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Objective: To compare the quality of recovery in patients receiving
epidural or paravertebral analgesia for minimally invasive
esophagectomy (MIE).

Background: Paravertebral analgesia may be a promising alternative
to epidural analgesia, avoiding potential side effects and improving
postoperative recovery.

Methods: This randomized controlled superiority trial was con-
ducted across 4 Dutch centers with esophageal cancer patients
scheduled for transthoracic MIE with intrathoracic anastomosis,
randomizing patients to receive either epidural or paravertebral
analgesia. The primary outcome was Quality of Recovery (QoR-40)
on the third postoperative day (POD). Secondary outcomes
included quality of life, postoperative pain, opioid consumption,
inotropic/vasopressor medication use, hospital stay, complications,
readmission, and mortality.

Results: From December 2019 to February 2023, 192 patients were
included: 94 received epidural and 98 paravertebral analgesia. QoR-
40 score on POD3 was not different between groups (mean differ-
ence: 3.7, 95% CI: −2.3 to 9.7; P= 0.268). Epidural patients had
significantly higher QoR-40 scores on POD1 and 2 (mean differ-
ence: 7.7, 95% CI: 2.3–13.1; P= 0.018 and mean difference: 7.3,
95% CI: 1.9–12.7; P= 0.020) and lower pain scores (median 1 vs 2;
P< 0.001 and median 1 vs 2; P= 0.033). More epidural patients
required vasopressor medication on POD1 (38.3% vs 13.3%;
P< 0.001). Urinary catheters were removed earlier in the para-
vertebral group (median POD3 vs 4; P< 0.001). No significant
differences were found in postoperative complications or hospital/
intensive care unit stay.

Conclusions: This randomized controlled trial did not demonstrate
the superiority of paravertebral over epidural analgesia regarding
the quality of recovery on POD3 after MIE. Both techniques are
effective and can be offered in clinical practice.

Keywords: epidural analgesia, esophageal cancer, minimally inva-
sive esophagectomy, paravertebral analgesia

(Ann Surg 2025;282:29–36)

E sophageal cancer is the eighth most commonly diagnosed
cancer and the sixth most common cause of death from

cancer worldwide.1–4 Advances in (neo)adjuvant and surgical
treatment strategies have substantially improved survival
rates for locally advanced esophageal cancer, making multi-
modal treatment the standard of care in most centers
worldwide.5,6 The traditional open esophagectomy is asso-
ciated with significant postoperative pain, predominantly due
to the thoracotomy.7–9 Inadequate painmanagement can lead
to immobility, pulmonary complications, and prolonged
hospitalization.10,11 Minimally invasive esophagectomy
(MIE) has demonstrated lower postoperative complication
rates, less pain, and faster recovery.8,12,13 With reduced
postoperative pain in minimally invasive surgery, pain man-
agement may also be adjusted accordingly.14

Thoracic epidural analgesia has been the mainstay for
pain control in patients undergoing open esophag-
ectomy.15,16 However, its superiority over other pain
management strategies with regard to pain control after
esophagectomy remains inconclusive in meta-analyses.10,17
Furthermore, the rise of MIE occurred simultaneously with
the progressive implementation of enhanced recovery after
surgery (ERAS) protocols in the perioperative care of
patients undergoing esophagectomy, which have also been
shown to accelerate recovery.18,19 Although effective
epidural analgesia potentially contributes to achieving
ERAS goals in patients undergoing MIE, it can have

counterproductive side effects due to motor and autonomic
blockade (37% to 80%), resulting in hypotension, urinary
retention, and reduced mobility.20,21 Some studies suggest
that epidural analgesia might contribute to anastomotic
leakage due to intraoperative hypotensive episodes.22,23
Moreover, epidural analgesia failure occurs in up to 30%
of patients, often due to incorrect placement and migration
after initial correct placement.24 In MIE, epidural analgesia
has even been described as insufficient in up to half of
patients.25 Furthermore, epidural analgesia may be associ-
ated with severe complications including epidural hema-
toma (1:4362) or abscess (1:10000), which can lead to
permanent neurological damage, accidental high block and
dural puncture.26–29

Paravertebral analgesia emerges as a promising alter-
native, utilizing unilateral catheter placement in the para-
vertebral space to infuse local anesthetics, demonstrating
fewer side effects and complications than epidural
analgesia.30,31 Though systematic reviews comparing para-
vertebral with epidural analgesia for patients undergoing
open thoracic surgery show similar pain relief with fewer
side effects for paravertebral analgesia, the evidence is
lacking for patients undergoing MIE.32,33 Therefore, this
study compares the postoperative quality of recovery in
patients receiving epidural or paravertebral analgesia for
MIE. We hypothesize that paravertebral analgesia provides
a better quality of recovery than epidural analgesia, due to
similar pain control and a lower incidence of side effects that
may hinder postoperative recovery.

