
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2020 September 26; 8(18): 3920-4279

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I September 26, 2020 Volume 8 Issue 18

World Journal of 

Clinical CasesW J C C
Contents Semimonthly Volume 8 Number 18 September 26, 2020

OPINION REVIEW

Special features of SARS-CoV-2 in daily practice3920

Charitos IA, Ballini A, Bottalico L, Cantore S, Passarelli PC, Inchingolo F, D'Addona A, Santacroce L

EVIDENCE REVIEW

Gastrointestinal insights during the COVID-19 epidemic3934

Nie K, Yang YY, Deng MZ, Wang XY

REVIEW

From infections to autoimmunity: Diagnostic challenges in common variable immunodeficiency3942

Więsik-Szewczyk E, Jahnz-Różyk K

One disease, many faces-typical and atypical presentations of SARS-CoV-2 infection-related COVID-19 
disease

3956

Philips CA, Mohan N, Ahamed R, Kumbar S, Rajesh S, George T, Mohanan M, Augustine P

MINIREVIEWS

Application of artificial neural networks in detection and diagnosis of gastrointestinal and liver tumors3971

Mao WB, Lyu JY, Vaishnani DK, Lyu YM, Gong W, Xue XL, Shentu YP, Ma J

Hepatic epithelioid hemangioendothelioma: Update on diagnosis and therapy3978

Kou K, Chen YG, Zhou JP, Sun XD, Sun DW, Li SX, Lv GY

ORIGINAL ARTICLE

Clinical and Translational Research

Streptococcus agalactiae: Identification methods, antimicrobial susceptibility, and resistance genes in 
pregnant women

3988

Santana FAF, de Oliveira TVL, Filho MBDS, da Silva LSC, de Brito BB, de Melo FF, Souza CL, Marques LM, Oliveira MV

Twelve-month evaluation of the atraumatic restorative treatment approach for class III restorations: An 
interventional study

3999

Shivanna MM, Ganesh S, Khanagar SB, Naik S, Divakar DD, Al-Kheraif AA, Jhugroo C

Case Control Study

Effects of different doses of metformin on bone mineral density and bone metabolism in elderly male 
patients with type 2 diabetes mellitus

4010

Wang LX, Wang GY, Su N, Ma J, Li YK



WJCC https://www.wjgnet.com II September 26, 2020 Volume 8 Issue 18

World Journal of Clinical Cases
Contents

Semimonthly Volume 8 Number 18 September 26, 2020

Relationship between granulomatous lobular mastitis and methylene tetrahydrofolate reductase gene 
polymorphism

4017

Lei QR, Yang X, Miao CM, Wang JC, Yang Y

Retrospective Cohort Study

First-line chemotherapy in very elderly patients with metastatic pancreatic cancer: Gemcitabine 
monotherapy vs combination chemotherapy

4022

Han SY, Kim DU, Seol YM, Kim S, Lee NK, Hong SB, Seo HI

Retrospective Study

Pre- and intraoperative predictors of acute kidney injury after liver transplantation4034

Mrzljak A, Franusic L, Pavicic-Saric J, Kelava T, Jurekovic Z, Kocman B, Mikulic D, Budimir-Bekan I, Knotek M

Clinical value of needleless sling in treatment of female stress urinary incontinence4043

Chen YG, Zhang YG, Zhang W, Li X, Wang X

Intratympanic dexamethasone injection for sudden sensorineural hearing loss in pregnancy4051

Lyu YL, Zeng FQ, Zhou Z, Yan M, Zhang W, Liu M, Ke ZY

Research on the effect of health care integration on patients’ negative emotions and satisfaction with lung 
cancer nursing activities

4059

Long FJ, Chen H, Wang YF, He LM, Chen L, Liang ZB, Chen YN, Gong XH

Comparison between computed tomography and magnetic resonance imaging in clinical diagnosis and 
treatment of tibial platform fractures

4067

Liu XD, Wang HB, Zhang TC, Wan Y, Zhang CZ

SYSTEMATIC REVIEWS

Primary sclerosing cholangitis and autoimmune hepatitis overlap syndrome associated with inflammatory 
bowel disease: A case report and systematic review

4075

Ballotin VR, Bigarella LG, Riva F, Onzi G, Balbinot RA, Balbinot SS, Soldera J

CASE REPORT

Epidermolytic acanthoma: A case report4094

Ginsberg AS, Rajagopalan A, Terlizzi JP

Management of pembrolizumab-induced steroid refractory mucositis with infliximab: A case report4100

