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The expanded ability to detect myocardial injury using very sensi-
tive and specific biomarker assays has been a major factor in the
evolution of the definition of acute myocardial infarction (Ml).
This is clearly evident in the ‘Universal Definition of Myocardial
Infarction’” recently developed by a joint task force of experts on
behalf of the ESC, ACCF, AHA, and WHF (European Society of
Cardiology, American College of Cardiology Foundation, Ameri-
can Heart Association, and World Heart Federation).1 In a clinical
setting consistent with myocardial ischaemia, criteria are presented
for defining acute Ml that include a rise and/or fall in cardiac bio-
markers together with symptoms of ischaemia, and/or appropriate
ECG changes, and/or imaging evidence of a new regional wall
motion abnormality or loss of myocardium. The task force devel-
oped a clinical classification of different types of Ml that can be
briefly summarized as:

TYPE 1: Ml due to a spontaneous coronary atherosclerotic event.

TYPE 2: Ml secondary to ischaemia, but not related to coronary
atherosclerosis.

TYPE 3: Sudden death with symptoms or signs of ischaemia (not
requiring elevated biomarker confirmation).

TYPE 4: Ml associated with percutaneous coronary intervention
(Subtype 4a), or stent thrombosis (Subtype 4b).

TYPE 5: Ml associated with coronary bypass surgery.

This multi-component scheme appears to add complexity in an
area that can be quite confounding because of the multiple
terms used to describe myocardial ischaemia/infarction in all of
its various manifestations. This includes differentiating myocardial

damage associated with ST elevation (STEMI) from that occurring
without ST elevation (non-STEMI). Patients with a sudden change
in cardiac status are often admitted to the hospital with a
diagnosis of acute coronary syndrome (ACS), but ACS is not
included in the ICD-9-CM codes.? Intermediate coronary
syndrome (code 411.1), which includes impending infarction,
preinfarction angina, or unstable angina, can be used as a substi-
tute for ACS.

How the new definitions of Ml become incorporated into future
revisions of the ICD codes remains to be determined. Meanwhile,
understanding the basis for this classification can help physicians
struggling to assess clinical data and develop appropriate diagnoses
for cardiac patients. A key concept incorporated into this scheme
is that cardiac biomarkers must be interpreted in clinical context.
This can be illustrated by considering a case example involving
the common problem of interpreting cardiac biomarkers in
patients hospitalized for serious non-cardiac diseases.

Our example patient was admitted to the medical intensive care
unit with shortness of breath due to acute pneumonia complicating
severe chronic obstructive pulmonary disease (COPD). A transient
elevation of troponin to a level three times the upper limits of
normal occurred following a period of hypotension and hypoxia
while he was septic. He had constant diffuse chest pains since he
first felt ill, and his ECG showed atrial fibrillation with lateral
T wave inversion, unchanged from prior ECGs. His shortness of
breath was attributed to his pulmonary disease, and no coronary
intervention performed. He recovered to where he could be dis-
charged, and further cardiac evaluation was deferred to the
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discretion of his primary care provider following further recovery
from his acute illness. The problem is how best to describe the
episode for purposes of documentation and subsequent follow-up.

There is no ICD-9 code to document myocardial injury (as evi-
denced by transient elevations in cardiac biomarkers) that occurs
because of severe extra-cardiac problems such as sepsis, but
according to the new Universal Definition of MI, this can be
called a TYPE 2 MI. Having this diagnosis available is a definitive
improvement compared with the 2000 ESC/ACC consensus on
redefinition of MI.> The 2000 document stated that ‘any amount
of myocardial necrosis caused by ischaemia should be labeled as
MP. This statement implied that a typical rise and fall of troponin
alone was adequate to make the diagnosis of acute, evolving, or
recent Ml. In the final (2000) summary, it was stated that the
rise and fall in biomarkers should be accompanied by at least
one additional finding (symptoms, ECG changes, or imaging find-
ings as noted above). However, this inconsistency left an open
question as to when a transient biomarker elevation such as that
just described constitutes an Ml, and what to label it if it is not
an M.

