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Abstract

This manuscript seeks to describe diag-
nostic considerations in individuals
with diabetes mellitus presenting to the
ED with abdominal pain. It highlights
the importance of early investigation
with computerised tomography to dif-
ferentiate aetiologies that compel early
surgical intervention from those which
may be treated conservatively.
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Introduction

Abdominal and pelvic pain accounted
for 4.7% of ED presentations in
Australia in 2022-2023." Abdominal
pain is the most frequent reason for
return visits to ED.> Abdominal pain
may be caused by a wide variety of
pathologies of non-gastrointestinal
pathology.®> A questionnaire survey of
8657 individuals living in New South
Wales found prevalence rates of
abdominal pain or discomfort in the
preceding 3 months of 13% in indi-
viduals with diabetes mellitus (DM),
compared with 10.8% in control sub-
jects (adjusted odds ratio = 1.63).*

The prevalence of type 2 diabetes
mellitus  (T2DM) in  Australia
increased from 1985 to 3429 per
100 000 population between 1990
and 2019. Incidence rates of type
1 diabetes mellitus (T1DM) remained
stable between 2000 and 2018.

This review seeks to address:

1. Conditions related to DM associ-
ated with clinical signs of an
acute abdomen, but where surgi-
cal intervention is not required
and/or contraindicated.

2. Abdominal conditions necessitating
expeditious surgical intervention
because of the significantly higher
morbidity and mortality in individ-
uals with DM, compared with indi-
viduals without DM.

3. Investigations into abdominal
pain may be misleading in indi-
viduals with DM (Table 1).

4. Presentations where the opportu-
nity to make an early diagnosis
may lead to a significant improve-
ment in patient outcome.

5. To propose an investigative flow-
chart for the assessment of
abdominal pain in DM.

The review highlights the impor-
tance of early investigation to define
the indications for immediate ther-
apy and/or computerised tomogra-
phy (CT), and further differentiate
aetiologies that compel early surgical
intervention from those that may be
managed conservatively.

Methods

A literature search was conducted
using Medline (OVID) and Google
Scholar from their inception until
July 2023 using MeSH search terms
‘abdominal pain’ and ‘diabetes
mellitus’ without language and loca-
tion limitation. Once duplicates were
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Key findings

* A major challenge in evaluat-
ing abdominal pain in individ-
uals with diabetes mellitus is
differentiating  those  with
non-surgical pathology from
those causes which mandate
urgent surgical intervention.

e Clinical signs, laboratory
changes, and electrocardiog-
raphy may be misleading in
individuals ~ with  diabetes
mellitus and abdominal pain.

e Early computerised axial
tomography imaging may be
useful in differentiating aetiol-
ogies of abdominal pain in
individuals ~ with  diabetes
mellitus presenting to the
Emergency Department.

eliminated, two authors (SN and
AM) individually assessed the titles
and abstracts for suitability. We
excluded studies with unavailable
texts and articles on other subjects.
Full text of relevant articles was
obtained, and reference lists were
screened for additional relevant
articles. In total, 413 articles were
included, and 1605 articles were
excluded.

Diabetic ketoacidosis

DKA is associated with acute epigas-
tric pain in 48% of adults and 62%
of children, and may mimic an
acute abdomen, so-called diabetic
pseudoperitonitis.”® Epigastric pain
may persist for days after correction
of metabolic acidosis, suggesting
peritoneal irritation by ketone bodies
may be the cause of pain.” Severe
abdominal pain with signs of acute
peritonitis leading to laparotomy has
also been described with sodium-
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TABLE 1. Potentially misleading investigations with abdominal pain in diabetes mellitus

Investigation

Conditions

Elevated lipase in absence of acute pancreatitis

Normal lipase despite acute pancreatitis

ECG abnormalities and elevated troponin without myocardial ischaemia

Lactic acidosis in absence of mesenteric ischaemia or sepsis

Diabetic ketoacidosis

Medications — DPP4i, GLP1 agonists
Glycogenic hepatopathy
Uncomplicated diabetes mellitus
Hypertriglyceridaemia

Diabetic ketoacidosis

Acute pancreatitis

Glycogenic hepatopathy

Metformin — usually with renal dysfunction

DPP4i, dipeptidyl peptidase 4 inhibitor; GLPA, glucagon-like peptide-1.

