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Introduction: Insulinoma is the most common functional 
neuroendocrine tumor of the pancreas. There are different 
methods for the preoperative localization of insulinoma, such 
as Computed Tomography (CT) scan, Magnetic Resonance 
Imaging and Endoscopic Ultra Sonography (EUS). In this study, 
we report on the clinicopathological features of insulinoma in 
43 patients.

Methods: The hospital records of 43 patients with suspicion of 
insulinoma based on biochemical diagnostic criteria, referred 
to İmam Khomeini Complex Hospital, Tehran, Iran between 
2006 and 2016, were reviewed retrospectively.

Results: Of the 43 studied patients, 28 were female. The mean 
age of the patients was 45.4±13.3 years. The most frequent 
clinical presentation of insulinoma was neurogenic and 
neuroglycopenic symptoms (81.4%). Mean glucose, insulin, 
and C-peptide in patients with hypoglycemic crisis were 
39.13±13.15 mg/dL, 32.15±32.53 μUI/mL, and 4.77±2.88 
ng/mL, respectively. Mean tumor size was 2.13±1.22 cm. The 
most common site of insulinoma was the tail of the pancreas. 
Surgery was the treatment of choice and performed in 31 
patients. Of 21 tumors studied microscopically, 7 were invasive.

Conclusion: In non-diabetic patients with manifestations 
of hypoglycemia, a diagnosis of insulinoma should be 
considered. During the past decade, the diagnostic delay for 
insulinoma has been reduced in our country by improving 
imaging technologies. EUS and CT scan are the best modalities 
for localization and size measurement of insulinoma. Tumor 
size has decreased compared with previous decades, probably 
due to a reduced delay in diagnosis.
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Amaç: İnsülinoma pankreasın en sık görülen fonksiyonel 
nöroendokrin tümörüdür. Bilgisayarlı Tomografi (BT) tarama, 
Manyetik Rezonans Görüntüleme ve Endoskopik Ultrasonografi 
(EUS) gibi insülinomaların preoperatif lokalizasyonu için farklı 
yöntemler vardır. Bu çalışmada 43 hastada insülinomun 
klinikopatolojik özellikleri sunulmaktadır.

Yöntemler: 2006-2016 yılları arasında Tahran, İran’da İmam 
Humeyni Kompleks Hastanesi’ne atıfta bulunulan biyokimyasal 
tanı kriterlerine göre insülinoma şüphesi olan 43 hastanın 
retrospektif olarak hastane kayıtları incelendi.

Bulgular: Çalışılan 43 hastanın 28’i kadındı. Hastaların ortalama 
yaşı 45,4±13,3 idi. İnsülinomun en klinik görünümü nörojenik 
ve nöroglikopenik semptomlardı (%81,4). Hipoglisemik kriz 
hastalarında ortalama glikoz, insülin ve C-peptit sırasıyla; 
39,13±13,15 mg/dL, 32,15±32,53 μUI/mL ve 4,77±2,88 ng/
mL idi. Ortalama tümör boyutu 2,13±1,22 cm idi. En yaygın 
insülinoma bölgesi pankreas kuyruğuydu. Cerrahi tedavi tercih 
edildi ve 31 hastaya uygulandı. Mikroskobik incelemeli 21 
tümörden 7’si invazivdi.

Sonuç: Hipoglisemi belirtileri olan diyabetik olmayan 
hastalarda insülinoma tanısı düşünülmelidir. Son on 
yılda, görüntüleme teknolojilerini geliştirerek ülkemizde 
insülinomun tanısal gecikmesi azalmıştır. EUS ve BT taraması 
insülinoma lokalizasyonu ve boyut ölçümü için en iyi 
yöntemlerdir. Muhtemelen tanıdaki gecikmenin azalması 
nedeniyle tümör boyutu önceki on yıllara göre azalmıştır.

