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After-hours esophagectomy may pose additional risk to patients
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Background: The increase in the incidence of esophageal cancers (ECs) combined with fewer surgeons
working at large centers will increase the likelihood of surgery for ECs being performed during later hours.
This study aimed to compare esophagectomies’ operative outcomes for EC performed at different surgical
starting times.

Methods: This was a single-center, retrospective study. Risk-adjusted cumulative sum curve analysis and
Cox regression analysis were used to identify the potential change-point of surgical starting times. The
participants were then divided into 2 groups according to the change-point time. Propensity score matching
was used to control confounding factors between the 2 groups. We compared the short- and long-term
outcomes in both groups.

Results: A total of 702 patients who underwent potentally radical esophagectomy from 7 May 2014 to 31
December 2017 in our institute were included. The 3-year all-cause mortality showed a significant change-
point at 16:42, with an increment from 56.5% to 76.9% (P=0.043). Esophagectomy that commenced
between 17:00-18:59 was associated with significantly lower overall survival (OS) [multivariate hazard ratio
(HR): 2.47; 95% confidence interval (CI): 1.25 to 4.90; P=0.010] and disease-free survival (DFS) (multivariate
HR: 2.14; 95% CI: 1.08 to 4.21; P=0.028). The participants were allocated to the during-hours group and
the after-hours group according to the change-point of 17:00. A total of 84 participants in the during-hours
group were matched to 33 participants in the after-hours group. The median operative time was shorter in
the after-hours group [309 (during-hours) vs. 239 (after-hours) minutes, P=0.014); the after-hours group had
a greater incidence of respiratory complications (22.63% vs. 45.45%, P=0.023) and 90-day mortality (0 vs.
9.09%, P=0.021). The 5-year OS (P=0.042) and DFS (P=0.030) were significantly higher in the during-hours
group.

Conclusions: Esophagectomies started during after-hours are correlated with poorer surgical outcomes. It

is recommended to cancel selective esophagectomies due to commence after 17:00.
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Introduction

Esophagectomy is an important part of the radical treatment
of esophageal cancer (EC) (1-3). However, performing
esophagectomy demands very high skills, takes a long
time, and is accompanied by a high chance of morbidity
and mortality than most other surgical procedures (4-6).
It has been repeatedly noticed that surgical expertise is
closely related to the short- and long-term prognosis of EC
(7-10), emphasizing the value of surgeons’ surgical
techniques and performance in the treatment of EC.
Meanwhile, these findings support the centralization of
EC surgeries, with fewer surgeons working at large centers
(8,9), which will inevitably increase the likelihood of
operations being conducted during after-hours. Long hours
of work may lead to inattention, lack of sleep, and fatigue of
surgeons, which may impact surgery outcomes (11).

Many previous studies have shown that the operation
start-time has a significant impact on patients’ prognosis
in general, including vascular surgery, cardiac surgery,
and neurosurgery (12-17). A large multicenter study from
Sweden showed that patients who underwent EC surgery on
Monday and Tuesday had a higher 5-year survival rate than
those who underwent the same procedure from Wednesday
to Friday (18), further suggesting that the timing of surgery
may affect the outcome of esophageal surgery.

To the best of our knowledge, no previous study has
evaluated the relationship between the start time of the
day and the outcome of the operation. We presumed
that esophagectomy’s surgical outcomes would worsen if
the operation were started at a late time of the day. The
purpose of this study was to compare the surgical and
survival outcomes of patients undergoing potentially radical
esophagectomy performed at different surgical starting
times. We present the following article in accordance with
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-3141).

Methods
Participant selection

We investigated patients who underwent potentially
radical esophagectomy between 7 May 2014 to 31
December 2017 in our institute. The exclusion criteria
included pathology other than squamous cell carcinoma or
adenocarcinoma, multiple primary tumors, recurrent cases,
and palliative surgery, considering that neoadjuvant therapy
was used mainly in more recent years, and the surgeries
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were conducted mostly in the morning, patients with
preoperative neoadjuvant therapy were also excluded. The
patient recruitment process is shown in Figure 1. The main
outcome measures were operative time, estimated blood
loss, complications, postoperative hospital stay, lymph node
dissection, positive resection margin, and survival outcome.
The patient’s age, gender, body mass index, American
Association of Anesthesiologists (ASA) score, history of
smoking and drinking, medical comorbidities, tumor
location, tumor node metastasis ('INM) staging, and mode
of operation were retrospectively collected from electronic
medical records. According to the well-validated Charlson
comorbidity index (CCI) scoring system (19), comorbidity
was assessed. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). The study
was approved by the institutional review board of Tongji
Hospital, Tongji Medical College, Huazhong University
of Science and Technology (NO.: TJ-C20201203) and
individual consent for this retrospective analysis was waived.

