
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2021 May 6; 9(13): 2951-3226

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I May 6, 2021 Volume 9 Issue 13

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 9 Number 13 May 6, 2021

REVIEW

Patients with cirrhosis during the COVID-19 pandemic: Current evidence and future perspectives 2951

Su HY, Hsu YC

MINIREVIEWS

Immunotherapy for pancreatic cancer2969

Yoon JH, Jung YJ, Moon SH

ORIGINAL ARTICLE

Retrospective Study

Scrotal septal flap and two-stage operation for complex hypospadias: A retrospective study2983

Chen S, Yang Z, Ma N, Wang WX, Xu LS, Liu QY, Li YQ

Clinical diagnosis of severe COVID-19: A derivation and validation of a prediction rule2994

Tang M, Yu XX, Huang J, Gao JL, Cen FL, Xiao Q, Fu SZ, Yang Y, Xiong B, Pan YJ, Liu YX, Feng YW, Li JX, Liu Y

Prognostic value of hemodynamic indices in patients with sepsis after fluid resuscitation3008

Xu HP, Zhuo XA, Yao JJ, Wu DY, Wang X, He P, Ouyang YH

Observational Study

Updated Kimura-Takemoto classification of atrophic gastritis3014

Kotelevets SM, Chekh SA, Chukov SZ

SYSTEMATIC REVIEWS

Systematic review and meta-analysis of the impact of deviations from a clinical pathway on outcomes 
following pancreatoduodenectomy

3024

Karunakaran M, Jonnada PK, Barreto SG

META-ANALYSIS

Early vs late cholecystectomy in mild gall stone pancreatitis: An updated meta-analysis and review of 
literature

3038

Walayat S, Baig M, Puli SR

CASE REPORT

Effects of intravascular laser phototherapy on delayed neurological sequelae after carbon monoxide 
intoxication as evaluated by brain perfusion imaging: A case report and review of the literature

3048

Liu CC, Hsu CS, He HC, Cheng YY, Chang ST



WJCC https://www.wjgnet.com II May 6, 2021 Volume 9 Issue 13

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 13 May 6, 2021

Crumbs homolog 2 mutation in two siblings with steroid-resistant nephrotic syndrome: Two case reports3056

Lu J, Guo YN, Dong LQ

Intracortical chondroma of the metacarpal bone: A case report3063

Yoshida Y, Anazawa U, Watanabe I, Hotta H, Aoyama R, Suzuki S, Nagura T

Vancomycin-related convulsion in a pediatric patient with neuroblastoma: A case report and review of the 
literature

3070

Ye QF, Wang GF, Wang YX, Lu GP, Li ZP

Pulmonary arterial hyper-tension in a patient with hereditary hemorrhagic telangiectasia and family gene 
analysis: A case report

3079

Wu J, Yuan Y, Wang X, Shao DY, Liu LG, He J, Li P

Misdiagnosed dystrophic epidermolysis bullosa pruriginosa: A case report3090

Wang Z, Lin Y, Duan XW, Hang HY, Zhang X, Li LL

Spontaneous coronary dissection should not be ignored in patients with chest pain in autosomal dominant 
polycystic kidney disease: A case report

3095

Qian J, Lai Y, Kuang LJ, Chen F, Liu XB

Sarcomatoid carcinoma of the pancreas — multimodality imaging findings with serial imaging follow-up: 
A case report and review of literature

3102

Lim HJ, Kang HS, Lee JE, Min JH, Shin KS, You SK, Kim KH

Acute pancreatitis and small bowel obstruction caused by a migratory gastric bezoar after dissolution 
therapy: A case report

3114

Wang TT, He JJ, Liu J, Chen WW, Chen CW

Intracardiac, pulmonary cement embolism in a 67-year-old female after cement-augmented pedicle screw 
instrumentation: A case report and review of literature

3120

Liang TZ, Zhu HP, Gao B, Peng Y, Gao WJ

Acute urinary retention in the first and second-trimester of pregnancy: Three case reports 3130