Anahtar Kelimeler: İnsülinoma, hipoglisemi, neoplazm, 
pankreas
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Introduction
Pancreatic cancers may arise from exocrine or neuroendocrine cells 
of the pancreas. Most pancreatic cancers are exocrine cancers, and 
neuroendocrine tumors are rare pancreatic masses that originate from 
the islets of Langerhans (1). Neuroendocrine neoplasms are the second 
most common pancreatic tumors and account for 1%-2% of all pancreatic 
neoplasms (2). In the recent decade, the incidence of pancreatic 
neuroendocrine neoplasms (pNEN) has increased significantly and 
reached 1/100,000 population per year (3,4). This increased rate may be 
due to the improved diagnostic imaging techniques as well as increased 
knowledge and awareness of physicians about these neoplasms (5). The 
age range of most patients with pNEN is from 30 to 60 years, and there 
is no gender difference (3,4).

pNENs are divided into two groups: functional and non-functional. As 
non-functional tumors have no symptoms, they are usually diagnosed 
at a more advanced stage of disease than functional tumors such as 
insulinoma.

Insulinoma is a functional pNEN and the most common type (6). 
Insulinoma is the main cause of hypoglycemia due to endogenous 
hyperinsulinemia. Insulinomas are benign in 90% of cases (7).

Insulinoma is a rare tumor with an incidence rate of 0.15%-0.4% (8). 
It represent 1%-2% of all pancreatic neoplasms (9) and is the cause of 
70%-75% of hyperinsulinemia cases (8). However, the prevalence rate is 
unknown, as the incidence rate in autopsy reports is higher (0.8%-10%) 
(10,11).

The diagnostic hallmark of insulinoma is Whipple’s triad, which includes 
the simultaneous presence of three symptoms of hypoglycemia, 
compatible adrenergic (neurogenic) and/or neuroglycopenic signs, and 
symptom relief upon administration of glucose (8).

Insulinoma in most cases is sporadic; however, in 4%-10% of cases, it 
may be associated with multiple endocrine neoplasia type-1 (MEN1) 
syndrome, which tends more to be malignant (12).

The main goal of this study was to present clinicopathological 
characteristics of insulinoma in a series of 43 patients.

Methods
In a retrospective study, the hospital records of all patients with 
insulinoma tumors, referred to İmam Khomeini Hospital (a tertiary 
center), Tehran, Iran from 2006 to 2016, were reviewed.

In this study, all patients with clinical manifestations of hypoglycemia 
and positive biochemical tests results including low blood sugar and 
high insulin and C-peptide levels, as well as those with hypoglycemic 
symptoms such as palpitation, tremor, sweating, and a histological 
report of insulinoma, even without any information about laboratory 
results (including low blood sugar and high insulin and C-peptide levels), 
were included in the study.

Patients with a positive sulfonylurea test, those with positive biochemical 
test results but different histology (other than insulinoma), and those 
with a known history of treated insulinoma in previous years that were 
referred due to liver metastasis, were excluded from the study.

Patients’ information, including personal information, clinical 
symptoms, laboratory tests results, imaging and pathology reports, and 
treatment modality, was recorded in a questionnaire.

The study protocol was approved by the Ethics Committee at Imam 
Khomeini Hospital, and the study was conducted according to the 
Helsinki declaration (approval number: IR.TUMS.IKHC.REC.1396.3105, 
date: 07.08.2017).

Statistical Analysis

Data were presented as mean and standard deviation for numerical data 
and number and percentage for categorical data. Independent Samples 
t-tests and chi-square tests were used to compare numerical data with a 
normal distribution and categorical data, respectively. For comparison 
of more than two groups, analysis of variance and the Kruskal-Wallis test 
were used for data with and without a normal distribution, respectively. 
Data analysis was performed using SPSS software version 20.00 for 
Windows, and results were considered significant at p<0.05.

Results

Demographics

Finally, 43 patients with insulinoma were included in the study. Of 
them, 38 were selected on the basis of positive laboratory evidence of 
insulinoma and 5 on the basis of a pathological report of insulinoma.

