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ABSTRACT

Background. Studies have shown that epidural analgesia
(EDA) is associated with a decreased risk of pneumonia
and anastomotic leakage after esophagectomy, and several
guidelines  strongly recommend EDA use after
esophagectomy. However, the benefit of EDA use in
minimally invasive esophagectomy (MIE) remains unclear.
Objective. The aim of this retrospective study was to
compare the short-term outcomes between patients with
and without EDA undergoing MIE for esophageal cancer.
Methods. Data of patients who underwent oncologic MIE
(April 2014—March 2019) were extracted from a Japanese
nationwide inpatient database. Stabilized inverse proba-
bility of treatment weighting (IPTW), propensity score
matching, and instrumental variable analyses were per-
formed to investigate the associations between EDA use
and short-term outcomes, adjusting for potential
confounders.

Results. Among 12,688 eligible patients, EDA was used in
9954 (78.5%) patients. In-hospital mortality, respiratory
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complications, and anastomotic leakage occurred in 230
(1.8%), 2139 (16.9%), and 1557 (12.3%) patients, respec-
tively. In stabilized IPTW, EDA use was significantly
associated with decreased in-hospital mortality (odds ratio
[OR] 0.46 [95% confidence interval 0.34-0.61]), respira-
tory complications (OR 0.74 [0.66-0.84]), and anastomotic
leakage (OR 0.77 [0.67-0.88]). EDA use was also associ-
ated with decreased prolonged mechanical ventilation,
unplanned intubation, nonsteroidal anti-inflammatory drug
use, acetaminophen use, postoperative length of stay, and
total hospitalization costs and increased vasopressor use.
One-to-three propensity score matching and instrumental
variable analyses demonstrated equivalent results.
Conclusions. EDA use in oncologic MIE was associated
with low in-hospital mortality as well as decreased respi-
ratory complications, and anastomotic leakage, suggesting
the potential advantage of EDA use in MIE.

Subtotal esophagectomy, the mainstay of curative
treatment for esophageal cancer, is one of the most com-
plex and invasive gastrointestinal surgical procedures. The
latest data from high-volume esophageal surgical centers in
14 countries showed that the proportion of mortality and
morbidity remains high (4.5% and 59.0%, respectively).'
Minimally invasive esophagectomy (MIE) with small
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incisions and less pain is being increasingly performed
worldwide® and is associated with lower mortality and
morbidity than traditional open esophagectomy (OE).>*

Several guidelines strongly recommend the use of
epidural analgesia (EDA) following esophagectomy
because OE induces severe postoperative pain, which may
cause worse short-term outcomes.”® In previous random-
ized controlled trials, EDA has demonstrated superiority
over conventional analgesia in controlling pain,’-'"°
reducing the time to first passage of flatus,'” and attenu-
ating the systemic proinflammatory response after OE.%°
Moreover, a recent propensity score (PS)-matched single-
center cohort study involving 178 pairs of patients showed
that EDA was associated with a lower occurrence of
pneumonia and anastomotic leakage after esophagectomy
compared with intravenous analgesia.'' However, most
patients in this prior study underwent OE (77% of the
matched cohort), and the advantages of using EDA in MIE
remain unclear."’

Although MIE has become common partly because it
induces less pain than OE, the anesthetic procedure for OE
(i.e., EDA) is implemented in MIE without clear evidence.
It is important to examine whether the use of EDA is
beneficial for patients undergoing MIE because oncologic
MIE is becoming increasingly more common. In the pre-
sent study, we examined the association between EDA and
short-term outcomes following MIE for esophageal cancer
by PS and instrumental variable analyses using a Japanese
nationwide inpatient database.

METHODS
Database

This large-scale retrospective cohort study was per-
formed using the Diagnosis Procedure Combination
database in Japan.'? This inpatient database contains data
from more than 1200 facilities nationwide and collects
more than 8 million hospital administrative claims data and
discharge abstracts annually.

The database includes the following information: sex;
age; body mass index; smoking index; diagnosis and
comorbidities at admission and complications after
admission recorded using the International Classification of
Diseases, Tenth Revision (ICD-10) codes; clinical cancer
stage based on the Seventh Edition of the Union for
International Cancer Control (UICC) Tumor, Node,
Metastasis classification; preoperative chemotherapy/ra-
diotherapy; interventional/surgical procedures according to
the original Japanese codes; unique hospital identifier;
length of stay; and total hospitalization costs. Previous
validation studies have shown good sensitivity and

specificity of the diagnoses and procedure records in the
database and high validity of cancer diagnosis.'>'*

Ethics

This study was approved by the Institutional Review
Board of The University of Tokyo [approval number:
3501-(3)]. The requirement for informed consent was
waived because of the anonymous nature of the data.

