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Abstract
AIM: To investigate the value of elevated drain 
amylase concentrations for detecting anastomotic 
leakage (AL) after minimally invasive Ivor-Lewis 
esophagectomy (MI-ILE).

METHODS: This was a retrospective analysis of 
prospectively collected data in two hospitals in the 
Netherlands. Consecutive patients undergoing MI-ILE 
were included. A Jackson-Pratt drain next to the dorsal 
side of the anastomosis and bilateral chest drains were 
placed at the end of the thoracoscopic procedure. 
Amylase levels in drain fluid were determined in all 
patients during at least the first four postoperative 
days. Contrast computed tomography scans and/or 
endoscopic imaging were performed in cases of a 
clinically suspected AL. Anastomotic leakage was 
defined as any sign of leakage of the esophago-gastric 
anastomosis on endoscopy, re-operation, radiographic 
investigations, post mortal examination or when 
gastro-intestinal contents were found in drain fluid. 
Receiver operator characteristic curves were used to 
determine the cut-off values. Sensitivity, specificity, 
positive predictive value, negative predictive value, 
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risk ratio and overall test accuracy were calculated for 
elevated drain amylase concentrations.

RESULTS: A total of 89 patients were included 
between March 2013 and August 2014. No differences 
in group characteristics were observed between 
patients with and without AL, except for age. Patients 
with AL were older than were patients without AL (P  
= 0.01). One patient (1.1%) without AL died within 
30 d after surgery due to pneumonia and acute 
respiratory distress syndrome. Anastomotic leakage 
that required any intervention occurred in 15 patients 
(16.9%). Patients with proven anastomotic leakage 
had higher drain amylase levels than did patients 
without anastomotic leakage [median 384 IU/L (IQR 
34-6263) vs  median 37 IU/L (IQR 26-66), P  = 0.003]. 
Optimal cut-off values on postoperative days 1, 2, and 
3 were 350 IU/L, 200 IU/L and 160 IU/L, respectively. 
An elevated amylase level was found in 9 of the 15 
patients with AL. Five of these 9 patients had early 
elevations of their amylase levels, with a median of 2 d 
(IQR 2-5) before signs and symptoms occurred.

CONCLUSION: Measurement of drain amylase levels 
is an inexpensive and easy tool that may be used to 
screen for anastomotic leakage soon after MI-ILE. 
However, clinical validation of this marker is necessary. 
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Core tip: Intrathoracic leakage following esopha
gectomy is a dreaded complication that requires 
prompt diagnosis. However, early recognition remains 
difficult. Elevated drain amylase levels following other 
types of upper gastrointestinal surgery suggest that 
the amylase levels may be useful as an early marker 
for anastomotic leakage following esophagectomy. This 
study found that the drain amylase levels were higher 
in patients with proven anastomotic leakage than 
in patients without anastomotic leakage. This study 
demonstrates that amylase measurements in drain fluid 
may be a potential marker for detecting anastomotic 
leakage after an Ivor-Lewis esophagectomy.
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INTRODUCTION
Anastomotic leakage (AL) following esophagectomy 

is a dreaded complication that occurs in 4.0%-28.6% 
of all patients who undergo minimally invasive Ivor-
Lewis esophagectomy (MI-ILE)[1,2]. This large variation 
in incidence is partially explained by the use of different 
definitions of AL in the literature[3]. Improving surgical 
techniques and postoperative care have decreased the 
mortality and morbidity of AL over the past decades[4,5]. 
Nevertheless, this complication remains associated with 
an increased length of hospital stay, higher mortality 
rates[4,6], and a worse oncological outcome[7]. Early 
diagnosis and treatment of postoperative complications 
is critical to minimize the sequelae (e.g., sepsis)[8].

Several diagnostic modalities are available to 
detect AL, such as computed tomography (CT) scan 
with contrast, esophagography and endoscopy. 
Routine contrast esophagography minimally impacts 
postoperative management because of its low 
sensitivity for AL[9]. A CT scan with intravenous and 
oral contrast has a higher sensitivity for the detection 
of anastomotic leaks, particularly in combination 
with esophagography. However, the specificity of 
CT to detect AL is low, which leads to a low positive 
predictive value[10]. Routine endoscopy to detect AL 
after esophagectomy is 100% accurate[11,12], but 
endoscopy is an invasive technique with its own 
morbidities. Therefore, routine application of these 
diagnostic modalities is not frequently applied.

