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Abstract. The aim of the present study was to evaluate the 
diagnostic benefit of diffusion‑weighted imaging (DWI) 
in the detection of homogenous isoattenuating insulinoma 
on biphasic contrast‑enhanced computed tomography (CT) 
preoperatively and to determine which magnetic resonance 
(MR) sequences exhibited the best diagnostic performance. 
A total of 44 consecutive patients who underwent biphasic 
contrast‑enhanced CT and conventional MR imaging (MRI), 
including DWI on a 3T scanner, were identified retrospectively. 
Apparent diffusion coefficient (ADC) values of insulinomas 
and the surrounding pancreatic parenchyma were compared 
using a Wilcoxon signed‑rank test. Receiver operating charac-
teristic analysis was used to compare the diagnostic accuracy 
of four randomized image sets [T2‑weighted image (WI), 
axial T1WI, DWI and T2WI + DWI] for each reader. Axial 
T1‑weighted MRI exhibited the highest relative sensitivity for 
each reader; DWI alone exhibited the lowest relative sensitivity 
and the lower inter‑reader agreement. There was no significant 
difference in lesion detection between T2WI and T2WI + DWI 
image sets for each reader. The ADC values of the insuli-
noma were significantly lower compared with those of the 
surrounding parenchyma. In conclusion, DWI does not benefit 
the detection of homogenous isoattenuating insulinoma. Axial 

T1WI is the optimal pulse sequence. Quantitative assessment 
of the tumor ADC values may be a useful tool to characterize 
identified pancreatic neoplasms.

Introduction

Insulinoma is a mostly benign, and solitary pancreatic 
tumor, with an incidence of 4 cases per 1,000,000 people 
per year among residents of Olmsted County (MN, USA) 
for 1927‑1986, and it is considered rare  (1). Insulinomas 
often present with hypoglycemic syndromes associated with 
hormonal hypersecretion and remain the most common func-
tioning neuroendocrine tumors of the pancreas (2). Precise 
preoperative localization of insulinoma has been shown to 
be associated with improved cure rates and the prevention 
of surgical complications  (3). However, the detection and 
localization of the majority of insulinomas are occasionally 
problematic on multi‑detector computed tomography (MDCT) 
and magnetic resonance imaging (MRI) studies due to their 
small size and various imaging features (4,5).

Biphasic contrast‑enhanced CT and MRI are common 
non‑invasive imaging techniques used to identify the pancre-
atic neoplasm (6,7). MDCT examination remains the first step 
in the detection of insulinoma due to its non‑invasiveness, 
widespread availability, and greater spatial and contrast 
resolution  (4,8‑11). Typically, the majority of insulinomas 
are uniformly hyperdense on the arterial phase of biphasic 
contrast‑enhanced CT and markedly hyperintense in the early 
phase of dynamic contrast‑enhanced MRI, which is associ-
ated with the hypervascular nature of these tumors (10,12,13). 
However, certain hypovascular tumors present with an atypical 
enhancement pattern and appear hypo‑ or iso‑dense relative 
to the normal pancreatic parenchyma on all phases, and often 
may not be clearly identified or accurately diagnosed (13‑16). 
Occasionally encountered, small, homogenously isoattenu-
ating insulinoma will be nearly invisible on all but unenhanced 
MR images due to the absence or subtle change in pancreatic 
contours, which may not easily be noted (17‑19).

In a recent report, Lotfalizadeh et al  (20) showed that 
the addition of DWI to morphological and functional MR 
findings has predictive value for tumor grade of pancreatic 
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neuroendocrine tumors (pNETs), particularly for quantitative 
differentiation between G3 and G1‑2 tumors (19). DWI may 
improve the diagnostic performance in depicting and charac-
terizing those small islet cell tumors (ICTs) when added to 
other conventional MR sequences due to its superior image 
contrast and functional information provided (21). It has been 
shown that the monoexponentially‑derived apparent diffusion 
coefficient (ADC) value may be a valuable tool to accurately 
discriminate between pancreatic cancer and focal mass‑like 
pancreatitis (22,23). However, to the best of our knowledge, 
the diagnostic value of DWI and which conventional MR 
sequences show these atypical insulinoma most clearly, 
remains uncertain. In this sense, the current study presents 
22  cases of surgically proven insulinomas, which were 
homogenously iso‑dense relative to the surrounding pancre-
atic parenchyma on all phases during biphasic CT scanning 
following intravenous contrast administration preoperatively. 
The aim of the study was to evaluate if the use of DWI results 
in a better diagnostic performance for the detection of these 
atypical insulinomas and to determine which conventional 
MR sequences show them most definitely.

