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A B S T R A C T   

Objective: Compare transversus abdominis plane (TAP) blocks with liposomal bupivacaine were to epidural 
analgesia for pain at rest and opioid consumption in patients recovering from abdominal surgery. 
Background: ERAS pathways suggest TAP blocks in preference to epidural analgesia for abdominal surgery. 
However, the relative efficacies of TAP blocks and epidural analgesia remains unknown. 
Methods: Patients having major abdominal surgery were enrolled at six sites and randomly assigned 1:1 to 
thoracic epidural analgesia or bilateral/4-quadrant TAP blocks with liposomal bupivacaine. Intravenous opioids 
were used as needed. Non-inferiority margins were a priori set at 1 point on an 11-point pain numeric rating scale 
for pain at rest and at a 25% increase in postoperative opioid consumption. 
Results: Enrollment was stopped per protocol at 3rd interim analysis after crossing an a priori futility boundary. 
498 patients were analyzed (255 had TAP blocks and 243 had epidurals). Pain scores at rest in patients assigned 
to TAP blocks were significantly non-inferior to those given epidurals, with an estimated difference of 0.09 points 
(CI: − 0.12, 0.30; noninferiority P < 0.001). Opioid consumption during the initial 3 postoperative days in TAP 
patients was not non-inferior to epidurals, with an estimated ratio of geometric means of 1.37 (CI: 1.05, 1.79; 
non-inferiority P = 0.754). However, the absolute difference was only 21 mg morphine equivalents over the 3 
days. Patients with epidurals were more likely to experience mean arterial pressures <65 mmHg than those given 
TAP blocks: 48% versus 31%, P = 0.006. 
Conclusion: Pain scores at rest during the initial three days after major abdominal surgery were similar. Patients 
assigned to TAP blocks required more opioid then epidural patients but had less hypotension. Clinicians should 
reconsider epidural analgesia in patients at risk from hypotension. 
Trial Registration: ClinicalTrials.gov Identifier: NCT02996227.   
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1. Introduction 

Enhanced postoperative recovery pathways have been widely 
implemented with the goal of improving the quality of care and patient 
outcomes [1,2]. Multimodal analgesia is a key component of most 
pathways since uncontrolled postoperative pain delays recovery and 
promotes various complications [3–5]. The rationale is that combining 
non-opioid analgesics with regional blocks reduces opioid consumption 
and related side effects. This approach was initially described in 
gastrointestinal surgery, but has since been broadened to other 
specialties. 

Regional analgesia techniques can be categorized as neuraxial (spi-
nal or epidural), peripheral nerve blocks and fascial plane blocks. 
Continuous catheter-based epidural analgesia provides excellent post-
operative pain relief for upper and lower abdominal surgery and has 
long been considered the reference regional technique [6,7]. However, 
epidural local anesthetics may cause hypotension, motor weakness, and 
urinary retention; furthermore, epidural failure rates are high and even 
well-positioneeed positioned catheters require considerable ward man-
agement, such as change in solution concentrations or infusion rates, as 
well as treatment of side-effects [8,9]. The role of epidural analgesia in 
ERAS protocols has been questioned [10,11]. 

An alternative to epidural analgesia is transversus abdominis plane 
(TAP) blocks. TAP blocks use local anesthetics injected between the 
internal oblique and transversus abdominis muscles to anesthetize 
nerves of the abdominal wall [12,13]. These blocks provide good anal-
gesia and reduce opioid requirements [14,15]. TAP-related adverse 
events are rare and, unlike epidural analgesia, TAP blocks can be used in 
patients who are anti-coagulated [16]. The major limitation of TAP 
blocks is that they do not prevent visceral pain. An additional limitation 
is that it is hard to maintain TAP catheters in position; most are therefore 
single-shot blocks, with analgesia limited to the duration of the local 
anesthetic used. 

Development of liposomal bupivacaine, which has a prolonged 
duration-of-action, has made TAP blocks a viable alternative to epidural 
analgesia [17]. Liposomal bupivacaine is reported to extend local 
anesthetic blocks up to 72 h. Additionally, liposomal bupivacaine can be 
combined with bupivacaine in a ratio not to exceed 1:2 (bupivacaine: 
liposomal bupivacaine) [18]. Although TAP blocks are widely used, the 
relative efficacy of TAP blocks and epidural analgesia for major 
abdominal surgery remains largely unknown. We therefore tested the 
primary hypothesis that TAP blocks with liposomal bupivacaine are 
non-inferior to continuous epidural analgesia on pain management in 
patients having major abdominal surgery, defined by both pain intensity 
at rest and opioid consumption over the initial 3 postoperative days. 
Secondarily, we compared TAP blocks with liposomal bupivacaine and 
continuous epidural analgesia on patient activity, opioid-related side 
effects, hemodynamic stability, quality of recovery, and duration of 
hospitalization. 

2. Methods 

EXPLANE was an investigator-initiated, multi-center, parallel-group 
trial. The study was approved by the institutional review boards of 
Cleveland Clinic and each participating institution. The trial was regis-
tered at ClinicalTrials.gov before the first patient was enrolled (NCT 
02996227). The only substantive change to the protocol was to redefine 
hypotension as MAP <65 mmHg rather than 55 mmHg post hoc because 
fewer patients than expected experienced such profound hypotension. 

With written informed consent, we enrolled patients scheduled for 
elective abdominal surgeries. Trial sites were the Cleveland Clinic Main 
Campus, the Cleveland Clinic Fairview Hospital, the Cleveland Clinic 
Hillcrest Hospital, the University of Texas Medical Branch at Galveston, 
the University of North Carolina, and the University of Pennsylvania. 

We enrolled patients aged 18–85 years who were scheduled for 
elective open or laparoscopic-assisted abdominal surgery, including 

colorectal procedures and hysterectomies. All had an anticipated hos-
pitalization of three nights and were able to use patient-controlled 
intravenous opioid analgesia. Patients with any of the following condi-
tions were excluded: 1) hepatic disease (liver enzyme concentrations 
twice normal); 2) kidney disease (serum creatinine twice normal); 3) 
known bupivacaine sensitivity or allergy; 4) pregnancy or breastfeeding; 
5) anti-coagulated; 6) scheduled for surgeries requiring high laparo-
scopic port sites; or, 7) a body mass index ≥50 kg/m2. 