Dang H, Sun J, Wang G, Renner G, Layfield L, Hilli J

Small bowel obstruction caused by a bezoar following an adult simultaneous liver-kidney transplantation: 
A case report

4109

Pan G, Kim RD, Campsen J, Rofaiel G

Laparoscopic resection of primary retroperitoneal schwannoma: A case report4114

Ribeiro Jr MA, Elias YG, Augusto SDS, Néder PR, Costa CT, Maurício AD, Sampaio AP, Fonseca AZ



WJCC https://www.wjgnet.com III September 26, 2020 Volume 8 Issue 18

World Journal of Clinical Cases
Contents

Semimonthly Volume 8 Number 18 September 26, 2020

Sweet syndrome as a paraneoplastic manifestation of cholangiocarcinoma: A case report4122

Lemaire CC, Portilho ALC, Pinheiro LV, Vivas RA, Britto M, Montenegro M, Rodrigues LFDF, Arruda S, Lyra AC, 
Cavalcante LN

Multidisciplinary approach to suspected sudden unexpected infant death caused by milk-aspiration: A 
case report

4128

Maiese A, La Russa R, Arcangeli M, Volonnino G, De Matteis A, Frati P, Fineschi V

Stress fractures in uncommon location: Six case reports and review of the literature4135

Ficek K, Cyganik P, Rajca J, Racut A, Kiełtyka A, Grzywocz J, Hajduk G

Celiac disease and Sjögren’s syndrome: A case report and review of literature4151

Balaban DV, Mihai A, Dima A, Popp A, Jinga M, Jurcut C

Nonasthmatic eosinophilic bronchitis in an ulcerative colitis patient – a putative adverse reaction to 
mesalazine: A case report and review of literature

4162

Cernomaz AT, Bordeianu G, Terinte C, Gavrilescu CM

Insulinoma presenting with postprandial hypoglycemia and a low body mass index: A case report4169

Prídavková D, Samoš M, Kyčina R, Adamicová K, Kalman M, Belicová M, Mokáň M

Neoadjuvant chemoradiotherapy for locally advanced gastric cancer with bulky lymph node metastasis: 
Five case reports

4177

Nomura E, Kayano H, Machida T, Izumi H, Yamamoto S, Sugawara A, Mukai M, Hasebe T

Unilateral pleuroparenchymal fibroelastosis as a rare form of idiopathic interstitial pneumonia: A case 
report

4186

Lee JH, Jang HJ, Park JH, Kim HK, Lee S, Kim JY, Kim SH

Superior mesenteric vein thrombosis induced by influenza infection: A case report4193

Oh GM, Jung K, Kim JH, Kim SE, Moon W, Park MI, Park SJ

Mucinous adenocarcinoma of the buttock associated with hidradenitis: A case report4200

Kim SJ, Kim TG, Gu MJ, Kim S

TFE3-expressing malignant perivascular epithelioid cell tumor of the mesentery: A case report and review 
of literature

4207

Kim NI, Lee JS, Choi YD, Ju UC, Nam JH

Robotic surgery in giant multilocular cystadenoma of the prostate: A rare case report4215

Fan LW, Chang YH, Shao IH, Wu KF, Pang ST

Multiple recurrent neurofibromas in the abdominal wall: A case report4223

Zhao XF, Shen YM, Chen J

Mine disaster survivor’s pelvic floor hernia treated with laparoscopic surgery and a perineal approach: A 
case report

4228

Chen K, Lan YZ, Li J, Xiang YY, Zeng DZ



WJCC https://www.wjgnet.com IX September 26, 2020 Volume 8 Issue 18

World Journal of Clinical Cases
Contents

Semimonthly Volume 8 Number 18 September 26, 2020

Successful treatment of encrusted cystitis: A case report and review of literature4234

Fu JG, Xie KJ

Massive pulmonary haemorrhage due to severe trauma treated with repeated alveolar lavage combined 
with extracorporeal membrane oxygenation: A case report

4245

Zhang BY, Chen XC, You Y, Chen M, Yu WK

Gitelman syndrome caused by a rare homozygous mutation in the SLC12A3 gene: A case report4252

Yu RZ, Chen MS

Arterial embolism caused by a peripherally inserted central catheter in a very premature infant: A case 
report and literature review

