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Abstract 1 

Introduction  The drain amylase concentration (dAmy-C) is a useful marker for predicting pancreatic 2 

fistula after gastric cancer surgery. However, dAmy-C might be reduced in cases of high drainage 3 

volume. Therefore, we hypothesized that we could accurately assess the amount of amylase leaked 4 

from the pancreas by multiplying dAmy-C by the daily drainage volume. In this study, we investigated 5 

the clinical utility of the amount of drain amylase (A-dAmy: concentration × volume) for predicting 6 

pancreatic fistula. And, we investigated the clinical utility of the combination of dAmy-C and A-dAmy 7 

for predicting pancreatic fistula. 8 

Methods  We investigated patients who underwent gastrectomy for gastric cancer at Yodogawa 9 

Christian Hospital between 2012 and 2020. The optimal cut-off levels of dAmy-C and A-dAmy on 10 

postoperative day 1 for predicting Clavien-Dindo grade II or higher pancreatic fistula were calculated 11 

using receiver operating characteristic (ROC) curves. And, we calculate the positive predictive value 12 

and negative predictive value for predicting pancreatic fistula using these cut-off levels.  13 

Results  A total of 448 patients were eligible for analysis. Twenty-two patients experienced Clavien-14 

Dindo grade II or higher pancreatic fistula. ROC curves identified 1,615 IU/L as the optimal cut-off 15 

level of dAmy-C predicting pancreatic fistula. When the simple cut-off level of dAmy-C was 1,600 16 

IU/L, the positive predictive value for was 22.8% and the negative predictive value was 99.7%. ROC 17 

curves identified 177.52 IU as the optimal cut-off level of A-dAmy predicting pancreatic fistula. When 18 

the simple cut-off level of A-dAmy was 177 IU, the positive predictive value was 21.2% and the 19 

negative predictive value was 99.7%. Using these two cut-off levels together, the positive predictive 20 

value was 34.4% and the negative predictive value was 99.7%.  21 

Conclusion  A-dAmy could predict and exclude pancreatic fistula after gastrectomy as with dAmy-C. 22 

The combination of dAmy-C and A-dAmy predict pancreatic fistula more accurately than dAmy-C 23 

alone. 24 

  25 
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Introduction 26 

Gastrectomy with extended lymphadenectomy is the standard treatment for potentially curable 27 

gastric cancer [1, 2]. However, patients who undergo this procedure experience more postoperative 28 

complications than those who receive gastrectomy with only limited lymphadenectomy [3]. 29 

Postoperative pancreatic fistula is one of the major complications after gastrectomy for gastric 30 

cancer [4, 5]. In the context of pancreatic surgery, the International Study Group of Pancreatic Fistula 31 

(ISGPF) defined postoperative pancreatic fistula as a drain amylase concentration of greater than 3 32 

times the institutional upper limit of serum amylase (375 IU/L in our hospital) on or after 33 

postoperative day 3 (POD3) [6, 7]. In gastric surgery, the ISGPF definition is commonly used along 34 

with the Clavien-Dindo (CD) grading classification for postoperative assessment of pancreatic fistula 35 

[8-10]. 36 

The drain amylase concentration on POD1 is a very useful marker for predicting postoperative 37 

pancreatic fistula after gastric cancer surgery [11-18]. Pancreatic damage during surgery usually 38 

results in amylase leakage, resulting in pancreatic fistula. However, when there is a high volume of 39 

postoperative drainage, the amylase concentration may be diluted and its actual amount 40 

underestimated. 41 

Therefore, we hypothesized that we could more accurately assess the amount of amylase leaked 42 

from the pancreas by multiplying the drain amylase concentration by the daily drainage volume. 43 

There are no previous reports on the relationship between the amount of drain amylase 44 