2.1. Protocol 

Patients were randomized 1:1 to epidural analgesia or bilateral/4- 
quadrant TAP blocks by using computer-generating codes with 
random-sized blocking. Randomization was stratified based on chronic 
opioid use, study center, and anticipated open versus laparoscopic- 
assisted surgery. Chronic opioid use was defined as more than 30 
consecutive days within three preoperative months, at a daily dose of 15 
mg or more of oral morphine or equivalent. Allocation was concealed 
until shortly before surgery with a web-based system. 

All blocks were performed preoperatively by attending anesthesiol-
ogists or regional anesthesia fellows supervised by attending experi-
enced in epidural and TAP blocks. Premedication was administered at 
the discretion of the attending anesthesiologist. 

2.1.1. Transversus abdominis block procedure 
Blocks were guided by in-plane ultrasound with a linear transducer. 

Various ultrasound machines and transducer brands were used. The 
probe was positioned midline, and then moved laterally along the sub-
costal margin to identify the area between the rectus abdominis sheath 
and the transversus abdominis muscle and local anesthetic was depos-
ited to lateral end of rectus muscle. Plain bupivacaine 0.25%, 10 ml was 
then injected to open the space. Thereafter, 5 ml of liposomal bupiva-
caine (266 mg), Exparel, Pacira Biosciences, Parsippany, NJ) mixed with 
5 ml of saline was injected. The same procedure was repeated on the 
contralateral side. Thereafter, the lateral two TAP block injections were 
applied in the midaxillary line between the costal margin and iliac crest 
between the internal oblique and the transversus abdominis muscles. 
The same local anesthetic combination was injected, and the procedure 
repeated on the contralateral side for a total of four injections. 

Mixing plain bupivacaine 0.25% (40 ml) with liposomal bupivacaine 
(20 ml) plus saline (20 ml) and injection 20 ml from this mixture to each 
location was also allowed. If the surgical incision was not expected to 
extend above then umbilicus, only the two lateral sites were injected, 
each with 20 ml plain bupivacaine 0.25%, 10 ml liposomal bupivacaine, 
and 10 ml of saline. 

2.1.2. Thoracic epidural procedure 
Epidural catheters were inserted at thoracic levels usually between 

the T9–12 interspace. The catheter was tested for subarachnoid or 
intravascular placement using 3 ml of 1% lidocaine with epinephrine 
1:200,000. Once an epidural catheter was successfully positioned, 
bupivacaine 0.1% without additives was initially infused at 5 ml/ h, and 
thereafter adjusted per patient need. Patient controlled boluses were 
allowed per hospital policy, usually at 3 ml each, every 15 min. The 
infusion was initiated intraoperatively, and continued postoperatively. 

General anesthesia was induced and maintained per routine, usually 
with propofol and the volatile anesthetic sevoflurane. Intraoperative 
analgesia was restricted to short-acting opioids, usually fentanyl. Pa-
tients were given intravenous boluses of hydromorphone 0.2–0.4 mg or 
fentanyl 25–50 μg as needed at 10-min intervals in the post-anesthesia 
recovery unit. Thereafter, patient-controlled analgesia (PCA) was pro-
vided or (when PCA was not used) similar boluses were given per patient 
request. PCA was set up without a basal infusion, with boluses of 0.2 mg 
at 6–10-min intervals; additional fentanyl or hydromorphone was given 
for breakthrough pain. Patients were also given intravenous boluses of 
hydromorphone (0.2–0.4 mg) or fentanyl (25–50 μg) as needed). When 
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patients were able to tolerate oral intake, they were transitioned to oral 
opioids per clinical routine. We were unable to blind the two distinct 
blocks, however clinicians managing postoperative pain on floor were 
blinded to aims of the study and adjusted opioid analgesia as necessary 
to target pain scores at rest <4 on a 0–10 verbal response scale 
throughout hospitalization. When patients did not use PCA for more 
than two hours, an effort was made to transition them to intermittent 
nurse-administered hydromorphone or fentanyl. 

A single dose of dexamethasone (4–8 mg) was permitted for nausea 
and vomiting prophylaxis. Ondansetron was also permitted in patients 
at high-risk for nausea and vomiting, and for postoperative treatment if 
necessary. Non-steroidal anti-inflammatory drugs and gabapentinoid 
medications were allowed when they were part of a participating hos-
pital's clinical routine or an enhanced recovery pathway. Other opioid- 
sparing medications such as ketamine or lidocaine infusion/patch were 
not permitted during the initial 3 postoperative days. Inhaled steroids 
were permitted as necessary to treat reactive airway disease. 

All patients were given 1 g oral acetaminophen an hour before sur-
gery. Postoperatively, patients were given 1 g oral acetaminophen every 
6 h for 72 h after surgery starting when oral intake was tolerated. Ward 
nurses, blinded to study aims, evaluated pain scores per routine, usually 
at 4-h intervals. At two trial sites, the Cleveland clinic main campus and 
Fairview Hospital, vital signs and patient activity were continuously 
monitored and recorded with a wireless monitor (ViSi mobile, Sotera 
Wireless, San Diego, CA). Monitoring started about 30 min after arrival 
in the post anesthesia care unit and continued for 72 h while patients 
remained hospitalized. Clinicians were blinded to continuous moni-
toring data; clinical decisions were therefore guided by routine inter-
mittent vital signs which were typically obtained at 4-h intervals. 

2.2. Data collection 

Demographic and baseline characteristics were retrieved from elec-
tronic medical records for patients at the Cleveland Clinic sites, and were 
manually recorded at other sites. Data were stored in a custom Redcap 
database maintained at the trial coordinating center in Cleveland. 

The ViSi mobile (Sotera Wireless) patient monitoring system was 
used to continuously record non-invasive blood pressure, patient ac-
tivity, posture, 3‑lead ECG, oxygen saturation (SpO2), and respiratory 
rate for patients enrolled at the Cleveland Clinic Main Campus and 
Fairview Hospitals. Data were recorded at 15-s intervals and down-
loaded daily to a laptop. Blood pressure, activity and SpO2 data were 
retrieved and summarized. When there were monitoring gaps, the last 
value was carried forward until a new one was obtained. 

2.3. Outcomes 

Pain management included two separate outcomes: pain scores at 
rest, and total opioid consumption during the initial 72 postoperative 
hours. Opioid consumption was defined as the total amount used from 
the end of surgery until the third postoperative day, converted to 
morphine sulphate equivalents. Pain was assessed with a verbal 
response scale which ranges from 0 to 10 points, with 10 being worst. 
Pain scores at rest were recorded every 30 min for the first 2 post-
operative hours, and then every 4 h while awake for 72 h. Pain scores at 
rest and opioid consumption were recorded in patients' medical records 
by care-givers, and collected by investigators who also verified docu-
mentation in medical records. 