4259

Huang YF, Hu YL, Wan XL, Cheng H, Wu YH, Yang XY, Shi J

Left bundle branch pacing with optimization of cardiac resynchronization treatment: A case report4266

Zhang DH, Lang MJ, Tang G, Chen XX, Li HF

Lymphoplasmacyte-rich meningioma with atypical cystic-solid feature: A case report4272

Gu KC, Wan Y, Xiang L, Wang LS, Yao WJ



WJCC https://www.wjgnet.com X September 26, 2020 Volume 8 Issue 18

World Journal of Clinical Cases
Contents

Semimonthly Volume 8 Number 18 September 26, 2020

ABOUT COVER

Editorial board member of World Journal of Clinical Cases, Dr. Li is a Professor at the Nanjing University Medical 
School in Nanjing, China. Having received his Bachelor’s degree from Xuzhou Medical College in 1997, Dr. Li 
undertook his postgraduate training first at Nanjing Medical University, receiving his Master’s degree in 2004, and 
then at Fudan University, receiving his PhD in 2007. He advanced to Chief Physician in the Department of 
Anesthesiology at The Affiliated Hospital of Nanjing University Medical School in 2017 and has held the position 
since. His ongoing research interests involve ultrasound (transthoracic echo and transesophageal echo) in clinical 
anesthesia and ultrasound-guided limb and trunk nerve block in postoperative pain management. (L-Editor: 
Filipodia)

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J Clin Cases) is to provide scholars and readers from 
various fields of clinical medicine with a platform to publish high-quality clinical research articles and 
communicate their research findings online.  
      WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine 
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective 
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized 
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation 
Reports/Science Edition, PubMed, and PubMed Central. The 2020 Edition of Journal Citation Reports® cites the 
2019 impact factor (IF) for WJCC as 1.013; IF without journal self cites: 0.991; Ranking: 120 among 165 journals in 
medicine, general and internal; and Quartile category: Q3. 

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ji-Hong Liu; Production Department Director: Xiang Li; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Semimonthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Dennis A Bloomfield, Sandro Vento, Bao-Gan Peng https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2307-8960/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

September 26, 2020 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2020 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2020 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJCC https://www.wjgnet.com 4169 September 26, 2020 Volume 8 Issue 18

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2020 September 26; 8(18): 4169-4176

DOI: 10.12998/wjcc.v8.i18.4169 ISSN 2307-8960 (online)

CASE REPORT

Insulinoma presenting with postprandial hypoglycemia and a low 
body mass index: A case report

Dana Prídavková, Matej Samoš, Roman Kyčina, Katarína Adamicová, Michal Kalman, Margita Belicová, 
Marián Mokáň

ORCID number: Dana Prídavková 
0000-0001-9953-8887; Matej Samoš 
0000-0002-5561-2560; Roman Kyčina 
0000-0002-6214-1808; Katarína 
Adamicová 0000-0003-2515-2396; 
Michal Kalman 0000-0003-1389-
1984; Margita Belicová 0000-0001-
5658-4402; Marián Mokáň 0000-
0002-9674-1799.

Author contributions: Prídavková 
D participated in the conception 
and design of the report and wrote 
the paper; Kyčina R, Adamicová K, 
Kalman M, Belicová M and Mokáň 
M made substantial contributions 
to the acquisition, analysis and 
interpretation of the patient data; 
Samoš M and Belicová M were 
involved in the coordination and 
design of the report and revision of 
the manuscript; all authors read 
and approved the final manuscript.

Informed consent statement: 
Informed written consent was 
obtained from the patient for 
publication of this report and any 
accompanying images.

Conflict-of-interest statement: The 
authors declare that they have no 
conflict of interest.