Surgeon validation

All operations were performed by 5 qualified thoracic
surgical teams and 18 surgeons in our institution.

Surgical procedure

The McKeown approach was performed for participants
who had upper thoracic EC to ensure the resections were
margin-free. The operation of middle and lower thoracic
EC was mainly based on the preoperative evaluation.

In the McKeown approach, thoracotomy or video-
assisted thoracoscopic surgery (VATS) is performed to
mobilize esophageal and resect mediastinal lymph nodes.
Then, a tubular stomach was created and anastomosed by a
disposable circular stapler at the left neck. Upper abdominal
and mediastinal lymph nodes, including those along the
bilateral recurrent laryngeal nerve, were routinely radically
resected. Cervical lymphadenectomy was be performed only
when cervical lymph node metastases were suspected upon
ultrasound or computed tomography (CT) scan.

In the Ivor-Lewis approach, tubular gastroplasty and
abdominal lymph node dissection were performed through
laparoscopic or epigastric median incision first, and then
the esophagus was dissociated and resected through the
fifth posterolateral intercostal incision or VATS. Finally,
a disposable circular stapler was used for anastomosis at
the top of the thoracic cavity. The extent of lymph node
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802 patients underwent surgery
due to esophageal cancer between
May 7, 2014 to December 31,2017

100 excluded:

26 for pathology other than
squamous cell carcinoma or
adenocarcinoma

A

Y

multiple primary tumors
14 for palliative surgery
2 for recurrent cases
10 for neoadjuvant therapy

702 patients eligible for matching: 669
patients who underwent surgery upon the
during-hours (during-hours group). and

33 upon the after-hours (after-hours group)

22 for no accurate surgical
starting time record
36 lost to follow-up

Propensity score matching at a ratio
of 3:1 within a caliper of 0.01:
1.Sex, age

2.Tumor location

3.Pathological stage

4.Surgeon

5.Approach

Y

unmatched, n=585

matched, n=117

Eligible for analysis in the
during-hours group,n=84

Figure 1 Flowchart of participant selection.

dissection was the same as in the McKeown approach.

In the Sweet approach, left posterolateral thoracotomy
was performed through an incision in the sixth or seventh
intercostal. After complete mobilization of the esophagus, the
diaphragm was incised to expose the abdominal cavity and
create a tubular stomach. The anastomosis was performed
above or below the aortic arch. The lower mediastinum and
abdominal lymph nodes were routinely resected.

Minimally invasive esophagectomy (MIE) was defined
when both the thoracic and abdominal parts of the surgery
are carried out using endoscopy.

All participants received enteral nutritional support
through a duodenal nutritional tube or jejunostomy tube.
According to the eighth edition of the Union for International
Cancer Control and the American Joint Committee on
Cancer (UICC/AJCC) TNM classification (20), the
pathological tumor stages were evaluated. Lymph node
stations were named according to the Japanese Classification
for Esophageal Cancer (21).

Postoperative management

The patient was admitted to the intensive care unit (ICU)
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Eligible for analysis in the
after-hours group, n=33

immediately after recovery from anesthesia. The nutritional
tube was removed when the diet had satisfactorily
returned. According to the Clavien-Dindo system (22,23),
postoperative complications are defined as grade 2 or above
complications. Postoperative pulmonary complications were
pneumonia, respiratory failure, or acute respiratory distress
syndrome (ARDS). Cardiovascular complications, such as
arrhythmia and heart failure, were recorded. The clinical
anastomotic fistula was diagnosed in obvious clinical features
or confirmed by esophagography, endoscopy, or methylene
blue test. Other complications, including hoarseness and
chylothorax, were also recorded. Postoperative death was
defined as death within 90 days of operation (24).

Follow-up

A telephone follow-up was generally carried out every
3 months for the first 2 years and 6 months for the next
3 years. The medical reports would be requested from the
patient if tumor recurrence was suspected. The overall
survival (OS) time was measured in months from the date
of surgery to death or last follow-up. Disease-free survival
(DFS) was defined as the time from surgery to recurrence
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or death from any cause, and participants with a positive
resection margin were excluded from the DFS calculation.