METHODS

Trial Design
This was an open randomized controlled superiority

trial comparing epidural with paravertebral analgesia in 4
Dutch centers: (1) University Medical Center Utrecht, (2)
Amsterdam UMC, (3) Catharina Hospital Eindhoven, and
(4) Hospital Group Twente Almelo. The study protocol was
approved by the institutional review board at each center
and published previously (Dutch Trial Register: NL8037).34
The reporting of this study adhered to the CONSORT
statement.35

Participants
Adult patients who were scheduled to undergo 2-stage

elective conventional or robot-assisted MIE with 2-field
lymphadenectomy, gastric conduit reconstruction, and an
intrathoracic anastomosis (Ivor Lewis procedure) were
included. The procedure consists of a laparoscopic abdomi-
nal phase with mobilization of the stomach, abdominal
lymphadenectomy, and construction of a gastric conduit;
and then, a right-sided thoracoscopic phase, during which
mobilization of the esophagus, mediastinal lymphadenec-
tomy, and an intrathoracic anastomosis is performed.

Exclusion criteria were severe comorbidity (ASA> III),
contraindications for epidural analgesia,36 allergy to local
anesthetics, ongoing opioid use (> 3 months prior to the day
of surgery), renal failure (eGFR < 50 mL/min), inability to
provide informed consent or complete questionnaires in
Dutch and cervical lymph node dissection.

Randomization and Masking
Written informed consent was obtained, after initial

screening for eligibility at the preoperative outpatient clinic.
After inclusion, and ultimately on the day prior to surgery,
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patients were entered into the data capturing platform
Castor Electronic Data Capture, which includes a digital
randomization tool used to assign patients to either the
epidural or paravertebral analgesia group.37 Randomization
was stratified per center. The random assignment was
performed in a 1:1 ratio using block randomization (block
sizes 2, 4, and 6). Patients and physicians were not blinded
for group allocation.

Procedures

Epidural Regimen
Before anesthesia induction, an epidural catheter was

placed at an intervertebral, mid-thoracic level (T5–T8), with
the needle directed cranially aiming to position the catheter
at level T4–T5. Within the first hour after induction, a bolus
of 5 to 10 mL of bupivacaine 0.25% was administered.
Continuous epidural analgesia was started (bupivacaine
0.125% + sufentanil 0.5 mcg/mL) and postoperatively
continued with an infusion of 6 to 14 mL/h and titrated to
the patient’s comfort. Escape medication was provided
according to the local protocol of the participating center.
The aim was to remove the epidural catheter on the third
postoperative day (POD).

Paravertebral Regimen
Intraoperatively, at the start of the thoracic phase, a

paravertebral catheter was placed by the surgeon in the right
subpleural space at the level of T4–T5 under direct
thoracoscopic vision (Video 1). After an initial bolus of
20 mL bupivacaine 0.125%, a continuous infusion of 8 to
12 mL/h was started after the procedure, depending on
weight, and titrated to the patient’s comfort. Patient-
controlled intravenous analgesia was additionally provided
according to the local protocol of the participating center.
The aim was to remove the paravertebral catheter on POD3.

Quality Control
Prior to the start of patient inclusion, participating

surgeons without previous experience with paravertebral
catheterizations performed their first paravertebral catheter-
ization under the guidance of a surgeon with vast experience
with this analgesia technique (E.C., M.D.P.L, and M.I.v.B.
H.). The surgeons had to perform at least 3 successful
paravertebral catheterizations before starting inclusion.
During the trial, paravertebral procedures were video
recorded and stored for quality control by an expert (E.
C.) for feedback. Procedures were scored (scale 1–3).

