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Background: Coagulation changes can complicate liver resection, particularly in patients with 

cirrhosis. The aim of this prospective hospital-based comparative study was to compare the 

postoperative analgesic efficacy of intravenous fentanyl patient-controlled analgesia (IVPCA) 

with and without transversus abdominis plane (TAP) block.

Methods: Fifty patients with Child’s A cirrhosis undergoing liver resection were randomly 

divided into two groups for postoperative analgesia, ie, an IVPCA group receiving a 10 µg/mL 

fentanyl bolus of 15 µg with a 10-minute lockout and a maximum hourly dose of 90 µg, and an 

IVPCA + TAP group that additionally received TAP block (15 mL of 0.375% bupivacaine) on 

both sides via a posterior approach with ultrasound guidance before skin incision. Postoperatively, 

bolus injections of bupivacaine 0.375% were given every 8 hours through a TAP catheter inserted 

by the surgeon in the open space during closure of the inverted L-shaped right subcostal with 

midline extension (subcostal approach) guided by the visual analog scale score (,3, 5 mL; 

3 to ,6, 10 mL; 6–10, 15–20 mL) according to weight (maximum 2 mg/kg). The top-up dosage 

of local anesthetic could be omitted if the patient was not in pain. Coagulation was monitored 

using standard coagulation tests.

Results: Age, weight, and sex were comparable between the groups (P.0.05). The visual analog 

scale score was significantly lower at 12, 18, 24, 48, and 72 hours (P,0.01) in IVPCA + TAP 

group. The Ramsay sedation score was lower only after 72 hours in the IVPCA + TAP group 

when compared with the IVPCA group (1.57±0.74 versus 2.2±0.41, respectively, P,0.01). 

Heart rate, systolic blood pressure, and fentanyl consumption were lower in the IVPCA + TAP 

group at 24, 48, and 72 hours (P,0.05). Intensive care unit stays were significantly shorter 

with TAP (2.61±0.74 days versus 4.35±0.79 days, P,0.01). Prothrombin time and International 

Normalized Ratio indicated temporary hypocoagulability in both groups.

Conclusion: Combining TAP with IVPCA improved postoperative pain management and 

reduced fentanyl consumption, with a shorter stay in intensive care. TAP block can be included 

as part of a balanced multimodal postoperative pain regimen.

Keywords: transversus abdominis plane block, liver resection, postoperative pain

Introduction
Patients with cirrhosis are frequent candidates for liver-related surgery at our Liver 

Institute in Egypt, and providing optimal postoperative pain relief in these patients is a 

challenge for the anesthetic team. The use of neuraxial techniques and/or intravenous 

opioids has been a matter of debate for a number of years because of the wide range 

of modalities used for pain management at various research centers in different parts 

of the world.
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Postoperative pain is of major concern for patients 

undergoing upper abdominal surgery, in particular liver 

resection, which involves retraction of the ribs to facilitate 

surgical exposure. The potential development of post-liver 

resection coagulopathy has been reported in the past, so there 

is a tendency now to avoid epidural analgesia. Alternative 

methods are being developed to ensure a longer and safer 

postoperative analgesia period, including intravenous patient-

controlled opioid analgesia (IVPCA), and more recently, the 

transversus abdominis plane (TAP) block. However, few 

relevant studies have been performed in patients with cirrho-

sis undergoing liver resection. Pain management techniques 

need revision in order to achieve the advantageous effects of 

pain relief without unnecessary side effects.

IVPCA using opioids has become an accepted technique 

for pain control following major abdominal surgery, but the 

high doses of opioids required in this regimen are undesirable 

in patients with cirrhosis scheduled for liver resection and 

expected to have temporary liver dysfunction in the imme-

diate postoperative period as a result of trauma to the liver 

parenchyma.1,2 TAP block is a method whereby the sensory 

afferents supplying the anterior abdominal wall are blocked 

using local anesthetic agents, and over the past few years has 

been gaining popularity as an alternative analgesic technique 

in patients undergoing major abdominal surgery.3–6

The aim of this prospective hospital-based comparative 

study was to assess the postoperative analgesic efficacy of 

IVPCA with and without TAP in patients with Child’s A cir-

rhosis undergoing liver resection, to identify any related side 

effects, and assess the impact of TAP block in a multimodal 

postoperative analgesic regimen.

Patients and methods
After receiving approval (0068/2013) from the local ethics 

committee of the Liver Institute at Menoufiya University 

in Egypt, as well as written informed consent, 50 patients 

with class A cirrhosis according to the Child–Pugh clas-

sification undergoing liver resection and requiring acute 

pain management during the immediate postoperative 

period were enrolled into this study and randomized using 

the sealed envelope technique to receive either IVPCA 

(fentanyl 10 µg/mL) or IVPCA + TAP (fentanyl 10 µg/mL 

and bupivacaine 0.375%).

All operations were performed under general anesthesia. 

The patients were well educated about the syringe pump for 

patient IVPCA and how to use it. A detailed description and 

explanation of the pain management plan was provided for 

each patient and enough time was given for them to inquire 

about their management and to provide their informed 

consent.

