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Abstract
Background: The first choice of an esophageal substitute after esophagectomy for
cancer is the stomach. However, the colon must be considered for reconstruction in
specific situations. The purpose of this study was to clarify the frequency and clinical
features of patients who underwent colon interposition in thoracic esophagectomy
and to investigate the postoperative complications and survival.
Methods: We conducted a retrospective case–control study in the National Cancer
Center Hospital East, Japan. Patients who underwent colon interposition after
esophagectomy for cancer between 2010 and 2020 were analyzed.
Results: Eighty-eight patients underwent esophagectomy with colon interposition;
53.2% received preoperative treatment and 52.3% underwent thoracoscopic surgery.
Clavien–Dindo grade >III postoperative complications occurred in 42% of the
patients; anastomotic leakage was the most common complication, occurring in 26.1%
of the cases. Univariate analysis of the factors associated with Clavien–Dindo
grade <III complications showed that the period 2015–2020 and totally mechanical
Collard anastomosis were significant factors, with odds ratios (OR) of 0.264 and 0.267
(p = 0.00327 and p = 0.00335), respectively. Totally mechanical Collard anastomosis
was associated with a lower risk of anastomotic leakage by univariate and multivariate
analysis (OR, 0.257, p = 0.00566 and OR, 0.285, p = 0.133, respectively). Three-year
overall survival was 54.2%. Univariate and multivariate analysis of overall survival
showed that older age was a risk factor (OR, 1.08) for complications.
Conclusion: In colon reconstruction after esophageal cancer resection, totally
mechanical Collard anastomosis for cervical anastomosis may reduce the risk of
Clavien–Dindo grade >III complications.
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INTRODUCTION

The first colon interposition as a substitute after esophagectomy
was reported by Kelling in 1911, and the first successful clinical
colon interposition was performed by Von Hacker in 1914.1

Later, in the first half of the 20th century, the colon became the
“most commonly used reconstructive organ”.2 However, in the
latter half of the century, the stomach became the first choice
for reconstruction after esophagectomy.3 In the modern era,

the first choice for an esophageal substitute is the stomach and
the next is the ileocolon, if the stomach is unsuitable.4–8 How-
ever, in special situations, such as previous gastrectomy, exten-
sive tumors in the stomach or esophagus, gastric tube cancer,
or gastric tube necrosis or narrowing, the stomach cannot be
used for reconstruction. In these situations, the best option is
the colon.7,9–13

Therefore, the purpose of this study was to analyze cases
of colon reconstruction over an 11-year period from 2010 to
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2020 at our hospital, which is one of the leading high-
volume centers in Japan, and to clarify the frequency of
postoperative complications and survival outcomes.

METHODS

Patients

This was a single-center retrospective case–control study per-
formed in the Department of Esophageal Surgery, National
Cancer Center Hospital East, Kashiwa, Japan. Patients who
underwent colon reconstruction after esophagectomy for can-
cer between 2010 and 2020 were included in the study.

The primary endpoint was Clavien–Dindo grade >III
postoperative complications.14 The secondary endpoint was
overall survival and the details of complications, such as
anastomosis leakage.

We reviewed the patients’ medical records and collected
data regarding their characteristics and surgical outcomes.
The tumor stage was in accordance with the 8th edition of the
Union for International Cancer Control (UICC).15 The classi-
fications of cases early in the study period were converted to
the 8th edition classification from the 7th edition or 6th edi-
tion. This retrospective study was approved by the Ethics
Committee of the National Cancer Center East (2018–322).

Preoperative treatment

According to national guidelines, esophageal cancer patients
with clinical (c) tumor (T) stage 1 and node (N)-positive
(cT1 N+) or cT2–cT4 any N cancer received preoperative
treatment.16

The docetaxel, cisplatin, and fluorouracil (DCF) regimen
consisted of intravenous docetaxel 70 mg/m2 and cisplatin
70 mg/m2 on day 1 and a continuous infusion of 5-fluorouracil
750 mg/m2/day for 5 days. This regimen was repeated every
3 weeks until unacceptable toxicity, patient refusal, or disease
progression, to a maximum of 3 cycles. Prophylactic use of
granulocyte colony-stimulating factor was allowed, and pro-
phylactic use of ciprofloxacin on days 5–15 was mandatory.17

The 5-fluorouracil and cisplatin (FP) regimen consisted
of intravenous cisplatin 80 mg/m2 on day 1 and a continu-
ous infusion of 5-fluorouracil 1150 mg/m2/day for 5 days.
This regimen was repeated every 3 weeks until unacceptable
toxicity, patient refusal, or disease progression, to a maxi-
mum of 2 cycles.