There were six pre-defined secondary outcomes. (1) Opioid-related 
side effects, per the Opioid–Related Symptom Distress Scale (ORSDS) 
[19] which was evaluated the first three postoperative mornings while 
patients remained hospitalized. The ORSDS uses 4-point Likert scales to 
evaluate the frequency, severity, and bothersomeness of: nausea, vom-
iting, constipation, difficulty passing urine, difficulty concentrating, 
drowsiness or difficulty staying awake, feeling lightheaded or dizzy, 
feeling confused, feelings of general fatigue or weakness, itchiness, dry 

mouth, and headache. (2) Recovery after anesthesia which was evalu-
ated on the first and third morning with the Quality of Recovery scale 
(QoR) [20]. (3) Postoperative hospital length of stay, defined as time 
from the end of surgery to discharge from hospital. (4) Cost effectiveness 
of liposomal bupivacaine. (5) Activity, defined as the total duration of 
time patients spent sitting or standing, as determined by the mobile 
monitoring system during the initial 72 postoperative hours. (6) He-
modynamic instability, defined as mean arterial pressure (MAP) <55 
mmHg or systolic blood pressure < 80 mmHg. Analyses of activity and 
hypotension were restricted to patients with continuous postoperative 
monitoring. 

There were also two a priori exploratory outcomes: 1) hypoxemic 
events, defined as area-under-the-curve for saturation < 90% among 
patients with continuous monitoring; and, 2) persistent postoperative 
incisional pain, defined by presence of pain at three months and its 
characteristics as determined by the DN4 Test [21] and Modified Brief 
Pain Inventory (MBPI) [22] questionnaires. 

2.4. Data analysis 

The statistical analysis plan was developed before patient enrolment 
and was included in the approved IRB application. 

Analyses were modified intent-to-treat and included all randomized 
patients who received some study drug. We assessed group balance on 
baseline characteristics with absolute standardized differences, defined 
as the absolute difference in means, mean ranks, or proportions divided 
by the pooled standard deviation. Baseline variables with standardized 

differences >0.176 (1.96 ×
̅̅̅̅̅̅̅̅̅̅̅̅̅
1
n1
+ 1

n2

√
) were defined as imbalanced and 

would be adjusted for in all analyses. 
In our primary analysis, noninferiority of TAP with liposomal bupi-

vacaine to epidural was assessed for both pain scores at rest and opioid 
consumption. We would only claim non-inferiority if non-inferiority 
were shown for both outcomes. Therefore, no adjustment for multiple 
testing was applied (i.e., intersection-union test). Overall alpha was 
0.05, which corresponded to a significance level for the primary analysis 
of 0.048 after adjusting for interim analyses, and thus 0.024 (i.e., 0.048/ 
2) for single-direction noninferiority testing. 

Specifically, we defined noninferiority as no more than 25% greater 
opioid consumption and no worse than 1-point higher pain score at rest. 
Non-inferiority of TAP with liposomal bupivacaine to epidural could be 
claimed if the upper limit of the 95.2% CI for the mean difference of pain 
scores at rest was less than 1 point and the CI for the ratio of geometric 
means in opioid consumption was less than 1.25. Linear regression was 
used for log-transformed opioid consumption. For pain scores at rest, 
repeated measures linear model adjusting for within-subject correlation 
(autoregressive (1) structure) across the times was applied. P values 
were obtained from 1-tailed t-tests using the estimated treatment effect 
and its standard error. 

Posthoc subgroup analysis on the primary outcomes was conducted 
to evaluate the consistency of the results across sex, chronic opioid use, 
and laparoscopic-assisted (versus open) surgery. We assessed heteroge-
neity on pain and opioid by testing the interaction term, and reported 
the treatment effect within each level. 

Cost effectiveness, a defined secondary outcome, requires methods 
beyond the scope of this report and will be presented separately. The 
remaining five secondary outcomes were tested for superiority. The 
randomized groups were compared on opioid-related side effect 
(ORSDS) and quality of recovery (QoR) using repeated measures linear 
regression model with an autoregressive (1) structure. The treatment 
effect on postoperative length of hospital stay were estimated using 
linear regression after logarithmic transformation. Among patients with 
continuous monitoring, the treatment effect on cumulative duration of 
patient activity was assessed using linear regression after logarithm 
transformation. 

The relative risk of postoperative hypotension was estimated in a 
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generalized linear regression model with a log-link function post-
operative MAP in various ways to compare hemodynamic stability in 
each group descriptively was also summarized. Postoperative hypoten-
sion was re-defined as any MAP <65 mmHg, because few patients 
experienced such profound hypotension as originally planned and 
because papers published since the trial was designed have identified 65 
mmHg as the harm threshold for both myocardial and renal injury [23]. 
Blood pressure data are also reported as incidence of MAP <60 and < 70 
mmHg; total duration, area under the curve (AUC), time-weighted 
average (TWA) of MAP <75 and < 80 mmHg; and lowest MAP sus-
tained for 5, 15, and 30 min. Significance levels for the secondary out-
comes were 0.01, corrected for multiple comparisons (i.e. 0.05/5, 
Bonferroni). 

The two exploratory outcomes, postoperative hypoxemic event and 
90-day MBPI scores, were summarized by the randomized groups among 
patients with available data and the estimated effects with 95% CI were 
reported. 

2.5. Sample size 

In a retrospective analysis, a coefficient of variation (SD/mean) of 
about 1.10 for opioid consumption was observed in similar patients 
[24]. Sample size was estimated based on being able to detect non- 
inferiority on both total opioid consumption and pain scores during 
the initial 72 h with 90% power for opioid consumption and 99.5% 
power for pain scores, corresponding to an overall power of about 90% 
(0.90 × 0.995, assuming independence), based on an overall 0.025 
significance level. 

The study would thus need a total of 588 patients to provide 90% 
power for detecting non-inferiority for opioid consumption at the 0.025 
significance level assuming a coefficient of variation of 1.0 and non- 
inferiority delta of 1.25 in ratio of geometric means. The same number 
of patients would provide 99.5% power to detect non-inferiority in pain 
score with a delta of one point assuming a standard deviation of 2.5. In 
fact, from prior studies it was expected that the SD to be closer to 2.0, 
giving even greater power for evaluating pain. A maximum of three 
interim analyses at 25%, 50%, and 75% enrolment was planned, and 
therefore planned to enroll a maximum of 640 total patients. The effi-
cacy and futility boundaries for the third interim were 0.007 and 0.115. 

