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These researchers present a 59-year-old man with diabetic ketoacidosis (DKA) and
disturbances in both electrocardiogram and cardiac troponin tests. However, the patient proved
to have a noncritical occlusion of his coronary arteries. The problems facing the clinician who
suspects cardiac injury in a patient who presents with DKA are reviewed.

iabetes mellitus (DM) is a risk

factor for the development of

atherosclerotic coronary artery

disease (CAD). Even though
DM and CAD commonly occur to-
gether, acute cardiac events (CEs) are
not often associated. In fact, acute
myocardial infarction (MI) is as-
sociated with about 1% of diabetic
ketoacidosis (DKA) episodes.' Nev-
ertheless, prompt identification of a
concurrent CE is essential to ensure
correct diagnosis and appropriate and
timely treatment.

A recent task force for the redefi-
nition of MI suggests that an acute
MI is present when the detection of
a rise in the cardiac biomarker tro-
ponin is accompanied by electrocar-
diographic (EKG) changes of new
ischemia.” The clinician attempting
to apply the recommended diag-
nostic standards for acute MI faces

a challenge when dealing with the
adult patient with diabetes admit-
ted with DKA, because both EKG
changes mimicking ischemia or in-
farction and elevated troponins have
been described as a consequence of
this diabetic emergency.

CASE REPORT

A 59-year-old man reported nau-
sea and intermittent vomiting over
a 3-day period. He did not report
abdominal pain, fever, chills, or di-
arrhea. His past medical history in-
cluded insulin-dependent DM for
19 years as well as hypertension and
depression. His DM was treated with
regular insulin adjusted on a sliding
scale. He acknowledged that the nau-
sea had begun after he had exhausted
his insulin prescription. Despite the
nausea, he managed to take his oral
maintenance medications, which in-
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cluded lisinopril 2.5 mg once daily,
metoprolol tartrate 50 mg once daily,
and mirtazapine 30 mg at bedtime.
He did not use over-the-counter
medications, vitamins, herbal rem-
edies, or illicit drugs. He also did
not consume alcohol. He smoked
1 pack of cigarettes each day and had
a cumulative 30-pack-year history of
tobacco use. His family history was
unremarkable for heart disease.

The patient was well nourished. His
blood pressure was 120/48 mm Hg in
both arms. He was afebrile. His heart
rate was 124 beats per minute in a
regular rhythm, and his respiratory
rate was 36 breaths per minute. He
was alert and communicative de-
spite his tachypnea. His oral mucous
membranes were dry. The cardiopul-
monary examination was normal.
His abdomen was soft and nontender
with active bowel sounds. There was
no cyanosis, clubbing, or edema of
his extremities.

The initial laboratory analysis
measured the serum glucose level
as 1,964 mg/dL (reference range
[RR], 75-110 mg/dL). The serum
sodium level was 113 mEq/L (RR,
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135-145 mEq/L) with a serum
potassium level of 7.3 mEq/L
(RR, 3.6-5.0 mEq/L), a serum bicar-
bonate level of 5 mEq/L (RR, 21-31
mEq/L), and a serum chloride level
of 81 mEq/L (RR, 101-111 mEqg/L).
The calculated anion gap was
27 mEq/L. An arterial blood gas
analysis with the patient breathing
room air measured the pH at 6.96,
the partial pressure of carbon diox-
ide as 12 mm Hg, and the partial
pressure of oxygen at 131 mm Hg.
Ketones were present in the serum
and urine. Serum creatinine was
slightly elevated to 1.5 mg/dL (RR,
0.7-1.3 mg/dL), and the blood urea
nitrogen level was 31 mg/dL (RR,
9-21 mg/dL). The white blood cell
count was 28.6 x 103/mcL (4.8-10.5

A left heart cardiac catheteriza-
tion was performed because of con-
cern for acute myocardial ischemia.
This study demonstrated that left
ventricular function was preserved
with an estimated ejection fraction
of 55%. There was a 25% proximal
nonobstructive lesion in the left an-
terior descending coronary artery,
a 50% nonobstructive lesion in the
nondominant left circumflex coro-
nary artery, and a 50% nonobstruc-
tive lesion in the dominant right
coronary artery.