glucose transporter protein 2 inhibi-
tor-euglycemic ketoacidosis.® In one
study of adults with DKA and
abdominal pain, 17% of individuals
had underlying abdominal pathol-
ogy, predominantly acute pancreati-
tis (AP), which is estimated to occur
in 10-15% of cases of DKA.” Other
abdominal pathologies most com-
monly associated with DKA include
cholecystitis, pyelonephritis, appen-
dicitis, mesenteric ischaemia and
ischaemic liver injury, although any
intra-abdominal pathology may be a
precipitant. CT/CT  angiography
should be considered in any individ-
ual with DKA where the former
diagnoses are considered, or where
the individual is not improving clini-
cally with treatment of DKA. Hyp-
oxic/ischaemic liver injury should be
considered in the setting of abdomi-
nal pain and markedly elevated ami-
notransferases with DKA, although
this needs to be differentiated from
glycogenic hepatopathy (GH).'°

Acute mesenteric ischaemia

Occlusive and non-occlusive acute
mesenteric ischaemia (AMI) have
been reported in children, adoles-
cents and adults with DKA and
hyperosmolar hyperglycaemic state
(HHS).""'> The adjusted hazard
ratio of DM for AMI was 1.32 in
one study.'”> AMI should be
suspected where there is ongoing
abdominal pain, peritonism, elevated
lactate, or failure to correct high

anion-gap acidosis with treatment of
DKA or HHS.

Acute pancreatitis

A systematic review and meta-
analysis of cohort studies found that
individuals with DM had a 74%
higher risk of AP than individuals
who did not have DM."* The revised
Atlanta classification requires that
two or more of the following criteria
be met for the diagnosis of AP:
(i) abdominal pain suggestive of pan-
creatitis; (ii) serum amylase or lipase
level greater than three times the
upper normal value (>3*ULN); or
(iii) characteristic imaging findings.
Elevation of serum lipase with
asymptomatic DM, DKA, fatty pan-
creas and medications, as well as
in vitro depression of serum lipase
levels with hypertriglyceridemia,
complicate the biochemical diagnos-
tic criteria for AP in DM, resulting
in greater reliance on imaging. Stud-
ies of adult patients presenting with
DKA found lipase values >3*ULN in
16-25%, with changes consistent
with AP on imaging in 41-52.9% of
these patients.”>  Serum lipase
>3*ULN was associated with a sensi-
tivity of 81%, specificity of 91% and
positive predictive value of 52% for
a definite diagnosis of AP. Paediatric
DKA was associated with elevated
lipase in 31-38%, serum lipase
>3*ULN in 13% and AP in 0-2%.
Elevation of serum lipase was pre-
sent in 11.4-20.4% of asymptomatic
individuals with T2DM as part of

baseline screening for a drug trial,
with 0.4-2.1% having a serum lipase
>3*ULN.

Dipeptidyl peptidase 4 inhibitors
(DPP4i) and glucagon-like peptide-1
receptor agonists (GLP1RAs) are
associated with the elevation of
serum lipase in 39% and 25-51%
of asymptomatic T2DM, respec-
tively.'® Lipase levels may be
increased >7*ULN with DPP4i ther-
apy, and 1.5-8.3% of individuals
receiving GLP1RA develop a serum
lipase >3*ULN, in the absence of AP.

Hypertriglyceridaemia (HTG) has
been reported as an aetiological fac-
tor in 0.97-25.3% of cases of AP,
with the highest rates in those of
Chinese ethnicity.'” Individuals with
T1DM and T2DM are at increased
risk of HTG as the enzyme responsi-
ble for breakdown of triglycerides,
lipoprotein lipase, is insulin depen-
dent. A Chinese study found that
20.6% of patients presenting with
HTG-AP had pre-existing DM.'®
Patients with HTG-AP may have
normal lipase and amylase levels
because of HTG interfering with the
laboratory assay. A study of
11 patients with AP associated with
DKA found that four (36%) patients
had significant HTG, two of whom
had normal serum lipase levels."®

As a result of the multiple factors
that may cause elevation of serum
lipase >3*ULN in the absence of
pancreatitis in individuals with DM,
and the potential for spurious
in vitro lowering of lipase with
HTG, computed tomography may
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have a greater role in diagnosing

AP in DM.