Multiple studies reported the diagnostic value 
of drain amylase to facilitate the detection of leaks 
following and pancreatojejunostomy[13-15]. Amylase 
measurements in drain fluid were used in these studies 
for the past several years as a simple adjunct to detect 
AL in an early stage. Maher et al[16] described drain 
amylase analysis as a potential diagnostic marker 
following gastro-jejunostomy. However, drain amylase 
levels cannot be used as a stand-alone diagnostic 
tool for AL in pancreatic and gastric surgeries. AL 
measurement following esophageal surgery has only 
been described in one small series (n = 12) to detect 
cervical esophagogastric leakage[17].

This study explored whether amylase concen
trations in drain fluid correlated with the occurrence of 
anastomotic leakage after Ivor-Lewis esophagectomy.

MATERIALS AND METHODS
Patients and design
This study was a multicenter retrospective analysis of 
prospectively collected data that included all patients 
undergoing MI-ILE between March 2013 and August 
2014 in two hospitals (Catharina Hospital Eindhoven 
and ZGT Hospital Group Twente) in the Netherlands. 
Patients were identified from an existing prospectively 
collected surgical database. Included patients under
went an MI-ILE and were at least 18 years old. 
Patients with acute pancreatitis were excluded.

Surgical technique
Specialized surgeons conducted the MI-ILE, and each 
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surgeon performed at least 30 esophagectomies or 
more annually. Our surgical MI-ILE technique was 
adapted from a technique described elsewhere[18], 
but we used a different patient position during the 
thoracic phase and a different type of anastomosis. 
The first stage was a laparoscopic approach in which 
lymph node dissection and gastric conduit construction 
were performed. A pyloroplasty was not routinely 
performed. The thoracoscopic phase was performed in 
a prone position with single-lumen ventilation of both 
lungs[19]. The esophageal resection was completed in 
this stage, and a side-to-side intrathoracic anastomosis 
was constructed using a linear stapler (Endogia 30/45; 
Covidien, Minneapolis, Minnesota, United States)[20]. 
An end-to-side anastomosis was constructed in 
some cases using a hand-sutured technique. An 
omental wrap was draped around the anastomosis 
in all patients. A Jackson-Pratt drain (JP-drain) next 
to the dorsal side of the anastomosis and bilateral 
chest drains were placed at the end of the procedure. 
The nasogastric tube was removed at the end of the 
surgical procedure.

Postoperative care
Patients were transferred to the intensive care unit 
(ICU) postoperatively and were monitored for at 
least one day. Analgesia was provided via an epidural 
catheter or intravenous morphine using a patient-
controlled system. Enteral nutrition was started on 
postoperative day (POD) 1 in all patients via early oral 
intake or a feeding jejunostomy. Nasojejunal tube 
feeding or total parenteral nutrition was initiated in 
cases of complications that prohibited oral intake in 
patients without a feeding jejunostomy.

The JP drain was removed after the fourth 
postoperative day in the Catharina Hospital Eindhoven if 
the daily production of drain fluid was less than 150cc. 
The JP drain was removed on the day of discharge in 
the ZGT Hospital Group Twente. Pleural drains were 
removed on POD 1 (left) and POD 2 (right). 

 Contrast CT scans and/or endoscopic imaging 
were performed in cases of a clinically suspected 
AL. Anastomotic leakage was defined as any sign 
of leakage of the esophago-gastric anastomosis on 
endoscopy, re-operation, radiographic investigations, 
post mortal examination or when gastro-intestinal 
contents were found in drain fluid. The severity of 
AL was recorded according to the Clavien-Dindo 
classification[21] and the Esophagectomy Complications 
Consensus Group (ECCG)[22].

Patients with a proven AL were treated using 
a nasogastric decompression tube, nil by mouth, 
antibiotics, or endoscopic stent, or they underwent 
thoracoscopic drainage of a pleural empyema or leak 
closure.