Inclusion criteria included provision of written informed 

consent, age 25 years or older, not on any existing antico-

agulant or opioid therapy, being scheduled for elective liver 

resection surgery, Child A according to the Child-Pugh 

classification, and American Society of Anesthesiologists 

score 2 or 3. Exclusion criteria included objection to TAP 

block or inability to use a patient-controlled analgesia (PCA) 

machine, a serious intraoperative complication such as severe 

hemorrhage that could affect the level of consciousness 

and hence cooperation, need for postoperative ventilation, 

psychiatric disease, and termination of surgery due to inop-

erable status, for example, extension of tumor or pathology 

beyond the proposed resection limits. Patients who had 

developed opioid tolerance due to chronic use were also 

excluded. Data reported included age, sex, indication for 

surgery, intraoperative requirement for blood products, and 

length of stay in the intensive care unit. A complete blood 

count and prothrombin time were determined preoperatively 

and for 3 days postoperatively. Noninvasive and invasive 

hemodynamics were monitored perioperatively.

IVPCA group
On emergence from anesthesia, each patient was transferred 

to the intensive care unit and commenced on IVPCA. The 

PCA pump was programmed to deliver a 15  µg bolus of 

fentanyl on demand, with a 10-minute lockout interval and 

a maximum hourly fentanyl dose of 90 µg. The background 

infusion was set to nil. All settings were saved and key-

locked. Postoperative use of and requests for analgesia were 

recorded for later analysis.

IVPCA + TAP group
General anesthesia was induced in the same manner as for 

the IVPCA group, except that a single dose of TAP block 

was administered on both sides after preparing the skin with 

povidone iodine 10% solution and before skin incision. TAP 

block is a regional anesthetic technique that blocks sensation 

to the anterior abdominal wall. All blocks were performed by 

the same anesthesia consultant, who had received training in 

ultrasound-guided regional analgesia blocks at the inaugural 

James Cook Regional Anaesthesia Course in Egypt in 2010 

organized by Durham University, UK.

A linear high-frequency transducer (5–10 mHz) 

ultrasound probe (NanoMaxx®; Sonosite Inc., Hitchin, UK) 

was used to guide the TAP block because the relevant ana-

tomical structures are relatively shallow. Using this technique, 
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the transducer is placed in an axial (transverse) plane above 

the iliac crest and in the region of the anterior axillary line, 

while the ultrasound probe is placed in a transverse plane at 

the lateral abdominal wall in the mid axillary line, between 

the lower costal margin and the iliac crest, to guide a poste-

rior TAP block.7

The TAP block is an intermuscular block between 

the internal oblique and transversus abdominis muscles. The 

sensory fibers located in this plane are difficult to visualize 

on ultrasound. The terminal branches of the anterior rami of 

T7–L1 are expected to lie within the TAP between the internal 

oblique and the transverse abdominis muscles above the iliac 

crest. Of these three muscles, the internal oblique muscle 

usually has the most prominent layer. A 22 gauge spinal 

needle was introduced in the plane of the ultrasound beam and 

directed towards the TAP (posterior approach). On entering 

the plane, 15 mL of bupivacaine 0.375% (maximum 2 mg/kg) 

was injected as a local anesthetic on both sides and could be 

observed as dark oval shapes. Before final closure of the abdo-

men, an 18 gauge epidural catheter was inserted in the TAP 

by the surgeon (open TAP with a subcostal approach) to be 

used during the first 3 postoperative days for administration 

of local anesthetic. The position of the catheter is equivalent 

anatomically to the subcostal approach, with a filter attached 

and the catheter taped to the chest wall.

Postoperatively, all patients were transferred to 

the intensive care unit and started on the IVPCA regimen. The 

IVPCA + TAP group additionally received bolus injections 

of bupivacaine 0.375% through the TAP catheter guided by 

the patient’s visual analog scale (VAS) score (,3, 5 mL; 

3 to ,6, 10 mL; 6–10, 15–20 mL according to weight every 

8 hours, with a maximum dose of 2 mg/kg allowed within an 

8-hour interval). The top-up dose of local anesthetic could 

be omitted if the patient was not in pain.

General anesthesia was induced in both groups of 

patients using fentanyl 1–2 µg/kg, propofol 1–2 mL/kg, and 

rocuronium 0.6 mL/kg as a muscle relaxant. Anesthesia was 

maintained with desflurane in a 50% oxygen–air mixture. 

The intravenous muscle relaxant was administered as appro-

priate under the guidance of a nerve stimulator. The depth of 

general anesthesia was monitored using the Entropy™ system 

(GE, Helsinki, Finland) which monitors processed electroen-

cephalographic changes and helps to avoid patient awareness. 

Intraoperative monitoring included electrocardiography, 

pulse oximetry, capnography, analysis of fractional inspired 

O
2
, body temperature, urine output, central venous pressure, 

and invasive and noninvasive blood pressure measurements. 

Tidal volume and ventilation rate were adjusted to maintain 

an end tidal CO
2
 of 35–40 mmHg. Intraoperative hypothermia 

was prevented by forced air-surface warming.

