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Abstract

of life of patients receiving jejunal and colonic conduits.

to 2015, were compared.

Background: At present, the gastric tube is the first choice for esophageal reconstruction after esophagectomy for
various benign and malignant diseases. However, when the stomach is not available, a pedicled jejunum or colon is
used to reconstruct the esophagus. The present study aimed to compare the postoperative outcomes and quality

Methods: In the present retrospective study, the clinical data of 71 patients with esophageal carcinoma, who
received jejunal reconstruction (jejunum group, n = 34) and colonic reconstruction (colon group, n = 37) from 2005

Results: Compared with the colon group, the jejunum group had a lower incidence of postoperative anastomotic
leakage, lesser duration of postoperative drainage, and faster recovery. Furthermore, the scores were better in the
jejunum group than in the colon group, in terms of short-term overall quality of life, physical function and social
relationships. Moreover, the jejunal group had a significantly lower frequency of pH <4 simultaneous reflux
time > 5 min (N45) and the longest reflux time (LT) at 24 weeks after surgery.

Conclusion: In esophageal cancer, when gastric tube construction is not feasible, a pedicled jejunum may be
preferred over a colonic conduit due to lower incidence of acid reflux, anastomotic leakage and higher
postoperative short-term quality of life, and rapid postoperative recovery.

Keywords: Fsophageal cancer, Reconstruction, Gastric remnant, Pedicle jejunum, Postoperative

Background

The incidence of esophageal carcinoma is gradually in-
creasing, and has become the fifth most common cancer
in China [1]. Surgical resection remains the main compo-
nent of multimodality treatment for esophageal cancer.
After esophageal resection, the gastric tube is the most
preferred primary conduit for reconstruction [2]. Recently,
the number of patients with esophageal cancer after
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gastrectomy has gradually increased. This phenomenon
may be due to the increasing survival of patients after gas-
tric resection, the changes in dietary habits after gastrec-
tomy, or the development of gastroesophageal reflux
disease [3, 4]. In cases with prior gastrectomy, the stomach
may not be available for reconstruction, and a jejunal or
colonic conduit may have to be used [5].

Esophagectomy with pedicled colonic reconstruction
was first reported by Kelling from Germany in 1911 [6],
in which a pedicled transverse colon was chosen to re-
construct the lower esophagus. Since the colonic mesen-
tery is very long, the colon has good ductility and
mobility, which significantly reduces the anastomotic
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tension [7, 8]. In 1946, Longmire and Ravitch [9] of
Johns Hopkins Hospital in the United States first re-
ported the use of a pedicled jejunum as an esophageal
substitute. However, since the mobility of a pedicled je-
junum is limited, it has not been widely used in clinical
practice for esophageal reconstruction. However, with
the improvement of surgical techniques and periopera-
tive management, many institutional centers have begun
to use a pedicled jejunum for esophageal reconstruction
in recent years [10]. The reasons behind the use of a je-
junum are as follows: its luminal diameter is similar to
that of esophagus; it has rich blood supply; it exerts min-
imal pressure on the surrounding chest organs; it has
peristalsis, which is conducive for food propulsion; it
causes lesser halitosis, when compared to patients re-
ceiving a colonic conduit; there is no requirement for
strict bowel preparation before surgery when jejunal
conduit is planned for reconstruction [11, 12].

Very few studies have reported the outcomes of jejunal
and colonic esophageal reconstruction, with most of
these studies having a small sample size [13—15]. There-
fore, the choice of a jejunum or colon for esophageal re-
construction remains controversial, and needs further
research. The main purpose of the present study was to
compare the intraoperative and short-term outcomes of
colonic and pedicled jejunal conduits for esophageal re-
construction by comparing postoperative severe compli-
cations and quality of life (QOL).

Methods

Patients

The present study retrospectively analyzed a prospectively
maintained database of adult esophageal cancer patients
with the previous history of gastrectomy, who underwent
radical esophageal resection with reconstruction using a
pedicled jejunal or colonic conduit at the Department of
Thoracic Surgery, Jiangxi Province Tumor Hospital,
Nanchang, China from April 2005 to June 2015. Patients
with locally advanced esophageal cancer, and patients who
had jejunal or colonic lesions, including tumors and in-
flammatory lesions, were excluded. In addition, patients in
poor general condition, who could not tolerate the sur-
gery, and those with severe cardiopulmonary dysfunction
and uncontrolled diabetes were excluded. Furthermore,
patients who received neoadjuvant therapy were excluded
to eliminate the effects of chemoradiation on the out-
comes. The present study was approved by the local insti-
tutional ethics committee of Jiangxi Province Tumor
Hospital. All patients provided a written informed consent
prior to the procedure.