The patients’ demographic characteristics are presented in Table 1. Of 
43 patients, 28 were aged below 50 years and 15 above 50 years.

Clinical Presentation

The number of hypoglycemic crisis was registered in 25 patients. Of 
them, the number of crises varied from 4 crises in a day and 1 in a 
month, with a mean of 18 crises in a month. Other information 
regarding clinical presentation, symptoms, and biochemical parameters 
is shown in Table 1.

Weight changes were registered in 20 patients. Of them, 2 patients had 
no change in weight and 18 had variable changes in weight from 10 kg 
weight loss to 31 kg weight gain (mean of 7 kg weight gain).

There was no significant association between age (below and above 
50 years) and changes in weight (7.07±3.00 vs 6.8±14.61, respectively) 
or between the number of crises in a week (4.90±6.8 vs 3.00±2.09, 
respectively) and the duration of the 72-hour fasting test (11.58±8.37 
vs 12.91±19.29) (p>0.05). Also, no significant association was found 
between age (below and above 50 years) and the mean glucose level 
during a hypoglycemic crisis (40.25±14.20 vs 37.80±17.46, respectively) 
(p>0.05).

The mean serum insulin level during a hypoglycemic crisis in patients 
aged less than 50 years was significantly higher than in those aged above 
50 years (39.32±37.45 and 17.80±9.69, respectively) (p<0.05). However, 
serum C-peptide levels were not significantly different between the two 
age groups (5.22±3.37 in patients below 50 years and 3.87±1.19 in 
those above 50 years old).

There was a significant correlation between the number of crises in 
week and weight changes (r=0.62, p=0.03). Also, a significant direct 
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correlation was found between the number of crises in a week and the 
time interval between disease onset and referral (r=0.50, p=0.01).

There was no significant correlation between the number of crises in a 
week and the duration of the fasting test (r=0.44, p=0.23). In addition, 
no significant correlation was observed between weight changes and the 
time interval from disease onset to referral (r=0.07, p=0.81). There was 
a significant correlation between insulin and the C-peptide level at the 
end of the fasting test (r=0.64, p<0.001).

Tumor Size and Location

Of 43 patients, tumor size was determined in 21 cases based on the 
pathology report, and the accuracy of size measurement by computed 
tomography (CT) scan and endoscopic ultrasonography (EUS) was 
compared with the size reported by pathology as the gold standard. 
According to this analysis, correlation of the size reported by pathology 
was more compatible with the CT report than the EUS report in these 
21 cases. In other cases without a pathology report, tumor size was 
considered according to the CT scan report, and in those without a CT 
scan report, the size reported by EUS was considered as the tumor size. 
Therefore, 31 of 43 patients had a definite tumor size: in 21 patients 
according to the pathology report, in 6 based on the CT scan report, 
and in 4 based on EUS. The mean tumor size available in 21 patients 
according to the pathology report was 2.13±1.22 cm (0.6-5.5 cm).

The tumor location of was available in 25 patients (based on the 
pathology report or surgery report): 10 in the head, 4 in the body, and 
11 in the tail of the pancreas.

Regarding imaging, in 35 patients, EUS had been performed, and the 
related findings are shown in Figure 1. In three patients, tumor size had 
not been reported. The mean tumor size in 24 patients with tumor size 
reported by EUS was 1.67±0.60 cm (0.6-3.2 cm).

Another imaging study was CT scan, which had been performed for 35 
patients. Tumor location by CT scan is depicted in Figure 2. In two cases, 

tumor size had not been reported. Mean tumor size according to CT 

scan, available for 17 patients, was 1.7±0.86 cm (0.5-3.9 cm).

Mean tumor size for the head, body, and tail was 2.06±1.12, 1.22±0.69, 

and 2.13±1.48 cm, respectively, and tail tumors were larger.

