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Abstract 

The secretin stimulation test is the principal diagnostic tool to identify the 

Zollinger-Ellison syndrome (ZES).  

To investigate by intra-individual comparison which dose of secretin results in the 

highest diagnostic efficacy to identify the ZES.  

We analyzed 57 paired secretin stimulation tests, using both 0.26 µg/kg and 0.78 

µg/kg secretin, performed in 13 ZES patients and 12 controls, and confirmed the 

findings in a validation cohort. 

In our study, a gastrin increase of >100 ng/L was found to be the most sensitive 

and specific criterion for a positive test, also compared to the most frequently used 

criteria from the literature. Using this criterion, we found that the higher gastrin 

increases after 0.78 µg/kg compared to 0.26 µg/kg secretin contributed to a 

slightly more sensitive (82.9% vs. 80.5%) but less specific (68.8% vs. 81.3%) test. 

Application of this criterion in a confirmative set of 98 tests, using 0.26 µg/kg 

secretin in 21 ZES patients and 39 controls, provided similar results. In ZES 

patients with normal fasting serum gastrin levels (<100 ng/L), there was no 

diagnostic benefit from the use of a higher secretin dose. 

We conclude that the 0.26 µg/kg secretin stimulation test has the best diagnostic 

efficacy for the ZES.  
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Introduction 

Zollinger-Ellison syndrome (ZES) is caused by a gastrin-producing 

neuroendocrine tumour (gastrinoma), and is characterized by symptoms of gastric 

acid hypersecretion, i.e., peptic ulcer disease, malabsorption and diarrhea1. 

However, symptoms can be absent for a relatively long time, for example when 

proton pomp inhibitors (PPI) are used2. ZES can be suspected when fasting serum 

gastrin (FSG) levels are increased, although hypergastrinemia is seen in several, 

more common, diseases, as well as in PPI users3. As a considerable number of ZES 

patients have FSG levels within the normal range, i.e., <100 ng/L, or FSG levels in 

a non-diagnostic range, i.e., 100-1,000 ng/L, determinations of FSG levels alone 

will not be conclusive for the diagnosis of ZES and additional diagnostic methods 

are needed. For this reason, several gastrin provocation tests have been developed, 

e.g., calcium infusion test, meal stimulation test and secretin stimulation test. The 

secretin stimulation test has been shown to be the diagnostic tool of choice in 

subjects with FSG levels < 1,000 ng/L4,5. In the literature, several criteria for a 

positive test have been reported. We first investigated which criterion for a 

positive secretin stimulation test results in the highest sensitivity and specificity in 

our study cohort and used this criterion in further analyses. Furthermore, since the 

introduction of the secretin stimulation test, the most optimal dose of secretin to 

use in this test has been disputed. While some studies have shown that a low dose 

of secretin is sufficient to discriminate between ZES5,6 and other causes of 

hypergastrinemia, others believe that only a higher secretin dose can contribute to 

adequate diagnosing7-10. Therefore, we subjected ZES patients and non-ZES 

controls to sequential secretin stimulation tests with a low and high dose of 

secretin, and thereby obtained a per-person-comparison between different doses 

of secretin. To our knowledge, secretin stimulation tests have not been studied 

with different doses in the same patients before, except for one case report8. The 

aim of our study was to investigate whether; 1) the use of a higher dose of secretin 

in secretin stimulation tests leads to a higher gastrin increase, and if so, 2) does this 

contribute to a higher sensitivity and specificity of the secretin stimulation test for 

ZES, and 3) is the use of a higher secretin dose of benefit in the diagnosis of ZES in 
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patients with normal FSG levels (<100 ng/L). Lastly, we applied the determined 

criterion for a positive secretin stimulation test in a confirmative set of 98 secretin 

stimulation tests using the low dose of secretin in 21 ZES patients and 39 non-ZES 

controls to validate our initial results.  