(concentration [UI/L] × drainage volume [L]) and the incidence of postoperative pancreatic fistula 45 

after gastric cancer surgery.  46 

In this study, we examined the clinical utility of the amount of drain amylase and the drain amylase 47 

concentration on POD1 for predicting postoperative pancreatic fistula after gastrectomy for gastric 48 

cancer.  49 

 50 

Materials and methods 51 

Patients 52 

We investigated the patients who underwent gastrectomy with lymph node dissection for gastric 53 

cancer at Yodogawa Christian Hospital between 2012 and 2020, and analyzed those whose drain 54 

amylase concentration was measured on POD1. We excluded patients who underwent gastrectomy 55 

for remnant gastric cancer or gastrectomy with pancreatectomy.  56 
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  We performed preoperative diagnosis and clinical staging of gastric cancer by 57 

esophagogastroduodenoscopy (EGD) and computed tomography (CT). We classified patients 58 

according to the Japanese classification of gastric carcinoma, 3rd English edition [19]. Surgery was 59 

indicated in those with potentially curable gastric cancer. Surgical procedures were selected 60 

according to the Japanese gastric cancer treatment guidelines 2014 [20]. 61 

In most cases, we placed a single drain in the suprapancreatic area during surgery. In rare 62 

instances, we placed another drain under the left subphrenic space in cases of total gastrectomy. In 63 

this study, we assessed the amylase concentration and amount in the fluid obtained from the drain 64 

placed in the suprapancreatic area. We measured the drainage volume on POD1 from 23:00 on POD0 65 

to 23:00 on POD1, according to the ward protocol at our hospital. In addition, we assessed the drain 66 

amylase concentration on POD1 and POD3 as specified by our institution’s clinical pathway.  67 

We defined postoperative pancreatic fistula as an elevated drain amylase concentration of greater 68 

than 375 IU/L (3 times the upper limit of the normal serum amylase value at our hospital) on or after 69 

POD3, according to the ISGPF definition [6, 7]. We graded pancreatic fistula according to the CD 70 

classification [8-10]: grade I did not require any treatment; grade II required only pharmacological 71 

treatment; grade III required surgical, endoscopic, or radiological intervention; grade IV was 72 

characterized by organ failure; and grade V was defined by patient death. In this study we 73 

investigated patients with pancreatic fistula of grade II or higher (≥ grade II) since it requires 74 

treatment and is therefore clinically important. 75 

This retrospective study was approved by the ethics committee of Yodogawa Christian Hospital 76 

(No. 2021-019). Informed consent was obtained from all participants. 77 

 78 

Analysis 79 

First, we compared the clinical characteristics of patients with and without ≥ grade II pancreatic 80 

fistula. Drainage volume was measured in [mL], and since drain amylase concentrations were 81 

assessed as [IU/L], units of drainage volume were converted from [mL] to [L] when calculating the 82 

amount of drain amylase. 83 

Second, the optimal cut-off levels of drain amylase concentration and the amount of drain amylase 84 

on POD1 for predicting ≥ grade II pancreatic fistula were calculated using receiver operating 85 

characteristic (ROC) curves. These cut-off levels were then used to calculate the positive predictive 86 

value, negative predictive value, sensitivity, and specificity for predicting ≥ grade II pancreatic fistula. 87 
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As a reference, we also calculated these parameters when the cut-off level of the drain amylase 88 

concentration on POD3 was set to 375 UI/L.  89 

Third, we examined the incidence of ≥ grade II pancreatic fistula in groups classified by the optimal 90 

cut-off levels of the drain amylase concentration and the amount of drain amylase on POD1. We then 91 

drew a scatter plot to investigate the relationship between these two measurements. And, we 92 

performed regression analyses and calculated correlation coefficients.  93 

Forth, univariate and multivariate analysis with the Cox hazard model were performed to identify 94 

predictive factors for ≥ grade II pancreatic fistula. These confounding factors were selected from 95 

factors that showed significant difference in Table 1 and predictive factors used in past studies [12, 96 

16] 97 

We used JMP (version 10; SAS Institute, Cary, NC, USA) for statistical analysis. We defined 98 

statistical significance at P≤0.05, and compared differences between the two groups with the t-test 99 

or chi-square test.  100 

 101 

Results 102 

From January 2012 to December 2020, 473 patients diagnosed with potentially curable gastric 103 

cancer underwent gastrectomy with lymphadenectomy at Yodogawa Christian Hospital. We excluded 104 

11 patients who underwent gastrectomy for remnant gastric cancer and 9 patients who underwent 105 

gastrectomy with pancreatectomy. Excluding 3 patients in whom a drain was not placed during 106 

gastrectomy and 2 patients whose drain amylase concentration on POD1 was not measured, 448 107 

patients were eligible for analysis.  108 

Pancreatic fistula was classified as ≥ grade II in 22 patients, and as ≥ grade III in 14 patients. There 109 

were no cases of grade IV or V pancreatic fistula. The drain amylase concentration was > 375 IU/L on 110 