Study Protocol

We investigated patients who underwent MIE (defined
as thoracoscopic, mediastinoscopy-assisted, or robotic-as-
sisted esophagectomy, regardless of whether the abdominal
approach was open laparotomy or laparoscopy) with two-
field (thoraco-abdominal) or three-field (cervico-thoraco-
abdominal) lymph node dissection for esophageal cancer
from 1 April 2014 to 31 March 2019. The Japanese original
procedure codes for surgery were used to identify patients
who underwent the procedures. Because the current data-
base did not contain information on conversion to open
thoracotomy during MIE, patients who underwent con-
version to open thoracotomy were included in the analyses.
In Japan, transhiatal esophagectomy (without upper medi-
astinal lymph node dissection) is not commonly performed
as a curative surgery for esophageal cancer;'” therefore, we
did not include patients who underwent laparoscopy-as-
sisted transhiatal esophagectomy in this study. Patients
who underwent two-stage reconstruction were also not
included. The exclusion criteria were age <18 years,
reconstruction using the intestine or vessel reconstruction,
combined surgery for laryngeal/hypopharyngeal cancer,
prescription of antiplatelet drugs (including aspirin, clopi-
dogrel, cilostazol, prasugrel, ticagrelor, and ticlopidine)
from the day of admission to the day of surgery, and
missing data on body mass index. We excluded patients
who were continuing antiplatelet drugs prior to surgery
because Japanese anesthesiologists may avoid the use of
EDA even in patients using aspirin alone. We did not
exclude patients with stage IV cancer because esophageal
cancer with supraclavicular lymph node metastasis is
generally considered curable by surgery in Japan,'®
although such metastasis is classified as stage IV with
distant metastases in the UICC classification.

We compared patients who did not use postoperative
continuous EDA (non-EDA group) and those who used
postoperative continuous EDA from the day of surgery
(EDA group).

The primary outcomes were in-hospital mortality, res-
piratory complications (J12-18, J80, J96, J690, J691, J958,
J959), and anastomotic leakage (T813, long-term drainage
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tube placement [defined as placement for >3 weeks after
surgery],’ and procedures for anastomotic leakage).

The secondary outcomes were 30-day mortality (defined
as death occurring within 30 days of MIE during initial
admission), major complications, use of mechanical ven-
tilation for >2 days and >7 days (defined as mechanical
ventilation use lasting >2 days and >7 days following
surgery, respectively), unplanned intubation, vasopressor
use (defined as continuous use of noradrenaline, dopamine,
or dobutamine) within postoperative day (POD) 3, nons-
teroidal anti-inflammatory drug (NSAID) use within
POD 3, acetaminophen use within POD 3, postoperative
length of stay, and total hospitalization costs. We defined
major complications as respiratory complications, anasto-
motic leakage, pneumothorax, chylothorax, empyema,
peritonitis, ileus, bowel obstruction, symptomatic
hiatal/diaphragmatic hernia, pulmonary embolism, acute
coronary syndrome, heart failure, stroke, acute kidney
injury, sepsis, and other conditions resulting in unplanned
intubation and/or death. The ICD-10 codes and procedures
used to define each postoperative complication are shown
in electronic supplementary Table 1.

We examined patient background factors, including sex,
age, body mass index classification, smoking index,
activities of daily living (Barthel index <95), comorbidi-
ties, clinical cancer stage, preoperative treatment
(chemotherapy/radiotherapy), and field of lymph node
dissection. Age was categorized into four groups: 18-64,
65-69, 70-74, and >75 years. The body mass index was
categorized into five groups based on the criteria for Asia-
Pacific populations by the World Health Organization'”:
<160 kg/m? 16.0-18.4 kg/m?, 18.5-22.9 kg/m?
23.0-27.4 kg/m?, and >27.5 kg/m’. The smoking index
was categorized into five groups: 0-5, 6-20, 2140, >41
pack-years, and missing. Comorbidities were scored using
the Charlson comorbidity index based on ICD-10 codes'®
and classified into three groups: 2, 3—4, and >5. The
Charlson comorbidity index, a method of predicting mor-
tality by classifying and weighting comorbidities, has been
validated and widely used in nationwide studies.'® The
clinical cancer stage was divided into three categories: 01,
[I-IV, and X/missing. In Japan, preoperative chemotherapy
has been the first-line treatment for resectable esophageal
cancer (clinical stage >II) since 2012, and preoperative
chemoradiotherapy has been evaluated in a clinical trial.*
The field of lymph node dissection was either two fields
(thoracic and abdominal approaches) or three fields (cer-
vical, thoracic, and abdominal approaches; with or without
supraclavicular lymph node dissection). In Japan, three-
field lymph node dissection generally involves cervical
anastomosis, whereas two-field lymph node dissection
involves intrathoracic anastomosis.”'

