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Introduction

Esophageal resection is associated with major operative 
morbidity with perioperative mortality in the National 
Inpatient Sample (1) of 11%. High-volume centers have 
demonstrated improvement in perioperative morbidity 
and mortality with protocoled systems (2,3), which include 
team-based approaches that quickly identify and manage 
postoperative complications (4). 

Anastomotic leak following esophageal resection occurs 
in up to 30% of patients (4) and remains one of the most 

significant postoperative complications (5), correlating with 
shortened cancer-specific survival (6-8).

Among patients who experience an anastomotic leak, the 
diagnosis is made a median of 7 days after surgery (9-11).  
Traditionally, length of stay after esophagectomy has 
been long enough [median of 15 days in several studies 
(12,13)] that most anastomotic leaks would have manifested 
themselves before hospital discharge.

With the advent of minimally invasive esophagectomy 
and enhanced recovery after surgery protocols, the early 
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detection of anastomotic leak following esophagectomy is 
imperative. Ideally, the methods used to predict leaks would 
be inexpensive, safe, and easily replicable.

Contrast swallow examination has traditionally been 
used to evaluate for anastomotic leak but is limited by poor 
sensitivity (14-18). CT esophagram has been shown to be 
more sensitive (15,19,20), with reported sensitivity from 
88% to 100%.

In this study, we retrospectively analyzed our patients 
who underwent minimally  invasive transthoracic 
esophagectomy. Our protocol-defined postoperative care 
includes CT esophagram and the routine measurement of 
daily drain amylase levels and white blood count (WBC). 
Here, we compare the utility of these measures in the early 
detection of anastomotic leak following esophagectomy. 

Methods

This study was a retrospective review of patients from 
November 2009 through April 2014. Approval was obtained 
from the Carolinas Medical Center Institutional Review 
Board (Charlotte, NC, USA). Demographics drain amylase 
values, serum WBC, CT esophagram, postoperative 
complications, and mortality is collected. Of the 106 patients 
who underwent transthoracic esophagectomy at Carolinas 
Medical Center during the study period, 6 were excluded 
due to incomplete data.

Operative technique

All patients underwent some form of minimally invasive 
transthoracic esophagectomy using techniques previously 
described (21). Laparoscopic mobilization of the stomach 
was performed using 3 ports with a hand port placed 
for retraction. The gastric conduit was formed using 
a cutting linear stapler to fashion a 5-6 cm tube. The 
thoracic esophagus was mobilized thoracoscopically using 
5 to 6 thoracic ports. The esophagogastric anastomosis 
was formed using a 25 or 21 mm EEA circular stapler 
(Covidien, New Haven CT, USA). A 28-French Blake drain 
was positioned in the right pleural space and a 19-French 
round Blake drain was placed within the chest alongside the 
gastric conduit, passed through the hiatus, and brought out 
through the abdominal wall. 

Postoperative care

All patients were admitted to the ICU in the immediate 

postoperative period. Daily drain amylase levels were 
collected from the intrathoracic 19-French round Blake 
drain. Patients were initiated on low-volume jejunostomy 
tube feeds on the first postoperative day, followed by 
slow advancement of enteral feedings. CT esophagram 
was performed routinely on postoperative days 7, 8,  
or 9 for evaluation of anastomotic leak prior to initiating 
oral intake. If an anastomotic leak was suspected clinically, 
CT esophagram was performed earlier. If an anastomotic 
leak was suspected and CT esophagram was negative, the 
study was repeated at weekly intervals as long as patients 
remained in the hospital. Drains were removed prior to 
discharge if the CT esophagram was negative and drain 
amylase levels were normal. As a result, the majority of 
drains were removed by postoperative day 10. 

Because the intention of the study was to examine 
the role of drain amylase in the early (prior to hospital 
discharge) detection of leaks, the performance of CT 
esophagram, drain amylase, and elevated WBC in the first 
10 days after surgery were evaluated.

Statistical analysis

Anastomotic leak was defined by contrast extravasation on 
postoperative CT esophagram or presence of empyema 
on chest CT. CT findings were used as the standard 
for defining a leak, so the sensitivity and specificity in 
diagnosing a leak at any time after surgery was 1.00 (100%). 
Because the purpose of the study was to examine the early 
detection of leaks, the sensitivity and specificity of each test 
were calculated as the ability of that test within the first 
10 days after surgery to predict whether or not the patient 
would experience a leak at any time after surgery.