Amylase measurements
The amylase concentration in JP drain fluid was 

measured daily from POD 1 until drain removal. 
Drain amylase data were collected until POD 6. If AL 
occurred after POD 6 and the JP drain was still in situ, 
an additional amylase measurement on the day of 
diagnosis was added to the database. Fluid from the JP 
drain was sent to the clinical laboratory and analyzed 
using a COBAS 6000/8000 Analyzer (F. Hoffmann-
La Roche Ltd., Basel, Switzerland). The results were 
obtained within 4 hours after the sample was taken 
from the drain fluid bag. The analysis costs €2.43 
($2.77) per measurement in the Catharina Hospital. 
Serum amylase concentrations were analyzed, if 
available, to compare the drain fluid concentration 
with serum concentration and distinguish between 
pancreatitis and anastomotic leakage. Elevation of 
serum and drain fluid amylase indicated pancreatitis, 
and these patients were excluded from this study.

Patient demographics, neoadjuvant therapy, co-
morbidities, type of surgery, time to resumption of oral 
intake, anastomotic leakage and 30-d mortality were 
recorded. Signs and symptoms of AL were recorded, 
including fever, elevated inflammation markers, atrial 
fibrillation[23], delirium[24], pericarditis, mediastinitis, 
empyema, acute respiratory insufficiency and/or chest 
pain.

Statistical analysis
Statistical analysis was performed using SPSS 22.0. 
Normality of all data was evaluated using a Shapiro-
Wilk test. χ 2, Fisher’s exact and Mann-Whitney U tests 
were used to compare the amylase levels between 
patients with and without AL. Receiver operator 
characteristic (ROC) curves were used to determine 
the cut-off values. Sensitivity (SENS), specificity 
(SPEC), positive predictive value (PPV), negative 
predictive value (NPV), risk ratio and overall test 
accuracy were calculated for elevated drain amylase 
concentrations. Continuous data are presented as 
medians with corresponding interquartile ranges, and 
dichotomous results are presented as frequencies. A P 
value < 0.05 was considered statistically significant.

The statistical methods of this study were reviewed 
by epidemiologist/statistician S. Houterman, PhD from 
the Catharina Hospital Eindhoven.

RESULTS
Patient characteristics
Eighty-nine patients were included from March 2013 
until August 2014. One patient was excluded due to 
postoperative pancreatitis (diagnosed with clinical 
symptoms, elevated serum and drain amylase, and CT 
scan confirmation). The median patient age was 66 
years (range: 43-80), and 79.8% were male. Eighty-
eight percent of the patients received neoadjuvant 
chemoradiation. All patients received an MI-ILE. Thirty 
(33.7%) patients received a jejunostomy catheter 
during surgery according to the local protocol, and 
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enteral feeding was initiated on POD 1 as an addition 
to oral intake. The median time to begin oral intake 
was POD 1. Table 1 shows the group characteristics. 
No differences in group characteristics were observed 
between patients with and without AL, except for age. 
Patients with AL were older than were patients without 
AL (P = 0.01).

Anastomotic leakage and overall mortality
Fifteen patients (16.9%) developed AL during 
postoperative admission, and all AL cases were 
confirmed using endoscopic imaging. The median 
time to diagnosis was 7 d (IQR 3-12). Treatment 
with antibiotics and nil-by-mouth was sufficient in 
8 patients (9.0%). Four patients (4.5%) received 
surgical reintervention. Table 2 shows the severity of 
anastomotic leakage according to the Clavien-Dindo 
classification and the ECCG. One patient (1.1%) 
without AL died within 30 d after surgery due to 
pneumonia and acute respiratory distress syndrome 
(ARDS).

Drain placement
The Jackson-Pratt drain in patients with AL was 
retrospectively evaluated at its closest distance to 
the esophago-gastric anastomosis on CT imaging. 
The median distance for patients with elevated drain 
amylase was 11.0 mm compared with a median 
distance of 34.5 mm for patients with normal amylase 
levels (P = 0.06).

