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Abstract

Background: Fulminant type 1 diabetes mellitus (FT1D) is a newly established subtype of type 1 diabetes. Its
etiology has not been fully elucidated. Several cases with FT1D have exhibited pancreatitis or myocarditis.

Case presentation: We report a 31-year-old Japanese woman who showed upper abdominal pain and was
admitted to a local hospital. She was initially diagnosed with acute pancreatitis based on serum amylase elevation
and swelling of the pancreas on computed tomography. Four days after admission, she developed diabetic
ketoacidosis and was transferred to our hospital. Her symptoms and laboratory findings met the FT1D criteria. On
the 3rd hospital day, electrocardiography (ECG) showed ST-segment elevation, and serum cardiac enzymes were
markedly elevated. Because she exhibited late gadolinium enhancement in the apical wall on contrast-enhanced
cardiac magnetic resonance imaging, she was diagnosed as acute myocarditis. Abnormal ECG findings and
elevations of biomarkers associated with myocarditis showed improvement on the next day.

Conclusions: This is the first case of FT1D accompanied by both pancreatitis and myocarditis and suggests that the
pathophysiology of FT1D is related to the common etiology of acute pancreatitis and myocarditis.
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Background
Fulminant type 1 diabetes mellitus (FT1D) is a newly
established subtype of type 1 diabetes. These specific
clinical findings are shown at the onset of FT1D: 1)
Hyperglycemia with diabetic ketoacidosis, 2) Plasma glu-
cose level is greater than 16.0 mmol/L (288 mg/dL),
whereas glycated hemoglobin level is less than 8.7%, 3)
Urinary C-peptide excretion is less than 10 μg/day, while
serum C-peptide level is less than 0.3 ng/mL (0.10 nmol/
L) at overnight fast, or 0.5 ng/mL (0.17 nmol/L) follow-
ing intravenous glucagon (or after a meal) load [1, 2].
Other important findings in FT1D are islet-related auto-
antibodies, such as antibodies to glutamic acid

decarboxylase (GAD), islet-associated antigen 2 (IA-2)
and insulin, generally being undetectable. However, the
etiology of FT1D remains elusive. Several cases with
concomitant acute pancreatitis [3, 4] or myocarditis [5–
8] during the clinical course of FT1D were previously
reported. Herein, we describe a 31-year-old Japanese
woman with FT1D who was initially diagnosed with
acute pancreatitis and then developed diabetic ketoaci-
dosis and myocarditis. To our knowledge, there have
been no prior reports of FITD associated with both pan-
creatitis and myocarditis.

Case presentation
A 31-year-old Japanese woman who presented with
upper abdominal pain was admitted to a local hospital.
She had a history of mycoplasma pneumonia in child-
hood and a family history of diabetes mellitus of her

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: watanabe.kentaro@nihon-u.ac.jp
Division of Diabetes and Metabolic Diseases, Department of Internal
Medicine, Nihon University School of Medicine, 30-1 Oyaguchikami-cho,
Itabashi-ku, Tokyo 173-8610, Japan

Egashira et al. BMC Endocrine Disorders          (2020) 20:127 
https://doi.org/10.1186/s12902-020-00607-3

http://crossmark.crossref.org/dialog/?doi=10.1186/s12902-020-00607-3&domain=pdf
http://orcid.org/0000-0003-0770-6172
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:watanabe.kentaro@nihon-u.ac.jp


father. Four days before admission, she had a fever over
37 degrees and received an antipyretic agent at the local
clinic, while flu testing results were negative. On admis-
sion to the local hospital, serum amylase was elevated to
370 IU/L, and abdominal computed tomography (CT)
scanning showed pancreatic swelling and mild ascites
(Fig. 1a). She was diagnosed with acute pancreatitis
(grade 1) and treated with ulinastatin. The morning after
admission, her fasting serum glucose, insulin and C-
peptide level were within normal ranges: 101 mg/dL, 2.2
μIU/L and 0.8 ng/mL, respectively. At 4 days after admis-
sion, she complained of nausea and low back pain, and
fell to consciousness disturbance (Japan Coma Scale II-
10: drowsiness) with hyperglycemia (861 mg/dL) and
metabolic acidosis. She was diagnosed with diabetic
ketoacidosis and transferred to our hospital.
This patient’s clinical course in our hospital is pre-