We also investigated hospital background factors (i.e.,
type of hospital, hospital volume, and hospital preference
for early extubation) and fiscal year. The type of hospital
was either nonteaching or teaching. Hospital volume was
defined as the number of MIEs performed per year in each
hospital and was categorized into four groups, with
approximately equal numbers of patients in each group.
Hospital preference for early extubation was examined
similar to a previous study*® because some hospitals
recently preferred early extubation to improve short-term
outcomes.”** We defined the proportion of patients who
were extubated on the day of surgery at each hospital as
hospital preference for early extubation and categorized
them into quartiles.

Statistical Analysis

We used stabilized inverse probability of treatment
weighting (IPTW) to estimate the average treatment effect
by creating a pseudo-dataset with PS.>>?® This analysis
adjusts for measured potential confounding and preserves
the sample size of the original data. The PS was estimated
by a multivariable logistic regression model based on the
background factors of patient, treatment, and hospital. We
calculated the C-statistic using the area under the receiver
operating characteristic curve to evaluate the ability of the
model to predict EDA use after esophagectomy. To
examine the balance in baseline covariates of patients
between the two groups, absolute standardized differences
were calculated, and a difference of <10% was considered
acceptable.”> After generating stabilized IPTW cohorts,
univariate regression analyses were performed to compare
the outcomes between the non-EDA group and the EDA
group: logistic regression analyses were performed for
binary outcomes, and linear regression analyses were per-
formed for continuous outcomes.

We performed four sensitivity analyses to confirm the
result of the primary outcomes in the stabilized IPTW
analysis. First, we conducted 1:3 PS matching.”> We used a
nearest-neighbor matching algorithm within a caliper
(<0.2 of the pooled standard deviation of estimated logits)
with replacement. Second, we performed a multivariable
logistic regression analysis for the all-patient cohort. We
fitted generalized estimating equations to adjust for within-
hospital clustering, such as the patients’ characteristics or
physicians’ practice patterns within the same hospital.*’
The explanatory variables were the same as those in the
regression analysis for estimating the PS. Third, we con-
ducted an instrumental variable analysis, aiming to adjust
for unmeasured background factors.”® We defined “facility
annual EDA usage rates’ as the current instrumental vari-
able. We used a two-stage residual inclusion method and
robust standard errors.”® The explanatory variables were
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the same as above. An F-statistic of >10 indicates that the
instrument is not weak.?® Finally, we performed subgroup-
stabilized IPTW analyses stratified by hospital volume
(<15.8 or >15.8 cases per year), and calculated the sub-
group-specific PS for each subgroup analysis.

The r-test was used to compare continuous variables and
the Chi-square test was used to compare categorical vari-
ables between the groups. Statistical significance was
accepted at p < 0.05. All statistical analyses were con-
ducted using STATA version 16 (StataCorp LLC, College
Station, TX, USA).

RESULTS

Overall, 13,203 patients who underwent MIE for eso-
phageal cancer from April 2014 to March 2019 were
identified. We excluded 515 patients who met the follow-
ing exclusion criteria: reconstruction using the intestine or
vessel reconstruction (n = 217), combined surgery for
laryngeal/hypopharyngeal cancer (n = 71), prescription of
antiplatelet drugs from the day of admission to the day of
surgery (n = 199), and missing data on body mass index
(n = 48). Thus, we analyzed 12,688 patients.

The patients’ mean age was 67 years, and 10,389
(81.9%) patients were male. EDA was used in 9954
(78.5%) patients. Table 1 shows the patients’ demographics
and clinical characteristics before and after the stabilized
IPTW, and electronic supplementary Table 2 shows the
patients’ demographics and clinical characteristics after PS
matching. The C-statistic was 0.67 in the PS models. In the
all-patient cohort, EDA was unlikely to be used in third-
quartile hospitals in hospital volume and teaching hospi-
tals, and was likely to be used in hospitals that prefer early
extubation. After the stabilized IPTW or PS matching, the
patient distributions were well-balanced between the
groups.

