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ABSTRACT

Background. Recovery after CRS-HIPEC influenced by

several factors, including pain and opioid consumption. We

hypothesized that 4Q-TAP blocks provide not inferior

quality of recovery compared with TEA after CRS-HIPEC.

We conducted a randomized, controlled trial to determine

whether 4-quadrant transversus abdominis plane (4Q-TAP)

block analgesia was noninferior to thoracic epidural (TEA)

among patients who underwent cytoreductive surgery with

hyperthermic intraperitoneal chemotherapy (CRS HIPEC).

Methods. Patients 18 years or older who underwent a

CRS-HIPEC surgery were randomly assigned to have

either TEA or 4Q-TAP blocks. The primary outcome of

this study was the change in quality of recovery 2 days

after surgery. Secondary outcomes included quality of

recovery on Days 1, 3, 5, 7, 10, and 30 postoperatively,

opioid consumption, pain intensity, length of stay, and

postoperative complications. Analyses were performed on

a per-protocol basis.

Results. Sixty-eight patients were included in the analysis.

The difference between 4Q-TAP and TEA in the mean

QoR-15 change from surgery at postoperative Days 1, 2,

and 3 was 0.80 (P = 0.004), -4.5 (P = 0.134), and 3.4 (P =

0.003), respectively. All differences through postoperative

day 30 were significantly within the noninferiority

boundary of -10 except at postoperative Day 2 (P =

0.134). Length of stay, opioid-related adverse events, and

frequency and grade of complications were not signifi-

cantly different between TEA and 4Q-TAP patients.

Conclusions. Despite the significantly higher use of opi-

oids after CRS-HIPEC in patients with 4Q-TAP blocks,

their short-term quality of recovery was not inferior to

those treated with TEA. Patients undergoing CRS-HIPEC

can be effectively managed with 4Q-TAP blocks.

Cytoreductive surgery with hyperthermic intraperitoneal

chemotherapy (CRS-HIPEC) is an extensive and complex

surgical procedure with an associated benefit in long-term

survival in select groups of patients with peritoneal carci-

nomatosis.1–6 The procedure typically entails an extensive

cytoreduction, multiple visceral resections, and peritonec-

tomies.7–10 Due to the extensiveness of the surgery, there

has been an increasing interest in optimizing perioperative

interventions, including regional anesthesia blocks to

enhance the recovery of patients undergoing CRS-

HIPEC.11–13

Inadequately treated surgical pain can lead to poor

postoperative outcomes, including delayed recovery, post-

operative complications, poor quality of life, and hospital
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readmissions.
14–16 Results of previous studies in patients

undergoing CRS-HIPEC have demonstrated that adequate

pain control and decreased opioid consumption can be

achieved with the use of thoracic epidural analgesia

(TEA).10,17 However, recent evidence from observational

studies and randomized, controlled trials indicate that TEA

can be associated with delayed postoperative recovery.
18–20

The four quadrant transversus abdominis plane (4Q-

TAP) block has emerged as an alternative regional anes-

thesia technique to provide analgesia to the parietal

peritoneum, muscles, and skin of the anterior abdominal

wall.21 In fact, this type of block blocks has been recom-

mended for CRS-HIPEC surgery in the context of a

multimodal analgesia regimen.13 A recent meta-analysis

demonstrated that when performed in the context of a

multimodal analgesia approach, TAP blocks may provide

some advantages over epidural analgesia including nonin-

ferior dynamic analgesia and fewer complications.22 To

achieve longer periods of analgesia, liposomal bupivacaine

is used in TAPs and other interfascial plane blocks. In fact,

studies appear to support the benefits of liposomal bupi-

vacaine for TAP blocks over standard bupivacaine

alone.23–25

In our institution, the use of TEA or TAP for CRS-

HIPEC relies on patients’, anesthesiologists’, or surgeons’

preference, However, there is lack of evidence on whether

a 4Q-TAP block with the use of a mixture of plain and

liposomal bupivacaine is equally effective in providing at

least the same quality of recovery as TEA in patients

undergoing CRS-HIPEC surgery.13 Thus, we hypothesized

that patients who undergo CRS-HIPEC with 4Q-TAP block

would have a noninferior postoperative quality of recovery

compared with those treated with epidural analgesia. We

believe that demonstrating noninferiority is clinically rel-

evant, because while TEA is considered the ‘‘gold

standard’’ for regional analgesia in major open abdominal

surgery, it could be associated with an excess of postop-

erative complications, length of stay, and cost.

MATERIAL AND METHODS

After Institutional Review Board (2017-0492) approval

in September 2017, we conducted a randomized, controlled

trial at the MD Anderson Cancer Center (Houston, TX)

from November 2017 to April 2020. The study was reg-

istered at ClinicalTrials.gov (NCT03359811, Principal

Investigator: Juan P. Cata) in December 2017. We included

adult (18 years or older) patients who were scheduled

surgery for open elective CRS-HIPEC, able to complete the

quality of recovery (QoR)-15 questionnaire, and provided

written, informed consent. Patients with contraindications

for epidural analgesia (thrombocytopenia, international

normalized ratio [1.5, prothrombin time [16.5 s, or acti-

vated partial thromboplastin time [30 s), history of

bupivacaine HCl or liposomal bupivacaine sensitivity or

known allergy, or severe renal or liver insufficiency were

not eligible in the study. Pregnancy or breastfeeding at the

time of surgery also was considered an exclusion criterion.