sented in Fig. 2. On admission to our hospital, she
showed confusion (Japan Coma Scale I-2) and the upper
abdominal symptom of nausea. Laboratory findings
showed metabolic acidosis (pH, HCO3, and the anion
gap in arterial blood were 7.07, 2.7 mmol/L, and 27.7
mmol/L, respectively), hyperketonemia (serum total ke-
tone bodies 13,179 μmol/L) and hyperglycemia (612 mg/
dL). Hemoglobin A1c (5.7%) was within the normal
range, and anti-GAD and anti-IA-2 antibodies were un-
detectable. In addition, neither her serum C-peptide
after a glucagon test nor 24-h urinary C-peptide excre-
tion was detectable. These findings met the criteria for
FT1D with diabetic ketoacidosis, and the patient was im-
mediately given intravenous insulin infusion therapy.
Human leukocyte antigen (HLA) typing indicated
DRB1*0401-DQB1*0301, and DRB1*1302-DQB10604
class II gene.
Although serum amylase (1800 U/L, Fig. 2), lipase and

trypsin (320 U/L and 3040 ng/mL respectively) were ele-
vated, reexamination with CT scanning (Fig. 1b) showed
amelioration of the pancreatic swelling and magnetic

resonance cholangiopancreatography (MRCP) imaging
depicted no abnormalities, even in the pancreas (data
not shown). On the second day in our hospital, her
symptoms showed improvement, and the serum glucose
level had fallen below 200mg/dL. However, on the 3rd
hospital day, electrocardiography (ECG) depicted ST-
segment elevation in V3-V6 (Fig. 3) without typical
cardiac symptoms but serum creatinine kinase (CK)
(830 U/L, Fig. 2), CK-MB and troponin I (49 U/L and
11.99 ng/mL respectively) were elevated. Coronary angi-
ography showed no abnormal findings. Left ventriculog-
raphy (LVG) showed apical wall hypokinesis, while no
other abnormal findings, including takotsubo cardiomy-
opathy, were detected. On the 4th hospital day, abnor-
mal ECG findings showed improvement and serum
myocardial necrosis markers had normalized. On the
8th hospital day, contrast-enhanced cardiac magnetic
resonance imaging (MRI) indicated late gadolinium
enhancement (LGE) in the apical wall (Fig. 4). She was
diagnosed with acute myocarditis based on the guide-
lines for diagnosis of myocarditis [9]. It should be noted
that no abnormality was observed in echocardiogram
examination and that serum CK level was 156 U/L at the
previous hospital. On the 28th hospital day, follow-up
cardiac MRI showed no LGE in the apical wall.
Because some viral infections are thought to cause

FT1D, viral antibodies were measured at the time of
admission and 4 weeks later: we tested for adenovirus,
influenza A and B, echovirus 3, 7, 11, 12, coxsackie
virus types A2, A4, A5, A6 A9, A16, B1, B2, B3, B4,
B5, B6, parainfluenza virus 1, 2, 3, respiratory syncyt-
ial virus, Epstein-Barr virus, measles virus, mumps
virus, herpes simplex virus, rubella virus, cytomegalo-
virus, and parvovirus. None of these tests revealed
significantly elevated antibody titers. She was dis-
charged on the 35th hospital day with intensive insu-
lin treatment without medication for cardiovascular
disorders or pancreatitis.