Drain amylase levels were defined as elevated for any 
value >800 IU/L. Threshold amylase level was determined 
by visual inspection of the data. Four patients had elevations 
of drain amylase within the first 3 postoperative days, 
which then normalized; these were assumed to be due to 
intraoperative spill of gastric contents. For the purpose of 
analysis, drain amylase levels were included from the sixth 
and subsequent days after surgery. 

WBC count was defined as elevated if greater than 12,000/µL  
on any day in the early postoperative period from days 
0-10. Leaks were divided into early leaks (detected by CT 
esophagram on or before postoperative day 10) and late leaks 
(detected after postoperative day 10). Sensitivity, specificity, 
positive predictive value, and negative predictive value were 
calculated for drain amylase levels greater than 800 IU/L, 
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Table 1 Patient characteristics (n=100)
Characteristics N [%]
Age

Median 63
Range 33-81

Gender
Male 80 [80]
Female 20 [20]

Race
White 88 [88]
Black 11 [11]
Asian 1 [1]

Histology
Adenocarcinoma 85 [85]
Squamous cell 7 [7]
Neuroendocrine 3 [3]
Benign 5 [5]

Clinical T classification
T1a 9 [10]
T1b 9 [10]
T2 12 [13]
T3 65 [67]

Clinical N classification
N0 55 [59]
N1 37 [39]
N2 2 [2]

Clinical M classification
M0 94 [99]
M1 1 [1]

Pathologic T classification
T0 12 [13]
T1a 15 [16]
T1b 14 [15]
T2 12 [14]
T3 13 [14]

Pathologic N classification
N0 49 [52]
N1 40 [43]
N2 1 [1]
N3 4 [4]

Pathologic M classification
M0 93 [98]
M1 2 [2]

Neoadjuvant therapy
None 32 [32]
Chemotherapy 1 [1]
Chemo/XPT 67 [67]

Adjuvant therapy
None 89 [89]
Radiation 1 [1]
Chemotherapy 6 [6]
Chemo/XPT 4 [4]

R0 resection 93 [98]
Lymph node harvest [median, 12]

elevated WBC greater than 12,000/µL, and CT esophagram 
findings for determination of anastomotic leak at any time 
after surgery (including early and late leaks). Statistical 
analysis was performed using R Statistics version 3.02  
(R Foundation for Statistical Computing, Vienna, Austria).

Results

The study captured 100 patients  who underwent 
esophagectomy. All procedures were performed by a surgical 
team comprised of a GI surgical oncologist and thoracic 
surgeon. The majority were treated with some form of 
minimally-invasive esophagectomy and an anastomosis with a 
circular EEA stapler; 8 patients with size 21 mm and 92 with  
size 25 mm. Intrathoracic anastomoses were performed in 
98 cases, and transhiatal anastomoses were performed in 
2 with benign disease. Ninety three patients underwent 
hand-assisted laparoscopic mobilization of the stomach and 
creation of the gastric conduit with thoracoscopic resection 
and reconstruction. Six patients underwent a laparoscopic 
abdominal phase and thoracotomy for resection and 
reconstruction. Of those patients who underwent 
thoracotomy, two patients underwent planned thoracotomy 
that had a history of prior thoracotomy; four underwent 
a thoracotomy converted from thoracoscopy. One patient 
underwent laparotomy converted from laparoscopy and 
thoracoscopic reconstruction. Median operative time was 
503 min (range, 325-791 min).

Patient characteristics are listed in Table 1. Average 
patient age was 63 years (range, 33-81 years), 80% of 
the patients were male, 88 patients were White, 11 were 
African-American, and 1 was Asian. Indications for surgery 
included adenocarcinoma (85 patients), squamous cell 
carcinoma (7 patients), neuroendocrine tumor (3 patients),  
and benign disease (5 patients, which included 3 esophageal 
s tr ictures  and 2 le iomyomata of  the esophagus) . 
Neoadjuvant chemotherapy along with radiation therapy 
was administered in 66 patients,  and neoadjuvant 
chemotherapy alone in 1. Adjuvant therapy was given 
postoperatively in 12 patients, 1 of whom received radiation 
only, 7 of whom received chemotherapy only, and 4 of 
whom received chemotherapy and radiation therapy.

