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Zollinger–Ellison syndrome (ZES) is a relatively 
rare and difficult-to-diagnose disease with no clear 
pathognomonic clinical manifestations.

In 1955, Robert M. Zollinger and Edwin Ellison 
(R. Zollinger and E. Ellison), American surgeons at 
Ohio State University Medical Centre, published 
a report on two patients who had recurrent multiple 
duodenal ulcers in the intestine that were resistant to 
antiulcer treatment and standard surgical interven-
tions. Pronounced hypersecretion of hydrochloric 
acid and non-beta-cell pancreatic tumours were also 
reported. These authors were the first to associate 
gastric hypersecretion of hydrochloric acid and recur-
rent peptic ulcers with pancreatic islet non-beta-cell 

tumours [76]. Since then, this pathology has been re-
ferred to by the names of these scientists. ZES is char-
acterised by the above-mentioned triad of symptoms.

Later, R. Gregory et al., 1960 [24] established 
a cause-and-effect relationship between the clini-
cal manifestations of ZES and hyperproduction of 
gastrin, which is produced by a specific tumour — 
gastrinoma — and leads to pronounced hypersecre-
tion of hydrochloric acid by the stomach. This pub-
lication marked the beginning of the investigation 
into this pathology. Many professionals, including 
geneticists and pathophysiologists, gastroenterolo-
gists, endocrinologists, surgeons, and oncologists, 
contributed their scientific and practical expertise 
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to this issue. The interest in ZES by specialists from 
various fields of medicine and biology indicates that 
this pathology is becoming more relevant in the 
global medical community. This, in turn, contribut-
ed to a more in-depth study of the pathology’s eti-
ology and pathogenetic mechanisms, as well as the 
development and implementation of new diagnostic 
methods and treatment technologies [24].

Gastrinoma is the second most common neu-
roendocrine tumour (NET) after insulinoma. In 
most cases, gastrinomas are sporadic (not familial, 
not hereditary). However, in approximately half of 
the cases, they are associated with the syndrome of 
multiple endocrine neoplasia type 1 (MEN 1). Vari-
ous samples reveal that 20 — 61 % of patients with 
MEN 1 syndrome have gastrinoma with ZES, while 
30 — 38 % of all gastrinoma patients have MEN 1 
syndrome [6, 19].

Epidemiology. Gastrinoma is the second most 
common neuroendocrine neoplasia after insulino-
ma. In most cases, gastrinomas are sporadic (not fa-
milial, not hereditary). However, in approximately 
half of the cases, they are associated with the syn-
drome of multiple endocrine neoplasia type 1 (MEN 
1). Thus, according to different samples, gastrinoma 
is found in 20 — 61 % of patients with MEN 1 syn-
drome, and conversely, MEN 1 syndrome is found 
in 30 — 38 % of all patients with gastrinomas [6, 19].

Gastrinoma is caused by genetic mutations that 
lead to the uncontrolled proliferation of hormon-
ally active cells. At the same time, multipotent stem 
cells are the source of gastrin-producing NET de-
velopment [11].

Among patients with idiopathic peptic ulcer 
disease of the stomach and duodenum, ZES, as 
the cause of ulcer formation (that is, this ulcer is 
essentially a symptomatic ulcer), is diagnosed in 
0.1 — 1 %, and among patients with recurrent post-
operative ulcers, in 2 % of cases [55].

The annual incidence of ZES is 0.3 — 4 cases per 
1 million of the global population. According to the 
literature, sporadic gastrinomas (ZES) are usually 
detected at the age of 41 to 55 years. However, ob-
servations of these diseases are also described both 
in children aged 7 years and in elderly people aged 
70 — 80 years [17].

Gastrinomas in MEN 1 (hereditary gastrinomas) 
usually occur in younger patients as multiple micro-
gastrinomas with a predominant localization in the 
duodenum [15].

According to some authors, this pathology occurs 
more often in men than in women (ratio 3 : 2) [32].

However, there is another opinion according to 
which this pathology is diagnosed more often in 
women than in men [17].

According to other data, ZES is equally often di-
agnosed in both men and women [38].

