
O R I G I N A L  R E S E A R C H

Ultrasound-Guided Unilateral Transversus 
Abdominis Plane Combined with Rectus Sheath 
Block versus Subarachnoid Anesthesia in Patients 
Undergoing Peritoneal Dialysis Catheter Surgery: 
A Randomized Prospective Controlled Trial

This article was published in the following Dove Press journal: 
Journal of Pain Research

Ji Li 1 

Wenjing Guo1 

Wei Zhao1 

Xiang Wang1 

Wenmin Hu1 

Jie Zhou 2 

Shiyuan Xu 1 

Hongyi Lei1

1Department of Anesthesiology, Zhujiang 
Hospital, Southern Medical University, 
Guangzhou, Guangdong Province, 
People’s Republic of China; 2Department 
of Anesthesiology, Perioperative and Pain 
Medicine, Brigham and Women’s 
Hospital, Harvard Medical School, 
Boston, MA, USA 

Background: Peritoneal dialysis catheter placement can be performed under general 
anesthesia, local anesthesia or subarachnoid anesthesia (SA). Recently, studies have reported 
the successful placement of peritoneal dialysis catheters using a transversus abdominis plane 
(TAP) block and rectus sheath (RS) block. This study compared the TAP + RS block with SA 
for patients undergoing peritoneal dialysis catheter placement.
Methods: Sixty patients were randomly divided into two groups, with 30 receiving uni-
lateral ultrasound-guided TAP + RS block anesthesia and 30 receiving SA. The demographic 
characteristics, anesthesia efficacy, indicators related to anesthesia or operation, hemody-
namic index, postoperative pain numeric rating score (NRS), postoperative recovery indica-
tors, complications related to anesthesia or surgery, and dosage of sedative or analgesic 
medication were analyzed.
Results: Anesthesia operation time was significantly shorter in the TAP + RS block group than 
in the SA group (P<0.001), while there was no significant difference in success rates (TAP + RS 
93.33% [95% confidence interval, 95% CI, 83.9–102.8%] vs SA 100.00% [95% CI, 100–100%], 
P=0.472). Two patients in the TAP + RS group needed extra analgesia, although the dermatome 
pinprick sensation test gave negative results for all patients. Patients who received the TAP + RS 
block expressed significantly less pain on movement or at rest at 4 h and 8 h postoperative. Fewer 
patients needed rescue analgesia with tramadol in the postoperative period in the TAP + RS block 
group than in the SA group (P<0.05). The intraoperative MAP was more stable (P<0.05) in the 
TAP + RS group compared to the SA group.
Conclusion: The TAP + RS block is a safe, effective method for use as the principal 
anesthesia technique in PD catheter placement. Compared to SA, it has the advantages of less 
influence on hemodynamics and a better postoperative analgesic effect.
Keywords: TAP block, rectus sheath block, peritoneal dialysis catheter placement, local 
anesthesia, subarachnoid anesthesia

Introduction
More than 808,159 Americans experience kidney failure. The unadjusted incidence 
rate of end-stage renal disease (ESRD) was 381.5 per million/year in the United 
States.1 Peritoneal dialysis (PD) is a common and effective renal replacement 
therapy. Although PD catheter placement can be performed in a variety of ways, 
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including open dissection and laparoscopic, peritoneo-
scopic, percutaneous, and radiological implantation, no 
technique is uniformly superior and open-surgical proce-
dures are still routinely performed.2–6

PD catheter placement can be performed under local anes-
thetic (LA) infiltration, subarachnoid anesthesia (SA) or gen-
eral anesthesia (GA).7,8 Among these, SA is the most common. 
However, it may not be suitable for patients with poor cardiac 
function. The same applies to GA.

Currently, the transversus abdominis plane (TAP) block is 
widely used for analgesia after abdominal surgery.9–13 The 
TAP block has a good analgesic effect and little impact on 
the whole body without affecting lower limb sensation or 
movement. The rectus sheath (RS) block is a field block that 
can cover multiple nerves and enhance the effect of the TAP 
block.14,15 Although studies have shown that the TAP block, 
either with or without the RS block, can be used for PD catheter 
placement, thus far none have compared this method with 
SA.7,8,16-20 Hence, the primary objective of this study is to 
test the efficacy of the TAP + RS block as a principal anesthesia 
method for PD catheter surgery compared to SA. The second-
ary objective is to analyze the intraoperative hemodynamics 
and postoperative analgesic efficiency.