3. Results 

Patients were enrolled between May 2017 and October 2019 at six 
sites. The third interim analysis was conducted after 75% of the planned 
patients were enrolled. Because futility boundaries (p > 0.115) were 
crossed at that time, the Executive Committee terminated the trial per 
protocol. Thirty-four additional patients were included while the 
interim analysis was in progress. A total of 514 patients were therefore 
enrolled. 

For various reasons, including clinician decisions or withdrawal 
requested by patients, fifteen patients were given neither epidural nor 
TAP blocks, and one randomized patient asked to be excluded from the 
study. Among the 498 remaining patients, 255 were randomized to TAP 
blocks and 243 were randomized to epidural analgesia. All patients 
included in analysis received their allocated treatment as planned 
(Fig. 1). Patient demographic characteristics, medical history, and sur-
gery details are presented in Table 1. All were well balanced, with ab-
solute standardized differences <0.176. Interactions between site and 
treatment were not significant for either pain (P = 0.77) or opioid 
consumption (P = 0.35); we therefore report overall effects across sites. 

Primary analysis failed to find that TAP blocks with liposomal 
bupivacaine were non-inferior to epidural analgesia on pain manage-
ment which included pain scores at rest and opioid consumption. The 
median number of pain score measurements was 19 (Q1, Q3: 14, 20) in 
the TAP group patients and 19 (15, 21) in epidural group patients. Pain 
scores at rest in the first two hours, and from 2 to 72 h, after surgery are 

presented by treatment group over time in Supplementary Fig. 1. Pain 
scores at rest were similar between the treatment groups in PACU and 
during the first 72 postoperative hours. Mean (SD) of average pain 
scores during the entire observation period were 4.3 (1.8) for TAP with 
liposomal bupivacaine and 4.2 (1.8) for continuous epidural groups. 
Pain scores at rest in the TAP patients were significantly non-inferior to 
those given epidural blocks, with an estimated difference of only 0.09 
points (CI: − 0.12, 0.30; noninferiority P < 0.001) on an 11-point Likert 
scale. 

However, cumulative opioid consumption within 3 postoperative 
days in TAP patients was not non-inferior to epidural blocks, with an 
estimated ratio of geometric means of 1.37 (CI: 1.05, 1.79; non- 
inferiority P = 0.754, Table 2). The median opioid consumption in 
TAP patients was 56 mg intravenous morphine equivalents (Q1, Q3: 20, 
122), which was 60% higher than the median amount in the epidural 
group: 35 mg (13, 94). The difference in opioid consumption was 
therefore 21 mg over 72 h. Opioid consumption over sequential 12-h 
intervals is presented in Supplementary Fig. 2. 

Treatment effects for pain differed in patients with open and lapa-
roscopic surgery, but TAP was non-inferior to epidural with each sur-
gical approach. Treatment effects on opioid consumption were 
consistent across subgroups of sex, chronic opioid use, and type of sur-
gery (Fig. 2). 

Secondarily, TAP patients did not differ significantly from those 
given epidural analgesia on opioid-related side effects. The estimated 
difference in means for opioid-related side effects was 0.36 (99% CI: 
− 0.65, 1.37; P = 0.357). No significant treatment effect was found on 
quality of recovery, with an estimated difference of 0.77 (99% CI: 
− 4.31, 5.85; P = 0.695). Postoperative length of hospital stay was also 
similar for each analgesic approach, with an estimated mean ratio of 
0.98 (99% CI: 0.86, 1⋅12; P = 0.738, Table 3). 

Patients from the Cleveland Clinic Main Campus and Fairview Hos-
pital had vital signs monitored continuously. There were 139 patients in 
the TAP group and 134 patients in the epidural group with continuous 
vital sign recordings. The cumulative duration of activity was similar in 
the randomized groups, with an estimated mean duration ratio of 1.20 
(99% CI: 0.53, 2.76; P = 0.926). 

The fraction of patients having mean arterial pressure < 65 mmHg 

Fig. 1. Trial diagram.  
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was significantly lower in TAP patients (31%) then among the epidural 
patients (48%). The estimated relative risk was 0.64 (99% CI: 0.42, 0.98; 
P = 0.006, Table 3). Additionally, we compared the fraction of patients 
who had any mean pressures below 60 or 70 mmHg, along with the 
duration, area under the curve (AUC), and time-weighted average 
(TWA) of mean arterial pressure < 75 and < 80 mmHg, as well as the 
lowest MAP sustained for 5, 10, and 30 min descriptively (Supplemen-
tary Table 1, Supplementary Figs. 3 and 4). All analyses indicated that 
epidural analgesia caused more hypotension. Quality of the blood 
pressure monitoring is summarized in Supplementary Table 2. 

The amounts of hypoxemia and persistent pain intensity were similar 
in each group (Table 3). Additionally, similar numbers of patients in 
each group required supplemental oxygen or developed ileus. There 
were 40 (19%) patients who had their epidural infusions interrupted 
mainly for hypotension on first postoperative day (Supplementary 

Table 3). 

4. Discussion 

Pain scores at rest were moderate, similar, and significantly non- 
inferior in patients randomized to TAP block with liposomal bupiva-
caine or continuous epidural analgesia. Comparable pain scores were 
not surprising because all patients had access to patient-controlled 
analgesia and PRN intravenous opioids as necessary. In fact, the 
amount of opioid was almost 40% greater in patients assigned to TAP 
blocks, indicating that the method provides less analgesia than contin-
uous epidural analgesia. However, the difference in opioid use was only 
21 mg morphine equivalents over 3 days, corresponding to an average of 
7 mg/day which is not a clinically meaningful amount. There was no 
difference in opioid-related side effects or quality of recovery. From a 
clinical perspective, overall pain management was therefore comparable 
with each approach. 

An important distinction between TAP and epidural blocks is that 
sympathetic neuraxial nerves are at least as sensitive to local anesthetics 
as pain fibers; effective epidural analgesia is therefore always accom-
panied by a sympathetic block and may cause hypotension [25]. TAP 
blocks with liposomal bupivacaine thus provided comparable pain 
management but caused considerably less hypotension than continuous 
epidural analgesia. The results of the current study are consistent with 
previous reports, but are presumably more reliable since we monitored 
blood pressure continuously rather than at 4–6-h intervals as is routine, 
and in far more patients [26]. Furthermore TAP blocks have a better 
safety profile than epidural blocks which can cause serious 
complications. 