The surgical team was the same for all the procedures 

performed. A right subcostal surgical incision with extended 

supraumbilical extension (ie, inverted L-shape) was per-

formed in all cases, and is considered to be less traumatic 

than the T-shaped incision. An ultrasonic dissector was used 

to divide the liver parenchyma. No Pringle maneuver was 

performed. The middle hepatic vein was preserved. Measures 

to reduce intraoperative bleeding included maintaining a low 

positive central venous pressure during the resection proce-

dure and careful parenchyma transection using a Cavitron 

ultrasonic surgical aspirator, bipolar electrocautery, and an 

Harmonic® scalpel (Ethicon Endo-Surgery, Inc. Johnson & 

Johnson, Blue Ash, Cincinnati, OH, USA).

Low molecular weight heparin (enoxaparin) was given 

subcutaneously at a dose of 40 mg once daily as prophylaxis 

for deep vein thrombosis in all patients from the second 

postoperative day until hospital discharge, but was regularly 

revised according to coagulation studies. Any blood products 

given were recorded. All patients were extubated in the operat-

ing room before being transferred to the intensive care unit.

Postoperative pain was assessed using a 10 cm VAS 

(0–10; 0 indicating no pain and 10 indicating worst pain 

during movement, eg, inspiration or cough). The VAS had 

a 10 cm line, and each patient was asked to make a verti-

cal mark on the line to indicate the intensity of their pain.8 

Side effects, such as pruritus and postoperative nausea and 

vomiting, were scored as follows: 0, none; 1, yes, does not 

require treatment; 2, yes, requires and relieved by treatment; 

or 3, yes, but not relieved by treatment. The Ramsay seda-

tion scale assesses arousability on six levels,9 as follows: 

1, patient is anxious and agitated, restless, or both; 2, patient 

is cooperative, oriented, and tranquil; 3, patient responds 

to commands only; 4, patient shows a brisk response to 

light or loud auditory stimulus; 5, patient shows a sluggish 

response to loud auditory stimuli; and 6, patient exhibits no 

response. Immediate cessation of IVPCA and administration 

of intravenous naloxone 40 µg was required in the event of 

respiratory depression, defined as a respiratory rate of less 

than 10 breaths per minute. Postoperative pain was assessed 

using the VAS at 6, 8, 12, and 24 hours, and again on days 2 

and 3 postoperatively. Opioid consumption and length of stay 

in the intensive care unit were recorded for both groups of 

patients. The primary outcome was a comparison of the two 

anesthetic regimens with regard to pain control. Secondary 

outcomes included opioid consumption and complications, 

such as sedation, nausea, vomiting, pruritus, respiratory 
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depression, and signs of local toxicity, as well as length of 

stay in the intensive care unit.

Statistical analysis
Twenty-five patients were allocated to each treatment group. 

Recruitment was based on the following assumptions: 

a power of 90%, α=0.05, and a ratio of cases to controls 

of 1:1. The required sample size was determined using 

power and sample size calculation software. The data were 

analyzed using Statistical Package for the Social Sciences 

for Windows version 13 software (SPSS Inc., Chicago, IL, 

USA). The data are shown as the mean and range or value 

and frequency with percentage. No intention to treat analysis 

was performed. Randomization was achieved using a closed 

envelope technique as mentioned earlier.

The Student’s t-test was used to compare the mean 

and standard deviation for normally distributed quantita-

tive variables, and a P-value ,0.05 was considered to be 

statistically significant. The Mann–Whitney U test was 

used for quantitative variables which were not normally 

distributed, and a P-value ,0.05 was considered significant. 

The paired t-test was used to detect the mean and standard 

deviation of normally distributed pre and post values of 

the same variable in the same group of patients, and a 

P-value ,0.05 was considered significant. The Wilcoxon 

test was used to detect the mean and standard deviation of 

non-normally distributed pre and post values of the same 

variable in the same group of patients, and a P-value ,0.05 

was considered significant. Repeated-measures analysis 

of variance was performed to differentiate changes in 

different follow-up results for normally distributed study 

variables, and a P-value ,0.05 was considered significant. 

The Friedman test was performed to differentiate changes 

in different follow-up results for different study variables, 

and a P-value ,0.05 was considered significant. All data 

were tested with the Kolmogorov–Smirnov Z test, and most 

were found to be normally distributed, and are therefore 

shown as the mean ± standard deviation. Parametric tests 

were used when doing associations and correlations.

Results
Fifty-nine patients were enrolled, with nine patients 

excluded and replaced, two due to extension of the tumor 

beyond the resection limits with termination of the pro-

cedure (one patient required more than 6 units of packed 

red blood cells and similar units of plasma), four patients 

in the IVPCA + TAP group because of suspicion of intra-

vascular migration of the TAP catheter, two due to the 

catheter falling out during postoperative wound dressing, 

and one because of a technical failure involving their PCA 

syringe pump.

