomy; Ce, cervical; Em, endometrial;
Ov, ovarian; PAN, para-aortic lymph node dissection; PLN, pelvic lymph node dissection; RH, radical hysterectomy; RT, radical trachelec-
tomy; TAH, transabdominal hysterectomy. Data are presented as median (range), mean (SD), or number

Characteristic Rop group (n¼40) NS group (n¼40)

Age (yr) 53 (29–78) 50 (29–72)
Height (cm) 157.3 (6.0) 157.3 (6.2)
Weight (kg) 54.9 (9.9) 55.2 (8.5)
BMI (kg m�2) 22.2 (3.6) 22.3 (3.1)
ASA physical status (I/II/III) 17/23/0 11/28/1
Diagnosis (Ce/Em/Ov cancer) 19/13/8 22/5/13
Procedure (RH/RHþPAN/RT/TAHþBSOþPLNþPANþPAN/TAHþBSOþPLNþPANþcolectomy) 15/0/4/19/2 19/3/0/17/1
End of incision (at/above umbilicus) 19/21 18/22
Surgical time (min) 316 (65) 341 (87)
Anaesthesia time (min) 417 (66) 447 (89)
Intraoperative remifentanil dosage (lg kg�1 min�1) 0.19 (0.06) 0.19 (0.07)

816 | Yoshida et al.



comparable between the two groups (Table 1). Midline abdom-
inal incision was extended above the umbilicus in 21 and 22 pa-
tients in the Rop and NS groups, respectively (Table 1).

Figure 5 shows the time course for the cumulative morphine
consumption after TAP catheter placement. Given that the cu-
mulative morphine consumption at each time point was not
normally distributed, statistical significance was assessed using
the Mann–Whitney U-test, although sample size calculation
was determined using Student’s t-test. As the primary objective
of this study, the median (interquartile range [range]) of the cu-
mulative morphine consumption at 24 h after TAP catheter
placement was determined to be 0.25 (0.11–0.48 [0–1.08]) mg
kg�1 in the Rop group and 0.44 (0.24–0.73 [0–1.43]) mg kg�1 in the
NS group (95% confidence interval of difference in medians,
�0.30 to �0.03 mg kg�1; P¼0.011). Pain scores obtained during
coughing at 1 and 24 h after TAP catheter placement were lower
in the Rop group than those in the NS group (Table 2). No other
outcomes differed significantly between the two groups
(Table 2). There were no TAP block-related complications, such
as local anaesthetic systemic toxicity, bleeding, or infection,
during the entire study period. Transversus abdominis plane
catheter-related problems, such as leakage, premature removal,
or blocking of the catheter, were not observed. Ward nurses
confirmed that an appropriate volume of study drugs was de-
livered in all study patients.

Discussion

This randomized, triple-blind, placebo-controlled trial demon-
strated that addition of continuous TAP blocks to single-
injection TAP blocks significantly reduced the morphine
consumption and pain of patients after a laparotomy for gynae-
cological cancer, compared with single-injection TAP blocks
alone. In this study, the cumulative morphine consumption 24 h

after TAP catheter placement was reduced by a median of 43%
with continuous TAP blocks. This is the first report to establish
the morphine-sparing effect of continuous TAP blocks after a
laparotomy.

Continuous peripheral nerve blocks are generally associated
with improved pain control after surgery compared with single-
injection peripheral nerve blocks.7–12 However, with the limited
spread of the sensory block produced by a continuous TAP
block, it has been doubted that addition of continuous TAP
blocks to single-injection TAP blocks, combined with multi-
modal analgesia, could improve pain control after a laparotomy.
Børglum and colleagues13 hypothesized that local anaesthetics
infused into the TAP, medial and lateral to the linea semiluna-
ris, did not communicate with each other. In fact, Petersen and
colleagues14 have reported that the number of anaesthetized
dermatomes produced by a continuous TAP block, entailing
ropivacaine 0.2% at 5 ml h�1 through a catheter inserted be-
tween the costal margin and the iliac crest, using the lateral
TAP block approach,15 comprised only two segments (T10 and
T11). Additionally, in our study, the final location of the catheter
tip was at the TAP nearby the iliac crest, at the level of the
midaxillary line. Therefore, we assume that, in our study pa-
tients, local anaesthetics mainly accumulated in the TAP be-
tween the costal margin and the iliac crest, where the nerves
innervating the lower abdomen (T10–L1) are located.16