CARE Checklist (2016) statement: 
The authors have read the CARE 
Checklist (2016), and the 
manuscript was prepared and 
revised according to the CARE 

Dana Prídavková, Matej Samoš, Margita Belicová, Marián Mokáň, Clinic of Internal Medicine I, 
Comenius University in Bratislava, Jessenius Faculty of Medicine in Martin, Martin 03601, 
Slovakia

Roman Kyčina, Clinic of Surgery and Transplant Center, Comenius University in Bratislava, 
Jessenius Faculty of Medicine in Martin, Martin 03601, Slovakia

Katarína Adamicová, Michal Kalman, Department of Pathological Anatomy, Comenius 
University in Bratislava, Jessenius Faculty of Medicine in Martin, Martin 03601, Slovakia

Corresponding author: Dana Prídavková, MD, PhD, Doctor, Medical Assistant, Clinic of 
Internal Medicine I, Comenius University in Bratislava, Jessenius Faculty of Medicine in 
Martin, Kollárova 2, Martin 03601, Slovakia. danapridavkova@gmail.com

Abstract
BACKGROUND 
Insulinomas are the most common type of functioning endocrine neoplasms of the 
pancreas presenting hypoglycemic symptoms. Patients characteristically develop 
symptoms while fasting, but some patients have reported symptoms only in the 
postprandial state. Repeated and prolonged hypoglycemic episodes can reduce 
the awareness of adrenergic symptoms, and patients may have amnesia, which 
delays diagnosis.

CASE SUMMARY 
We describe a case of a 24-year-old underweight patient who showed 
hypoglycemic symptoms for almost 6 years. Although patients with insulinoma 
characteristically develop symptoms while fasting, this young man had 
hypoglycemic symptoms up to one hour postprandially, especially after high-
sugar meals and after physical activity. The fasting tests and imaging methods 
performed at local hospitals were evaluated as negative for abnormal results. 
However, brown adipose tissue exhibited increased metabolic activity, and some 
muscle groups had histological changes as indicated by positron emission 
tomography with 2-deoxy-2-[fluorine-18]fluoro-D-glucose integrated with 
computed tomography. Glycogen deficiency was also histologically confirmed. 
The patient’s symptoms progressed over the years and occurred more frequently, 
i.e., several times a month, and the patient had reduced awareness of adrenergic 
symptoms. The follow-up fasting test was positive, and the imaging results 
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showed a tumor in the head of the pancreas. The patient underwent laparotomy 
with enucleation of the insulinoma.

CONCLUSION 
Weight gain and fasting hypoglycemia are not necessarily characteristics of 
insulinoma. In prolonged cases, adrenergic symptoms can be suppressed.

Key Words: Brown adipose tissue; Glycogen deficit; Hypoglycemia; Insulinoma; 
Underweight; Case report

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Postprandial hypoglycemia and hypoglycemia following physical exercise 
associated with unconsciousness/amnesia and a low body weight were the clinical features 
of insulinoma in a 24-year-old man for over 6 years. The consequences of the chronic 
counterregulatory adrenergic response were also indirectly indicated by the increased 
metabolic activity of brown adipose tissue and decrease in muscle glycogen content, 
although the fasting test and other imaging results were initially evaluated as normal. 
Therefore, if insulinoma is clinically suspected, the fasting test should be repeated. The 
patient was underweight with a very small amount of visceral fat, which increases the risk 
of perioperative complications.

Citation: Prídavková D, Samoš M, Kyčina R, Adamicová K, Kalman M, Belicová M, Mokáň 
M. Insulinoma presenting with postprandial hypoglycemia and a low body mass index: A case 
report. World J Clin Cases 2020; 8(18): 4169-4176
URL: https://www.wjgnet.com/2307-8960/full/v8/i18/4169.htm
DOI: https://dx.doi.org/10.12998/wjcc.v8.i18.4169

INTRODUCTION
Insulinomas are characterized clinically by hypoglycemic symptoms resulting from 
neuroglycopenia and the catecholamine response[1] and are the most common 
functioning endocrine neoplasms of the pancreas, accounting for 20.9% of all 
pancreatic endocrine tumors[2]. They arise from pancreatic beta cells and are the most 
common cause of endogenous hyperinsulinemic hypoglycemia. The incidence is 1-4 
cases per million persons per year[3]. Most patients diagnosed with insulinoma are 
aged between 30 and 60 years and are predominantly female[4,5]. Insulinomas usually 
present as small, well-demarcated, solitary nodules that may arise in any part of the 
gland[1,6,7]. Of diagnosed insulinomas, approximately 10% involve multiple tumors, less 
than 10% are malignant, and 5%-10% are associated with multiple endocrine neoplasia 
syndrome-1[7-10].