The chemoradiotherapy (CRT) regimen consisted of 41.4 Gy
radiotherapy plus 2 cycles of 5-fluorouracil/cisplatin, including
cases where CRT was performed at a previous hospital.

Surgical approach

Esophageal subtotal resection was performed via right thora-
cotomy or right thoracoscopy, and mediastinoscopy was

used for high-risk patients. Thoracoscopic surgery is not
hybrid approach open and video-assisted thoracic surgery
(VATS), but complete thoracoscopic surgery. Mediasti-
noscopic approach is a method of esophageal resection by
inserting a 5-mm camera, two surgeon’s ports, and an assis-
tant’s port through the neck to perform esophageal feeding
and lymph node dissection toward the ventral side, after that
esophageal feeding and lymph node dissection through the
esophageal fissure by laparoscopy, and traffic with feeding
from the neck. The patient’s position was in the left lateral
decubitus position for open thoracotomy, prone position for
thoracoscopy, and supine position for mediastinoscopy.
Abdominal and cervical operations were then performed,
with the abdominal operation being an open operation for
colonic reconstruction. The reconstruction route was poste-
rior to the sternum for thoracotomy and thoracoscopy and
posterior mediastinal for mediastinoscopy.

The nasogastric tube (NG)-tube inserted intraoperatively
for all patients from their nasal. The tip of the tube
implanted across the cervical anastomosis for decompres-
sion. Standard three-field lymphadenectomy was performed
systematically.

Colon interposition

Colon interposition was principally performed using the right
colon, with the right branch of the middle colic artery as the
main feeding artery. The ileocolonic artery was dissected or
preserved on a case-by-case basis. The ileum on the oral side
was left slightly longer for dissection, and the transverse colon
on the anal side was dissected between the right and left bra-
nches of the middle colic artery. After elevation to the cervical
area, the excess ileum was separated, and anastomosis of the
residual esophagus and ileum was performed at the neck by
hand sewing or with the totally mechanical Collard tech-
nique.18 The anal end of the ascending colon was anasto-
mosed with the proximal jejunum using a circular stapler
end-to-side, and the ileum was anastomosed with the trans-
verse colon by functional end-to-end anastomosis.

Postoperative management

After surgery, patients were extubated in the operating room
and returned to the intensive care unit (ICU). On the first
postoperative day, a laryngoscope was used to check for
antegrade nerve palsy by evaluating vocal cord movement.
The patient was then weaned from ventilation and dis-
charged from the ICU to return to the general ward. On the
third postoperative day, tube feeding was started via enteros-
tomy or nasal tube. On the seventh postoperative day,
swallowing angiography was performed under fluoroscopy
to identify abnormalities in the cervical anastomosis, such as
leakage and stricture, and to evaluate the elevated colon and
confirm smooth flow from the intestine. If there were no
problems, the nasal decompression tube was removed and
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oral intake was started. Gradually, the calories from oral
intake were increased and calories from tube feeding were
decreased. If the patient was judged sufficiently well, they
were discharged home. All patients were re-evaluated for
postoperative complications at the time of discharge and the
Clavien–Dindo grade and complication details were recorded.

Definition of postoperative complications

Anastomotic leakage was defined as any clinical signs of a
salivary fistula, confirmed by a water-soluble radiologic con-
trast swallow under fluoroscopy, or endoscopic visualization
of dehiscence or fistula at the anastomosis site.

Anastomotic stricture was defined as dysphagia with
some solids and requiring endoscopic balloon dilation, with
stenosis.