Features of the clinical course. ZES lacks pathog-
nomonic clinical manifestations that would allow 
for an unambiguous diagnosis of this pathology. 
However, the presence of some non-specific symp-
toms and clinical manifestations makes it possible 
to suspect ZES.

According to the literature, common nonspecific 
symptoms include abdominal pain (73 — 98 %), diar-
rhea (73 — 75 %), heartburn (44 — 56 %), and weight 
loss (7 — 53 %) [41]. Other symptoms are nausea, 
vomiting, and intestinal malabsorption [22].

In almost all cases, the initial clinical symptoms 
of ZES are mainly due to gastric hypersecretion of 
hydrochloric acid and hyperchlorhydria, leading to 
severe peptic ulceration and, in some cases, malab-
sorption and diarrhea [22].

What is more, with ZES, unlike ulcers caused by 
Helicobacter pylori or non-steroidal anti-inflamma-
tory drugs, they often have atypical localization — 
the distal parts of the colon, the proximal part of the 
jejunum, the esophagus, as well as possible multiple 
ulcers of different localization, which are character-
ized by quite frequent complications — perforation, 
bleeding, penetration, stenosis [10].

Diarrhea is the second most common symptom of 
ZES after abdominal pain. In 3 — 10 % of cases, diar-
rhea can be the first and only manifestation of ZES. 
The development of chronic diarrhea in ZES is also 
based on hyperproduction of hydrochloric acid, 
which neutralizes pancreatic enzymes, accompanied 
by malabsorption [56].

Heartburn and episodes of vomiting with acid-
ic stomach contents at the height of pain are also 
a characteristic clinical sign of ZES, which can lead 
to its reduction and some relief. In the future, this 
can also lead to the development of gastroesophage-
al reflux disease (GERD). According to the Los An-
geles classification, the severity of GERD with ZES 
can vary from mild (A or B) grade to severe (C or 
D) grade, potentially leading to the development of 
complications such as esophageal stricture, Barrett’s 
esophagus, esophageal-tracheal, or even esophageal-
aortic fistula [43, 52].

Robinson A. M. et al. (2023) described two cases 
of esophageal perforation in patients with ZES, in 
which peptic stricture and esophageal ulcer devel-
oped as a result of gastroesophageal reflux. One of 
them developed an esophageal-aortic fistula, which 
led to a fatal outcome [52].

Despite the improvement of diagnostic tech-
niques and increased awareness of doctors, it is not 
always possible to recognize ZES in time. It can take 
4 — 8 years from the moment of the first symptoms to 
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the establishment of a diagnosis. At the same time, 
in connection with the widespread use of PPIs, the 
percentage of early diagnosis of ZES decreased by 
62 % compared to the time when PPIs were pre-
scribed much less often [36]. This is because PPIs 
mask the clinical picture of ZES, and these patients 
are often misdiagnosed as having irritable bowel 
syndrome or reflux disease [20].

A number of diagnostic techniques are used for 
timely recognition of this pathology. The study of gas-
tric acid production indicators has enabled the estab-
lishment of specific parameters inherent in ZES, since 
almost all clinical manifestations of this pathology 
arise from the hypersecretion of hydrochloric acid 
due to constant stimulation by hypergastrinemia. 
Namely, the assessment of basal gastric acid output 
(BAO) and maximum stimulated gastric acid output 
(MAO) and their ratio was carried out according to 
the method developed by A. W. Kay [34].

In patients with ZES, the BAO level was increased 
by 4 — 6 times, and in some patients by more than 10 
times compared to the norm. At the same time, an 
increased level of MAO was also observed [16].

Patients with sporadic ZES without previous 
acid-reducing surgical interventions (gastric resec-
tion, vagotomy) had a BAO level of  15 mEq/h. 
The sensitivity of this criterion is 90 — 98 % [39].

In patients after acid-reducing operations, the 
sensitivity for BAO  5 mEq/h was 81 — 100 %, 
for BAO  14.4 mEq/h — 73 %, and 37 % for BAO 
 19.2 mEq/h, respectively. At the same time, the 
specificity for the BAO criterion  5 mEq/h was 
85 %, while for the other two aforementioned crite-
ria, it was 100 % [54].