In this patient, TYPE 2 Ml would be a ‘working diagnosis’, as a
coronary lesion was not totally excluded. This lack of certainty is
often a source of discomfort when caring for ICU patients with
troponin elevation in association with concomitant disease. We
are not totally comfortable using symptoms as a major guide in
patients who are intubated, or sedated, or under the
intra-operative or post-operative effects of anaesthesia. We
know that ECG changes can be transient and can be missed
when observation is limited to a monitoring lead, or in the pre-
sence of significant baseline abnormalities such as a paced ventricu-
lar rhythm, left bundle branch block, or pre-existing ST-T
abnormalities. We know that severe stress alone can cause bio-
marker release, but are also concerned about missing a significant
coronary event. Moreover, ICU patients with severe non-cardiac
problems often have relative contra-indications to anticoagulants,
or cardiac catheterization and intervention. Non-invasive evalu-
ation can also be limited in such patients, and even if cardiac cathe-
terization is performed, coronary angiography cannot always
differentiate whether or not the episode involved an acute coron-
ary event or represented injury induced in the presence of signifi-
cant but stable underlying coronary disease.* Finally, it is entirely
possible that both can be occurring at the same time, with the mul-
tiple stresses and pro-coagulants present in a severely ill patient
causing acute progression of coronary lesions (TYPE 1) concomi-
tant with cell damage from hypoxia or hypo-perfusion of non-
coronary aetiology (TYPE 2).

Despite these problems in clinical decision-making and patient
management, this case illustrates the advantages to having the diag-
nosis of TYPE 2 Ml available. In discussing the Universal Definition
for Ml, the joint commission discussed the importance of also
defining the extent or severity of the MI. Based on the relatively
small rise in troponin and non-specific abnormalities on ECG,
the amount of cardiac damage in this patient was felt to be
small, and additional imaging studies to confirm that assessment
were deferred. But the term TYPE 2 Ml is still applicable, even
though we may qualify the diagnosis using appropriate modifiers
(such as possible or probable) with the recognition that the

diagnosis may be confirmed, excluded, or further refined, depend-
ing on further studies.

The Diagnosis of TYPE 2 Ml is advantageous not only for docu-
mentation purposes, but can also assist in quality review programs.
Criteria for optimal care of acute Ml often include measures such
as time from onset of symptoms to first medical contact, time to
first ECG, time from initial diagnosis to cardiac consultation, or
time from diagnosis to lytic therapy, arrival in the catheterization
lab, or reperfusion. Such measures are meaningless in patients
such as the one presented here, and using an alternate diagnosis
will prevent misclassification of the event.

An additional advantage of the new terminology should be rea-
lized in epidemiological applications. Biomarkers are often used to
help predict prognosis, and most prognostic tools to predict long-
term outcome post-Ml focus on indices of acute myocardial
damage, combined with presence/absence of well-established risk
factors. In cases of TYPE 2 MI, the prognosis is most likely
altered significantly by the nature and severity of the illness preci-
pitating the biomarker elevation. As such, how biomarker data are
used in prognostic algorithms will likely differ for TYPE 1 com-
pared with TYPE 2 M, and a clear distinction is needed.

When making the diagnosis of TYPE 2 MI, the extreme sensi-
tivity of troponin for detecting myocardial injury/infarction makes
it imperative to place all results in clinical perspective. It is well
recognized that troponin levels can be abnormal in the absence
of symptoms, ECG changes, or any gross evidence of myocardial
dysfunction or subsequent damage. Indeed, transient troponin
elevations into the abnormal range can be detected in approxi-
mately one-quarter>® to one-third”® of athletes at the end of a
marathon, with no evident functional consequences.8 However,
unlike in the healthy athlete, even when biomarker elevations in
seriously ill patients are relatively small, they cannot be ignored.
Elevated troponin values can identify critically ill patients with a
worse prognosis,”~'® and this finding extends to vascular surgery
patients who have perioperative troponin elevations.'* Indeed,
prognosis may be worse for patients having troponin elevation
without other evidence of M| compared with those with
TYPE 1 ML

Assessing troponin elevations in sick patients can also be com-
plicated because chronic, low-level elevations in troponin have
been documented in stable patients with renal failure, heart
failure, left ventricular hypertrophy, and diabetes mellitus,”® and
the list of causes of elevated troponin appears to be growing.'”
These diagnoses are common in intensive care units, and it is
clear that a single elevated troponin requires a comparison to
baseline, with follow-up to determine its relative stability.

Multiple advantages of using the diagnosis of TYPE 2 Ml are
evident, but are the diagnostic criteria optimal? TYPE 2 Ml fits as
a diagnosis for our example patient because the troponin elevation
was felt to be due to the episode of hypoxia and hypotension,
rather than a new plaque rupture/erosion/dissection/ or fissuring
(TYPE 1 Ml). Unfortunately, TYPE 2 is not specific to non-coronary
myocardial injury, because it also includes Ml caused by coronary
spasm or embolism. Although not related to atherosclerotic
plaque, both spasm and embolism are coronary events and have
more in common with a ruptured plaque than with myocardial
injury induced by hypoxia, hypotension, myocarditis, etc. It
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would appear of primary importance to differentiate a new
coronary event from a non-coronary source of myocardial
damage, especially when assessing the need for urgent therapy
or intervention. In our case, for example, the atrial fibrillation
provides a potential source of emboli. If a new coronary occlusion
is strongly suspected, it would be quite difficult to know whether it
is thrombotic or embolic in origin, even by coronary angiography.
The indications for anticoagulation and/or invasive intervention
would likely be similar in either case, but not necessarily so if
hypotension and hypoxia were the culprit.