Complication management

In the case of bilateral recurrent nerve palsy, a Mini-Trach II
(Portex) was inserted through the cricothyroid ligament. If
anastomotic leakage was observed, we opened the neck inci-
sion and inserted and positioned a decompression tube
through the nasal passage. If treatment was ineffective, or if
the case was severe, after opening the neck wound, we inserted
a 10–12-Fr Salem Sump tube (Sherwood Medical Industries)
from the incision into the area of anastomotic leakage and cre-
ated an internal/external fistula. If anastomotic stenosis was
found, we performed endoscopic or rigid bougie dilatation.

Statistical analysis

All data were analyzed using free software EZR (Satima
Medical Center, Jichi Medical

University).19 Nominal variables were compared using
Fisher’s test, and continuous variables were analyzed using
Student’s t-test. When normality was not observed, the
Mann–Whitney U test was used for comparisons. Univari-
ate and multivariate analyses were performed using logis-
tic regression analysis. Multivariate factors were chosen
using the stepwise Akaike’s information criterion (AIC)
method. The log rank test with the Kaplan–Meier method
was used to describe the survival curves and for compari-
sons. Cox hazard regression was used for multivariate
analysis of survival, and cut-off values were determined
using receiver operating characteristic (ROC) curves. Var-
iables with p < 0.05 in the univariate analysis were
included in the multivariate logistic regression model.
Odds ratios (ORs) with 95% confidence intervals (CIs)
were calculated, and p < 0.05 was considered statistically
significant.

RESULTS

Between January 2010 and March 2020, 1561 patients under-
went surgery at the Department of Esophageal Surgery,
National Cancer Center Hospital East, Japan; 88 (5.6%) patients
underwent esophageal reconstruction with colon interposition.
We excluded patients who underwent cervical esophagectomy
or total pharyngolaryngoesophagectomy (TPLE), even if colon
reconstruction was performed (Figure 1). The patients’ mean
age was 70.7 years (�7.91 standard deviation [SD]). The most
common performance score (PS) was 0 (70.5%), and the mean
body mass index (BMI) was 19.33 kg/m2 (�2.84 SD). The
reason for colon reconstruction was post-gastrectomy in 72.7%
of the patients, and tumors were located predominantly in the
mid-thoracic/lower thoracic (Mt/Lt) regions: 44.3%/44.3%.
According to the tumor-node-metastasis (TNM) classification
(UICC 8th edition), the percentage of patients with stage 3/4
cancer was 45.5% (Table 1).

F I G U R E 1 Patient selection diagram
between January 2010 and March 2020, 1561
patients underwent surgery at the
Department of Esophageal Surgery, National
Cancer Center Hospital East, Japan;
88 (5.6%) patients underwent esophageal
reconstruction with colon interposition. The
excluded cases are shown on the right
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Preoperative treatment was administered to 53.2%
patients; 21.6% of these patients received DCF, which
accounted for 40% of the patients receiving preoperative
treatment. Basically, the treatment policy of our hospital is
to provide preoperative treatment to patients with clinical
(c) tumor (T) stage 1 and node (N)-positive (cT1 N+) or
cT2–cT4 any N cancer, but there were patients who did not
receive preoperative treatment based on their ages, general
condition, renal function, and PS. Regarding the surgical
approach, 52.3% of the patients underwent thoracoscopy.
The most common route of reconstruction was retrosternal,

T A B L E 1 Patients’ characteristics

Variable Value (n = 88)

Age, y (SD) 70.7 (7.91)

Male/female 82/6 (93.2/6.8%)

Performance status (0/1/2) 62/25/1 (70.5/28.4/1.1%)

Body mass index mean (SD)
(kg/m2)

19.33 (2.84)

Medical history

Diabetes mellitus 14 (15.9%)

Hypertension 38 (43.2%)

Heart disease 12 (13.6%)

Other cancer 30 (34.1%)

Respiratory disease 10 (11.4%)

Gastric/duodenal ulcer 30 (34.1%)

Alcohol 74 (75%)

Tobacco 74 (77.5%)

Brinkman index (SD) 733.4 (510)

Reason for colon reconstruction

Post-gastrectomy 65 (72.7%)

Complication of gastric
cancer

21 (25.1%)

Gastric invasion 1 (1.1%)