The classical diagnosis of insulinoma depends on satisfying the following criteria of 
Whipple’s triad, which remain the cornerstone of the screening process: (1) 
Hypoglycemia; (2) Neuroglycopenic symptoms; and (3) Prompt relief of symptoms 
following the administration of glucose[3]. In a consensus report by the United States 
Endocrine Society[12], the following diagnostic criteria were proposed: Endogenous 
hyperinsulinism documented by the findings of symptoms, signs, or both with plasma 
concentrations of glucose Ë‚ 3.0 mmol/L (55 mg/dL), insulin ≥ 3.0 µIU/mL (18 
pmol/L), C-peptide ≥ 0.6 ng/mL (0.2 nmol/L), and proinsulin ≥ 5.0 pmol/L.

Patients with insulinoma characteristically develop symptoms while fasting (73%-
80%)[2,15], but 6% of patients report symptoms only in the postprandial state, and 21% 
of patients report symptoms in both the postprandial and fasting states[15]. Although 
fasting hypoglycemia has been considered the main trait of insulinoma, postprandial 
hypoglycemia has also been occasionally reported as the predominant feature[16-18]. 
Weight gain is found in only 25%-42% of patients[10,19,20], and monthly changes in body 
weight are significantly correlated with the tumor size and serum insulin 
concentration[20]. Weight gain in insulinoma can be attributed to overeating to treat the 
hypoglycemia symptoms[21]. Furthermore, voluntary weight loss induced by lowering 
insulin resistance accelerates the time to the clinical presentation of an asymptomatic 
insulinoma[22], and malnutrition, body fat and muscle depletion can contribute to 
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hypoglycemia due to the limited substrates available for gluconeogenesis and gly-
cogenolysis.

CASE PRESENTATION
Chief complaints
A 24-year-old man was admitted in September 2019 for a preoperative evaluation 
before surgery for a recently diagnosed symptomatic insulinoma.

History of present illness
The patient’s first episode of hypoglycemia occurred 6 years prior and presented as 
weakness, sweating and tremor. The symptoms occurred up to one hour 
postprandially, especially after eating high-sugar meals and after performing physical 
activity. In addition to the adrenergic hypoglycemic symptoms, the patient also 
reported the taste of acetone in the mouth. These difficulties progressed over the years, 
occurred more frequently up to several times a month and involved other 
neuroglycopenic symptoms, including multiple episodes of loss of consciousness 
associated with amnesia.

In 2015, emergency medical services confirmed a blood glucose level of 2.0 mmol/L, 
and the patient was referred to a local hospital to undergo a 72-h fasting test. The test 
was classified as negative, and further examinations were conducted. Abdominal 
ultrasonography and multidetector computed tomography (CT) of the chest and 
abdomen were negative for abnormal findings. CT examination integrated with 2-
deoxy-2-[fluorine-18]fluoro-D-glucose did not confirm the presence of tumors but 
showed that there was enhanced metabolic activity of brown adipose tissue (BAT) 
bilaterally in the neck, paravertebral, supra- and infraclavicular, axillar, mediastinal, 
jugular, diaphragmatic and perinephric regions. Increased activity was also found in 
several muscle groups (e.g., psoas major muscles) (Figure 1). This finding was 
attributed to a reactive stress reaction. The presence of autoimmune primary muscle 
disease was excluded, but a muscle biopsy showed focal glycogen deficits. The 
episodes of hypoglycemia occurred repeatedly, but the patient became less aware of 
the decreasing intensity of the adrenergic symptoms. A second fasting test (in August 
2019) was performed with a resulting decrease in glycemia to 1.9 mmol/L (34 mg/dL) 
in the 29th h of the test and an increase in insulin to 5.45 µIU/L (normal range: 3.0-25 
µIU/L). C-peptide was 0.42 nmol/L (normal range: 0.25-0.60 nmol/L).

History of past illness
The patient had no specific history of past illness.

Personal and family history
The patient had no specific personal or family history.

Physical examination
The patient’s weight was 52 kg, and his body mass index was 17.0 kg/m2. His skin, 
skin adnexa and mucosa showed no pathological changes. The physical examination 
showed no obvious cardiovascular or respiratory abnormalities. The abdomen was 
soft without pathological resistance.

Laboratory examinations
Upon hospitalization, the blood glucose level was 4.2 mmol/L, glycated hemoglobin-
IFCC was 3.1% (normal range: 2.8%-4.8%); the values of C-peptide and insulin, lipid, 
mineral, protein, acid-base balance, renal and hepatic parameters were in the normal 
range. The diurnal rhythm of cortisol, function of the thyroid, levels of human growth 
hormone, adrenocorticotropic hormone, metanephrines, normetanephrines and values 
of oncomarkers were normal.