Table 2 shows the primary and secondary outcomes, and
electronic supplementary Table 3 shows the detailed
postoperative complications. In the all-patient cohort, the
EDA group had lower mortality (in-hospital mortality,
1.4% vs. 3.3%), fewer occurrences of complications, a
shorter postoperative length of stay, and lower total hos-
pitalization costs than the non-EDA group.

In the stabilized IPTW analyses, the EDA group had
significantly lower in-hospital mortality (1.4% vs. 3.1%;
odds ratio [OR] 0.46 [95% confidence interval 0.34-0.61]),
respiratory complications (16.2% vs. 20.6%; OR 0.74
[0.66-0.84]), and anastomotic leakage (11.7% vs. 14.7%;
OR 0.77 [0.67-0.88]) than the non-EDA group. The EDA
group also had lower 30-day mortality (OR 0.39
[0.22-0.70]), major complications (OR 0.79 [0.72-0.87]),
use of mechanical ventilation for >2 days (OR 0.77

[0.67-0.88]) and >7 days (OR 0.78 [0.65-0.93]), NSAID
use within POD 3 (OR 0.81 [0.74-0.89]), acetaminophen
use within POD 3 (OR 0.80 [0.72-0.89]), and unplanned
intubation (OR 0.74 [0.63—0.87]); a shorter duration of
postoperative length of stay by 4.5 days (p < 0.001); and
lower total hospitalization costs by $2303 (p < 0.001).
Additionally, the EDA group had a higher proportion of
vasopressor use within POD 3 (OR 1.10 [1.00-1.21]).

In the sensitivity analyses, 1:3 PS matching
(n = 10,937), multivariable regression analyses, and
instrumental variable analyses confirmed the relationship
of EDA use with in-hospital mortality and the risk of res-
piratory complications and anastomotic leakage (Table 3).
The F-statistic in the instrumental variable analysis was
2288, indicating that the facility annual EDA usage rates
were strong instrumental variables for predicting whether a
patient was in the EDA group or the non-EDA group.

Subgroup analyses showed that in-hospital mortality,
respiratory complications, and anastomotic leakage were
favorable in the EDA group regardless of hospital volume

(Fig. 1).
DISCUSSION

In this nationwide database study, we examined the
impact of EDA on short-term outcomes following MIE
with two- or three-field lymph node dissection for eso-
phageal cancer using two PS models and instrumental
variable analyses. Compared with non-EDA use, EDA use
was significantly associated with decreased in-hospital
mortality as well as lower major complications, respiratory
complications, and anastomotic leakage. To the best of our
knowledge, this study is the first to analyze the association
between EDA and short-term outcomes after MIE using a
large-scale database.

With the rapid and widespread adoption of MIE for
patients with esophageal cancer, it is meaningful to
examine the impact of EDA use in MIE. Although the
current guidelines from the Enhanced Recovery After
Surgery Society strongly recommend the use of EDA fol-
lowing esophagectomy,® the benefits of EDA use in MIE
remain unknown. Because MIE is associated with less
postoperative pain than OE,*’ esophageal surgeons and
anesthesiologists may not view EDA for MIE to be
essential. Indeed, the use of EDA in MIE varied from 23 to
93% in previous multicenter studies’™*' and would have
depended on the country and year of study.