Amylase concentration comparison
The combination of all amylase measurements per 
patient (Figure 1) revealed that drain amylase levels 
were higher in patients with AL than in patients without 
AL [median 384 IU/L (IQR 34-6263) vs median 37 IU/
L (IQR 26-66) P = 0.003].

Differences in daily drain amylase levels were also 
found between patients with AL and patients without 
AL on POD 1-3. The median drain amylase levels in 
patients with AL on POD 1, 2 and 3 were 121 IU/L, 59 
IU/L and 50 IU/L, respectively. The median levels in 
patients without AL were 59 IU/L, 39 IU/L and 28 IU/L, 
respectively.

Figure 2 shows the course of the daily median 
drain amylase levels for patients with and without 
AL. Patients without AL showed a gradual but steady 
decrease in drain amylase concentrations over time. 
The daily drain amylase levels in patients with AL also 
declined, but the interquartile range of these values 
increased daily.

Accuracy of amylase concentration
Table 3 presents different cut-off values. Optimal cut-
off values were determined using ROC curves. The 

Anastomotic 
leakage (n  = 15)

No anastomotic 
leakage (n  = 74)

P  value

Sex 1.001

   Male 12 (80) 59 (80)
   Female   3 (20) 15 (20)
Age      71 (64-76) 65 (57-69) 0.012

Steroid use 1 (7) 2 (3) 0.431

Comorbidity 11 (73) 51 (69) 1.001

   Cardiac   2 (13) 18 (24) 0.511

   Vascular   4 (27) 34 (46) 0.251

   Diabetes   4 (27) 18 (24) 1.001

   Pulmonary   5 (33) 17 (23) 0.403

   Renal 0 (0) 1 (1) 1.001

   BMI > 30 kg/m2   3 (20) 13 (18) 0.731

ASA score 0.462

   Ⅰ 1 (7) 5 (7)
   Ⅱ 11 (73) 46 (62)
   Ⅲ   3 (20) 23 (31)
Neoadjuvant therapy 0.762

   None 0 (0) 6 (8)
   Chemotherapy 0 (0) 4 (5)
   Chemoradiotherapy   15 (100) 65 (87)
Jejunostomy   6 (40) 24 (32) 0.573

Start of oral feeding 
(POD)

1 [1-1] 1 [1-1] 0.462

1Fisher’s exact test; 2Mann Whitney U test; 3χ 2 test. Values are presented as 
absolute numbers (percentage) or medians (lower quartile-upper quartile). 
POD: Postoperative day.

n  = 15/89 (16.9)

Intervention type
   Antibiotics and NPO    8 (9.0)
   Endoscopic stent    3 (3.4)
   Surgical reintervention    4 (4.5)
According to Clavien-Dindo
   Grade Ⅱ 0 (0)
   Grade Ⅲa      9 (10.1)
   Grade Ⅲb 0 (0)
   Grade Ⅳa    6 (6.7)

NPO: Nil-by-mouth.

P  = 0.003
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Figure 1  Whiskers-Tukey boxplot. Comparison of median drain amylase 
levels using the average of all measurements. Dots in this figure are outliers. Al: 
Anastomotic leakage.
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area under the curve for cut-off values on POD 1, 2 
and 3 was approximately 0.68. Cut-off values for POD 
1, 2 and 3 were 350 IU/L, 200 IU/L and 160 IU/L, 
respectively. The specificity of these values ranged 
from 94.0% to 95.7%, and the sensitivity ranged from 
21.4% to 35.7%.

Machens et al[17] used a cut-off value of 600 IU/L 
independently of the day of postoperative measure
ment. A cut-off value of 600 IU/L in this trial revealed 
a sensitivity of 53.3% and a specificity of 97.3%. 
Furthermore, this cut-off value correlated with a 
positive predictive value of 80.0% and a negative 
predictive value of 92.3%. A cut-off value of 1900 IU/
L was the most accurate in our cohort, independent 
of postoperative day measurement. We achieved a 
sensitivity of 53.3% and a specificity of 98.7% using 
this cut-off value.