Statistical analysis

The statistical analyses were performed using the STATA
16.0 software (Stata Corp., College Station, TX, USA).
Data were presented as number (n) and percentage (%)
for categorical data or median and interquartile range
(IQR) for continuous variables. All statistical testing was
2-sided, and P values <0.05 were considered statistically
significant.

Risk-adjusted cumulative sum curve analysis

We created a risk-adjusted cumulative sum (RA-CUSUM)
curves to define the performance-time curve for 1-, 2-,
and 3-year all-cause mortality after esophagectomy (25).
Using logistic regression, risk prediction models were
employed to calculate the predicted probability of each
outcome in each case (the expected mortality/survival).
Potential confounding factors included in the models
were age (continuous variable), gender (male or female),
nutritional status (normal, underweight, or overweight),
smoking index (0, 0-1,000, or >1,000), alcohol addiction
(yes or no), CCI (0, 1, or >1), ASA (I, II, or III), tumor
pathology (adenocarcinoma or squamous cell carcinoma),
pathologic stage (stage 0-I, II, III, or IV), tumor location
(upper, middle, or lower), approach (Sweet, Ivor-Lewis,
or McKeown), MIE (yes or no), and surgeon with the
high professional title (yes or no). The curves plotted
the cumulative difference between the observed and
expected mortality according to the risk-adjustment
model. This was calculated using the CUSUM equation
Si=Si-1+(Xi- XR); S0=0: Si is the cumulative sum, i
the sum of events at surgical starting time i, and >R the
sum of expected events at surgical starting time i. On the
basis of this equation, the curve increased if the observed
mortality/survival exceeded the expected mortality/
survival and vice versa. Change-points were identified as
the maximal deflection of the curve from 0. The change-
points’ statistical significance was analyzed by comparing
mortality before and after the change-points, using
Fisher’s exact test.

Cox regression analysis

Surgical starting times were then analyzed concerning the
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survival outcomes, using a multivariable Cox-proportional
hazards model, and providing hazard ratios (HRs) with 95%
confidence intervals (Cls). The HRs were adjusted for all 13
potential confounding factors listed above (with the same
categorization).

Propensity score-matched analysis

Based on the above results, we divided the participants into
2 groups: those operated upon within during-hours (before
17:00) and those upon within the after-hours (after 17:00).
Selected cases from the 2 groups were matched at a ratio
of 3:1 using the nearest-neighbor method with a caliper
width of 0.01. The propensity scores were developed from
a logistic regression model with covariates consisting of
gender, age, tumor location, pathological stage, surgeon
with senior professional title, and approach. The Wilcoxon
rank-sum test was applied for comparing continuous
variables, while for categorical data, Fisher’s exact test was
applied to compare variables between the during- and after-
hours groups in both the unmatched and matched cohorts.
The OS and DFS were analyzed with the Kaplan-Meier
method, and the log-rank test evaluated between-group
differences.

Results

A total of 702 patients who underwent radical esophagectomy
between 7 May 2014 and 31 December 2017 in our institute
were included in this study. Complete descriptions of
participant and tumor characteristics are listed in Tizble 1.

Surgical starting time and change-points in mortality

The RA-CUSUM analyses are illustrated in Figure 2. The
pivotal change-point for 1-year all-cause mortality was
15:34, with an increment from 16.9% to 23.8% (P=0.098;
Figure 24). The mortality rate was comparable before and
after the change-point of 13:22 of 2-year all-cause mortality
(38.15% wvs. 36.89%, P=0.806; Figure 2B). The RA-CUSUM
analysis of 3-year all-cause mortality showed that 16:42 was
a significant change-point, with an increment from 56.5%
to 76.9% (P=0.043; Figure 2C).

