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Abstract

Background Esophagectomy through cervico-thoraco-
abdominal approach is a useful surgical technique in treating
patients with esophageal cancer. However, the cervical recon-
struction is also known to have a high rate of anastomotic
leakage, as well as anastomotic stricture, intrathoracic stomach
syndrome, reflux esophagitis and other complications, thereby
influencing postoperative recovery and quality of life.

The objective of this study was to investigate whe-
ther tubular stomach is superior to whole stomach in
reducing anastomotic leakage for esophageal reconstruction
through the cervico-thoraco-abdominal (3-field) approach.
Methods A total of 850 patients undergoing the 3-field
esophagectomy were retrospectively included in this study
and divided into a tubular stomach reconstruction group
(Group A, n = 453) and a whole stomach reconstruction
group (Group B, n =397). All patients underwent
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esophagectomy through right thorax, left cervical part,
abdominal triple incisions and done in esophageal recon-
struction by hand-sewn two-layer anastomosis.

Results Results revealed that in comparison with whole
stomach, esophageal reconstruction with tubular stomach
had a lower incidence of anastomotic leakage (5.5 vs.
9.3 %, P < 0.05), less manifestation of intrathoracic syn-
drome (3.3 vs. 9.8 %, P < 0.001) and less occurence of
reflux esophagitis (5.1 vs. 11.1 %, P < 0.01). However, for
the incidence of anastomotic stricture, there was no sig-
nificant difference between the two groups (9.3 vs. 9.8 %).
Conclusions This observation study suggests that for
esophageal cancer patients undergoing the 3-field esopha-
gectomy tubular stomach is better than whole stomach for
esophageal reconstruction as reflected by a reduced post-
operative anastomotic leakage, intrathoracic syndrome and
reflux esophagitis.

Keywords Tubular stomach - 3-field esophagectomy -
Esophageal cancer - Anastomotic leakage - Whole stomach -
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Introduction

Esophagectomy through  cervico-thoraco-abdominal
approach is a useful surgical technique in treating patients
with esophageal cancer. This approach facilitates the three-
field lymph node dissection, leading to a high feasibility of
complete resection of primary tumor and removal of meta-
static nodes [1-3]. However, the cervical reconstruction is
also known to have a high rate of anastomotic leakage, as
well as anastomotic stricture, intrathoracic stomach syn-
drome, reflux esophagitis and other complications, thereby
influencing postoperative recovery and quality of life [4—6].
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Currently, both the tubular stomach and whole stomach
are utilized for esophagectomy through cervico-thoraco-
abdominal approach in patients with esophageal cancer.
Theoretically, the use of whole stomach for reconstruction
after esophagectomy interferes with physiological structure
of the patient which seriously affects the quality of post-
operative life. Thoracic surgeons have performed such
operations with tubular stomach gradually, and this mode
of operation is more consistent with the physiological
condition of the patients, which significantly improve the
quality of postoperative life. Although there have been
several reports comparing tubular stomach with whole
stomach for cervical reconstruction on blood flow and
quality of postoperative life [7, 8], little is known about the
clinical comparison of these two operation methods with
regard to the relative incidence of postoperative anasto-
motic leakage, anastomotic stricture, intrathoracic stomach
syndrome and reflux esophagitis.

This study aimed to compare the tubular stomach with
whole stomach for cervical reconstruction focusing on the
incidence of anastomotic leakage, anastomotic stricture,
intrathoracic stomach syndrome and reflux esophagitis in
esophageal cancer patients who underwent esophagectomy
through the cervico-thoraco-abdominal approach.

Materials and methods
Clinical data

From January 2007 to January 2011, 850 esophageal can-
cer patients undergoing esophagectomy through the cer-
vico-thoraco-abdominal (3-field) approach in the Northern
Jiangsu people’s Hospital were retrospectively analysed.
Patients were divided into two groups. Group A included a
total of 453 cases who underwent esophagectomy using
tubular stomach, whereas Group B included a total of 397
cases done with whole stomach. The demographic infor-
mation of the two patient groups is listed in Table 1.
Patients included in this study received neither preopera-
tive radiotherapy nor chemotherapy before operation.
Diagnosis of esophageal cancer was made by upper gas-
trointestinal Barium meal and gastroscopy.