Respiratory complications are the most common post-
operative complications after esophagectomy,'* even after
MIE.** Prevention of respiratory complications after
esophagectomy is particularly important because such
complications are reportedly associated with perioperative
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TABLE 1 Demographic and clinical characteristics of all patients and stabilized inverse probability of treatment-weighted patients
Characteristic All patients Stabilized IPTW patients®
Non-EDA EDA ASD Non-EDA EDA ASD
[n = 2734] [n = 9954] [n = 2764] [n = 9924]
Sex, male 2273 (83.1) 8116 (81.5) 4.2 2264 (81.9) 8123 (81.9) 0.2
Age, years
18-64 851 (31.1) 3513 (35.3) 8.9 926 (33.5) 3408 (34.3) 1.8
65-69 678 (24.8) 2397 (24.1) 1.7 682 (24.7) 2408 (24.3) 1.0
70-74 646 (23.6) 2164 (21.7) 4.5 605 (21.9) 2198 (22.1) 0.6
>75 559 (20.4) 1880 (18.9) 39 550 (19.9) 1910 (19.2) 1.6
Body mass index, kg/m2
<16.0 88 (3.2) 325 (3.3) 0.3 88 (3.2) 322 (3.2) 0.3
16.0-18.4 370 (13.5) 1402 (14.1) 1.6 385 (13.9) 1385 (14.0) 0.1
18.5-22.9 1423 (52.0) 5201 (52.3) 0.4 1428 (51.7) 5178 (52.2) 1.0
23.0-27.4 736 (26.9) 2689 (27.0) 0.2 770 (27.9) 2685 (27.1) 1.8
>27.5 117 (4.3) 337 (3.4) 4.7 93 (3.4) 354 (3.6) 1.1
Smoking index, pack-years
0-5 721 (26.4) 2735 (27.5) 2.5 776 (28.1) 2714 (27.3) 1.6
6-20 330 (12.1) 1286 (12.9) 2.6 341 (12.3) 1265 (12.7) 1.2
21-40 588 (21.5) 2420 (24.3) 6.7 651 (23.6) 2349 (23.7) 0.3
>41 746 (27.3) 2513 (25.2) 4.6 708 (25.6) 2547 (25.7) 0.1
Missing 349 (12.8) 1000 (10.0) 8.6 289 (10.5) 1049 (10.6) 0.4
Barthel index <95 99 (3.6) 256 (2.6) 6.1 81 (2.9) 277 (2.8) 0.8
Charlson comorbidity index
2 2088 (76.4) 8001 (80.4) 9.7 2192 (79.3) 7895 (79.6) 0.6
34 463 (16.9) 1349 (13.6) 9.4 409 (14.8) 1415 (14.3) 1.5
>5 183 (6.7) 604 (6.1) 2.6 163 (5.9) 613 (6.2) 1.2
Hypertension 632 (23.1) 2269 (22.8) 0.8 630 (22.8) 2270 (22.9) 0.2
Diabetes 429 (15.7) 1269 (12.7) 8.4 364 (13.2) 1328 (13.4) 0.6
COPD 92 (3.4) 219 (2.2) 7.1 66 (2.4) 243 (2.4) 0.4
Clinical cancer stage
0-1 916 (33.5) 3531 (35.5) 4.1 1000 (36.2) 3491 (35.2) 2.1
I-1v 1709 (62.5) 6287 (63.2) 1.3 1716 (62.1) 6248 (63.0) 1.8
X or missing 109 (4.0) 136 (1.4) 16.3 48 (1.7) 185 (1.9) 1.0
Preoperative chemotherapy 1426 (52.2) 5220 (52.4) 0.6 1423 (51.5) 5189 (52.3) 1.6
Preoperative radiotherapy 155 (5.7) 493 (5.0) 3.2 149 (5.4) 507 (5.1) 1.3
Field of lymph node dissection
Two-field 218 (8.0) 736 (7.4) 22 189 (6.8) 740 (7.5) 24
Three-field 2516 (92.0) 9218 (92.6) 2575 (93.2) 9185 (92.6)
Teaching hospital 1736 (63.5) 5821 (58.5) 10.3 1659 (60.0) 5911 (59.6) 0.9
Hospital volume, cases/year
<8.0 617 (22.6) 2540 (25.5) 6.9 694 (25.1) 2474 (24.9) 0.4
8.0-15.7 486 (17.8) 2476 (24.9) 174 695 (25.1) 2325 (23.4) 4.0
15.8-37.9 1042 (38.1) 2206 (22.2) 353 654 (23.7) 2520 (25.4) 4.0
>38.0 589 (21.5) 2732 (27.4) 13.8 721 (26.1) 2605 (26.2) 0.4
Hospital preference for early extubation
<5% 632 (23.1) 2439 (24.5) 33 676 (24.5) 2411 (24.3) 0.4
5-49% 1063 (38.9) 2198 (22.1) 37.1 689 (24.9) 2539 (25.6) 1.5
50-89% 674 (24.7) 2291 (23.0) 3.8 633 (22.9) 2317 (23.3) 1.1
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Table 1 (continued)

Characteristic All patients Stabilized IPTW patients®
Non-EDA EDA ASD Non-EDA EDA ASD
[n = 2734] [n = 9954] [n = 2764] [n = 9924]
>90% 365 (13.4) 3026 (30.4) 42.1 766 (27.7) 2657 (26.8) 2.1
Fiscal year
2014 421 (15.4) 1489 (15.0) 1.2 391 (14.1) 1488 (15.0) 2.4
2015 494 (18.1) 1609 (16.2) 5.1 469 (17.0) 1653 (16.7) 0.8
2016 596 (21.8) 2111 (21.2) 1.4 609 (22.0) 2120 (21.4) 1.6
2017 657 (24.0) 2418 (24.3) 0.6 704 (25.5) 2414 (24.3) 2.6
2018 566 (20.7) 2327 (23.4) 6.5 590 (21.3) 2249 (22.7) 32

