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The ratio of gastric tube length to thorax length: a vital factor
affecting leak after esophageal cervical anastomosis
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Background: Esophagogastric anastomotic leak (AL) is a severe complication following esophageal
resection. This study aims to explore preliminarily whether the ratio of the gastric conduit length to the
thorax length can be regarded as a potential prognostic variable for AL, and if so, a cut-off value can be
found to divide the patients into distinct risk groups.

Methods: We retrospectively reviewed the clinical data of 273 patients who underwent esophagectomy.
The gastric conduit length, the thorax length, and other covariates were collected. Logistic regression was
first conducted to probe the rationality of the ratio as a risk indicator of AL. Then the dichotomizing analysis
was applied to find the optimal cut-off value.

Results: The incidence of AL was 12.5% (34/273). The coefficient of the ratio in the logistic regression
equation was —7.901 with P<0.001, which indicated that the larger the ratio, the smaller the risk of AL.
Further smoothed scatter plots revealed that a potential step function of the ratio of AL incidence exists,
of which the steep part ranges from 1.74 to 1.90. Results of the accurate cut-off value search through a
minimum P value approach give the optimal dichotomization point of 1.79.

Conclusions: The ratio of the gastric conduit length to the thorax length can reflect the tension in the
anastomosis. The research proposes that surgeons can control the length of the gastric conduit during

reconstruction to reduce the tension in the anastomosis and thus lead to a decrease in the incidence of AL.
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Introduction

The standard treatment for esophageal carcinoma is
esophagectomy. The stomach is most commonly used to
reconstruct the alimentary tract for esophageal cancer.
Anastomotic leakage (AL) is an important complication
following esophageal resection and an important cause of
death (1). The incidence of AL ranges from 6.2% to 27%
(2-6). In the Chinese population, the intrathoracic AL rate
is reported to be 2.8% to 6.6%, whereas the cervical AL rate
is 7.9% to 24% (7). AL is also a major cause of perioperative
morbidity and mortality. Patients with AL have three times
the risk of death as those without AL, and the mortality rate
of the former can reach up to 60% (8,9). Unlike cervical
anastomosis, initial presentations of AL may include a neck
flare-up and redness at the surgical incision with pus, saliva-
type fluid, or air discharge from the wound, accompanied by
septic signs. Often, the only signs of leakage are increased
heart rate, increased body temperature, or bilious drainage
from the surgical drain; other times, a leakage is simply
radiologically determined without external signs, since it is
not uncommon for these leakages to present as mediastinitis
without wound discharge. Occasionally, infection can spread
to the thorax and generate an infection of the pleural cavity
or mediastinitis, if not treated in time (10).

The gastric conduit is commonly used for reconstruction
as a substitute with sufficient length after esophageal
anastomosis. According to related studies, the risk factors
of anastomotic leakage after esophagectomy include older
age, ischemia of the gastric conduit, malnutrition, renal
insufficiency, diabetes, high body mass index and surgical
approach (5,11,12). Three studies considered that poor
tissue perfusion is a major cause of anastomotic leakage
(13-15). In this study, we aimed to explore the influence of
gastric conduit length on AL. The gastric conduit length
without tension, reflecting the initial length, was measured
before the gastric conduit was pulled up to the neck during
surgery, and the thorax length, which starts from the
xiphoid and ends at the sternal notch, was measured before
surgery. An index that indicated the tension of the gastric
conduit was then constructed by dividing the gastric conduit
length (i.e., the initial flaccid gastric conduit length minus
the redundant portion length) by the thorax length, and we
speculated that this tension was a major cause of AL. We
present the following article in accordance with the MDAR
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-6082).
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Methods
General description