Patient characteristics were comparable between the 

two groups. There were 15 males (60%) and ten females 

(40%) in the IVPCA group and 16 males (64%) and nine 

females (36%) in the IVPCA + TAP group (P.0.05). There 

were no significant differences between the IVPCA and the 

IVPCA + TAP groups with regard to mean age and weight 

(50.4±10.3 years versus 49.24±14 years and 81.6±15.7 kg 

versus 82.7±8.68 kg, respectively, P.0.05). The frequency 

of surgery in the IVPCA group and IVPCA + TAP block 

group was six (24%) and 17 (68%), respectively, for major 

liver resection, and 19 (76%) and eight (32%) for minor liver 

resection. Mean surgical times were comparable between 

the groups, being 302±54 minutes in the IVPCA group 

and 286±44 minutes in the IVPCA + TAP group (P.0.05). 

Ultrasound-guided preincision bilateral TAP blocks were 

not time-consuming and took a median of 19 (range 15–24) 

minutes for an experienced anesthetist to perform. Inserting 

and fixing a catheter in the open TAP space during closure 

of the abdominal muscles toward the end of surgery was also 

not time-consuming.

Hemodynamics
Some patients in each group required a transfusion of packed 

red blood cells, ie, three in the IVPCA group and four in 

the IVPCA + TAP group (2 units). Mean blood loss was 

578.2±79.72 mL in the IVPCA group and 583.2±77.28 mL 

in the IVPCA + PCA group, with no significant difference 

between the groups (P.0.05). As mentioned earlier, one 

patient was excluded due to tumor extension beyond the 

surgical resection limits and required more than 6 units 

of packed red blood cells during surgical mobilization of 

the liver. This patient was extubated in the intensive care 

unit after brief ventilatory support to control developing 

acidosis.

The 50 study patients demonstrated a signif icant 

improvement in hemodynamics postoperatively, indicating 

recovery from surgical stress on IVPCA during the 72-hour 

follow-up period. All vital signs normalized by the third 

postoperative day. In the IVPCA + TAP group, there was 

also a significant decrease in hemodynamics during the 

72 hours of follow-up, with all vital signs normalizing by 

the third day. Comparison of the two groups with regard 

to heart rate and systolic/diastolic blood pressure showed 

significant differences in favor of the IVPCA + TAP group 

(P,0.05, Table 1).
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Table 1 Hemodynamic differences between IVPCA and IVPCA + 
TAP groups

Study  
variable

Groups Mean ± SD t-test P-value

HR POD 1 IVPCA 94.29±13.4 3.98 ,0.01
IVPCA + TAP 79.52±10.6

SBP POD 1 IVPCA 121.7±13.12 3.68 ,0.01
IVPCA + TAP 108.4±10.3

DBP POD 1 IVPCA 77±8.69 2.76 ,0.01
IVPCA + TAP 70±7.64

HR POD 2 IVPCA 94.35±15.3 2.59 ,0.01
IVPCA + TAP 82.2±14.4

SBP POD 2 IVPCA 127.06±13 5.08 ,0.01
IVPCA + TAP 106.25±12.8

DBP POD 2 IVPCA 74.53±9.35 2.64 ,0.01
IVPCA + TAP 67.08±8.59

HR POD 3 IVPCA 93.69±14.5 2.59 ,0.05
IVPCA + TAP 83.96±9.27

SBP POD 3 IVPCA 124.12±15.74
IVPCA + TAP 109.38±12.19 3.38 ,0.01

DBP POD 3 IVPCA 73.24±6.6
IVPCA + TAP 71.25±7.98 0.84 .0.05

Notes: Data are presented as the mean ± SD. The Student’s t-test was used to 
compare HR, SBP, and DBP. P,0.05 was considered to be statistically significant and 
P,0.01 was considered to be highly statistically significant. 
Abbreviations: DBP, diastolic blood pressure; HR, heart rate; IVPCA, intravenous 
patient-controlled analgesia; SBP, systolic blood pressure; SD, standard deviation; 
POD, postoperative day; TAP, transversus abdominis plane.

Sedation
The mean sedation score was significantly different between 

the IVPCA + TAP group (1.57±0.47) and the IVPCA 

group (2.2±0.41) on the third postoperative day (P,0.01, 

Table 2).

Pain control
The mean intraoperative dose of fentanyl administered (as 

guided by processed electroencephalography) was com-

parable between the IVPCA and IVPCA + TAP groups 

(370±100 µg versus 358±104.70 µg, respectively, P=0.676). 

Postoperatively, both groups showed similarly effective pain 

control at rest (VAS ,3) using a multimodal analgesia regi-

men of IVPCA ± TAP block and additional meperidine when 

requested. However, patients in the IVPCA + TAP group 

had more effective pain control at rest when coughing. The 

mean VAS score in the IVPCA + TAP group when coughing 

was 5/10 on day 1, 3/10 on day 2, and 3/10 on day 3, and 

in the IVPCA group was 7/10 on day 1, 6/10 on day 2, and 

6/10 on day 3 (P,0.05, Table 3). Patients in both groups 

suffered breakthrough pain on coughing, particularly the 

IVPCA group, and were treated immediately with additional 

intravenous meperidine until pain was controlled.