Gastric conduit cancer 1 (1.1%)

Laboratory data

Hb (SD) (g/L) 118 (17.0)

Alb (SD) (g/L) 39.1 (4.5)

Histological type (SCC
/adenocarcinoma)

84/4 (95.5/4.6%)

Study period 2010–
2014/2015–2020

40/48 (45.5%/54.5%)

Location (Ce/Ut/Mt/Lt) 1/7/39/39 (1.1/8.0/44.3/44.3%)

cT (1a/1b/2/3/4a/4b) 35/10/38/3/1 (39.7/11.4/43.2/3.3/1.1%)

cN (0/1/2/4) 38/24/21/5 (43.2/27.3/23.9/5.7%)

cM (0/1/1[104]) 78/8/2 (88.6/9.3/2.2%)

cStage (I/II/III/IVA/IVB) 31/17/28/3/9 (35.2/19.3/31.8/3.4/10.2%)

cStage III/IV 40 (45.5%)

Note: Values are N (%) unless otherwise indicated.
Abbreviations: Alb, albumin; Ce, cervical; cM, clinical metastasis stage; cN, clinical
node stage; cStage, cancer stage; cT, clinical tumor stage; Hb, hemoglobin; Lt, lower
thoracic; Mt, mid-thoracic; SCC, squamous cell carcinoma; SD, standard deviation;
Ut, upper thoracic.

TAB L E 2 Details of the preoperative treatments and operations

Variable Value (n = 88)

Preoperative treatment 47 (53.4)

None 41 (46.6)

DCF 1/2/3 cycles 3/2/14 (3.4/2.3/15.9)

FP 1/2 cycles 3/12 (3.4/13.6)

FOLFOX 1 (1.1)

TS-1 2 (2.3)

CRT 6 (6.8)

ESD 3 (3.4)

RT 1 (1.1)

Operation approach

Thoracotomy 33 (37.5)

Thoracoscopic 46 (52.3)

Mediastinoscopic 9 (10.2)

Operation time, min 413.0 (270.2–476.0)

Total blood loss, g 268.5 (124.7–521.0)

Reconstruction route

Retrosternal 76 (86)

Posterior mediastinal 9 (10)

Subcutaneous 3 (3.4)

Two-phase operation 23 (26.1)

Preserved ileocolic artery 34 (38.6)

Cervical anastomosis

Totally mechanical collard 42 (47.7)

Hand-sewn 43 (48.9)

Circular stapler 3 (3.4)

Note: Values are N (%) or median (interquartile range).
Abbreviations: CRT, chemoradiotherapy regimen consisting of 41.4 Gy radiotherapy
plus 2 cycles of 5-fluorouracil/cisplatin; DCF, docetaxel 70 mg/m2 and cisplatin
70 mg/m2 on day 1 and a continuous infusion of 5-fluorouracil 750 mg/m2/day for
5 days; ESD, endoscopic submucosal dissection; FOLFOX, oxaliplatin 85 mg/m2,
levofolinate calcium 200 mg/m2, and 5-fluorouracil 400 mg/m2 on day 1 and a
continuous infusion of 5-fluorouracil 2400 mg/m2/day for 2 days; FP, cisplatin 80 mg/m2

on day 1 and a continuous infusion of 5-fluorouracil 1150 mg/m2/day for 5 days; RT,
radiotherapy.

TAB L E 3 Complications and postoperative hospital stay

Variable Value (n = 88)

Clavien–Dindo grade ≤III 37 (42)

Anastomotic leakage 23 (26.1)

Anastomotic stenosis 10 (11.3)

Respiratory complication 14 (15.9)

Chylothorax 1 (1.1)

Ileus 6 (6.8)

Necrosis of the elevated intestine 1 (1.1)

Clavien–Dindo grade ≥II 7 1 (80.7)

Postoperative hospital stay 22.0 0 (16–31)

In-hospital death 4 (4.5)

Note: Values are N (%) or median (interquartile range).
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at 86%. Because of the high risk of leakage in colon recon-
struction, the posterior mediastinal route can lead to media-
stinitis and other serious complications if leakage occurs in

the cervical anastomosis. Preservation of the ileocolic artery
was performed in 38.6% of the patients. The cervical anasto-
mosis was hand sewn in 48.9% of the patients compared