In practice, the BAO criterion of  15 mEq/h for 
patients without previous acid-reducing surgery, 
with a sensitivity of 91 %, and  5 mEq/h for pa-
tients with a history of such surgery, with a sensitiv-
ity of 100 %, is most often used to diagnose ZES [39].

The MAO criterion of  25 mEq/h in patients with-
out acid-reducing surgery and  10 mEq/h after acid-
reducing surgery had a sensitivity of 90 %. Moreover, 
such a criterion as the BAO/MAO ratio  0.6 had 
a sensitivity and specificity of over 80 % [41].

The following criteria were determined during the 
study of indicators of gastric acid production by the 
method of intragastric pH-metry. In patients with 
ZES after previous acid-reducing interventions on 
the stomach, the pH values ranged from 0.83 to 1.99 
(М = 1.14 ± 0.04), and in patients with an unoper-
ated stomach, from 0.32 to 1.14 (M = 1.05 ± 0.06). 
Moreover, the sensitivity of these indicators in both 
groups was 99 % [54].

The ratio of BAO/MAO indicators also has its 
own peculiarity in ZES. In particular, when the 

value of this ratio is  0.6, the sensitivity reaches 
89 % with the same percentage of specificity [54].

The next criterion for assessing the secretory 
function of the stomach was the study of the volume 
of gastric output over a certain period of time. In pa-
tients with ZES, the volume of gastric acid produc-
tion was 3 — 8 times greater than in patients with 
idiopathic duodenal ulcers or in the control group.

In particular, in patients with previous acid-re-
ducing surgical interventions, the volume of gastric 
secretion was 247 ± 25 ml/h, and without gastric 
interventions, it was 314 ± 10 ml/h [8].

In patients with ZES, in the presence of diarrhea, 
peptic stricture of the esophagus, or cicatricial ste-
nosis of the pyloric department, significantly higher 
rates of gastric acid production were observed com-
pared to patients who did not have these symptoms. 
The presence or absence of abdominal pain, as well 
as symptoms such as heartburn, nausea, vomiting, 
weight loss, and bleeding, did not correlate with 
acid production [54].

Without a doubt, the main diagnostic criterion 
for the diagnosis of ZES is the determination of 
the level of gastrin in the blood serum. At the same 
time, it should be taken into account that the up-
per physiological level of fasting gastrin, according 
to various authors, can range from 100 pg/ml to 
200 pg/ml. The content of gastrin from 300 pg/ml 
to 1000 pg/ml with the corresponding clinical pic-
ture is a reason to suspect ZES. And a level of more 
than 1000 pg/ml indicates the presence of a gastri-
noma, provided that it is recorded in patients with 
peptic ulcer disease or hyperchlorhydria [2, 17].

Intermediate values of gastrin (200 — 1000 pg/ml) 
occur in 60 % of patients with ZES. At the same time, 
other potential causes of hypergastrinemia should 
be excluded. In particular, the secretion of gastrin in 
a normal physiological state is stimulated by disten-
sion of the antral part of the stomach, vagal stimula-
tion, or hypercalcemia. However, it is inhibited by 
acidic gastric pH (negative feedback), secretin, so-
matostatin, vasointestinal polypeptide, glucagon, or 
calcitonin. Hypergastrinemia can also occur in other 
pathological conditions. Specifically, with hypochlor-
hydria or achlorhydria, chronic atrophic gastritis, per-
nicious anemia, or Helicobacter pylori infection [22].

Long-term use of proton pump inhibitors can 
also lead to hypergastrinemia. Therefore, before de-
termining the level of gastrin, you should stop tak-
ing drugs in this group for at least 1 week, and H2 
histamine receptor antagonists — for 48 hours [54].

In 1972, J. I. Isenberg et al. established that in pa-
tients with ZES, there is a paradoxical increase in 
the level of gastrin in blood serum after intravenous 
injection of secretin [29].
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Since then, this test has been widely implement-
ed in practice and has acquired the status of a pro-
vocative secretin test. This test is indicated in con-
troversial situations and for patients with suspected 
ZES when the fasting gastrin level does not exceed 
1000 pg/ml [8].