Zhuang L, Wang XY, Sang Y, Xu J, He XL

Sarcoidosis mimicking metastases in an echinoderm microtubule-associated protein-like 4 anaplastic 
lymphoma kinase positive non-small-lung cancer patient: A case report

3140

Chen X, Wang J, Han WL, Zhao K, Chen Z, Zhou JY, Shen YH

Three-dimensional printed talar prosthesis with biological function for giant cell tumor of the talus: A case 
report and review of the literature

3147

Yang QD, Mu MD, Tao X, Tang KL

Successful upgrade to cardiac resynchronization therapy for cardiac implantation-associated left 
subclavian vein occlusion: A case report

3157

Zhong JY, Zheng XW, Li HD, Jiang LF



WJCC https://www.wjgnet.com III May 6, 2021 Volume 9 Issue 13

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 13 May 6, 2021

Sodium-glucose co-transporter-2 inhibitor-associated euglycemic diabetic ketoacidosis that prompted the 
diagnosis of fulminant type-1 diabetes: A case report 

3163

Yasuma T, Okano Y, Tanaka S, Nishihama K, Eguchi K, Inoue C, Maki K, Uchida A, Uemura M, Suzuki T, D'Alessandro-
Gabazza CN, Gabazza EC, Yano Y

Perioperative massive cerebral stroke in thoracic patients: Report of three cases3170

Jian MY, Liang F, Liu HY, Han RQ

Renal artery embolization in the treatment of urinary fistula after renal duplication: A case report and 
review of literature

3177

Yang T, Wen J, Xu TT, Cui WJ, Xu J

Clinical characteristics of intrahepatic biliary papilloma: A case report3185

Yi D, Zhao LJ, Ding XB, Wang TW, Liu SY

Association between scrub typhus encephalitis and diffusion tensor tractography detection of Papez circuit 
injury: A case report

3194

Kwon HG, Yang JH, Kwon JH, Yang D

Alström syndrome with a novel mutation of ALMS1 and Graves’ hyperthyroidism: A case report and 
review of the literature 

3200

Zhang JJ, Wang JQ, Sun MQ, Xu D, Xiao Y, Lu WL, Dong ZY

Laparoscopic uncontained power morcellation-induced dissemination of ovarian endodermal sinus 
tumors: A case report

3212

Oh HK, Park SN, Kim BR

Treatment of acute severe ulcerative colitis using accelerated infliximab regimen based on infliximab 
trough level: A case report

3219

Garate ALSV, Rocha TB, Almeida LR, Quera R, Barros JR, Baima JP, Saad-Hossne R, Sassaki LY



WJCC https://www.wjgnet.com IX May 6, 2021 Volume 9 Issue 13

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 13 May 6, 2021

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Rama R Vunnam, MBBS, MD, Assistant Professor, 
Department of Medicine, Penn State Health Milton S. Hershey Medical Center, Hershey, PA 17033, United States. 
rvunnam@pennstatehealth.psu.edu

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, Scopus, 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. The WJCC's CiteScore for 2019 is 0.3 and 
Scopus CiteScore rank 2019: General Medicine is 394/529.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Yan-Xia Xing; Production Department Director: Yun-Xiaojian Wu; 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

Thrice Monthly 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

May 6, 2021 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2021 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 3163 May 6, 2021 Volume 9 Issue 13

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2021 May 6; 9(13): 3163-3169

DOI: 10.12998/wjcc.v9.i13.3163 ISSN 2307-8960 (online)

CASE REPORT

Sodium-glucose co-transporter-2 inhibitor-associated euglycemic 
diabetic ketoacidosis that prompted the diagnosis of fulminant type-
1 diabetes: A case report

Taro Yasuma, Yuko Okano, Soichiro Tanaka, Kota Nishihama, Kazuhito Eguchi, Chisa Inoue, Kanako Maki, 
Akihiro Uchida, Mei Uemura, Toshinari Suzuki, Corina N D'Alessandro-Gabazza, Esteban C Gabazza, Yutaka 
Yano