T A B L E 4 Univariate and multivariate analysis of Clavien–Dindo grade ≤ III complications

OR Univariate analysis 95% CI p value OR Multivariate analysis 95% CI p value

Patient background factors

Age, y 1.030 0.972–1.08 0.353

Body mass index 0.925 0.796–1.07 0.308

Performance status 1.63 0.677–3.93 0.275

Study period: 2015–2020 0.264 0.109–0.641 0.00327 0.604 0.100–3.65 0.583

Hb 1.030 0.803–1.32 0.825

Alb 0.782 0.309–1.98 0.604

Stage III/IV cancer 0.692 0.298–1.61 0.392

Surgical factors

Preoperative treatment 0.434 0.184–1.02 0.0562 0.631 0.244–1.63 0.3410

Thoracotomy 1.63 0.682–3.89 0.272

Thoracoscopy 0.577 0.248–1.34 0.202

Two-phase operation 1.810 0.689–4.78 0.228

Preserved ileocolic artery 1.21 0.513–2.86 0.662

Totally mechanical collard anastomosis 0.267 0.11–0.645 0.00335 0.464 0.0816–2.64 0.387

Hand sewn anastomosis 2.78 1.17–6.59 0.0203

Abbreviations: Alb, albumin; CI, confidence interval; Hb, hemoglobin; OR, odds ratio.

F I G U R E 2 Overall survival of all
patients who underwent colon interposition.
The 3-year survival rate was 54.2%, and the
5-year survival rate was 42.2%. The median
overall survival was 1239 days. CI, confidence
interval
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with the totally mechanical Collard method in 47.7% of the
patients; anastomosis was performed with a circular stapler
in only 3.4% of the patients (Table 2).

Clavien–Dindo grade >III postoperative complications
were observed in 37% of the patients; anastomotic leakage
was the most common complication at 26.1%. Respiratory
complications were observed in 15.9% of the patients, and
these comprised pneumonia, pneumothorax, pyothorax,
and sputum aspiration during bronchoscopy. Necrosis of
the elevated intestine was observed in only one case, and
in-hospital death occurred in four cases (Table 3). There
was one case of bilateral recurrent nerve palsy. There are
three cases of leakage from distal anastomosis. In
Table S1, totally mechanical Collard anastomosis was
9.5% leakage in cervical anastomosis. All cases were R0
resections, and there were no positive resection margins.
(Table S2).

Univariate analysis of the risk factors for Clavien–Dindo
grade >III complications showed that the study period
2015–2020, totally mechanical Collard anastomosis and
hand sewn anastomosis were statistically significant risk fac-
tors, with ORs of 0.264, 0.267, and 2.78, respectively. Nei-
ther preoperative treatment nor thoracoscopy reduced the
OR (OR, 0.434 and OR, 0.5777, respectively). Two-phase
operation increased the risk of Clavien–Dindo grade >III
complications, with an OR of 1.810. Factors included in the
multivariate analysis were the period 2015–2020, preopera-
tive treatment, and totally mechanical Collard anastomosis,
using the stepwise AIC method. Totally mechanical Collard
anastomosis had an OR of 0.464 (Table 4). In Table S3,
totally mechanical Collard anastomosis was also associated
with a decreased risk of anastomotic leakage by univariate
and multivariate analysis (OR, 0.257, p = 0.00566 and OR,
0.285, p = 0.133, respectively).

Overall survival data are shown in Figure 2; the 3-year
survival rate was 54.2%, and the 5-year survival rate was
42.2%. The median survival time was 1239 days (Figure 2).