Patients and methods

Patients. The present retrospective study was approved 
by the Institutional Review Board of the First Affiliated 
Hospital of Fujian Medical University (Fuzhou, China), 
and the requirement for informed consent was waived. The 
clinical records, and radiological and pathological databases 
at the First Affiliated Hospital of Fujian Medical University 
(Fuzhou, China) between January 2010 and March 2017 were 
reviewed. A total of 44 consecutive patients were identified 
who underwent biphasic contrast‑enhanced CT and conven-
tional MRI, including DWI on a 3T scanner, within 6 weeks 
of each other for suspected insulinomas. Of the 44 patients 
who underwent biphasic CT and 3T MR scans, 22 subse-
quently underwent surgery and were determined to show the 
presence of insulinoma. Inclusion criteria for this study were 
as follows: i) Syndromes of hypoglycemia and endogenous 
hyperinsulinemia were confirmed preoperatively; ii) upper 
abdominal biphasic contrast‑enhanced CT and conventional 
MR sequences were performed preoperatively; iii) patients 
with multiple endocrine neoplasia (MEN) syndrome 
were not included; iv) patients underwent surgery within 
4 months of the imaging exams and diagnosis of pNET was 
confirmed histopathologically; and v) patients experienced 
symptomatic relief during the course of follow‑up. Other 
causes of hypoglycemia (n=8) with no evidence of insuli-
nomas were excluded, including hepatic insufficiency (n=4), 
exogenous hyperinsulinism (n=2) and drugs (n=2). In total, 
2 patients with a final diagnosis of MEN type 1 (MEN1) 
syndrome were excluded and 11 patients who underwent 
surgery at other institutions without a 3.0T MRI machine 
were excluded. A 79‑year‑old patient who did not undergo 
surgery owing to unfitness from comorbidities was also 
excluded. Overall, 22 patients (13 men and 9 women; age 
range, 25‑60 years; mean age, 46.4 years) with definitive 
insulinomas according to surgery and histological examina-
tion of the resected specimen were evaluated in the study. 
All 22 patients experienced symptomatic relief following 

surgery and no recurrence during the follow‑up period of 
6 months. The diagnosis was no longer that of insulinoma as 
the patients had been efficiently treated. This final diagnosis 
was confirmed in all 22 patients either at hospital discharge 
or during the course of follow‑up.

CT protocols. All patients were examined using 320‑MDCT 
scanners (Aquilion ONE; Toshiba Medical Systems, Tokyo, 
Japan), with the application of the same upper abdominal stan-
dardized protocol. Unenhanced and biphasic contrast‑enhanced 
CT that included early arterial and pancreatic parenchymal 
phases were acquired prior to and following intravenous 
administration of contrast agent.

Subsequent to the acquisition of unenhanced CT scanning, 
300 mg/ml iodine (Ultravist 300; Schering; Bayer Healthcare 
Pharmaceuticals, Leverkusen, Germany) was injected using 
a dual‑head power injector, through an 18‑gauge plastic 
antecubital catheter. A dose of 1.5 ml/kg of body weight 
was administered at a rate of 4 ml/sec. The contrast agent 
administration was followed by an immediate flush of 30 ml 
normal saline. To determine the timing for pancreatic early 
arterial and parenchymal phase imaging, a scanning delay 
was estimated using an automated bolus‑tracking technique 
provided by the manufacturer of the Toshiba CT system. The 
early arterial phase scanning was performed with a 5‑sec 
delay from aortic enhancement of 250 HU and the pancreatic 
phase scanning was initiated 45 sec after the contrast agent 
injection.