We retrospectively reviewed the clinical information of
302 patients undergoing esophagectomy and cervical
anastomosis between 2016 and 2020 at the Department
of Thoracic Surgery in Nanjing Jinling Hospital. And
29 patients were excluded for lack of the data associated
with the length of the gastric conduit length or/and the
thorax length. If other data were missing, an imputation
method was used to integrate the data. Finally, 273 patients
were included in this study. 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 the Jinling Hospital (approval number
2018NZKY-027-54). The ethics committee waived the
need for informed consents from those patients since our
study was a retrospective cohort analysis and analyzed
anonymously. The perioperative data, which consisted of
demographic indexes, surgically related indexes, tumor-
related indexes, and hematological indexes, were collected
and summarized by analyzing the medical records database.
The C-reactive protein (CRP) level was measured on
postoperative day 3 (POD3) since early AL always occurs
at POD3-POD?7 and the CRP level at POD1 could mostly
influenced by the procedure of the surgery; thus, the CRP
level at POD3 could be considered an early predictor of
AL. Logistic regression and a dichotomizing approach were
applied to obtain an optimal cut-off point.

Definition of AL

AL was defined as follows: (I) leakages confirmed by
endoscopy, chest computed tomography (CT), and/
or surgical exploration (16); and (II) disruption of the
anastomosis that led to a leakage of the intraluminal content
that was sufficient to cause clinical symptoms.

Surgical methods

All the patients who underwent esophagectomy, which
comprised open surgery, video-assisted thoracic surgery
(VATS), and robot-assisted thoracic surgery (RATS),
underwent cervical anastomosis. During VAT'S and RAT',
the mediastinum was dissected from the diaphragm to the
apex of the chest with gentle separation of the fat, nodes,
azygos vein, and esophagus. The thorax was then closed
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with the patient in a supine position. The abdomen was
explored through a midline incision, and the right gastric
and right gastroepiploic arteries were preserved to provide
vascular supply to the gastric conduit. Fat and nodes along
the celiac trunk and the upper part of the abdominal aorta
were removed. The Kocher maneuver procedure was
not performed, and the duodenum was not dissociated
for extensive retroperitoneal lymphadenectomy during
esophagectomy in our institution. The gastric conduit
was created by the aid of a linear stapling device, making a
conduit 3 to 4 cm wide along the greater curvature of the
stomach. The staple line was oversewn with an additional
3-0 PDS (polydioxanone synthetic) suture. Then, the
length of the gastric conduit was measured. To expose the
operative field, the patient was placed in a supine position
with the neck extended at the base of the skull and the
head turned to the right. An oblique incision was made
through the skin and muscles on the left side of the neck,
and the prepared gastric conduit was gently pulled up
with the specimen through the posterior mediastinum and
removed through the neck. The anastomosis was created
at the posterior wall of the stomach conduit, approximately
2 to 8 cm from the distal end of the gastric conduit. This
distance was determined by the approximate tension of
the gastric conduit felt by the surgeon when pulling up the
gastric conduit. After completion of the end-to-side hand-
sewn anastomosis, the proximal end of the gastric conduit
was removed by stapling 2 ¢cm from the anastomosis with
the same linear stapler. The staple line was oversewn with
an additional 3-0 PDS suture (Video I). The open operation
started with a left thoracotomy, after which the esophagus
was divided gently from the diaphragm to the apex of the
chest. The stomach was explored through an incision in
the left diaphragm. After a gastric conduit was created and
pulled out into the thorax, the incision in the left diaphragm
was sutured, then followed by the same VATS and RATS
procedures.

Measurement methods

Every length was measured by a ruler before or during the
operation. The thorax length was defined as the horizontal
distance from the xiphoid to the sternal notch, whereas the
gastric conduit length started from the pylorus ring and end
at the cervical anastomosis. The gastric conduit length was
measured externally as follows: (I) the lateral length was
measured from the incision level of the conduit to the tip of
the conduit; (II) the conduit was fixed, the lateral length was
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measured from the pylorus ring to the incision level of the
conduit, and the original gastric conduit length was equal
to the sum of the two aforementioned lengths; and (III) the
redundant portion length that starts from the anastomosis
and ends at the tip of the conduit was measured. The gastric
conduit length is equal to the original gastric conduit length
minus the redundant portion length (Figure 1). An index
reflecting the tension of the gastric conduit was constructed
by dividing the gastric conduit length by the thorax length.
For RATS, the robot was removed after the abdominal part
of the esophagectomy, and the gastric conduit was created.
At this time, the surgeons could measure the gastric conduit
length externally.