Surgical procedures
In the present study, 25 patients initially underwent rad-
ical esophagectomy through left thoracotomy. Among
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these patients, 13 patients received jejunal replacement,
while 12 patients underwent colonic replacement. The
remaining 46 patients underwent surgery through right
thoracotomy, with jejunum replacement in 21 cases and
colonic replacement in 25 cases (Fig. 1). A total of 25 pa-
tients underwent cervical anastomosis, including seven
patients in the jejunum group and 18 patients in the
colon group (Supplementary Figure 1). All patients
underwent mediastinal lymph node dissection and upper
abdominal lymph node dissection (including the perigas-
tric and celiac nodes). Cervical node dissection was per-
formed for patients with upper esophageal tumors, and
patients with upper mediastinal node metastasis [16].

First, the mediastinal esophagus was completely mobi-
lized through the chest incision in the lateral position,
and the incision was closed. Subsequently, the patient
was placed in the supine position, an upper abdominal
incision was performed, and the mesenteric and vascular
arch of the residual stomach and intestines was exam-
ined. The choice of conduit was decided by the operat-
ing surgeon based on surgical experience, the anatomy
of the jejunum and colon, and the location of the anas-
tomosis. The detailed steps of the reconstruction are
provided in the appendix.

Postoperative short-term quality of life evaluation

The present study used a standard questionnaire for the
QOL assessment of cancer patients prepared by the
European Organization for Research on Treatment of
Cancer (EORTC QLQ-C30) [17, 18], and a supplemen-
tary scale that specifically assessed the QOL of patients
with esophageal cancer (QLQ-OES18) [19]. Based on
EORTC multi-center clinical trials and tests, the com-
bination of QLQ-C30 and QLQ-OESI8 was found to
more accurately reflect the degree of association be-
tween the symptoms of esophageal cancer patients and
their QOL [20]. The EORTC questionnaire QLQ-C30
(v.3.0) consisted of 30 items (two for overall QOL, five
for physical functions, four for emotional functions, two
for social relationships, two for cognitive functions, two
for role functions, three for fatigue symptoms, two for
nausea and vomiting, two for pain, and one for dyspnea,
insomnia, loss of appetite, constipation, diarrhea and
economic hardship). The 24-h pH determination of the
remnant esophagus in these two groups was performed
at 1, 4, 12 and 24 weeks after surgery. These two main
observation indicators include the number of times pH
<4 was recorded for >5min (N45) and the longest re-
flux time (LT).

Statistical analysis

All data analyses were performed using SPSS 23.0 statis-
tical software. Continuous data with normal distribution
were expressed as mean *standard deviation, while
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Fig. 1 Flow chart showing the various surgical approaches, conduits and types of gastrointestinal reconstruction performed for the study patients
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those with non-normal distribution were expressed in
median (interquartile range). Categorical data were
expressed in percentage (%). The QLQ-C30 and QLQ-
OES18 scores at different time points, and N45 and LT
at different time points were analyzed by repeated mea-
sures analysis of variance (ANOVA). X2-test was used
for categorical data. The grading data in the patient
characteristics was compared by rank sum test. Meas-
urement data that conformed to the normal distribution
were compared by independent sample ¢-test. A P-value
of < 0.05 was considered statistically significant.

Results

Patient demographics

A total of 71 patients with esophageal cancer underwent
radical esophageal resection and reconstruction with the
jejunum/colon at our department from 2005 and 2015.
None of these patients received preoperative neoadju-
vant chemotherapy, while 46 patients received standard-
ized adjuvant chemotherapy after surgery. Patients in the
jejunum group were older than patients in the colon
group (P=0.02). Ten patients (14%) had hypertension
and coronary heart disease. One patient (1.4%) had a
history of schizophrenia. Sixty-six patients (92.9%)
underwent partial gastrectomy (five patients had gastric
cardia cancer, 13 patients had peptic ulcer, and 48 pa-
tients had gastric cancer). The remaining five patients
underwent total gastrectomy for gastric cancer. The re-
construction techniques for the gastrectomy included

Billroth I in 53 cases (jejunum group, 20; colon group,
33), Billroth II in 13 cases (jejunum group, 10; colon
group, 3), and Roux-En-Y in five cases (jejunum group,
4; colon group, 1) (Fig. 1). There was no significant dif-
ference in tumor pathological type, thoracotomy and N
stage between these two groups (Table 1).