There are associations between ward hypotension and myocardial 
infarction, stroke, and acute kidney injury, although there are so far only 
sparse randomized data [27–29]. Nonetheless, available evidence sug-
gests that ward hypotension is probably harmful and should be taken 
seriously. Epidurals have a proven record of safety, and rarely causes 
serious complications including neuraxial hematomas, and cannot be 
used safely in anti-coagulated patients [28]. Each block has strengths 
and weaknesses; individual patient needs and risks should be considered 
when selected TAP blocks or epidural analgesia. 

There appear to be only two previous randomized trials comparing 
TAP blocks with liposomal bupivacaine and continuous epidural anal-
gesia. Curiously, Torgeson and colleagues [30] reported neither pain 
scores nor opioid consumption (N = 83). The other trial, by Felling and 
colleagues (N = 179) [31], reported similar pain scores in each group, 
but found that opioid consumption was almost doubled in patients 
assigned to epidural analgesia. An important distinction is that Felling 
and colleagues used less concentrated local anesthetic and included 
fentanyl in their epidural solution. When they excluded fentanyl from 
the total opioid estimate, opioid use was lower in epidural group, as in 
our current study. Presumably, the results of our far larger trial (N =
498) are the most reliable. One retrospective analysis [10] concluded 
that TAP blocks with liposomal bupivacaine are non-inferior to contin-
uous epidural analgesia on pain and opioid use, but the study included 
only 100 patients per group and the epidural solution included opioids 
which complicates interpretation. 

There are also many small trials comparing TAP blocks with con-
ventional local anesthetics versus epidural analgesia. A meta-analysis of 
six trials included 310 adults [26]. The results of that analysis is 
consistent with ours: pain scores were similar while opioid consumption 
was greater. Greater opioid use is likely explained by the fact that TAP 
blocks prevent incisional pain but do not block visceral pain. A corollary 
is that visceral pain may contribute relatively little to overall pain scores 
after major abdominal surgery. 

Numerous previous reports conclude that epidural analgesia pro-
longs hospitalization [10,26,30]. However, most were retrospective and 
thus subject to selection bias. Specifically, it is likely that epidural 
analgesia was preferentially used in patients having large complicated 

Table 1 
Patient characteristics and surgery information (N = 498).  

Factor TAP with liposomal 
bupivacaine 
(N = 255) 

Epidural 
(N =
243) 

ASD3 

Demographics1    

Age –years 55 (14) 56 (14) 0.058 
Gender (Female) -% 160 (63) 161 (67) 0.079 
Race (White) -% 221 (87) 213 (88) 0.030 
ASA status -%   0.164 
I 2 (0.78) 2 (0.83)  
II 70 (28) 67 (28)  
III 171 (67) 167 (69)  
IV 12 (4.7) 6 (2.5)  

Medical History -%    
Asthma 28 (11) 35 (14) 0.103 
Chronic Pulmonary Disease 17 (6.7) 15 (6.2) 0.020 
Obstructive Sleep Apnea 27 (11) 28 (12) 0.030 
Diabetes Mellitus 39 (15) 36 (15) 0.013 
Myocardial Infarction 7 (2.7) 6 (2.5) 0.017 
Ischemic Heart Disease 
(Angina/Stent/CABG) 

8 (3.1) 9 (3.7) 0.031 

Neurologic diseases 30 (12) 32 (13) 0.043 
Chronic pain requiring opioids 34 (13) 30 (12) 0.030 
Current smoker 37 (15) 32 (13) 0.039 
Current recreational drug user 9 (3.5) 8 (3.3) 0.013 
Alcohol abuse 
(2 drinks/day or more) 

11 (4.3) 5 (2.1) 0.129 

Cancer 112 (45) 99 (41) 0.064 
SF12 Score 2    

Physical Health T-score 43 (12) 43 (12) 0.023 
Mental Health T-score 51 (9.7) 52 (9.4) 0.053 

Surgery information    
Procedure type -%   0.017 

Open 188 (74) 181 (75)  
Laparoscopic 67 (26) 62 (26)  

Type of Surgery -%   0.154 
Bariatric 0 (0.0) 1 (0.41)  
Colorectal 171 (67) 167 (69)  
Gynecological 55 (22) 42 (17)  
Urological 2 (0.78) 5 (2.1)  
Other 27 (11) 28 (12)  

Surgery Duration, hours (SD) 5.7 (2.5) 5.6 (2.5) 0.018 
Study site -%    

Cleveland Clinic Main Campus 157 (62) 153 (63)  
Cleveland Clinic Fairview 25 (9.8) 23 (9.5)  
Cleveland Clinic Hillcrest 29 (11) 27 (11)  
UTMB 35 (14) 29 (12)  
UNC 0 (0) 2 (0.82)  
U PENN 9 (3.5) 9 (3.7)  

ASA, American Society of Anesthesiologists' physical status; CABG, coronary 
artery bypass grafting; TAP, Transversus Abdominis Plane; UTMB, University of 
Texas Medical Branch of Galveston; UNC, University of North Carolina; PPMC, 
PENN Presbyterian Medical Center. 

1 Data was missing for 1 patient in Epidural group. 
2 Data were missing for 4 patients in TAP with liposomal bupivacaine group 

and 4 patients in Epidural group. 
3 ASD = Absolute standardized difference. 
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procedures that are most likely to provoke severe pain — and also likely 
to require longer-than-usual hospital stays. The duration of hospitali-
zation was similar in our patients assigned to TAP and epidural blocks 
which is perhaps unsurprising since overall pain management was 
comparable with each approach. 

Early mobilization improves recovery and prevents pulmonary 
complications and deep-vein thrombosis [32]. Effective analgesia is 
critical since pain impairs mobility. An additional factor is that epidural 
analgesia — unlike TAP blocks — can cause enough lower extremity 
weakness to impair mobilization and increase the risk of falling. And 
finally, mobilization is complicated when patients are tethered to 
epidural pumps and associated infusion systems. Some previous studies 
suggest that epidural analgesia improves mobility, presumably by 
providing effective analgesia; others, though, report reduced mobiliza-
tion [33,34]. However, all were based on subjective assessments of 

mobility. By using wireless monitoring, we were able to objectively 
evaluate activity of patients. Mobility was similar in epidural and TAP 
patients, suggesting that good analgesia, rather than epidural-induced 
muscle weakness, is the primary determinant of early mobilization. 