Outcomes
The primary outcome was the total score of the Quality

of Recovery (QoR-40) questionnaire on the morning of
POD3. The QoR-40 is a validated and suitable patient-
reported outcome measure (PROM) of postoperative
quality of recovery (Supplemental Methods, Supplemental
Digital Content 1, http://links.lww.com/SLA/F324). Secon-
dary outcomes were QoR-40 score on POD1–2, pain scores
on POD1–3 according to the numeric rating scale (NRS),
postoperative pain experience according to the International
Pain Outcomes (IPO)-questionnaire on POD1–3 (Supple-
mental Methods, Supplemental Digital Content 1, http://
links.lww.com/SLA/F324), duration of anesthesia, duration
of surgery time, the use of escape pain medication on
POD1–3, total opioid consumption [administered via epi-
dural analgesia catheter, intravenously or orally; in oral
morphine equivalents (OME)] on POD1–3, technical

complications, effort of catheter placement according to
the Subjective Mental Effort Questionnaire (SMEQ) (Sup-
plemental Methods, Supplemental Digital Content 1, http://
links.lww.com/SLA/F324), analgesia-related side effects,
need for inotropic or vasopressor medication, fluid balance,
length of stay on an intensive unit (ICU) or medium care
unit (MCU) and in hospital stay, POD of removal of the
urinary catheter, POD of removal of the epidural or
paravertebral catheter and mobilization. Postoperative
complications (according to the Esophageal Complications
Consensus Group and their corresponding Clavien-Dindo
classification; Supplemental Methods, Supplemental Digital
Content 1, http://links.lww.com/SLA/F324) and readmis-
sion were documented until POD30, mortality was docu-
mented until POD90.

Statistical Analysis

Sample Size
To detect a minimally clinically important difference

(MCID) in the QoR-40 of 6.3 points38 with an estimated SD
of 14, α of 0.05 and power of 0.8, 172 patients were needed
for the independent T test.39,40 Anticipating a 10% loss to
follow-up, 192 patients had to be included. Dropouts before
surgery and screening failures were replaced.

Statistics
All analyses were performed using IBM SPSS Statistics

(Version 28). An intention-to-treat analysis was performed
to analyze the between group difference in primary outcome
using an independent T test. In addition, a per-protocol
analysis was performed. A post hoc analysis was performed
to account for missing items in the QoR-40 questionnaire.41
Missing QoR-40 values were encountered in 36, 26, 28, and
29 of patients on the preoperative day and POD1–3,
respectively. Missing data were considered at random and
handled using multiple imputations with the iterative
Markov chain Monte Carlo method creating 20 data sets.
To handle the high number of questionnaire variables in the
imputation model, parcel summary scores of the question-
naire data were created.41 A rationale and description of this
method is shown in Supplemental Methods, Supplemental
Digital Content 1, http://links.lww.com/SLA/F324. Analy-
ses of secondary outcomes were performed with χ2 tests for
categorical data. Continuous outcomes with a normal or
non-normal distribution were compared using the T test or
Mann-Whitney U test, respectively. To correct for multiple
testing, the Benjamini-Hochberg method was applied.42

RESULTS
From December 2019 to June 2022, 325 patients met

the inclusion criteria and eventually 192 patients were
included in the intention-to-treat analysis: 94 patients were
assigned to the epidural, and 98 patients to the paravertebral
group (Fig. 1). The included patients had a median age of
67 years and 82% were male (Table 1). Of these patients, 86
(91.5%) from the epidural group and 93 (94.9%) from the
paravertebral group were treated according to the protocol.
The reasons for deviations are shown in Figure 1. Intra-
operative details are shown in the Supplemental Results
(Supplemental Digital Content 1, http://links.lww.com/SLA/
F324).
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Primary Outcome
The QoR-40 questionnaire on POD3 was completed in

the epidural group by 91 patients (97%) and in the
paravertebral group by 98 patients (100%) patients. Of the
189 patients who completed the questionnaire, 26 had ≥ 1
missing item(s). In both the intention-to-treat analysis and
the per-protocol analysis, the quality of recovery on POD3
did not differ between the epidural versus the paravertebral
group (168.8 vs 165.1, mean difference: 3.7, 95% CI: −2.3 to
9.7; P= 0.268 and 168.8 vs 165.2, mean difference: 3.6, 95%
CI: −2.6 to 9.9; P= 0.273, respectively). Primary outcome

did not change after imputing missing data (168.6 vs 163.2,
95% CI: −0.0 to 10.8; P= 0.093) (Table 2).