ORCID number: Taro Yasuma 0000-
0002-9117-5679; Yuko Okano 0000-
0002-8441-423X; Soichiro Tanaka 
0000-0002-8240-6180; Kota 
Nishihama 0000-0002-0471-5164; 
Kazuhito Eguchi 0000-0002-4968-
0217; Chisa Inoue 0000-0002-7022-
9156; Kanako Maki 0000-0001-7061-
0291; Akihiro Uchida 0000-0003-
2589-8761; Mei Uemura 0000-0002-
9140-0311; Toshinari Suzuki 0000-
0003-0980-1763; Corina N 
D'Alessandro-Gabazza 0000-0003-
2164-5775; Esteban C Gabazza 0000-
0003-2536-898X; Yutaka Yano 0000-
0003-0234-1207.

Author contributions: Yasuma T, 
Tanaka S, and Nishihama K were 
responsible for clinical treatment 
and clinical follow-up; Yasuma T 
prepared the first draft of the 
manuscript; Eguchi KC, Inoue CC, 
Maki KC, Okano Y, and Uchida A 
contributed with resources and 
acquisition of data; Suzuki T, 
D'Alessandro-Gabazza CN, Yano 
Y, and Gabazza EC contributed to 
the interpretation of the data and 
made an intellectual contribution 
to the manuscript's preparation.

Informed consent statement: 
Written informed consent was 
obtained from the patient to 
publish clinical details and images 

Taro Yasuma, Yuko Okano, Department of Diabetes, Metabolism, and Endocrinology and 
Immunology, Mie University, Tsu 514-8507, Japan

Soichiro Tanaka, Kota Nishihama, Kazuhito Eguchi, Chisa Inoue, Kanako Maki, Akihiro Uchida, 
Mei Uemura, Toshinari Suzuki, Department of Diabetes, Metabolism, and Endocrinology, Mie 
University, Tsu 514-8507, Japan

Corina N D'Alessandro-Gabazza, Department of Immunology, Mie University School of 
Medicine, Mie University, Tsu 514-8507, Japan

Esteban C Gabazza, Department of Immunology, Mie University Faculty and Graduate School 
of Medicine, Tsu 514-8507, Japan

Yutaka Yano, Department of Diabetes, Mie University Graduate School of Medicine, Tsu 514-
8507, Japan

Corresponding author: Esteban C Gabazza, MD, PhD, Director, Full Professor, Department of 
Immunology, Mie University Faculty and Graduate School of Medicine, Edobashi 2-174, Tsu 
514-8507, Japan. gabazza@doc.medic.mie-u.ac.jp

Abstract
BACKGROUND 
Fulminant type 1 diabetes mellitus (FT1DM) is a subtype of type 1 diabetes 
mellitus characterized by an abrupt onset and a rapid and complete functional 
loss of islet β cells. It is a very rare disease generally associated with ketoacidosis 
and the absence of circulating pancreatic islet-related autoantibodies. Diabetic 
ketoacidosis with normal blood glucose levels has been reported during sodium-
glucose co-transporter 2 (SGLT2) inhibitor therapy.

CASE SUMMARY 
The patient was a 43-year-old woman that consulted a medical practitioner for 
malaise, thirst, and vomiting. Blood analysis showed high blood glucose levels 
(428 mg/dL), a mild increase of hemoglobin A1c (6.6%), and increased ketone 
bodies in urine. The patient was diagnosed with type 2 diabetes mellitus. The 
patient was initially treated with insulin, which was subsequently changed to an 