MR protocol. Examinations were performed on the same 3.0 
T imaging system (Magnetom Trio; Siemens Healthineers, 
Erlangen, Germany) equipped with an 8‑channel phased‑array 
coil centered on the pancreas. The routine MR sequences for 
the pancreas, including coronal T2‑weighted [half‑Fourier 
acquisition single‑shot turbo spin echo (TSE)] sequence, axial 
T1‑weighted TSE sequence, axial fat‑suppressed T2‑weighted 
TSE sequence, axial T1‑weighted in‑phase and opposed‑phase 
sequences with echo times of 1.4 and 2.8 msec, respectively, 
and DWI, were obtained at the Radiology Department of the 
First Affiliated Hospital of Fujian Medical University.

Axial single‑shot echo planar DWI was performed using 
the following parameters: echo time (TE), 73 msec; repetition 
time (TR), 6,900 msec; slice thickness, 3 mm; intersection 
gap, 6 mm; matrix size, 128x128; field of view, 350x350 mm; 
flip angle, 90 ,̊ parallel imaging reduction factor, 2; partial 
Fourier factor, 6/8; bandwidth, 2,441 Hz per pixel; and 
number of excitations, 8 (water excitation with b‑value of 50 
and 800 sec/mm2). Axial T1‑weighted images (T1WI) were 
obtained with the following parameters: TR, 670 msec; TE, 
14 msec; slice thickness, 3 mm; interslice gap, 6 mm; field of 
view, 400x280 mm; matrix, 384x188; and number of excita-
tions, 2. DWI and axial T1WI were performed using a normal 
breathing pattern. The main parameters of the MR sequences 
are shown in Table I.

ADC maps were automatically created from DW MR 
images and ADC values were computed on a Syngo worksta-
tion (Syngo Multimodality Workplace; Siemens Healthineers). 
One radiologist, who had knowledge of the precise tumor 
location on the basis of findings from the overall MRI, 
surgical and pathological datasets, retrospectively drew the 
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regions of interest (ROIs) (mean ROI size, 0.25 cm2; range, 
0.22‑0.28 cm2) placed within the largest possible tumor area 
and the surrounding pancreatic parenchyma. ADC values of 
insulinomas were calculated and compared with ADC values 
of the surrounding pancreatic parenchyma.

Image analysis. All CT images were retrospectively reviewed 
by two senior abdominal radiologists (with 18 and 25 years 
of experience in abdominal MRI, respectively). Two readers 
had reviewed the surgical and pathological reports and knew 
the precise location of the tumor. Tumor attenuation values 
on biphasic CT images were quantitatively calculated and 
compared with that of the surrounding pancreatic paren-
chyma. CT attenuation of the tumor (<15 HU) in contrast to 
the surrounding pancreatic parenchyma in all phases was 
deemed to represent an isoattenuating tumor (23,24). Tumor 
enhancement was classified as homogenous, heterogeneous 
or peripheral on biphasic contrast‑enhanced images, and was 
assessed by two readers. The lesions with homogenously 
iso‑attenuation enhancement patterns were included in the 
study (Fig. 1).

The MRI assessment of each tumor was divided into 
four image sets: Axial T1‑weighted, T2‑weighted, DWI and 
T2‑weighted + DWI. Each set of images was independently 
interpreted on a digital workstation (Shida PACS system, 
Fuzhou, China) with the adjustment of window and level 
freely by two abdominal radiologists (junior reader, with 
3 years of experience of abdominal MRI; and senior reader, 
with 25 years of experience of abdominal MRI). Each reader 
reviewed the MR images in a randomized, blinded fashion. 
Two readers independently analyzed the randomly extracted 
MR images and recorded their findings on a report sheet. 
The readers knew that the study was being performed to 
detect insulinomas, but were blinded to any patient informa-
tion, clinical and biological data, other imaging findings, and 
surgical and histopathological results. The readers determined 
the presence or absence of tumor using a 5‑point confidence 
scale as follows: Score 1, definitely absent; score 2, probably 
absent; score 3, indeterminate; score 4, probably present; and 
score 5, definitely present. In cases with scores of 4 or 5, a 
lesion was considered present and the lesion location was 
carefully recorded. The signal intensity of the tumor was 
evaluated on four MR image sets compared with that of the 
surrounding pancreatic parenchyma, and was classified as 
high, intermediate or low (Figs. 2‑4).

