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Abstract

Background Routine contrast esophagram has been shown to be increasingly limited in diagnosing anastomotic
leaks after esophagectomy.

Methods Patients undergoing esophagectomy from 2013 to 2014 at Huai’an First Peoples’ Hospital were identified.
We retrospectively analyzed patients who underwent routine contrast esophagram on postoperative day 7 (range
6-10) to preclude anastomotic leaks after esophagectomy.

Results In 846 patients who underwent esophagectomy, a cervical anastomosis was performed in 286 patients and an
intrathoracic anastomosis in 560 patients. There were 57 (6.73%) cases with anastomotic leaks, including cervical
leaks in 36 and intrathoracic leaks in 21 patients. In the cervical anastomotic leak patients, 13 were diagnosed by
early local clinical symptoms and 23 underwent routine contrast esophagram. There were 7 (30.4%) true-positive, 11
(47.8%) false-negative, and five (21.8%) equivocal cases. In the intrathoracic anastomotic leak patients, four (19%)
were diagnosed by clinical symptoms, 16 (76.2%) were true positives, and one (4.8%) was a false negative.
Aspiration occurred in five patients with cervical anastomoses and in eight patients with intrathoracic anastomoses;
aspiration pneumonitis did not occur in these cases.

Conclusions Gastrografin and barium are safe contrast agents to use in post-esophagectomy contrast esophagram.
Because of the low sensitivity in detecting cervical anastomotic leaks, routine contrast esophagram is not advised.

For patients with intrathoracic anastomoses, it is still an effective method for detecting anastomotic leaks.

Introduction

Anastomotic leak is one of the most common complica-
tions after esophagectomy, with a probability of 5-35%
[1, 2]. Routine contrast esophagram can detect
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anastomotic leaks after esophagectomy prior to the
resumption of oral feeding, thus reducing oral intake
complications such as mediastinal infection, pyothorax,
wound infection, septicemia, and death [3, 4]. However, a
growing body of evidence highlights the limitations of
routine contrast esophagram in the detection of anasto-
motic leaks, due to its low sensitivity [5, 6], especially in
the diagnosis of cervical anastomotic leaks [7, 8]. In
China, routine contrast esophagram is generally used in
thoracic surgery centers [9]. We retrospectively analyzed
the clinical data of patients who underwent esophagec-
tomy at our center and assessed the clinical usefulness
and safety of a contrast swallow study to predict anas-
tomotic leaks.
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Methods

The clinical data of patients who underwent esophagec-
tomy in our institution by three surgeons between January
1, 2013 and December 31, 2014 were collected. Patient
demographics, location of esophageal lesion, operative
approach, clinical signs of anastomotic leaks, complica-
tions, time of esophagram, esophagram results, complica-
tions of the swallow studies, and time to resumption of oral
diet were recorded. For the purpose of the analysis, the
anatomic location of the anastomosis was divided into
cervical and intrathoracic levels.

Generally, esophagram was performed the first week
(median postoperative day 7, range 6-10 days) after
esophagectomy. After an iodine allergy test was con-
firmed to be negative, patients were instructed to swallow
60 ml of gastrografin for the preliminary assessment of
anastomotic integrity. When there was no evidence of an
obvious leak, 50-70 ml of oral barium was administered
to further confirm the integrity of the anastomosis. The
anastomosis was carefully observed in at least three dif-
ferent positions (anteroposterior, left posterior oblique,
and right posterior oblique) during swallowing to assess
for extravasation of contrast material. Radiographic spot
films were obtained in each position, and in the presence
of extravasation, additional radiographs were obtained to
document this finding. Overhead radiographs were
obtained at the conclusion of the examination, centered on
the mid-thoracic or cervical area (depending on the
location of anastomosis performed) in the anteroposterior
and lateral positions. A single anteroposterior upper
abdominal film was also obtained. Esophagram results
were interpreted by both the attending surgeon and a
radiologist specializing in upper gastrointestinal fluoro-
scopic assessment.

A clinically apparent anastomotic leak required the
presence of at least two of the following criteria: (a) the
appearance of saliva, stomach contents or pus through the
wound or drains, (b) the presence of fever, leukocytosis,
and local signs of inflammation, (c) anastomotic leakage
assessed by other diagnostic examination (e.g., endoscopy
or computed tomography (CT) scan), (d) anastomotic
breakdown seen at re-exploration. A radiological leak was
defined as any extravasation of the contrast medium at the
site of the anastomosis.

Regarding the results of the initial contrast swallow
study, patients were classified as follows: (1) true posi-
tive—a positive initial contrast swallow study in a patient
who developed clinically apparent leak, irrespective of
whether the leak appeared before or after the first
esophagram; (2) true negative—a negative initial contrast
swallow study in a patient who remained asymptomatic

after oral intake throughout the entire hospitalization; (3)
false positive—a positive initial contrast swallow study in a
patient who remained asymptomatic throughout the entire
hospitalization; (4) false negative—a normal initial con-
trast swallow study in a patient who had a clinical leak
regardless of the time at which it appeared.