Protocol

Subjects were screened for eligibility in the study by

study coordinators using the surgical scheduling report and

the pre-anesthesia evaluation clinic’s patient schedule.

Eligible patients were approached to obtain written,

informed consent during the presurgical evaluation. Elec-

tronic randomization and concealed allocation occurred

within 2 h of surgery. Patients were allocated to TEA or

4Q-TAP treatments following 1:1 randomization without

stratification.

Enrolled patients in both arms were part of an enhanced

recovery program and able to receive preoperative tra-

madol, gabapentin, or celecoxib immediately before

surgery according to anesthesiologist judgment and routine

clinical practice. All patients received general anesthesia

with endotracheal intubation. Attending anesthesiologists

were able to provide intraoperative analgesia, muscle

relaxation, and fluid administration according to routine

care. Intraoperative opioids were given per clinical judge-

ment, except for remifentanil that is not part of the routine

anesthesia care for CRS-HIPEC in our institution. 4Q-TAP

blocks or TEA placements were performed by anesthesi-

ologists with sufficient experience in ultrasound-guided

4Q-TAP blocks and TEA. Patients allocated to the TEA

group had an epidural catheter placed before induction of

anesthesia. The catheter was placed between the thoracic

vertebral spaces 8 and 12 according to standard procedure.

A bolus or infusion of local anesthetic solution with or

without the addition opioids (bupivacaine 0.075% ±

hydromorphone 2–5 mcg/mL or bupivacaine 0.075% ±

fentanyl 5 mcg/mL, basal rate 8 mL/h, bolus 3 mL every 10

min) were given before surgical incision according to the

anesthesiologist’s clinical judgment. If deemed appropri-

ate, a preincision epidural bolus of hydromorphone

(300–800 micrograms) was administered. Patients in 4Q-

TAP group received maximum of 80 cc of a solution

consisting of 150 mg of bupivacaine HCl and 266 mg of

liposomal bupivacaine divided between each of the four

quadrants after induction of anesthesia. All 4Q-TAP were

done after induction of general anesthesia and under

ultrasound guidance as previously described.21

Postoperative pain management was done according to

routine care by the Acute Pain Medicine Service at MD

Anderson Cancer Center supervised by an anesthesiologist

and in accordance with an enhanced recovery program
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implemented in 2016. Patients had access to rescue opioids

analgesics according to standard of care either as single

intravenous boluses (hydromorphone 0.5–1 mg, fentanyl

25–50 mcg, or morphine sulfate 1–2 mg) or patient-con-

trolled intravenous analgesia (IVPCA, hydromorphone:

0.2–0.4 mg every 6–8 minutes without continuous infusion

rate; fentanyl: 5–10 mcg every 6–8 min without continuous

infusion rate or morphine sulfate: 1–2 mg every 6–8 min

without continuous infusion rate). Adjustments in epidural

rate infusions were allowed according to Acute Pain

Medicine Service guidelines. Epidural catheters were left

in place for a maximum duration of 7 days unless patients

were successfully transitioned to oral analgesics, experi-

enced failed block, epidural solution leakage, or catheters

dislodgment. In any instance of epidural failure, catheters

were not replaced. Acetaminophen 1000 mg was given

intravenously postoperatively every 6–8 h. Patients were

encouraged to ambulate on the first postoperative morning

and oral nonopioid analgesics (i.e., celecoxib 200 mg) were

administered as soon as patients were able to tolerate liq-

uids per mouth. Only the statistician analyzing the data and

generating the results of the study was blinded to treatment

assignment. The primary investigator (JPC) did not par-

ticipate in the anesthetic care of the patients.

Measurements and Outcomes

The primary outcome of this study was QoR-15 48

hours after surgery.26 Secondary outcomes included pain

intensity at rest and dynamic (cough), time to first out of

bed, lung inspiratory volumes, and opioid consumption 48

hours after surgery and length of stay. Other secondary

outcomes included nausea and vomiting postoperatively,

ileus (defined as bowel movement or the presence of fla-

tus), the presence of hypotension (mean arterial pressure

\70 mmHg) on nursing floors, and complications (Cla-

vien-Dindo classification and the postoperative morbidity

survey). Opioid-related adverse events (ORADES),

including pruritus, dry mouth, sedation, and urinary

retention, were recorded within 48 hours after surgery.

QoR-15 at 1, 3, 5, 7, 10, and 30 days also were secondary

outcomes in the study and compared between groups.

Demographic data and inflammatory scores (neutrophil-

to-lymphocyte ratio [NLR] and platelet-to-lymphocyte

ratio [PLR]) were recorded preoperatively by investigators.

Intraoperative variables included preoperative analgesics

(i.e., pregabalin), anesthesia technique (volatile vs. total

intravenous anesthesia), intravenous anesthetic, analgesic

and opioid consumption, type of chemotherapy adminis-

tered, fluid therapy (crystalloids and albumin infusion),

urinary output, blood product transfusions, duration of

anesthesia, and maximum temperature during the hyper-

thermic period.