Quality Control
Before the trial, all participating surgeons of the 4

centers followed the training in paravertebral catheter
placement and performed 3 successful procedures, each
under expert guidance (E.C.). During the trial, an expert (E.
C.) assessed and scored 77.6% (76 of 98) of paravertebral
catheter placements, providing feedback for any deviations.
The remaining paravertebral procedures could not be
assessed due to the absence of video recordings. The mean
overall quality score (scale 1–3) was 3, indicating a “good”
rating. No inter-hospital differences were noted.

Secondary Outcomes

QoR-40 and Pain
Table 2 displays QoR-40 results for POD1–3. On

POD1 and 2, the epidural group showed significantly higher
QoR-40 scores (mean difference of 7.7 on POD1, 95% CI:
2.3–13.1; P= 0.018 and 7.3 on POD2, 95% CI: 2.3–13.6;
P= 0.018, respectively) and lower NRS pain scores [median
1 (IQR: 0–3) vs 2 (IQR: 1–3); P< 0.001 on POD1 and
median 1 (IQR: 0–2) vs 2 (IQR: 0–3); P= 0.033 on POD2]
(Supplemental Table 1, Supplemental Digital Content 1,
http://links.lww.com/SLA/F324). On POD3, NRS pain
scores were not significantly different [median NRS 1
(IQR: 0–3) vs NRS 2 (IQR: 0–3); P= 0.315]. The IPO
questionnaires revealed similar results, as more pain was
reported by the paravertebral group on POD1 and 2. Both
groups reported similar satisfaction with their pain manage-
ment on POD3 (Supplementary Table 2, Supplemental
Digital Content 1, http://links.lww.com/SLA/F324). The
pain was more often located in the abdomen in the

FIGURE 1. Trial flowchart. Of the 199 patients who underwent random assignment, 192 patients were included in the intention-to-treat
analysis: 94 in the epidural group and 98 in the paravertebral group. A total of 179 patients underwent Ivor Lewis minimally invasive
esophagectomy and their allocated analgesia modality according to the protocol: 86 in the epidural group and 93 in the paravertebral
group. MIE indicates minimally invasive esophagectomy; ITT, intention-to-treat; PP, per protocol.

TABLE 1. Patient Characteristics at Baseline

Epidural
(n= 94)

Paravertebral
(n= 98)

Age, mean (SD), y 65.2 (8.9) 66.3 (8.8)
No. (%) male sex 73 (77.7) 84 (85.7)
BMI, mean (SD), kg/m2 26.7 ( ± 4.5) 25.7 ( ± 3.4)
ASA score, No. (%)
1 4 (4.3) 1 (1.0)
2 61 (64.9) 65 (66.3)
3 29 (30.9) 32 (32.7)

No. (%) with cardiovascular
comorbidity

19 (20.2) 20 (20.4)

No. (%) with pulmonary
comorbidity

13 (13.8) 14 (14.3)

No. (%) with diabetes mellitus 12 (12.8) 14 (14.3)
No. (%) with hypertension 33 (35.1) 38 (38.8)
No. (%) with opioid use

< 3 months
2 (2.1) 3 (3.1)

ASA indicates American Society of Anesthesiologists; BMI, body
mass index.

Feenstra et al Ann Surg � Volume 282, Number 1, July 2025

32 | www.annalsofsurgery.com Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc.

This paper can be cited using the date of access and the unique DOI number which can be found in the footnotes.

http://links.lww.com/SLA/F324
http://links.lww.com/SLA/F324


paravertebral group compared with the epidural group on
POD1 (22.4% vs 8.5%; P= 0.018) and POD2 (20.4% vs
9.6%; P= 0.050). On POD3, no difference in pain local-
ization was observed between groups, but pain more often
interfered with physical activities (taking deep breaths/
coughing, sitting up) in the paravertebral group.

In the epidural group, opioids were administered via
the epidural analgesia catheter, intravenously, and/or orally,
while in the paravertebral group opioids were only
administered intravenously and/or orally. Intraoperatively,
there were no significant differences in total opioid
consumption between the epidural and the paravertebral
groups [median OME 1371 (IQR: 388–2442) vs 1790 (IQR:
345–2610); P= 0.774] (Supplemental Table 3, Supplemental
Digital Content 1, http://links.lww.com/SLA/F324). The
total opioid consumption on POD1–3 was higher in the
epidural group (P< 0.001), as demonstrated in Supplemen-
tal Table 4, Supplemental Digital Content 1, http://links.
lww.com/SLA/F324. There was no difference in postoper-
ative mobilization (Supplemental Table 5, Supplemental
Digital Content 1, http://links.lww.com/SLA/F324). How-
ever, as patients became more mobile, documenting activity
levels decreased, leading to more missing data.

