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levated serum troponin clearly does not equal myocar-

dial infarction (MI). This was the strong message in the

2018 publication of the Fourth Universal Definition of

Myocardial Infarction' (4UDMI), the first update to the
international consensus document since 2012.

Most clinicians have learned how to accurately diagnose the
classic Type 1 MI (T1MI) due to atherosclerotic plaque rupture;
however, elevated troponin in the absence of TIMI is increas-
ingly common due to more frequent and less discriminate tro-
ponin testing.? Patients with elevated troponin in the absence
of TIMI have traditionally created confusion and variability in
diagnosis, management, and documentation. Interpretation
and management of elevated troponin in the absence of T1MI
has become difficult.

In this clinical practice update, we aim to review the updat-
ed definition of Type 2 MI (T2MI) and nonischemic myocardial
injury (NIMI), since these are the two predominant diagnoses
among patients with elevated troponin in the absence of TIMI.
We also provide a clinical framework for clinicians to think
through elevated serum cardiac troponin levels and identify
opportunities for quality improvement around this critical issue.

DEFINITIONS OF MYOCARDIAL INJURY

The presence of an elevated serum troponin level is a critical
component in determining the presence of cardiac myocyte
injury and possible infarction. Myocardial injury is defined as
the presence of serum troponin above the 99th percentile of
the upper reference limit (URL), the absolute value of which
varies by assay and which applies to traditional and highly sen-
sitive subtypes. Myocardial injury can be confusing to assess,
as it can be acute or chronic.

When troponin levels are elevated but stable, this is in-
dicative of chronic (usually nonischemic) myocardial injury,
as seen, for example, in patients who have end-stage renal
disease. The presence of acute injury requires a change in
the troponin value—specifically a rise and/or fall in troponin
levels with serial measurements. What constitutes a signifi-
cant “rise and/or fall” is a matter of some debate and is not
precisely defined in the 4UDMI. The percent change in the
troponin value over time (relative delta) is listed as part of
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the criteria for acute injury when the change is greater than
or equal to 20%;' however, clinicians should be aware that
absolute delta in troponin (the change in ng/dL) has better
performance characteristics® in diagnosing acute myocardial
injury. Regardless of whether clinicians use relative or abso-
lute changes in the serum troponin level, clinical evaluation
of patients with acute injury is critical to establishing whether
the injury is ischemic (MI) or nonischemic (NIMI). The pres-
ence of at least one of the following is necessary to meet
the current criteria for myocardial ischemia according to the
fourth universal definition: new ischemic symptoms (eg, chest
pain, dyspnea, etc.), new ischemic changes in the patient's
electrocardiogram (eg, new ST segment depression in leads
I, Il and aVF), or cardiac imaging changes consistent with
ischemic injury (eg, new wall motion abnormality in the inferi-
or wall on echocardiography).

Following diagnosis of Ml based on elevated troponin and
new symptoms or signs, the cause of Ml should then be deter-
mined. Type 1 Ml remains defined as Ml caused by atheroscle-
rotic plaque disruption in a patient with coronary artery disease
(CAD). Type 2 Ml is not caused by plaque disruption but is due
to a mismatch between oxygen supply and demand unrelated
to acute atherothrombosis. T2Ml is an ischemic myocardial in-
jury traceable to some other illness that leads to inadequate
myocyte oxygenation. Causes of T2MI are numerous, can over-
lap with nonischemic injury, and can include severe anemia,
septic shock, rapid atrial fibrillation, and coronary dissection.
While CAD may be present in patients with T2MI, it is not a
requirement, and an increased demand for, or reduced supply
of, myocyte oxygen alone can be sufficient to cause M.