Methods
Study Design
The study was conducted in accordance with the 
Declaration of Helsinki. It was approved by the 
Institutional Ethics Committee of Zhujiang Hospital and 
registered with the Chinese Clinical Trial Registry 
(ChiCTR1800016320) on May 25, 2018. After giving 
informed consent, 60 consecutive patients who underwent 
PD catheter surgery between June 2018 and May 2019 
were recruited (Figure 1). The patients were aged 18 to 65 
years old and had American Society of Anesthesiologists 
(ASA) Physical Status II–IV. Exclusion criteria included 
a body mass index (BMI) ≥ 35 kg/m2, allergy to local 
anesthetics, chronic pain, opioid dependence, pregnancy or 
in lactation, abnormal lower limb movement, and localized 
infection at the TAP+RS or SA injection sites.

Patients were randomly allocated to receive a TAP + 
RS block or SA using a random number generator imme-
diately before the procedure. The anesthesiologist in the 
operating room could not be blinded due to the nature of 
this study. The personnel in charge of postoperative care 
and the observer who collected the data were blinded to 
the randomization.

All surgical procedures were performed by the same 
surgeon using the open-surgical PD catheter placement 
technique. All TAP + RS blocks were performed using 
a portable ultrasound with a 10~12 Hz linear transducer 
(Wisonic, Shenzhen Huasheng Medical Technology co., 
LTD, China) and SA was performed by the same anesthe-
siologist, who was experienced in both techniques.

Patients were premedicated with midazolam (0.03 mg/ 
kg) intravenously before the block. During the operation, 
intravenous dexmedetomidine (DEX) was used to main-
tain sedation at a rate of 0.2–0.7 μg/kg/h after the amount 
of 1μg/kg had been administered for more than 10 mins. 
Total dosages of midazolam and DEX were recorded.

After the anesthetic procedure, the sensory block area 
was assessed once per min by evaluating the pinprick 
sensation using a 22G needle and comparing it with the 
same dermatome on the opposite arm until the block seg-
ment was the same for three consecutive tests. A block 
region extending from T8 to T12 was considered the 
appropriate anesthesia effect. Once the target range of 
the block was reached, the point-in-time and the target or 
maximum range of the block were recorded.

The surgeon injected a local anesthetic of 5–10 mL 2% 
lidocaine into the incision site if the anesthetic effect was 
not satisfactory during the intervention. If a surgical level 
of anesthesia was not met, a conversion to GA was done 
through the placement of an airway device, volatile anes-
thetic use, and an intraoperative propofol infusion at or 
exceeding 100 μg/kg/min.

Figure 1 CONSORT flowchart.
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The primary outcome was to evaluate the proportion of 
patients achieving adequate anesthesia, defined as not 
needing an additional local anesthetic or conversion from 
monitored anesthesia care to GA as defined above. The 
secondary outcomes were the time it took to perform the 
block, variations in blood pressure (BP) and heart rate 
(HR) during the operation, and postoperative numeric rat-
ing scale (NRS) scores (indicated below). For the TAP + 
RS block group, the time was defined as from the skin 
being sterilized to the point when the needle was with-
drawn from the patient as the injection was completed. 
This did not include the process of preparing the ultra-
sound machine or probe. For SA, the time began when the 
patient was in the lateral position for anesthesia and 
stopped when the patient lay on their back.

Demographic information (age, gender, ASA physical sta-
tus, BMI), previous abdominal operation history (yes/no), 
information regarding the surgical procedure (duration of 
operation, laterality), and operating room time were recorded.

The BP and HR of patients were measured every five 
minutes in the operating room and were recorded at the 
following time points: (1) entering the operating room, (2) 
midazolam given, (3) anesthesia procedure completed, (4) 
skin incision, (5) end of the surgery, and (6) leaving the 
operating room. Phenylephrine was administered at 1~2 
µg/kg when hypotension (systolic blood pressure below 90 
mmHg or more than 20% lower than the base value or 
mean blood pressure below 65 mmHg) occurred; ephe-
drine was administered at 100~200 μg/kg if bradycardia 
(HR ≤ 60/min) was observed at the same time.