Epidural and Paravertebral Catheter Placement and
Removal

Of the 94 attempted epidural catheter placements, 6
were unsuccessful due to the inability to navigate between
the vertebrae, patient movement, or vagal responses. Of
these 6 patients, 5 were subsequently given a paravertebral
catheter intraoperatively, while 1 did not receive a catheter
and only received analgesia intravenously. Of the patients
assigned to receive a paravertebral catheter, 3 did not have

the catheter placed due to conversion to a transhiatal
procedure, the performance of a gastrectomy, and an open-
close procedure. In one of them, an epidural catheter was
placed on POD1. No difference was reported in terms of
effort of analgesia catheter placement [median SMEQ-score
40 (IQR: 12–75) for epidural vs 30 (IQR: 20–49) for
paravertebral placement; P= 0.397] (Supplemental Table 3,
Supplemental Digital Content 1, http://links.lww.com/SLA/
F324). The median duration of epidural catheter placement
was longer than paravertebral placement [15 minutes (IQR:
12–19) vs 5 minutes (IQR: 4–8); P< 0.001].

Premature removal of the catheter (before POD3) in
the patients who were treated according to protocol
occurred in 12 of 86 epidural catheters (14.0%) and 15 of
93 paravertebral catheters (16.1%), mostly due to disloca-
tion and ineffective pain management. In 3 patients, all
within the epidural group, the catheter had to be removed
because of hypotension. No infectious or bleeding compli-
cations associated with the placement of epidural or
paravertebral catheters, such as hematomas or abscesses,
were observed. In both groups, the median POD of
analgesia catheter removal was POD3. The urinary catheter
was removed one day earlier in paravertebral analgesia
[median POD3 (IQR: 2–3) vs POD4 (IQR: 3–4); P< 0.001].

Fluid Balance and Vasopressor Medication
No differences were reported between the epidural and

paravertebral groups in duration of anesthesia, vasopressor
use, and fluid balance intraoperatively (Supplementary
Table 3, Supplemental Digital Content 1, http://links.lww.
com/SLA/F324). On POD1–3, no difference in fluid
administration between the 2 groups on POD1–3 was noted
(Supplemental Table 6, Supplemental Digital Content 1,

TABLE 2. Quality of Recovery (QoR)-40 Measured Preoperatively and Postoperatively

Epidural Paravertebral

N Mean QoR-40 N Mean QoR-40 Mean difference* 95% CI P P†

POD3
ITT CC 83 168.8 80 165.1 3.7 −2.3, 9.7 0.227 0.268
ITT imputed‡ 94 168.6 98 163.2 5.4 −0.0, 10.8 0.050 0.093
PP CC 76 168.8 77 165.2 3.6 −2.6, 9.9 0.252 0.273

Pre-op
ITT CC§ 79 177.2 77 174.2 3.4 −0.3, 7.1 0.069 0.100
ITT imputed‡§ 94 175.2 98 172.2 2.0 −2.0, 5.9 0.302 0.302
PP CC 72 179.6 73 176.4 3.2 −0.7, 7.2 0.116 0.151

POD1
ITT CC 84 168.8 82 161.3 7.7 2.3, 13.1 0.005 0.018
ITT imputed‡ 94 168.3 98 161.2 7.1 2.0, 12.3 0.007 0.018
PP CC 78 169.2 79 161.1 7.8 2.2, 13.4 0.007 0.018

POD2
ITT CC 84 168.8 78 161.5 7.3 1.9, 12.7 0.009 0.020
ITT imputed‡ 94 169.0 98 160.0 8.9 4.2, 13.7 < 0.001 < 0.001
PP CC 78 168.9 74 161.0 8.0 2.3, 13.6 0.006 0.018

AUC
ITT CC 74 339.7 61 329.3 10.4 −5.0, 21.3 0.061 0.099

Bold values are statistically significant.
*Minimally clinically important difference (MCID): 6.3 (Myles et al, 201638).
†P values were corrected with the Benjamini-Hochberg method.
‡Multiple imputation with parcel summary scores.
§Three questions excluded (> 50% missing values, QoR 16, 17, and 18).
AUC indicates area under the curve analysis; CC, complete case analysis; ITT, intention-to-treat analysis; POD, postoperative day; PP, per protocol analysis;

preop, preoperative.
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http://links.lww.com/SLA/F324). In the epidural group,
more patients required vasopressors on POD1 (38.3% vs
13.3%; P< 0.001). Of those patients who required vaso-
pressors (norepinephrine) in both the epidural and para-
vertebral group, there was no difference in the total
administered dose between the 2 groups.