Data are expressed as n (%)

IPTW inverse probability of treatment weighting, EDA epidural analgesia, ASD absolute standardized difference, COPD chronic obstructive

pulmonary disease

4Counts in the weighted cohort may not sum to expected totals owing to rounding, and percentages may not total 100 because of rounding

mortality’ and poor overall and cancer-specific sur-
vival.**** One meta-analysis showed that EDA decreased
the risk of respiratory complications, prolonged ventilation,
and re-intubation following abdominal or thoracic sur-
gery.”® In line with a previous study mainly focusing on
OE,'! our results clearly showed that EDA use in MIE was
associated with decreased respiratory complications.
Additionally, the need for postoperative interventions
presumably required for respiratory complications (i.e., use
of mechanical ventilation for >2 days and >7 days, and
unplanned intubation) was also decreased in the EDA
group. Even in MIE with small incisions, good pain control
by EDA would allow for early mobilization and rehabili-
tation, which can restore muscle and lung function,
improve sputum evacuation,”® and consequently reduce
respiratory complications and interventions.

Anastomotic leakage is the second most common
complication after esophagectomy and worsens short-term
outcomes.">*> Whether EDA affects gastrointestinal
anastomosis remains controversial.>**” A previous study
predominantly involving Sweet esophagectomy (partial
esophagectomy with proximal gastrectomy) showed that
EDA did not affect anastomotic leakage.”® Another study
revealed that hypotensive episodes (defined as a drop in
systolic blood pressure to <70% of baseline) due to bolus
EDA may reduce gastric blood flow® and increase the risk
of anastomotic leakage after esophagectomy.*® However,
our study demonstrated that EDA use in MIE was signifi-
cantly associated with decreased anastomotic leakage,
concordant with previous studies mainly in OE.'"*! Con-
tinuous EDA may improve the microcirculation of the
gastric tube in the anastomotic area in the early postoper-
ative period following esophagectomy.*” Indeed, EDA was
reported to improve gastric (and transverse colon) mucosal
blood flow after rectal cancer surgery.*’ In the current

study, EDA use was associated with increased vasopressor
use. While EDA use may decrease blood pressure after
esophagectomy,'' appropriate use of vasopressors with
adequate fluid load may have helped to avoid anastomotic
leakage due to EDA-induced hypotensive episodes.>” EDA
use was also associated with decreased NSAID use. Pre-
vious studies have suggested that postoperative NSAID use
may increase the risk of anastomotic leakage after gas-

trointestinal ~ anastomoses, although its effect on
anastomotic leakage after esophagectomy remains
unclear.*

Notably, we showed that EDA was associated with low
in-hospital mortality. The impact of EDA use on mortality
would have been attributed to the two most frequent
complications after esophagectomy, namely respiratory
complications and anastomotic leakage, which are also
major causes of death after esophagectomy.’ There are
other possible mechanisms for this substantial reduction in
postoperative mortality in the EDA group: reduction of the
stress response;>* suppression of systemic inflammatory
reactions;*? and improvement of coagulation, gastroin-
testinal, metabolic, and immune functions through
suppression of central sympathetic stimulation.”* EDA is
also considered to benefit cardiac outcomes.* In the cur-
rent study, EDA was associated with a low proportion of
acute coronary syndrome (electronic supplementary
Table 3), in line with previous studies.*** Additionally,
EDA might have reduced the systemic analgesic require-
ments; the incidence of adverse effects, such as sedation,
dizziness, respiratory depression, postoperative nausea, and
vomiting caused by opioids;'® and the gastric mucosal,
small bowel, and renal injury caused by NSAIDs.*®

In our study, in-hospital mortality in patients undergoing
MIE was only 1.8%, which is lower than that in previous
nationwide studies from other countries.*”*® However, this
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TABLE 2 Association between epidural analgesia and outcomes in all patients and stabilized inverse probability of treatment-weighted patients

Outcome All patients Stabilized IPTW patients

Non-EDA EDA p-value  Non-EDA EDA OR or p-value
[n = 2734] [n = 9954] [n = 2764] [n = 9924] coef® (95% CI)

In-hospital mortality 90 (3.3) 140 (1.4) <0.001 86 (3.1) 143 (1.4) 0.46 (0.34-0.61) <0.001