By using CT scan and EUS 77.5% (31 cases) of insulinoma tumors were 

localized. Of 40 patients with available recorded imaging reports, the 

tumor was not localized in 9 cases (22.5%).

In 25 cases with a pathology report of the tumor location, CT scan 

imaging had been performed for 22 cases. For localization of the tumor 

by considering pathological study as the gold standard, the sensitivity of 

Table 1. Demographic, clinical, and paraclinical characteristics of 43 patients with insulinoma

Variable n Value

Age (mean ± SD) 43 45.4±13.3 (21-70) years

Gender, n (%) 43 F 28 (65.11), M 15 (34.89)

Clinical presentation

Neurogenic symptoms, n (%)

43

4 (9.30)

Neuroglycopenic symptoms, n (%) 4 (9.30)

Both symptoms, n (%) 35 (81.4)

Symptoms in

Fasting, n (%)

43

38 (88.40)

Postprandial, n (%) 1 (2.30)

Both conditions, n (%) 4 (9.30)

Interval between onset of symptoms and referral, average (ranges) 43 2 years (1 month-10 years)

Glucose level in hypoglycemic crisis, mean ± SD (range) 40 39.3±13.15 mg/dL (10-74 mg/dL)

C-peptide level in hypoglycemic crisis mean ± SD (range) 39 4.77±2.88 ng/mL (1.36-18 ng/mL),

Insulin level in hypoglycemic crisis, mean ± SD (range) 39 32.15±32.53 μUI/mL (5.6-154 μUI/mL)

Duration of fasting test, mean (range) 18 12 (3-30) hours

SD: Standard deviation, F: female, M: male

Figure 1. Tumor location by EUS

EUS: Endoscopic ultrasonography

Pancreas body
Pancreas Head
Pancreas tail
No tumor

20.00%

37.14%

20.00%
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CT scan was 68.18%, and its positive predictive value (PPV) was 72.22%. 
According to the tumor location, sensitivity and PPV of CT scan for the 
head, body, and tail tumor was 55.55% and 100%, 100% and 75%, and 
66.66% and 83.33%, respectively.

EUS had been performed for 23 patients. Sensitivity and PPV of EUS for 
localization of the tumor was 95.65% and 77.27%, respectively. According 
to the tumor location, the sensitivity and PPV of EUS for pancreas head, 
body, and tail tumors was 100% and 87.5%, 100% and 75%, and 90.90% 
and 70%, respectively.

Regarding tumor size measurement by considering histological 
examination as the gold standard, there was a significant correlation 
between tumor size reported by EUS and histology as well as between 
CT scan and histology (r=0.837 and r=0.948 for EUS and CT scan, 
respectively). Correlation between CT scan and histology was stronger 
than between EUS and histology and the accuracy of CT scan in the 
estimation of tumor size was higher than that of EUS.

Among the studied patients, there were two cases of MEN1 syndrome. As 
the first one was a known case of MEN1 and had died in intensive care 
unit after surgery, this case was excluded from the study.

There was no significant association between age (below and above 50) 
and tumor size (1.97±1.14 vs 1.64±1.19, respectively).

No significant association was found between weight change, the mean 
glucose level during hypoglycemia, duration of the fasting test, and 
tumor size (less than 2 cm and greater than 2 cm).

Glucose and insulin levels at the end of the fasting test were not different 
between those with tumors less and greater than 2 cm (32.89±13.98 vs 
43.55±16.43 mg/dL for glucose and 26.53±20 vs 46.38±43.91 for insulin 
level, respectively).

The number of hypoglycemic crises per week in patients with tumor 
sizes greater than 2 cm was significantly higher than those with tumor 
sizes less than 2 cm (9.25±11.98 vs 2.95±2.45). Also, the C-peptide level 

during hypoglycemia was higher in tumors greater than 2 cm than in 
tumors less than 2 cm (6.36±4.73 vs 4.01±1.41).

There was no significant difference in the interval from the onset of 
disease to referral between those with a tumor size greater and less than 
2 cm.