Secretin is administered as a bolus intravenous-
ly (for 30 seconds) at a dose of 2 units/kg of body 
weight. Blood samples were tested for gastrin con-
tent fasting and 2.5, 5, 7.5, 10, 15, and 30 minutes 
after administration of secretin [22].

Different cut-off levels of gastrin increase have 
been proposed for evaluating the secretin test. In 
particular, the secretin test was considered posi-
tive with an absolute increase in gastrin concentra-
tion (by 110 — 200 pg/ml or more) or by 50 % of its 
fasting content. However, further studies revealed 
that an increase in serum gastrin of 120 pg/ml or 
more demonstrated high-test sensitivity (94 %) and 
100 % specificity [22].

At the same time, false-negative results were 
observed in 6 — 20 % of patients, and false-positive 
results were observed in 15 — 39 % of cases. This 
could be due to the presence of pernicious anemia 
in patients or to their long-term use of proton pump 
inhibitors (PPIs). In 10 % of cases, the results of the 
secretin test in patients who have been taking pro-
ton pump inhibitors for a long time could be both 
false-positive and false-negative [57].

As an alternative to the secretin test, a test with 
intravenous infusion of calcium gluconate solution 
at a dose of 5 mg/kg/h over 3 hours was proposed. 
Blood samples for determination of gastrin con-
centration were examined before and after every 
30-minute interval for 4 hours from the start of the 
infusion. The test results were considered positive 
when the gastrin level increased by 20 % or more 
compared to its fasting level [54].

The diagnostic value of indicators of general 
neuroendocrine markers (chromogranin-A, neu-
ron-specific enolase, synaptophysin) is also limited 
by the fact that their specificity does not exceed 
40 — 50 % [44].

However, the results of these techniques can be 
both false negative and false positive. Therefore, 
some difficulties in the evaluation of specific tu-
mour markers in patients with gastrinoma require 
additional examination methods.

At the beginning of the study of ZES, it was con-
sidered that almost all sporadic gastrinomas are lo-
calized in the pancreas [28].

However, at the beginning of the 90s of the last 
century, systematic data on the localization of gas-
trin in the wall of the duodenum appeared. Accord-
ing to these sources, gastrinomas are three times 

more common in the pancreatic duct than in the 
pancreas [66, 76].

Characteristically, in 70 — 85 % of cases, duode-
nal gastrinomas are localized in the first and second 
portions of the duodenum. Duodenum gastrinomas 
are usually less than 1 cm in size, often multiple, 
and account for approximately 50 — 88 % of spo-
radic ZES-associated gastrinomas and 70 — 100 % of 
MEN 1 associated gastrinomas [49].

In 50 % of cases, gastrinoma is localized in the 
mucosa or submucosa of the duodenum [70].

Diametrical changes in the view of gastrin local-
ization over the last few decades are certainly relat-
ed to the improvement of instrumental diagnostic 
methods [31].

Given that gastrinomas of the duodenum were 
often small in size, mobilization of the duodenum, 
duodenotomy, and intraoperative transillumination 
of the duodenum are used for their careful search 
[18, 27, 64].

Characteristically, duodenal and pancreatic gas-
trinomas differ in their biological essence. In partic-
ular, pancreatic gastrinomas, unlike duodenal gastri-
nomas, have a much higher rate of liver metastases, 
which is one of the main factors in long-term surviv-
al, resulting in patients with pancreatic gastrinomas 
having a worse prognosis. Duodenal gastrinomas of-
ten metastasize to regional lymph nodes [13, 50, 67].

The results of further studies showed that about 
80 % of gastrinomas are localized in an anatomical 
area called the gastrinoma triangle. Its vertices are 
the junction of the vesical and common bile ducts, the 
point of intersection of the middle and lower thirds 
of the duodenum, and the projection of the zone be-
tween the head and body of the pancreas [60].

