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Graphical Abstract

Central Illustration: The Potential Implications of Including Type 2 Myocardial Infarction in the
Hospital Readmission Reduction Program. Abbreviations: CABG= Coronary Artery Bypass
Grafting, COPD= Chronic Obstructive Pulmonary Disease, HF= Heart Failure, HRRP= Hospital
Readmissions Reduction Program, ICD: International Statistical Classification of Diseases and
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In 2012, the Centers for Medicare & Medicaid Services (CMS) launched the Hospital
Readmissions Reduction Program (HRRP) with the goal of reducing 30-day readmissions in
the Medicare population (1). The objective of the program is to reduce Medicare spending
by preventing avoidable repeat hospitalizations, and to improve the quality of post-acute
care. Acute myocardial infarction (Ml), a principal target of the program, is one of six
medical conditions included, contributing to a total of $528 million withheld from hospitals
under the HRRP in fiscal year 2017.

Acute Ml is a broad diagnosis, encompassing a diverse cohort of patients with varying
precipitating factors and causal mechanisms of cardiac injury. Recognizing this, in 2007, a
Task Force for the Redefinition of MI developed the Universal Definition of MI consensus
document, which introduced 5 subtypes of Ml (2); the most frequently encountered are type
1 MI (characterized by atherosclerotic processes such as plaque rupture, ulceration,
fissuring, erosion, or dissection resulting in coronary thrombosis) and type 2 MI (myocardial
necrosis resulting from a mismatch in myocardial oxygen supply-demand and occurring in
the absence of atherothrombosis including coronary artery embolism, vasospasm, and
spontaneous coronary artery dissection) (2).

Despite differences between type 1 and type 2 MI (Table 1), both are included under the
HRRP, and it is reasonable to suspect that readmission following type 2 Ml contributes a
substantial amount of penalty funds under the law. Few data are available to date, but at least
10% of all readmitted patients (cardiovascular and non-cardiovascular patients) that have
actually contributed to the HRRP penalty may have type 2 Ml (3). Until recently, it was not
possible to differentiate patients with type 1 and type 2 MI using administrative data due to
the absence of an International Statistical Classification of Diseases and Related Health
Problems (ICD) code for each subtype of MI. Data suggest approximately 90% of type 2 Ml
cases were not being coded (4). If coded correctly, cases of type 2 MI may actually
outnumber cases of type 1 Ml (4). However, in the absence of strict diagnostic criteria for
type 2 M, a diagnosis of type 2 Ml is subject to ambiguity.

Given differences in the ramifications of type 1 MI compared with type 2 M, in October
2017, an ICD code for type 2 MI was introduced for the first time. Patients who experience
type 2 Ml represent a heterogeneous cohort, with relatively higher mortality rates when
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compared with those with type 1 Ml (5,6). With the regulatory approval and imminent
introduction of high sensitivity troponin assays across the U.S., the prevalence of detectable
myocardial injury—including that from type 2 MIl—is expected to increase (7). In the
context of these nationwide changes, the potential uncertainties and implications of
including type 2 MI patients in the HRRP warrant consideration by clinicians and
policymakers (Central Illustration).

The Hospital Readmissions Reduction Program

Under the HRRP (1), hospitals must publicly report 30-day admission rates, which are then
compared to risk-standardized readmission rates; financial penalties are incurred if these
rates are exceeded (1). Financial penalties levied against hospitals were introduced on
October 1%, 2012, with penalties initially up to 1% of total Medicare reimbursement, and
rising up to 3% in subsequent years (1).

Type 2 Myocardial Infarction: Patient Characteristics and Prognosis

Patients who suffer type 2 M1 encompass a diverse cohort and are typically older with
greater medical complexity compared with patients with type 1 Ml (6,8). For example, these
patients have a higher prevalence of hypertension, hyperlipidemia, anemia, chronic kidney
disease, and prior stroke compared with patients with type 1 Ml (5). Type 2 MI more
commonly occurs in the context of hemodynamic instability, tachycardia, hypoxemic
respiratory failure, decompensated heart failure, and recent surgery. Significant coronary
artery disease is less prevalent in patients with type 2 Ml when compared with type 1 Ml
(55% versus 88%, P<0.001) (8).

The post-discharge prognosis of patients with type 2 Ml is expectedly poor. In a large
retrospective study by Chapman and colleagues of 2,122 patients with an elevated troponin
level, all-cause mortality was higher in patients with type 2 MI (63%) than in patients with
type 1 Ml (37%) at 5 years (5). Excess deaths in those with type 2 MI were more often due
to non-cardiovascular causes compared with those with type 1 MI. The observed crude
major adverse cardiovascular events (MACE) rates were similar between groups (5).
Similarly, Sarkisian et al. reported type 2 MI patients had a mortality rate of 63% over a 3.2-
year follow-up period (9). In a prospective study, Gaggin and colleagues reported patients
with type 2 M1 had higher rates of subsequent adverse events than those without type 2 Ml
(per 100 person-years: MACE, 54 versus 21, P<0.001; all-cause death, 23 versus 3, P<0.001;
cardiovascular death, 18 versus 3, P<0.001; heart failure events, 22 versus 7, P<0.001) (6).