The non-descriptive nature of the term TYPE 2 Ml is also of
concern. Biomarker release from the heart in the absence of a
new coronary event has been recognized for some time. The
ACC/AHA guidelines for management of unstable angina/
non-ST-elevation Ml used ‘secondary UA’ to describe enzyme
elevation precipitated by a condition extrinsic to the coronary
arterial bed. Since angina may not be present, this appears to be
a less desirable alternative. ‘Non-specific troponin elevation’ and

‘non-thrombotic troponin elevation’

as well as ‘troponin leak’
have also been used. The terms ‘concomitant myocardial injury’
and ‘troponin positive non-ACS’ are additional possibilities. We
would prefer the term ‘secondary myocardial injury’ because
there is usually an obvious illness or acute event related to the
cardiac injury.

A descriptive term such as ‘secondary MI" would have several
advantages over TYPE 2 MI. New, clinically relevant, myocardial
dysfunction is often not evident, and the term secondary myocar-
dial injury does not imply significant scarring as does the term MI.
Thus, our COPD/pneumonia patient need not be told he had a
‘heart attack’ as a complication of his pneumonia. Rather, he
could be told that his blood tests indicated his heart was under
severe stress when he was sick, and (if clinically indicated)
follow-up tests may be warranted. In essence, the findings could
be treated as a positive cardiac stress test.

Adopting a descriptive approach to the new diagnostic scheme
might also help in describing the other proposed categories of M.
As noted by the task force, problems exist when interpreting tro-
ponin elevations in other specific clinical settings apart from those
patients acutely ill from non-cardiac diseases. Surgical patients
undergoing cardiopulmonary bypass, or patients having elective
percutaneous coronary intervention (PCl) can have some bio-
marker elevation even with a very successful procedure. For
example, due to micro-emboli in the case of PCl, or direct
needle damage to myocardium in the case of coronary artery
bypass grafting (CABG). But damage (usually more severe) can
also occur due to dissection of a coronary artery (PCl), graft
occlusion (CABG), or other coronary event. As such, criteria
are needed to differentiate between relative minor injuries that
could be expected even with a successful procedure, from
damage indicative of what should clearly be considered an unde-
sirable complication of the procedure (Ml).

In keeping with this reasoning, interventional cardiologists have
opted to use the less sensitive CK-MB to define MI post-PCI.
They define an Ml as a complication of PCI when CK-MB increases
three or more times normal.’® The task force has recommended
(by arbitrary convention) that PCl-related Ml (TYPE 4a) be
defined by a biomarker elevation greater than three times its

99th URL, assuming a normal baseline value going into the pro-
cedure. They do not say which biomarker need be used to meet
these criteria.

In either the case of PCl or CABG, the important differentiation
is to distinguish an event severe enough to be considered as a com-
plication, from relatively minor (expected) injury related to the
procedure. If criteria appropriate for the clinical setting do not
qualify for diagnosing MI, small abnormalities in cardiac biomarkers
can be ignored. However, if criteria for Ml are exceeded it could
simply be termed ‘PCl complicated by MI, or ‘CABG complicated
by MI" without the need for using specific subtype letters or
numbers. If the problems of diagnosing patients who have suffered
sudden death are considered a separate issue, this would greatly
simplify incorporation of the new diagnostic scheme into ICD-9
codes.

The preferred terminology may require further debate, but the
new scheme for the definition of Ml provides an improved frame-
work for assessing and documenting coronary ischaemia/infarct.
No matter how the ICD-9 codes evolve, it makes clinical sense
to clearly differentiate between troponin elevations that are
chronic, vs. transient elevations associated with acute coronary
events, vs. transient elevations associated with other myocardial
stresses.