Later, information appeared about the localiza-
tion of gastrin in the lymph nodes of the abdomi-
nal cavity (primary lymphonodular gastrinoma). In 
particular, J. A. Norton et al. [49, 50] claimed that in 
10 — 15 % of cases, primary gastrinomas are localized 
in peripancreatic and periduodenal lymph nodes. 
The possibility of primary localization of gastrin in 
lymph nodes is confirmed by the results of studies 
that report long-term (up to 20 years) recurrence-
free survival after removal of only the lymph node 
in patients with sporadic ZES compared to patients 
after resection of primary duodenal or pancreatic 
gastrinoma [5, 12]. Primary sporadic gastrinomas 
can be localized not only in the pancreas, duode-
num, and lymph nodes. In 5 % of cases, they were 
located in the ovaries, liver, biliary tract, stomach, 
kidneys, jejunum, and esophagus [13, 69].

According to the literature, primary localization 
of gastrin in the liver was observed only in 35 pa-
tients. Moreover, it is characteristic that in most of 
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the registered cases, there were single gastrinomas, 
and only 5 (14 %) had multiple tumours [25].

As a rule, gastrinoma metastasizes to the liver, re-
gional lymph nodes, and bones. Metastases in the 
spleen, peritoneum, and mediastinum are less com-
mon. An important predictor of the presence of me-
tastases in the liver is the localization of the tumour 
in the liver with a size of more than 3 cm [31].

Further diagnostic procedures are aimed at lo-
calization with gastrin. An important stage in the 
examination of a patient with ZES is the topical di-
agnosis of gastrinoma, which can be quite difficult.

Esophagogastroduodenoscopy (EGD) is used to 
visually assess the condition of the esophagus, stom-
ach, and duodenum and to identify symptomatic 
ulcers of various locations and their possible com-
plications. Duodenoscopy can also provide informa-
tion about duodenal gastrinomas [17].

According to the literature, the sensitivity of 
transabdominal ultrasonography averaged 39 % 
(17 — 79 %) [9, 34].

Non-invasive imaging is primarily performed to 
assess the extent of the primary tumor or metasta-
ses. CT and MRI can detect tumors larger than 3 
cm, but their results are questionable if the tumor is 
less than 3 cm [17]. According to D. V. Sahani [57] 
traditional imaging methods, which include com-
puted tomography (CT) and magnetic resonance 
imaging (MRI), have low sensitivity that corre-
lates with tumor size. Thus, the sensitivity does not 
exceed 20 % for gastrinomas less than 1 cm in size, 
30 — 40 % for those between 1 and 3 cm, and exceeds 
50 % for those more than 4 cm.

Computed tomography (CT) with contrast is 
informative in cases where the primary tumour is 
larger than 1 cm. When the tumour is located in the 
head of the pancreas and has metastases in the liver, 
the sensitivity is from 59 % to 78 %, and the specific-
ity is from 95 % to 98 %, respectively. Conversely, the 
sensitivity decreases if the tumour is less than 1 cm, 
especially if it is located outside the pancreas [36].

MRI is considered one of the most sensitive im-
aging methods for liver and skeletal bone metasta-
ses in patients with NET and is recommended for 
monitoring the tumour’s response to therapy. Con-
trast-enhanced MRI has shown a high specificity 
(namely, 100 %) in detecting small pancreatic gas-
trinomas and liver metastases, while its sensitivity 
varies from 25 % to 85 %. It should be noted that 
MRI showed a higher sensitivity for detecting liver 
metastases compared to CT [63].

Multidetector spiral computed tomography 
(MSCT) allows to detect a tumour in no more than 
50 % of cases, and when the tumour size is less than 
1 cm, the sensitivity decreases almost 2 times [34].

Endoscopic ultrasonography — endosonography 
(EUS), which allows detecting small tumours and 
determining their exact localization, has been wide-
ly used in the diagnosis of NET. The sensitivity of 
endoscopic ultrasonography in patients with NET 
pancreas is approximately 94 %, and in combination 
with computer tomography it reaches 100 % [9, 17].

Endoscopic ultrasound has become an important 
diagnostic test for the localization of gastrin, espe-
cially small (< 2 cm) pancreatic lesions. Its sensitiv-
ity and specificity are 75 %-100 % and 95 %, respec-
tively, for pancreatic tumours. Unfortunately, its 
sensitivity sharply decreases in cases of duodenal lo-
calization, ranging from 38 % to 63 %. An additional 
advantage of this technique is the possibility of tak-
ing cytological/histological samples using a punc-
ture/fine needle biopsy (FNA/B) to confirm the di-
agnosis of NET. False-negative results are possible 
mainly due to the low quality of the biopsy material. 
EUS-FNA/B is considered the primary technique 
for pancreatic tumour sampling, with a sensitivity 
of 80 % to 90 %, a specificity of 96 %, and a screening 
adequacy rate of 83 — 93 % [3, 73].