Table 2 Postoperative sedation scores during follow-up in the 
IVPCA and IVPCA + TAP groups

Time Groups Median 
(IQR)

Mann–
Whitney  
U test

P-value

POD 1 IVPCA 4 (3–4) 0.25 .0.05
IVPCA + TAP 3 (1–5)

POD 2 IVPCA 2 (1–2) 0.21 .0.05
IVPCA + TAP 2 (1–2)

POD 3 IVPCA 2 (2–2) 3.09 ,0.01
IVPCA + TAP 1 (1–2)

Notes: Data are presented as the median and IQR. The Mann–Whitney U test 
was used to compare postoperative sedation scores. P,0.01 was considered to be 
highly statistically significant.
Abbreviations: IVPCA, intravenous patient-controlled analgesia; POD, postoperative 
day; TAP, transversus abdominis plane; IQR, interquartile range (25th percentile to 
75th percentile).

Table 3 Differences in postoperative pain scores between the 
IVPCA and IVPCA + TAP groups

Time Groups Median  
(IQR)

Mann–
Whitney  
U test

P-value

6 hours on POD 1 IVPCA 3 (3–4) 3.51 ,0.01
IVPCA + TAP 5 (4–7)

12 hours on POD 1 IVPCA 6 (6–7) 3.02 ,0.01
IVPCA + TAP 5 (2–6)

18 hours on POD 1 IVPCA 7 (6–7) 2.76 ,0.01
IVPCA + TAP 5 (3–7)

24 hours on POD 1 IVPCA 7 (6–7) 4.25 ,0.01
IVPCA + TAP 5 (4–5)

POD 2 IVPCA 7 (6–7) 4.45 ,0.01
IVPCA + TAP 3 (2–4)

POD 3 IVPCA 6 (5–7) 4.51 ,0.01
IVPCA + TAP 3 (2–5)

Notes: Data are presented as the median and IQR (25th percentile to 75th 
percentile). The Mann–Whitney U test was used for comparisons. P,0.01 indicates 
a highly statistically significant difference. 
Abbreviations: IVPCA, intravenous patient-controlled analgesia; POD, postoperative 
day; TAP, transversus abdominis plane; IQR, interquartile range (25th percentile to 
75th percentile).

Additional drugs needed for pain
No group was immune from the need for rescue intravenous 

drugs for breakthrough pain despite this occurring less fre-

quently in the IVPCA + TAP group. Eight cases in the IVPCA 

group and six cases in the IVPCA + TAP group required addi-

tional rescue opioids in the form of intravenous boluses of 

meperidine 50 mg for breakthrough pain on exertion, mainly 

when coughing (a total of 950 mg over 3 days in the IVPCA 

group versus 400 mg in the IVPCA + TAP group).

Nausea and vomiting
Three patients in the IVPCA group and one in the IVPCA + 

TAP group suffered from nausea and vomiting, which was 
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treated with intravenous metoclopramide 10 mg given once 

on the first postoperative day. No signs of respiratory depres-

sion were reported in either group, and no signs of overdose 

or toxicity were reported with fentanyl or bupivacaine. No 

hypotensive episodes were encountered post injection of 

local anesthesia.

Laboratory parameters
Tables 4 and 5 indicate a significant increase in the Inter-

national Normalized Ratio (INR) for prothrombin time and 

prothrombin concentration, with a significant decrease in 

hemoglobin, hematocrit, and platelets (P0.01).

Opioid and local anesthetic consumption
Local anesthetic consumption was significant reduced dur-

ing the first 3 postoperative days. There was a significantly 

increased consumption of fentanyl in the IVPCA group 

when compared with the IVPCA + TAP group (Table 6 and 

Figure 1). The mean postoperative amounts of local anesthesia 

(bupivacaine 0.375%) injected through the catheter placed by 

the surgeon in the open TAP were as follows: 94.7±25.33 mg 

on postoperative day 1, 83.4±20.78 mg on postoperative 

day 2, and 77.8±18.32 mg on postoperative day 3. Repeated-

measures analysis of variance showed a significant decrease 

in local anesthetic consumption as levels of surgically 

induced stress decreased (P,0.05).

Length of stay in intensive care unit
There was a significant decrease in the length of stay in the 

intensive care unit in the IVPCA + TAP group (Figure 2).

Satisfaction score
There was no significant difference between the two groups 

with regard to satisfaction with pain control. A considerable 

number of patients in both groups rated their satisfaction 

with pain control as good to fair (Table 7).

Discussion
The IVPCA + TAP group showed a significant decrease in 

VAS scores for pain during the immediate postoperative 

period, probably due to the additive effects of the local 

anesthetic drug infused in the TAP. This result is similar to 

that reported by other investigators. Sharma et al10 found 

that they were able to provide highly effective analgesia for 

up to 24 hours postoperatively using this technique, with 

no complications due to TAP block and prolongation of the 

time to first request for tramadol PCA in patients undergoing 

major surgical procedures involving a mid line abdominal 

wall incision. McDonnell et al11 and Elkassabany et al12 came 

to the same conclusion, ie, that addition of TAP block helped 

to provide effective pain relief.