Postoperative pain and nausea scores were obtained by

investigators using a verbal numeric rating scale (VNRS, 0:

none, 10: worse ever). Intraoperative and daily opioid use

(intravenous and/or epidural) was calculated and reported

as morphine equivalent daily dose.27 Epidural or 4Q-TAP

block failures were recorded and defined as unilateral or

‘‘patchy’’ areas of analgesia. This was assessed in the

postanesthesia care unit (PACU) and on Days 1 and 2

postoperatively. The NLR and PLR were calculated on

postoperative Days 1 and 2. Postoperative complications

were graded using the Clavien-Dindo and POMS

scores.28,29

Statistical Considerations

This randomized trial was designed to determine if 4Q-

TAP Block is noninferior to TEA based on postoperative

changes in QoR-15 using a noninferiority margin of 10

units. According to Stark et al., the reported mean change

in QoR-15 before and after surgery is -22 (95% confi-

dence interval [CI]: -26 to -18) based on 127 adults.26

This information allowed us to assume of a common

standard deviation of 23 units for the change in QoR-15’s

total score pertaining to each treatment arm, which was

ultimately used to derive the study’s sample size. The

following hypothesis test was used to evaluate the trial:

H0: l4Q-TAP – lTEA\-10.0 versus Ha: l4Q-TAP – lTEA

C -10.0 (rejecting Ho implies noninferiority), where l4Q-

TAP and lTEA represent parameters associated with the

mean change in QoR-15 from surgery for patients treated

with 4Q-TAP and TEA, respectively.

We used a one-sided t-test test with a significance level

of 0.05 and power of 80%. A noninferiority margin of -10

was considered by assuming an average change in QoR-15

of -25 units in the TEA arm and that the average change in

QoR-15 for the 4Q-TAP Block treatment arm would be no

less than -35. Based on these specifications, the required

sample size was 140 patients. An interim analysis was

planned after 50% of the patients were randomized using

stopping boundaries provided by the method of Pock and

Simon. At the interim, the trial would be stopped early if

P\0.006 for efficacy and P[0.367 for futility (East v6).

Fisher’s exact test or Chi-square test was applied to

assess the association between categorical variables, and

T test or Wilcoxon rank-sum test was used to compare

continuous variables between subject groups. The data

were evaluated per protocol. P \ 0.05 was considered

statistically significant.
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RESULTS

Between November 11, 2017 and February 28, 2020, a

total of 75 adult patients were screened for eligibility and

70 patients of them were enrolled to the study. The

CONSORT diagram (Fig. 1) demonstrates that 68 patients

contributed to the data analysis of whom 35 subjects were

allocated to the 4Q-TAP group and 33 to the TEA group.

One patient on the TEA arm missed the primary endpoint

assessment, and one in the same group was deemed not a

candidate for epidural analgesia due to moderate spine

scoliosis. Demographic characteristics of patients included

in the trial are shown in Table 1. Preoperative variables

including inflammatory scores were well balanced between

both groups of treatment allocation (Table 1). Both groups

had slightly more female than male patients. Twenty-five

(75%) of 33 patients in the TEA group received intraop-

erative boluses of local anesthetics. The median (min–max)

duration of TEA blockade was 6.5 (1–7) days. Three

epidural catheters were removed on postoperative Days 1,

3, and 4 because of epidural solution leakage.

As indicated in Table 1, there were no substantive dif-

ferences in intraoperative variables including in opioid and

nonopioid analgesic use, type of anesthesia technique, fluid

administration, urinary output, complexity and extent of

surgical resections, and complications between both groups

of treatment. Four patients had no evidence of peritoneal

disease (4Q-TAP, n = 3 vs. TEA, n = 1) and four patients

had unresectable disease (4Q-TAP, n = 1 vs. TEA, n = 3).

Although not statistically or clinically relevant, patients

assigned to TEA received more intraoperative propofol

while subjects in the 4Q-TAP block were given more

pregabalin and dexmedetomidine (Table 1). Of note, 20

(60.6%) patients in the TEA group received an epidural

bolus of hydromorphone (median, min-max:

800, 400–1000 mcg).

Data on the primary endpoint of the trial was available

in 35 and 33 patients who received 4Q-TAP and TEA

blocks, respectively. All patients in the 4Q-TAP block

completed the 30 days postoperative follow-up, whereas

five patients were lost in the TEA group. At the pre-plan-

ned interim analysis, the principal investigators decided to

stop the trial due to no significant differences in quality of

Assessed for eligibility (n=75)

Randomized (n=70)

Not randomized (n=50)
• Not meeting inclusion criteria (n=5)
• Currently awaiting randomization (n=0)

4Q-TAP (n=35)
Received allocated intervention (n=35)

TEA (n=35)
Received allocated intervention (n=34)

Not TEA performed (n=1)

Primary Endpoint Evaluated 
Evaluable (n=35) 

Primary Endpoint Evaluated 
Evaluable (n=33)

Missed primary endpoint assessment (n=1) 

Analyzed per protocol
Evaluable (n=35) 

Analyzed per protocol
Evaluable (n=33) 

Allocation

Follow-up

Analysis

Enrollment

FIG. 1. CONSORT flow diagram
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TABLE 1 Baseline demographics and clinical characteristics of the patients

Characteristics 4Q-TAP (n = 35) TEA (n = 33) P value

Gender, n (%) 0.649b

Female 21 (60) 18 (54.6)

Male 14 (40) 15 (45.4)