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v9.i13.3163
http://orcid.org/0000-0002-9117-5679
http://orcid.org/0000-0002-9117-5679
http://orcid.org/0000-0002-9117-5679
http://orcid.org/0000-0002-8441-423X
http://orcid.org/0000-0002-8441-423X
http://orcid.org/0000-0002-8441-423X
http://orcid.org/0000-0002-8240-6180
http://orcid.org/0000-0002-8240-6180
http://orcid.org/0000-0002-0471-5164
http://orcid.org/0000-0002-0471-5164
http://orcid.org/0000-0002-4968-0217
http://orcid.org/0000-0002-4968-0217
http://orcid.org/0000-0002-7022-9156
http://orcid.org/0000-0002-7022-9156
http://orcid.org/0000-0001-7061-0291
http://orcid.org/0000-0001-7061-0291
http://orcid.org/0000-0003-2589-8761
http://orcid.org/0000-0003-2589-8761
http://orcid.org/0000-0003-2589-8761
http://orcid.org/0000-0002-9140-0311
http://orcid.org/0000-0002-9140-0311
http://orcid.org/0000-0002-9140-0311
http://orcid.org/0000-0003-0980-1763
http://orcid.org/0000-0003-0980-1763
http://orcid.org/0000-0003-0980-1763
http://orcid.org/0000-0003-2164-5775
http://orcid.org/0000-0003-2164-5775
http://orcid.org/0000-0003-2164-5775
http://orcid.org/0000-0003-2536-898X
http://orcid.org/0000-0003-2536-898X
http://orcid.org/0000-0003-2536-898X
http://orcid.org/0000-0003-0234-1207
http://orcid.org/0000-0003-0234-1207
http://orcid.org/0000-0003-0234-1207
mailto:gabazza@doc.medic.mie-u.ac.jp


Yasuma T et al. Fulminant diabetes and ketoacidosis

WJCC https://www.wjgnet.com 3164 May 6, 2021 Volume 9 Issue 13

when she was alive.

Conflict-of-interest statement: Yano 
Y reports receiving lecture fees 
from Novo Nordisk; and Gabazza 
EC received grants from Shionogi 
Corporation and Asahi Kasei. 
Other authors declared no conflict 
of interest concerning this case 
report.

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

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/License
s/by-nc/4.0/

Manuscript source: Unsolicited 
manuscript

Specialty type: Medicine, research 
and experimental

Country/Territory of origin: Japan

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): 0 
Grade D (Fair): 0 
Grade E (Poor): 0

Received: December 8, 2020 
Peer-review started: December 8, 
2020 
First decision: January 24, 2021 
Revised: January 26, 2021 
Accepted: March 11, 2021 
Article in press: March 11, 2021 
Published online: May 6, 2021

P-Reviewer: Anyfantakis D 

oral SGLT2 inhibitor. Antibodies to glutamic acid decarboxylase were negative. 
Four days after receiving oral SGLT2 inhibitor, she consulted at Mie University 
Hospital, complaining of fatigue and vomiting. Laboratory analysis revealed 
diabetic ketoacidosis with almost normal blood glucose levels. The endogenous 
insulin secretion was markedly low, and the serum levels of islet-related 
autoantibodies were undetectable. We made the diagnosis of FT1DM with 
concurrent SGLT2 inhibitor-associated euglycemic diabetic ketoacidosis. The 
patient's general condition improved after therapy with intravenous insulin and 
withdrawal of oral medication. She was discharged on day 14 with an indication 
of multiple daily insulin therapy.

CONCLUSION 
This patient is a rare case of FT1DM that developed SGLT2 inhibitor-associated 
diabetic ketoacidosis with almost normal blood glucose levels. This case report 
underscores the importance of considering the diagnosis of FT1DM in patients 
with negative circulating autoantibodies and a history of hyperglycemia that 
subsequently develop euglycemic diabetic ketoacidosis following treatment with 
a SGLT2 inhibitor.