Making these distinctions clear may also help in our quest for
ever improving therapy. Troponin elevations are quite common
in intensive care unit patients such as the one presented
above.'07 131920 The in-hospital complication rates for patients
hospitalized for ACS are high,”! and patients who suffer acute MI
during hospitalization for other problems differ substantially in
their clinical course and outcomes compared with those who
present initially with an acute coronary syndrome.”? The ACC/
AHA guidelines for the management of patients with unstable
angina/non-ST-elevation M2 promote an aggressive approach
for treatment of non-ST elevation MI, but no recommendations
are made for assessment and treatment of TYPE2 MI. This leaves
the optimal treatment strategy for such patients quite uncertain.
By providing a specific new diagnosis, it may be possible to
encourage further research on how best to manage these patients,
and perhaps help determine whether a troponin level should be

measured in the first place.”*

Funding

Funding to pay the Open Access publication charges for this article
was provided by The Minnesota Veterans Research Institute.

Conflict of interest: none declared.

References

1. Thygesen K, Alpert JS, White HD, Jaffe AS, Apple FS, Galvani M, Katus HA,
Newby LK, Ravkilde ], Chaitman B, Clemmensen PM, Dellborg M, Hod H,
Porela P, Underwood R, Bax J], Beller GA, Bonow R, Van der Wall EE,
Bassand JP, Wijns W, Ferguson TB, Steg PG, Uretsky BF, Willams DO,
Armstrong PW, Antman EM, Fox KA, Hamm CW, Ohman EM, Simoons ML,
Poole-Wilson PA, Gurfinkel EP, Lopez-Sendon JL, Pais P, Mendis S, Zhu JR,
Wallentin LC, Fernandez-Aviles F, Fox KM, Parkhomenko AN, Priori SG,
Tendera M, Voipio-Pulkki LM, Vahanian A, Camm AJ, De Caterina R, Dean V,
Dickstein K, Filippatos G, Funck-Brentano C, Hellemans |, Kristensen SD,
McGregor K, Sechtem U, Silber S, Widimsky P, Zamorano JL, Morais |,
Brener S, Harrington R, Morrow D, Lim M, Martinez-Rios MA, Steinhubl S,



138

G.L. Pierpont and E.O. McFalls

4.

11.

12.

13.

14.

Levine GN, Gibler WB, Goff D, Tubaro M, Dudek D, Al-Attar N. Universal
definition of myocardial infarction. Circulation 2007;116:2634—-2653.

. The ICD-9-CM Coordinating and Maintenance Committee. 2007 Physician’s

Professional ICD-9-CM International Classification of Diseases. Salt Lake City: The
Medical Management Institute; 2006.

. Alpert JS, Thygesen K, Antman E, Bassand JP. Myocardial infarction redefined—a

consensus document of The Joint European Society of Cardiology/American
College of Cardiology Committee for the redefinition of myocardial infarction.
J Am Coll Cardiol 2000;36:959—-969.

Blich M, Sebbag A, Attias ], Aronson D, Markiewicz W. Cardiac troponin |
elevation in hospitalized patients without acute coronary syndromes. Am |
Cardiol 2008;101:1384-1388.

. Saenz AJ, Lee-Lewandrowski E, Wood M), Neilan TG, Siegel A, Januzzi JL,

Lewandrowski KB. Measurement of a plasma stroke biomarker panel and
cardiac troponin T in marathon runners before and after the 2005 Boston mara-
thon. Am J Clin Pathol 2006;126:185-189.

. Siegel A, Sholar M, Yang J, Dhanak E, Lewandrowski KB. Elevated serum cardiac

markers in asymptomatic marathon runners after competition: is the myocardium
stunned? Cardiology 1997,88:487-491.

. Herrmann M, Scharhag J, Miclea M, Urhausen A, Herrmann W, Kindermann W.

Post-race kinetics of cardiac troponin T and | and N-terminal pro-brain natriuretic
peptide in marathon runners. Clin Chem 2003;49:831-834.

. Whyte G, George K, Shave R, Dawson E, Stephenson C, Edwards B, Gaze D,

Oxborough D, Forster J, Simspon R. Impact of marathon running on cardiac
structure and function in recreational runners. Clin Sci (Lond) 2005;108:73—80.

. Ammann P, Maggiorini M, Bertel O, Haenseler E, Joller-Jemelka HI, Oechslin E,

Minder El, Rickli H, Fehr T. Troponin as a risk factor for mortality in critically
ill patients without acute coronary syndromes. | Am Coll Cardiol 2003;41:
2004-2009.

. Guest TM, Ramanathan AV, Tuteur PG, Schechtman KB, Ladenson JH, Jaffe AS.

Myocardial injury in critically ill patients. A frequently unrecognized complication.
JAMA 1995;273:1945-1949.

King DA, Codish S, Novack V, Barski L, Almog Y. The role of cardiac troponin | as
a prognosticator in critically ill medical patients: a prospective observational
cohort study. Crit Care 2005;9:R390—R395.