Median age (Min to Max), yr 57 (25–72) 58 (20–74) 0.897a

Median BMI (Min to Max) 25.4 (19.3–51.3) 26.6 (16.5–47.9) 0.803a

Median CCI (Min to Max) 7 (2–14) 7 (2–11) 0.251a

ASA physical status

2 1 (2.9) 1 (3) 0.739c

3 34 (97.1) 32 (97)

History of depression, n (%) 0.766c

No 27 (77.1) 27 (81.9)

Yes 8 (22.9) 6 (18.1)

Preoperative antidepressants, n (%) 0.999c

No 28 (80) 27 (81.9)

Yes 7 (20) 6 (18.1)

Preoperative opioids, n (%)

No 34 (97.1) 32 (97.0) 0.100c

Yes 1 (2.9) 1 (3.0)

Chronic gabapentinoids, n (%)

No 35 (100) 31 (93.9) 0.232c

Yes 0 (0) 2 (6.1)

Acetaminophen, n (%)

No 27 (77.1) 24 (72.7) 0.674b

Yes 8 (22.9) 9 (27.3)

NSAIDs, n (%)

No 31 (88.6) 29 (87.9) 0.929b

Yes 4 (11.4) 4 (12.1)

Intraoperative opioids, n (%) 0.100c

No 1 (2.9) 1 (3.0)

Yes 34 (97.1) 32 (97.0)

Inflammatory markers, n (%)

Median NLR (Min to Max) 2.03 (0.63–7.28) 2.24 (0.01–4.42) 0.603a

Median PLR (Min to Max) 164.6 (67.03–413.3) 157.1 (0.98–292.7) 0.323a

Median PCI score (Min to Max) 18 (6–39) 17 (2–35) 0.603a

Median CC score (Min to Max) 0 (0–3) 0 (0–2) 0.768a

Multivisceral resection, n (%) 0.191c

No 4 (12.2) 1 (2.9)

Yes 29 (87.8) 34 (97.1)

Acetaminophen, n (%) 0.674b

No 27 (77.1) 24 (72.7)

Yes 8 (22.9) 9 (27.3)

NSAIDs, n (%) 0.929b

No 31 (88.6) 29 (87.9)

Yes 4 (11.4) 4 (12.1)

Median anesthesia duration

(Min to Max), min

634 (257–1017) 649 (216–935) 0.564d

Volatile anesthesia, n (%) 0.710c

No 5 (14.3) 3 (9.1)
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recovery on postoperative Days 1, 2, 3, 5, 7, and 10

(Fig. 2). The difference between 4Q-TAP and TEA in the

mean QoR-15 change from surgery at postoperative Days

1, 2, and 3 was 0.80 (P = 0.004), -4.5 (P = 0.134), and 3.4

(P = 0.003), respectively. All differences through postop-

erative day 30 were significantly within the noninferiority

boundary of -10 except at postoperative Day 2 (P = 0.134;

Table 2). As shown in Fig. 2, the QoR15 score decreased

TABLE 1 continued

Characteristics 4Q-TAP (n = 35) TEA (n = 33) P value

Yes 30 (85.7) 30 (90.9)

Median propofol consumption

(Min to Max), mg

200 (2.3–12234.3) 672.7 (140–3288) 0.064d

Median dexmedetomidine use

(Min to Max), mcg

139.7 (40.6–192.5) 106.3 (64–194.1) 0.886d

Perfusion completed, n (%) 0.929b

No 4 (11.4) 4 (12.1)

Yes 31 (88.6) 29 (87.9)

Oxaliplatin perfusion, n (%) 0.454b

No 30 (85.7) 26 (78.8)

Yes 5 (14.3) 7 (21.2)

Cisplatin perfusion, n (%) 0.471c

No 32 (91.4) 28 (84.8)

Yes 3 (8.6) 5 (15.2)

Mitomycin perfusion, n (%) 0.490b

No 12 (34.3) 14 (42.4)

Yes 23 (65.7) 19 (57.6)

Dexamethasone, n (%) 0.889b

No 9 (25.7) 8 (24.2)

Yes 26 (74.3) 25 (75.8)

Median crystalloids use, mL

(Min to Max)

3050 (1000–5800) 3000 (1000–6400) 0.888d

Median urinary output

(Min to Max)

665 (180–2370) 900 (30–2225) 0.387d

Red blood cell transfusions intraoperatively, n (%) 1.00c

No 33 (94.3) 32 (97)

Yes 2 (5.7) 1 (3)

Fresh frozen plasma transfusions intraoperatively, n (%) 1.00c

No 34 (97.1) 33 (100)

Yes 1 (2.9) 0 (0)

Phenylephrine intraoperatively, n (%) 0.870b

No 8 (22.9) 7 (21.2)

Yes 27 (77.1) 26 (78.8)

Ephedrine intraoperatively, n (%) 0.454b

No 9 (25.7) 6 (18.2)

Yes 26 (74.3) 27 (81.8)

ASA American Society of Anesthesiologists; BMI body mass index; CCI Comorbidity Charlson Index; NSAIDs nonsteroidal anti-inflammatory

drugs; yr year; 4Q-TAP 4 quadrant-transversus abdominis; TEA thoracic epidural analgesia; MEDD morphine equivalent daily dose; 4Q-TAP 4

quadrant-transversus abdominis; TEA thoracic epidural analgesia; Min minimum; Max maximum; Min minutes
aP value from t test; bP value from chi-square test; cP value from Fisher’s exact test; dP value from Wilcoxon rank-sum test
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postoperatively in both groups of patients with a nadir on

postoperative Day 1 (median, min-max, TEA: 85.5, 61–115

vs. 4Q-TAP: 93, 51–130). On postoperative Day 30, the

mean postoperative QoR15 was significantly lower in TEA

(median, min–max: 119, 68–150) patients than in 4Q-TAP

(median, min–max: 138, 82–150) patients.