A multivariate Cox proportional hazards model
also showed the different survival outcomes of various
surgical starting times (7able 2). Surgery that was started
between 17:00 and 18:59 was associated with significantly
lower OS (multivariate HR: 2.47; 95% CI: 1.25 to 4.90;
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Table 1 Characteristics before and after propensity score matching

Before matching After matching
Variables Overall During-hours"  After-hours' P value During-hours”  After-hours’ P value
(n=669) (n=33) (n=84) (n=33)

Age, years 60 [54-65] 60 [54-65] 63 [54-67] 0.179 63 [57.5-68] 63 [54-67] 0.609

Sex 0.149 0.812
Male 583 (83.0) 559 (83.56) 24 (72.73) 64 (76.19) 24 (72.73)

Female 119 (17.0) 110 (16.44) 9 (27.27) 20 (23.81) 9 (27.27)
BMI (kg/m?) 21.72 21.72 21.83 0.885 21.87 21.83 0.905
(19.95-23.80)  (19.95-23.80) (20.12-23.74) (20.14-23.83) (20.15-23.74)

Nutritional status* 0.562 0.669
Normal 387 (55.1) 370 (55.31) 17(51.52) 43 (51.19) 17 (51.52)
Underweight 72 (10.3) 67 (10.01) 5(15.15) 8(8.33) 5(15.15)
Overweight 243(34.6) 232 (34.68) 11 (33.33) 33 (39.29) 11 (33.33)

Smoker index 0.096 0.467
0 213 (30.3) 198 (29.6) 15 (45.45) 29 (34.52) 15 (45.45)

0-1,000 376 (53.6) 364 (54.41) 12 (36.36) 40 (47.62) 12 (36.36)
>1,000 113 (16.1) 107 (15.99) 6(18.18) 15 (17.86) 6 (18.18)

Alcohol addicted 413 (58.8) 396 (59.19) 17 (51.52) 0.469 42 (50.00) 17 (51.52) 1.000

Charlson comorbidity index 0.408 0.613
0 452 (64.4) 427 (63.83) 25 (75.76) 57 (67.86) 25 (75.76)

1 194 (27.6) 187 (27.95) 7 (21.21) 20 (23.81) 7 (21.21)
>1 56 (8.0) 55 (8.22) 1(3.03) 7 (8.33) 1(3.03)

ASA score 0.196 0.497
I 63 (9.0) 60 (8.97) 3(9.09) 7 (8.33) 3(9.09)

Il 525 (74.8) 504 (75.34) 21 (63.64) 62 (73.81) 21 (63.64)
I} 114 (16.2) 105 (15.70) 9 (27.27) 15 (17.86) 9 (27.27)

Tumor histology 0.062 0.135
Adenocarcinoma 20 (2.8) 652 (97.46) 30 (90.01) 82 (97.62) 30 (90.91)
Squamous cell carcinoma 682 (97.1) 17 (2.54) 3(9.09) 2 (2.38) 3(9.09)

Tumor location 0.190 1.000
Upper 57 (8.1) 55 (8.22) 2 (6.06) 4 (4.76) 2 (6.06)

Middle 467 (66.5) 449 (67.12) 18 (54.55) 47 (55.95) 18 (54.55)
Lower 178 (25.4) 165 (24.66) 13(39.39) 33 (39.29) 13(39.39)

Pathological stage 0.320 0.723

0-1 133 (18.9) 128 (19.13) 5(15.15) 18 (21.43) 5(15.15)
I 248 (35.3) 231 (34.53) 17 (51.52) 33 (39.29) 17 (51.52)

Table 1 (continued)
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Table 1 (continued)
Before matching After matching
Variables Overall During-hours”  After-hours' During-hours™  After-hours'
(n=669) (n=3z T vaue (n=84) (n=3z T vaue
M 261 (37.2) 252 (37.67) 9 (27.27) 26 (30.95) 9 (27.27)
v 60 (8.5) 58 (8.67) 2 (6.06) 7 (8.33) 2 (6.06)
Surgeon with high professional title 350 (49.9) 329 (49.18) 21 (63.64) 0.112 44 (52.38) 21 (63.64) 0.306
Approach <0.001 1.000
McKeown 215 (30.6) 333 (49.78) 6(18.18) 16 (19.05) 6(18.18)
Ivor-Lewis 148 (21.1) 145 (21.67) 3(9.09) 7 (8.33) 3(9.09)
Sweet 339 (48.3) 191 (28.55) 24 (72.73) 61 (72.62) 24 (72.73)
MIE 384 (54.7) 377 (56.35) 7 (21.21) <0.001 23 (27.38) 7 (21.21) 0.639

Values are given as median (IQR) or n (%). ', during-hours group: participants who underwent surgery that started before 17:00;
after-hours group: participants who underwent surgery that started after 17:00; ¥, nutritional status defined by Asian adult standard, which
is underweight, BMI below 18.5; and overweight, BMI over 23.0. MIE, minimally invasive esophagectomy.

P=0.010) and DFS (multivariate HR: 2.14; 95% CI: 1.08 to
4.21; P=0.028).