The patient’s condition improved
over the next 24 hours with the re-
turn to normal of his arterial pH
and electrolytes. He was able to
tolerate both liquids and solids and
returned to his outpatient insulin

bout 2% to 8% of all hospital admissions for patients
with diabetes are for the treatment of DKA.?

x 103/mcL). The urinalysis was un-
remarkable except for ketonuria.
Blood cultures were obtained and
returned with no growth. Posterior-
anterior and lateral chest radio-
graphs were unremarkable.

Two EKGs were performed dur-
ing the first 12 hours. These tracings
suggested nonspecific ST and T wave
changes. The electrical activity could
not be more accurately analyzed due
to the artifact and wandering base-
line introduced by the patient’s la-
bored breathing. Cardiac isoenzymes
were obtained on admission to the
emergency department and at 4-hour
intervals until 3 samples had been
sent for analysis.

The patient received treatment
directed at his DKA with intrave-
nous (IV) fluid administration and an
IV insulin infusion. The initial tropo-
nin (cardiac troponin I [¢Tnl]) was
20.1 ng/mlL, followed by 14.1 ng/mL
and 8.0 ng/mL (RR, 0.000-0.034 ng/mL).

prescription. An echocardiogram
prior to discharge was normal.

DISCUSSION

About 2% to 8% of all hospital ad-
missions for patients with diabe-
tes are for the treatment of DKA.?
Myocardial infarction has been rec-
ognized in association with this dia-
betic emergency in about 1% of DKA
cases.! Acute MI and congestive heart
failure are responsible for 28% of the
deaths in DKA.* It is, therefore, im-
perative that the clinicians consider
MI in the adult patient with diabetes
who presents with DKA.

To be successful in recognizing
MI in the context of DKA, a clini-
cian must be aware that the severe
metabolic abnormalities and stress
of the illness can affect the cardiac
electrophysiology and rhythm as
well as the cardiac biomarkers.”
These parameters have increased
significance in recognizing an ac-

tual MI in DKA, because myocardial
injury can be clinically silent in pa-
tients with DM.”

An EKG is typically included
in the initial baseline data of most
adult patients with DKA who are
admitted to the special care units
to determine the effects of volume
depletion and electrolyte abnor-
malities on the cardiovascular sys-
tem. Usually this tracing is normal.
However, it is often the first test to
suggest myocardial ischemia in the
patient admitted with DKA. It has
long been known that hyperkale-
mia can have a significant effect on
myocardial conduction and repolar-
ization that may be reflected on the
EKG. In some cases, the changes
induced by hyperkalemia mimic
MI with ST-segment elevation. This
occurrence is well described in the
medical literature as a pseudoinfarc-
tion pattern.® Since the serum po-
tassium is > 6.0 mmol/L in 20% to
30% of patients with DKA, ample
opportunity exists for the clinician
to encounter this EKG change.”!!
However, hyperkalemia may not be
the only explanation for the pseu-
doinfarction pattern seen in patients
with DKA, since the phenomenon
has also been witnessed in patients
with DKA without elevated serum
potassium levels.!? In this situation,
ST-segment changes have been at-
tributed to other mechanisms, such
as anoxia, severe acidosis, and coro-
nary artery spasm.®

The recognition of an abnor-
mal cardiac rhythm or electrical
forces on the initial EKG will likely
prompt the clinician to check the
patient’s cardiac biomarkers, espe-
cially ¢cTnl. In the correct context,
an elevated troponin is part of the
defining criteria for acute M1.? In
most reports of the pseudoinfarc-
tion pattern occurring in DKA, the
cardiac biomarkers have remained
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within the accepted range of nor-
mal, helping the clinician attribute
the aberrant conduction to the se-
vere metabolic abnormalities asso-
ciated with the diabetic emergency
rather than to myocardial injury.
Likewise, serial EKGs done during
successful treatment of the ketoac-
idosis and hyperkalemia typically
show rapid resolution toward nor-
mal. The EKG often returns to base-
line within 12 hours.