Univariate analysis of overall survival showed statisti-
cally significant differences for age as a risk factor for higher
risk of developing complications (OR, 1.07, p = 0.0014) and
thoracoscopy as a factor associated with a decreased risk of
developing complications (OR, 0.478, p = 0.0205). cStage
3/4 (OR, 1.73) and Clavien–Dindo grade >III (OR, 1.83)
complications were associated with lower survival. In the
multivariate analysis, age was a risk factor for lower overall

T A B L E 5 Univariate and multivariate analysis of overall survival

HR Univariate analysis 95% CI p value HR Multivariate analysis 95% CI p value

Patient background factors

Age, y 1.077 1.029–1.127 0.0014 1.08 1.039–1.14 0.00035

Body mass index 0.904 0.777–1.05 0.192

Performance status 2.260 0.920–5.57 0.075

Hb 0.846 0.655–1.09 0.200 0.80 0.671–1.154 0.13

Alb 0.387 0.145–1.04 0.0586

Stage III /IV 1.736 0.939–3.207 0.0781 1.704 0.914–3.176 0.093

Study period: 2015–2020 0.7576 0.401–1.432 0.3926

Surgical factors

Preoperative treatment 0.749 0.406–1.383 0.356

Thoracotomy 1.65 0.8994–3.051 0.1053

Thoracoscopy 0.478 0.2565–0.8925 0.0205

Two-phase operation 1.428 0.7418–2.748 0.2864

Clavien–Dindo grade ≥III 1.836 0.9744–3.459 0.0601 1.739 0.913–3.31 0.0918

Clavien–Dindo grade ≤II 1.715 0.7205–4.082 0.2228

Abbreviations: Alb, albumin; CI, confidence interval; Hb, hemoglobin; HR, hazard ratio.

F I G UR E 3 ROC curve of age for overall survival. We evaluated
survival time at 1239 days (median overall survival); the AUC was 0.68. The
ROC cut-off value was 71 years, for overall survival, with a sensitivity and
specificity of 0.639 and 0.641, respectively. AUC, area under the curve;
ROC, receiver operating characteristic
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survival (OR, 1.08, p = 0.00035) (Table 5). Therefore, we
determined the cut-off value for age (71 years) using a ROC
curve analysis. (Figure 3).

DISCUSSION

In recent decades, indications for colon interposition have
declined because the use of gastric tubes has become more
acceptable as a first-line option for esophagectomy in cancer
patients.20 In the most recent series, rates of colon interposi-
tion for cancer were <10%.9–13,21 In the literature, the most
common reason for colorectal implantation in cancer patients
was a history of gastrectomy.9–12,21 In our study, a history of
gastrectomy was also the most common reason (80%); com-
plications related to gastric cancer was the next most common
reason (25.1%), followed by gastric invasion or gastric conduit
cancer (GCC). The estimated incidence of GCC after
esophagectomy is 0.2%–5.7%, and GCC prevails in Asian
patients.22,23 Although gastric tube reconstruction is the most
common reconstruction method after esophageal cancer
surgery,4–7 colon reconstruction will not disappear, for the
reasons mentioned. It is difficult to study postoperative com-
plications and the associated risk factors following colon
interposition owing to the small number of cases24,25; how-
ever, in this study, we analyzed the largest number of cancer
patients in the last 10 years. Furthermore, trends were seen
when we evaluated the short-term results of recent cases com-
pared with all cases over the 11 years of the study.

First, one difference compared with the systematic
review by Brown et al.25 published in 2016 is the use of the
right colon and the retrosternal pathway. In the systematic
review, the use of the left colon and posterior mediastinal
reconstruction were the most common.25 Additionally, the
method of cervical anastomosis changed over time, during
our study with hand sewn anastomosis accounting for
92.5% of anastomoses from 2010 to 2014 (early group),
whereas the totally mechanical Collard anastomosis
accounted for 87.5%, and hand sewn anastomosis decreased
to 12.5% from 2015 to 2020 (late group) (Table S4). This
was a very significant change over time. Hand sewn anasto-
mosis is widely used, with leakage rates of 0%–33% and ste-
nosis rates of 2%–89% for this method.26 Linear stapled
cervical semi-mechanical anastomosis was first described by
Collard.27 Orringer et al.28 reported a Collard method in
which the posterior esophageal wall is anastomosed not to
the posterior wall, but to the anterior wall of the gastric con-
duit (overlap method). Both the functional end-to-end Col-
lard technique and the Orringer modified overlap Collard
technique reduce the frequency of strictures compared with
the hand sewn technique.28,29 Another variation of the mod-
ified Collard technique is totally mechanical anastomosis,
which is a posterior-to-posterior linear and transverse sta-
pled (functional end-to-end) method.18 Since December
2014, our hospital has used the totally mechanical Collard
technique for anastomosis owing to concerns about the

relatively high rate of anastomotic stenosis, and there was a
similar trend in colon reconstruction.