Until the contrast swallow examination was executed,
oral intake was prohibited and patients were fed through a
jejunal feeding tube. Furthermore, nasogastric suction was
maintained to decompress the gastric conduit. When the
esophagram did not show contrast leakage, oral intake was
gradually resumed, starting with water. However, in
equivocal cases, confirmation of an anastomotic leak was
achieved by computed tomography (CT). When a radio-
graphic leak was detected, oral intake was omitted. If these
patients were without clinical symptoms (radiologically
diagnosed, asymptomatic leaks) such as fever, leukocyto-
sis, or local signs of inflammation after the initial contrast
swallow study, a second study was performed to determine
the integrity of the anastomosis after one week in
intrathoracic patients; cervical patients would resume oral
intake after 3-7 days.

Sensitivity, specificity, positive predictive value, and
negative predictive value were calculated for routine con-
trast esophagram. Data were analyzed using SPSS statis-
tical software for Windows (version 19.0, SPSS Inc.,
Chicago, IL, USA). A p value of less than 0.05 was con-
sidered statistically significant.

The study was approved by our institutional review
board. Informed consent from patients whose records were
included was not required for this study.

Results

From January 1, 2013 to December 31, 2014, 883, patients
who underwent esophagectomy were reviewed. Patients
were excluded from the study for the following reasons: 23
cases who had postoperative complications other than
anastomotic leaks and required prolonged stays in the
intensive care unit; three deaths that occurred before
scheduled contrast swallows because of stroke, cardiac
arrest, or pulmonary infarction; and 11 with recurrent
laryngeal nerve paralysis, leaving 846 (95.8%) eligible.
Patient demographic characteristics are shown in Table 1.
Of these, 846 patients underwent esophageal imaging.
Circular stapling was applied for side-to-end anastomosis
after the gastric conduit was pulled through the esophageal
bed in all esophageal anastomoses. Two hundred and
eighty-six patients had a cervical anastomosis. One hun-
dred and sixty-one patients underwent thoracoscopic eso-
phageal resection, and 125 patients had a McKeown
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esophagectomy. A thoracic anastomosis was performed in
560 patients, using the Ivor-Lewis, Sweet, or left thora-
coabdominal approaches. Anastomotic leaks were found in
57 patients (6.73%), including cervical leaks in 36 and
thoracic leaks in 21 cases.

In 23 cases of cervical anastomotic leaks, esophagram
was performed prior to the development of local clinical
symptoms. There were seven true positives, 11 false neg-
atives, and five equivocal cases. Of the 250 patients with-
out leak, there were six false-positive cases who had no
local symptoms after esophagography in another 3-7 days
(median 3 days), who resumed oral intake immediately did
not develop a clinical leak. There were 241 true-negative
cases, where no leak occurred after resumption of oral
intake. Five of eight equivocal patients had clinical anas-
tomotic leaks in 3 days. The other three cases who did not
have local signs of inflammation in 3-7 days (median
3 days) were allowed oral intake but did not have leaks
(Fig. 1).

In patients with intrathoracic anastomosis, a total of 21
patients developed anastomotic leaks. Four patients were
diagnosed by clinical symptoms. The postoperative diag-
nosis times were 3, 5, 8, and 11 days. In the first three
cases, the chest tube drained pus, the patient was febrile,
and the swallowing methylene blue test was positive. One
of the four patients with anastomotic bleeding had an
anastomotic leak which appeared as a pyothorax on post-
operative day 11. One patient whose esophagram result
was a false negative developed a pyothorax after resuming
oral intake, and the left posterolateral incision was infected.
Sixteen cases were true positives. Eleven of 16 cases had
accompanying fever, but five were without fever before
esophagram. After contrast swallow study, all 16 patients
had fever in 48 h and leukocytosis. Esophageal imaging
did not demonstrate an anastomotic leak in 535 patients;
there were no false-positive results. On CT, the four highly
suspicious leaks showed visualization of the tip of the
gastric stumps (Fig. 2).

Patients with cervical anastomotic leaks were treated by
open neck incision and drainage. Patients with thoracic
anastomotic leaks, after adequate drainage and enteral
nutrition, were cured as confirmed by repeat imaging or
endoscopy in 15-92 days.

In the patients with cervical anastomosis, there were five
cases of aspiration (5/273, 1.83%). In the patients with
thoracic anastomosis, there were eight cases of aspiration
(8/556, 1.4%). The incidence of aspiration in cervical
anastomotic patients was higher than in patients with
intrathoracic anastomosis (p < 0.05). None of the patients
developed contrast-induced aspiration pneumonia.