Operative data

There was a statistically significant difference in terms of
the location of the anastomosis between these two
groups. However, there was no statistical difference be-
tween the two groups in terms of the time interval be-
tween the previous gastrectomy and esophagectomy.
The number of patients in the jejunum group who re-
ceived neck anastomosis was significantly fewer than
that in the colon group (20.6% vs. 48.6%, P = 0.012). The
operative time in the jejunum group was shorter than
that in the colon group, but the difference was not sta-
tistically significant (397.2 + 107.1 min vs. 415.8 +123.8
min, P =0.051). All patients received complete resection
of the tumor. The mean blood loss in both groups was
similar (Table 2).

Postoperative outcomes

There were no significant differences between these two
groups in terms of the volume of postoperative drainage,
postoperative hospital stay, and total lymph node dissec-
tion (Table 2). The mean duration of drainage in the
jejunum group was significantly lower than that in the
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Table 1 Patient characteristics
Jejunum group Colon group P-value
(n=34) (n=37)
Gender >099°
Male 33 (97.1%) 35 (94.6%)
Female 1 (2.9%) 2 (5.4%)
Age (mean + SD) 652+78 61+68 0.02°
Pathological type 031°
Squamous cell carcinoma 22 (64.7%) 28 (75.7%)
Adenocarcinoma 12 (35.3%) 9 (24.3%)
Location 0.04°
Upper 6 (17.6%) 11 (29.7%)
Middle 5 (14.7%) 12 (32.4%)
Low 23 (67.6%) 14 (37.8%)
Anastomotic position 001°
Neck 7 (20.6%) 18 (48.6%)
Side of thoracotomy 061°
Left 13 (38.2%) 12 (32.4%)
Right 21 (61.8%) 25 (67.6%)
Previous operation procedure 0.01°¢
Billroth-I 20 (58.8%) 33 (89.2%)
Billroth-Il 10 (29.4%) 3 (8.1%)
Roux-en-Y 4 (11.8%) 1(2.7%)
Pathological T-stage 0.03¢
T 2 (5.9%) 5 (13.5%)
T2 8 (23.5%) 17 (45.9%)
T3 20 (58.8%) 12 (32.4%)
T4 4 (11.8%) 3 (8.1%)
Pathological N-stage 0.52¢
NO 18 (52.9%) 23 (62.2%)
N1 7 (20.6%) 10 (27%)
N2 5 (14.7%) 4 (10.8%)
N3 4 (11.8%) 0
Cancer stage 042¢
I 3 (8.8%) 6 (15.4%)
Il 14 (41.2%) 17 (43.6%)
1 15 (44.1%) 14 (35.9%)
v 2 (5.9%) 2 (5.1%)
2 %2 test

® Independent Sample T-test
€ Monte Carlo method
9 Rank sum test

colon group (5.0+1.6days vs. 6.0+ 2.3 days, P=0.04).
One patient in the jejunum group died on the 6th post-
operative day due to anastomotic leakage and secondary
lung infection. No patient died in the colon group. Ten
patients in the colon group developed anastomotic leak-
age, which was significantly higher than that in the

jejunum group (27% vs. 5.9%, P=0.02). The intratho-
racic anastomotic leaks were managed by thorough de-
bridement of the necrotic tissues in the chest, placement
of a wide-bore drainage tube, antibiotics and nutritional
support. For cervical anastomotic leaks, the neck wound
was opened and cleaned, a drainage tube was placed,
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Table 2 Perioperative outcomes
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Jejunum group Colon group P-value

(n=34) (n=37)
Operative time (minutes) 397.2+107.1 4158+1238 05°
Volume of drainage (ml) 720 (417.5-1355.0) 1055 (672.5-1535.0) 0.14°
Time interval between gastrectomy and esophagectomy (months) 412+93 374+85 0.08°
Postoperative drainage time (days) 50+16 60+23 0.04°
Postoperative hospital stay (days) 127 +33 142+43 0.12%
Blood loss (ml) 200 (200.0-462.5) 200 (300-500) 065°
Number of lymph nodes dissected 9.5 (5.00-13.25) 11 (6.0-14.5) 0.46°

@ Independent Sample T-test
® Mann-Whitney’s U-test

and antibiotics were administered. There were no signifi-
cant differences between these two groups in terms of
complications, such as postoperative fever and pneumo-
nia (Table 3). However, the incidence of other complica-
tions was significantly higher in the colon group than in
the jejunum group (32.4% vs. 11.8%, P =0.03). On sub-
group analysis of postoperative complications based on
the site of anastomosis, no significant differences were
noticed (Table 4). For patients with mediastinal anasto-
mosis, or mid- or lower-thoracic tumors, the incidence
of anastomotic leakage and halitosis was significantly
higher in the colon group (Table 5).