Notably, pain at rest and with coughing did not differ

between the study groups during PACU stay or on Days 1

and 2 after surgery (Table 3). In fact, both groups of

patients reported mild-to-moderate pain at rest and mod-

erate-to-severe pain during coughing (Table 3). The

proportions of patients with episodes of moderate and

severe pain ‘‘all the time’’ in the QoR15 were not statisti-

cally different (data not shown). In terms of the quality of

the blocks, five patients (15.15%) in the TEA group (n = 2

patchy blocks and n = 3 catheter leakages/dislodgements)

and one subject in the 4Q-TAP (2.86%) group reported

their block as unilateral or ‘‘patchy.’’ Anecdotally, patients

in the 4Q-TAP group reported that the block was wearing

off between the second and third postoperative day. One

patient in each group of treatment needed rescue blocks to

provide analgesia after 4Q-TAP or TEA failure.

Patients assigned to 4Q-TAP blocks used significantly

more opioids in the PACU and on postoperative Days 1

and 2 than those in the TEA group (Table 3). All patients in

the 4Q-TAP group received IVPCA with the exception of

one patient who did not. The most common opioid in the

IVPCA was hydromorphone (n = 30, 88.28%). Despite

patients in the 4Q-TAP group receiving substantially more

opioids, there were no significant differences in postoper-

ative opioid-related adverse events. One patient in the 4Q-

TAP block had an episode of respiratory depression

requiring naloxone. Although not statistically significant,

subjects in the 4Q-TAP group were more likely to receive

nonsteroidal anti-inflammatory drugs (Table 3). Acet-

aminophen consumption was not different between patients

in each group (Table 3).

Patients in TEA group experienced more episodes of

hypotension on postoperative Day 1 (TEA: 60.91% vs. 4Q-

TAP: 37.14%), but no serious adverse events were attrib-

uted to either regional anesthesia technique. Eighteen

(54.5%) patients required changes in the rate of epidural

infusions. However, five (15.1%) of the patients in the TEA

group who experienced hypotension and temporary cessa-

tion of epidural infusions experienced severe pain (10/10).

Seven (20%) and two (8.82%, P = 0.305) patients in the

4Q-TAP group and the TEA group received blood products

during the first 48 hours after surgery, respectively. The

rate of ileus within 48 hours postoperatively was not sig-

nificantly different between both group of patients.

Inspiratory volumes on Days 1 and 2 after surgery and out-

of-bed times were similar in both groups of patients as well

as the length of hospitalization (Tables 3 and 4). The type

of regional analgesia did not influence postoperative

complications as measured by Clavien-Dindo scale and

POMS scores (Table 4).
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TABLE 2 Data on intraoperative variables

Variables 4Q-TAP (n = 35) Epidural (n = 33) P value

Opioids, n (%) 0.100c

No 1 (2.9) 1 (3.0)

Yes 34 (97.1) 32 (97.0)

Median opioid consumption, MEDD

(Min to Max)

19.5 (1–60) 24.8 (1.2–44.4) 0.883d

Pregabalin, n (%) 0.283b

No 20 (57.1) 23 (69.7)

Yes 15 (42.9) 10 (30.3)

Acetaminophen, n (%) 0.674b

No 27 (77.1) 24 (72.7)

Yes 8 (22.9) 9 (27.3)

NSAIDs, n (%) 0.929b

No 31 (88.6) 29 (87.9)

Yes 4 (11.4) 4 (12.1)

Median anesthesia duration

(Min to Max), min

634

(257–1017)

649

(216–935)

0.564d

Volatile anesthesia, n (%) 0.710c

No 5 (14.3) 3 (9.1)

Yes 30 (85.7) 30 (90.9)

Median propofol consumption

(Min to Max), mg

200 (2.3–12234.3) 672.7 (140–3288) 0.064d

Median dexmedetomidine consumption

(Min to Max), mcg

139.7 (40.6–192.5) 106.3 (64–194.1) 0.886d

Perfusion completed, n (%) 0.929b

No 4 (11.4) 4 (12.1)

Yes 31 (88.6) 29 (87.9)

Oxaliplatin, n (%) 0.454b

No 30 (85.7) 26 (78.8)

Yes 5 (14.3) 7 (21.2)

Cisplatin, n (%) 0.471c

No 32 (91.4) 28 (84.8)

Yes 3 (8.6) 5 (15.2)

Mitomycin, n (%) 0.490b

No 12 (34.3) 14 (42.4)

Yes 23 (65.7) 19 (57.6)

Dexamethasone, n (%) 0.889b

No 9 (25.7) 8 (24.2)

Yes 26 (74.3) 25 (75.8)

Median Crystalloids use, mL

(Min to Max)

3050 (1000–5800) 3000 (1000–6400) 0.888d

Median urinary output

(Min to Max)

665 (180–2370) 900 (30–2225) 0.387d

Red blood cell transfusions, n (%) 1.00c

No 33 (94.3) 32 (97)