Imaging examinations
Endoscopic ultrasonography of the pancreas revealed a well-defined oval lesion (14.7 
mm × 13.1 mm) in the head of the pancreas. The lesion was hypervascular with a 
higher echogenicity and a hyperechoic periphery. A CT scan of the pancreas imaged 
the homogenous lesion (10.5 mm × 8.0 mm) during the arterial phase of the 
examination.
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Figure 1  Positron emission tomography with 2-deoxy-2-[fluorine-18]fluoro-D-glucose integrated with computed tomography showing 
enhanced metabolic activity of brown adipose tissue in the neck, paravertebral, supra- and infraclavicular, axillar, mediastinal, jugular, 
diaphragmatic, and perinephric regions bilaterally (white arrows) and several muscle groups (e.g., psoas major muscles) (orange 
arrows).

FINAL DIAGNOSIS
The patient was finally diagnosed with insulinoma.

TREATMENT
The patient underwent a laparotomy with enucleation of insulinoma (sized 1.0 cm) 
(Figure 2) and cholecystectomy. The perioperative findings noted a very small amount 
of visceral fat. The insulinoma was pressing against the common bile duct without any 
infiltration. Because possible lesion-involvement or sealing of the pancreatic duct by a 
harmonic scalpel (performed perioperatively during pancreatography, which showed 
a course of pancreatic duct only 2 cm from the papilla) could not be ruled out, Roux-
en-Y anastomosis and nutritive lateral jejunojejunostomy was performed. Significant 
bleeding occurred from the base of the enucleated tumor, and the patient underwent a 
second surgical intervention.

OUTCOME AND FOLLOW-UP
The final histological findings (Figure 3) revealed a well-differentiated insulinoma G1 
(WHO 2017) (33), staging pT1pNxL0, V0, Pn0. The immunohistochemical studies of 
the lesion confirmed positivity for the neuroendocrine markers synaptophysin and 
chromogranin A, but the latter was less pronounced. The immunohistochemical 
studies found that the lesion sections were also positive for insulin, CK8/18 and CD56; 
the staining for glucagon and vimentin were negative. Lymphatic, vascular and 
perineural invasion was not confirmed, and the proliferative activity (Ki67) was 2.4%. 
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Figure 2  Insulinoma (perioperative findings). A: Insulinoma as indicated by the yellow arrows was located in the upper part of the pancreatic head; B: 
Detailed view of the whole enucleated insulinoma; C: Detailed view of the sectioned insulinoma.

Figure 3  Histological and immunohistochemical findings of the insulinoma and histological findings of muscle biopsy. A: Positive insulin 
immunostaining; B: Hematoxylin and eosin staining; C: Positive synaptophysin immunostaining; D: Glycogen deficit (light violet areas) in muscle syncytia (musculus 
quadriceps femoris), PAS stain, 20 ×.

The borders of the tumor were without neoplastic infiltration. The patient was 
released with normal levels of plasmatic glycemia. During the 6-mo follow-up period, 
the patient remained asymptomatic.

DISCUSSION
Delay in the diagnosis of insulinoma is common because the symptoms largely 
precede the occurrence of an apparent tumor, and there may be misattribution of the 
symptoms to psychiatric, cardiac or neurological disorders[23]. Several studies 
confirmed that 20%–64% of patients are misdiagnosed with a psychiatric, seizure or 
other neurological disorder before the final diagnosis of insulinoma is made[24,25]. The 
interval between the onset of symptoms and the diagnosis of insulinoma ranges from 1 
mo to 30 years, with a median of 24 mo; only 28% of patients are diagnosed within 1 
year of symptom onset, and the diagnosis is delayed beyond 5 years in 19% of 
patients[19]. The patient presented here also initially underwent psychological and 
psychiatric examinations with a suspicion of eating disorders with the re-
commendation for psychotherapeutic guidance. The clinical manifestations of 
hypoglycemia, especially the adrenergic symptoms, are relatively well recognizable. 
However, patients with long-term illness may develop insufficient awareness of 
hypoglycemia with the risk of developing neuroglycopenic manifestations without 
awareness of adrenergic symptomatology[2], and these manifestations also occurred in 
our patient (episodes of short unconsciousness with amnesia). This phenomenon 
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occurs because the set point of catecholamine secretion in response to hypoglycemia is 
lowered[26]. The prolonged time to the diagnosis of insulinoma in this case was likely 
also due to a different interpretation of the results of the fasting test performed at the 
local hospital. Furthermore, it appears that 9% of patients with insulinomas could be 
overlooked using the older recommended value of insulin ≥ 5 µIU/mL[11]. A prolonged 
fasting test (72 h) may not be diagnostic for 1% of insulinomas[27], which was likely the 
case in our patient (at the beginning of the diagnostic process).