Characteristics before and after propensity score matching

Before propensity score matching, the after-hours group
had a significantly larger proportion of the Sweet approach
and a lower rate of MIE than the during-hours group
(P<0.001, Table ). After matching, the 2 groups (84 in the
during-hours group and 33 in the after-hours group) did
not differ significantly in any participant characteristics
(Figure 1; Table I).

Peri-operative outcomes

Peri-operative outcomes are summarized in 7able 3. The
median operative time was shorter in the after-hours than
the during-hours group before and after matching (P=0.001,
0.014, respectively). The after-hours group had a greater
incidence of respiratory complications than the during-
hours group both before and after matching (P=0.026, 0.023,
respectively). The incidence of cardiac complications was
higher in the after-hours group before matching (P=0.035).
The after-hours group had 3 cases of 90-day mortality
(1 case of respiratory and heart failure and 2 cases of sepsis
caused by intrathoracic anastomosis leak), while the during-
hours group had none after matching. The median bleeding
volume, duration of postoperative hospitalization, and
other complications did not significantly differ between

© Journal of Thoracic Disease. All rights reserved.

the during- and after-hours groups either before or after
matching.

Pathologic and oncologic outcomes

The pathologic and oncologic outcomes are summarized
in Table 4. There were no significant differences between
the 2 groups regarding the median numbers of harvested
lymph nodes, the incidence of positive resection margin,
TNM stage, depth of invasion, N- classification, or degree
of differentiation either before or after matching.

Survival outcomes

The median time of follow-up for the whole cohorts was
25 months (IQR,14-36 months), in which the median
follow-up in the during-hours group was 25 months (IQR,
14-37 months) and 24 months (IQR, 10-30 months) in the
after-hours group. The 5-year OS rates did not significantly
differ between the 2 groups before matching (P=0.067),
but were significantly different after matching (P=0.042)
(Figure 3). The DFS was significantly longer in the during-
hours group both before and after matching (P=0.033,
0.030) (Figure 3).

Discussion

There are limitations to medical resources worldwide,
and this is especially so in China. Many surgeons have

7 Thorac Dis 2021;13(2):1118-1129 | http://dx.doi.org/10.21037/jtd-20-3141
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Figure 2 RA-CUSUM curve for 1- (A), 2- (B), and 3-year (C) all-cause mortality, showing change-points at 15:34 (P=0.098), 13:22 (P=0.806),
and 16:42 (P=0.043). RA-CUSUM, risk adjusted cumulative sum; E, expected; O, observed.

performed operations both day and night, and selective
operations can begin at various time points, including
late night or even early morning, which might not fully
support the doctors’ well-being. This article showed that
potentially radical esophagectomy performed during
the after-hours was associated with increased pulmonary
complications and poorer long-term outcomes of EC
patients.

The influence of start time on surgical results has

© Journal of Thoracic Disease. All rights reserved.

been widely studied except in the case of surgery on the
esophagus. Kelz er al. (14) detected a 25% increased risk
of death for operations starting between 16:00 and 18:00
compared with those started between 07:00 and 16:00,
and Linzey et al. (26) reported that compared with starting
earlier in the day, the risk of developing complications
was significantly higher if a neurological surgery was
started between 21:01 and 07:00. However, neither of
the studies made a detailed distinction among specific
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Table 2 Cox proportional hazards model of participants who underwent esophagectomy

1125

Start time Number (%) Crude HR (95% CI) Crude P value Adjusted HR' (95% CI)  Adjusted P' value

Overall survival
9:00-10:59 217 (30.9) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
11:00-12:59 95 (13.5) 0.84 (0.58-1.21) 0.339 1.06 (0.69-1.63) 0.801
13:00-14:59 232 (33.0) 0.71 (0.53-0.95) 0.022 0.96 (0.66-1.41) 0.854
15:00-16:59 125 (17.8) 0.82 (0.58-1.16) 0.263 1.18 (0.77-1.81) 0.456
17:00-18:59 18 (2.6) 1.39 (0.75-2.60) 0.297 2.47 (1.25-4.90) 0.010
19:00- 15 (2.1) 1.18 (0.55-2.53) 0.679 1.49 (0.65-3.43) 0.348