POD3 in 19 patients, while this concentration was achieved after POD3 in the other 3. Ten additional 111 

patients experienced complications other than pancreatic fistula: ≥ grade II anastomosis leak 112 

occurred in 10 patients, ≥ grade II abdominal abscess in 6, and ≥ grade II pneumonia in 6.  113 

Table 1 shows the clinical characteristics of patients with and without ≥ grade II pancreatic fistula. 114 

There were no significant differences in age or sex between the 2 groups. The group with ≥ grade II 115 

pancreatic fistula had a significantly higher body mass index (BMI) (P=0.02), significantly longer 116 

operative time (P<0.01) and significantly higher blood loss (P<0.01). In the group with ≥ grade II 117 

pancreatic fistula, the rate of D2 lymph node dissection was higher than D1+ lymph node dissection, 118 
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the rate of open surgery was higher than laparoscopic surgery and the rate of advanced cancer was 119 

higher than early cancer.  120 

The drain amylase concentrations on POD1 and POD3 were significantly higher in the group with ≥ 121 

grade II pancreatic fistula (P<0.01). There was no significant difference between the 2 groups in 122 

terms of the drain drainage volume on POD1. The amount of drain amylase on POD1 was significantly 123 

higher in the group with ≥ grade II pancreatic fistula (P<0.01). 124 

ROC curves identified 1,615 IU/L as the optimal cut-off level of the drain amylase concentration on 125 

POD1 for predicting ≥ grade II pancreatic fistula (Fig 1a). When the simple cut-off level of the drain 126 

amylase concentration was defined as 1,600 IU/L, the positive predictive value for predicting ≥ grade 127 

II pancreatic fistula was 22.8%, the negative predictive value was 99.7%, the sensitivity was 95.4%, 128 

and the specificity was 83.3%. As a reference, when the cut-off level of the drain amylase 129 

concentration on POD3 was set to 375 UI/L, the positive predictive value was 14.5%, the negative 130 

predictive value was 99.0%, the sensitivity was 86.3%, and the specificity was 73.7%.  131 

ROC curves identified 177.52 IU as the optimal cut-off level of the amount of drain amylase on 132 

POD1 for predicting ≥ grade II pancreatic fistula (Fig 1b). When the simple cut-off level of the amount 133 

of drain amylase was defined as 177 IU, the positive predictive value for predicting ≥ grade II 134 

pancreatic fistula was 21.2%, the negative predictive value was 99.7%, the sensitivity was 95.4%, and 135 

the specificity was 81.6%.  136 

Table 2 shows the incidence of ≥ grade II pancreatic fistula in groups classified by the cut-off levels 137 

of the drain amylase concentration and the amount of drain amylase on POD1. Of the 61 patients 138 

who had both a drain amylase concentration > 1,600 IU/L and an amount of drain amylase > 177 IU, 139 

21 (34.4%) had ≥ grade II pancreatic fistula. Figure 2 shows a scatter plot of the drain amylase 140 

concentration and the amount of drain amylase. The aforementioned cut-off levels are shown on the 141 

plot. The regression line was defined as follows: Amount of drain amylase = 2.5 + 0.1 × Drain amylase 142 

concentration, R2 = 0.71.  143 

    Table 3 showed univariate and multivariate analyses of risk factors for ≥ grade II pancreatic fistula 144 

with odds ratio (OR) and 95% confidence interval (CI). In univariate analysis, operative time ≥ 300 145 

minutes (OR = 3.45, 95%CI; 1.14-10.3), blood loss ≥ 300ml (OR = 5.78, 95%CI; 2.35-14.1), total 146 

gastrectomy (OR = 3.57, 95%CI; 1.34-9.50), D2 lymphadenectomy (OR = 4.63, 95%CI; 1.35-15.8) 147 

pathological Stage II/III/IV (OR = 3.52 95%CI; 1.21-10.1), drain amylase concentration ≥1600 (OR= 148 