Postoperative Outcomes
As shown in Table 3, postoperative complications did

not differ between the epidural and paravertebral groups,
specifically regarding anastomotic leakage (13 patients;
13.8% vs 6 patients; 6.1%; P= 0.828) and pneumonia
(11.7% vs 18.4%; P= 0.853). Length of stay on a monitored
unit was similar in the groups [median 1 day (IQR: 1–1) vs
1 day (IQR: 1–1); P= 0.853]. Length of hospital stay was
also comparable [median 8 days in the epidural group (IQR:
7–11) vs 8 days in the paravertebral group (IQR: 7–13);
P= 0.853]. In the epidural group, 2 patients (2.1%) died in
hospital due to anastomotic leakage and sepsis. In the
paravertebral group, no patients died in the hospital.

DISCUSSION
This multicenter randomized controlled trial compared

epidural with paravertebral analgesia in patients undergoing
MIE. The quality of recovery on POD3 was similar in both
groups. In the secondary analyses, the paravertebral group
was found to report lower quality of recovery on POD1 and
2, as well as to experience more interference with activities
due to pain. On the other hand, patients with epidural
analgesia required more vasopressors on POD1 and had an
extra day of urinary catheterization. Despite these differ-
ences, there were no significant variations in postoperative
complications or length of high care/hospital stay. Based on
these findings, either analgesia regimen is appropriate for
clinical use, with the decision depending on the preferences
of the physician and patient.

This is the first randomized clinical trial comparing
epidural with paravertebral analgesia in MIE. Our
primary outcome (QoR-40 on POD3), was similar in both
groups (no significant nor clinically relevant difference).
The QoR-40, a widely recognized PROM, has gained a
prominent role in clinical trials as it provides a multi-
faceted view of recovery. Personal communication before
the trial with the developer of the questionnaire suggested
that POD3 was the optimal time to differentiate any

beneficial effects. The total QoR-40 score exhibits a strong
correlation with both postoperative pain and length of
hospital stay.40 Patients who received epidural analgesia
had slightly higher QoR-40 scores on POD1 and 2, with a
difference just exceeding the MCID. The statistically
significant differences in NRS pain scores on POD1 and
2 are not considered clinically relevant, which is in line
with a recent Cochrane review comparing epidural with
paravertebral analgesia in thoracic surgery.32 Notably, the
Cochrane review did not include patient-reported pain
outcomes. In our trial, better PROMs were identified with
epidural analgesia using the IPO-questionnaire, consistent
with a retrospective study conducted by our group
showing lower pain scores in patients esophagectomy with
intrathoracic anastomosis and epidural analgesia.43
Opioid consumption was higher in the epidural group,
which was inherent to the study protocol, as the epidural
group received continuous epidural opioid infusion while
patients in the paravertebral group had patient-controlled
intravenous opioid administration with a bolus function.
The standard of care is epidural analgesia with local
anesthetic and an opioid. In this trial, we compared this
standard of care with paravertebral analgesia. Since there
are no known receptors for opioids in the paravertebral
space, administering continuous opioids through the
paravertebral catheter would be ineffective. However, this
setup complicates the direct comparison of opioid con-
sumption between the groups. Future research could
explore a comparison between local-only epidural and
local-only paravertebral blocks to address this issue.

The urinary catheter was removed one day earlier in
the paravertebral group, aligning with the ERAS protocol.
Possibly, earlier removal contributes to patient comfort and,
consequently, quality of recovery. However, since the
urinary catheter was removed on POD3 in the paravertebral
and on POD4 in the epidural group, this aspect was most
likely not measured by the QoR-40 on POD3.

Importantly, all participating centers of this multi-
center trial adhered to an ERAS protocol aimed at
optimizing patient recovery. Although the guidelines within
these protocols are largely uniform, some variation between
centers may exist regarding drain placement and the
intensity of mobilization and/or physiotherapy. It is worth
noting that such variations are independent of the random-
ization group assignment.