 

Materials and Methods 

Patients  

Sequential 0.26 µg/kg and 0.78 µg/kg secretin stimulation tests in 25 subjects, 

suspected of ZES based on increased FSG levels (hypergastrinemia) or because of 

clinical suspicions, were performed in our Gastroenterology Department of the 

Leiden University Medical Centre. In total, thirteen patients suffering from ZES, of 

whom four as part of the MEN-1 syndrome, and twelve non-ZES controls 

suffering from MEN-1 but not ZES (n=3), atrophic gastritis (n=2) or a non-ZES-

related (mainly other gastroenteropancreatic) disease (n=7), were included. In the 

majority of patients (12/13), the diagnosis of ZES was confirmed by identification 

of a tumour on imaging or at surgery. Thirteen patients were female and twelve 

patients were male. In a subset of patients, the secretin stimulation test was 

performed multiple times for follow-up. Therefore, the total number of tests 

exceeds 25. For a validation study, an additional group of 60 patients, suspected of 

ZES, was included. In total, 98 secretin stimulation tests with 0.26 µg/kg of 21 ZES 

patients (20/21 confirmed with imaging or at surgery) and 39 controls were 

analyzed, using the criterion for gastrin increase of >100 ng/L for a positive test. 

Seven patients suffered from ZES as part of MEN-1, while ten controls had the 

MEN-1 syndrome without ZES. It must be noted that in this validation group, 

fourteen patients (nine ZES patients and five non-ZES controls) were included 

who also had been tested in the study group, although at different time points.  

This study was performed according to the guidelines of the Medical Ethics 

Committee of the Leiden University Medical Centre in compliance with the 

Helsinki Declaration.  
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Secretin stimulation tests 

Secretin stimulation tests were done in patients after an overnight fast and acid-

suppressing medications were continued, except for the day before and on testing, 

when possible. The secretin stimulation test was performed by the procedure as 

described previously11. Before, during and after intravenous injection of 0.26 µg 

secretin (Secretin, ClinAlfa, 255 ng is estimated to be 1 clinical unit) per kg of body 

weight during 30 seconds, blood samples were collected at -5, 0, +1, +5, +10, +15 

and +30 minutes. Serum gastrin levels were measured by a radioimmunoassay, 

using an antibody raised in rabbits against synthetic human gastrin I (unsulfated 

gastrin-17) covalently coupled to bovine serum albumin. Labeled gastrin 125I-Tyr12-

gastrin-I (human) was purchased by PerkinElmer, USA. The antibody binds to all 

known circulating gastrin fragments.  The upper limit of the normal range for 

fasting state was taken as 100 ng/L, samples were diluted with repeated 

measurements as necessary to generate gastrin levels in a measurable range. After 

a minimum delay of at least 60 minutes, the test was repeated using 0.78 µg of 

secretin per kg body weight. The basal fasting serum gastrin is calculated as the 

average of two fasting blood samples before secretin injection. The increase in 

gastrin levels in ng/L after stimulation was calculated by:  

[maximal value after secretin injection] – [basal fasting value prior to secretin stimulation]. 

In daily practice, according to our hospital protocol, a gastrin increase of more 

than 50% of basal value with a minimum rise of 100 ng/L was defined as a 

positive test. 

 

Statistical analysis 

Statistical analysis was performed using Statistical Package for Social Sciences 

version 16 (SPSS). The Wilcoxon signed ranks test was performed for comparison 

of differences between serum gastrin levels before administration of distinct 

secretin doses. Linear regression analysis was used to evaluate the linear 

relationship between the different doses of secretin. In particular, an orthogonal 

regression was used, to minimize the orthogonal or perpendicular distances from 

the data points to the fitted regression line. A receiver operating characteristic 
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(ROC) curve was used to determine the discrimination threshold of gastrin 

increase for a positive secretin stimulation test. A p-value of <0.05 was considered 

to be statistically significant.  

 

Results 

Patient characteristics 

An overview of included patients in the initial study group (n=25) and 

confirmation group (n=60) is presented in Table 1.  
 