Key Words: Euglycemic diabetic ketoacidosis; Sodium-glucose cotransporter 2 inhibitors; 
Fulminant type 1 diabetes; Case report

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Fulminant type 1 diabetes mellitus (FT1DM) is characterized by a rapid 
functional loss of islet β cells and ketoacidosis. Herein, we report a rare case of 
FT1DM wrongly diagnosed by a medical practitioner as a type 2 diabetes mellitus for 
the absence of circulating autoantibodies and treated with an oral sodium-glucose co-
transporter 2 (SGLT2) inhibitor. This treatment was associated with diabetic symptoms 
and euglycemic diabetic ketoacidosis. Insulin therapy and SGLT2 inhibitor withdrawal 
ameliorated the patient's clinical condition. This case report underscores the importance 
of considering FT1DM in patients with negative circulating autoantibodies and 
hyperglycemia that develop euglycemic diabetic ketoacidosis during SGLT2 inhibitor 
treatment.

Citation: Yasuma T, Okano Y, Tanaka S, Nishihama K, Eguchi K, Inoue C, Maki K, Uchida A, 
Uemura M, Suzuki T, D'Alessandro-Gabazza CN, Gabazza EC, Yano Y. Sodium-glucose co-
transporter-2 inhibitor-associated euglycemic diabetic ketoacidosis that prompted the diagnosis 
of fulminant type-1 diabetes: A case report. World J Clin Cases 2021; 9(13): 3163-3169
URL: https://www.wjgnet.com/2307-8960/full/v9/i13/3163.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i13.3163

INTRODUCTION
Fulminant type 1 diabetes mellitus (FT1DM) is a rare subtype of type 1 diabetes 
mellitus[1]. Abrupt onset of the disease with a rapid and complete loss of islet β cell 
function is a characteristic finding of FT1DM[1]. Although this metabolic disorder's 
clinical manifestations are nonspecific, it can lead to diabetic ketoacidosis and increase 
death risk if not promptly diagnosed and treated with insulin[1]. Unlike patients with 
acute-onset type 1 diabetes mellitus, patients with FT1DM are negative for circulating 
pancreatic islet-related autoantibodies[1]. Therapy with sodium-glucose co-transporter 
2 (SGLT2) inhibitor may trigger diabetic ketoacidosis with normal blood glucose 
levels. Here, we report a case of diabetic ketoacidosis with almost normal blood 
glucose levels following therapy with SGLT2 inhibitor that prompted the diagnosis of 
FT1DM.

http://creativecommons.org/Licenses/by-nc/4.0/
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CASE PRESENTATION
Chief complaints
The patient was a 43-year-old woman that consulted the Mie University Hospital 
because of fatigue and vomiting.

History of present illness
The patient first consulted a medical practitioner because of sudden malaise, thirst, 
and vomiting in April 2019. A laboratory analysis disclosed increased blood glucose 
levels (428 mg/dL), a mild increase of hemoglobin A1c (6.6%), and increased ketone 
bodies in urine. She received insulin therapy for four days. Because the serum anti-
glutamic acid decarboxylase antibody was negative, she was diagnosed with type 2 
diabetes mellitus. The treatment was then switched from insulin therapy to oral 
medication with metformin 500 mg/d, empagliflozin 10 mg/d, and vildagliptin 100 
mg/d. The patient's general condition improved, and she was discharged two days 
after switching to oral treatment when her one-point blood glucose level decreased to 
203 mg/dL.

Two days after discharge from the medical practitioner's clinic, she consulted Mie 
University Hospital's outpatient department complaining of fatigue and vomiting. The 
clinical findings on examination were as follows: Height 159.3 cm; body weight 58.6 
kg, body mass index 23.0 kg/m2, blood pressure 128/83 mmHg, heart rate 107 
beats/min, body temperature 37.4 ˚C, and peripheral oxygen saturation (SpO2; normal 
level > 95%) at room air 98 %.

History of past illness
She had no medical history of any disease.

Physical examination
The patient's physical examination showed notable dryness of the oral cavity.