At 2 h, 4 h, 8 h, 24 h, and 48 h after surgery, pain scores at 
rest and movement were assessed using NRS scores (0: no pain 
to 10: worst imaginable pain). When the NRS score at rest ≥4, 
rescue analgesia with tramadol (1 mg/kg) was administered 
and the dosage was recorded.

In addition, surgeon satisfaction (0: extremely dissatis-
fied to 10: extremely satisfied) and patient satisfaction (0: 
extremely dissatisfied to 10: extremely satisfied) were 
recorded. The points at which the lower extremity muscle 
strength was restored and the ureter was removed were 
recorded. The occurrence of nausea, vomiting, postopera-
tive urinary retention, and other complications associated 
with surgery or anesthesia were also recorded.

Procedures
PD Catheter Surgery
All surgical procedures were performed by the same surgeon 
and utilized the open-surgical approach using mini- 

laparotomy, which requires a paramedian abdominal incision 
to expose the rectus abdominis (RA) and the posterior RS. 
After insertion into the peritoneal cavity, the catheter was 
sutured onto the posterior border of the RA and tunneled out 
several centimeters through subcutaneous tissue before 
emerging from the abdominal wall. The surgical incision 
and the subcutaneous tunnel are shown in Figure 2.

TAP + RS Block
The TAP was identified using the external oblique, internal 
oblique, and transversus abdominis muscles as landmarks, 
visualized by an ultrasound linear transducer (Wisonic, 
Shenzhen Huasheng Medical Technology co., LTD, China) at 
the level of the anterior axillary line between the costal margin 
and the iliac crest. The TAP block was performed using an in- 
plane technique under real-time ultrasound sonography with 
an 8.5 cm 22G needle (Stimuplex® D, B. Braun Melsungen 
AG, Germany). Once the tip of the needle was advanced into 
the correct plane between the internal oblique and transversus 
abdominis muscles and negative aspiration was confirmed, 
20 mL of 0.5% ropivacaine (10 mL: 100 mg, AstraZeneca, 
H20140763) was administered under ultrasonographic gui-
dance (Figure 3).

The RA muscle and sheath were used as landmarks for the 
RS block, which was performed at the external margin of the 
rectus abdominis above the umbilicus level. An 8.5 cm 22G 
insulated needle (Stimuplex® D, B. Braun Melsungen AG, 
Germany) was inserted in-plane to the transducer in a medial 
to lateral direction with the endpoint being the fascial plane 
between the RA and posterior RS. Once the tip of the needle 

Figure 2 PD catheter surgery was completed. The yellow dotted line indicates the 
intraperitoneal indwelled tube. The red dotted line shows the peritoneal dialysis 
tube passing through the subcutaneous tunnel. The yellow arrow indicates the 
surgical incision.
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was advanced into the correct plane and negative aspiration 
was confirmed, 10 mL of 0.5% ropivacaine was administered 
under direct ultrasonographic guidance (Figure 4).

Subarachnoid Anesthesia
The subarachnoid puncture was performed with a 25G 
spinal needle (VOLTE medical company, Zhejiang, 
China), with patients in the right lateral position. 
A midline approach at the L3–4 interspace was used. 
Patients received 3 mL of 0.5% hyperbaric ropivacaine 
and were restored to the supine position after injection.

Statistical Analysis
Statistical analysis was performed with IBM SPSS 20.0. 
Descriptive statistics are presented as mean (SD), median 
(range), number or count (percentages). In the case of 
normal distribution, independent t-tests were carried out, 
whereas the Mann–Whitney U-test was performed for 
nonparametric variables. For categorical variables, χ2 

tests were used. To assess the group differences for mea-
sures taken repeatedly over time, a general linear model 
(GLM) was performed. Statistical significance was 
accepted when the P-value was <0.05.

Results
Patient Characteristics
Demographic characteristics, duration of surgery, and 
operating room time were similar in both groups (Table 1).

Primary Outcome
There was no statistically significant difference 
(P=0.472) in the proportion of patients achieving ade-
quate anesthesia between the groups (TAP + RS 93.33% 
[95% CI, 83.9–102.8%] vs SA 100% [95% CI, 
100–100%]), and two patients who received the TAP + 
RS block needed extra analgesia during surgery 
(Table 2).