In the 95 pat ients  who underwent surgery for 
malignancy, 91 R0 resections and 4 R1 resections were 
performed. Median lymph node harvest for patients with 
cancer was 12 nodes (range, 2-45 nodes), median hospital 
length of stay was 12 days (range, 7-86 days), and 30-day 
mortality was zero. There were two patient deaths within 
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Table 3 Patients with anastomotic leak (n=13) and false-positive drain amylase (n=1)

Patient ID
CT esophagram Drain amylase

Day Findings Day Value (IU/L) Results
Early leaks (diagnosed by CT esophagram within 10 days of surgery)

21 6 Leak on CTE 6 37,481 True positive
1 8 Leak on CTE 8 54,410 True positive
37 7 Leak on CTE 7 55,432 True positive
2 9 Leak on CTE 9 63.0 False negative
84 7 Leak on CTE 7 20 False negative
76 8 Leak on CTE 8 28 False negative
13 7 Leak on CTE 5 14.0 False negative

Late leaks (diagnosed by CT esophagram more than 10 days after surgery)
6 7 No Leak on CTE 1 90.0 False negative

14 Leak on CTE 14 171,689 False negative
67 7 No leak on CTE 7 15 True positive

15 No leak on CTE 10 37,997 True positive
23 Leak on CTE 16 75,041 True positive

38 10 No leak on CTE 9 7,700 True positive
12 No Leak on CTE 10 21,664 True positive
23 No Leak on CTE 30 19,062 True positive
32 No Leak on CTE 32 15,767 True positive
46 Leak on CTE 33 23,949 True positive

18 7 No leak on CTE 7 52 False negative
13 Leak on CTE 8 Drain removed False negative

33 7 No leak on CTE 7 21.0 False negative
11 Leak on CTE 8 Drain removed False negative

12 7 No leak on CTE 7 14.0 False negative
15 Leak on CTE 8 Drain removed False negative

False positive drain amylase
61 7 No leak on CTE 6 20 False positive

13 No leak on CTE 10; 11; 12; 13 1,820; 2,464; 947; 394 False positive

Table 2 Postoperative complications and mortality (n=100)
Complications N [%]
Pneumonia 26 [26]
ARDS 13 [13]
Pulmonary embolism 3 [3]
Postoperative ventilator dependence 24 [24]
Respiratory failure requiring tracheostomy 17 [17]
Atrial arrhythmia 23 [23]
Myocardial infarction 3 [3]
Acute renal failure 3 [3]
Central neurological event-CVA 4 [4]
Chyle leak

Medical management 1 [1]
Surgical management 1 [1]

Unexpected admission to ICU 6 [6]
Anastomotic leak 13 [13]

Medical management 7 [7]
Endoscopic stent 6 [6]

Thirty-day mortality 0 [0]
Sixty-day mortality 2 [2]
Ninety-day mortality 3 [3]

60 days (2%) due to strokes and one additional death within 
90 days (3%) due to prolonged respiratory failure and 
subsequent withdrawal of support. Table 2 lists postoperative 
complications and mortality. The most frequently occurring 
postoperative complication was pneumonia, which occurred 
in 26 patients (26%).

Anastomotic leak occurred in 13 patients (13%). 
Details are found in Table 3. Early leaks (diagnosis by CT 
esophagram in the first 10 postoperative days) occurred in 
seven patients. Among these seven early leaks, drain amylase 
was elevated in three and normal in four. Figure 1 shows the 
time course of a typical patient with an anastomotic leak 
diagnosed by elevation in drain amylase. The sensitivity 
of CT esophagram performed in the first 10 postoperative 
days in predicting whether a patient would have a leak at 
any time after surgery (early leaks + late leaks) was 0.54 
(Table 4). By definition, the sensitivity and specificity of CT 
esophagram performed at any time was 100% (1.00), as 
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Figure 1 A 68-year-old woman (patient #21) with T1aN0M0 
adenocarcinoma of the gastroesophageal junction treated with 
minimally invasive esophagectomy. Significant elevation of drain 
amylase (>800 IU/L) was noted on postoperative day 6. CT 
esophagram on postoperative day 6 showed evidence of a leak. She 
was treated with intraluminal stent. Note that drain amylase level 
appears on a semi-logarithmic scale.
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Table 4 Postoperative leak diagnostic tests: sensitivity, specificity, positive and negative predictive values
Test used for diagnosis of leak Sensitivity Specificity Positive predictive value Negative predictive value
CT esophagram± 0.54 1.00 1.00 0.94
Drain amylase >800 IU/L* 0.38 0.99 0.83 0.91
CT esophagram± or drain amylase >800 IU/L* 0.69 0.98 0.82 0.96
WBC count >12,000/µL∞ 0.92 0.34 0.17 0.97
±, CT esophagram performed in postoperative days 1-10; *, maximum drain amylase value any time in postoperative days 6-10;  
∞, WBC count, elevation >12,000/µL any time in postoperative days 1-10. WBC, white blood count.