Laboratory examinations
Table 1 showed the results of the laboratory analysis performed at Mie University 
Hospital. Arterial blood gases demonstrated metabolic acidosis (pH, 7.18; pCO2, 18 
mmHg; HCO3, 6.6 mEq/L; base excess, -19.3 mmol/L; A-gap, 27.6 mmol/L), with 
normal level of lactic acid (1.0 mmol/L). Fasting blood glucose (184 mg/dL) was 
mildly elevated with increased glycated hemoglobin/hemoglobin A1c (HbA1c) (7.3%). 
Urinalysis showed high levels of glucose (2000 mg/dL) and ketone bodies (3+). The 
plasma levels of 3-hydroxybutyric acid (6585 μmol/L) were markedly high. The renal 
function markers (blood urea nitrogen 9.1 mg/dL; serum creatinine 0.40 mg/dL) were 
within the normal range. These findings were compatible with the diagnosis of 
diabetic ketoacidosis with mild hyperglycemia.

Further diagnostic work-up
Additional laboratory analysis showed reduced urinary C-peptide level (8.6 μg/d) and 
decreased fasting serum C-peptide level (0.3 ng/mL). However, islet-related 
autoantibodies, including anti-glutamic acid decarboxylase antibody, insulin 
autoantibody, islet cell antibody, insulinoma-associated protein-2 antibody, and zinc 
transporter-8 autoantibody, were undetectable. An abdominal computed tomography 
showed a normal pancreas, and the blood level of pancreas exocrine enzymes, 
including amylase and lipase, were within the normal range.

FINAL DIAGNOSIS
We made the diagnosis of FT1DM based on the laboratory findings at Mie University 
Hospital and the severe hyperglycemia (≥ 16.0 mmol/L), and a mild increase in HbA1c 
(< 8.7%) observed at the medical practitioner's clinic.

TREATMENT
On the first day of hospitalization at Mie University Hospital, besides suspending oral 
antidiabetic agents, the patient received intravenous fluid infusion (1500 mL), 
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Table 1 Laboratory data

Blood cell 
count

Normal 
range Units Biochemical 

examination
Normal 
range Units Arterial blood gas 

analysis (room air)
Normal 
range Units

White blood 
cell

11440 3300-8600 /μL Total protein 8.2 6.6-8.1 g/dL pH 7.182 7.350-
7.450

mmHg

Red blood cell 489 386-492 × 104

/μL
Albumin 4.5 4.1-5.1 g/dL paCO2 18 35.0-45.0 mmHg

Hemoglobin 14.7 11.6-14.8 g/dL BUN 9.1 8.0-20.0 mg/dL paO2 115.2 > 80 mmol/L

Hematocrit 43.6 35.1-44.1 % Creatinine 0.4 0.46-0.79 mg/dL HCO3
- 6.6 22.0-26.0 mmol/L

Platelet 28.3 15.8-34.8 × 104

/μL
Uric acid 5.3 2.6-5.5 mg/dL Base excess -19.3 -2.0-+2.0 mmol/L

Na 131 138-145 mEq/L Anion gap 27.6 10.0-18.0 mmol/L

Urinalysis K 4.5 3.6-4.8 mEq/L Lactic acid 1.0 0.9-1.7 mmHg

Specific gravity 1.015 1.005-
1.030

Cl 102 101-108 mEq/L

pH 5.5 4.5-7.5 Ca 8.7 8.8-10.1 mg/dL Blood ketone bodies

Glucose 2000 < 50 mg/dL P 2.6 2.7-4.6 mg/dL Acetoacetate 1784 < 55 μmol/L

Protein 100 < 30 mg/dL AST 20 13-30 U/L 3-Hydroxybutyrate 6585 < 85 μmol/L

Ketone body (3+) (-) ALT 6 7-23 U/L

Blood (±) (-) LDH 251 124-222 U/L Autoantibodies

γ-GTP 43 9-32 U/L GAD autoantibody < 5.0 < 5.0 U/mL

Diabetic 
parameters

ALP 178 106-322 U/L IA-2 autoantibody < 0.6 < 0.6 U/mL

HbA1c 7.3 4.9-6.0 % T-Bil 0.5 0.4-1.5 mg/dL Insulin autoantibody < 0.4 < 0.4 U/mL