Figure 3 (A) When placing the ultrasound linear probe at the level of anterior axillary line between the costal margin and the iliac crest, MOE, MOI and MTA are displayed 
legibly. The plane indicated by the red arrow is the fascia of the transverse abdominis, which is a potential space and the target plane of our injection. (B) The block is 
performed using in-plane techniques. After ropivacaine solution was injected into the fascia of the transverse abdominis, the fluid diffused into the fascial lumen, and the MTA 
was separated from the MOI and was pressed deep. The fluid dark area circled by the red dotted line indicates the diffusion of ropivacaine solution in the TAP. 
Abbreviations: MOE, musculus obliquus externus; MOI, musculus obliquus internus; MTA, musculus transversus abdominis.

Figure 4 When placing the ultrasound linear probe at the skin surface of the rectus 
abdominis above the umbilicus level, the RA could be displayed legibly and the RS is 
shown as a highlighted layer of fascia surrounding the RA. The posterior RS is 
a narrow space, representing the target injection site. After ropivacaine solution 
was injected into the posterior RS, the fluid diffused into a spindle shape within the 
fascial cavity. The fluid dark area circled by the red dotted line indicates the diffusion 
of ropivacaine solution into the RS. 
Abbreviations: RA, rectus abdominis; RS, rectus sheath.
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Secondary Outcomes
The anesthesia control time for the TAP + RS group was 
significantly shorter than in the SA group (8.70 ± 2.78 min 
vs 18.47 ± 7.36 min, respectively, with P < 0.001) (Table 
2). Compared to the patients in the SA group, those in the 
TAP + RS block group had a significantly higher intrao-
perative MAP (GLM, P=0.036) and no significant differ-
ence in HR (GLM, P=0.885) (Figure 5). One patient in the 
TAP + RS group and 8 patients in the SA group needed 
vasoactive drugs during the operation, and there was 
a significant difference between the two groups (P<0.05) 
(Table 2).

The NRS scores during movement and at rest during the 
postoperative period are shown in Figure 6. In detail, patients 
in the TAP + RS group expressed significantly less pain at 4 
h and 8 h compared to those in the SA group (P: mNRS at 4 
h <0.01, mNRS at 8 h <0.001, rNRS at 4 h <0.01, rNRS at 8 
h <0.001, GLM, PmNRS=0.001, PrNRS=0.000), whereas there 
was no significant difference at the other time points. Four 
patients (13.3% [95% CI, 0.4–26.2%]) in the TAP + RS block 
group needed analgesics during the postoperative period, while 
13 patients (43.3% [95% CI, 24.5–62.2%]) in the SA group 
needed them. There was a significant difference between the 
two groups (P<0.05) (Table 2).

Table 1 Demographic Characteristics of the Groups

TAP+RS 
(n=30)

SA 
(n=30)

P

Age, y 47.10 (12.10) 48.57 (11.57) 0.733

Gender, male/female, n 22/8 22/8 1.000

ASA,II/III/IV, n 4/23/3 5/25/0 0.202
BMI, kg/m2 22.77 (2.96) 21.31 (2.12) 0.062

Abdominal surgery

History, yes/no, n 7/23 3/27 0.299
Surgical duration, min 62.13 (21.22) 61.03 (24.18) 0.678

Operating room time, min 116.77 (24.16) 121.40 (29.74) 0.818

Note: The data are presented as the mean (SD) or number. 
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index.

Table 2 Data on Anesthesia or Surgical Procedure and Postoperative Outcomes for Both Groups

TAP+RS 
(n=30)

SA 
(n=30)

P

Adequate anesthesiaa, n (%, 95% CI) 28 (93.33, 83.9~102.8%) 30 (100.00, 100~100%) 0.472

Anesthesia operative time, min 8.70 (2.78) 18.47 (7.36) 0.000***

The time to reach the target 
block rangeb, min

6.70 (1.78) 7.10 (2.51) 0.480

Use the vasoactive drug, n (%) 1 (3.33) 8 (26.67) 0.030*

Surgeon satisfaction scorec 9 (8–10) 9.5 (9–10) 0.081
Patient satisfaction scorec 9 (9–9) 8 (7–8.25) 0.000***