Nine patients had no reflux at 24 weeks after surgery,
while the remaining 61 patients had varying degrees of
reflux, which were treated by medical therapy. At the
first week after surgery, there was no difference in N45
and LT between the two groups. After 1 week, N45 and
LT rapidly increased in the colon group, but slowly in-
creased in the jejunum group, and at 4 weeks, the differ-
ences between the colon group and jejunum group
gradually became statistically significant (N45 [2.65 + 0.6

Table 3 Postoperative complications

Jejunum (n=34) Colon P-value
(n=37)

Fever 5(14.7%) 7(18.9%) 0.63°
Pneumonia 3(8.8%) 4(10.8%) 078"
Hydrothorax 3(8.8%) 3(8.1%) 091°
Anastomotic leakage 2(5.9%) 10(27%) 0.02°
Stump fistula 1(2.9%) 2(5.4%) 0.63°
Halitosis 6(17.6%) 15(40.5%) 0.03°
Albumin reduction 17(50%) 19(51.4%) 0.90°
Anemia 2(5.9%) 3(8.1%) 0.71°
Chest tightness 0 2(5.4%) 049°
Others 4(11.8%) 12(32.4%) 0.04°
Death 1(2.9%) 0 >0.99°
2 x° test

e Continuity correction ? test
€ Fisher's exact test

vs. 2.17+0.7, P<0.05] and LT [15.7 3.2 vs. 83+ 1.6,
P <0.05], respectively; Fig. 2). At 24 weeks, the N45 and
LT values were significantly higher in the colon group
than in the jejunum group (P < 0.01).

All patients completed the QLQ-C30 and QLQ-OES18
questionnaires at four and 12 weeks after surgery (Sup-
plementary Table S1). It was found that from the 4th
week to the 12th week, the functional indicators of both
groups gradually recovered, and the symptom index
gradually decreased. The overall QOF, physical functions
and social relationships were significantly higher in the
jejunum group, when compared to the colon group, at 4
weeks after surgery (P <0.05). At 12 weeks after surgery,

Table 4 Comparison of the perioperative outcomes of the two
groups based on the site of anastomosis

Jejunum (n=34) Colon (n=37) P-value
Anastomotic leakage 046 °
Neck 0 6
Mediastinum 2 4
Fever 064 °
Neck 1 2
Mediastinum 4 5
Halitosis 052°
Neck 3 9
Mediastinum 3 6
Postoperative hospital stay (days)
Neck 516+147 510£1.22 058°
Mediastinum 50171 642 +2.60 011°
Operative time (minutes)
Neck 484.2 +£159.8 3945+ 89.1 0.19°
Mediastinum 3786+852 422.1+£1342 0.06 °
Blood loss (ml)
Neck 433 +£225 270+ 298 0.96 °
Mediastinum 333£240 407 + 246 083°
2 % test

® Independent Sample T-test
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Table 5 Comparison of the postoperative complications of
the jejunal and colonic conduit in patients with mediastinal
anastomosis

Jejunum (n = 24) Colon P-value
(n=19)
Fever 3(12.5%) 5(26.3%) 0.25
Pneumonia 2(8.3%) 2(10.5%) 0.81
Hydrothorax 2(8.3%) 3(15.8%) 045
Anastomotic leakage 0(5.9%) 7(36.8%) <0.01
Stump fistula 1(4.2%) 1(5.3%) 087
Halitosis 3(12.5%) 11(57.9%) <001
Albumin reduction 11(45.8%) 9(47 4%) 0.92
Anemia 2(8.3%) 1(5.3%) 0.70
Chest tightness 0 2(10.5%) 0.10

X>-test was used for the above data

the social relationships, physical functions and overall
QOL of patients in the colon group improved, but these
were significantly lower than that in the jejunum group
(P<0.05, Fig. 3). For the QLQ-OES18 questionnaire, it
was observed that the two groups tended to improve, in
terms of dysphagia, dryness of mouth and language diffi-
culties. However, the colon group had a significantly
higher incidence of gastroesophageal reflux symptoms,
when compared with the jejunum, after the 12th week
(38.3+4.5 vs. 56.1 + 7.4, P < 0.05; Fig. 4).