Statistical analysis. Statistical analysis of all data was 
performed with SPSS (version 19.0; IBM Corp., Armonk, 
NY, USA) and MedCalc (MedCalc Software bvba, Ostend, 
Belgium) software. Quantitative data was determined as the 
mean ± standard deviation. Descriptive data was shown in 

Figure 2. Isointense lesion on a T2‑weighted axial magnetic resonance image 
(arrows).

Figure 1. Figs. 1‑4 depict the same patient with insulinoma. Arterial phase 
computed tomography representative image revealing a small, well‑defined, 
iso‑attenuating mass (arrows) on the anterior periphery of the pancreatic 
body in a 26‑year‑old woman.

Table I. Main magnetic resonance imaging parameters.

	 TR/TE, 	 FOV, mm		  Slice thickness/spacing	 Pixel band	 Flip	 Echo
Sequence	 msec	 (length/width)	 Matrix	 between slices	 width, KHz	 angle, ˚	 train length

Axial fat‑suppressed T2‑weighted	 2999/79	 210/380	 320x168	 5/6	 240	 140	 9
TSE sequence (T2WI)
Axial single‑shot echo planar 	 6900/73	 350/350	 128x128	 3/6	 2441	 90	 1
imaging (DWI)
Axial T1‑weighted images 	 670/14	 400/280	 384x188	 3/6	 279	 70	 1

TR, repetition time; TE, echo time; DWI, diffusion‑weighted imaging; FOV, field of view; WI, weighted‑image; TSE, turbo spin echo.
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terms of percentages and medians. The Wilcoxon signed‑rank 
test was performed to compare ADC values between the 
isoattenuating insulinomas and surrounding pancreatic 
parenchyma of the patients. The Wilcoxon signed‑rank test 
was also performed to compare ADC values between isoat-
tenuating insulinomas and hyperattenuating insulinomas. 
Prior to receiver operating characteristic (ROC) analysis, 
κ‑values were computed to evaluate inter‑observer agreement 
with interpretation as follows: 0.21‑0.40, fair agreement; 
0.41‑0.60, moderate agreement; 0.61‑0.80, good agreement; 
and 0.81‑1.00, excellent agreement  (19,25). Friedman's 
non‑parametric test, with multiple comparison between the 
four image sets was performed with Student‑Newman‑Keul's 
post‑hoc test, was used to determine the variance of diag-
nosis confidence level score among four MR image sets for 
each reader. ROC curve analysis was performed to assess 
the diagnostic performance of four MR image sets in tumor 
detection for each reader. The area under the ROC curve (Az) 
and the 95% confidence interval (CI) of each MR image set 
was calculated and compared using the paired Student's t‑test. 
Az values (>0.80) were considered to show high diagnostic 
accuracy, as suggested by a previous study (26). A two‑sided 
P‑value of <0.05 was considered to indicate a statistically 
significant difference.

Results

The median time between later imaging (CT or MR) and 
surgery was 14 days (range, 3‑28 days). The 22 insulinomas 
confirmed pathologically were solitary and benign. The tumors 
were distributed throughout the whole pancreas as follows: 3 in 
the pancreatic head, 11 in the pancreatic body and 8 in the tail. 
The diameter of these lesions ranged from 9.0 to 18 mm (mean, 
14.1 mm). According to the histopathological analysis of the 22 
insulinomas, 17 tumors (77%) were classified as G1, 4 (18%) as 
G2 and 1 (5%) as G3 based on the European Neuroendocrine 
Tumour Society (ENETS) and the 2010 revised World Health 
Organization (WHO) recommendations (27,28).