Treatment

Treatment had been recorded in 39 of 43 patients. Of 39 patients with 
available data, 31 (79.49%) underwent operation and 8 (20.51%) received 
medical treatment.

Tumor Pathology

Among 43 patients, insulinoma had been reported as a pathological 
condition in 21cases. Pathological slides were re-studied, and specific 
staining was performed in available cases. Pathological characteristics 
are shown in Table 2.

There was a significant difference in mitotic activity between pancreatic 
head, body, and tail tumors.

Regarding mitotic activity and tumor size in available data in 21 cases, 
all 11 tumors sized lesser than 2 cm were grade 1 and of 10 tumors 
sized greater than 2 cm, 6 were grade 1, 3 grade 2, and one was grade 
3. There was a significant association between tumor size and mitotic 
activity (p=0.018).

There was no significant association between mitotic activity and tumor 
invasion.

Tumor invasion was seen in 33.3% of patients (7 cases). The highest rate 
of invasion was seen in pancreatic tail insulinomas (50% in comparison 
to 33% in the body and 22.2% in the head). In microscopic evaluation, 
malignant insulinoma with invasion to adjacent tissues was identified 
in 7 of 21 studied cases (33.33%) and among those with malignant 

Table 2. Pathological characteristics of studied patients with 
insulinoma

Variable n Value

Microscopic pattern

Solid, n (%)

19

8 (42.10)

Gyriform, n (%) 7 (36.84)

Other patterns, n (%) 4 (21.05)

Mitotic activity

Grade 1, n (%)

21

17 (80.95)

Grade 2, n (%) 3 (14.28)

Grade 3, n (%) 1 (4.76)

Amyloid rate

No

15

10 (66.66)

Low 3 (20.00)

High 2 (13.33)

Cell cytoplasm

Eosinophilic, n (%)

17

10 (58.82)

Some eosinophilic some clear, n (%) 3 (17.64)

Other types, n (%) 4 (23.52)

Figure 2. Tumor location by CT scan

CT: Computed tomography

No tumor
Pancreas head
Pancreas tail
Pancreas body
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insulinoma, liver metastasis, and vascular and lymph node invasion 
as well as invasion to the splenic artery was observed in one patient. 
Vascular invasion was detected in three cases, vascular and lymphatic 
invasion in two cases and invasion to adjacent adipose tissue in one 
patient.

There was no relationship between tumor invasion and patient age 
(46±10.08 and 46.57±13.55 years for those with and without invasion, 
respectively).

The mean tumor size in the invasive group was 2.85±1.70 cm, which 
was significantly higher than the mean tumor size in the noninvasive 
group (1.76±0.82 cm).

There was no relationship between tumor location and tumor invasion. 
Also, the mean age of patients with tail tumors was higher than that of 
patients with the head and body tumors (44.30±14.69, 44.25±4.27, and 
52.54±11.48 years for the head, body, and tail, respectively).

Discussion
This retrospective study reported on the clinicopathological 
characteristics of insulinoma in 43 patients. Insulinoma is the most 
common functional pancreatic NEN, as 76% of pancreatic NEN were 
insulinoma in a study by Cheng et al. (13). Insulinoma may occur in all 
ages, and there is no age limitation. However, the age of most patients 
is between 30 and 60 years, and the median age is in the fifth decade of 
life (5,14). In the current study, patients ranged from 21 to 70 years of 
age, and most patients were aged below 50 years (28 patients/65.11%) 
with a mean age of 45.4±13.3 years, which is less than previous studies 
that reported insulinoma in the fifth decade of life (5,13,14). However, 
the mean age of patients in the study by Peltola et al. (15) in Finland 
was 52 years, and in the study of Cheng et al. (13), 46 years, which is 
higher than in our study, while it was 39 years in the previous study 
in Iran, which is less than the current study (16). Insulinoma occurs 
in both genders without gender predominance or a slightly higher 
rate in the female gender (5,14). In the present study insulinoma was 
observed in both genders, but more than half of the cases were female 
(65.11%). However, the proportion of females in our study (65.11%) was 
less than that in the Finnish study (70%) (15). In contrast to the current 
study, in a previous study in Iran on 68 insulinoma cases, males slightly 
outnumbered females (53% vs 47%, respectively) (Table 2) (16).