Disease-free survival
9:00-10:59 217 (30.9) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
11:00-12:59 95 (13.5) 0.78 (0.55-1.11) 0.175 0.95 (0.63-1.44) 0.813
13:00-14:59 232 (33.0) 0.71 (0.54-0.94) 0.015 1.00 (0.69-1.44) 0.991
15:00-16:59 125 (17.8) 0.84 (0.61-1.15) 0.272 1.16 (0.77-1.74) 0.478
17:00-18:59 18 (2.6) 1.28 (0.69-2.39) 0.428 2.14 (1.08-4.21) 0.028
19:00- 15 (2.1) 1.24 (0.60-2.53) 0.559 1.89 (0. 87-4.14) 0.110

', adjustment was performed for age, gender, nutritional status, smoking index, alcohol consumption, Charlson comorbidity index,
ASA, tumor pathology, pathologic stage, tumor location, approach, MIE, and surgeon with high professional title. HR, hazard ratio; Cl,

confidence interval.

Table 3 Peri-operative outcomes

Variables

Overall

After matching

During-hours'

(n-669) After-hours™ (n=33) P value During-hours' (n=84) After-hours’ (n=33) P value

Operative time, min 379 [300-440] 239 [205-320] <0.001 309 [234.5-372] 239 [205-320] 0.014
Bleeding volume, mL 200 [139-400] 200 [135-300] 0.636 148 [100-300] 200 [135-300] 0.080
Intraoperative transfusion 103 (15.40) 3(9.09) 0.456 12 (14.29) 3(9.09) 0.552
Duration of post-operative 16 [14-18] 15 [14-19] 0.774 16 [14-17.5] 15 [14-19] 0.688
hospitalization, day
Complications

Anastomosis leak 59 (8.82) 4(12.12) 0.527 6 (7.14) 4(12.12) 0.465

Respiratory complications 178 (26.61) 15 (45.45) 0.026 19 (22.62) 15 (45.45) 0.023

Cardiac complications 13 (1.94) 3(9.09) 0.035 5 (5.95) 3(9.09) 0.685

Chylothorax 17 (2.54) 2 (6.06) 0.223 2(2.39) 2 (6.06) 0.316

Hoarseness 119 (17.79) 6(18.18) 1.000 11 (13.10) 6(18.18) 0.562
90-day all-cause mortality 23 (3.44) 3(9.09) 0.118 0(0) 3(9.09) 0.021

Values are given as median [IQR] or n (%). ', during-hours group: participants who underwent surgery that started before 17:00, after-
hours group: participants who underwent surgery that started after 17:00.

© Journal of Thoracic Disease. All rights reserved.
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Table 4 Post-operative pathological outcomes

Tu et al. Risks of after-hours esophagectomy

Before matching

After matching

Variables During-hours' (n=669) After-hours' (n=33) P value During-hours' (n=84) After-hours' (n=33) P value
Depth of tumor 0.735 0.303
Tis-T1 111 (16.59) 3(9.09) 15 (17.86) 3(9.09)
T2 163 (24.36) 9 (27.27) 24 (28.57) 9 (27.27)
T3 338 (50.52) 18 (54.55) 43 (51.19) 18 (54.55)
T4 57 (8.52) 3(9.09) 2(2.39) 3(9.09)
N classification 0.564 0.836
NO 375 (56.05) 23 (69.70) 52 (61.90) 23 (69.70)
N1 173 (25.86) 6(18.18) 15 (17.86) 6(18.18)
N2 74 (11.06) 2 (6.06) 10 (11.90) 2 (6.06)
N3 47 (7.03) 2 (6.06) 7 (8.33) 2 (6.06)
Degree of differentiation 0.294 0.725
G1 109 (16.95) 7 (21.21) 17 (21.25) 7 (21.21)
G2 337 (52.41) 20 (60.61) 43 (53.75) 20 (60.61)
G3 197 (30.64) 6(18.18) 20 (25.00) 6(18.18)
Positive resection margin 22 (3.29) 1(3.03) 1.000 0 (0.00) 1(3.03) 0.282
Number of the metastatic lymph node 0[0-2] 0 [0-1] 0.284 0 [0-2] 0 [0-1] 0.486
Number of the harvested lymph node 16 [11-23] 20 [14-26] 0.198 18 [11.5-23] 20 [14-26] 0.444
Number of stations of the metastatic 0[0-1] 0 [0-1] 0.314 0 [0-1] 0 [0-1] 0.621
lymph node*
Number of stations of the harvested 4 [3-5] 4 [3-5] 0.907 4 [2-5] 4 [3-5] 0.380

lymph node*

Values are given as median [IQR] or n (%). ', during-hours group patients who underwent surgery that started before 17:00, after-hours
group patients who underwent surgery that started after 17:00; ¥, lymph node stations were named according to Japanese classification

21).

diseases or operations, so the difference might somehow
be attributed to more urgent situations presenting at night.
As for thoracic organ transplants, surgical outcomes were
comparable between day and night (27). However, because
transplant teams have developed more sophisticated systems
to cope with various situations during the nighttime (27),
such attribution may not apply to cancer surgery.