Statistical analysis

The chi-square test or Fisher exact test was used to compare
categorical parameters. Student’s t-test was used to compare
continuous variables. A logistic regression in which the
anastomotic leakage status was regarded as the dependent
variable and the ratio of the gastric conduit length to thorax
length, along with other covariates including operation
type, operation time, tumor differentiation degree, tumor
location, tumor, node, metastasis (TNM) classification and
CRP level, were regarded as independent variables, was first
conducted to explore if the ratio was a risk indicator. These
important clinically variables were entered into regression.
Both force-enter selection and backward stepwise selection
were performed, and the one with a smaller Akaike
information criterion (AIC) value was finally selected. To
assist surgeons in making intraoperative recommendations,
a cut-off point was needed to divide the patients into distinct
risk groups, those who have high or low probabilities of
AL occurrence. We conducted a dichotomized analysis
comprising an exploratory analysis (graphical diagnostic
plots) and an exact search (the minimum P value approach)
to determine the exact cut-off point. A scatter plot and a
grouped data plot were drawn in the former stage to help
uncover the underlying relationship between the ratio and
AL as well as preliminarily to frame an interval for the
potential cut-off point. The scatter plot consisted of all the
subjects whose gastric conduit length to thorax length ratio
and AL condition were used as the horizontal and vertical
axis values, respectively. All of the ratios were then divided
into 10 groups, and the average AL condition within each
group was calculated and depicted to form a grouped data
plot, from which we identified an interval covering the
steepest part. Once the interval was fixed, a contingency
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Figure 1 The measurement of gastric tube length and thorax length. (A) The horizontal length of thorax was defined to start at the xiphoid

and end at the sternal notch. (B) Measure the lateral length from the incision level to the tip of the conduit. (C) Fix the incision part of the

conduit and measure the lateral length from pylorus ring to the incision level. The original gastric conduit length is equal to the sum of the

two aforementioned lengths. (D) Measure the length of the resection part that starts from the anastomosis and ends at the tip of the conduit.

The gastric conduit length is equal to the original gastric conduit length minus the resection length.

Table 1 The contingency table of every alternative cut-off point

Ratio<Co Ratio>Co
With AL a b
Without AL c d

table was created with every alternative cut-off point, C,
(Table 1).

The C, value that produced the minimum P value or
the maximum chi-squared statistic was selected as the cut-

off point that best differentiated the AL risk groups. The
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Altman correction (17), Bonferroni correction, and Lausen
and Schumaker correction (18) were employed to adjust
for the inflation in the type I error caused by multiple tests
in the search process. The Altman correction provided the
following simplified formula to adjust for the P value:

paltl()_ad/:_1'63pmin(1+2'35(Ln(pmin))) [1]

where p,,;, stands for the observed minimum P value.

A standard Bonferroni correction was applied by dividing
the unadjusted P value by the number of tests, which was
believed to be unappropriated in this situation and updated
to a modified version by Lausen and Schumaker.
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Table 2 Patient clinicopathologic characteristics

Characteristics No. of patients

(n, %) or mean + SD

Age(years) 64.41+8.76
Gender

Male 214 (78.4)

Female 59 (21.6)
BMI (kg/m?) 22.94+3.18
Diabetes 20 (7.3)
Hypertension 62 (22.7)
Smoking history 138 (50.5)
Drinking history 89 (32.6)
Pulmonary complication 24 (8.8)
Cardiovascular complication 86 (31.5)
ASA score

I 187 (68.5)

Il 72 (26.4)

I} 14 (5.1)
Histological type

SCC 256 (93.8)

AC 2(0.7)

ASC 2(0.7)

Others 13 (4.8)
Pathologic tumor stage

I 104 (38.1)

I 62 (22.7)

M 99 (36.3)

v 8(2.9)
Differentiation degree

Well 71 (26.0)

Moderate 158 (57.9)

Poor 44 (16.1)
Preoperative adjuvant therapy 45 (16.5)