In the absence of clinical signs or symptoms of cardiac isch-
emia, clinicians should categorize patients as having a nonisch-
emic myocardial injury. There is significant overlap between
causes of T2MI and NIMI, for example, sepsis could cause
either T2MI or NIMI. What distinguishes these two entities is
whether the signs and symptoms for myocardial ischemia as
outlined above are present. If these signs or symptoms are
present, the diagnosis is T2MI. If no clinical signs or symptoms
of ischemia are present, the diagnosis is NIMI. The assessment
of the clinician, using all available clinical information, is pivot-
al. The characteristics of the three major types of myocardial
injury are depicted in the Figure.

CLINICAL PRACTICE UPDATE

Proper distinction between infarction or injury without infarction
is central to proper evaluation, treatment, and eventual docu-
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Type 1
Myocardial
Infarction

Symptoms: Yes

Etiology: Acute plaque
rupture

CAD: Present

(eg, sepsis)

Treatment: GDMT with
coronary angiography
patient risk.

Myocardial Injury: Troponin >99th URL
Acute Injury: 220% rise and/or fall in troponin.
Chronic Injury: <20% rise and/or fall in troponin.

Type 2 Myocardial
Infarction

Symptoms: Yes

Etiology: oxygen
supply/demand mismatch

CAD: may or may not be
present, evaluate for

Treatment: resolve
underlying cause, consider
future cardiac evaluation

Non-Ischemic
Myocardial Injury
Symptoms: No

Etiology: Variable (eg,
myocarditis)

CAD: may or may not
be present, evaluate
for patient risk.

Treatment: resolve
underlying cause,
consider future

cardiac evaluation

FIG. Differing Characteristics of Common Causes of Myocardial Injury. Components Directly Requiring the Provider’s Clinical Judgment are in ltalics.

Abbreviations: CAD, coronary artery disease; GDMT, guideline directed medical therapy; URL, upper reference limit.

mentation in patients with elevated troponin levels. In the case
of T2MI and NIMI, identifying what underlying illness is causing
the troponin elevation is essential for acute management.

Evaluation

Troponin elevation is associated with an elevated risk for
major adverse cardiovascular events, regardless of etiology.*
While patients with suspected TIMI are most often evaluated
by coronary angiography, this may not be necessary for pa-
tients with T2MI or NIMI. Developing an evaluation strategy
for patients with T2MI or NIMI requires understanding the un-
derlying etiology of myocardial injury. In patients with septic
shock for example, there are many potential mechanisms for
cardiac myocyte injury, many of which are nonischemic (eg, cy-
tokine-mediated).® Prompt evaluation and treatment of septic
shock, therefore, often leads to resolution of cardiac dysfunc-
tion, and ischemic evaluation may not be necessary. In many
cases of T2MI or NIMI, waiting for an acute underlying illness
to resolve is necessary before deciding whether ischemic
evaluation is appropriate. It is important that this decision is
deferred but not forgotten though as patients with T2MI or
NIMI may benefit from further cardiac evaluation. There are no
society recommendations and minimal evidence to guide this
evaluation, but clinical trials testing different evaluation strat-
egies are underway.” Until an optimal evidence-based evalua-
tion strategy becomes clear, clinicians should focus on two key
principles: first, determine and treat the underlying etiology;
second, identify patients with traditional risk factors for CAD
and consider further evaluation with either coronary angiogra-
phy or cardiac imaging. Referral to a cardiologist for assistance
with the latter issue, especially for challenging or equivocal
cases, is encouraged.
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Treatment

While T1MI therapies have a strong evidence base with high
rates of appropriate treatment, there are relatively few evi-
dence-based therapies for T2MI and NIMI. The benefits of tra-
ditional T1MI therapies should be considered in terms of each
therapy’s risk-benefit profile. Among patients with T2MI or NIMI
in whom atherosclerotic plaque rupture is unlikely, or in whom
bleeding risk is high, antithrombotic agents such as unfraction-
ated heparin and dual antiplatelet therapy represent low value
and potentially harmful therapies.®? Conversely, patients with
multiple risk factors for CAD may benefit from low-risk guide-
line directed medical therapies such as HMGCoA reductase in-
hibitors (ie, “statins”). Recent data suggest that lipid-lowering
therapies may even be beneficial for preventing T2MI.?