The junior and senior reader detected 20/22 and 21/22 lesions 
on axial T1WI, 16/22 and 17/22 on axial T2WI, 15/22 and 17/22 
on T2WI + DWI, and 4/22 and 8/22 on DWI alone, respectively. 
Axial T1‑weighted MRI had the highest relative sensitivity 
[20‑21/22 (91‑95%) lesions] in the detection of insulinoma. 
Significant differences of the diagnostic confidence level score 
were found among the four MR image sets for the two readers. 
The confidence level score of DWI alone was the lowest, while 
that of axial T1WI was the highest for each reader (Table II).

The weighted κ‑������������������������������������������values that reflected the diagnosis confi-
dence levels of the readers with regard to image interpretation 
are summarized in Table  III. Good inter‑observer agree-
ment was found between the two readers for confirming the 
presence or absence of lesions on T1WI and T2WI datasets 
(weighted κ=0.74 and weighted κ=0.87, respectively). Poor 
inter‑observer agreement was found between two readers on 
DWI and T2WI + DWI image datasets (weighted κ=0.46 and 
weighted κ=0.53, respectively).

With regard to the use of the ROC curves obtained from 
the four MR image sets for each reader (Figs. 5 and 6), the 
relative trends among curves of T2WI + DWI and T2WI were 
similar, with a highest Az value acquired with axial T1WI. 
The Az values and 95% CI of each ROC curve for each reader 
are presented in Table IV. There was no significant difference 
in the Az values of the four MR image sets between the junior 
and senior reader, although different numbers of tumors were 
recorded by the two readers (DWI, P=0.71; T2WI, P=0.89; 
T2WI + DWI, P=0.42; T1WI, P=0.30). The Az values obtained 
with axial T1WI were much greater than those of DWI alone 
for each reader (both P<0.001). The Az values obtained with 
T2WI + DWI and T2WI were also significantly higher than 
those of DWI alone for each reader (all P<0.05). The Az values 
obtained with T1WI were considerably higher than that of 
T2WI for the junior and senior readers (P=0.04 and P=0.03, 
respectively). There was no significant difference in the Az 
values between the T2WI + DWI and T2WI image sets for 
each reader (P=0.84 and P=0.47, respectively). There was also 
no statistically significant difference in the Az values between 
the T1WI and T2WI + DWI image sets for each reader (P=0.12 
and P=0.13, respectively).

The mean ADC values (x10−3 mm2/sec) of isoattenuating 
insulinoma and surrounding pancreatic parenchyma were 
1.06±0.58 (range, 0.68‑2.46) and 1.23±0.24 (range, 0.78‑1.67), 
respectively. The ADC values of the tumors were consistently 
higher compared with those of the surrounding pancreatic 
parenchyma in these patients according to the Wilcoxon 
signed‑rank test (P=0.003; Table V). The mean ADC value 

Figure 4. Lesion showing a relatively homogenous, slightly high signal 
instensity on diffusion-weighted imaging (arrows).

Figure 3. Lesion exhibiting a slow signal on axial T1-weighted images 
(arrows).
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of the hyperattenuating insulinomas was 0.81±0.24 (range, 
0.53‑1.48), but no statistical significance was found between 
hyperattenuating and isoattenuating insulinomas based on the 
Wilcoxon signed‑rank test (P=0.26). The junior and senior 
reader detected 16/22 and 17/22 hyperattenuating insulinomas, 
respectively, on DWI alone. With regard to the use of the ROC 
curves obtained from isoattenuating and hyperattenuating 
insulinomas for each reader (Figs. 7 and 8), the Az values 

obtained with the hyperattenuating insulinomas were much 
greater than those of the isoattenuating tumors for each reader 
(P=0.027 and P=0.021, respectively).

Discussion

The detection of insulinoma is pivotal in current imaging 
studies. The ability of various imaging techniques to detect 
and characterize the pancreatic neoplasms has been studied 
extensively  (5,7,9,28‑31). The tumor enhancement pattern 
of insulinoma allows for an indirect assessment of tumor 

Figure 6. Receiver operating characteristic curves for tumor detection in 
four magnetic resonance image datasets according to the senior reader. DWI, 
diffusion‑weighted imaging; WI, weighted image.

Figure 5. Receiver operating characteristic curves for tumor detection in 
four magnetic resonance image datasets according to the junior reader. DWI, 
diffusion‑weighted imaging; WI, weighted image.