Yes 2 (5.7) 1 (3)

Fresh frozen plasma transfusion, n (%) 1.00c

No 34 (97.1) 33 (100)

Yes 1 (2.9) 0 (0)
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DISCUSSION

Our work suggests that the use of 4Q-TAP (using a

combination of bupivacaine HCl and liposomal bupiva-

caine) provides a noninferior alternative to TEA and did

not influence patients’ short-term quality of recovery after

CRS-HIPEC, but it might have impacted 30-days recovery

after surgery. Our study supports a recent publication by

Webb et al. who recommended the use of TAP blocks for

patients undergoing CRS-HIPEC under enhanced recovery

protocols.13 In addition, the present study is in line with

two recent randomized controlled trials showing similar

results or even suggesting an accelerated recovery with

TAP blocks after hysterectomies and colorectal sur-

gery.30,31 However, it is worthwhile mentioning that TEA

patients of our study group had a slightly higher quality of

recovery on postoperative Day 2 than those in the 4Q-TAP

block. We consider that the observed difference in quality

of recovery on postoperative Day 2 was not clinically

relevant since it was small and did not affect the overall

trajectory of recovery on subsequent postoperative days. In

fact, patients in the TEA had lower recovery scores on Day

30 postoperatively despite the observation that two patients

in the 4Q-TAP cohort stay more than 30 days in the hos-

pital and none in the TEA group. We believe that the

difference observed in quality of recovery on POD-2 could

be due to 4Q-TAPs starting to wear-off, as evidenced by

higher opioid requirements in the TAP group on POD 2.

However, with active management on a multimodal opioid

minimizing enhanced recovery protocol, these differences

were eliminated on the subsequent postoperative days.

It has been theorized that postoperative symptoms, and

perhaps recovery, correlate with the magnitude of the stress

and inflammatory response triggered by surgery.32 In fact,

one of the objectives of enhanced recovery protocols is the

modulation of the inflammatory response to accelerate

recovery.33 As demonstrated in a recent RCT in patients

undergoing major abdominal cancer surgeries, TEA in

comparison to intravenous opioid analgesia can modulate

the early stress response; however, the impact of such

modulatory effects is short lived and have not been cor-

related with recovery.34 CRS-HIPEC can trigger a greater

stress response than other abdominal procedures. A high

inflammatory state is associated with complication after

CRS-HIPEC.35 Therefore, the current teaching and under-

standing is that TEA could not only provide better pain

control but also improved recovery by modulating the

surgical stress and inflammatory response. Interestingly,

our work does not appear to support this theory. We

observed no differences in the acute rise of two well-

established inflammatory, such as the NLR and PLR,

between both groups of patients. Our finding supports data

recently published from our group, suggesting that the type

of anesthesia technique chosen for CRS-HIPEC (intra-

venous propofol, lidocaine, and dexmedetomidine vs.

volatile anesthesia) surgery is not associated with differ-

ences in inflammatory scores.17

Previous studies have reported that patients having

CRS-HIPEC surgery can require large dosages of opi-

oids.13,27 Opioid-minimizing/sparing analgesic modalities

have been recommended to minimize opioid-related

adverse effects and accelerate recovery.13 In fact, our

results demonstrate striking differences in terms of opioid

use compared with a previous study by Owusu-Agye-

mang et al. in a similar population of patients from the

same institution.27 In that study, large doses of opioids

were used in a cohort of patients before the implementation

of an enhanced recovery program, suggesting that such

programs for CRS-HIPEC has opioid-sparing effects.

However, our study did not measure total opioid use

beyond 48 h of hospitalization. Notably, we did not

observe any significant difference in common symptoms

ascribed to excessive opioid use, such as dry mouth, nausea

and vomiting, or urinary retention, in either the TEA and

TABLE 2 continued

Variables 4Q-TAP (n = 35) Epidural (n = 33) P value

Phenylephrine, n (%) 0.870b

No 8 (22.9) 7 (21.2)

Yes 27 (77.1) 26 (78.8)

Ephedrine, n (%) 0.454b

No 9 (25.7) 6 (18.2)

Yes 26 (74.3) 27 (81.8)

MEDD morphine equivalent daily dose; 4Q-TAP/ 4 quadrant-transversus abdominis; TEA thoracic epidural analgesia; Min minimum; Max
maximum; Min minutes
aP value from t test; bP value from chi-square test; cP value from Fisher’s exact test; dP value from Wilcoxon rank-sum test
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TABLE 3 Postoperative pain, analgesic use, and morbidity scores

4Q-TAP

(n = 35)

TEA

(n = 33)

P
value

Median VRNS pain at rest, (Min to Max)

PACU 4 (0–9) 3 (0–10) 0.889a

POD1 4 (0–9) 3 (0–8) 0.344a

POD2 3 (0–7) 3 (0–9) 0.862a

Median VRNS pain with coughing, (Min to Max)

PACU 5 (0–10) 5 (0–10) 0.969a

POD1 5 (0–10) 5 (0–10) 0.669a

POD2 6 (0–9) 6 (0–10) 0.973a

Severe pain at rest (VNRS[6), n (%)

POD1 4 (11.4) 5 (15.1) 0.730c

POD2 2 (5.7) 2 (6.06) 0.999c

Severe pain at cough (VNRS[6), n (%)