Given the lack of evidence for therapies to treat patients
with T2MI or NIMI, clinical judgment remains central to creat-
ing an optimal management plan. Clinicians should consider
consultation with a cardiologist any time there is ambiguity
in whether the diagnosis is TIMI or T2MI. For example, post-
operative patients represent a particularly challenging clinical
scenario due to the difficulty of assessing ischemic signs and
symptoms in the operating room. In this setting, early evalua-
tion by a cardiologist has been shown to improve outcomes.™

Documentation

Documentation of non-ST elevation MI (NSTEMI) for every
case of elevated troponin, rather than using the more specific
T1MI, T2MI, or NIMI terminology, can have adverse conse-
quences for health systems. From a coding perspective, the
terms STEMI and NSTEMI mean T1MI, and the ICD-10 codes
used to identify T1IMI patients for value-focused programs
frequently include patients with T2MI and NIMI due to impre-
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cise documentation." When T2MI and NIMI are imprecisely
documented as NSTEMI, health systems and clinicians are
held to the T1MI care standards. This can negatively skew
the performance of a health system or individual clinician
because T2MI and NIMI patients have worse outcomes than
T1MI patients.* Inaccurate categorization of patients can lead
to inaccurate quality and registry reporting, which may hinder
the ability of health systems to monitor and implement qual-
ity improvement programs for Ml patients. The distinction
between T1MI and T2MI in documentation is all the more
important now that a new ICD-10 code exists for T2MI (121.
A1), which allows clinicians to more precisely identify these
patients, both clinically and administratively, as distinct from
TIMI patients.'? While there is no similarly specific ICD-10
code for NIMI, using the appropriate terminology in docu-
mentation should prompt coding personnel to use a code
for “other abnormal findings of blood chemistry,” reflecting
cardiac biomarker elevation (R79.89), rather than using one of
the T1MI codes. Clinicians may not be able to determine the
etiology of troponin elevation in the initial phase of a hospi-
talization, but a definitive diagnosis should be documented
in the discharge summary.

From the patient perspective, documentation using STEMI
and NSTEMI can mislead clinicians, given that this terminolo-
gy does not specify the underlying cause (ie, plague rupture
or oxygen supply-demand mismatch), potentially leading to
delayed initiation of appropriate therapy. Incorrect documen-
tation, using STEMI/NSTEMI language or incorrectly labeling
T2MI and NIMI, may lead patients to believe they have had
a heart attack when they had myocardial injury instead. This
may lead to unnecessary anxiety and change their interac-
tions with the health system. These patients may be started
on unnecessary therapies, have inaccurate preoperative eval-
uations, and be labeled with a preexisting condition for the
rest of their lives.

Opportunities for Quality Improvement

Systems-based quality improvement can help to ensure that
patients with NIMI and T2MI are labeled appropriately and
receive the proper treatment. Clinical education is the corner-
stone of such efforts. Hospital medicine practitioners looking
for support in understanding this issue might first partner with
cardiology colleagues who may already have training materials
available. Billing and coding personnel stand to benefit from
greater orientation to this topic considering the complexities
and errors in the coding of MI. In an attempt to help nonclinical
coding personnel, leaders in the American College of Cardi-
ology have advocated for use of the term “non-Ml troponin
elevation” (NMITE)" to describe NIMI patients. Finally, we see
an important role for EHR-embedded decision support tools
to facilitate appropriate documentation and management of
patients with elevated troponin. A potential care pathway, for
example, could be created in partnership between hospital
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medicine and cardiology providers to identify which patients
would benefit from cardiologist consultation.

CONCLUSIONS

Understanding the definitions of T1MI, T2MI, and NIMI will
help clinicians to better identify the appropriate clinical care
and consultation strategy for patients with elevated cardiac
troponin. There are relatively few published quality improve-
ment initiatives to help guide clinicians through these nuanced
distinctions, but there is great potential in such approaches to
help clinicians provide the highest value care possible.
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