Discussion

The number of patients with esophageal cancer after
gastrectomy is gradually increasing in clinical practice.
One of the most important factors may be that the
remnant stomach and distal esophagus are constantly
exposed to gastric acid and bile reflux, thereby increas-
ing the risk of cancer [21, 22]. The investigators started
performing pedicled jejunal esophageal reconstruction in
2005. However, prior to that, the investigators have been
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performing pedicled colonic conduits for esophageal re-
construction. Studies that compared the outcomes of a
pedicled jejunal conduit with a colonic conduit remains
limited. In addition, for different patients with different
tumor locations, the most suitable conduit remains uncer-
tain. The present study, which had a relatively higher
number of patients, attempted to compare the similarities
and differences between these two conduits, in terms of
perioperative outcomes and postoperative QOL.

In the present retrospective study, pedicled jejunal re-
placement was found to be superior to a colonic conduit
for esophagus reconstruction. There were 12 cases of
anastomotic leakage in the present study, which included
10 cases in the colon group, and two cases in the jejunum
group. The incidence of anastomotic leak and other com-
plications was lower in the jejunum group. Haubrich [23]
proposed that there is higher intestinal bacterial load in
colons with strong reproductive ability, and that this may
be an important factor that affects the healing of the anas-
tomosis. Hence, the investigators considered that good
vascularity and lower bacterial contamination of the je-
junum could be responsible for the better outcomes and
higher survival rate [24]. However, one of the limitations
of a pedicled jejunal conduit was its limited length and
mobility, making it unsuitable for reconstruction for pa-
tients with upper esophageal tumors. In contrast, adult co-
lonic length is 130—150 cm, with good mobility and strong
acid resistance [25]. Hence, for upper thoracic esophageal
tumors, a colonic conduit is preferred.

After the esophagectomy, one of the major concerns in
the postoperative period is acid reflux. Most postoperative
patients have varying degrees of acid reflux [26]. The
causes of this phenomenon may be as follows: (1) the ab-
sence of a lower esophageal sphincter, (2) peristaltic dys-
function and diminished digestive function of the remnant
stomach, and (3) altered esophageal and gastric remnant
physiological functions due to vagal denervation during
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surgery [27]. On the 24-h pH monitoring of the remnant
esophagus at 1 week after surgery, there were no signifi-
cant differences in reflux trends between the two groups.
However, at 4 weeks after surgery, N45 and LT were sub-
stantially higher in the colon group than in the jejunum
group. This was mainly because the jejunum has good
peristalsis, which facilitates the effective clearing of the je-
junal conduit and reduces the acid reflux into the remnant
esophagus. The reflux phenomenon after esophageal re-
construction was found to seriously affect the QOL of pa-
tients after surgery. It is noteworthy that the main cause
of death of the patient in the jejunum group was malnutri-
tion. Poor physical performance status before surgery led
to poor respiratory efforts and respiratory infections.
However, based on a single death, it cannot be concluded
whether a jejunal conduit is inferior to a colonic conduit.
The QOL assessment through the QLQ-C30 and
QLQ-OES18 questionnaires at 4 and 12 weeks revealed
that the postoperative QOL of patients in these two
groups improved with time. The overall QOL in the je-
junum group was higher at 4 weeks, but this became
similar to that in the colon group at 12 weeks. This indi-
cates that the recovery of patients with a colonic conduit
is slower. Furthermore, it was found that the social rela-
tionships of patients in the colon group were lower,
when compared to the jejunum group [13]. One of the
important responsible factors for this observation was
the occurrence of halitosis after surgery, which was sig-
nificantly higher in the colon group (17.6% vs. 40.5%,
P =0.03). In addition, the symptoms of acid reflux were
significantly higher at 12 weeks in the colon group. This
could be due to the better peristalsis of the jejunum, as
opposed to the colon, which facilitates the rapid clear-
ance of acid and food contents, leading to fewer symp-
toms. However, longer follow-up studies are required to
understand the impact of the type of conduit on QOL.
There were some limitations in the present study.
First, the sample size was relatively small, and the study
was retrospective in nature. Second, this was a single-
center study. Furthermore, the data at our center could
not be combined with the data from other centers due
to significant differences in perioperative patient care
and surgical methods. Third, there was some heterogen-
eity in the two groups with regards to age, tumor loca-
tion and other factors. Fourth, due to the long study
period and use of different adjuvant therapies in the two
groups, the long-term survival data could not be com-
pared. Due to length constraints in upper esophageal tu-
mors that require a high cervical anastomosis, in which
a jejunal conduit could not be used, a fair comparison
between the types of conduits was not feasible. Future
prospective randomized studies for mid and lower
esophageal tumors are needed to compare the outcomes
of jejunal and colonic conduits without selection bias.
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Furthermore, the postoperative QOL assessment in the
present study had a short follow-up interval, and received
different postoperative radiotherapy or chemotherapy treat-
ments. Therefore, the investigators specifically followed up
the data before the postoperative adjuvant therapy to re-
duce the impact of adjuvant therapy on the study data, and
reflect the true differences between the two groups.