 

Table 1. Patient characteristics 

 
 

Initial study group 
 

Confirmation group 

 25 patients 57 tests 60 patients 98 tests 
 

Sex 
 

n 
 

n 
 

n 
 

n 

Male 12 25 31 46 

Female 13 32 29 52 
 

Age at test 
 

yrs 
 

yrs 
 

yrs 
 

yrs 

Mean 51.9 - 46.4 - 

St. dev. 11.7 - 13.7 - 
 

Diagnosis 
 

n 
 

n 
 

n 
 

n 
 

ZES 
 

13 
 

41 
 

21 
 

56 

Preoperatively  7 10 13 18 

Postoperatively 10 31 12 38 

Non-ZES controls 12 16 39 42 
 

MEN-1 present 
 

n 
 

n 
 

n 
 

n 
 

ZES patients 
 

3 
 

4 
 

7 
 

19 

Non-ZES controls 3 4 10 13 

Table 1. Patient characteristics of study group and validation group.  
 
Determination of the optimal criterion for a positive secretin stimulation test  

In our hospital daily practice, a secretin stimulation test is defined as positive in 

case of a gastrin increase of more than 50% of basal value with a minimum rise of 

100 ng/L. In the literature, several criteria for a positive secretin test have been 

described. Therefore, the most sensitive and specific secretin stimulation test was 
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assessed in our study population (Table 2). To determine the most optimal 

criterion for differentiation between Zollinger-Ellison syndrome and non-

Zollinger-Ellison disease within our study group, a ROC curve analysis was 

performed. The optimal cut-off point for absolute gastrin increase with 0.26 µg/kg 

secretin was found to be 100 ng/L, with a sensitivity and specificity of 80.5% and 

81.3% respectively. For 0.78 µg/kg secretin the cut-off point was found to be 95 

ng/L, with a sensitivity and specificity of 82.9% and 68.8% respectively, but for the 

cut-off point of 100 ng/L identical results were found. Therefore, in this study, an 

absolute gastrin increase >100 ng/L as the uniform criterion with the highest 

sensitivity and specificity was chosen and used in our further analysis. In 

combination, we found that the criterion of a gastrin increase >100 ng/L is optimal 

for the diagnostic effectiveness for ZES, as this criterion led to equal or higher 

sensitivity and specificity compared to other criteria. Only when 0.78 µg/kg of 

secretin is used in the secretin stimulation test, the criterion of a gastrin increase of 

>100 ng/L + >50% leads to a slightly higher sensitivity and specificity. 

 

Fasting serum gastrin analysis 

We were also interested whether a higher dose of secretin contributes to a more 

diagnostic efficiency of the secretin stimulation test, and therefore 57 secretin 

stimulation tests were sequentially performed with two doses of secretin. For 

optimal comparison of gastrin increases after stimulation with 0.26 µg/kg or 0.78 

µg/kg secretin, it is favorable that FSG levels before administration of secretin are 

comparable. We found that the FSG concentrations (mean 339 ng/L, range 7.5-

43200 ng/L and 289 ng/L, range 5-47850 ng/L for 0.26 µg/kg and 0.78 µg/kg, 

respectively) did not significantly differ in the paired analysis and that there was a 

significant correlation (Spearmans rho = 0.9854 with P<0.01) between FSG levels 

before the use of 0.26 µg/kg and 0.78 µg/kg of secretin. 

 

 

 

 
 
 



Chapter 5 

88 
 

 

 

Table 2. Determination of optimal criterion 
 

   Gastrin increase 
 

Sensitivity 
 

Specificity 

0.
26

 µ
g/

kg
 s

ec
re

tin
 

 

>100 ng/L# 
 

80.5% 
 

81.3% 

>110 ng/L$ 80.5% 81.3% 

>120 ng/L& 78.0% 81.3% 

>200 ng/L* 58.5% 81.3% 

>50%+ 80.5% 75.0% 

>100%¶ 65.9% 81.3% 

>100 ng/L+>50%§ 68.3% 87.5% 

0.
78

 µ
g/

kg
 s

ec
re

tin
 

 

>100 ng/L 
 

82.9% 
 

68.8% 

>110 ng/L 82.9% 68.8% 

>120 ng/L 80.5% 68.8% 

>200 ng/L 73.2% 68.8% 

>50% 95.1% 68.8% 

>100% 78.0% 81.3% 

>100 ng/L+>50% 80.5% 87.5% 
 

Criteria of Lamers et al. (#,§)11, Deveney et al. ($)12,  

Berna et al. (&)5, McGuigan and Wolfe (*)10,  

Lamers and van Tongeren (+)13, and Modlin et al. (¶)14. 
 

