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ABSTRACT

Introduction: Diabetic crises occur most often
in patients with type 1 diabetes and occasion-
ally in type 2 diabetes, especially under stressful
conditions. However, a diabetic crisis occurring
directly from prediabetes is an unusual
phenomenon.
Case Report: A 45-year-old woman presented
with postprandial left upper quadrant abdomi-
nal pain, nausea, and vomiting. She had a past
medical history of prediabetes with impaired
fasting glucose and HbA1c 6.4%. On admission,
routine laboratory tests showed high anion gap
metabolic acidosis (pH 6.92), anion gap
41 mmol/L, blood glucose 931 mg/dL, beta-

hydroxybutyrate 28 mmol/L, and calculated
effective osmolarity 322 mOsm/kg; she was
diagnosed with diabetic ketoacidosis (DKA) and
hyperosmolar hyperglycemic syndrome (HHS),
and DKA-related abdominal pain. Later, the
patient was found to have elevated lipase and
amylase, and diagnosed with acute pancreatitis.
Since DKA can induce abdominal pain and
nonspecific lipase elevation, both of which are
characteristics of acute pancreatitis, while acute
pancreatitis can conversely trigger DKA, there
exists a ‘‘chicken and egg’’ paradigm. Therefore,
the differential diagnosis is discussed.
Conclusion: It is important to differentiate
DKA from concomitant causes of abdominal
pain to avoid missing the underlying etiology,
which can be the trigger for DKA. During dia-
betic crises, treating the underlying trigger is
just as important as managing metabolic
derangements in order to achieve favorable
outcomes; meanwhile, managing acute pancre-
atitis-associated hyperglycemia can promote
recovery. Additionally, diabetic crisis that
directly evolves from prediabetes illustrates an
atypical form of diabetes called ketosis-prone
diabetes; we briefly discuss its clinical charac-
teristics, classification, and follow-up.
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INTRODUCTION

Diabetic crises, including diabetic ketoacidosis
(DKA) and hyperosmolar hyperglycemic syn-
drome (HHS), occur most often in patients with
type 1 diabetes and occasionally in patients
with type 2 diabetes, especially under stressful
conditions. The common precipitating factors
include infection (e.g., pneumonia and urinary
tract infection), medication noncompliance,
myocardial infarction, stroke, acute pancreati-
tis, major surgery, trauma, and other unidenti-
fied factors [1, 2]. The metabolic derangements
result from the combination of relative or
absolute insulin deficiency, increased levels of
counter-regulatory hormones, and insulin
resistance. DKA and HHS can also evolve
directly from prediabetes, which is a less rec-
ognized clinical situation, indicating the pres-
ence of an atypical type of diabetes called
ketosis-prone diabetes [3].

CASE REPORT

A 45-year-old Caucasian woman presented with
abdominal pain, nausea, and vomiting for 17 h.
At 22 h prior to admission, she went out to
dinner and drank one glass of wine. A few hours
after the meal, she developed epigastric and left
upper quadrant abdominal pain that was mod-
erate, persistent, cramping, and aching; the
pain radiated to her left middle back and arm
without exacerbating or alleviating factors. The
pain was associated with nausea, vomiting, and
she could not tolerate any oral intake. She felt
thirsty and had polyuria and positional light-
headedness. She reported no fever, chills, chest
pain, cough, sputum production, dysuria,
hematuria, diarrhea, hematochezia, and
melena.

On further questioning, the patient shared
that she had a history of gestational glucose
intolerance 6 years ago, and has had occasional
impaired fasting glucose of 81–107 mg/dL for
the past 6 years. She began following an Amer-
ican Diabetes Association (ADA) diet 2 years ago
and lost 25 lb. Additionally, she had a past
medical history of supraventricular tachycardia,
irritable bowel syndrome, social alcohol use,

cholecystectomy, and thyroid papillary adeno-
carcinoma status post partial thyroidectomy
complicated by postsurgical hypothyroidism.
Home medications included metoprolol tar-
trate, levothyroxine, and meloxicam. The
patient reported no family history of diabetes.

Vital Signs on Admission

Temperature 97.7 �F, pulse 130 bpm, respiratory
rate 28 bpm, BP 134/71 mmHg, weight 87 kg,
height 1.68 m, BMI 31 kg/m2, SpO2 99% on
room air.