BMI, body mass index; ASA, American Society of Anesthesiologists;
SCC, squamous cell carcinoma; AC, adenocarcinoma; ASC,
adeno-squamous carcinoma

k-1
Py —adj=p,, +ZD(gi’gi+]) (2]
i1

where p,,, stands for the observed minimum P value,
k stands for the total count of all possible cut-off point
alternatives, ¢ is the proportion of the observed values at
or below the ith alternative, and the D() function can be
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explained by:

2
z

2 2 e )
D(e,.,s,-ﬂ)=T<a(s,~,e,-+]>—(%—1><@» 3]

where z is the (l—p;f”j percentile of the standard

normal distribution, and the @() function is defined by:

0l 5.) = [1- 0= 4]
(1_gi)gi+1

All statistical analyses were implemented with R (version

3.5.3).

Results

The clinicopathologic characteristics of the 273 patients are
shown in Table 2. The average age of the 273 patients was
64.41+8.78. The overall AL incidence was 12.5% (34/273).
Table 3 shows comparisons of the clinicopathologic findings
according to the presence or absence of AL. The ratio in
patients with AL is significantly lower than that in patients
without AL (P<0.001). There were no significant differences
in the tumor size, tumor location or differentiation
degree between patients with AL and patients without
AL. A significant difference was found in the operation
type between patients with AL and patients without AL
(P=0.006). The surgical time in patients with AL was
significantly longer than that in patients without AL (0.022).
Meanwhile, the TNM stage and the CRP level were both
significantly different between patients with AL and patients
without AL (P=0.041 and P<0.001, respectively).

The correlation between the gastric conduit length
and AL is presented in Figure 2. The results of backward
stepwise regression and force-enter regression are listed in
Table 4 and Table 5, respectively. In the backward stepwise
model, which had a smaller AIC value than the force-
enter model, covariates other than the ratio, operation
type, operation time and CRP were all eliminated. The
coefficient (standard error) of the ratio was —-7.901 (1.840),
which indicated that the larger the ratio was, the lower
the tension and the lower risk of AL (P<0.001). Compared
with operation type 1 (open operation), operation type 2
(VATS) showed a higher AL incidence. A longer operation
time, as a result of surgical difficulty, indicated more
potential risks. A larger CRP count at POD3 meant more
instances of AL. The aforementioned scatter plot and
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Table 3 Clinicopathologic findings according to presence or
absence of AL

AL (-) (n=239) AL (+) (n=34)

Variables (n, %) (n, %) P value
Tumor size 0.8
<3cm 111 (46.4) 15 (44.1)
>3 cm 128 (53.6) 19 (55.9)
Tumor location 0.34
Upper 19 (8.0) 1(2.9)
Meddle 140 (58.6) 24 (70.6)
Lower 80 (33.4) 9 (26.5)
Operation type 0.006
Open operation 128 (53.6) 9 (26.5)
VATS 77 (32.2) 20 (58.8)
RATS 34 (14.2) 5(14.7)
Operation hour 0.022
<4 hour 141 (59.0) 13(38.2)
>4 hour 98 (41.0) 21 (61.8)
Differentiation degree 0.88
Well 61 (25.5) 10 (29.4)
Moderate 139 (58.2) 19 (65.9)
Poor 39 (16.3) 5(14.7)
TNM stage 0.041
Stage | 90 (37.7) 14 (41.2)
Stage Il 59 (24.7) 3(8.8)
Stage IIl 85 (35.6) 14 (41.2)
Stage IV 5 (2.0) 3(8.8)
Ratio <0.001
<1.79 27 (11.3) 23 (67.6)
>1.79 212 (88.7) 11 (32.4)
CRP <0.001
<73.0 179 (74.9) 1(2.9)
>73.0 60 (25.1) 33 (97.1)

grouped data plot are illustrated in Figure 3 and Figure 4.
The relationship between the ratio and the AL incidence
is nonlinear. The minimum P value approach was applied
to obtain the exact cut-off point value of the ratio (1.79),

whereas the unadjusted minimum P value was 1.245x10™*
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(Table 6). Three adjustments were implemented to correct
the inflation of type I error caused by multiple tests (Zable 7).
The average AL rate below the cut-off point was 17/47
(35.4%), while the counterpart was 17/225 (7.6%).