4.1. Limitations 

A limitation of our trial is that we did not attempt double-dummy 
blinding which would have added considerable complexity. Conse-
quently, clinicians were not blinded to the assigned block. Surgeons, 
pain team physicians, and ward nurses may therefore have conveyed 
biases to participating patients. An attempt to blind patients and clini-
cians to the type of block would require performing both blocks to all 
patients using placebo solutions which would presumably reduce 
recruitment, increase the time necessary for study-related procedures, 

Table 2 
Primary analysis: comparison between patients assigned to TAP blocks with liposomal bupivacaine and patients assigned to epidural analgesia on pain score and opioid 
consumption over the initial 3 postoperative days.   

TAP with Liposomal bupivacaine 
(N = 255) 

Epidural 
(N = 243)1 

NI delta Effect estimate  
(95.2% CI)2 

Non-inferiority p-value 

Pain score3 Mean (SD)  Difference in means  
4.3 (1.8) 4.2 (1.8) 1 0.09 (− 0.12, 0.30) < 0.001 

Opioid consumption - mg4 Median [Q1, Q3]  Ratio of Geometric means  
56 [20,122] 35 [13, 94] 1.25 1.37 (1.05, 1.79) 0.754 

NI = noninferiority; CI = confidence interval; TAP = Transversus Abdominis Plane. 
1 Two patient had missing outcomes due to cancellation of surgery. 
2 The significance level is 0.048 adjusted for sequential design. Correspondingly, 95.2% CI is reported. We would claim NI if upper limit of 95.2% two-sided CI < NI 

delta. 
3 0–10 scale, with 10 being worst pain. Summary statistics of pain scores are reported as means (standard deviations) of average pain during the first 72 post-

operative hours. Differences in pain scores were assessed using a repeated-measures mixed-effects model with an auto-regressive correlation structure. 
4 Total opioid consumption (mg as intravenous morphine equivalents) in the first 3 days after surgery was summarized as medians [Q1, Q3]. Difference of opioid 

consumption between the two groups was assessed using linear regression model after logarithm transformation. 

Fig. 2. Subgroup analysis on postoperative pain scores and opioid consumption. The difference in pain scores comparing TAP to epidural is shown on linear scale. 
The ratio of opioids consumption comparing TAP to epidural is shown on log scale, as we used the log-transformed value. The square markers present the estimate 
and the error bars present the 95.2% confidence interval (CI). The dashed reference lines indicates no treatment effect, while the solid reference lines indicate 
noninferiority delta. 
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and increase workload. 
Analgesic efficacy, the amount of hypotension, and patient mobility 

might all differ with other epidural solutions. However, epidural effi-
cacy appears roughly comparable over a range of local anesthetic con-
centrations, with or without opioids, when titrated to patients' pain 
[35]. A larger epidural dose or volume could potentially provide better 
analgesia, but many clinicians are reluctant to use such doses, and they 
would presumably provoke even more hypotension. It therefore seems 
unlikely that the current overall conclusion would much vary with 
alternative epidural solutions. Additionally, we restricted our compari-
son of TAP blocks to liposomal bupivacaine. Results would presumably 
differ with plain bupivacaine. Pain evaluated in the trial was only at rest; 
pain scores would certainly have been higher had we evaluated them 
during movement. 

5. Conclusions 

Pain scores at rest during the initial three days after major abdominal 
surgery were similar in patients randomized to TAP blocks with lipo-
somal bupivacaine and epidural analgesia. Patients assigned to TAP 
blocks required more opioid, but by an average of only 7 mg/day which 
is not a clinically meaningful amount. Either approach thus provides 
good overall pain management. Opioid-related side effects, duration of 
hospitalization, quality of recovery, and patient mobilization were all 
similar with each type of block. There was, though, considerably more 
hypotension in patients assigned to epidural analgesia. In selecting 
epidural analgesia or TAP bocks, clinicians should therefore consider 
individual patient risk. 

Supplementary data to this article can be found online at https://doi. 

org/10.1016/j.jclinane.2021.110640. 
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Table 3 
Comparisons between TAP with liposomal bupivacaine and Epidural on secondary and exploratory outcomes.  

Outcomes TAP with Liposomal bupivacaine 
(N = 255) 

Epidural 
(N = 243) 

Effect estimates 
(99% CI) 

P 
value 

Nmiss Statistics Nmiss Statistic 

Secondary outcomes2     Difference in means3  

Opioid-related side effects     0.36 (− 0.65, 1.37) 0.357 
- POD 1 11 5.8 [2.3, 9.7] 11 5.5 [2.8, 9.6]   
- POD 2 18 4.9 [1.9, 9.1] 12 4.5 [1.3, 8.4]   
- POD 3 52 3.8 [1.5, 8.3] 44 3.7 [0.9, 8.7]        

Difference in means3  

Quality of Recovery − 15     0.77 (− 4.31, 5.85) 0.695 
- POD 1 12 102 (26) 10 100 (24)    
POD 3 52 111(23) 45 111 (22)        

Ratio of geometric means4  

Length of postoperative hospital stay (days) 0 4.0[3.0,7.0] 2 4.0[3.0,7.0] 0.98 (0.86, 1.12) 0.738      
Ratio of geometric means4  

Cumulative duration of activity1 (hours) 122 1.1 [0.2, 3.4] 125 1.0 [0.1, 3.8] 1.20 (0.53, 2.76) 0.560      
Relative risk5  

Postop hypotension1 

(MAP < 65 mmHg) 
122 41 (31) 124 57 (48) 0.64 (0.42, 0.98) 0.006      

Effect estimate 
(95% CI)  

Exploratory outcomes     Ratio of geometric means5  

Duration of hypoxemia (min/h of monitoring)1,6 122 1.4 [0.2, 7.7] 125 2.8 [0.3, 8.4] 0.72 (0.41, 1.27) NA 
Persistent postoperative pain7 196  189  Difference in means8   

- MBPI pain intensity  8 [5, 17]  12 [5, 21] − 2.4 (− 6.1, 1.3) NA 
- MBPI pain interference  14 [3, 34]  17 [0, 38] − 2.1 (− 9.3, 5.4) NA 

MAP, mean arterial pressure; MBPI, modified brief pain inventory; TAP, Transversus Abdominis Plane. 
Summary statistics are presented as means (standard deviations) or Medians [Q1, Q3]. 