104.9, 95%CI; 13.8-793.2) and amount of drain amylase ≥ 177 (OR = 93.6 95%CI; 12.4-707.1) were 149 

significant predictive factors. In multivariate analysis, operative time ≥ 300 minutes (OR = 12.2, 150 
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95%CI; 1.36-110.4), drain amylase concentration ≥ 1600 (OR= 21.7, 95%CI; 2.51-187.1) and amount 151 

of drain amylase ≥ 177 (OR = 19.6, 95%CI; 2.02-190.6) were significant independent predictive 152 

factors.  153 

Discussion 154 

 In this study, we showed that a drain amylase concentration on POD1 > 1,600 UI/L and an amount 155 

of drain amylase on POD1 > 177 UI could respectively predict and exclude ≥ grade II pancreatic 156 

fistula. These 2 cutoff levels could also be used in combination to predict pancreatic fistula more 157 

accurately. 158 

 The mean BMI was significantly higher in the group with ≥ grade II pancreatic fistula. A past study 159 

also reported that a high BMI was a risk factor for pancreatic fistula [16]. Patients with a high BMI 160 

were shown to have an increased incidence of postoperative complications, longer operative time, 161 

and increased blood loss [21, 22]. 162 

The mean operative time was significantly longer and the mean blood loss was significantly higher 163 

in the group with ≥ grade II pancreatic fistula. These results are consistent with those of a past study 164 

showing that longer operative time and greater blood loss were risk factors for pancreatic fistula 165 

[16]. In addition, extended lymph node dissection was found to result in a longer operation time, 166 

more blood loss, and more postoperative complications [23, 24]. 167 

In the group with pancreatic fistula, the rate of D2 lymph node dissection was higher than D1+ 168 

lymph node dissection, the rate of open surgery was higher than laparoscopic surgery and the rate of 169 

advanced cancer was higher than early cancer. Possible reasons were as follows. The larger lymph 170 

node dissection was performed around the pancreas, the more frequent pancreatic fistula was [23, 171 

24]. Advanced cancer required larger lymph node dissection than early cancer [19,20]. In principle, 172 

laparoscopic surgery was often performed for early cancer and open surgery was often performed 173 

for advanced cancer [19, 20]. 174 

In univariate analysis, operative time ≥ 300 minutes, blood loss ≥ 300ml, total gastrectomy, D2 175 

lymphadenectomy and pathological Stage were also significant predictive factors. Total gastrectomy 176 

required larger lymph node dissection around the pancreas than other gastrectomy [19 20]. In 177 

multivariate analysis, operative time ≥ 300 was significant independent predictive factors among 178 

these factors. These factors could be related to each other to certain degree [16, 19, 20, 21-24]. The 179 

operation time ≥ 300 might be representative of other factors. 180 

 The mean drain amylase concentration and the mean amount of drain amylase on POD1 were 181 

significantly higher in the group with ≥ grade II pancreatic fistula. The drain amylase concentration is 182 
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associated with the degree of chemical stimulation by amylase that has leaked from the pancreas. 183 

Thus, the drain amylase concentration might be related to the severity of pancreatic fistula. 184 

However, this concentration might not accurately reflect the amount of amylase leaked from the 185 

pancreas if it is diluted in a high drainage volume consisting mainly of lymphatic fluid. The amount of 186 

drain amylase might reflect the amount of leaked pancreatic amylase more accurately than the drain 187 

amylase concentration. Thus, the amount of drain amylase might be related to the degree of 188 

pancreatic damage as well as the severity of pancreatic fistula. In fact, in multivariate analysis, the 189 

drain amylase concentration and the amount of drain amylase were independent predictive factors.  190 

In this study, the drain amylase concentration on POD1 was able to predict pancreatic fistula when 191 

the cut-off level was set to 1,600 IU/L. And, pancreatic fistula could be excluded if the concentration 192 

was below 1,600 IU/L. In a past study, there was a wide range of cut-off levels for the drain amylase 193 

concentration, ranging from 1,000 to 5,000 IU/L. The most recent study examining ≥ grade III 194 

pancreatic fistula in more than 800 patients used 2,218 IU/L as the cut-off level [16]; therefore, 1,600 195 

IU/L seems relatively reasonable as the cutoff level for predicting ≥ grade II pancreatic fistula.  196 