Physical Exam

The patient was in moderate distress. There was
no acanthosis nigricans. Cardiovascular system
revealed tachycardia. A pulmonary exam
revealed tachypnea, accessory muscle usage
with moderate respiratory distress. Abdominal
exam revealed central obesity, normoactive
bowel sounds, left upper quadrant and epigas-
tric tenderness to palpation, no rigidity or
guarding. No costovertebral angle tenderness.

Laboratory Results

CBC: WBC 25.9 9 109/L, hemoglobin 14.7 g/
dL, hematocrit 45.8%, platelet 386 9 109/L,
MCV 100.2 lm3. BMP: sodium 135 mmol/L,
potassium 7.4 mmol/L, chloride 89 mmol/L,
bicarbonate 5 mmol/L, BUN 37 mg/dL, crea-
tinine 1.27 mg/dL, glucose 931 mg/dL, eGFR
46 mL/min.
Liver chemistry: Total bilirubin 0.2 mg/dL, AST
23 U/L, ALT 54 U/L, ALP 138 U/L, total protein
7.5 g/dL, albumin 4.5 g/dL. Calcium 8.7 mg/dL,
phosphate 1.4 mg/dL, magnesium 2.1 mg/dL.
VBG: pH 6.92. Repeated ABG 2 h later: pH 7.21,
pCO2 16 mmHg, pO2 129 mmHg, HCO3

-

6.4 mmol/L, SaO2 98% on 2 L/min oxygen by
nasal cannula. Beta-hydroxybutyrate 28 mmol/
L, lactic acid 4.0 mmol/L. Urinalysis showed
urine ketones 80 mg/dL, leukocyte esterase
negative, urine culture no growth. HbA1c 6.4%.
Lipid profile: triglycerides 89 mg/dL, total
cholesterol 144 mg/dL, LDL 91 mg/dL, HDL
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35 mg/dL. TSH 3.12 mIU/mL, free T4 1.26 ng/
dL. Troponin I\ 0.01 ng/mL.

Imaging Studies

Ultrasonography of the abdomen revealed mild
hepatic steatosis, incidental mild to moderate
right-sided hydronephrosis, status post chole-
cystectomy. ECG on admission: sinus rhythm,
HR 126 bpm, peaked T waves at lead V2–V6
consistent with hyperkalemia, no ischemic
changes.

All procedures performed in this study were
in compliance with the ethical standards of the
institutional and/or national research commit-
tee and with the 1964 Declaration of Helsinki
and its later amendments or comparable ethical
standards. Informed consent was obtained from
the individual participant for being included in
the study.

DISCUSSION

The patient presented with severe anion gap
metabolic acidosis, anion gap of 41 mmol/L
(Na? - Cl- - HCO3

-) and an albumin-cor-
rected anion gap of 40 mmol/L [anion
gap - 2.5 9 (4 - albumin)]. This patient’s high
anion gap metabolic acidosis is likely primarily
caused by DKA, with some contribution from
the DKA-associated secondary lactic acidosis
and volume depletion-induced pre-renal uremic
acidosis.

Using Winter’s formula [pCO2 = (1.5 9

HCO3
-) ? 8 ± 2], we calculated the respiratory

compensation to yield an expected pCO2

between 15.6 and 19.6 mmHg. ABG revealed a
pCO2 of 16 mmHg, suggesting she had a pri-
mary metabolic acidosis with adequate respira-
tory compensation.

The delta gap was used to investigate the
presence of a mixed metabolic acid–base disor-
der. The normal range of delta gap is from - 6
to ? 6. If the delta gap is significantly positive
([? 6), a concomitant primary metabolic
alkalosis is usually present; conversely, if the
delta gap is significantly negative (\- 6), then
a superimposed non-anion gap metabolic aci-
dosis is usually present [4]. In our case, the delta

gap [(adjusted anion gap - 12) - (24 -

HCO3
-)] of ? 9 mmol/L indicated there was a

co-existing primary metabolic alkalosis.
Meanwhile, the calculated effective osmo-

lality (2 9 Na ? glucose/18) was 322 mOsm/kg;
thus, the patient also had HHS [1].

The underlying mechanism for the co-exist-
ing primary metabolic alkalosis and HHS is
likely due to severe hyperglycemia-related gly-
cosuria as well as ketoacidosis-associated
osmotic diuresis causing volume depletion. In
addition, her nausea, vomiting, and poor oral
tolerance worsened her dehydration, thereby
causing a contraction alkalosis [5] and the
development of hyperosmolarity [1].