1 Postoperative activity, mean arterial pressure (MAP) and oxygen saturation (SpO2) data was only available among patients with ViSi monitoring. 
2 The significance level is p-value<0.01 (i.e. 0.05/5), corrected for multiple comparisons (Bonferroni). Correspondingly, 99% CI is reported. 
3 Difference in means between two groups was assessed using mixed effects model with repeated measurements with unstructured correlation structure. 
4 Ratio of geometric means between two groups was estimated using linear regression model after logarithm transformation. 
5 Relative risk was estimated from generalized linear regression model with log link. 
6 Hypoxia was defined as SpO2 < 90. 
7 MBPI pain intensity 90-days after discharge was defined as sum of worst, average, least, current pain intensity. MBPI pain interference is the sum of seven 

interference components. 
8 Difference means was estimated from linear regression model. 

A. Turan et al.                                                                                                                                                                                                                                   

https://doi.org/10.1016/j.jclinane.2021.110640
https://doi.org/10.1016/j.jclinane.2021.110640
mailto:turana@ccf.org


Journal of Clinical Anesthesia 77 (2022) 110640

8

Alparslan Turan had full access to all the data in the study and takes 
responsibility for the integrity of the data and the accuracy of the data 
analysis. 

EXPLANE Study Group; Alparslan Turan, MD, Barak Cohen, MD, 
Hesham Elsharkawy, MD, Kamal Maheshwari, MD, Loran Mounir 
Suleiman, MD, Rovnat Babazade, MD, Sabry Ayad, MD, Manal Hassan, 
MD, Nabil Elkassabany,MD, Hani A. Essber, MD, Hermann Kessler, MD, 
Guangmei Mao, PhD, Wael Ali Sakr Esa, MD, Daniel I. Sessler, MD, Ilker 
Ince, MD, Michael Walters, MD, Janet Adegboye, MD, Kurt Ruetzler, 
MD, James M Church, MD, Kareem M Abu Elmagd, MD, Azfar Niazi, MD, 
Partha Saha, MD, Paul Minko, Kavita Elliot, Dilara Khoshknabi, MD, 
Gausan Bajracharya, MD, Andrew Chiu, David Chelnick, Benjamin 
Carnes, MD, Lauretta Mosteller, Michael A Valente, MD, Sherief Shawki, 
MD, David Liska, MD, Peter G Rose, MD, Ehab Farag, MD, Kenneth 
Cummings, MD, Sree Kolli, MD, Samantha Stamper,MD, Sam Irefin, MD, 
John Seif, MD, Michael P. Kinsky, MD, Gwyn Richardson, MD, Donald S 
Proug, MD, Amir Jafari, DO. 

References 

[1] Ljungqvist O, Scott M, Fearon KC. Enhanced recovery after surgery: a review. 
JAMA Surg 2017;152:292–8. 

[2] Smith Jr TW, Wang X, Singer MA, Godellas CV, Vaince FT. Enhanced recovery after 
surgery: a clinical review of implementation across multiple surgical subspecialties. 
Am J Surg 2020;219:530–4. 

[3] Echeverria-Villalobos M, Stoicea N, Todeschini AB, Fiorda-Diaz J, Uribe AA, 
Weaver T, et al. Enhanced Recovery After suRgery (ERAS): a perspective review of 
postoperative pain management under ERAS pathways and its role on opioid crisis 
in the United States. Clin J Pain 2020;36:219–26. 

[4] Gustafsson UO, Scott MJ, Hubner M, Nygren J, Demartines N, Francis N, et al. 
Guidelines for Perioperative Care in Elective Colorectal Surgery: Enhanced 
Recovery After Surgery (ERAS(®)) Society recommendations: 2018. World J Surg 
2019;43:659–95. 

[5] Gan TJ. Poorly controlled postoperative pain: prevalence, consequences, and 
prevention. J Pain Res 2017;10:2287–98. 

[6] Rodgers A, Walker N, Schug S, McKee A, Kehlet H, van Zundert A, et al. Reduction 
of postoperative mortality and morbidity with epidural or spinal anaesthesia: 
results from overview of randomised trials. Bmj. 2000;321:1493. 

[7] Wildsmith JA. Continuous thoracic epidural block for surgery: gold standard or 
debased currency? Br J Anaesth 2012;109:9–12. 

[8] Bos EME, Hollmann MW, Lirk P. Safety and efficacy of epidural analgesia. Curr 
Opin Anaesthesiol 2017;30:736–42. 

[9] Hermanides J, Hollmann MW, Stevens MF, Lirk P. Failed epidural: causes and 
management. Br J Anaesth 2012;109:144–54. 

[10] Ayad S, Babazade R, Elsharkawy H, Nadar V, Lokhande C, Makarova N, et al. 
Comparison of transversus abdominis plane infiltration with liposomal 
bupivacaine versus continuous epidural analgesia versus intravenous opioid 
analgesia. PLoS One 2016;11:e0153675. 

[11] Hughes MJ, Ventham NT, McNally S, Harrison E, Wigmore S. Analgesia after open 
abdominal surgery in the setting of enhanced recovery surgery: a systematic review 
and meta-analysis. JAMA Surg 2014;149:1224–30. 

[12] Tsai HC, Yoshida T, Chuang TY, Yang SF, Chang CC, Yao HY, et al. Transversus 
abdominis plane block: an updated review of anatomy and techniques. Biomed Res 
Int 2017;2017:8284363. 

[13] Mallan D, Sharan S, Saxena S, Singh TK, Faisal. Anesthetic techniques: focus on 
transversus abdominis plane (TAP) blocks. Local Reg Anesth 2019;12:81–8. 

[14] Ma N, Duncan JK, Scarfe AJ, Schuhmann S, Cameron AL. Clinical safety and 
effectiveness of transversus abdominis plane (TAP) block in post-operative 
analgesia: a systematic review and meta-analysis. J Anesth 2017;31:432–52. 

[15] Baeriswyl M, Kirkham KR, Kern C, Albrecht E. The analgesic efficacy of ultrasound- 
guided transversus abdominis plane block in adult patients: a meta-analysis. 
Anesth Analg 2015;121:1640–54. 

[16] Jankovic Z, Ahmad N, Ravishankar N, Archer F. Transversus abdominis plane 
block: how safe is it? Anesth Analg 2008;107:1758–9. 

[17] Chahar P, Cummings 3rd KC. Liposomal bupivacaine: a review of a new 
bupivacaine formulation. J Pain Res 2012;5:257–64. 