If equivocal studies are excluded from analysis,
esophagram in the neck is 38.9% sensitive, 97.6% specific,
and have positive and negative predictive values of 53.8

@ Springer

Table 1 Demographic characteristics of patients undergoing eso-

phageal resection

Demographic characteristics

Age, y
36-83
Gender
Male
Female
Esophagectomy
McKeown
Video assist
Intrathoracic
Colon
Jejunum
Stomach
Postoperative day of esophagogram
Esophageal disease
Esophageal stenosis
Esophageal rupture

Esophageal carcinoma, carcinoma of

63 (median)
63.4 (mean)

550 (65%)
296 (35%)

125 (14.8%)

161 (19.0%)

560 (66.2%)

3

10

547

7 (median) (range, 6-10)

1
3
842 (99.5%)

gastric cardia, relapse carcinoma
Leak 57

Cervical 36 (12.6%, 36/286)
Intrathoracic 21 (3.75%, 21/560)
(p = 0.00; p < 0.05)
Aspiration
Cervical 5 (1.8%, 5/273)
Intrathoracic 8 (1.4%, 8/556) (p = 0.00;

p <0.05)
Fever (Intrathoracic)
Leak
No leak

15 (71.4%, 15/21)

60 (11.1%, 60/539)
(p = 0.00; p < 0.05)

and 95.6%, respectively. In the intrathoracic group, the
sensitivity is 93.3, specificity is 100%, and the positive and
negative predictive values are 100 and 99.8%, respectively
(Tables 2, 3).

Discussion

Anastomotic leak is one of the most serious complications
after esophagectomy [3, 6-8]. It is reported that the mor-
tality rate was as high as 35% in anastomotic leak patients,
accounting for approximately 25-50% of deaths post-
esophagectomy [10, 11]. Prior to resuming an oral diet,
diagnosing an anastomotic leak is very important [5, 6, 12].
However, many studies have shown that routine contrast
esophagram is a redundant method of detection.

At the Mayo Clinic, 505 patients who underwent
screening for anastomotic integrity using a water-soluble
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contrast agent 7 days after esophagectomy were retro-
spectively analyzed. The sensitivity of this test was 40.4%,
the specificity was 94.7%, and the false-negative rate was
59.5%. This article concludes that the radiologic assess-
ment of esophageal anastomoses is insufficient for it to be
worthwhile as a screening procedure [5]. A retrospective
study of 221 patients who underwent barium esophagram
7 days post-esophagectomy showed a sensitivity of 45.5%
and specificity of 97.8%, with a change in treatment course
in 3.6% of patients based on imaging results; 2.3%
underwent intervention, compared to 1.4% of patients with
false positives who had a delay of resumption of oral
intake. It should also be mentioned that the barium contrast
agent used for screening anastomotic leaks is likely to
cause aspiration and mediastinitis, and compromise the
subsequent radiographic studies. It also shows the limita-
tions of routine contrast esophagram after esophagectomy
to detect anastomotic leaks [13].

In cervical anastomosis, the sensitivity of routine con-
trast esophagram was 38.9%, the specificity was 97.6%, the
positive predictive value was 53.8%, and the negative
predictive value was 95.6%. Of 286 patients who under-
went cervical anastomosis after esophageal resection, 13
patents had anastomotic leaks diagnosed by early clinical
symptoms, seven by esophagram, and 16 by local clinical
symptoms after oral intake or swallowing contrast agents in
3 days in false negative and five equivocal patients. Only
2.6% of patients (7/273) with cervical anastomosis were
identified to have a leak by routine contrast esophagram.

Although seven patients were diagnosed as anastomotic
leaks, it does not change the result that the neck required
reopening in 1-3 days. Most of them had local signs of
inflammation. Thus, we consider esophageal imaging in
cervical anastomosis inappropriate. In a meta-analysis by
Sheraz et al., contrast esophagram was deemed unneces-
sary for patients with cervical anastomoses [7].

In 560 patients with intrathoracic anastomosis, the sensi-
tivity was 93.3%, the specificity was 100%, and the positive
and negative predictive values were 100 and 99.8%, respec-
tively. The only one false-negative case, after resumption of
an oral diet, developed fever, posterolateral incision infection,
and pyothorax. This was the only patient who required a
thoracic drainage tube again after esophagram.