Taken together, this patient was diagnosed
with DKA and HHS on admission and was
triaged into the ICU and started on IV fluids, IV
bicarbonate, and IV insulin drip, in accordance
with diabetes crisis management guidelines [1].
Of note, the patient also presented with severe
hyperkalemia with ECG changes. Hyperkalemia
is a common finding in DKA, and is secondary
to hypoinsulinemia and renal dysfunction (e.g.,
acute kidney injury in this case); the hyper-
kalemia is not due to the previously held opin-
ion that metabolic acidosis causes the exchange
of hydrogen ions for potassium ions across cell
membranes [6, 7]. The severe anion gap acidosis
was corrected by the second day of admission
with repeat ABG showing pH 7.42, pCO2

31 mmHg, pO2 116%, HCO3
- 20.1 mmol/L,

SaO2 99%, BMP: sodium 145 mmol/L, potas-
sium 3.7 mmol/L, chloride 110 mmol/L, bicar-
bonate 16 mmol/L, anion gap 19 mmol/L, BUN
24 mg/dL, creatinine 0.77 mg/dL, glucose
366 mg/dL, repeat ECG showed normalized T
waves.

The patient also presented with abdominal
pain on admission. Initially, this pain was
diagnosed as DKA-associated abdominal pain.
However, she had persistent abdominal pain
despite the closure of the anion gap and cor-
rection of DKA and HHS. Additional laboratory
tests revealed lipase 720 U/L and amylase
225 U/L, suggesting acute pancreatitis. CT of
abdomen and pelvis without contrast found
mild–moderate right-sided hydronephrosis and
hydroureter down to the level of a 6-mm stone
in the proximal-mid right ureter without
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significant pancreatic changes. MRCP showed
no biliary or pancreatic duct dilation. Current
diagnostic criteria of acute pancreatitis require
two out of three of the following criteria: (1)
acute abdominal pain and tenderness in the
upper abdomen; (2) elevated levels of pancreatic
enzymes in the blood or urine; (3) abnormal
finding of acute pancreatitis detected by ultra-
sound, CT, or MRI [8]. Of note, imaging studies
are not 100% sensitive and in mild episodes of
acute pancreatitis, CT features can range from
normal-appearing pancreas to diffuse enlarge-
ment and heterogeneous attenuation of the
gland [8, 9]. Taken together, this patient was
diagnosed with acute pancreatitis, although the
etiology was initially unknown.

After this sentinel episode of acute pancre-
atitis, she developed four additional episodes of
recurrent non-DKA-associated acute pancreati-
tis with lipase elevations to 201, 163, 266, and
2495 U/L. Autoimmune pancreatitis workup
was negative, including pancreatic elastase
[500 lg/g, ANA negative, IgG4 32.5 mg/dL
(normal 4.0–86.0). As a result of recurrent acute
pancreatitis, the patient underwent ERCP, with
findings suggestive of sphincter of Oddi dys-
function, and subsequently underwent sphinc-
terotomy, without additional pancreatitis
episodes afterwards. Thus, the patient’s pan-
creatitis was likely caused by sphincter of Oddi
dysfunction, with possible contributions from
NSAIDs use; meloxicam can cause pancreatic
duct constriction through prostaglandin inhi-
bition [10, 11].

This patient’s abdominal pain was initially
mistakenly attributed to DKA. It has been
reported that DKA can induce abdominal pain
in 40–75% cases and the severity can mimic
acute abdomen, thus masking and delaying
diagnosis of the underlying etiology [12, 13].
DKA can also induce leukocytosis [1] and cause
nonspecific amylase and lipase elevation
[12, 14, 15], thus making it challenging to dif-
ferentiate DKA from acute pancreatitis.

To facilitate the differential diagnosis, it has
been reported that the severity of DKA-related
abdominal pain is associated with the severity
of the metabolic acidosis, but not with the
severity of hyperglycemia or dehydration.
Importantly, when the metabolic acidosis is

corrected, the abdominal pain usually resolves
[12]. If the abdominal pain persists despite cor-
rection of the metabolic acidosis, like this case,
then there should be a systematic investigation
of the underlying etiology. Other abdominal
pathologies that present with abdominal pain
and can be DKA triggers include urinary tract
infection, pyelonephritis, perforated viscus, and
appendicitis [12, 13].