Glycoalbumin 23.2 11.0-16.0 % CRP 0.12 < 0.14 mg/dL Islet cell antibody (-) (-)

Blood glucose 184 73-109 mg/dL Total-cholesterol 242 142-248 mg/dL ZnT8 autoantibody < 10.0 < 15.0 U/mL

Serum C-
peptide

0.3 0.6-2.1 ng/mL Triglyceride 230 30-117 mg/dL

Urine C-peptide 8.6 22.8-155.2 μg/d Amylase 35 44-132 U/L

Lipase 23 12-51 U/L

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; T-Bil: Total bilirubin; CRP: C-reactive protein; GAD: 
Glutamic acid decarboxylase; IA-2: Insulinoma-associated protein-2; BUN: Blood urea nitrogen; LDH: Lactate dehydrogenase; HbA1c: Glycated 
hemoglobin/hemoglobin A1c.

including 20 g of dextrose and 2 units of regular insulin. After this treatment, her 
metabolic acidosis substantially (pH, 7.32; pCO2, 25.9 mmHg; HCO3

− 12.9 mmol/L) 
improved. Because the patient had reduced blood potassium levels (2.8 mEq/L), 10 
mEq/d potassium was administered together with 2000 mL/d of intravenous fluid 
infusion, including 60 g dextrose and 6 units of regular insulin. Blood glucose level 
fluctuated between 156 mg/dL and 195 mg/dL during the first two days after 
hospitalization. On the third day of hospitalization, oral food intake and multiple daily 
injections of insulin were initiated together with a gradual reduction in fluid 
administration. Urinary ketone bodies became negative on day 7.

OUTCOME AND FOLLOW-UP
The patient was discharged on day 14 with the therapeutic indication of subcutaneous 
injection of insulin glargine (18 U) before sleep and subcutaneous injection of insulin 
aspart (12U-6U-10U) before each meal.
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DISCUSSION
F1DM is a severe subtype of type 1 diabetes mellitus characterized by extremely rapid 
and almost complete destruction of pancreatic β-cells that may eventually lead to 
diabetic ketoacidosis[1]. It was first reported in Japan by Imagawa et al[1], and since then, 
it has been mainly reported in East Asia. Approximately 20% of acute-onset type 1 
diabetes in Japan is F1DM. The Committee of the Japan Diabetes Society reported the 
diagnostic criteria of FT1DM in 2012[1,2]. There are three criteria for the diagnosis of 
FT1DM: (1) Occurrence of diabetic ketoacidosis or ketosis soon (within seven days) 
after the onset of hyperglycemic symptoms, including elevation of urinary and serum 
ketone bodies during the first visit; (2) Plasma glucose level of ≥ 16.0 mmol/L (288 
mg/dL) and HbA1c level of < 8.7% during the first visit; and (3) Urinary C-peptide 
excretion of < 10 μg/d or fasting serum C-peptide level of < 0.3 ng/mL (0.10 nM) and 
< 0.5 ng/mL (0.17 nM) after intravenous glucagon (or 2 h after a meal) load[3]. 
Circulating pancreatic islet-related autoantibodies are generally negative in FT1DM[1].