Landesberg G, Vesselov Y, Einav S, Goodman S, Sprung CL, Weissman C.
Myocardial ischemia, cardiac troponin, and long-term survival of high-cardiac
risk critically ill intensive care unit patients. Crit Care Med 2005;33:1281-1287.
Wu TT, Yuan A, Chen CY, Chen W, Luh KT, Kuo SH, Lin FY, Yang PC. Cardiac
troponin | levels are a risk factor for mortality and multiple organ failure in non-
cardiac critically ill patients and have an additive effect to the APACHE Il score in
outcome prediction. Shock 2004;22:95-101.

McFalls EO, Ward HB, Moritz TE, Apple FS, Goldman S, Pierpont G, Larsen GC,
Hattler B, Shunk K, Littooy F, Santilli S, Rapp ], Thottapurathu L, Krupski W,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Reda DJ, Henderson WG. Predictors and outcomes of a perioperative myocardial
infarction following elective vascular surgery in patients with documented
coronary artery disease: results of the CARP trial. Eur Heart | 2008;29:
394-401.

Alcalai R, Planer D, Culhaoglu A, Osman A, Pollak A, Lotan C. Acute coronary
syndrome vs nonspecific troponin elevation: clinical predictors and survival analy-
sis. Arch Intern Med 2007;167:276—-281.

Wallace TW, Abdullah SM, Drazner MH, Das SR, Khera A, McGuire DK, Wians F,
Sabatine MS, Morrow DA, de Lemos JA. Prevalence and determinants of troponin
T elevation in the general population. Circulation 2006;113:1958—-1965.
Makaryus AN, Makaryus MN, Hassid B. Falsely elevated cardiac troponin | levels.
Clin Cardiol 2007;30:92—-94.

Smith SC Jr, Dove T, Jacobs AK, Kennedy JW, Kereiakes D, Kern MJ, Kuntz RE,
Popma JJ, Schaff HV, Williams DO, Gibbons R|, Alpert JP, Eagle KA, Faxon DP,
Fuster V, Gardner TJ, Gregoratos G, Russell RO, Smith SC Jr. ACC/AHA guide-
lines of percutaneous coronary interventions (revision of the 1993 PTCA guide-
lines)—executive summary. A report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines (committee to
revise the 1993 guidelines for percutaneous transluminal coronary angioplasty).
J Am Coll Cardiol 2001;37:2215-2239.

Klein Gunnewiek JM, van de Leur JJ. Elevated troponin T concentrations in criti-
cally ill patients. Intensive Care Med 2003;29:2317-2322.

Lim W, Qushmaq I, Cook DJ, Crowther MA, Heels-Ansdell D, Devereaux P).
Elevated troponin and myocardial infarction in the intensive care unit: a prospec-
tive study. Crit Care 2005;9:R636—Ré644.

Mehta SR, Cannon CP, Fox KA, Wallentin L, Boden WE, Spacek R, Widimsky P,
McCullough PA, Hunt D, Braunwald E, Yusuf S. Routine vs selective invasive strat-
egies in patients with acute coronary syndromes: a collaborative meta-analysis of
randomized trials. JAMA 2005;293:2908—-2917.

Maynard C, Lowy E, Rumsfeld , Sales AE, Sun H, Kopjar B, Fleming B, Jesse RL,
Rusch R, Fihn SD. The prevalence and outcomes of in-hospital acute myocardial
infarction in the Department of Veterans Affairs Health System. Arch Intern Med
2006;166:1410—1416.

Anderson JL, Adams CD, Antman EM, Bridges CR, Califf RM, Casey DE Jr,
Chavey WE 2nd, Fesmire FM, Hochman S, Levin TN, Lincoff AM,
Peterson ED, Theroux P, Wenger NK, Wright RS, Smith SC Jr, Jacobs AK,
Adams CD, Anderson JL, Antman EM, Halperin JL, Hunt SA, Krumholz HM,
Kushner FG, Lytle BW, Nishimura R, Ornato JP, Page RL, Riegel B. ACC/AHA
2007 guidelines for the management of patients with unstable angina/
non-ST-elevation myocardial infarction—executive summary. A Report of the
American College of Cardiology/American Heart Association Task Force on
Practice Guidelines. | Am Coll Cardiol 2007;50:652—726.

Minkin R, Cotiga D, Noack S, Dobrescu A, Homel P, Shapiro JM. Use of admission
troponin in critically ill medical patients. | Intensive Care Med 2005;20:334—338.