Table II. Friedman‑analysis of variance by ranks for the 
diagnosis confidence level score.

Groups	 Junior reader	 Senior reader

Axial‑T1WI	 3.20	 3.05
T2WI	 2.41	 2.41
DWI	 1.64	 1.82
T2WI + DWI	 2.75	 2.73
P‑value	 P=0.0001	 P=0.0001

DWI, diffusion‑weighted imaging; WI, weighted‑image.

Table III. Inter‑observer agreement in image interpretation.

Groups	 κ‑value

Axial‑T1WI	 0.742
T2WI	 0.871
DWI	 0.459
T2WI + DWI	 0.532

DWI, diffusion‑weighted imaging; WI, weighted‑image.

Table IV. Az values for ROC analysis and relative sensitivity 
of fat‑suppressed T1WI, T2WI, T2WI  +  DWI and DWI for 
tumor detection.

			   Sensitivity, 
Reader	 Az	 95% CI	 % (n/total n)

Junior			 
  Axial‑T1WI	 0.921±0.04 	 0.800‑0.981 	 91 (20/22)
  T2WI	 0.830±0.06 	 0.686‑0.926 	 68 (15/22)
  DWI	 0.815±0.07	 0.669‑0.916	 73 (16/22)
  T2WI + DWI	 0.514±0.09	 0.359‑0.668	 32 (4/22)
Senior			 
  Axial‑T1WI	 0.958±0.03	 0.850‑0.995	 95 (21/22)
  T2WI	 0.820±0.07	 0.675‑0.920	 77 (17/22)
  DWI	 0.869±0.05	 0.733‑0.951	 77 (17/22)
  T2WI + DWI	 0.549±0.09	 0.391‑0.699	 36 (8/22)

ROC, receiver operating characteristic; Az, area under the ROC 
curve; DWI, diffusion‑weighted imaging; WI, weighted‑image; CI, 
confidence interval.
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vascularity, composition and cell density, rather than showing 
different stages of tumor development  (19). Isoattenuating 
insulinoma on biphasic contrast‑enhanced CT, which accounts 
for 24.9% of all insulinomas (15), poses a diagnostic chal-
lenge, even for senior abdominal radiologists, and it has the 
necessity of referring the patient for MRI examination. The 
application of DWI and MR cholangiopancreatography 
improves the diagnostic accuracy of MRI in identifying small 
insulinomas, and the highest sensitivity for this combined 
application has been achieved among other non‑invasive 
imaging techniques (10,32‑36).

In the present study, the mean tumor size was 14.1 mm and 
the mean ADC value of the insulinomas was significantly lower 
than that of the adjacent pancreatic parenchyma, in accordance 
with previously published data (17,21,37‑39). Nevertheless, 
the mean ADC value (1.06±0.58x10‑3 mm2/sec) of tumors in 

the present study was lower compared with that found in a 
prior study (1.51±0.35x10‑3 mm2/sec) (8), which can probably 
be explained by the different intrinsic characteristics of the 
tumors, the higher field strength of the scanner applied (3.0T 
versus 1.5T) and the presence of smaller nodules (21,39‑41).

The present study confirmed the high sensitivity of axial 
T1WI for the detection of insulinomas (29,42‑46), which also 
provided a contribution to the highest diagnostic confidence of 
each reader and the highest inter‑observer agreement between 
the two readers, and demonstrated that axial T1WI was the 
optimal sequence among the four image sets. With a high detec-
tion sensitivity of 91 and 95% for the involved junior and senior 
radiologist, respectively, the present results were superior to 
that of other studies, with a mean sensitivity of <70% (ranging 
between 0 and 100%). This was likely due to the small patient 
cohort and various MR sequences used (10,23,29). The present 

Figure 8. Receiver operating characteristic curves for isoattenuating and 
hyperattenuating detection with diffusion‑weighted imaging alone according 
to the senior reader.

Figure 7. Receiver operating characteristic curves for isoattenuating and 
hyperattenuating detection with diffusion‑weighted imaging alone according 
to the junior reader.