Conclusions

In summary, for patients with previous gastrectomy
having esophageal cancer, the use of a pedicled jejunal
conduit after esophagectomy is associated with a lower
incidence of anastomotic leaks and other complications,
lower acid reflux, and higher short-term QOL. This may
be considered as the first choice of conduit, especially
for mid and lower esophageal tumors, in which a very
long conduit for cervical anastomosis is not required.
When the tumor is in the upper esophagus and the jejunal
conduit cannot reach high up for the reconstruction, the
colon can be used to complete the reconstruction of the
digestive tract.

The appendix

(1) Jejunum group: First, the thoracic esophagus was
mobilized along its longitudinal axis. The first jejunal
vessels were identified and preserved to maintain the
blood supply to the proximal jejunum. Then, the 2nd,
3rd and 4th jejunal vessels found on the main vascular
arch were occluded using a vascular clamp for more
than 10 min, in order to observe the blood supply. If the
small jejunal arteries in the clamping area continue to
pulsate, or the jejunum does not become discolored, this
suggests that the blood supply is good. Then, the oc-
cluded jejunal vessels were clipped and divided to facili-
tate the lifting up of the jejunum (Supplementary
Figure 1). In most cases, the 4th jejunal branch of the
superior mesenteric artery functions as the distal vascu-
lar pedicle to the mobilized jejunal conduit. The jejunum
was divided at approximately 20 cm from the ligament
of Treitz. Generally, the length of the jejunal tube is
sufficient to reach the mid to upper chest. Subsequently,
the tumor bearing segment of the esophagus was
resected. The proximal esophago-jejunal anastomosis
was completed in an end-to-end fashion using the hand-
sewn technique with two layers of sutures, or in an end-
to-side fashion using a stapling device. If the tumor was
located in the upper esophagus, a cervical incision was
made along the left sternocleidomastoid, and the cervical
esophagus was mobilized. The jejunal conduit was mobi-
lized to reach up to the neck via the esophageal bed, and
the esophago-jejunal anastomosis was completed in the
neck. The jejunal conduit was divided in the abdomen at
an appropriate length, and the distal end of the jejunum
was anastomosed to the anterior wall of the gastric
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remnant anastomosis in an end-to-side fashion. Lastly,
an end-to-side jejuno-jejunal anastomosis was carried
out to restore digestive tract continuity (Supplementary
Figure 2). The jejunal conduit was partly angulated due
to short mesentery, as presented in other Roux-en-Y
procedures.

(2) Colon group: When using the colon as an esopha-
geal substitute, the most critical step is to choose the appro-
priate vascular pedicle and mobilize the corresponding
colonic segment. Generally, the length of the colon is
measured based on the length of the mesenteric vascu-
lar arch, and the length of the conduit should prefera-
bly be approximately 3cm longer than the desired
length. For mobilization, first, the hepatocolic ligament
and gastrocolic ligament are divided, and the hepatic
flexure, transverse colon and splenic flexure are mobi-
lized. Second, when the left colonic graft is used, the as-
cending branch of the left colic artery is used as a
vascular pedicle, and the left branch of the middle
colon artery is ligated. However, if the right colonic
graft is used, the middle colic artery is used as the nu-
trient vessel of the graft, and the ileocolic and right
colic arteries are ligated. For the construction of the co-
lonic grafts, the vascular clamp test was performed for
15 min before dividing the colonic vessels. The colonic
vessels were ligated only when the blood vessels at the
edge of the colonic conduit had palpable pulsations,
and the color of the conduit remained unchanged after
clamping for 15 min. Finally, the esophago-colonic and
colo-gastric remnant and colo-colic anastomosis were
performed similar to that described for the pedicled
jejunal graft.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512893-020-00810-y.