Table 2. Specificity and sensitivity, using different criteria as reported in the literature, calculated 
for secretin tests using 1 and 3 clinical units per kg of secretin for diagnosing ZES. Remarkably, 
sensitivity was higher for 0.78 µg/kg compared to 0.26 µg/kg of secretin for each criterion, while 
specificity showed an opposite pattern, resulting in higher specificity when the secretin stimulation 
test is performed using 0.26 µg/kg of secretin. 
 

Gastrin increase analysis 

In Figure 1, gastrin increase levels after the use of 0.26 µg/kg of secretin are 

plotted on a logarithmic scale against gastrin increase levels after the use of 0.78 

µg/kg of secretin. To determine if the use of 0.78 µg/kg of secretin leads to a 

higher gastrin increase, an orthogonal regression analysis was performed. For the 

total group of 57 tests, this resulted in a slope of 1.400 ± 0.0770 with a 95% 

confidence interval between 1.245 and 1.554, indicating that the use of 0.78 µg/kg 

leads to a higher gastrin increase compared to the use of 0.26 µg/kg of secretin. 

This effect was also found when ZES patients were analyzed separately; 1.403 ± 
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0.0929 with a 95% confidence interval between 1.215 and 1.591. Furthermore, in 

these ZES patients a previous low dose secretin provocation did not affect the 

response to the high secretin dose as illustrated by the significantly higher 

maximum gastrin level (mean 10,920 ng/L, range 29-110,000 ng/L versus 13,740 

ng/L, range 38-188,000 ng/L, respectively; P<0.03). The resulting mean maximum 

gastrin level ratio of 1.17 was similar to that observed in two patients where the 

two secretin stimulation tests were performed with an approximately two-week 

interval having a ratio of 1.16.  

In contrast, orthogonal regression analysis of non-ZES controls (n=16) revealed a 

slope of 0.6743 ± 0.0616, with a 95% confidence interval between 0.5421 and 0.8064, 

lower than 1. No points in Figure 1 are located in the right lower quadrant 

representing a gastrin increase with 0.26 µg/kg >100 ng/L and with 0.78 µg/kg 

<100 ng/L, which means that in none of the tests in this quadrant the use of 0.78 

µg/kg of secretin was superior to the use of 0.26 µg/kg. In contrast, there are three 

points (two controls and one ZES patient) located in the left upper quadrant 

representing a gastrin increase with 0.26 µg/kg <100 ng/L and with 0.78 µg/kg 

>100 ng/L, indicating that in one ZES patient the 0.78 µg/kg secretin stimulation 

resulted in a positive test, while the 0.26 µg/kg secretin stimulation test was 

falsely negative, but this was also the case in two non-ZES patients indicating 

false-positive results with 0.78 µg/kg in these patients. 

To asses whether this increase was clinically relevant, sensitivity and specificity 

were compared between 0.26 µg/kg and 0.78 µg/kg secretin stimulation tests. 

Hereby the secretin stimulation test was defined as positive when gastrin increase 

was >100 ng/L. This led to a higher number of truly positives for 0.78 µg/kg 

secretin stimulation tests, but to a higher number of false positives as well. 

Therefore, sensitivity was slightly higher in tests using 0.78 µg/kg compared to 

0.26 µg/kg secretin stimulation tests (82.9% vs. 80.5%), but specificity was lower 

(68.8% vs. 81.3%). 



Chapter 5 

90 
 

GI 3 CU
-32 ng/l

GI 3 CU
-25 ng/l

Figure 1.