When the cut-off level of the drain amylase concentration on POD3 was set to 375 IU/L, the 197 

positive and negative predictive values were lower than those associated with the drain amylase 198 

concentration on POD1 and the amount of drain amylase on POD1. In past studies, the cut-off levels 199 

of the drain amylase concentration on POD3 were 555–2,000 IU/L [15, 16]. A drain amylase 200 

concentration on POD3 > 375 UI/L might not be optimal for predicting ≥ grade II pancreatic fistula 201 

after gastrectomy [15, 16].  202 

The amount of drain amylase on POD1 was also able to predict pancreatic fistula when the cut-off 203 

level was set to 177 IU. And, pancreatic fistula could be excluded if the amount of drain amylase was 204 

below 177 IU/L. The positive and negative predictive values were almost the same as those obtained 205 

when using the drain amylase concentration on POD1.  206 

However, in multivariate analysis, the drain amylase concentration and the amount of drain 207 

amylase were independent predictive factors. And, the populations by these 2 cut off levels were not 208 

exactly equivalent (Figure 2). When the scatter plot in Figure 2 was quartered using these two cut off 209 

levels, almost all patients with ≥ grade II pancreatic fistula were in upper right block (Table2). If the 210 

cut-off levels for both parameters were met (upper right block in Figure 2), there was a 34.4% 211 

incidence of ≥ grade II pancreatic fistula. On the contrary, there was almost no pancreatic fistula in 212 

blocks other than the upper right block in Figure 2 (Table2). Thus, pancreatic fistula could be 213 

predicted more accurately when the drain amylase concentration on POD1 was considered along 214 

with the amount of drain amylase on POD1.  215 
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It is clinically relevant that we could predict ≥ grade II pancreatic fistula earlier when using both 216 

the drain amylase concentration on POD1 and the amount of drain amylase on POD1 than when 217 

using the former value alone. Figure 3 shows an example of a flowchart for predicting ≥ grade II 218 

pancreatic fistula in clinical practice. By combining these two cut-off levels, patients can be divided 219 

into high- and low-risk groups. In the low-risk group, the drain can be removed earlier. In the high-220 

risk group, prophylactically administering antibiotics and performing CT scans should be considered.  221 

This study had several limitations. First, it was a retrospective study performed at a single hospital. 222 

Second, there were not many patients with ≥ grade II pancreatic fistula. It will be necessary to 223 

evaluate the clinical significance of the amount of drain amylase on POD1 in a future prospective, 224 

large-scale clinical study.  225 

 226 

Conclusion 227 

This study showed that postoperative pancreatic fistula after gastric cancer surgery could be 228 

predicted with similar accuracy by the amount of drain amylase on POD1 and by the drain amylase 229 

concentration, and an even more accurate prediction was obtained by combining the 2 parameters. 230 

  231 
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Figure Legends 

Fig. 1. ROC curve for predicting grade II or higher pancreatic fistula.    a. ROC curve of the drain 

amylase concentration on POD1 (cut-off level = 1,615 UI/L, area under the curve = 0.92)   b. ROC 

curve of the amount of drain amylase on POD1 (cut-off level = 177.52 UI, area under the curve = 

0.92). 

Fig. 2. Scatter plot and regression line of the drain amylase concentration on POD1 and the 

amount of drain amylase on POD1.  Regression line (Amount of drain amylase = 2.5 + 0.1 × Drain 

amylase concentration, R2 = 0.71). The 2 cutoff levels are shown.  

Fig. 3.    Flowchart for predicting pancreatic fistula and incidence of ≥ grade II pancreatic fistula    

By combining the cut-off levels for the drain amylase concentration on POD1 and the amount of 

drain amylase on POD1, patients can be divided into a high-risk group (21/61; 34.4%) and a low-risk 

group (1/387; 0.3%).  



Fig. 1. ROC curve for predicting grade II or higher pancreatic fistula.
a. ROC curve of the drain amylase concentration on POD1 (cut-off level = 1,615 
UI/L, area under the curve = 0.92)
b. ROC curve of the amount of drain amylase on POD1 (cut-off level = 177.52 UI, 
area under the curve = 0.92).



Fig. 2. Scatter plot and regression line of the drain amylase concentration on POD1 
and the amount of drain amylase on POD1. Regression line (Amount of drain amylase 
= 2.5 + 0.1 × Drain amylase concentration, R2 = 0.71). The 2 cutoff levels are shown. 