Use of a catheter in the TAP group to enable repeated bolus 

injections, as in our study, was also documented by Allcock 

et al, who concluded that a continuous TAP block provides 

excellent analgesia and augments postoperative pain relief 

following major abdominal surgery, particularly when 

neuraxial analgesia is inadvisable.13

Recent data suggest a need to monitor patients at risk 

of liver impairment and to consider reducing the dose of 

analgesia, so continuous infusion was not implemented in 

our study; instead, we used 8-hourly repeat boluses into the 

catheter titrated to the VAS and tailored to each patient. The 

8-hour dose can be omitted if the patient is not in pain in 

order to reduce the potential risk of toxicity from overdose, 

given that these patients can develop transient liver dysfunc-

tion post liver resection. The guidance from the American 

Society of Regional Anesthesia is that a regional technique 

should be “tailored to the minimum mass of local anes-

thetic molecules necessary to achieve the desired clinical 

effect”. Local anesthetic toxicity following TAP block had 

been reported in several studies. Griffiths et  al16 recently 

reported a study showing that plasma concentrations of 

ropivacaine after TAP block can reach potentially neurotoxic 

Table 4 Conventional blood tests for the IVPCA group

Study variables Preoperative POD 1 POD 2 POD 3 Repeated-
measures  
ANOVA

P-value

INR 1.18±0.1 1.19±0.1 1.3±0.1** 1.4±0.1** 1,381.61 ,0.01
Platelets 201±90.21 195.6±99.4 182.7±88.2 171.5±82.5** 8.15 ,0.05
PC (%) 82.06±12.19 80.68±12.3* 67.9±11.0** 63.9±13.6** 764.21 ,0.01
Hemoglobin (g/dL) 12.18±1.16 12.7±1.5 11±1.2** 11.8±1.4 2,785.32 ,0.01
Hematocrit (%) 36.18±3.24 38.4±5* 36.7±5.8 35.7±4 2,235.01 ,0.01

Notes: The data are presented as the mean and standard deviation. Repeated-measures ANOVA was used for INR, PC, hemoglobin, and hematocrit, and the Friedman 
test was used for platelets. P,0.05 was considered to be statistically significant and P,0.01 was considered to be highly statistically significant. *Significant with 1st reading 
(Preop); **Highly significant with 1st reading (Preop).
Abbreviations: ANOVA, analysis of variance; INR, International Normalized Ratio; PC, prothrombin concentration; POD, postoperative day; IVPCA, intravenous patient-
controlled analgesia; Preop, preoperative. 
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Table 5 Conventional blood tests for the IVPCA + TAP group

Study variables Preoperative POD 1 POD 2 POD 3 Repeated-
measures 
ANOVA

P-value

INR 1.07±0.22 1.2±0.19* 1.49±0.26** 1.54±0.25** 1,849.44 ,0.01
Platelets 205.24±84.2 193.11±88.9 187±106 149.59±62* 21.56 ,0.01
PC (%) 90.41±14.9 70±18.16** 49.5±12.6** 47.1±13.4** 736 ,0.01
Hemoglobin (g/dL) 13.29±1.57 12.14±1.7** 12.25±1.8* 11.14±1.7** 1,311.95 ,0.01
Hematocrit (%) 37.83±4.39 36.69±5.09 37.15±55 34.11±5.4 1,396.22 ,0.01

Notes: The data are presented as the mean and standard deviation. Repeated-measures ANOVA was used for INR, PC, hemoglobin, and hematocrit, and the Friedman 
test was used for platelets. P,0.05 was considered to be statistically significant and P,0.01 was considered to be highly statistically significant. *Significant with 1st reading 
(Preop); **Highly significant with 1st reading (Preop). 
Abbreviations: ANOVA, analysis of variance; INR, International Normalized Ratio; PC, prothrombin concentration; POD, postoperative day; IVPCA, intravenous patient-
controlled analgesia; TAP, transversus abdominis plane block; Preop, preoperative.

Table 6 Differences in fentanyl consumption in micrograms 
between the IVPCA and IVPCA + TAP groups

Fentanyl 
consumption

Group Mean SD t-test P-value

POD 1 IVPCA + TAP 1,000.80 61.57 3.6 ,0.01
IVPCA 1,254.6 287.15

POD 2 IVPCA + TAP 995.80 65.92 2.75 ,0.05
IVPCA 1,293.29 445.10

POD 3 IVPCA + TAP 956.80 102.23 2.46 ,0.05
IVPCA 1,182.24 372.41

Notes: The data are presented as the mean and standard deviation. The Student’s 
t-test was used to compare fentanyl consumption in the two groups. P,0.05 was 
considered to be statistically significant and P,0.01 was considered to be highly 
statistically significant. 
Abbreviations: IVPCA, intravenous patient-controlled analgesia; POD, 
postoperative day; TAP, transversus abdominis plane; SD, standard deviation.