Classically, insulinomas present with weight gain and fasting hypoglycemia but 
may also present with postprandial hypoglycemia and weight loss[22]. The patient did 
not have weight gain, which is noted in approximately 25%-42% of insulinoma 
cases[10,19,20]. Voluntary weight loss accelerates the time to clinical presentation of an 
asymptomatic insulinoma by lowering insulin resistance[22]. However, the patient’s 
diagnosis had long been stagnant, and the patient was assessed in the context of 
intrapsychic tension and eating disorders.

An increase in 2-deoxy-2-[fluorine-18]fluoro-D-glucose metabolic activity in BAT 
diffusely and muscle groups to this extent as determined using positron emission 
tomography/CT examinations is not common, and this phenomenon cannot be 
explained solely by a reactive stress response. Other factors are involved in the 
increased activation of BAT, such as a younger age, BAT activation in a previous scan 
and a lower body mass index[28]. BAT is normally present in fetuses and diminishes in 
adults, accounting for only 1% of the total body mass[29]. BAT is richly innervated by 
sympathetic nervous system efferent fibers, and sympathetic activation is the 
physiological activator of BAT thermogenesis. BAT is profoundly influenced by 
insulin sensitivity. The presence of metabolic activity of 2-deoxy-2-[fluorine-18]fluoro-
D-glucose-positive BAT is associated with increased plasma catecholamines and is 
inversely related to central obesity. For example, BAT activation has been observed in 
cancer cachexia[30]. Similarly, our patient’s low body weight and small amount of 
visceral fat could be associated with increased BAT activity. Although the increased 
metabolic activity of BAT does not substantially affect glucose utilization (BAT 
accounts for 1% of the total body glucose utilization compared to 50% of skeletal 
muscles) during cold exposure in healthy subjects[30], abnormal glucose metabolism 
with hypoglycemia may contribute to increased metabolic activity of BAT[28] via 
counterregulatory elevated catecholamines. The effect of cortisol on BAT remains 
ambiguous; while some researchers state that cortisol inhibits BAT function, other 
researchers have demonstrated that cortisol has a stimulatory effect[28].

Primary muscle disease was excluded by muscle biopsy. Muscle biopsy was 
negative in this sense but showed reduced glycogen stores, which could be associated 
with prolonged counterregulatory hormonal activity. Skeletal muscles mainly express 
β2-adrenergic receptors and adrenaline rather than noradrenaline, which stimulates 
glycogen breakdown. Through the Cori cycle, skeletal muscle deposits of glycogen are 
broken down during adrenaline stimulation and released as lactate and converted to 
glucose in the liver. Indeed, the reduced glycogen content in skeletal muscles increases 
insulin sensitivity. The glycogen content slightly increases by the acute intake of large 
amounts of carbohydrates[31] and possibly leads to a deepening of hypoglycemia.

CONCLUSION
In summary, although fasting hypoglycemia has been considered a hallmark of 
insulinoma, postprandial hypoglycemia has also been occasionally reported as the 
predominant feature similar to weight loss. Repeated and prolonged hypoglycemic 
episodes can reduce the awareness of neurogenic and neuroglycopenic hypoglycemic 
symptoms in insulinoma, which delays the diagnosis of the disease. Prolonged but not 
continuous adrenergic stimulation in the counterregulatory response to hypoglycemia 
may be indicated by increased metabolic activity of BAT and reduction of muscle 
glycogen. A low body mass index increases the risk of postoperative complications, 
and a very small amount of visceral fat can be associated with a lower intraoperative 
core temperature. Among other things, hypothermia can lead to adverse patient 
outcomes, including increased blood loss with the need for blood transfer. These 
complications may lead to higher mortality rates and longer hospital stays, which are 
positively correlated with the male sex and a younger age[32].
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