CT scan provided the diagnostic criteria for a leak for the 
purposes of the study.

Late leaks (diagnosed by detection of a leak on CT 
esophagram after the first 10 postoperative days) occurred 
in six patients. Three of these late leaks had normal drain 
amylase levels (patients #18, #33 and #12). One patient 
(patient #6) had a simultaneous diagnosis of leak by CT 
esophagram and elevated drain amylase on postoperative 
day 14. Significantly, two patients with late leaks (patients 
#67 and #38) had elevations in drain amylase significantly 
earlier than their diagnosis by CT esophagram. Both had 
elevation of drain amylase within the first 10 postoperative 
days, and had diagnosis by CT esophagram on postoperative 
days 23 and 46, respectively.

The combination of CT esophagram and elevated drain 
amylase within the first 10 days after surgery in predicting 
whether or not a patient would experience a leak was 0.69, 
with a negative predictive value of 0.96. The increase in 
the sensitivity of the combination of CT esophagram and 

elevated drain amylase was due to the two patients who 
were detected within the first 10 days by elevated drain 
amylase, but were not detected by CT esophagram until 
postoperative days 23 and 46.

Among the 87 patients without leaks on CT esophagram, 
1 had elevated drain amylase levels of 1,820 IU/L on 
postoperative day 10 and 2,464 IU/L on postoperative day 
11, as depicted in Figure 2. CT esophagrams on postoperative 
days 7 and 13 showed no evidence of leak, and the patient 
showed no clinical signs of a leak. 

Seventy patients had elevation of WBC greater than 
12,000/µL, including 12 of 13 with leaks and 58 of the  
87 without leaks. Elevation in WBC greater than 12,000/µL 

in the first 10 postoperative days was highly sensitive (0.92) 
for leak but was of low specificity (0.34). Among 30 patients 
with a WBC count less than 12,000/µL, only one patient 
experienced a leak.

Discussion

The significant morbidity and mortality associated with 
esophagectomy has prompted changes in operative 
techniques and postoperative patient care and surveillance 
(22,23). As a result, minimally-invasive esophagectomy 
has in many centers replaced open esophagectomy due to 
the significant reduction in postoperative morbidity and 
hospital length of stay (24,25).

An obstacle to early discharge is the timeframe of the 
detection of anastomotic leaks: in our study, the median 
time of diagnosis of a leak by CT esophagram was 9 days.  
With progressive decrease in length of stay after 
esophagectomy, a need exists for the inexpensive, safe, and 
early detection of anastomotic leaks to avoid the untoward 
consequences of an anastomotic leak which does not 
become evident until after discharge.

The routine care of postoperative esophagectomy 
patients has historically included evaluation for detection 
of anastomotic leak (26,27). Contrast fluoroscopic swallow 
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in whom more sensitive testing would facilitate the earlier 
diagnosis of anastomotic leak.

The first purpose of our study was to determine whether 
serum WBC or drain amylase levels would improve the early 
detection (prior to postoperative day 10) of anastomotic leak 
over CT esophagram alone. Drain amylase was elevated in six 
patients, of whom five were confirmed to have anastomotic leaks. 
The sixth patient had elevation of drain amylase to 1,820 IU/L  
on postoperative day 10, then 2,464 on postoperative day 
11, after which time the drain amylase levels declined. CT 
esophagram was negative and the patient developed no 
clinical signs of a leak. 

We found that drain amylase improved the ability of CT 
esophagram to predict which patients would leak at any time 
after their surgery, as two patients with elevations in drain 
amylase within the first 10 days were found to have leaks that 
were not detected by CT esophagram until much later.