levels in plasma. Nash et al14 demonstrated a reduction in 

postoperative opioid requirement and/or pain scores fol-

lowing TAP block with bupivacaine, and reported this with 

the injection of significantly less local anesthetic than they 

had intended when designing their study. In our study, local 

anesthetic drug boluses were only given when no fresh 

blood was being withdrawn from the TAP catheter, which 

could explain the low incidence of signs of toxicity. The 

surgical wound and spaces are vascular and so they have 

great potential to absorb significant amounts of the local 

anesthetic reagents.14–18

The decrease in opioid requirements in the IVPCA + 

TAP group during the early postoperative period reflects the 

opioids’ sparing effect on the TAP block, which should be of 

particular benefit in patients with cirrhosis to avoid unneces-

sary doses of opioids post resection when temporary liver 

dysfunction is known to occur. In a meta-analysis of the clini-

cal effectiveness of TAP block, Siddiqui et al19 came to the 

same conclusion, ie, that TAP block reduces the requirement 

for postoperative opioids and is comparable with morphine 

in terms of postoperative analgesia. They concluded that TAP 

block increased the time to first request for further analgesia, 

provided more effective pain relief, and reduced the risk of 

opioid-associated side effects.19

Brady et al studied the effect of open TAP block following 

right hemicolectomy, reporting that open TAP blocks are safe 

and reduce postoperative opioid requirements and sedation 

in patients undergoing this procedure.20 This decrease in 

opioid requirements with TAP block was echoed in a study 

by Milan et al, who used the subcostal approach for TAP 

block in liver transplant recipients and reported that the ini-

tial evaluation of subcostal TAP block after orthotopic liver 

transplant indicated a significant reduction in postoperative 

morphine consumption.21

The primary goal of our current study was to control 

postoperative pain, and this was successfully achieved by 

TAP block, both at rest and during coughing. Fentanyl con-

sumption was only reduced by 20%, but the decrease was 

statistically significant. TAP block was able to be included 

as part of a multimodal regimen, and our results should 

encourage further studies involving other peripheral nerve 

blocks, such as combined subrectal sheath and TAP in an 

attempt to block crossover of sensory fibers from the other 

side of the abdomen wall. This study is a step in our learn-

ing curve towards understanding and achieving better pain 

control for patients with cirrhosis undergoing liver resection. 

In the future we plan to study patients with more advanced 

liver disease, particularly those with strangulated hernia as 

a result of tense ascites undergoing emergency surgery, who 

always present an anesthetic challenge.

As already mentioned, bilateral TAP block was not time-

consuming when done by an experienced anesthetist, and took 

approximately 20 minutes to complete. Inserting a catheter into 

the open TAP space during closure of the abdominal muscles 

towards the end of surgery and fixing it was also not time-con-

suming, being essentially no different from fixing a biliary stent 

from the surgeon’s point of view. In contrast with our findings, 

Sandeman et al reported that TAP block increased the anesthesia 
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time by 14 minutes on average and offered no clinically impor-

tant benefit over infiltration of local anesthetic at the port site in 

pediatric patients undergoing laparoscopic appendectomy, but 

this may be explained by the age of the cases (range 7–16 years) 

and the decreased pain threshold in this age group.22 Another 

study by Freir et al also contradicted the previously mentioned 

studies, demonstrating no additional benefit of TAP block post 

renal transplant and no reduction in morphine requirements.23

In our study, the TAP catheter was inserted at the comple-

tion of surgery by the surgeon under supervision in the 

transversus abdominis muscle plane. This technique was 

also attempted by Zhong et al, who reported that intermit-

tent delivery of bupivacaine through the TAP block catheter 

significantly reduced postoperative parenteral opioid require-

ments following free flap reconstruction of the breast.24

Multimodal analgesia can improve pain control and pos-

sibly improve the quality of recovery. De Oliveira et al reported 
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that TAP block is an effective adjunct in a multimodal analgesic 

strategy for ambulatory laparoscopic procedures.25 The find-

ings of our current study demonstrate the beneficial effect of 

the TAP block as a contributor in a multimodal pain regime 

when combined with intravenous opioids for postoperative 

pain relief. However, the TAP block cannot be used as a sole 

method to control pain as it only affects the somatic sensory 

nerves and not the visceral. Unfortunately, this was reflected 

in our study by the considerable percentage of fair scores with 

regard to patient satisfaction. Improved technique and use of 

a subcostal rather than posterior approach preoperatively for 

pre-emptive analgesia could produce better results. A further 

development of our technique and learning curve would be 

to combine an open subrectal sheath block with open TAP in 

an attempt to block sensory fibers from the other side, given 

that one of the limitations of this study was the one-sided 

TAP block. The use of minimally invasive peripheral anterior 

abdominal wall nerve blocks is expected to be the focus of 

future studies dedicated to improving postoperative pain man-

agement regimes at the expense of the other traditionally used 

central neuroaxial blocks such as epidural analgesia.

Another limitation of our current study is the inability 

to alter the settings on the PCA pump in both groups dur-

ing the 3 days of the study to meet with the demands for 

pain relief, so intravenous rescue opioids were used instead. 

Patients in both groups reported an increase in intravenous 

opioid consumption on day 2 due to the increased frequency 

of movement and physiotherapy, with no alteration in the 

pump settings. Further studies are needed to determine the 

optimal concentrations and settings of the PCA pump for this 

group of patients. The need for analgesia decreased in both 

groups on day 3, and this could be attributed to the decrease 

in postoperative surgical stress response.

Our current study showed the need to use additional 

intravenous analgesics beside both protocols of patient con-

trolled intravenous fentanyl with and without TAP block. 