The new methods of measuring
cTnl, however, have a high-sensi-
tivity and allow for the detection
of very minor damages of the heart
muscle.” As the use of ¢Tnl mea-
surement has expanded in clinical
practice, it has been realized that
noncoronary diseases may also in-
jure myocytes and result in eleva-
tion of this biomarker.'* Within the
last decade, there have been reports
of increased c¢Tnl in patients with
DKA.">* Diabetic ketoacidosis must
now be included in the list of con-
ditions other than acute MI that
may cause an elevated c¢Tnl.'® The
mechanism of myocardial necrosis
secondary to metabolic derange-
ments is still unclear and is likely
multifactorial. Those patients with
a noncoronary elevation of ¢cTnl in
the context of DKA are believed to
experience a nonspecific myonecro-
sis without permanent changes in
their cardiac function as determined
by echocardiography. There is ob-
servational evidence suggesting that
the myocardial injury is due to the
severe acidosis inherent in DKA."
In one study, the serum cTnl levels
correlated inversely with the blood
pH on admission."

Few reports in the medical litera-
ture described patients with DKA
who had both elevated myocardial
biomarkers and initial EKG changes
compatible with myocardial isch-
emia.!%!” However, the occurrence

of elevated cTnl levels in patients
with DKA is likely more frequent
than previously recognized. In
a 2-year retrospective study, 26 of
96 patients with DKA who had ¢Tnl
measured had elevated levels.!® In
a prospective study of adult pa-
tients with diabetes at another cen-
ter, 4 of 40 patients presenting with
DKA had an increase in ¢Tnl.” In
both series, the patients with posi-
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doinfarction pattern during this in-
terval. Pretest probability that an
elevated serum cTnl in the setting
of DKA reflects active CAD may be
aided by the observation that the de-
gree of elevation of the serum cTnl
seems to have an inverse relation-
ship to the admission pH." Finding
an elevated cTnl in a patient with
DKA with only mild acidosis would
suggest an alternate explanation. In

Diabetic ketoacidosis must now be included in
the list of conditions other than acute MI that may

cause an elevated cTnl.'°

tive troponins had no identifiable
macrovascular coronary disease or
myocardial dysfunction. Whether
the cTnl elevation observed in some
cases of DKA was due to demand
ischemia, enzyme leak due to tachy-
cardia, myocardial cell injury from
acidosis or electrolyte imbalance,
or microvascular diseases is not
known.

The clinical relevance of the pres-
ence of cTnl in ketoacidosis has not
been examined in a large scale study
over a prolonged period of time.
However, when patients with DKA
who have positive cTnl were followed
over a 2-year period, the presence
of an elevated cTnl on admission
seemed to identify a subset of patients
with diabetes that is at high risk for
future CEs and mortality.'®

CONCLUSION

Although acute MI is known to occur
with DKA, it may be difficult to rec-
ognize. There are limitations of both
the EKG and cTnl measurement in
the setting of DKA as aides in the
decision-making process. The clini-
cian should perform serial EKGs and
cardiac enzyme tests during the first
12 hours of treatment. The EKG is
expected to resolve from its pseu-

essence, this sensitive biomarker is
less helpful in ruling in a MI in this
setting, yet remains a useful tool in
ruling out an acute coronary syn-
drome. Invasive action to investigate
the coronary arteries when both the
EKG and c¢Tnl are abnormal in a pa-
tient with diabetes with DKA should
be tempered by the observation that
both may quickly return to normal
with effective treatment of the dia-
betic emergency.>* @
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