Logically and empirically, surgery for a severe case is not
likely to be scheduled during late hours, which contradicts
the worse prognosis of surgery at night. Furthermore, both
Cox regression analysis and propensity score matching
analysis showed that after adjusting for confounding factors,
after-hours surgery’s harm became even more prominent.
Besides, the after-hours intervention’s surgery time was

© Journal of Thoracic Disease. All rights reserved.

shorter, which also indicated that the after-hours group
contained a comparable severity of participants, if not even
less complicated.

However, a possible explanation of short operative
times during the after-hours would be that the later hours
engendered hasty and rough work. This phenomenon
was mirrored in the work of Kelz et /. (14) and Linzey
et al. (26). Surgical manipulation alone is one of the causes
of pulmonary damage (28), which might be more severe
with hasty and rough work. This is a potential explanation
for the increased pulmonary complications during the after-
hours. Although the ICU and anesthesiology department
was addressing the same disease manifestations during
the different shifts of during- and after-hours in our

7 Thorac Dis 2021;13(2):1118-1129 | http://dx.doi.org/10.21037/jtd-20-3141
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Figure 3 Kaplan-Meier curves for 5-year OS with 95% CIs among all patients (A), and after propensity score matching (B), and that for
5-year DFS with 95% CI among all patients (C), and after propensity score matching (D). Differences between the groups were assessed

by the log-rank test. During-hours group: participants who underwent surgery that started before 17:00; after-hours group: patients who

underwent surgery that started after 17:00. OS, overall survival; CI, confidence interval; DFS, disease-free survival.

institution, their judgment and performance may decrease
during night hours, leading to relatively poorer respiratory
management. Higher rates of open surgery may also lead
to increased pulmonary complications. Furthermore,
postoperative pulmonary complications were considered to
be an independent predictor of poorer long-term survival
in patients undergoing resection of esophageal squamous
cell carcinomas (29). Since the lymph nodes harvested and
the rate of positive resection margin was not significantly
different between the 2 groups, the worse long-term
prognosis might also be attributed to the likelihood of
deviation from no-touch principles when surgeons were
rushing to complete the operation.

© Journal of Thoracic Disease. All rights reserved.

Still, there are other reasons for the worse results of
after-hours surgery. Firstly, prolonged working hours would
lead to a decline in the level of performance. Research from
Germany has shown that the risk of accidents increased
exponentially after the 9th hour of work (30). Also,
nocturnal surgery might be subject to intraoperative shift
changes (31) and changes in nighttime staffing patterns (32).
Anesthetic adverse events were also more likely to occur at
the end of the workday (33).

The current research had some limitations. Firstly,
this was a retrospective single-center study. Therefore,
the results were unavoidably affected by the specific work
system and environment. Also, there was a very small

7 Thorac Dis 2021;13(2):1118-1129 | http://dx.doi.org/10.21037/jtd-20-3141
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number of surgeries included that were performed during
the after-hours. Subgroup analysis could not be conducted
according to different surgeons, stages, or the 3 different
surgical approaches. Although we tried to reduce selection
bias using various methods, it was impossible to eliminate
subjective judgment on treatment determination.

Additionally, it was difficult to draw a reliable conclusion
about how the after-hours engendered a worse prognosis
since a wide variety of factors may play roles, and our
study only contained a limited sample. Recently, we have
made even more concerted efforts to prevent late-hour
esophagectomy at our institution. A prospective study
of this subject may be unethical; therefore, we hope our
present study attracts attention to enable the conduction
of a multi-institutional study to obtain answers to any
unanswered questions.

Conclusions

After-hours esophagectomy presents greater perioperative
and long-term survival risks to patients with EC. We
recommend that selective esophagectomy be canceled if
the apparent start time is after 17:00. Further retrospective
multi-institutional studies may be performed to corroborate
our study’s findings and explain how the late hours may
affect prognosis.
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