Pancreatic cancer

The most common presenting symp-
toms of pancreatic cancer are weight
loss (85%), epigastric pain (79%)
and jaundice (56%). A bidirectional
relationship exists between pancre-
atic cancer and DM." Eighty per
cent of pancreatic cancer patients
have a diagnosis of either hyper-
glycaemia or T2DM, and patients
with new-onset DM are at up to
eight times higher likelihood of
developing pancreatic cancer within
3 years of the diagnosis of DM.*°
Among individuals with new-onset
DM, the highest risk of pancreatic
cancer occurred in those with a his-
tory of pancreatitis, gallstones,
weight loss, a family history of pan-
creatic cancer and severe/rapidly
increasing glycaemia requiring early
use of insulin.”® The development of
DM in the setting of pancreatic can-
cer may be because of a par-
aneoplastic effect rather than islet
cell destruction, given that DM often
develops at an early resectable stage
of disease.”! Pancreatic imaging with
CT should be performed in any indi-
vidual presenting with newly diag-
nosed T2DM with significant weight
loss, epigastric pain, previous pan-
creatitis or rapid requirement for
insulin therapy.

Addison’s disease

The prevalence of Addison’s disease in
individuals with TIDM is 0.2%,
200-fold higher than that in the gen-
eral population”* Up to 14% of
patients with Addison’s disease have
associated TIDM. Epigastric pain and
tenderness, vomiting, diarrhoea and
signs of an acute abdomen may occur
with impending Addisonian crisis, and
have led to unnecessary surgery.?>>*
Other clinical features of Addison’s
disease in the individual with T1IDM
include frequent hypoglycaemia with
reduction in insulin requirements,
weight loss, fatigue, hypotension,
hyperpigmentation, salt craving, hypo-
natraemia and hyperkalaemia. In any
individual with T1DM presenting
with otherwise unexplained

abdominal pain and features listed
above urgent measurement of serum
cortisol should be performed, and par-
enteral glucocorticoid therapy admin-
istered pending the results.

Inferior myocardial ischaemia/
infarction

Individuals with T2DM have a two-
to fourfold increase in coronary heart
disease, cardiac death and non-fatal
MI. The risk of coronary heart dis-
ease is even greater in T1DM. Infe-
rior MI may present with epigastric
pain, nausea and vomiting.”> Canna-
binoid hyperemesis syndrome (CHS)
has been reported to be complicated
by MI secondary to coronary vaso-
spasm.”® DKA and AP may each be
associated with ECG abnormalities
mimicking MI and elevated cardiac
troponin values, with no evidence of
MI on echocardiography and normal
coronary angiography.”’ >’

Glycogenic bepatopathy

GH is an uncommon complication of
poorly controlled TIDM. Individuals
present with right upper quadrant pain,
nausea, massive hepatomegaly, mark-
edly elevated transaminases and ele-
vated lactate levels.*! Serum lipase may
be elevated more than 6*ULN in the
absence of acute pancreatitis. The pres-
ence of lactic acidosis may cause con-
sideration of mesenteric ischaemia or
sepsis. Except when presenting with
superimposed DKA, individuals with
GH are haemodynamically stable and
do not appear unwell.

Cannabinoid hyperemesis
syndrome

CHS is characterised by cyclical
episodes of nausea, vomiting and
abdominal pain. The prevalence of
past-30-day cannabis use among indi-
viduals with DM in the United States
increased from 1.7% to 5.8%
between 2005 and 2018. Cannabis
use in T1DM is associated with a
twofold increase in the risk of DKA
and poor glycaemic control.>” Diag-
nosis of CHS in T1DM is often del-
ayed, with a minimum of 12 hospital
admissions over 2-13 years from the
first presentation before the diagnosis
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was made, with individuals having
undergone multiple imaging and
endoscopy studies during this time.*?
Several diagnostic algorithms have
been proposed for the diagnosis of
CHS, including the Rome IV criteria.
Assessment of chronicity and recent
use of cannabis is hampered by posi-
tive results for tetrahydrocannabinol
on urine testing up to 6 weeks after
last use.