The second purpose of our study was to determine 
whether we could identify a subset of patients with a low 
enough risk of leak that they could forgo CT esophagram, 
with the goal of reducing costs and radiation exposure.

All patients with anastomotic leak had an elevation of 
the WBC greater than 12,000/µL. At the same time, WBC 
elevation was found in a majority of patients at some point 
during the early postoperative period, making the elevation of 
WBC sensitive but of limited specificity. Among 30 patients 
(out of 100 in our study cohort) with normal WBC, only 
1 developed an anastomotic leak, which was patient #33 
described above. 

A proposed pathway for detection of anastomotic leaks 
is shown in Figure 3, which also shows the outcomes of 
our study cohort. Patients with normal WBC <12,000 µL 
(30% of patients) have a low risk of anastomotic leak (3%) 
and can be treated without the need for CT esophagram. 
Patients with elevated drain amylase after postoperative 
day 6 (represented by 6% of patients in our series) are 
considered to have a leak and are treated conservatively 
(NPO with jejunostomy feedings) until the drain amylase 
has normalized and CT esophagram confirms healing of 
the leak. In our cohort, this group included three patients 
diagnosed simultaneously by CT esophagram and drain 
amylase, two patients whose diagnosis was made earlier 
by drain amylase than by CT esophagram and one false 
positive. Patients with elevated WBC and normal drain 
amylase (64% of patients) would undergo CT esophagram, 
of whom seven (11% of this group) would be positive for 
leak. Four of the seven leaks in this group would be detected 
within the first 10 days by CT esophagram, and three would 

Figure 2 A 58-year-old woman (patient #61) with adenocarcinoma of 
the gastroesophageal junction treated with preoperative carboplatin, 
paclitaxel, and radiation therapy followed by minimally invasive 
esophagectomy. Transient elevation in drain amylase levels peaked at 
2,464 IU/L on postoperative day 11 and subsequently normalized. CT 
esophagrams performed postoperative day 7 and postoperative day 
13 were normal. Patient was discharged postoperative day 17 without 
clinical signs of anastomotic leak. She was treated with NPO status 
and jejunostomy feedings until her drain amylase declined. Note that 
drain amylase level appears on a semi-logarithmic scale.
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(“Barium Swallow”) is limited by poor sensitivity, while CT 
esophagram is relatively expensive (15,18,20). The search for 
safer, less expensive, and more effective measures for detection 
of anastomotic leak has led some surgeons to routinely 
follow drain amylase levels after esophagectomy with cervical 
anastomosis (28,29). Should an anastomotic leak occur, 
amylase from gastrointestinal secretions would collect in the 
drainage catheters, indicating presence of a leak.

The problematic clinical situations are late leaks. Two 
possibilities exist: (I) lake leaks could be clinically occult 
leaks which do not become manifest until late in the 
postoperative period; or (II) late leaks may simply occur 
late in the postoperative period (and would therefore defy 
detection in the early postoperative period). One possible 
example of the latter is patient #33, who had an uneventful 
postoperative course with normal drain amylase levels, a 
normal CT esophagram at postoperative day 7, and normal 
WBC during his hospitalization. The patient’s drain was 
discontinued prior to discharge on postoperative day 8. 
He returned on postoperative day 11 with a leak that was 
treated with intraluminal stent placement. One possibility 
is that increased oral intake upon discharge may have 
precipitated the leak during the early postoperative phase of 
healing (30). Nonetheless, there is likely a subset of patients 
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Figure 3 Proposed diagnostic pathway for postoperative evaluation for anastomotic leak and outcomes after esophagectomy, based upon the study 
population. Elevated WBC is defined as exceeding 12,000/µL and elevated drain amylase as exceeding 800 IU/L. WBC, white blood count.
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be expected to be late leaks and diagnosed subsequently. 
Using this pathway, initial CT esophagram could be safely 
eliminated in 36% of patients.

Conclusions

Drain amylase is a simple and inexpensive test that appears 
to have utility for the early detection of anastomotic 
leak after transthoracic esophagectomy. In the patient 
with normal drain amylase levels and normal WBC, CT 
esophagram is unlikely to detect a leak and can therefore be 
avoided, sparing both cost and radiation exposure.
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