Discussion

Anastomotic dehiscence remains the main complication
in postoperative morbidity and mortality following
esophagectomy. Anastomotic leakage can cause some
disastrous consequences, such as mediastinitis, sepsis,
acute respiratory distress syndrome, or even death (19).
The reported AL incidence has consistently decreased
in recent years, which further underlines the importance
of finding possible contributing factors affecting the
occurrence of AL (20-22). Many factors may influence
the process of anastomotic healing (14), such as the blood
supply (23,24), additional anastomosis between the short
gastric vessels and vessels in the neck, the type of gastric
conduit (narrow or wide), the method of anastomosis (hand
sewing, circular stapler, or triangulating stapling), and the
route of anastomosis (retrosternal, posterior mediastinal, or
subcutaneous) (19,25-27). Tension in the anastomosis also
plays an adverse role in wound healing and is potentially
lethal in esophagogastric anastomoses (28).

Although tension is often mentioned in clinical practice,
research on the topic of AL is quite limited because of
the obstacles in measuring the tension in esophagogastric
anastomoses. We initially considered that the tension
may be directly represented by the gastric conduit length;
however, the fact that different patients have different thorax
lengths can result in a shorter patient with a smaller gastric
conduit length having a lower tension than a taller patient
with a longer gastric conduit length. Therefore, the thorax
length must be taken into consideration to account for the
diversity among patients. Originally, we wanted to measure
the length of the native esophagus starting from the surface
projection of the cardia to the cervical anastomotic site.
However, difficulties existed: locating the surface projection
of the cardia is difficult; as for the cervical anastomotic site,
the position of the incision in the neck is not certain before
anastomosis. Therefore, an alternative highly standardized
method to measure the length featuring two definite and
easy-to-locate endpoints should be employed. First, we
took into consideration the length from the spinous process
of the 1st thoracic vertebra to the spinous process of the
12th thoracic vertebra; however, this length could be easily
affected by scoliosis and kyphosis. Then, the length from
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Anastomosis

Esophagus
Number of the patients =273
The incidence of anastomotic
leak: 12.3% (34/273)
Route 1
Stomach
"""" Route 2

— I
e 11 L

Represented 1 o
by thorax Gastric tube Ratio <1.79 Ratio >1.79
length lenath n=48 n=225
alternatively eng
Voo wiios s o w ws E B SN E1E
Route 1 Route 2
With large tension l 1 With low tension
—  Anastomotic leak

High incidence of Low incidence of

anastomotic leak anastomotic leak

(17/48, 35.4%) (17/225, 7.6%)

Figure 2 There are different routes by which to trim the stomach during the reconstruction of the gastric tract, which influence the gastric
conduit length. The tension in the anastomosis can then be represented alternatively by the ratio of the gastric conduit length to the thorax
length. The bigger the ratio is, the smaller the risk of AL will be. Therefore, surgeons can properly increase the gastric conduit length
according to the patient’s thorax length during the reconstruction of the gastric tract, reducing the tension in the anastomosis and finally
leading to a decrease in AL incidence.
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Table 4 Backward stepwise selection result (AIC: 99.26)

Covariate name Coefficient ~ Standard error P value
Ratio -7.751 1.840 <0.001
Operative type

Open operation Reference

VATS 2.052 1.091 0.060

RATS 0.054 0.681 0.936
Operative hour 1.12 0.374 0.003
CRP 0.022 0.004 <0.001

AIC, Akaike information criterion; VATS, video-assisted thoracic
surgery; RATS, robot-assisted thoracic surgery; CRP, C-reactive
protein.