Operative methods

All patients underwent esophagectomy through right tho-
rax, left cervical part, abdominal triple incisions and done
in esophageal reconstruction by hand-sewn two-layer
anastomosis. All operations followed the principles of
radical resection of esophagus: stumping from esophageal
tumor edge is greater than 5 cm, at the same time wild
lymph nodes dissection is performed. The patients in
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Table 1 Patients demographic data

Group A (n = 453) Group B (n =397) P value
Age (years) 582 £ 11.5 58.5 + 12.8 0.896
Gender 0.766
Male 321 285
Female 132 112
Staging 0.851
I 56 50
I 264 220
I 116 111
v 17 16
Locations 0.993
Upper 33 27
Middle 368 322
Inferior 52 48

Group A = tubular stomach; Group B = whole stomach

Group A used tubular stomach. The tubular stomach was
formed from the distal aspect of the lesser curvature of the
stomach with application of linear staplers. It was created
by resection of the lesser curvature of the stomach The
formation of the gastric conduit (4-6 cm in diameter) was
based on the preservation of the gastroepiploic vessels of
the greater curvature of the stomach. And then, the tubular
stomach was pulled upward to the left cervical part through
the posterior mediastinal route and performed hand-sewn
two-layer anastomosis. The patients in Group B used full
stomach, which was pulled to the left cervical part through
the posterior mediastinal route and performed hand-sewn
two-layer anastomosis.

Postoperative determination of anastomotic leakage,
anastomotic stricture, intrathoracic stomach syndrome
and reflux esophagitis

Cervical wound drainage was the most common presenting
symptom of anastomotic leakage, and screening barium
swallow also identified the occurrence of anastomotic
leakage.

Six months after operation, we assessed reflux symp-
toms such as pharyngeal regurgitation, cervical heartburn,
pain, throat disturbance, or nocturnal cough and the
symptoms of stricture such as dysphagia and the symptom
of intrathoracic stomach syndrome such as palpitations and
chest discomfort after eating [9]. All information was
obtained from the patients’ medical records. Upper gas-
trointestinal endoscopy was performed after the esopha-
gectomy. Anastomotic stricture was diagnosed in patients
who required anastomotic dilatation.
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Statistical analysis

Normally distributed continuous data such as age are pre-
sented as the mean and standard deviation and compared
with the Student’s ¢ test. Differences between proportions
such as disease staging, tumor location and the incidence of
anastomotic leakage were compared with Chi-squared test.
A P value of less than 0.05 or smaller was considered
statistically significant. The statistical software package
SPSS 16.0 was used for all calculations using a standard
personal computer.

Results

All patients in two groups were recovered with no opera-
tive death. The difference between patients of the two
groups in general was not statistically significant
(P > 0.05). The incidence of anastomotic leakage was
5.5 % (25/453) in the tubular stomach group and 9.3 %
(37/397) in the whole stomach group, the difference was
significant (P = 0.033). The incidence of intrathoracic
stomach syndrome was 3.3 % (15/453) in the tubular
stomach group and 9.3 % (39/397) in the whole stomach
group, the difference was significant (P = 0.000). And the
incidence of reflux esophagitis was 5.1 % (23/453) in the
tubular stomach group and 11.1 % (44/397) in the whole
stomach group, the difference was significant (P = 0.001).
Follow-up endoscopy showed that the incidence of anas-
tomotic stricture was 9.3 % (42/453) in the tubular stomach
group and 9.8 % (39/397) in the whole stomach group, the
difference between the two groups was not statistically
significant (P = 0.784) (Table 2).

Discussion

In this observational study, we found that in patients
undergoing esophagectomy through cervico-thoraco-
abdominal approach esophageal reconstruction with tubu-
lar stomach is associated with less anastomotic leakage,

less intrathoracic stomach syndrome and less reflux
esophagitis than those with whole stomach. However, the
incidence of anastomotic stricture is similar in both groups.