Endosonography is important in detecting mul-
tiple lesions of the pancreas in MEN 1 syndrome, 
as indicated by a number of authors, with a sensi-
tivity of 55 — 88 %. However, despite the high effi-
ciency of endoscopic ultrasonography (EUS), there 
are a number of limitations to its use. In particular, 
EUS has rather limited indications for tumor local-
ization in the tail of the pancreas. This technique 
also has a low sensitivity for diagnosing duodenal 
gastrinoma. Tumour sizes less than 5 mm also sig-
nificantly reduce the effectiveness of this method, 
especially in MEN 1 syndrome [62].

However, the results of using modern preopera-
tive diagnostic methods to determine the preva-
lence of the tumour process make it possible to 
detect no more than 50 % of metastatic foci in the 
liver and less than 30 % of metastases up to 1.0 cm 
in size [14].

The informativeness of these diagnostic tech-
niques in the recognition of extrahepatic metastases 
of NET (lymph nodes, peritoneum, bones, lungs) is 
even less [13].

Somatostatin receptor scintigraphy (SRS) is 
more sensitive than conventional imaging studies, 
including CT and MRI, and has a higher specific-
ity for detecting extrahepatic gastrinoma. SRS in-
volves the use of indium (In)-labeled octreotide, 
which has a strong affinity for somatostatin type 
2 receptors found on gastrinoma cells and is called 
Octreoscan. This method showed quite good sen-
sitivity (between 77 %-78 %) and good specificity 
(93 %-94 %) for detecting the primary tumour and 
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its metastases. However, sensitivity decreases for 
tumours smaller than 1 cm [61].

Visualization using PET-CT with 68 Ga-labelled 
somatostatin analogues has the highest sensitivity 
for the localization of P-NETs, as in general for other 
NETs, and also has a high specificity. In different stud-
ies of P-NETs, sensitivity ranged from 86 to 100 % 
(mean 93 %), and specificity ranged from 79 to 100 % 
(mean 96 %) for all P-NETs. This technique is par-
ticularly informative for localization of the primary 
tumour and determination of the stage of the disease, 
including metastases to other organs [40, 58, 68].

Non-invasive molecular imaging using positron 
emission tomography (PET) and somatostatin re-
ceptor (SSTR) indicators, combined with metabolic 
imaging using 2-[18F]Fluoro-2-deoxy-2-D-glucose 
(18 FDG), enables the evaluation of the tumour’s 
structure and heterogeneity [58].

It is now well established that molecular PET/
CT imaging using SSTR scanning in combination 
with FDG radioactive tracers plays a significant ad-
ditional role in staging NET, changing its stage, and 
selecting patients for further treatment [45].

For localizing duodenal gastrinoma, the most in-
formative method is transillumination [48].

Despite the availability of highly informative 
imaging methods, including radioisotope stud-
ies (scintigraphy with octreoscan, PET-CT with 
68Ga), the localization of primary NET in 10 — 15 % 
of patients remains undetermined [71, 72].

Among the invasive examination methods aimed 
at establishing a diagnosis and determining the lo-
calization of the tumour, angiographic examination 
of the branches of the abdominal trunk and superior 
mesenteric artery, percutaneous transhepatic blood 
sampling with determination of the level of immu-
noreactive gastrin, as well as blood sampling from 
the hepatic veins after intra-arterial stimulation of 
various parts of the pancreas, are currently used. 
This is followed by the determination of the level of 
immunoreactive gastrin [7, 35].

However, even in patients with sporadic ZES 
and negative preoperative imaging studies, an ex-
perienced surgeon will detect gastrinoma in 98 % of 
patients, with 50 % achieving biological remission of 
the disease following surgery, which is comparable to 
the outcomes in patients with positive results [47].

Thus, in the vast majority of cases, modern meth-
ods of examination make it possible to diagnose 
ZES, determine the localization of gastrinoma, and 
develop a treatment strategy.