POD1 10 (28.5) 13 (39.3) 0.443c

POD2 2 (5.7) 2 (6.06) 0.999c

Median MEDD (Min to Max), mg

PACU 5.5 (0–37.2) 1 (0.05–8.4) 0.001d

POD1 18.2 (1.5–106) 5.6 (0.07–37) \0.001d

POD2 21 (1.8–104.8) 4.5 (0–51) \0.001d

Median inspirometry volume (Min to Max), mL

POD1 1000

(300–3500)

1000

(250–1750)

0.967d

POD2 1000

(1.8–2200)

1000

(500–2000)

0.612d

Median NLR (Min to Max)

POD1 11.58

(1.24–37.08)

13.43

(2.27–48.1)

0.682d

POD2 10.4

(3.84–28.13)

8.15

(2.69–25.55)

0.685a

Median PLR (Min to Max)

POD1 258

(42.47–684.6)

293.1

(102.7–922.7)

0.286d

POD2 184.5

(85.4–409.5)

159.6

(76.92–557.9)

0.982a

NSAIDs PACU, n (%)

No 34 (97.14) 33 (100) 1.00c

Yes 1 (2.86) 0 (0)

NSAIDs POD1, n (%)

No 29 (82.86) 32 (96.97) 0.107c

Yes 6 (17.14) 1 (3.03)

NSAIDs POD2, n (%)

No 26 (74.29) 29 (87.88) 0.154b

Yes 9 (25.71) 4 (12.12)

Acetaminophen PACU, n (%)

No 10 (28.57) 11 (33.33) 0.671b

Yes 25 (71.43) 22 (66.67)

Acetaminophen POD1, n (%)

No 3 (8.57) 2 (6.06) 0.528c
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4Q-TAP group. These findings suggest that although the

difference in opioid use was large and statistically signifi-

cant, it might have not been clinically relevant in the tested

outcomes of this study, in particular quality of recovery.

Also important is the fact that patients in both treatment

groups in this trial reported similar pain scores at rest and

during coughing. We can theorize that patients in the 4Q-

TAP group titrated opioids and NSAIDs consumption to a

level of analgesia comparable to that provided by TEA.

The theory is supported by a recent meta-analysis from Qin

et al. who indicated that TAP blocks provided noninferior

analgesia compared with TEA.22 In other words, in an

aggressive multimodal analgesic regimen composed of

opioids, NSAIDs, and acetaminophen, a 4Q-TAP block

appears to equally effective to TEA as an analgesic

technique. It is worth noting that in 2016, an enhanced

recovery program for CRS-HIPEC was implemented in our

institution, which may have affected the results of our trial

including opioid use and pain scores. Such a program

involves a clear communication with patients about

expectations and achieving specific clinical goals (i.e.,

opioid-sparing techniques and early out of bed

ambulation).

Our trial also demonstrates that quality of recovery after

CRS-HIPEC surgery is a slow and tedious process, which,

although expected, was never measured or quantified in the

past. Patients indicated worse recovery scores on postop-

erative Day 1. However, 30 days after surgery, patients

were still in the recovery trajectory despite being dis-

charged from the hospital on postoperative Day 11. It is

TABLE 3 continued

4Q-TAP

(n = 35)

TEA

(n = 33)

P
value

Yes 32 (91.43) 31 (93.94)

Acetaminophen POD2, n (%)

No 6 (17.14) 6 (18.18) 0.911b

Yes 29 (82.86) 27 (81.82)

Hypotension postanesthesia care unit

No 23 (65.71) 22 (66.67) 0.934b

Yes 12 (34.29) 11 (33.33)

Hypotension POD 1

No 22 (62.86) 13 (39.39) 0.053b

Yes 13 (37.14) 20 (60.61)

Hypotension POD 2

No 34 (97.14) 30 (90.91) 0.349c

Yes 1 (2.86) 3 (9.09)

Ileus POD 1

No 1 (2.86) 0 (100) 1.00c

Yes 34 (97.14) 33 (1000)

Ileus POD 2

No 3 (5.74) 0 (100) 0.239c

Yes 32 (97.14) 33 (1000)

Failed block

No 34 (97.14) 28 (84.85) 0.101c

Yes 1 (2.86) 5 (15.15)

ORADEs

No 28 (80) 26 (78.79) 0.999

Yes 7 (20) 7 (21.21)

Median length of hospitalization, days 11 (4–46) 11 (4–24) 0.796d

4Q-TAP 4 quadrant-transversus abdominis; TEA thoracic epidural analgesia; PACU postanesthesia care unit; NSAIDs nonsteroidal anti-in-

flammatory drugs; POD postoperative day; VNRS verbal numeric rating scale; MEDD morphine equivalent daily dose; POMS perioperative

morbidity score; ORADEs opioid-related adverse events; Min minimum; Max maximum
aP value from t test; bP value from chi-square test; cP value from Fisher’s exact test; dP value from Wilcoxon rank-sum test
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difficult to speculate whether the difference between

groups in quality of recovery at 30 days after surgery has

any clinical significance since five patients were lost to

follow-up in the TEA group. However, we believe that any

perioperative intervention or strategies dedicated to

enhanced recovery should be continued for at least 30 days

postoperatively.

This trial has strengths and limitations. The major

strength is the design. Second, only three surgeons with

similar surgical skills and technique took part of the study.