The mean tumor size in the current study was 2.13±1.22 cm (0.6-5.5 
cm), whereas in the previous study in Iran the mean tumor size was 
2.9 cm (1-8.5 cm) (Table 2) (16). However, tumor size in some previous 
studies was lower than in ours (14,17-19).

Clinical Manifestations

Due to high insulin levels, patients with insulinoma experience 
hypoglycemia symptoms that are categorized as either neuroglycopenic 
and neurogenic (catecholamine response) (20). These symptoms are 
improved by glucose administration (Whipple’s triad) (8) and aggravated 
by fasting or exercise.

In the current study, both neurogenic and neuroglycopenic symptoms 
were seen in most insulinoma patients (81.39%). In the study by Peltola 
et al. (15) in Finland, prevalence of neuroglycopenic and autonomic 
symptoms was 96% and 77%, respectively. The rate of neuroglycopenic 
symptoms in that study (96%) (15) was slightly higher than in ours 
(90.69%). In the previous study in Iran, neuroglycopenic symptoms were 
observed in 97% of patients, which is higher than the current study, and 
adrenergic symptoms were observed in 89.6% of cases (16).

Insulinoma symptoms may occur in the postprandial state, in the 
fasting state, or even with no relationship to eating (21). In the present 
study, the majority of patients (88.37%) showed symptoms in the fasting 
condition, and others showed symptoms in the postprandial or both 
conditions.

Weight gain in insulinoma occurs due to frequent eating to prevent 
hypoglycemic symptoms (22). In our study, 65% of patients experienced 
weight gain.

Diagnosis

The mean diagnosis delay in the present study was 2 years, while it was 
13 and 15 months in Peltola et al. (15) and Cheng et al. (13), respectively 
which is less than in our study (15). However, the mean diagnosis delay 
in a previous study in our country was 39.9 months, which is higher than 
the one in the current study (Table 3) (16).

The presence of low plasma glucose associated with high serum insulin 
and C-peptide levels in a symptomatic patient is the basis for the 
biochemical diagnosis of insulinoma after exclusion of other causes of 
hyperinsulinemic hypoglycemia (23).

Table 3. Findings of our study compared to previous studies about insulinoma

Study Number of 
patients Year Mean age (year) Sex (M/F), (n)

Mean/median 
diagnosis delay 
(month)

Mean tumor size 
(cm) MEN1 cases (n)

Current study 43 - 45.4 15/28 24 2.13 1

Peltola et al. (15) 79 2018 52 24/55 13 - 2

Yu et al. (14) 17, 9 2017 47, 51 9/8, 4/5 11, 1 1.5, 2.1 -

Iglesias et al. (19) 29 2015 48.7 6/23 - 1.7 3

Tsang et al. (18) 36 2016 48.2 18/18 - 1.47 3

Cheng et al. (13) 76 2016 46.2 26/50 24 2.2 -

Larijani et al. (16) 68 2005 39 36/32 40 2.9 2

Goh et al. (17) 17 2009 50 7/10 3 1.5 -

M: Male, F: female, MEN: multiple endocrine neoplasia
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Imaging

Due to the risk of developing diabetes following major pancreatic 

resection, pancreas-preserving surgery is the treatment of choice for 

insulinoma (20). Therefore, preoperative localization of the tumor is 

required for planning the appropriate surgical approach (24). However, 

without preoperative tumor localization, 10%-27% of insulinomas 

remain undetected during surgery (25).

In our study, in 22.5% (nine) of cases, imaging could not localize the 

tumor while in Finland study the tumor was not identified in nine cases 

(11%) by imaging. This difference may be due to more imaging methods 

being used in that study compared with ours (15).