30-day mortality 22 (0.8) 34 (0.3) 0.001 24 (0.9) 34 (0.3) 0.39 (0.22-0.70) 0.001

Respiratory 545 (19.9) 1594 (16.0) <0.001 570 (20.6) 1605 (16.2) 0.74 (0.66-0.84) <0.001
complications

Anastomotic leakage 422 (15.4) 1135 (11.4) <0.001 405 (14.7) 1159 (11.7) 0.77 (0.67-0.88) <0.001

Major complications 1082 (39.6) 3281 (33.0) <0.001 1077 (39.0) 3330 (33.6) 0.79 (0.72-0.87) <0.001

Mechanical ventilation 408 (14.9) 1002 (10.1) <0.001 367 (13.3) 1045 (10.5) 0.77 (0.67-0.88) <0.001
for >2 days

Mechanical ventilation 224 (8.2) 525 (5.3) <0.001 195 (7.1) 552 (5.6) 0.78 (0.65-0.93) 0.005
for >7 days

Unplanned intubation 266 (9.7) 581 (5.8) <0.001 231 (8.4) 626 (6.3) 0.74 (0.63-0.87) <0.001

Vasopressorb use 1261 (46.1) 4272 (42.9) 0.003 1155 (41.8) 4378 (44.1) 1.10 (1.00-1.21) 0.049
within POD 3

NSAID use within 1589 (58.1) 5210 (52.3) <0.001 1595 (57.7) 5212 (52.5) 0.81 (0.74-0.89) <0.001
POD 3

Acetaminophen use 1949 (71.3) 6786 (68.2) 0.002 2000 (72.4) 6725 (67.8) 0.80 (0.72-0.89) <0.001
within POD 3

Postoperative length 26 (18-42) 22 (16-35) <0.001 25 (18-41) 22 (17-36) —4.5(—6.1 to —2.9) <0.001
of stay, days

Total hospitalization 30,664 29,034 <0.001 30,193 29,247 —2303 (—3113 to <0.001

costs, US$ (26,662-38,886) (25,911-34,711)

(26,323-38,016) (26,032-35,091) —1492)

Data are expressed as n (%) or median (interquartile range)

IPTW inverse probability of treatment weighting; EDA, epidural analgesia; POD postoperative day; OR odds ratio; coef coefficient; CI confidence interval; NSAID

nonsteroidal anti-inflammatory drug
“OR or coefficient is with reference to patients in the non-EDA group

bVasopressors were defined as noradrenaline, dopamine, or dobutamine

low mortality is consistent with previous nationwide
studies in Japan.™* Moreover, a previous report from the
University of Pittsburgh, which acted as a benchmark of
MIE,* showed equivalent mortality, indicating the relia-
bility of our dataset and study results.

The benefits of EDA in minimally invasive surgery are
still under debate. To the best of our knowledge, no other
study of any type of minimally invasive surgery has shown
the association between EDA and favorable short-term
outcomes other than pain control or the time to first passage
of flatus.”®>! Recent studies of minimally invasive surgery
in other fields such as colorectal surgery and lobectomy
showed that EDA did not reduce postoperative complica-
tions*®>*>% and that it increased hospital stays®®>® and
hospitalization costs;*® consequently, the use of EDA has
been decreasing in these surgeries.’®>® This tendency was
acceptable: EDA has been reported to provide less benefit
in low-risk surgeries because of improvements in systemic
analgesia during the past few decades.** However, in MIE,
which is associated with high mortality and morbidity even
with its minimally invasive approach compared with other
surgeries (such as colorectal surgery>® and lobectomy’?),
the use of EDA can improve the short-term postoperative
outcomes. Therefore, EDA use in minimally invasive

surgery might be recommended, especially in high-risk
procedures such as  thoraco-abdominal  subtotal
esophagectomy. To support this recommendation, further
investigations may be required to uncover the pathological
mechanisms of the substantial reduction in complications.