1 10 100 1000 10000 100000
1

10

100

1000

10000

100000

1000000

2-2

2-3

2-4

1-2

1-3
1-4

1-5

1-6

1-7

2-1

1-1

GI 1 CU
-145 ng/l

GI 1 CU
0 ng/l

Preoperative ZES-patients
Non-ZES patients

Postoperative ZES-patients

Gastrin increase (ng/L) after 1 CU of secretin

G
as

tr
in

 i
nc

re
as

e 
(n

g/
L)

 a
ft

er
 3

 C
U

 o
f 

se
cr

et
in

 
Figure 1. Gastrin increase levels after the use of 0.26 µg/kg of secretin are plotted against gastrin 
increase levels after the use of 0.78 µg/kg of secretin. A logarithmic scale is used. Arrows indicate 
gastrin increase levels of values which would originally fall outside the graph, therefore exact 
values are mentioned above the arrows. Numbers next to individual points represent 2 patients 
with an exceptional disease course; 1-1 till 1-7 represent a patient with normal postoperative serum 
gastrin levels without any symptoms or signs of recurrence; 2-1 till 2-5 represent a patient with 
initially normal but thereafter increased postoperative serum gastrin levels, while tumour 
recurrence could not be confirmed on imaging studies.   
 

Effect of the use of 0.78 µg/kg on ZES patients with normal fasting serum gastrin levels 

To assess whether the use of 0.78 µg/kg of secretin is more contributory to 

diagnose ZES in patients with normal FSG concentrations (<100 ng/L), this group 

of ZES patients was analyzed separately (Figure 2a and b). In total, 12 tests of four 

patients after resection were examined. A Chi-square analysis revealed no 

significant difference between groups, as the use of 0.78 µg/kg led to an almost 

equal number of true positive tests (6/12 vs. 5/11, Figures 2b and 2a, respectively) 

as the use of 0.26 µg/kg in the secretin stimulation test when a cut-off for gastrin 

increase of 100 ng/L was used. Thus, when gastrin increase are <100 ng/L or 
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when FSG levels are >100 ng/L, the diagnosis remains uncertain but in the case of 

normal FSG levels <100 ng/L) in combination with a gastrin increase >100 ng/L, 

the diagnosis of ZES is highly likely.  

Figure 2a.
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Figure 2b.
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Figure 2a,b. Fasting serum gastrin levels are plotted against gastrin increase after stimulation with 
a low (0.26 µg/kg, 2a.) or high (0.78 µg/kg, 2b.) secretin dose are presented. A logarithmic scale is 
used. Arrows indicate gastrin increase levels of values which will originally fall outside the graph, 
therefore exact values are mentioned above the arrows. 
 

Validation study  

Based on the results described above, we concluded that an absolute gastrin 

increase >100 ng/L leads to the highest sensitivity and specificity in the study 

group. Therefore, this criterion was validated in 60 patients suspected of ZES, by 

performing 98 secretin stimulation tests using 0.26 µg/kg of secretin. Using the 

criterion of a gastrin increase of >100 ng/L for a positive test, 35/42 tests of 39 

non-ZES controls were indeed negative, while 45/56 tests of 21 ZES patients were 

truly positive. This led to a sensitivity of 80.3% and specificity of 83.3%, 

comparable to the sensitivity and specificity of the initial study cohort (80.5% and 

81.3%, respectively).  
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Discussion 

Hypergastrinemia is a common characteristic of the Zollinger-Ellison syndrome, 

although the extent of hypergastrinemia can differ considerably between patients. 

Furthermore, the use of acid suppressing medications may delay the diagnosis of 

ZES, by masking the symptoms in ZES patients or mimic ZES by causing 

hypergastrinemia in patients without ZES. Therefore, FSG levels alone are not 

conclusive in a considerable number of ZES patients. Particularly, in case of mild 

to moderate hypergastrinemia (100 – 1,000 ng/L), additional diagnostics are 

required to confirm or exclude the diagnosis of ZES3. The secretin stimulation test 

is preferred above the calcium or meal stimulation tests, as the secretin stimulation 

test is more sensitive, easy to perform and less inconvenient for patients14. 