Time to lower limb muscle 
strength recovery, min

0.00 (0.00) 194.00 (77.70) 0.000***

Time to urinary 

catheter removald, min

620.97 (425.19) 1318.07 (170.84) 0.000***

Postoperative rescue analgesia, n (%) 4 (13.30) 13 (43.30) 0.022*

PONV, n (%) 3 (10.00) 4 (13.30) 0.687

Notes: The continuous variables are presented as mean (SD), categorical variables are presented as count (percentage), and ordinal variables (ie, patient satisfaction) are 
presented as median (range). *P<0.05, ***P<0.001. P<0.05 is statistically significant. aDefined as a lack of a need for additional local anesthetic or conversion from monitored 
anesthesia care to GA. bThe time from the end of the anesthetic operation to the block region reaching the target range (T8 to T12) or the block segment was the same for 
three consecutive tests. cThe higher the average rank, the higher the satisfaction. dTheoretically, the tube could be removed immediately after surgery in patients who 
received the TAP + RS block because there were no concerns about urinary retention. However, due to clinical practice at our institution, this was not done for all of these 
patients; hence, the time the urinary tube was removed is provided in this study only for reference. 
Abbreviation: PONV, post-operative nausea and vomiting.
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The TAP + RS block anesthesia had no effect on the motor 
function of the lower limbs, while the lower limb muscle 
strength recovery needed 194.00 ± 77.70 min after anesthesia 
in the SA group. There was a significant difference in the time 
it took for the urinary tube to be removed between the two 
groups (620.97 ± 425.19 min in the TAP + RS block group vs 
1318.07 ± 170.84 min in the SA group, P<0.001). The patients 
in the TAP + RS group were significantly more satisfied than in 
the SA group (9 [95% CI, 9–9] vs 8 [95% CI, 7–8.25] 
P<0.001) (Table 2).

There was no significant difference in surgeon satisfac-
tion, intraoperative sedative drug dosage or incidence of 
PONV. In addition, no complications related to anesthesia 
or surgery procedures occurred in either group.

Discussion
Our study indicates that the TAP + RS block can serve as 
the sole anesthetic modality for ESRD patients undergoing 
open PD catheter insertion. The TAP + RS block incurred 
less hemodynamic fluctuation and vasoactive agent use in 
the intraoperative period and provided superior analgesia 
and patient satisfaction post-operation compared to SA.

The area of blockage from LA infiltration is limited, 
which may cause a higher conversion rate to GA.7 Whereas 
ESRD patients may also have a substantial number of cardiac 
comorbidities that can be negatively influenced by GA,21,22 

most anesthesiologists traditionally opt for SA.23 However, 
SA is also associated with complications, such as hypoten-
sion, nausea, vomiting, uroschesis, transient neurological 

Figure 5 MAP and HR during surgery for the two groups. Blood pressure was more stable in patients receiving the TAP + RS block (GLM, P=0.036), while there was no 
significant difference in HR between the two groups (GLM, P=0.885). In detail, the MAP values at T3, T4 and T5 were significantly different (*P<0.05, ***P<0.001). 
Abbreviations: MAP, mean arterial pressure; HR, heart rate; T1, the time the patients entered the operating room; T2, the time midazolam was given; T3, the time the 
anesthesia procedure was completed; T4, the time the surgeon cut the skin; T5, the time of surgery completion; T6, the time the patients left the operating room.

Figure 6 Mean mNRS and rNRS in the postoperative period for the two groups. Patients receiving the TAP + RS block expressed significantly less pain compared to the SA group 
(GLM, PmNRS=0.001, PrNRS=0.000), especially at 4 h (**P<0.01) and 8 h (***P<0.001). 
Abbreviations: mNRS, numeric rating scales during movement; rNRS, numeric rating scales at rest.
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syndrome, and headache.24–28 The concerns over patients’ 
coagulation status have never been reduced using SA.

The TAP block and/or RS block have been widely used 
as an analgesic option in postoperative abdominal 
analgesia.9–14 The TAP block is a regional technique for 
analgesia of the anterolateral abdominal wall, while the RS 
block has a better analgesic effect on midline 
incisions.14,15 With recent advances in ultrasound technol-
ogy, TAP and RS blocks have become technically easier 
and safer. We observed that ESRD patients were less likely 
to be obese, which was conducive to ultrasound-guided 
puncture operation. Some patients were complicated by 
seroperitoneum, but this did not increase the difficulty in 
identifying abdominal muscles layers.