TABLE 3. Postoperative Complications and Outcomes

Epidural (n= 94) Paravertebral (n= 98) P* P †

No. (%) with overall complications 53 (56.4) 53 (54.1) 0.749 0.853
No. (%) with anastomotic leakage 13 (13.8) 6 (6.1) 0.092 0.828
No. (%) with pulmonary complication 27 (28.7) 26 (26.5) 0.749 0.853
No. (%) with pneumonia 11 (11.7) 18 (18.4) 0.230 0.853
No. (%) with cardiac complication 15 (16.0) 18 (18.4) 0.705 0.853
No. (%) with urinary tract infection 1 (1.1) 1 (1.0) 1.000 1.000
No. (%) of deaths 5 (5.3) 4 (4.1)
No. (%) of in-hospital deaths 2 (2.1) 0 (0.0)
No. (%) of deaths within 90 POD 3 (3.2) 4 (4.1) 0.333 0.853
ICU/MCU stay, median (IQR), d 1 (1–1) 1 (1–1) 0.758 0.853
Hospital stay, median (IQR), d 8 (7–11) 8 (7–13) 0.575 0.853

*Calculated with the χ2 test, in case of the median (IQR) calculated with Mann-Whitney U test.
†P values were corrected with the Benjamini-Hochberg method.
ICU indicates intensive care unit; IQR, interquartile range; MCU, medium care unit; POD, postoperative day.
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Consistent with the Cochrane review, our trial found no
significant differences in mortality, major complications, or
length of hospital/ICU stay between the 2 analgesia groups.32
The length of hospital stay likely hinges on factors beyond
analgesia modality, such as postoperative complications or
physical fitness. Notably, overall complication rates were
similar between groups. While leakage of the esophagogastric
anastomosis was higher in the epidural group (13.8% vs
6.1%), this difference did not reach statistical significance. It is
important to note that our study was not powered to
detect differences in anastomotic leakage rates, but this
finding suggests a need for further investigation into the
potential association between epidural analgesia and anasto-
motic leakage. Current literature on this topic is not
conclusive.23,44 While one retrospective study reported
increased anastomotic leakage with intraoperative epidural
analgesia, other retrospective propensity score-matched
studies have not supported these findings.20,22,45,46

In this trial, several quality control measures were
implemented in the design. The results demonstrate that the
placement of the paravertebral catheter was considered
straightforward and safe. Moreover, the majority of para-
vertebral catheter insertions were considered to exhibit good
overall quality.

This study has some limitations. First, missing data in
the questionnaire for our primary outcome occurred.
Though common, we did not specify an imputation plan
in the protocol. We used a validated imputation method,
mitigating potential bias. Second, we opted for a continuous
epidural infusion without a patient-controlled bolus func-
tion. However, patients in the paravertebral group who did
have a patient-controlled bolus function (albeit intra-
venously), might therefore have experienced greater
autonomy, potentially influencing their quality of recovery.
Not all participating centers used patient-controlled func-
tions on the epidural before the trial, which is why it is not
standard of care in the trial. Importantly, there is no
evidence supporting the superiority of patient-controlled
bolus with continuous infusion over continuous infusion
alone in thoracic surgery. Furthermore, it is important to
acknowledge that the design of this study was a superiority
trial, whereas a noninferiority trial might have been more
appropriate.

A notable strength of this study is the quality control
implemented for paravertebral catheter insertions. More-
over, as a randomized controlled trial conducted in 4 high-
volume centers with a participant pool representative of
esophageal cancer patients in the Western world, our
findings ensure generalizability to the experiences in West-
ern high-volume centers.

In conclusion, this multicenter randomized controlled
clinical trial did not show the superiority of paravertebral
analgesia over epidural analgesia in the quality of recovery
on the third day after minimally invasive esophagectomy.
The paravertebral group had a lower quality of recovery
on POD1 and 2. In the epidural group, more patients
consumed vasopressor medication on POD1 and had a
prolonged urinary catheterization by one day. However,
these factors did not result in extended stays in a high-care
unit or in the hospital. There were no statistically
significant differences in postoperative complications.
These results, however, support the safety of paravertebral
analgesia as a viable alternative to epidural analgesia,
enabling the provision of both techniques to patients in
clinical practice.
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