Nonetheless, the entire TAP along the oblique subcostal line,
including the part beneath the aponeurosis of the linea semilu-
nalis, was thoroughly hydrodissected by single-injection TAP
blocks using a relatively large volume (50 ml per side) of local
anaesthetics after surgery. Subsequently, a TAP catheter was
placed within the TAP along the oblique subcostal line, passing
through the TAP beneath the aponeurosis of the linea semiluna-
ris. A large volume of local anaesthetics was injected immedi-
ately before the catheter placement and also facilitated
confirmation of the correct positioning of the catheter under
ultrasound guidance, by enhancing the echo contrast between
the catheter and the surrounding fluid. We propose that this
thorough hydrodissection of the TAP and the catheter passage
may have contributed to the effectiveness of continuous TAP
blocks, by providing a track for the local anaesthetics along the
catheter within the TAP, facilitating a wider spread of sensory
block. To allow the use of a volume of 50 ml of local anaesthetics
while reducing the occurrence of systemic toxicity of the local
anaesthetics after the second TAP block, the concentration of
ropivacaine for the second single-injection TAP blocks was set
at 0.1%. Optimal infusion rates of a continuous TAP block have
not been established; we chose to use larger infusion rates with
a lower concentration of local anaesthetics, compared with pre-
vious studies on continuous TAP blocks, to facilitate a wider dis-
tribution of the local anaesthetic along the catheter.
Consequently, our results clearly proved that continuous TAP
blocks using the oblique subcostal approach significantly
reduced the morphine requirement after major gynaecological
cancer surgery, even though more than half of the patients had
an incision reaching the upper abdominal area.

The difference in pain scores obtained during coughing at 1 and
24 h after TAP catheter placement reached statistical significance.
We expected that the pain intensity at 1 h after TAP catheter place-
ment would be similar between the groups, given that the second
single-injections of bilateral oblique subcostal TAP blocks were per-
formed using long-acting local anaesthetics in both groups. The
difference in the median of pain scores obtained during coughing
at 1 h after TAP catheter placement was merely 0.5. We believe
that the clinical significance of this difference is inconsequential.

2.0

1.5

1.0

C
um

ul
at

iv
e 

m
or

ph
in

e 
co

ns
um

pt
io

n 
(m

g 
kg

–1
)

0.5

0

R N
1 4 12 24 36 48

R N

Time after TAP catheter placement (h)

R N R N R N R N

Fig 5 Time course of cumulative morphine consumption. The 95% confi-

dence intervals of the difference in the median values of cumulative mor-

phine consumption (in milligrams per kilogram) at each time point after

transversus abdominis plane (TAP) catheter placement are as follows: 1 h,

�0.02 to 0.00 (P¼0.22); 4 h, �0.04 to 0.01 (P¼0.36); 12 h, �0.14 to 0.00

(P¼0.049); 24 h, �0.30 to� 0.03 (P¼0.01); 36 h, �0.36 to�0.01 (P¼0.03); and

48 h, �0.41 to� 0.01 (P¼0.03). R and N indicate the Rop group and the NS

group, respectively. The horizontal lines indicate the medians; boxes indi-

cate interquartile ranges; and whiskers indicate ranges. The P-values were

calculated using the Mann–Whitney U-test.
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The difference in pain scores during coughing was modest even at
24 h after TAP catheter placement, indicating that patient-
controlled i.v. morphine worked appropriately and reduced the ori-
ginal difference in pain scores between patients receiving the con-
tinuous TAP blocks and single-injection TAP blocks alone.

Perioperative opioid administration increases the incidence
of PONV, drowsiness, urinary retention, bowel dysfunction, re-
spiratory depression, and delayed postoperative recovery.17–19

According to a meta-analysis investigating the relationship
between the adverse effects of morphine and the morphine-
sparing effect achieved by the use of non-steroidal anti-
inflammatory drugs, the incidences of nausea and vomiting
after surgery decreased by 0.9 and 0.3%, respectively, for each
milligram of morphine spared.20 Hence, we expected that the
morphine-sparing effect achieved by continuous TAP blocks
would reduce opioid-related adverse effects, particularly PONV,
and facilitate early recovery after surgery. However, no add-
itional benefits during postoperative recovery were afforded by
the morphine-sparing effect in our study, although our study
was not powered for detecting such secondary outcomes. We
speculate that droperidol, which was administered mixed with
morphine, could have reduced the severity of PONV in both
groups.21–22 Furthermore, precise opioid titration, which was
facilitated by the appropriate use of patient-controlled i.v. mor-
phine, minimized the adverse effects of opioid during the post-
operative period.19 The morphine-sparing effect achieved by
continuous TAP blocks can provide benefits to patients in
whom patient-controlled opioid administration is not suitable
(e.g. paediatric patients or dementia patients) or in whom antie-
metic drugs are contraindicated. In addition, the patients’ sub-
jective outcomes would have been meaningful for evaluating
continuous TAP blocks, although we did not assess these. A

future study, in which the quality of recovery after surgery is
defined in greater detail, such as QoR-40,23 is warranted to de-
termine the effectiveness of continuous TAP blocks on postop-
erative recovery.