The efficacy of each technique could be increased by using 

another adjuvant method of pain relief and help to maximize 

the efficacy of pain control.

Several other groups have reported effective pain control 

when a multimodal approach to postoperative pain control 

is adopted; for example, the study by Ozalp et al, who used 

different mixtures of local anesthetic drugs and opioids for 

better pain control.26 The amount of local anesthetic drug con-

sumed varied from patient to patient in our study, where we 

titrated the dose according to VAS pain score to avoid giving 

excessive doses of local anesthesia. This could explain why 

there was no local anesthetic toxicity in our study. As men-

tioned earlier, the American Society of Regional Anesthesia 

advises that a regional technique should be “tailored to the 

minimum mass of local anesthetic molecules necessary to 

achieve the desired clinical effect”. This is necessary from our 

point of view to prevent local anesthetic toxicity following 

TAP block, which has been reported and discussed in several 

other recent pulbications.14–17 Most of the studies reporting 

development of local toxicity post TAP used large volumes 

of local anesthesia. The TAP is a vascular space between 

the anterior abdominal muscles and is known to have the 

potential to absorb significant amounts of locally injected 

anesthetic agents, particularly when top-up doses are given at 

fixed time intervals. None of these studies included patients 

with cirrhosis undergoing major liver resection like those in 

our study. Future research is needed to investigate the actual 

plasma levels of local anesthetic injected when TAP block is 

performed in this patient population.

Use of a well designed wound infiltration catheter with 

multiple openings distributed over a longer segment of the 

catheter, instead of the widely available epidural set used in 

our study, which has fewer openings for perfusion, could 

improve the spread of the local anesthetic agent in the 

TAP space.

Most of the patients in our study were started on oral sips 

of water and juice on the first postoperative day, with a low 

incidence of nausea and vomiting in both the IVPCA group 

(3/17) and the IVPCA + TAP group (7/28); fewer patients 

overall needed medical intervention for symptomatic relief, 

and this may be attributed to the choice of fentanyl as the 

anesthetic agent, which is known to have a lower incidence 

of postoperative nausea and vomiting than morphine. This 

finding was in agreement with Hutchinson et al27 who found 

that IVPCA fentanyl had a significantly lower rate of common 

opioid side effects (nausea/vomiting) when compared with 

other methods of analgesia.

We found a decrease in sedation score during the first 

3 postoperative days in both groups, with the highest scores 

Table 7 Differences in satisfaction scores between the IVPCA 
and IVPCA + TAP groups

Satisfaction 
score

IVPCA +  
TAP

IVPCA χ² test P-value

Excellent 5 (20.0) 4 (16.0) 0.36 .0.05
Good 9 (36.0) 11 (44.0)
Fair 11 (44.0) 10 (40.0)
Poor 0 (0.0) 0 (0.0)

Notes: The data are presented as the number (%). P-value .0.05 using the χ2 test. 
Abbreviations: IVPCA, intravenous patient-controlled analgesia; TAP, transversus 
abdominis plane.
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recorded on the first day, and this could be attributed to the 

residual effect of the agents used for general anesthesia. 

Improvement in sedation scores was associated with a 

decrease in severity of pain on the subsequent postoperative 

days and a decrease in drug consumption. Sedation tended 

to be higher in the IVPCA group, as expected given the 

consumption of more intravenous opioids.

Another limitation of our study was that it did not assess 

the effect of TAP block on intraoperative consumption of 

general anesthesia. Preoperative initiation of TAP block could 

be the subject of future research in patients with hepatic 

cirrhosis, because TAP block in combination with general 

anesthesia could provide better intraoperative hemodynamic 

control, reduce the requirements for both inhalational agents 

and opioids, and potentially lead to more rapid recovery in 

this group of patients. A study by Tsuchiya et al came to a 

similar conclusion in a different group of patients undergoing 

abdominal surgery but suffering from severe cardiovascular 

disease. These investigators combined TAP block with gen-

eral anesthesia and demonstrated better intraoperative hemo-

dynamic stability and early emergence from anesthesia.29

Lessons learned from our study are that the use of two 

catheters to cover both sides and the use of an additional sub-

costal approach for TAP block, together with a multiorifice 

catheter to cover a larger area, could improve the efficacy 

of pain relief and satisfaction scores. Central neuraxial 

analgesia could provide better satisfaction, but the risks 

and benefits of each method should be discussed with this 

population of patients with cirrhosis when scheduled for 

liver surgery because they have a risk of developing coagu-

lopathy, particularly when liver resection is complicated by 

major bleeding.

In conclusion, combining TAP block with IVPCA 

improved postoperative pain management and reduced fenta-

nyl consumption, and this was reflected in a shorter duration 

of intensive care stay. TAP block can be included as part of 

a balanced postoperative multimodal pain regimen. Patients 

should be informed when consented for their postoperative 

pain management regimen about the risk to benefit ratio of 

each method. Further multicenter, randomized, controlled 

studies in larger populations of cirrhotic patients undergo-

ing liver surgery should be designed to investigate the TAP 

block further before a firm evidence-based conclusion can 

be reached.
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