Table V. ADC values of insulinoma compared with ADC values of surrounding pancreatic tissuea.

	 Wilcoxon signed‑rank test
Insulinoma ADC	 Surrounding parenchyma	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
values (n=22)	 ADC values (n=22)	 Z‑value	 P‑value

Mean	 1.06	 2.931	 0.003
SD	 0.58		
Median	 0.81		
Minimum	 0.68		
Maximum	 2.46		

aADC values in insulinoma were lower (1.06±0.58) compared with those in the surrounding pancreatic parenchyma (1.23±0.24). Wilcoxon 
signed‑rank test demonstrated this difference to be statistically significant (P=0.003). ADC, apparent diffusion coefficient; SD, standard 
deviation.
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results were more likely to be affected by a selection bias: The 
lesions included in the study showed a homogenous iso‑attenu-
ation enhancement pattern on biphasic contrast‑enhanced CT, 
which may imply that the pathology of the insulinoma was 
dense fibrosis or high tumor cellularity (7,12,15,16,19).

DWI, as part of an upper abdominal conventional MRI 
protocol, can be utilized to detect lesions with a clinical 
suspicion of pancreatic ICTs that exhibit negative or indis-
tinct suspicious imaging findings  (17,20,39). Nonetheless, 
the use of DWI in localizing insulinomas remains controver-
sial (17,24,29,32,39,44,47). The present study found that the 
inter‑observer agreement between two readers for determining 
the presence or absence of tumor on DWI alone image sets 
was the poorest (weighted κ=0.46). No significant difference 
in ADC value was observed between the isoattenuating and 
hyperattenuating insulinomas, whereas hyperattenuating 
lesions could be detected more easily than the isoattenuating 
by DWI for each reader based on ROC analysis. The present 
result tended to similar to that of previous studies (39,44,47), 
but was inconsistent with several other studies  (17,48). A 
possible explanation for these paradoxical findings is that 
although DWI is a reliable sequence in the detection of the 
hypervascular tumors with abundant fluid hyperintense struc-
ture, the hypovascular lesions appear slightly hyperintense on 
DWI and make it extremely difficult to identify. The junior 
reader and senior reader detected 4 and 8 tumors on DWI 
image alone, respectively, in the present study, although there 
was no significant difference in the relative sensitivity between 
the two readers. This difference was probably as the accuracy 
of DWI interpretation is dependent on the readers experience 
to a certain extent. The inter‑observer agreement on T2WI 
was excellent, whereas poor inter‑observer agreement on 
T2WI + DWI was found in the present study. These results 
are probably explained in part by the unsatisfactory imaging 
quality at 3.0T for all DWI sequences, which may decrease 
the diagnostic confidence of readers (particularly for the junior 
reader), even added to conventional T2WI (49). Moreover, on 
the basis of ROC analysis, there was no significant difference 
in the Az values between T2WI + DWI and T2WI for each 
reader. The present results showed that DWI alone does not 
benefit the detection of lesions and that it appears to provide 
a negligible diagnostic contribution to the conventional MRI 
protocol in the assessment of these atypical tumors.

The present study had several limitations: First, the patient 
cohort was small. Second, only isoattenuating insulinomas were 
included in the study. Therefore, there may be a selection bias 
towards tumor detection. Third, the value of DWI for the predic-
tion of insulinoma grading was not discussed. Further studies 
are required to confirm this imaging‑pathological association 
using non‑invasive image modalities. Last, but equally impor-
tant, patients with MEN1‑associated ICTs were not included 
since MEN1‑associated ICTs may have different DWI signal 
intensities and ADC values, compared with sporadic insuli-
nomas. Besides, the imaging strategies for MEN1‑associated 
ICTs are also different and further studies are required.

In conclusion, DWI as part of an upper abdominal 
conventional MRI protocol does not benefit the detection 
of homogenously isoattenuating insulinomas on biphasic 
contrast‑enhanced CT, despite the significant difference 
between the tumor and normal surrounding parenchyma upon 

ADC measurement. Axial T1WI is the optimal pulse sequence 
in pancreatic homogenously isoattenuating insulinoma 
detection among conventional MR sequences.
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