The sensitivity of EUS in tumor localization was 95.65% in our study, 

while it was 78% in Finland study (15). In that study EUS had the best 

sensitivity for detecting tumors less than 1 cm (15). Sensitivity of CT 

scan in tumor localization in Finland study was 51%, and the mean 

sensitivity of CT scan in previous studies was 43%, while in our study 

it was 68.18%, which is higher than in previous studies (15,26). In the 

study by Cheng et al. (13), the sensitivity of EUS and CT scan for the 

localization of pancreatic NEN was 100% and 91.5%, respectively. In that 

study, abdominal ultrasonography, CT scan, MRI, and EUS were the most 

commonly used imaging modalities for preoperative localization of 

pancreatic NEN (13). Dynamic MRI, CT scan, and EUS are the most useful 

imaging modalities for the evaluation of insulinoma (27). The sensitivity 

of EUS is 70%-95%, which in combination with 3-phase CT scan, reaches 

100% (27). As conventional sonography, CT scan, and MRI are commonly 

available modalities, they can be applied as first-line imaging methods 

for detection and localization of insulinoma (28). The success rate of 

tumor localization with a combination of intraoperative ultrasound and 

operative palpation reaches nearly 100% (29,30).

Treatment

In our study, 79.49% of patients underwent surgery, and 20.51% received 

medical treatment, while in the Finland study 90% of the patients 

underwent curative surgery and 3% palliative surgery, which resulted in 

an overall rate of surgery higher than ours (15).

Lack of assessment of treatment outcomes in patients with insulinoma 

as well as limited access to data due to retrospective nature of the study 

were the main limitations of the current study that should be considered 

in future studies. Another limitation is the lack of detailed assessment of 

symptoms in each category.

Pathology

Most cases of insulinoma are benign, and approximately 10% of cases 

are malignant (5,26). The diagnostic criteria for insulinoma malignancy 

include local invasion and lymph node or distant metastasis. Benign 

insulinomas are usually small and measure approximately 1-2 cm (31). 

In the present study, 7 cases (33.33%) were identified as malignant 

insulinoma with invasion to adjacent tissues, while in a previous study 

in Iran, 5.8% were malignant, which is lower than the percentage in our 

study (16). The rate of malignancy in our study is close to that of Yu et al. 

(14) (35%), which is higher than that of Peltola et al. (15) (14%).

In the current study, 80.95% of insulinoma tumors were grade 1. In a 
study by Tsang et al. (18), 86.1% of tumors belonged to G1, which is 
higher than in ours while in a study by Yu et al. (14), 44.4% of tumors 
were G1 which is lower than in ours. Also, according to Yu et al. (14), 
44.4% of tumors were G2, while in our study this rate was 14.3%.

According to Tsang et al. (18), 8.3% of insulinomas were a component 
of MEN1 syndrome, while in our study, only in 2.32% of insulinoma 
cases was MEN1 syndrome diagnosed. In the previous study in Iran two 
cases of MEN1 syndrome (2.94%) were identified, which is similar to the 
current study (Table 3) (16).

Study Limitation

Lack of assessment of treatment outcomes in patients with insulinoma 
as well as limited access to data due to the retrospective nature of the 
study were the main limitations of the current study that should be 
considered in future studies. Another limitation is the lack of assessment 
of symptoms in detail in each category.

Conclusion
This study presented the picture of insulinoma in the past decade in 
Iran. According to the results, the diagnostic delay of insulinoma has 
been reduced in our country during the past decade by improved 
imaging technologies but needs to be reduced further. For localization 
of insulinoma tumors, EUS and CT scan are the best modalities, while for 
size measurement, the accuracy of CT scan is greater than that of EUS. 
Also, it appears that the malignancy rate has increased in insulinoma 
tumors, and the tumor size has decreased compared with previous 
decades, probably due to the reduced diagnostic delay.
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