The main goals of drug therapy for ZES are to re-
duce the hypersecretion of hydrochloric acid as well 
as control the growth of the tumour and its metas-
tases [4].

Currently, the «gold standard» of antisecretory 
therapy is the use of proton pump inhibitors (PPIs), 
the effectiveness of which has been proven in pa-
tients of this category [37, 39]. The main goal of us-
ing PPIs in patients with ZES is to achieve stable 
clinical and endoscopic remission. Various studies 
have shown that in patients with ZES, a reliable cri-
terion demonstrating adequate control of the secre-
tory function is BAO less than 10 mEq/h until the 
next dose of the drug [65].

In cases of ZES associated with MEN 1 syn-
drome, severe reflux esophagitis, or in patients after 
gastric surgery, the BAO levels should not exceed 
5 mEq/h. To achieve the indicated goals of PPI 
therapy with an uncomplicated course of ZES, an 
initial dose equivalent to 60 mg/day of omepra-
zole is recommended. In other cases, the daily dose 
should be two times higher, divided into two doses 
(60 mg twice a day). If the level of BAO against the 
background of the indicated doses remains higher 
than 10 mEq/h, the PPI dose should be gradually 
increased and divided into 2 doses until the indi-
cated goal is reached [4, 46].

Conservative treatment of PPIs with the correct 
dose selection ensures the absence of ulcer recur-
rence, which significantly affects the range of causes 
of mortality. Indeed, it contributed to a significant 
reduction in mortality from bleeding and perfora-
tions and an increase in the life expectancy of pa-
tients with ZES. In recent decades, the progression 
of the tumour process has caused more than half of 
the fatal consequences in patients with ZES [65].

The administration of synthetic analogues of so-
matostatin to patients with ZES not only suppress-
es the secretion of hydrochloric acid but also has an 
antitumour effect. The most common analogue of 
somatostatin on the market is octreotide. In addi-
tion, long-acting analogues of somatostatin (lanreo-
tide, octreotide, somatulin, etc.) are now available. 
Their feasibility is determined by their comparable 
effectiveness at significantly lower cost. In a study 
involving 15 patients with ZES treated with soma-
tostatin analogues, 53 % exhibited tumour advance-
ment, 41 % experienced stabilisation, and just 6 % 
achieved tumour regression [59].

At one time, interferon- (in a number of cases 
in combination with octreotide) was often used to 
stabilize the growth of pancreatic gastrin. Accord-
ing to the literature, interferon- therapy led to the 
tumour’s stabilization in 20 — 40 % of cases, and in 
12 % of cases, its regression was observed [10].

The use of the technique of molecularly directed 
(«targeted») therapy for the conservative treatment 
of NET has shown its effectiveness. In particular, this 
type of oncotherapy includes multitarget inhibitors of 
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receptors with tyrosine kinase activity (sunitinib) and 
mTOR inhibitors (everolimus, temsirolimus) [23].

The administration of sunitinib to 107 patients 
(66 with NET of the pancreas and 41 with carci-
noid) resulted in tumour size reduction in 17 % of 
patients and stabilization in 68 %. In studies using 
mTOR inhibitors, the proportion of patients who 
responded to therapy was 7 % for temsirolimus and 
15 % for everolimus [30].

Peptide-receptor radionuclide therapy (PRRT) 
is a promising direction in the treatment of NET. 
It is a highly targeted and effective form of ra-
diopharmaceutical therapy (RFT) with minimal 
side effects for the treatment of NET with a large 
number of somatostatin receptors. In PRRT, the 
patient receives an intravenous injection of a drug 
such as octreotide (DOTATOC) and octreotate 
(DOTATATE) that is chemically bound to or ra-
diolabelled with radioactive material, mainly lute-
tium-177. Somewhat less often, other radiophar-
maceuticals, such as yttrium-90 or indium-111, 
are used. The radioactive drug binds octreotide to 
somatostatin receptors on tumour cells with subse-
quent irradiation and tumour regression [26].