Amylase concentration in relation to signs and 
symptoms
An elevated amylase level (i.e., higher than the 
specific cut-off values for each postoperative day) was 
found in 9 of the 15 patients (60%) with AL. Patients 
with AL developed signs and symptoms (e.g., atrial 
fibrillation, acute respiratory insufficiency, elevation of 
inflammation markers, fever) on median POD 4 (IQR 

3-6). Five of these 9 patients had early elevations of 
their amylase levels, with a median of 2 d (IQR 2-5) 
before signs and symptoms occurred. In 4 of these 9 
patients, the elevation of amylase levels occurred after 
signs and symptoms were observed.

DISCUSSION
Anastomotic leakage following MI-ILE is a dreaded 
complication that is associated with a significant 
increase in morbidity and mortality[4,6], which 
emphasizes the need for early diagnosis and treat
ment[8]. The anastomotic leakage rate in our study 
(4.5% required surgical re-intervention, 16.9% 
overall) is comparable to the published data of patients 
undergoing Ivor-Lewis esophagectomy. A large 
published series of patients undergoing MI-ILE included 
530 patients, and 4% had an anastomotic leakage 
that required reoperation, and 2% showed necrosis 
of the gastric conduit[1]. Rutegård et al[25] described a 
5% rate of AL that required surgery in a nationwide 
prospective study. The incidence of AL varies between 
6 and 28% when AL was defined as requiring any type 
of intervention[2,5].

Little is known about the value of drain amylase 
for detecting AL in esophageal surgery. Amylase in 
drain fluid following gastric or pancreatic surgery was 
described previously as a potential adjunct in the 
diagnosis of AL. However, there is no consensus on 
its clinical potential in the diagnosis of AL following 
gastric bypass surgery or pancreaticoduodenectomy 
because of the variable results presented in the current 
literature[13-16,26-28].

Machens et al[17] described the use of amylase in 
drain fluid to detect AL in a small series of 12 patients 
with cervical anastomosis following esophagectomy. 
The results obtained in this study indicated that AL 
was chemically detectable in drain fluid by a mean of 
2.1 d before clinical evidence. However, no definitive 
conclusions could be drawn because few patients were 
included and because no comparisons were performed 
with a group without AL. No work published the value 
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Figure 2  Daily median drain amylase levels in patients with (A) and without 
(B) anastomotic leakage. Error bars represent interquartile range. aP < 0.05. Al: 
Anastomotic leakage.

Time of measurement AUC Cut-off 
(IU/L)

Sensitivity Specificity RR

Per postoperative day 21.4
POD 1 0.672   350 26.4 95.6   3.5a

POD 2 0.676   200 35.7 95.7   4.0a

POD 3 0.685   160 94.0   4.4a

Any POD 53.3
Same cut-off as Machens 
et al[17]

  600 53.3 97.3   9.0a

Most accurate in our 
cohort

1900 53.3 98.7 10.2a

Values are presented as international units per liter or as percentages. aP < 
0.05 vs control. POD: Postoperative day; AUC: Area under the curve; RR: 
Risk ratio.
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of drain amylase as an early indicator for AL following 
esophageal surgery since this study was conducted in 
1996.

Our data demonstrated that the median drain 
amylase levels in patients with AL were higher than 
patients without AL on POD 1-3 and POD 6. This 
result might reflect an early stage of AL. However, 
the drain amylase levels are also slightly elevated in 
patients without AL in the first postoperative days. This 
elevation may be due to spilled saliva during surgery 
or to an early, but transient, saliva leak between the 
sutures or staples. This observation is consistent 
with elevated drain amylase on POD 1-3 in patients 
following pancreaticojejunostomy[15,28]. Nevertheless, 
an increase in drain amylase was observed as early as 
the first POD in patients with AL in our study.

Our data show that a drain amylase level > 350 IU/
L on POD 1, > 200 IU/L on POD 2 and > 160 IU/L on 
POD 3 and cut-off values of 600 and 1900 IU/L were 
very specific for AL. However, sensitivity was limited, 
and low amylase levels in drain fluid do not exclude 
AL. This result may be explained in several ways. An 
omental wrap is draped around the anastomosis at the 
end of the surgical procedure. This omental wrap may 
act as a physical barrier between the leakage site and 
the drain, which leads to decreased detection in drain 
fluid. Another explanation is the positioning of the JP 
drain. The drain is routinely positioned in the right 
thorax, but dislocation may occur. Dislocation would 
cause inadequate drainage and lead to decreased 
sensitivity.