[18] Gorfine SR, Onel E, Patou G, Krivokapic ZV. Bupivacaine extended-release 
liposome injection for prolonged postsurgical analgesia in patients undergoing 
hemorrhoidectomy: a multicenter, randomized, double-blind, placebo-controlled 
trial. Dis Colon Rectum 2011;54:1552–9. 

[19] Apfelbaum JL, Gan TJ, Zhao S, Hanna DB, Chen C. Reliability and validity of the 
perioperative opioid-related symptom distress scale. Anesth Analg 2004;99: 
699–709. 

[20] Stark PA, Myles PS, Burke JA. Development and psychometric evaluation of a 
postoperative quality of recovery score: the QoR-15. Anesthesiology. 2013;118: 
1332–40. 

[21] Bouhassira D, Attal N, Alchaar H, Boureau F, Brochet B, Bruxelle J, et al. 
Comparison of pain syndromes associated with nervous or somatic lesions and 
development of a new neuropathic pain diagnostic questionnaire (DN4). Pain. 
2005;114:29–36. 

[22] Mendoza TR, Chen C, Brugger A, Hubbard R, Snabes M, Palmer SN, et al. The 
utility and validity of the modified brief pain inventory in a multiple-dose 
postoperative analgesic trial. Clin J Pain 2004;20:357–62. 

[23] Sessler DI, Khanna AK. Perioperative myocardial injury and the contribution of 
hypotension. Intensive Care Med 2018;44:811–22. 

[24] Turan A, Essber H, Saasouh W, Hovsepyan K, Makarova N, Ayad S, et al. Effect of 
intravenous acetaminophen on postoperative hypoxemia after abdominal surgery: 
the FACTOR randomized clinical trial. Jama. 2020;324:350–8. 

[25] Wattwil M, Sundberg A, Arvill A, Lennquist C. Circulatory changes during high 
thoracic epidural anaesthesia–influence of sympathetic block and of systemic effect 
of the local anaesthetic. Acta Anaesthesiol Scand 1985;29:849–55. 

[26] Baeriswyl M, Zeiter F, Piubellini D, Kirkham KR, Albrecht E. The analgesic efficacy 
of transverse abdominis plane block versus epidural analgesia: A systematic review 
with meta-analysis. Medicine (Baltimore) 2018;97. e11261. 

[27] Sessler DI, Meyhoff CS, Zimmerman NM, Mao G, Leslie K, Vásquez SM, et al. 
Period-dependent associations between hypotension during and for four days after 
noncardiac surgery and a composite of myocardial infarction and death: a substudy 
of the POISE-2 trial. Anesthesiology. 2018;128:317–27. 

[28] van Lier F, Wesdorp F, Liem VGB, Potters JW, Grüne F, Boersma H, et al. 
Association between postoperative mean arterial blood pressure and myocardial 
injury after noncardiac surgery. Br J Anaesth 2018;120:77–83. 

[29] Khanna AK, Maheshwari K, Mao G, Liu L, Perez-Protto SE, Chodavarapu P, et al. 
Association between mean arterial pressure and acute kidney injury and a 
composite of myocardial injury and mortality in postoperative critically Ill 
patients: a retrospective cohort analysis. Crit Care Med 2019;47:910–7. 

[30] Torgeson M, Kileny J, Pfeifer C, Narkiewicz L, Obi S. Conventional epidural vs 
transversus abdominis plane block with liposomal bupivacaine: a randomized trial 
in colorectal surgery. J Am Coll Surg 2018;227:78–83. 

[31] Felling DR, Jackson MW, Ferraro J, Battaglia MA, Albright JJ, Wu J, et al. 
Liposomal bupivacaine transversus abdominis plane block versus epidural 
analgesia in a colon and rectal surgery enhanced recovery pathway: a randomized 
clinical trial. Dis Colon Rectum 2018;61:1196–204. 

[32] Castelino T, Fiore Jr JF, Niculiseanu P, Landry T, Augustin B, Feldman LS. The 
effect of early mobilization protocols on postoperative outcomes following 
abdominal and thoracic surgery: a systematic review. Surgery. 2016;159: 
991–1003. 

[33] Nimmo SM, Harrington LS. What is the role of epidural analgesia in abdominal 
surgery? Contin Educ Anaesth Crit Care Pain 2014;14:224–9. 

[34] Carli F, Mayo N, Klubien K, Schricker T, Trudel J, Belliveau P. Epidural analgesia 
enhances functional exercise capacity and health-related quality of life after 
colonic surgery: results of a randomized trial. Anesthesiology. 2002;97:540–9. 

[35] Youssef N, Orlov D, Alie T, Chong M, Cheng J, Thabane L, et al. What epidural 
opioid results in the best analgesia outcomes and fewest side effects after surgery?: 
a meta-analysis of randomized controlled trials. Anesth Analg 2014;119:965–77. 

A. Turan et al.                                                                                                                                                                                                                                   

http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0005
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0005
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0010
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0010
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0010
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0015
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0015
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0015
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0015
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0020
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0020
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0020
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0020
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0025
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0025
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0030
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0030
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0030
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0035
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0035
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0040
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0040
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0045
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0045
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0050
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0050
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0050
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0050
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0055
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0055
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0055
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0060
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0060
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0060
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0065
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0065
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0070
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0070
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0070
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0075
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0075
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0075
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0080
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0080
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0085
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0085
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0090
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0090
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0090
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0090
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0095
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0095
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0095
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0100
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0100
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0100
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0105
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0105
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0105
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0105
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0110
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0110
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0110
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0115
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0115
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0120
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0120
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0120
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0125
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0125
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0125
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0130
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0130
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0130
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0135
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0135
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0135
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0135
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0140
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0140
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0140
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0145
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0145
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0145
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0145
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0150
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0150
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0150
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0155
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0155
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0155
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0155
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0160
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0160
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0160
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0160
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0165
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0165
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0170
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0170
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0170
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0175
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0175
http://refhub.elsevier.com/S0952-8180(21)00483-9/rf0175

	Transversus abdominis plane block with liposomal bupivacaine versus continuous epidural analgesia for major abdominal surge ...
	1 Introduction
	2 Methods
	2.1 Protocol
	2.1.1 Transversus abdominis block procedure
	2.1.2 Thoracic epidural procedure

	2.2 Data collection
	2.3 Outcomes
	2.4 Data analysis
	2.5 Sample size

	3 Results
	4 Discussion
	4.1 Limitations

	5 Conclusions
	Role of the funder/sponsor
	Funding/support
	Declaration of Competing Interest
	Acknowledgement
	References