Diabetic gastroparesis

A study of 134 individuals with dia-
betic gastroparesis found that 89%
reported abdominal pain, with pain
being severe in 34% of cases.’
Abdominal pain was aggravated by
eating in 51%, occurred at night in
51%, and interfered with sleep
in 37%. Acute episodes of abdomi-
nal pain were reported by 72% of
individuals. Severity of pain was not
related to the degree of delayed gas-
tric emptying for solids or liquids on
scintigraphy.  Factors  associated
with excruciating abdominal pain
included female sex, younger age,
use of narcotic pain medication,
acute versus insidious onset and
increasing  gastroparesis  cardinal
symptom index. Four studies found
the use of haloperidol reduced rates
of hospital admission, amount of
opioid administered, rates of rescue
therapy, and mean pain and nausea
scores in individuals presenting to an
ED with symptomatic diabetic
gastroparesis, non-specific abdomi-
nal pain, or undifferentiated intracta-
ble vomiting.>> In patients with
gastroparesis presenting to the ED,
droperidol  reduced opioid use,
improved pain control and decreased
antiemetic use without any change in
length of stay or hospital admission
rate.”®

Coeliac disease

The prevalence of celiac disease in
patients with T1DM is approxi-
mately 3-8%, significantly higher
than in the general population (1%).
Undiagnosed coeliac disease is an
important cause of recurrent abdom-
inal pain in children, adolescents and

adults.’” ™ A study of children
and adolescents presenting with
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recurrent abdominal pain found coe-
liac disease to be the underlging
cause in 10% of individuals.’” A
case—control study found that adult
coeliac disease accounted for 3% of
adults who presented to a University
hospital ~with  unselected acute
abdominal pain.*® Elevated hepatic
transaminases occur in 4-9% of
individuals with coeliac disease.

Thoracic or lumbar
polyradiculopathy

Diabetic neuropathy may affect inter-
costal nerve roots resulting in severe,
constant, chronic, band-like upper or
lower abdominal pain.*! Pain is typi-
cally unilateral, described as burning
or aching, worse at night and associ-
ated with dysaesthesia. The anterior
abdomen is always involved, with
pain in the corresponding back
region in 60% of cases. Abdominal
pain may be associated with signifi-
cant unexplained weight loss sugges-
tive of wunderlying malignancy.
Occasionally, radiculopathy may be
accompanied by diabetic amyotrophy
with severe thigh pain, weakness and
muscle atrophy. Physical examina-
tion may reveal unilateral abdominal
wall paresis and protrusion and
hypoaesthesia or hyperaesthesia in
multiple adjacent dermatomes. Diag-
nosis is made by paraspinal electro-
myography. Imaging must be
performed to exclude spinal compres-
sion or intrabdominal malignancy.

Emphysematous cholecystitis

Emphysematous cholecystitis
(EC) is caused by secondary infec-
tion of the gallbladder wall with
gas-forming organisms such as
Clostridia, predisposing to gangrene
and perforation. The mortality rate
with EC is 15%.** It typically
affects men in their fifth to seventh
decade, and 30-50% have DM. EC
usually results from thrombosis or
occlusion of the cystic artery with
ischaemic necrosis of the gallblad-
der wall. Initial presentation is
often indistinguishable from uncom-
plicated acute cholecystitis. Clues to
the diagnosis include mild to mod-
erate unconjugated hyper-
bilirubinemia because of clostridial-

induced haemolysis, and rarely
crepitus in the abdominal wall.
Prompt diagnosis is essential as
early cholecystectomy may reduce
morbidity and mortality. CT is the
most sensitive modality for the
detection of intraluminal or intra-
mural gallbladder gas.*® US may be
misleading because of air in the
gallbladder wall being erroneously
attributed to overlying bowel gas.