The position of the drain in our study was re-
evaluated in patients who underwent a CT scan 
and were diagnosed with AL. The median distance 
between the anastomosis and the drain was shorter 
in patients with elevated drain amylase levels than in 
patients without elevated drain amylase levels, but this 
difference was not significant. Therefore, the distance 
of anastomosis to the drain may influence the analysis 
of the detection potential of drain amylase. Another 
explanation for the observed low sensitivity may be 
early drain removal. Drain removal before AL was 
diagnosed may contribute to lower sensitivity. These 
items may partially account for the low sensitivity, 
which could be addressed in future prospective studies 
to improve sensitivity. Two patients were diagnosed 
with AL after drain removal. These patients had normal 
postoperative amylase levels, and the diagnostic value 
would increase slightly if these patients were excluded. 
The sensitivity increased to 61.5% when the cut-off 
value of 1900 IU/L was used.

We chose not to exclude these patients because 
their exclusion could lead to a suspicion of selection 
bias.

We’ve observed elevation of drain amylase levels 
in patients after symptoms of anastomotic leakage 
occurred. These patients were treated when diagnosis 
was confirmed, possibly elevation of amylase occurred 
by manipulation of the anastomosis in gastroscopy 

and/or surgical intervention.
It is possible that clinical decisions were made 

based on the elevation of amylase during the posto
perative course, which potentially hampered our 
data. The retrospective aspect of this study could not 
prevent this clinical decision-making. This study only 
included patients undergoing MI-ILE, and the results of 
this study may not be applicable to different types of 
esophageal surgery.

A prospective study is needed to ensure uniformity 
per patient, i.e., standardized drain positioning and 
time of drain removal. Future research including 
high patient numbers and fewer missing values may 
lead to more reliable cut-off values for drain amylase 
levels that are predictive of AL. The influence of early 
AL detection on patients’ outcome can be studied in 
prospective studies.

In conclusion, the daily measurement of amylase 
levels in drain fluid of a drain close to the anastomosis 
is a simple, inexpensive and easy tool that may be 
used as a marker for AL early after MI-ILE. Patients 
with AL have significantly higher drain amylase levels 
in the postoperative period. Elevated drain amylase 
may be used to suggest the use of diagnostic tools, 
such as endoscopy. However, clinical validation of this 
marker is necessary to confirm its clinical usefulness.
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usefulness of this marker in other types of surgery in the upper gastrointestinal 
tract.

Innovations and breakthroughs
Esophagectomy is primarily performed because of esophageal cancer. This 
major procedure is accompanied with high postoperative morbidity and 
mortality, and it majorly impacts the patient’s quality of life. The introduction of 
chemoradiotherapy as neoadjuvant treatment and improvements in surgical 
techniques significantly improved overall survival. However, postoperative 
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morbidity from anastomotic leakage remains high following an esophagectomy. 
Early recognition of AL can reduce hospital stay and mortality. Further 
reductions may be achieved if amylase in drain fluid is detected before clinical 
symptoms occur.

Applications
This study suggests the possible usefulness of amylase in drain fluid as an 
inexpensive and non-invasive marker for intrathoracic anastomotic leakage 
after an esophagectomy.

Terminology
Anastomotic leakage is leakage from the new anastomosis of the esophagus 
and the stomach in the thoracic cavity. This complication frequently occurs 
after an esophageal resection. Amylase is an enzyme that is naturally present 
in saliva and pancreatic fluid. Saliva runs down the esophagus, and saliva can 
drip into the thoracic cavity when leakage is present.

Peer-review
The paper is an interesting analysis of the ability to detect anastomotic leakages 
early in patients undergoing Ivor-Lewis esophagectomy with the use of an 
easy, inexpensive test. Anastomotic leakage is an important complication after 
esophagectomy, and the early detection of AL is crucial to establish adequate 
treatments that influence the prognosis.
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