At the medical practitioner's clinic, the patient showed an extremely high blood 
glucose level and a slight increase of HbA1c with a trace of ketone bodies in urine. 
Symptoms improved after starting insulin therapy. Subsequent laboratory analysis 
showed a negative test for circulating anti-glutamic acid decarboxylase antibodies. 
Based on this negative test, the patient was wrongly diagnosed with type 2 diabetes 
mellitus. Therefore, insulin therapy was stopped, and oral administration of 
biguanide, dipeptidyl peptidase-4 inhibitor, and SGLT2 inhibitor was initiated. 
However, discontinuation of insulin and therapy with oral SGLT2 led to the 
development of diabetic ketoacidosis. During the first visit of the patient at the 
medical practitioner's clinic, the laboratory findings of severe hyperglycemia (≥ 16.0 
mmol/L), a light increase of HbA1c (< 8.7%), and ketosis (urinary ketones) are 
compatible with the diagnosis of F1DM. However, the patient was not diagnosed with 
F1DM at the first clinic she consulted, probably because the data on C-peptide levels in 
blood and urine were unavailable. Once admitted to Mie University Hospital, 
laboratory analysis showed abnormal levels of urinary C-peptide, indicating a 
remarkable decrease of endogenous insulin secretion, thus strongly suggesting the 
diagnosis of F1DM. Pancreatic swelling and elevated blood levels of pancreatic 
enzymes have also been reported in patients with F1DM[4,5]. However, the pancreas CT 
findings and the blood levels of pancreas exocrine enzymes were normal. It is worth 
noting that in the present case, diabetic ketoacidosis occurred despite the slight 
increase in blood glucose level during the treatment with an SGLT2 inhibitor.

SGLT2 inhibitors are a new class of anti-hyperglycemic medications first introduced 
in 2013 to treat type 2 diabetes[6]. SGLT2 inhibitors lower the serum glucose levels by 
increasing urinary glucose clearance[6,7]. These therapeutic drugs may induce diabetic 
ketoacidosis[8]. In 2015, the United States Food and Drug Administration issued a 
warning statement regarding the risk of diabetic ketoacidosis during treatment with 
SGLT2 inhibitors[9]. Several mechanisms may explain the increase of blood ketone 
bodies by SGLT2 inhibitors. SGLT2 inhibitors stimulate glucagon secretion from 
pancreatic α cells by lowering blood glucose and binding directly to SGLT2 expressed 
in pancreatic α cells[10]. This hyperglucagonemia accelerates lipolysis leading to 
increased release of free fatty acids in the blood[8]. The amelioration of hyperglycemia 
by SGLT2 inhibitors also suppresses the endogenous secretion of insulin. Inhibition of 
hepatic acetyl-CoA carboxylase by the increased blood levels of glucagon and the 
decreased insulinemia decreases malonyl CoA, increases carnitine palmitoyl-
transferase type I, and accelerates β-oxidation leading to enhanced production of 
ketone bodies from free fatty acids[8]. The significant reduction of endogenous insulin 
secretion observed in our current case further increases the risk of developing diabetic 
ketoacidosis. A normal or mildly elevated blood glucose level referred to as 
euglycemic diabetic ketoacidosis is another characteristic finding in diabetic 
ketoacidosis induced by SGLT2 inhibitors[11]. This laboratory finding makes the 
diagnosis of diabetic ketoacidosis even more difficult, and it is a frequent cause of 
missed diagnosis or delayed treatment. In our present case, the discontinuation of 
insulin therapy and administration of SGLT2 inhibitor might have contributed to the 
acceleration of diabetic ketoacidosis.

CONCLUSION
Here, we report a case of F1DM with diabetic ketoacidosis. This case report 
underscores the importance of considering the diagnosis of F1DM in all patients with 
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severe hyperglycemia even in the absence of circulating autoantibodies and the 
possibility of euglycemic diabetic ketoacidosis in patients treated with SGLT2 
inhibitors. SGLT2 inhibitors are frequently used as antidiabetic drugs for their 
cardiovascular[12-14] and renal benefits[15,16]. Recently, Japan approved the use of 
dapagliflozin and ipragliflozin in combination with insulin for type 1 diabetes, and in 
May 2020, the United States Food and Drug Administration approved the indication of 
dapagliflozin for heart failure. The major availability of SGLT2 inhibitors predicts an 
increase in the number of medical indications of SGLT2 inhibitors in the coming 
future. Therefore, major awareness of the potential adverse events of SGLT2 inhibitors 
is fundamental to avoid misdiagnosis in daily clinical practice.
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