Table 5 Force-enter selection result (AIC: 106.76)

Covariate name Coefficient ~ Standard error P value
Ratio -7.939 2.019 <0.001
Operative type

Open operation Reference

VATS 2.337 1177 0.047

RATS 0.278 0.763 0.725
Operative hour 1.233 0.424 0.004
Differentiation degree

Well Reference

Moderate 1.08 0.857 0.208

Poor 1.073 1.040 0.302
TNM stage

| Reference

I -0.422 0.942 0.654

M -0.172 0.721 0.812

\Y 2.201 1.228 0.073
Tumor location

Upper Reference

Middle -1.015 1.343 0.45

Lower -1.805 1.486 0.225
CRP 0.025 0.005 <0.001

AIC, Akaike information criterion; VATS, video-assisted thoracic
surgery; RATS, robot-assisted thoracic surgery; TNM, tumor,
node, metastasis; CRP, C-reactive protein.
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the xiphoid to the sternal notch was considered. However,
this measure was easily affected by sex and BMI (body mass
index) and could not precisely represent the length of the
native esophageal bed in the posterior mediastinum. Finally,
we chose the horizontal length of the thorax, which was
defined as the distance between the start at the xiphoid and
the end of the sternal notch; this measure correlates to the
length of the native esophageal bed more precisely.

In our study, the thorax length and the gastric conduit
length were measured before and during the operation,
respectively. We then constructed an index that reflected the
tension of the esophagogastric anastomoses by dividing the
gastric conduit length by the thorax length. Therefore, it
is rather clear that a larger ratio implies less tension. Given
general knowledge that higher tension after anastomosis
can lead to a higher AL incidence (28), it is likely that
controlling the ratio to be within an appropriate range
during surgery can reduce the incidence of AL.

During the surgeries, gastric conduits were positioned in
a uniform manner in the posterior mediastinum, and in this
study, anastomoses in the neck were created manually due
to the high standardization of this technique as well as to
avoid the reported high failure rate of stapled anastomoses
attempted in the neck (29). Some studies have suggested
that cervical anastomosis in esophagectomy can reduce the
recurrence of esophageal cancer. The clinical outcomes of
thoracic anastomotic leakage are less favorable than those
of cervical anastomotic leakage, and the management of
patients with cervical anastomotic leakage is much easier
than that for patients with thoracic anastomotic leakage.
Therefore, in our institution, almost all patients with
esophageal cancer underwent cervical anastomosis.

Our study demonstrates four significant risk factors for
AL: operation time, operation type, POD3 CRP level,
and the ratio of gastric conduit length to thorax length.
The operation time, which may be influenced by pleural
adhesions, large tumor size, bleeding, or other reasons,
can determine the difficulty of the surgery to some extent.
Long-term isolation of the gastric conduit can reduce the
blood supply after anastomosis; moreover, patients may
produce a more serious postoperative stress response after
the pleural adhesions are divided or after bleeding occurs
during surgery. The results showed that open operations
yielded a lower AL incidence compared with VATs, which
may be caused by the collection bias since the number
of patients included in this study was limited. Therefore,
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Gastric tube length / thorax length

Figure 3 Scatter plot of ratio in an AL condition. Figure 3 shows the ratios (the gastric conduit length divided by the thorax length) and the
AL (anastomotic leak) conditions (with or without AL) of all 273 subjects. Each point represents a specific subject with the x-axis standing
for the ratio and the y-axis standing for the AL condition. Subjects who suffer from AL tend to have a smaller ratio, whereas those without

AL feature a larger ratio, which is indicated by the transparency of the points.
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Figure 4 Grouped data plot of the ratio in an AL condition. Figure 4 is a preliminarily smoothed version on the base of the scatter plot in
Figure 2. All 273 points are divided equally into 10 bins, according to the ratio. Within each group, the arithmetic mean and the standard
deviation of the ratio are then calculated and labeled (e.g., x: 1.530£0.025), as well as those of the AL condition (e.g., y: 0.500£0.577). The

steepest sector can be found on the line chart to form an interval where the potential dichotomization point will be sought exactly, later.