Fig. 1 Abdominal CT scans. a: At the local hospital, imaging studies revealed swelling of the pancreas and mild ascites. b: On admission to our
hospital, no abnormalities were detected. CT: computed tomography
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Fig. 2 Clinical course during hospitalization.: magnetic resonance cholangiopancreatography, MRI: magnetic resonance imaging

Fig. 3 ECG the day after admission. ST-segment elevation was observed in V3-V6
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Discussion and conclusions
We experienced a rare case of FT1D simultaneously af-
fected by both acute pancreatitis and myocarditis. This
case may be important for considering the etiology of
FT1D, which might overlap with those of acute pancrea-
titis and myocarditis.
Elevations of exocrine pancreatic enzymes are com-

monly observed in FT1D and are listed among the
findings, along with the main diagnostic criteria [2].
Indeed, some cases showing a definite association
with acute pancreatitis have been reported [3, 4].
Several cases of FT1D also reportedly exhibited myo-
carditis [5–8]. To our knowledge, however, no prior
reports on FT1D have documented a patient who
showed acute pancreatitis and myocarditis within
1 week. Some cases showed the elevation of pancre-
atic exocrine enzymes with pancreatic swelling before
the onset of FT1D [10]. Regarding myocarditis associ-
ated with FT1D, it has been reported that 4 cases
developed myocarditis several days after symptoms of
FT1D [5]. Our patient showed pancreatitis, FT1D and
myocarditis consecutively in short period. Thus, it is
reasonable to speculate that the same cause induced
these three diseases.
What caused pancreatitis, the earliest symptom in

this event? We presume that viral infection-induced
pancreatitis because she had fever 4 days before the
onset of acute pancreatitis and exhibited no common
etiology of acute pancreatitis such as gallstones,
biliary tract abnormality, excessive alcohol drinking,
drug use and trauma. Dyslipidemia could cause pan-
creatitis if severe. However, we consider that the pos-
sibility is remote, since, although lipid data were not
collected in the local hospital, serum triglyceride level
was 251 mg/dL on admission to our hospital. About
10% of acute pancreatitis cases are caused by non-
common miscellaneous factors such as infection with
viruses, bacteria and parasites [11] with virus-induced

pancreatitis being the leading etiology of infectious
pancreatitis [12].
Viral infection, such as coxsackie viruses and cytome-

galoviruse, are also considered to be involved in the de-
velopment of FT1D [13]. Coxsackie virus infection can
also cause pancreatitis and myocarditis [14–17]. Thus, it
is tempting to hypothesize that our case had a coxsackie
viral infection. In this regard, it is noteworthy that cox-
sackie and adenovirus receptor (CAR) expression levels
are reportedly elevated in islets from type 1 diabetes and
non-diabetes subjects with pancreatic islet cell autoanti-
bodies, as compared with non-diabetic individuals [18].
However, the potential role of CAR expression in islets
has yet to be determined.
Despite an extensive search for infections, however, no

viral antibody elevations were detected in our present
patient. We measured viral antibody titers in serum ob-
tained immediately after admission (approximately 10
days after fever onset) and then again 1 month later.
This timing may not be appropriate for detecting infec-
tions. Alternatively, an unknown virus may cause these
pathological changes.
As another cause of FT1D in this case, the possibility

of FT1D caused by hypersensitivity to drugs merits con-
sideration. Fifteen cases of FT1D associated with the
drug-induced hypersensitivity syndrome (DIHS) have
been summarized [19]. Theoretically, ulinastatin used
for treatment of pancreatitis in our case could cause
FT1D, although this case met only 1 of 7 DIHS diagnos-
tic criteria (data not shown).
In conclusion, we experienced a case with FT1D

accompanied by both pancreatitis and myocarditis. To
our knowledge, no prior case reports have described
FT1D associated with concurrent pancreatitis and
myocarditis. This case indicates that the development
of FT1D may involve pathophysiological mechanisms
in common with those of acute pancreatitis and
myocarditis.

Fig. 4 Cardiac MRI. LGE was observed in the apical wall (indicated by filled arrow). LGE: late gadolinium enhancement
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