Several limitations of this study should be acknowl-
edged. First, information on histopathology (squamous cell
carcinoma or adenocarcinoma) was not available from the
Diagnosis Procedure Combination database. In a previous
report involving 336 institutions in Japan, squamous cell
carcinoma accounted for 87.8% and adenocarcinoma for
6.3%.>" Three-field lymph node dissection was therefore
the major technique used in the current study, unlike in
previous Western studies. However, the surgical procedure
was adjusted in the analysis, increasing the generalizability
of the results. Second, the reasons for non-EDA use were
unclear because of the limited available data in our data-
base and the retrospective nature of the study; for example,
some of these reasons might have been failure of EDA
(e.g., technical failure of catheterization, catheter malpo-
sitioning or displacement), facility preference, coagulation
abnormalities, and post-spine surgery. The proportion of
failure of EDA for esophagectomy reportedly ranges from
17 to 21%,>* which is similar to the proportion of non-EDA
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TABLE 3 One-to-three propensity score matching, multivariable regression, and instrumental variable analyses for primary outcomes

Outcome 1:3 propensity score matching Multivariable regression® Instrumental variable®

OR® (95% CI) p-value OR® (95% CI) OR® (95% CI) p-value
In-hospital mortality 0.49 (0.38-0.64) <0.001 0.46 (0.34-0.62) 0.60 (0.39-0.90) 0.015
Respiratory complications 0.79 (0.71-0.88) <0.001 0.84 (0.70-1.00) 0.66 (0.56-0.77) < 0.001
Anastomotic leakage 0.80 (0.71-0.91) <0.001 0.77 (0.65-0.91) 0.83 (0.70-0.99) 0.040

OR odds ratio; CI confidence interval

“The explanatory variables were sex, age, body mass index, smoking index, Barthel index, Charlson comorbidity index, diabetes, hypertension,
chronic obstructive pulmonary disease, clinical cancer stage, preoperative chemotherapy, preoperative radiotherapy, field of lymph node
dissection, hospital type, hospital volume, hospital preference for early extubation, and fiscal year. Generalized estimating equations were used to
adjust for within-hospital clustering

The instrumental variable was defined as “facility annual epidural analgesia usage rates’. The explanatory variables were the same as those in the
multivariable regression,” with the residuals calculated for each patient based on the difference between the model-predicted probability of
receiving epidural analgesia and the actual receipt of it

“OR is with reference to patients in the non-epidural analgesia group

Subogroup OR (95% CI) P value
In-hospital mortality
<15.8 0.42 (0.29 0.60) <.001 !
Hospital volume, cases/year >15.8 0.54 (034 0.87) o1 . i
Overall 0.46 (0.34 0.61) <001 ———— i
Respiratory complications i
<15.8 0.72 (0.61 0.84) <.001 —— E
Hospital volume, cases/year 5158 075 (0.63 0.90) 002 : E
Overall 0.74 (0.66 0.84) <.001 —— i
Anastomotic leakage E
<15.8 0.77 (0.64 0.92) .005 —— E
Hospital volume, cases/year 158 0.79 (0.65 0.96) 016 N i
Overall 0.77 (0.67 0.88) <.001 ——i i
0.25 0.50 1.00

FIG. 1 Subgroup analyses of primary endpoints in stabilized inverse
probability of treatment-weighted patients stratified by hospital
volume. ORs of in-hospital mortality, respiratory complications, and

use in the present study. Obesity might be associated with
EDA failure,” but we adjusted for body mass index in the
current analyses. Facility preference was adjusted in the
multivariable regression analysis with generalized esti-
mating equations to adjust for within-hospital clustering.
Moreover, the instrumental variable analysis could adjust
for these unmeasured confounders. Third, postoperative
pain management in the non-EDA group (e.g., intravenous
patient-controlled analgesia, paravertebral block) was not
available in our database. Additionally, we were unable to
investigate pain scores and opioid use. This information
warrants inclusion in further studies. Fourth, information
on the abdominal approach was not included in the data-
base. Although EDA is generally considered to be used
more frequently in laparotomy than in laparoscopy, the
EDA group had more favorable short-term outcomes than
the non-EDA group. A previous study showed that

anastomotic leakage associated with epidural analgesia use are
shown. ORs were calculated with reference to patients in the non-
epidural analgesia group. OR odds ratio, CI confidence interval

following thoracoscopic esophagectomy, there were no
significant differences in respiratory complications or
anastomotic leakage between laparotomy and laparo-
scopy.’® Finally, the results regarding postoperative length
of stay may not be generalizable to other countries because
the median length of stay in our study was longer than that
in previous studies in other countries.”’ The length of stay
in Japan is generally relatively long, presumably because of
the health care system.”®’

CONCLUSIONS

The current study revealed that the use of EDA in MIE
with two- or three-field lymph node dissection for eso-
phageal cancer was associated with decreased in-hospital
mortality, respiratory complications, and anastomotic
leakage, regardless of hospital volume. EDA use was also
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associated with a shorter length of stay after surgery and
lower total hospitalization costs. These findings support the
use of EDA in MIE as well as in OE.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1245/s10434-
022-12346-x.
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