Emphysematous pyelonepbhritis

Emphysematous pyelonephritis is a
gas-producing, necrotizing infection

involving the renal parenchyma and
occasionally perirenal tissue. It is asso-
ciated with a mortality rate of
12.5%.** Major risk factors include
DM (80-96% of cases) and urinary
tract obstruction (22%). Clinical fea-
tures are indistinguishable from acute
pyelonephritis, and diagnosis is best
made with CT showing air in the col-
lecting system, renal parenchyma
and/or surrounding tissues. Manage-
ment requires relief of obstruction if
present, drainage of gas and/or puru-
lent material, empiric antibiotics, sup-
portive care for septic shock, acute
kidney injury and disseminated
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Figure 1. Flowchart regarding differential diagnosis of abdominal pain in diabetes

mellitus.
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intravascular coagulation where pre-
sent and occasionally nephrectomy.
The most common organisms are
Escherichia  coli and  Klebsiella
prneumoniae. Initial antibiotic therapy
should be with an antipseudomonal
carbapenem and vancomycin in criti-
cally ill patients or those with obstruc-
tion. In less unwell individuals,
ceftriaxone or piperacillin/tazobactam
is a reasonable initial choice.

Liver abscess

The risk of bacterial liver abscess in
DM is approximately 3.6-11 times
higher than in individuals without
DM.* Rates are highest in individ-
uals from Asian countries. The diag-
nosis should be considered where
there is unexplained right upper
abdominal pain, rigors and fever.
Individuals with poorly controlled
DM are prone to emphysematous
liver abscesses, which are associated
with a mortality rate of 27-30%
because of the risk of septic shock
and abscess rupture.

Post-bariatric surgery

Two-thirds of Australian adults are
overweight or obese. From 2005-
2006 to 2014-2015, the number of
bariatric surgery separations in
Australia increased from 9300 to
22 700.%*¢ T2DM was recorded as an
additional diagnosis in 16.7% of
cases.*® Complications of bariatric
surgery presenting with abdominal
pain include internal hernia, small
bowel obstruction, intussusception
and cholelithiasis. A high index of
suspicion is required because of the
non-specific nature of presentation.
This is particularly important during
pregnancy, where symptoms may be
attributed to physiological gestational
pain. A systematic review of 120 preg-
nant women who required emergency
abdominal surgery for complications
related to previous bariatric surgery
reported maternal death in three
(2.5%) cases, and foetal death in nine
cases (7.5%).*” A low threshold for
imaging with point-of-care US, MRI
or CT should be employed in preg-
nant women with abdominal pain

where there is a previous history of
bariatric surgery.

Medications

Metformin therapy is associated
with a relative risk for abdominal
pain of 1.5 compared with placebo,
along with increased risks of
nausea, vomiting and diarrhoea.*®
Metformin-associated lactic acidosis
(MALA) is characterised by abdomi-
nal pain, vomiting, hypothermia,
hypotensive circulatory failure and
oliguric acute kidney injury (AKI).
Abdominal examination may reveal
diffuse guarding and absent bowel
sounds  prompting laparotomy.
Biochemistry reveals severe high
anion-gap acidosis, elevated lactate
and AKI. Mortality with MALA has
been reported to be as high as
50%.%* Abdominal pain occurs in
1-10%, and nausea and diarrhoea
in 10-20% of individuals on com-
mencing GLP1RA.*°

Conclusion

A major challenge in assessing
abdominal pain in DM in the ED is
rapidly differentiating patients who
require acute intervention from
patients with non-surgical conditions
presenting with clinical signs and/or
biochemical changes suggestive of
surgical pathology. A proposed diag-
nostic pathway is presented in
Figure 1. The difficulties in differen-
tiating disorders on clinical signs and
biochemical criteria highlight the
value of early CT in clarifying diag-
nosis. Many case reports have
described unnecessary laparoscopy
or laparotomy in individuals with
pseudo peritonism in the setting of
uncomplicated DKA, Addison’s dis-
ease or radiculopathy, or because of
lactic acidosis and marked trans-
aminitis with GH. Conversely, early
surgical intervention is critical in
EC/pyelonephritis and mesenteric
ischaemia, and urgent glucocorticoid
replacement is required in Addison’s
disease to avoid morbidity and mor-
tality. CT should also be considered
in individuals presenting with
abdominal pain in the setting of
newly/recently diagnosed DM and
significant weight loss, as early

© 2024 Australasian College for Emergency Medicine.

identification of pancreatic cancer
may improve the possibility of cura-
tive resection.
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