Therefore, the type of surgeries and patient selection was

similar. Limitations included lack of blinding and specific

protocolization in the intraoperative and postoperative

management (i.e., rescue analgesia with morphine or

hydromorphone). In regard to the latter, patients in the

study followed the current ERAS pathway for CRS-

HIPEC, which it is a protocol per se. Lack of protocol-

ization of the also can explain why patients in the TEA

group received large dosages of propofol despite a slightly

lower proportion of patients receiving volatile anesthesia in

the 4Q-TAP group. Also, lack of the intraoperative anal-

gesia technique is a limitation. Because intraoperative

epidural boluses of local anesthetics were done according

to clinical care judgment of the anesthesiologists and not

mandated by the protocol, it could be argued that patients

in the TEA could be further divided in two subgroups.

Those (n = 25, 75.7%) who received bolus plus the infusion

of a local anesthetic and those (n = 8, 24.3%) who were

treated without boluses and only with an infusion of a local

anesthetic. Any subgroup analysis disrupts covariate

TABLE 4 Postoperative complications

4Q-TAP

(n = 35)

TEA

(n = 33)

P
value

Clavien-Dindo score

Pulmonary complications grade, n (%)

0 1 (2.9) 1 (3.0) 0.753c

1 7 (20.0) 4 (12.1)

None 27 (77.1) 28 (84.8)

Renal complications grade, n (%)

0 1 (2.9) 1 (3.0) 0.956c

1 3 (8.6) 3 (9.1)

2 1 (2.9) 0 (0.0)

3a 0 (0.0) 0 (0.0)

3b 0 (0.0) 1 (3.0)

None 30 (85.7) 28 (84.8)

Gastrointestinal complications grade, n (%)

0 0 (0.0) 0 (0.0) 0.485c

1 0 (0.0) 1 (3.0)

None 35 (100) 32 (97.0)

Cardiac complications grade, n (%)

0 0 (0.0) 1 (3.0) 0.400c

1 4 (11.4) 6 (18.2)

None 31 (88.6) 26 (78.8)

Hematological complications grade, n (%)

0 0 (0.0) 0 (0.0) 0.260c

1 0 (0.0) 0 (0.0)

2 6 (17.1) 2 (6.1)

None 29 (82.9) 31 (93.9)

Median POMS score (min to max)

Postoperative Day 7 0 (0.00–2.00) 0 (0.00–2.00) 0.218d

Postoperative Day 30 0 (0.00–1.00) 0 (0.00–4.00) 0.807d

POMS Perioperative morbidity score; min minimum; max maximum
aP value from t test; bP value from chi-square test; cP value from Fisher’s exact test; dP value from Wilcoxon rank-sum test
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balance provided by randomization and reduce the sample

size, which will severely affect the interpretation of the

results.

Second, data about the duration of abdominal wall

retraction and location of chest tube placements was not

evaluated. However, because pulmonary functions were

similar in both groups, we did not believe that chest tube

placement impose substantial differences in both group of

treatment. Also, the lack of a ‘‘control’’ group without

regional anesthesia can limit the interpretation of our

results. A ‘‘control’’ would have certainly been informative

but since implementation of ERAS in our hospital, all

CRS-HIPEC cases are done with TAPs or epidural blocks.

Therefore, adding a ‘‘control’’ would have been a major

deviation in routine care. Defining ‘‘epidural failure’’ is

difficult and subject to numerous definitions. We clinically

determined epidural failures as ‘‘patchy’’ or unilateral

blocks.36 While an epidural wave analysis could have been

attempted, it would have been useful for cases in which the

epidural space was missed but not have saved patients from

having ‘‘patchy’’ or unilateral blocks. We observed five

patients with epidural block had pain scores of 10 out of

10. This could be considered epidural failures, but it worth

noting that some of those events occurred when epidurals

were paused to treat hypotension. Third, an arbitrary

10-point difference was chosen as a noninferiority margin,

and a 23-point SD difference was derived from a validation

trial in which a mean change in QoR-15 before and after

surgery is -22 (95% CI: -26 to -18). It would have been

more adequate to power the trial with local data through a

pilot study. Also, it is worth considering that unblinded

studies are prone to an exaggerated effect size. Last, we

only recorded opioid use within the first 48 hours after

surgery. Therefore, we can speculate that even larger

dosages of opioids may have been used by patients in the

4Q-TAP group.

CONCLUSIONS

Recovery after CRS-HIPEC surgery is slow. A 4Q-TAP

block under ultrasound guidance using a solution of plain

bupivacaine and liposomal bupivacaine provides noninfe-

rior quality of early recovery to TEA after CRS-HIPEC

surgery, but it increases the usage of opioids. In other

terms, in the context of enhanced recovery protocols and

multimodal analgesia the type of regional anesthesia block

or anesthesia technique used perioperatively might not

matter in modulation of the inflammatory response, short-

term quality, or speed of recovery and postoperative

complications.17 However, we did observe, although not

statistically significant, that 2.8% of the patients in the 4Q-

TAP group had opioid-induced respiratory depression.

Future trials should be designed to compare, in the context

of multimodal analgesia, the effect of regional analgesia

versus intravenous analgesia in recovery and address other

perioperative interventions (i.e., active resolvers of

inflammation) that might improve the quality of recovery

after CRS-HIPEC.
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