The mechanisms of acute pancreatitis-trig-
gered hyperglycemia and DKA are (1) pancre-
atitis affects insulin secretion [16], and (2)
pancreatitis induces a systemic inflammatory
response, which triggers a sympathetic response
with increased cortisol, adrenaline, glucagon,
and growth hormone release, thereby worsen-
ing insulin resistance. Subsequently, these
changes promote lipolysis, free fatty acid release
from adipose tissue, and hepatic ketone forma-
tion, leading to the development of hyper-
glycemia, ketoacidosis, dehydration, and DKA
and HHS (Fig. 1).

It has been reported that acute pancreatitis
can induce hyperglycemia and DKA [15, 17],
and diabetes can be an independent risk factor
for acute pancreatitis [15, 18]. However, a
patient with stable prediabetes, like our case, is
unlikely to rapidly deteriorate into DKA and
HHS without a trigger. It is most likely that her
acute pancreatitis led to hyperglycemia and
then DKA and HHS. Therefore, clinicians
should be vigilant and consistently search for
underlying triggers that cause patients to enter
into a diabetic crisis. Equally important, when
managing patients with acute pancreatitis,
physicians should pay particular attention to
metabolic profiles for early detection of gly-
cemic derangement and prompt treatment
[19, 20].

As mentioned previously, this patient had a
history of glucose intolerance in pregnancy
[21], occasional mildly elevated fasting glucose,
and HbA1c of 6.4% on admission, all of which
are consistent with preadmission prediabetes.
However, the deterioration directly from
preadmission prediabetes into clinical diabetes
on admission with DKA and HHS [1, 21] is a less
recognized clinical phenomenon, suggesting an
atypical form of diabetes called ketosis-prone
diabetes [3]. The clinical characteristics of
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ketosis-prone diabetes include adult onset,
insulin resistance, stress-precipitated DKA, and
unprovoked ketosis [3, 22]. The most useful
classification is based on the presence of pan-
creatic autoantibody (autoantibody present,
A?; absent, A-) and preservation of beta cell
function (beta cell function preserved, b?;
absent, b-) and divides ketosis-prone diabetes
into four categories (Ab classification): A?b?,
A-b?, A?b-, and A-b-. The etiology is
thought to be beta cell destruction or dysfunc-
tion, although the exact mechanism requires
further investigation. The Ab classification of
ketosis-prone diabetes has been proven to be
highly accurate and predictive of glycemic
control and insulin requirement, and it is rec-
ommended that the classification of ketosis-
prone diabetes be performed at the first outpa-
tient visit 1–3 weeks after hospital discharge
[3, 23].

After DKA episodes, some ketosis-prone dia-
betic patients are able to discontinue insulin
and maintain adequate glycemic control with
oral agents only [3, 23]. This patient, post-dis-
charge, was continued on basal plus pre-

prandial insulin therapy with good insulin
compliance. Further testing revealed negative
pancreatic autoantibodies including islet cell
autoantibody \ 5 JDF units and glutamic acid
decarboxylase (GAD)-65 antibody \ 5 IU/mL.
She eventually developed overt diabetes with
HbA1c from the initial 6.4% on admission to
6.7% 2 weeks later to 8.6% 7 months later and
9.0% most recently at 15 months, indicating
the gradual loss of beta cell function and abso-
lute insulin insufficiency. Therefore, she was
classified as A-b- type. Because of her labile
diabetes, the patient was started on insulin
pump therapy.

CONCLUSION

DKA and HHS are common clinical presenta-
tions that require clinical considerations
beyond the well-established protocol-guided
treatment of metabolic derangements. First, in
addition to early initiation of IV fluid and IV
insulin therapy, clinicians should search for and
treat the triggers in order to achieve more

Fig. 1 Interrelationship between acute pancreatitis and hyperglycemic crisis
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favorable outcomes. Second, DKA can produce
abdominal pain mimicking acute abdomen and
thus delay the diagnosis of the underlying eti-
ology. Clinicians should be vigilant and con-
sider a broad differential diagnosis, with special
consideration for pathologies that can cause
both abdominal pain and trigger DKA. Third,
prediabetes can directly evolve into DKA, which
is a less recognized clinical phenomenon and
represents an atypical type of diabetes called
ketosis-prone diabetes. These patients should be
closely followed since they require early recog-
nition, appropriate Ab classification, and
prompt insulin treatment to prevent the dete-
rioration into diabetic crises, especially under
stressful conditions.
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