Surgical treatment is indicated in patients with 
sporadic gastrinomas due to their high tendency to 
metastasize to the liver, lymph nodes, and distant 
organs. In cases where the process has progressed, 
preference should be given to nonsurgical treat-
ment methods, including chemotherapy with evero-
limus, sunitinib, somatostatin analogues, interferon, 
chemoembolization, radioembolization, and radio-
frequency ablation [51].

Currently, the primary treatment for sporadic 
gastrinoma, if technically feasible, involves either 
enucleation or local resection for damage to the 
pancreatic head or a distal pancreatectomy for dis-
tal pancreatic lesions. A Whipple resection is usual-
ly performed for large lesions of the pancreatic head 
or duodenum that cannot be adequately removed 
by enucleation [32, 37, 56].

Whipple’s operation involves the removal of re-
gional lymph nodes. This method allows for the de-
tection of metastases in 30 — 70 % of patients when an 
isolated gastrinoma is located in the pancreatic head 
or in the case of duodenal gastrinomas. During the 
enucleation of gastrinomas, these metastases often 
remain unnoticed. Long-term results after Whipple’s 
operation indicate an increase in the recurrence-free 
period with this surgical intervention [21].

However, after any type of surgical intervention, 
all patients with ZES should be monitored by a gas-
troenterologist to control the level of gastric acidity 
and blood gastrin, as well as, when necessary, adjust 
the PPI dose.

Thus, Zollinger-Ellison syndrome is a rare pa-
thology that is quite difficult to diagnose. For 
a timely diagnosis, it is crucial to understand the 
characteristics of the clinical picture of this disease 
and have access to a comprehensive range of diag-
nostic methods that can identify effective thera-
peutic strategies. A multidisciplinary team must be 
involved in this process.
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Еволюція вчення про синдром Золлінгера — Еллісона. 
Огляд літератури
Ю. А. Діброва, М. С. Кривопустов

Національний медичний університет імені О. О. Богомольця, Київ

Сидром Золлінгера — Еллісона (СЗЕ) — рідкісна патологія, яка не має специфічних клінічних виявів та 
не завжди вчасно діагностується. Це зумовлено недостатньою обізнаністю лікарів щодо цієї патології 
та часто недоступністю необхідних методів обстеження. Проаналізовано зарубіжні літературні джерела 
з цієї проблеми. Наведено дані щодо відкриття цієї патології та походження назви синдрому. Висвітле-
но питання епідеміології захворювання. Детально описано найхарактерніші клінічні вияви та можливі 
ускладнення СЗЕ. Наведено зміни шлункової кислотопродукції, характерні для цієї патології, та їхнє діа-
гностичне значення (чутливість і специфічність). При цьому значно підвищуються показники як базаль-
ної, так і максимальної стимульованої шлункової кислотопродукції. Найважливішим етапом обстеження 
пацієнтів із підозрою на СЗЕ є визначення рівня гастрину в крові, який значно підвищується за цієї пато-
логії. Однак за показником гастрину не завжди можна впевнено діагностувати СЗЕ. Абсолютним крите-
рієм на користь СЗЕ є рівень гастрину натще  1000 пг/мл. Якщо цей показник < 1000 пг/мл, то значну 
діагностичну цінність мають тести із застосуванням секретину чи глюконату кальцію. Наведено дані про 
можливу локалізацію гастрином, частоту їх злоякісного переродження та шляхи метастазування. Деталь-
но описано методики визначення локалізації гастрином із зазначенням їхньої чутливості та специфіч-
ності. Висвітлено диференційовану тактику лікування хворих із СЗЕ на підставі результатів обстеження. 
Обґрунтовано необхідність постійного перебування цих пацієнтів під наглядом гастроентеролога та 
хірурга. Наведено диференційовану тактику лікування хворих із СЗЕ з урахуванням результатів обсте-
ження, а також показання та протипоказання до хірургічного та медикаментозного лікування пацієнтів 
із СЗЕ. Висвітлено перспективи нового лікувального напрямку — застосування таргетної радіотерапії. 
Обґрунтовано необхідність для цих пацієнтів постійно перебувати під наглядом гастроентеролога та 
хірурга й періодично проходити необхідні обстеження.

Ключові слова: синдром Золлінгера — Еллісона, тактика лікування, гастрин, алгоритм обстеження.
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