Over the past few years, some scholars had tried to 
apply the TAP block in PD catheter placement.7,8,16-20 In 
some reports, the TAP block was applied alone with 
a success rate of 87.50% (n=24), 91.7% (n=60) or 95% 
(n=20).7,8,18 However, the additional use of anesthetic drugs 
was needed to achieve a better analgesia or sedation effect. 
Eldawlatly and colleagues proposed that the combination of 
TAP and RS blocks provides a safe and effective anesthetic 
technique for patients undergoing laparoscopic PD catheter 
insertion.20 Wei Dai et al applied this combination of blocks 
for open PD catheter insertion with a 96.67% (n=30) suc-
cess rate.16 They combined the two blocking methods to 
make it more suitable for PD catheter insertion, but they did 
not compare this type of anesthesia with other methods. In 
our setting, the TAP + RS block group achieved a 93.33% 
(n=30) success rate, similar to the SA group, while also 
taking less time to perform. The time needed to reach the 
target block range and the surgeon satisfaction were similar 
between the two groups.

We found that patients undergoing TAP + RS block 
anesthesia had more stable intraoperative hemodynamics 
and less need for vasoactive drugs. The TAP + RS block is 
considered to have no effect on sympathetic nerves and is 
suitable for ESRD patients.

In this study, the postoperative NRS score and trama-
dol dosage were lower in patients who received the TAP + 
RS block compared to those who received SA. This is 
consistent with the long duration of postoperative analge-
sia after TAP in previous studies.29 Our study also 
revealed earlier postoperative out-of-bed activity in the 
TAP + RS group since the blocks had no effect on the 
lower limbs. Meanwhile, early removal of the urinary 
catheter and the absence of lower limb dyskinesia was 
achieved. No urine retention occurred in either group. 

Less postoperative pain, earlier removal of the urinary 
catheter, and no effect on leg movement led to the patients 
in the TAP + RS group demonstrating greater satisfaction.

DEX was administered to maintain sedation during the 
operation because its pharmacokinetic parameters in 
patients with end-stage renal failure are similar to those 
in patients with normal renal function.30 More impor-
tantly, it has no adverse effect on kidney function. We 
used tramadol as rescue analgesia for postoperative 
analgesia insufficiency because nonsteroidal drugs are 
inappropriate for these patients, and potent opioids are 
not necessary because of the small incision.31 Due to the 
anatomical characteristics and the application of ultra-
sound, the TAP block and RS block are relatively safe 
and there have been no reports of local anesthetic toxicity 
related to either. Meanwhile, it has been shown that the 
plasma concentration of ropivacaine reaches a maximum 
of 2.5 µg/mL at 15 min after a bilateral TAP block with 
120 mg (1.8 mg/kg, 0.15%, 40 mL each side) of ropiva-
caine in a 66-year-old man with cardiac failure and renal 
dysfunction, a concentration that was potentially 
neurotoxic.32 This suggests that we need to pay attention 
to the anesthesia management process in these patients. 
On the other hand, unilateral TAP combined with an RS 
block can reduce the amount of local anesthetics when 
compared to a bilateral TAP block as the RS is relatively 
narrow.

Our results reflect the treatment practices and patient 
characteristics of our single medical center. Nevertheless, 
some limitations of this study should be considered. First, 
postoperative hospital stay was not observed because 
numerous factors influence the length of hospital stay in 
such patients. Second, renal function was not tracked after 
surgery. The drugs used during the study theoretically do 
not affect renal function. However, more convincing 
results could be obtained if laboratory tests could be sub-
mitted. Lastly, our study contains a relatively small num-
ber of patients, which further limits definitive conclusions.

Conclusions
Collectively, TAP + RS block anesthesia can be used as an 
alternative to intraspinal anesthesia for PD catheter place-
ment and is more conducive to intraoperative hemody-
namic stability and postoperative analgesic effect 
maintenance as well as early activities and rehabilitation.

It is important to note that a TAP block combined with 
an RS block should be practiced as postoperative analgesia 
before being applied as an isolated anesthesia method 
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because the effects of the technique are closely related to 
the anesthesiologist’s proficiency.
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