Fig. 3. Flowchart for predicting pancreatic fistula and incidence of ≥ grade II 
pancreatic fistula. By combining the cut-off levels for the drain amylase concentration 
on POD1 and the amount of drain amylase on POD1, patients can be divided into a 
high-risk group (21/61; 34.4%) and a low-risk group (1/387; 0.3%).
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Table 1   Clinical characteristics of patients with and without grade II or higher pancreatic fistula. 

Grade II or higher Pancreatic Fistula 

No (N = 426) Yes (N= 22) P value 

Age (average, years) 67.7 69.1 0.58 

Sex 

  Male 278 17 0.23 

  Female 148 5 

Body Mass Index (average, kg/m2) 22.7 24.4 0.02 

Approach 

  Open surgery 156 19 <0.01 

  Laparoscopic surgery 270 3 

Procedures 

  Total Gastrectomy 102 11 0.08 

  Distal Gastrectomy 302 11 

  Pylorus-Preserving Gastrectomy 9 0 

  Proximal Gastrectomy 13 0 

Extent of lymphadenectomy 

D1+ 180 3 <0.01 

 D2 246 19 

Number of lymph nodes retrieved 44.9 41.5 0.41 

Neoadjuvant chemotherapy  12 1 0.48 

Pathological Stage 

  Stage I 265 8 0.02 

  Stage II 68 4 

  Stage III 72 6 

  Stage IV 21 4 

Operation time (average, minutes) 323.1 411.2 <0.01 

Blood loss (average, ml) 235.4 723.5 <0.01 

Drain amylase concentration on POD1* (average, IU/L) 1056.3 8952.5 <0.01 

Drain amylase concentration on POD3* (average, IU/L) 431.5 2786.6 <0.01 

Drainage volume on POD1* (average, ml) 126.0 141.4 0.47 

Amount of drain amylase on POD1* (average, IU) 117.2 1242.6 <0.01 

*POD postoperative day
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Table 2   Incidence of grade II or higher pancreatic fistula classified by 2 cut-off levels 

Amount of drain amylase on POD1* 

> 177 UI ≤ 177 UI Total 

Drain amylase concentration on POD1* 

> 1,600 UI/L 21/61 (34.4%) 0/31 (0%) 21/92 (22.8%) 

≤ 1,600 UI/L 0/38 (0%) 1/318 (0.3%) 1/324 (0.3%) 

Total 21/99 (21.2%) 1/349 (0.3%) 22/448 (4.9%) 

*POD postoperative day



Table 3  Univariate and Multivariate analyses of risk factors for Grade II or higher Pancreatic fistula. 
    Univariate analysis     Multivariate analysis 
    Odds ratio (95% CI) P value   Odds ratio (95% CI) P value 
Age (years) 

      

  ≥75 
      

  <75 
 

1.23 (0.39-3.87) 0.71 
   

Sex 
      

  Feｍale 
      

  Male 
 

1.81 (0.65-5.00) 0.25 
   

Body Mass Index (kg/m2) 
      

  <23 
      

  ≥23 
 

1.88 (0.78-4.49) 0.15 
   

Operation time (minutes) 
      

  <300  
      

  ≥300 
 

3.45 (1.14-10.3) 0.02 
 

12.2 (1.36-110.4) 0.03 
Blood loss (ml) 

      

  <300  
      

  ≥300  
 

5.78 (2.35-14.1) <0.01 
 

0.96 (0.22-4.20) 0.96 
Procedures 

      

  Other Gastrectomy 
      

Total Gastrectomy 
 

3.57 (1.34-9.50) 0.01 
 

0.52 (0.13-2.01) 0.35 
Extent of lymphadenectomy 

      

  D1+ 
      



  D2 
 

4.63 (1.35-15.8) 0.01 
 

1.51 (0.20-11.3) 0.68 
Pathological Stage 

      

  Stage I 
      

  Stage II / III / IV 
 

3.52 (1.21-10.1) 0.02 
 

2.12 (0.41-10.7) 0.36 
Drain amylase concentration on POD1 (IU/L) 

      

  <1600 
      

  ≥1600 
 

104.9 (13.8-793.2) <0.01 
 

21.7 (2.51-187.1) <0.01 
Amount of drain amylase on POD1 (IU) 

      

  <177 
      

  ≥177 
 

93.6 (12.4-707.1) <0.01 
 

19.6 (2.02-190.6) 0.01 
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