Anastomotic leakage is one of the most frequently
encountered postoperative complications following esoph-
agectomy that is known to have a significantly higher
incidence occurring in cervical reconstruction than in
thoracic reconstruction [4-6, 10]. The literature reported
the incidence of cervical anastomotic leakage with a range
between 11.9 ~ 25 % [11-13]. Several factors may have
contributed to the high incidence of cervical anastomotic
leakage: (1) with high position in cervical reconstruction,
anastomotic tension is higher and (2) blood circulation of
stoma in cervical reconstruction is poorer than in thoracic
reconstruction. Zhang et al. [14] used Doppler laser
detection instrument for determination of the gastric tis-
sue’s blood flow of esophagogastric anastomosis and found
the blood flow could increase 41 % with tubular stomach.
Arcus minor ventriculi is cut away in tubular stomach,
which can extend the stomach 5-10 cm. Proper construc-
tion of the tubular stomach should afford ample length for a
tension-free anastomosis [15]. The cause of anastomotic
stricture is more complex, due to the limited diameter of
the esophagus, use of stapler, stoma sutured too tight, scar
hyperplasia postoperative, local infection and other factors
[16]. The key cause is its diameter of esophagus and sur-
gical technique. This study showed that there was no sig-
nificant correlation in the incidence of anastomotic stenosis
between tubular stomach and whole stomach.

This study showed that the incidence of intrathoracic
stomach syndrome and reflux esophagitis with tubular
stomach was significantly lower than that of the whole
stomach. In traditional operations of esophagectomy with
whole stomach, gastric peristalsis decreases after being
placed in thoracic cavity, which can induce gastric dilation,
and it can produce intrathoracic stomach syndrome. Zhang
et al. [17] study finds the use of tubular stomach can
decrease the incidence of intrathoracic stomach syndrome;
meanwhile, it is equivalent in food intake and digestive
function between the patients using tubular stomach and
the patients using whole stomach. The following is reasons

Table 2 Incidence of postoperative anastomotic leakage, anastomotic stricture, intrathoracic stomach syndrome and reflux esophagitis

Group A (n = 453) Group B (n = 397) P value*
n % n %
Anastomotic leakage 25 55 37 9.3 0.033
Anastomotic stricture 42 9.3 39 9.8 0.784
Intrathoracic stomach syndrome 15 33 39 9.8 0.000
Reflux esophagitis 23 5.1 44 11.1 0.001

Group A = tubular stomach; Group B = whole stomach

* Chi-square tests on examining the number of occurrence in each group
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we analyzed: (1) The volume of the stomach is reduced by
a range of 21.4-47.2 % after tubulization [18], and theo-
retically, gastric tubulization should reduce the parietal cell
mass, further reducing the acid secretion capacity. (2)
Tubular stomach is laid in posterior mediastinum. There is
no room for expansion so that the volume occupied by
intrathoracic stomach is lesser and it is light in interfering
with the heart and lung system. (3) The diameter of tubular
stomach and esophagus is close. It is equivalent to the
normal physiological channel and can decrease the thoracic
gastric retention time of food, make food creeping speed
up, which is not easy to cause gastric retention [19]. (4)
Tubular gastric volume is small and the gastric wall com-
pliance is low. When stomach is full of food, gastric wall’s
expansion is limited and gastric pressure is increased [20].
It is easy to produce gastric emptying function, which can
effectively prevent gastric retention, bile reflux and reflux
esophagitis. (5) postoperative thoracic gastric volume is
reduced, which alleviates the squeeze by lung when
patients are in deep inspiration or coughing. And it reduces
the symptom and duration of reflux.

This study reveals that tubular stomach is better than
whole stomach for esophagectomy through cervico-thor-
aco-abdominal approach. It can decrease the incidence of
anastomotic leakage, intrathoracic stomach syndrome and
reflux esophagitis. This surgical technique merits wider
application and greater refinement.
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