Few studies have examined readmission rates after type 2 MI, but those that have suggest
such readmissions are not insignificant. In 998 cases of type 2 Ml in the Calgary Health
Region, readmission rates were high: 14% at 30 days, and 35% at 1 year (10). Smilowitz et
al. examined the frequency of readmission after perioperative Ml in 8,085 patients included
in the 2015 U.S. Nationwide Readmission Database; many cases were suspected to be type 2
MI as revascularization rates were low (16%). The investigators found readmission rates
were high at 19%, with a median cost of hospital readmission of $9,893. Approximately
40% of readmissions were due to infectious or bleeding complications, and non-
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cardiovascular causes of rehospitalization outnumbered those due to cardiovascular reasons
(11). Similarly, examining 30-day readmissions after type 2 MI, Martin and colleagues
found that greater than a quarter of readmissions were due to infection and another quarter
due to non-cardiac chest pain (3).

A major challenge confronting clinicians managing patients with type 2 MI is ambiguity in
management options for affected patients. In stark contrast with type 1 MI, which has a clear
set of guideline-based recommendations for treatment, routine management of type 2 Ml
remains uncertain. Whether therapies known to reduce risk in type 1 Ml (such as antiplatelet
drugs, statins, beta-blockers, or coronary revascularization) have similar benefits for those
with type 2 M1 is poorly understood.

A Path Forward

Studies to understand optimal care of patients with type 2 Ml are greatly needed as these
patients are less likely to receive cardioprotective therapies when compared with those
experiencing type 1 MI (10), albeit, with the caveat that these medications are, thus far, of
unproven benefit in this cohort due to an absence of randomized clinical trials. It is plausible
that including the diagnosis of type 2 MI in the HRRP may encourage further research to
identify optimal treatment strategies that result in improving post-hospitalization
management. Nevertheless, we articulate concerns regarding the inclusion of type 2 Ml
under the HRRP:

1. The reported incidence of type 2 Ml is expected to increase for 2 reasons:
Prior to the introduction of a specific ICD 10 code, administrative coding of type
2 Ml was highly variable and often infrequent (4). Retrospective studies report
that type 2 MI patients made up 14-21% of ICD-coded MI cases (4,12).
However, approximately 90% of type 2 MI cases were not being coded (4).
Second, with widespread introduction of high sensitivity troponin assays in the
U.S., the detection of myocardial injury due to Ml as well as non-MI
mechanisms may increase. Without appropriate education, many patients with
myocardial injury driven by non-coronary mechanisms may be incorrectly
labelled as having a type 2 M1 (for which demonstrable ischemia is a
prerequisite). Given the current penalization implications, it is crucial that
physicians and those involved in diagnostic coding differentiate type 1 and 2 Ml
from myocardial injury.

2. Targeting readmissions related to type 2 MI may not necessarily improve
global processes of care and clinical outcomes: Early analyses of the
performance of HRRP has demonstrated a reduction in readmission rates among
MI patients, but this did not correlate with improvements in quality of care or
long-term outcomes (13). By incentivizing readmission reduction, necessary
readmissions in more complex patients with type 2 MI may be inappropriately
avoided.

3. Inclusion of type 2 MI in HRRP has the potential to further worsen penalty
inequalities influencing safety-net hospitals (13), and may discourage access
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and care of certain low income or minority populations: Older patients with
high comorbid burden at risk for type 2 MI may more frequently present to these
hospital systems, which disproportionately bear financial penalties in the current
system.

4. Expected risk of readmission after type 2 MI may be underestimated:
During the period when the risk standardized 30-day readmission rates for acute
MI were adjudicated using claims data (July 2008 through June 2011), diagnosis
of type 2 MI was in its infancy, having only been introduced in 2007. Further,
there was no specific ICD code for this cohort at the time, and the majority of
type 2 MI patients may not have been coded as an MI (4). As such, they were
likely underrepresented, or at least variably included, in risk estimates.

5. Undercoding of type 2 MI in administrative data is a concern: Physicians
may be discouraged from classifying a patient with a diagnosis of type 2 Ml due
to the penalization implications of possible readmission. Without accurate
coding, informative data collection, and improvements in processes of care for
these patients will be challenging. Further, subsequent physicians caring for the
patient may not recognize the severity of their illness if the diagnosis was not
correctly recorded.

6. Lastly, and perhaps most importantly, the primary objective of the HRRP is
to reduce preventable hospital readmissions: It bears repeating that unlike
standardized, clear, guideline-directed approaches to the management of type 1
M, there are currently no evidence-based treatments options for patients with
type 2 Ml or any guideline or consensus statements on how these patients should
be managed. Thus, it seems unreasonable to hold hospitals accountable for
readmission of these patients, in the absence of strategies to prevent repeat
hospitalization. Indeed, many patients with type 2 MI will be readmitted for non-
cardiovascular reasons related to their comorbidities (3,11).

Conclusion

With the recent introduction of a specific ICD code, the decision to include patients with
type 2 Ml under the HRRP is at a crossroads. While encouraging clinical research and
changing payment to reward more efficient spending for these patients is welcome, high
financial penalties, inaccurate readmission risk estimates, and an absence of evidence-based
treatment options raise concerns for potential unintended consequences. As a result, we
believe patients with type 2 Ml should be differentiated from those with type 1 Ml in the
HRRP recognizing divergence in patient characteristics, prognosis, and management
strategies.
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