Thus, the question remains, in patients with an
intrathoracic anastomosis who have a low probability of
leak (3.75%, 21/560), whether there is any value of using
routine contrast esophagram after all esophagectomies, or
whether there are other ways to screen these patients where
a leak is suspected through symptoms such as fever. We
found that patients with leaks (64.7%, 15/21) have symp-
toms of fever, but hydrothorax, pneumonia, wound infec-
tion, and upper respiratory tract infection (11.13%, 60/539)
also present with fever. The incidence of fever in patients
with leaks was higher than in those without fever
(p < 0.05; Table 1). If contrast esophagram was only used
to screen febrile patients, we would have been unable to
identify the six afebrile patients in whom anastomotic leaks
occurred.
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Table 2 Clinical and radiological anastomotic leak (cervical)

Leak No leak Total
Radiological leak 7 6 13
No radiological leak 11 241 252
Total 18 247 265

Table 3 Clinical and radiological anastomotic leak (intrathoracic)

Leak No Leak Total
Radiological leak 14 0 14
No radiological leak 1 535 536
Total 15 535 550

When patient’s condition allowed, routine contrast
esophagram was used beginning on postoperative day 7
(median postoperative day 7, range 6-10 days) in our
center. First, 60 ml of gastrografin was used as contrast
medium; if no obvious leak was found, then barium was
used. Because a water-soluble iodine preparation such as
gastrografin is absorbable, if an anastomotic leak is pre-
sent, this can reduce the occurrence of mediastinitis
[14, 15]. As barium has a higher emission density, it is
more conducive to detecting anastomotic integrity [4].
Gastrografin is less radiopaque than barium and when
used alone, may miss some esophageal perforations or
leaks [16]. Several studies have shown that water-soluble
contrast agents are unable to detect 15-25% of thoracic
and 50% of cervical esophageal perforations [14-18]. In
the true-positive intrathoracic anastomosis leak patients,
there were six cases that needed barium to detect them (6/
16, 37.5%), while 10 cases were detected by gastrografin
alone. Because of the anatomy of the neck, five (5/7,
71.4%) cases were confirmed by barium in the seven true-
positive cervical anastomosis patients.

In our study, there were no deaths in anastomotic leak
patients. Cervical anastomotic leaks were always accom-
panied by cervical incision clinical symptoms such as
erythema, edema, warmth, and pain of skin, as well as the
outflow of saliva or pus. These were cured by fasting and
local incision drainage. In intrathoracic anastomotic leak
patients whose esophagram was positive, we withheld oral
intake. Those intrathoracic anastomotic leaks were con-
fined around the local mediastinum without the further
development of pyothorax. They did not require replace-
ment of thoracic drainage tube. The false-negative case
developed a pyothorax after resumption of oral intake.

There were several limitations to this retrospective study.
Bias can occur in the review of patients who did not suffer
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leaks but where the esophagram may be false positive,
patients with an equivocal leak who may have a positive
esophagram, patients who did not have an esophagram, and
patients with delayed oral intake after a positive esopha-
gram. Most true leak patients had clinical signs in 0-3 days
(median 1 day) after swallowing contrast agents. Our
results are in line with what has previously been reported
regarding the sensitivity and specificity of contrast
esophagram in cervical anastomosis patients, but the sen-
sitivity and specificity were all higher in intrathoracic
patients than in previous studies. The reasons for this may
be that we performed duplicate esophagrams, in which
almost all patients swallowed gastrografin and barium in
sequence; a surgeon was in attendance during the imaging
diagnosis; and patients classified as false positive on
esophagram were counted into the equivocal leak group. In
our single institution, routine contrast esophagram to detect
cervical anastomotic leaks is not necessary. The test does
not avoid cervical incision drainage. Further, the integrity of
the cervical anastomosis can be tested by drinking small
amounts of water with simultaneous observation of the
cervical wound and routine contrast esophagram is aban-
doned [19]. In patients with intrathoracic anastomosis,
although the leak probability is low, the sensitivity and
specificity of esophagram are high. We can withhold oral
intake in intrathoracic anastomotic leak patients whose
esophagram is positive. Conversely, resuming an oral diet
can result in pyothorax, wound infection, enlargement of an
existing anastomotic leak, slow healing, an extended length
of hospital stay, increasing costs, and even death
[3, 6-8, 20]. Our center still uses routine contrast esopha-
gram to preclude intrathoracic anastomotic leak. At the
same time, radiography can identify patients with pneu-
monia and pleural effusion and can determine whether there
is a downstream obstruction [12]. Computed tomography,
gastroscopy, or reoperation is other screening methods.
Some articles discussed the role of endoscopy to predict a
leak after esophagectomy in patients in whom a leak is
suspected [21, 22]. However, this requires an experienced
operator, gastric emptying of the conduit, and patient
sedation. latrogenic injury of the anastomotic region should
be avoided, as this method is not routine [22].

Conclusions

Our data do not support the use of contrast esophagram as a
routine screening modality to detect anastomotic leaks in
cervical anastomosis after esophagectomy. Routine con-
trast esophagram with gastrografin and barium in sequence
remains a safe and effective way to determine the presence
of an intrathoracic anastomotic leak.
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