Additional file 1: Supplementary Figure 1 This figure is intended for
the neck anastomosis operation. The pedicle of the pedicle will be
released as much as possible to meet the length of the neck.

Additional file 2: Supplementary Figure 2 Intraoperative
photographs: (a) The selected jejunal segment for esophageal
reconstruction. The arrow indicates the vascular arch retained during
surgery; (b) The esophagojejunostomy (arrow) is being performed.
Additional file 3.

Additional file 4.

Abbreviations
LT: Longest reflux time; QOL: Quality of life; ANOVA: analysis of variance

Acknowledgments
Not applicable.

Authors’ contributions

SJ, CG, YK, and JT designed and performed the study. SJ drafted the
manuscript. BZ, JX and ZX collected the data, and performed the statistical
analysis. All authors have read and agreed to the final manuscript. The
authors read and approved the final manuscript.

Page 9 of 10

Funding

This work was supported by the Medjaden Academy & ResearchFoundation
for Young Scientists (Grant no. MJA20180926), and the National Nature
Science Foundation of China (NSFC) (Grant no. 81560403). The funding
bodies had no role in the design of the study, the collection, analysis, or
interpretation of the data, or writing the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the present study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

The present study was approved by the local institutional ethics committee
of Jiangxi Province Tumor Hospital. All patients provided a written informed
consent prior to the procedure.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Thoracic Surgery, Jiangxi Cancer Hospital of Nanchang
University, No. 519 Beijing East Road, Nanchang 330006, Jiangxi, China.
’Department of Obstetrics, Tongde Hospital of Zhejiang Provience, Zhejiang
310012, Hangzhou, China. *Department of Respiratory and Critical Care
Medicine, The First Affiliated Hospital of Nanchang University, Nanchang
330006, Jiangxi, China.

Received: 19 February 2020 Accepted: 29 June 2020
Published online: 16 July 2020

References

1. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics
in China, 2015. CA Cancer J Clin. 2016;66:115-32.

2. Kwon JS, Kim JB, Cho KB, Kim ES, Park KS, Park CK. Gastric tube
reconstruction of esophagus for esophageal and stomach carcinomas. Asian
Cardiovasc Thorac Ann. 2012;20:600-3.

3. Fujiwara Y, Nakagawa K, Kusunoki M, Tanaka T, Yamamura T, Utsunomiya J.
Gastroesophageal reflux after distal gastrectomy: possible significance of the
angle of his. Am J Gastroenterol. 1998,93:11-5.

4. Lee SS, Chung HY, Kwon OK, Yu W. Long-term quality of life after distal
subtotal and Total Gastrectomy: symptom- and behavior-oriented
consequences. Ann Surg. 2016;263:738-44.

5. Watanabe M, Mine S, Nishida K, Kurogochi T, Okamura A, Imamura Y.
Reconstruction after esophagectomy for esophageal cancer patients with a
history of gastrectomy. Gen Thorac Cardiovasc Surg. 2016;64:457-63.

6. Kelling GE. Oesophagoplastic mit hilt des Quarkolon. Semin Med. 1911;38:
1209-12.

7. Irino T, Tsekrekos A, Coppola A, Scandavini CM, Shetye A, Lundell L, et al.
Long-term functional outcomes after replacement of the esophagus with
gastric, colonic, or jejunal conduits: a systematic literature review. Dis
Esophagus. 2017;30:1-11.

8. Kun L, Herbella FA, Dubecz A. 1913: Annus mirabilis of esophageal surgery.
Thorac Cardiovasc Surg. 2013;61:460-3.

9. Longmire WP, Ravitch MM. A new method for constructing an artificial
esophagus. Ann Surg. 1946;123:819-34.

10. Gaur P, Blackmon SH. Jejunal graft conduits after esophagectomy. J Thorac
Dis. 2014;6(Suppl 3):5333-40.

11. Blackmon SH, Correa AM, Skoracki R, Chevray PM, Kim MP, Mehran RJ, et al.
Supercharged pedicled jejunal interposition for esophageal replacement: a
10-year experience. Ann Thorac Surg. 2012;94:1104-11 discussion 11-3.