© Annals of Translational Medicine. All rights reserved.
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Table 6 Minimum P value approach search result

Alternative ratio Chi-squares P value

1.74 30.912 2.700x10"
1.75 29.444 5.757x10"°
1.76 31.078 2.479x10°°
1.77 35.904 2.073x10"
1.78 48.892 2.704x10 "
1.79 59.466 1.245x10 "
1.80 54.283 1.736x10 "
1.81 48.238 3.776x10
1.82 48.238 3.776x10
1.83 50.329 1.301x10"°
1.84 46.376 9.760x10 ™"
1.85 48.576 3.178x10 "
1.86 46.161 1.089x10 ™"
1.87 47.292 6.117x10 "
1.88 41.997 9.141x10™"
1.89 41.021 1.506x10 "
1.90 37.363 9.807x10 "

Table 7 Three corrections for the unadjusted P value

) Standard Lausen &
Unadjusted Altman Bonferroni Schumaker
1.245x10™ 1.506x10"7  2.116x10"°  1.359x10"°

we propose further studies to explore the effect of these
three surgical methods on postoperative complications.
Postoperatively elevated CRP levels have been reported
to be predictive of postoperative systemic inflammation
reactions and complications, and this factor has already
been used as a predictor of AL (30). In our study, a similar
conclusion was drawn: higher POD3 CRP levels tends to
enhance the risk of AL.

We further explored the influence of the gastric conduit
length to thorax length ratio on tension in anastomosis.
According to our results, a smaller ratio leads to a higher
incidence of AL, and a steep drop can be seen in Figure 4,
from 1.74 to 1.90, which indicates that when the ratio
falls within this range, the occurrence of AL will change
significantly. There are three potential explanations for

© Annals of Translational Medicine. All rights reserved.
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this phenomenon: (I) tension exists intrinsically and leads
to the occurrence of AL; (IT) when the ratio falls below
some critical value within this interval, the tension in the
anastomosis is more likely to become higher than the
traction in the suture, which can lead to a breakage or a
loosening of the suture and then cause an early AL; and (III)
even if an early AL does not occur, long-term effects still
exist: both potential gaps in the anastomosis and constant
tension in the gastric conduits that squeeze the short gastric
vessels can impair healing, causing an occurrence of a late
AL. Therefore, a cut-off value for the ratio should be found
as a guide for surgeons to reduce the incidence of AL.

The accurate cut-off value search gave an optimal
dichotomization point of 1.79, which means that the AL
incidence might decrease if the surgeon ensures that the
ratio higher than 1.79. The ratio is influenced by both
the gastric conduit length and the thorax length; however,
the latter is always fixed in a particular patient, which
means that we should control the former to increase
the ratio. Moreover, the gastric conduit length was
determined by both the route of tailoring the stomach
and the redundant portion length. Given that the distance
of the reconstruction of the alimentary tract for cervical
anastomosis is long, surgeons should choose an optimal
route that could allow the gastric conduit to be long enough
for reconstruction, while ensuring that the diameter of the
gastric conduit is not too small. The diameters of the gastric
conduits in our study were between 3 and 4 centimeters. If
the stomach size was not large enough for reconstruction
based on the experience of the surgeons, the width of the
gastric conduit was reduced appropriately to increase the
length. Measurements should be taken after creating the
initial gastric conduit, and then the measured length should
be compared with the value of the thorax length multiplied
by 1.79. If the initial gastric conduit length is smaller,
surgeons should anastomose to the most distal point of the
conduit, since controlling the ratio is more important than
removing the redundant portion of the proximal conduit,
according to our results. Otherwise, surgeons should
anastomose to a certain position to remove as much of the
redundant portion that is most ischemic as possible. In this
case, the redundant portion length should be equal to the
initial gastric conduit length minus the value of the thorax

length multiplied by 1.79.

Limitation

The main limitations are as follows: i. no background
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data supporting that the ratio is correlated to anastomotic
tension were found, and we suggest that further studies
should provide more information on this topic; and ii. only
the end-to-side hand-sewn anastomosis was included in
our study, and therefore, we did not address the different
techniques of other surgeons regarding where the
anastomosis is made on the conduit.

Conclusions

The ratio of the gastric conduit length to the thorax length
can reflect the tension in the anastomosis. An optimal
dichotomization point of 1.79 was determined to be a guide
in clinical practice. This study proposes that surgeons can
properly increase the gastric conduit length according to
the cut-off point and the patient’s thorax length during the
reconstruction of the esophageal tract to reduce tension in
the anastomosis and that this approach can finally lead to a
reduction in the incidence of AL.
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