Second, regarding postoperative complications, 42% of
the patients in this study developed Clavien–Dindo
grade >III complications (Table 4). This may seem like a
large number, but observation over time showed that the
rate was 67.5% from 2010–2014 and decreased to 10.8% in
the last 6 years (Table S5). We actively use bronchoscopic
sputum aspiration to prevent pneumonia and to prevent
pneumonia from becoming serious, which may be one of
the reasons why the Clavien–Dindo grade >III complica-
tions were so high. Anastomotic leakage was observed in a
high percentage (26.1%) of patients (Table 4). However, the
rate was 78% from 2010–2014, and had declined since 2015.
This was thought to be related to the change in anastomosis
method to the Totally Mechanical Collard anastomosis. It
has been shown in previous articles30–32 that major compli-
cations decrease as the number of experienced surgeons
increases. The fact that anastomotic leakage has decreased in
the late group (2015–2020) at our hospital suggests that the
technique and method have become more proficient. In the
univariate analysis of Clavien–Dindo grade >III complica-
tions, the period 2015–2020 had an OR of 0.264
(p = 0.0032), which supports the above findings. When
multivariate analysis was performed for the period 2015–
2020, preoperative treatment, and totally mechanical Collard
anastomosis, the risk of developing complications tended to
decrease in the late group, with an OR of 0.604. When the
analysis was limited to anastomotic leakage, the period
2015–2020, totally mechanical Collard anastomosis, and
hand sewing were risk factors in the univariate analysis, with
ORs of 0.329 and 0.257 for the period 2015–2020 and totally
mechanical Collard anastomosis, respectively, which
lowered the risk of anastomosis leakage. In contrast, hand
sewn anastomosis had an OR of 3.82, which was associated
with an increased risk of anastomotic leakage. All of these
findings could be associated with the same factor, as totally
mechanical Collard anastomosis increased significantly from
2015–2020, and hand sewing decreased significantly. There-
fore, in the multivariate analysis, we removed the factors,
the period from 2015–2020 and hand sewn anastomosis and
examined the factors. The OR for totally mechanical Collard
anastomosis was 2.85 (p = 0.0133), and this factor was also
associated with a lower risk of anastomotic leakage
(Table S3). Totally mechanical Collard anastomosis may
reduce the risk of anastomotic leakage of the cervical anasto-
mosis in colon reconstruction.

Third, univariate analysis of overall survival showed a
statistically significant difference for age as a risk factor for
increased complications (OR, 1.07, p = 0.0014) and
thoracoscopy as a factor associated with decreased risk (OR,
0.478, p = 0.0205). In addition, cStage 3/4 and Clavien–
Dindo grade >III complications were common, with ORs of
1.73 and 1.83, respectively (Table 5). Multivariate analysis
showed that age was also a risk factor, with a cutoff value of
71 years (Table 5, Figure 3).
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Recently, at our hospital, preoperative treatment for
colon reconstruction after esophagectomy, especially induc-
tion DCF and the increased use of totally mechanical Col-
lard anastomosis, has tended to reduce the number of
serious complications (Clavien–Dindo grade >III) and anas-
tomotic leakage cases. Regarding anastomotic leakage
changing to the totally mechanical Collard anastomosis
appears to have the potential to reduce the risk of
complications.

The limitations of this study were the single-center, ret-
rospective, case–control design, and that the surgical tech-
nique and preoperative treatment changed over the study
period. However, the strength of our study is that the post-
operative management was based on a clinical pathway,
which was consistent. Another strength is that we experi-
enced 88 cases of colon reconstruction in 11 years, which is
difficult to collect.

In conclusion, in colon interposition after esophageal
cancer resection, totally mechanical Collard anastomosis for
cervical anastomosis and preoperative treatment may reduce
the risk of Clavien–Dindo grade >III complications.
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