12, Li M, Hu ZD, Yu MF, Feng CW, Yuan FL, Zhang Q, et al. Surgical treatment
of 33 cases of esophageal cancer after partial gastric resection. Chin J
Thorac Cardiovasc Surg. 2011;27:312.

13, Jun W, Wei W, Weibing W, Jing X, Fuxi Z, Xiaoxiang X, et al. Clinical
outcome of using gastric remnant or jejunum or colon conduit in surgery
for esophageal carcinoma with previous gastrectomy. J Surg Oncol. 2017;
115:729-37.


https://doi.org/10.1186/s12893-020-00810-y
https://doi.org/10.1186/s12893-020-00810-y

Jiang et al. BMC Surgery

20.

21.

22.

23.

24.

25.

26.

27.

(2020) 20:156

Marks JL, Hofstetter WL. Esophageal reconstruction with alternative
conduits. Surg Clin North Am. 2012,92:1287-97.

Ninomiya I, Okamoto K, Oyama K, Hayashi H, Miyashita T, Tajima H, et al.
Feasibility of esophageal reconstruction using a pedicled jejunum with
intrathoracic esophagojejunostomy in the upper mediastinum for
esophageal cancer. Gen Thorac Cardiovasc Surg. 2014;62:627-34.

Doki Y, Ishikawa O, Takachi K, Miyashiro |, Sasaki Y, Ohigashi H, et al.
Association of the primary tumor location with the site of tumor recurrence
after curative resection of thoracic esophageal carcinoma. World J Surg.
2005;29:700-7.

Groenvold M, Klee MC, Sprangers MA, Aaronson NK. Validation of the
EORTC QLQ-C30 quality of life questionnaire through combined qualitative
and quantitative assessment of patient-observer agreement. J Clin
Epidemiol. 1997,50:441-50.

Baker CR, Forshaw MJ, Gossage JA, Ng R, Mason RC. Long-term outcome
and quality of life after supercharged jejunal interposition for oesophageal
replacement. Surgeon. 2015;13:187-93.

Viklund P, Lindblad M, Lagergren J. Influence of surgery-related factors on
quality of life after esophageal or cardia cancer resection. World J Surg.
2005;29:841-8.

Blazeby JM, Conroy T, Hammerlid E, Fayers P, Sezer O, Koller M, et al. Clinical
and psychometric validation of an EORTC questionnaire module, the EORTC
QLQ-OES18, to assess quality of life in patients with oesophageal cancer.
Eur J Cancer. 2003;39:1384-94.

Wise J. Obesity, smoking, and acid reflux are behind doubling in incidence
of oesophageal cancer. Bmj. 2013;346:f3959.

Pera M, Trastek VF, Carpenter HA, Fernandez PL, Cardesa A, Mohr U, et al.
Influence of pancreatic and biliary reflux on the development of esophageal
carcinoma. Ann Thorac Surg. 1993,55:1386-92 discussion 92-3.

Haubrich WS, Schaffner F, Berk JE. Bockus Gastroenterology. 5th ed.
Philadelphia, PA: W.B: Saunders Company; 1995.

Doki Y, Okada K, Miyata H, Yamasaki M, Fujiwara Y, Takiguchi S, et al. Long-
term and short-term evaluation of esophageal reconstruction using the
colon or the jejunum in esophageal cancer patients after gastrectomy. Dis
Esophagus. 2008;21:132-8.

Peng X, Zhong QS, Ji RM, Wang XL, Meng RG. Applied anatomy of the large
intestine. Chin J Clin Anat. 2000;18:51-2.

Kim D, Min YW, Park JG, Lee H, Min BH, Lee JH, et al. Influence of
esophagectomy on the gastroesophageal reflux in patients with esophageal
cancer. Dis Esophagus. 2017;30:1-7.

Oh HJ, Choi MG, Park JM, Song KY, Yoo HM. Acid secretion and its
relationship to esophageal reflux symptom in patients with subtotal
gastrectomy. Dig Dis Sci. 2018;63:703-12.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients
	Surgical procedures
	Postoperative short-term quality of life evaluation
	Statistical analysis

	Results
	Patient demographics
	Operative data
	Postoperative outcomes

	Discussion
	Conclusions
	The appendix
	Supplementary information
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