However, several aspects of the secretin stimulation test have been disputed, e.g., 

the criterion for a positive test and the dose of secretin to be used. In most 

previous publications, serum gastrin responses to secretin of > 200 ng/L, 

introduced by McGuigan and Wolfe, are used as the criterion for a positive 

secretin stimulation test10. Recently, Berna et al. studied the secretin stimulation 

test in 293 patients and 537 patients from the literature, and recommended to use a 

gastrin increase of 120 ng/L4,5. We investigated the most optimal criterion 

(sensitivity) for a positive test to diagnose ZES in our study group and not the best 

criterion to exclude the disease in other patients and controls (specificity). By both 

sensitivity/specificity determinations and ROC analysis we found a post-secretin 

gastrin elevation of >100 ng/L to be the most optimal discriminating value 

between ZES and non-ZES patients. Applying this criterion in a validation cohort 

of 21 ZES patients and 39 non-ZES controls led to a similar sensitivity and 

specificity for this criterion and confirmed the initial findings. 

As also the most optimal dose of secretin has been disputed, we investigated 

whether a higher dose of secretin would lead to more sensitive and specific tests, 

by subjecting ZES patients and non-ZES controls to sequential secretin stimulation 

tests using both a low and a high dose of secretin. Comparison-studies for secretin 

doses have been reported before, but, except for a case report in which two doses 

of secretin were compared in one patient, these have all been based on the 
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comparison with patients from literature and were not performed in the same 

subjects8. Although the number of included patients in this study is relatively low, 

this is the first study in which Zollinger-Ellison patients and non-ZES patients are 

subjected to multiple secretin stimulation tests with different doses, making this 

an intra-individual comparison. We found that the use of 0.78 µg/kg of secretin 

provokes a higher post-secretin serum gastrin increase, resulting in a higher 

number of true-positive ZES patients but also in a higher number of false-

positives, leading to a higher sensitivity but a decrease in specificity, compared to 

the use of 0.26 µg/kg of secretin. Therefore, we concluded that a higher dose of 

secretin did not contribute to a better discrimination between ZES patients and 

non-ZES controls in secretin stimulation tests. In general, a relatively small group 

of Zollinger-Ellison patients have FSG levels in the normal range (<100 ng/L), 

often after gastrinoma excision, and are therefore hardly recognized as (recurrent) 

ZES. In the present study, patients suffering from ZES having normal FSG levels 

(<100 ng/L), had no diagnostic benefit from the use of a higher secretin dose in the 

secretin stimulation test. Hence, the use of 0.26 µg/kg of secretin seems to be 

appropriate. From a financial point of view, the use of a low dose of secretin is 

preferential, as a three times higher dose leads to higher costs, but does not 

contribute to a more valuable secretin stimulation test. 

It is generally known that the use of PPIs or other acid suppressing medications 

can lead to elevated fasting serum gastrin levels, and therefore might falsely 

suggest ZES. Indeed, Hirschowitz et al. have shown that longterm use of PPIs in 

non-ZES-patients increases FSG-levels but does not lead to a further gastrin 

increase in the ZES patients15. In addition, a recent case report by Goldman et al., 

suggests that the use of a PPI can also lead to a false positive secretin stimulation 

test resulting in diagnosing ZES in non-ZES controls16.  In our study, however, 

39% (7/18) of the PPI-using non-ZES controls, with a FSG level of >100 ng/L, had 

a false positive secretin stimulation test, as opposed to 30% (3/10) of those free of 

acid-suppressing medication. These findings illustrate that there is no direct 

relation between PPI use and a false positive secretin stimulation test. Therefore, 
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we believe that it is not necessary to discontinue acid-reducing medications for the 

secretin stimulation test, also to reduce the risk of developing ulcer complications. 

In conclusion, we found that a gastrin increase after stimulation with secretin of 

>100 ng/L leads to the highest sensitivity and specificity to diagnose ZES. 

Applying this criterion in our study revealed that the use of a higher dose of 

secretin did not contribute to a more valuable secretin stimulation test in 

diagnosing ZES. Therefore, we recommend the use of 0.26 µg/kg of secretin in 

secretin stimulation tests to diagnose or exclude ZES, with a gastrin increase >100 

ng/L as the optimal criterion for a positive secretin stimulation test.  
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