Our study has several limitations. We did not assess the
spread of sensory block produced by TAP blocks, although the
technical failure rate of TAP catheter placement has been re-
ported to be 7%.24 Instead, we confirmed that the catheter
entered into the TAP between the rectus abdominis and trans-
versus abdominis muscles, passing through the TAP along the
oblique subcostal line, and that the catheter tip was placed
nearby the iliac crest at the level of the midaxillary line in all
study patients, under ultrasound guidance. The heterogeneity
in terms of the surgical insult, owing to differences in diagnosis
and surgical procedure, is another limitation of this study. The
incision reached cephalad to the umbilicus in more than half of
the patients in this study, although using continuous TAP
blocks for the upper abdomen is difficult, as described above.
Surgical procedures commonly change during surgery, depend-
ing on the intraoperative findings. For instance, in some pa-
tients in our study, the incisions were extended more cephalad
in order to perform para-aortic lymph node dissection because
of the pathological diagnoses made during surgery. Hence, we
believe that our study population represents a typical clinical
setting. Finally, the present study results are essentially applic-
able to continuous TAP blocks infused through the point-source
catheter, using the oblique subcostal approach. A TAP
block using a catheter with more extensive holes,25 an intermit-
tent bolus regimen,24 or both may have different analgesic
efficacies.

Table 2 Postoperative patient data during administration of bilateral continuous transversus abdominis plane infusions. NRS, numerical
rating scale; TAP, transversus abdominis plane. Data are presented as the median (interquartile range [range]) or mean (SD). The P-values
were calculated using the Mann–Whitney U-test or Student’s t test, as appropriate

Parameter Rop group (n ¼ 40) NS group (n ¼ 40) P-value

Pain at rest (NRS)
1 h after TAP catheter placement 0 (0–3 [0–5]) 2 (0–4 [0–6]) 0.07
4 h after TAP catheter placement 0 (0–1 [0–3]) 0.5 (0–2 [0–5]) 0.11
24 h after TAP catheter placement 1 (0–2 [0–6]) 1 (0–3 [0–5]) 0.75
48 h after TAP catheter placement 0 (0–1 [0–4]) 0 (0–1 [0–3]) 0.50
Pain during movement (NRS)
1 h after TAP catheter placement 2 (0–3.75 [0–9]) 2.5 (0.25–4 [0–8]) 0.37
4 h after TAP catheter placement 1.5 (0–3 [0–5]) 2 (0–3 [0–8]) 0.43
24 h after TAP catheter placement 3 (2–5 [0–8]) 4 (3–5 [1–8]) 0.06
48 h after TAP catheter placement 3 (1–3 [0–7]) 3 (2–5 [0–7]) 0.15
Pain during coughing (NRS)
1 h after TAP catheter placement 2 (0–3 [0–8]) 2.5 (1–5 [0–8]) 0.04
4 h after TAP catheter placement 2 (0.25–3 [0–4]) 2 (1–3 [0–8]) 0.56
24 h after TAP catheter placement 3 (2–5 [0–7]) 4 (3–6 [2–10]) 0.04
48 h after TAP catheter placement 3 (2–4 [0–6]) 4 (2–4.75 [1–10]) 0.39
Postoperative nausea and vomiting (four-grade scale)
1 h after TAP catheter placement 0 (0–0 [0–3]) 0 (0–0 [0–3]) 0.89
4 h after TAP catheter placement 0 (0–0 [0–3]) 0 (0–0 [0–3]) 0.53
24 h after TAP catheter placement 0 (0–0 [0–3]) 0 (0–0 [0–2]) 0.59
48 h after TAP catheter placement 0 (0–0 [0–3]) 0 (0–0 [0–1]) 1.00
Time to ambulation (h) 29.1 (12.9) 34.1 (17.9) 0.15
Time to flatus (h) 44.5 (17.2) 47.9 (22.5) 0.45
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In conclusion, addition of continuous TAP blocks to
single-injection TAP blocks reduces pain and morphine con-
sumption in patients after laparotomy for gynaecological cancer.
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