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BACKGROUND: We aimed to understand the characteristics and outcomes of patients readmitted with a recurrent myocardial
infarction (RMI) within 90 days of discharge after an acute myocardial infarction (early RMI).

METHODS AND RESULTS: We analyzed the timing of reinfarction, etiology, and outcome for all patients admitted with an early RMI
within 90 days of discharge after an acute myocardial infarction between January 1, 2010 and January 1, 2017. We identified
6626 admissions for acute myocardial infarction (index myocardial infarction) which led to 168 cases of RMI within 90 days of
discharge. The mean patient age was 65.1+13.1 years, and 37% were women. The 90-day probability of readmission with an
early RMI was 2.5%. Black race, medical management, higher troponin T, and shorter length of stay were independent predic-
tors of early RMI. Medically managed group had a higher risk for early RMI compared with percutaneous coronary intervention
(P=0.04) or coronary artery bypass grafting (P=0.2). Predominant mechanisms for reinfarction were stent thrombosis (17%),
disease progression (12%), and unchanged coronary artery disease (11%). At 5 years, the all-cause mortality rate for patients
with an early RMI was 49% (95% CI, 40%-57%) compared with 22% (95% Cl, 21%-23%) for patients without an early RMI
(P<0.0001).

CONCLUSIONS: Early RMl is a life-threatening condition with nearly 50% mortality within 5 years. Stent-related events and pro-
gression in coronary artery disease account for most early RMI. Medication compliance, aggressive risk factor management,
and care transitions should be the cornerstone in preventing early RMI.
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survivors of an Ml remain at increased risk for further

velops an acute myocardial infarction (AMI), contrib-

uting to an annual healthcare expenditure of around
$351 billion.! Because of the considerable morbidity
and mortality associated with an AMI, over the last
decade, there has been a significant emphasis on
enhancing procedural techniques, developing newer
stents, and strengthening secondary prevention, all
of which have transformed the care of patients with
myocardial infarction (MI). Although these interventions
have led to a decrease in the overall mortality rate,?

I n the United States, every 40 seconds a person de-

adverse cardiovascular events.®*® One of the most
concerning of these adverse events is a recurrent myo-
cardial infarction (RMI).

Around 10% of all Ml patients are at risk of de-
veloping an RMI within the next year.® Studies have
also shown that around 200 000 recurrent myocar-
dial infarctions are estimated to occur in the United
States annually.! Such re-infarctions can have a tre-
mendous physical, emotional, and economic impact
on the patients and society.® In addition, they lead to
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CLINICAL PERSPECTIVE

What Is New?

e Most early recurrent myocardial infarctions
will occur within 2 weeks of discharge after an
acute myocardial infarction.

e Stent-related events and progression in coro-
nary artery disease account for most early re-
current myocardial infarction.

e Approximately 50% of patients with an early
recurrent myocardial infarction die within
5 years.

What Are the Clinical Implications?

e Factors contributing to recurrent infarctions are
at play even before patients are discharged,
so effective planning of care transitions is
important.

e Emphasis on medication adherence and ag-
gressive risk factor management should con-
tinue to be the cornerstone in treating patients
with myocardial infarction.

e Since patients without intervention had worse
outcomes, thorough evaluation for intervention
opportunities may need to be adopted in the
management of patients with early recurrent
myocardial infarction.

Nonstandard Abbreviations and Acronyms

LHC left heart catheterization
RMI recurrent myocardial infarction

unplanned readmissions which worsen the burden on
healthcare economy.” RMI occurring after 90 days has
been associated with significantly worse outcomes in
patients with ST-segment-elevation myocardial in-
farction (STEMI) treated with percutaneous coronary
intervention (PCI).8-1° Furthermore, in patients with left
ventricular dysfunction or heart failure post-Ml, RMI
has been associated with a 1-year mortality of about
38%."" With the burden of coronary artery disease ex-
pected to increase almost 7-fold in the future,”® the
absolute incidence of RMl is expected to rise substan-
tially. Although the incidence, prognosis, and risk fac-
tors associated with developing a late RMI have been
described before, little is known about the pattern
and characteristics of patients who develop an early
recurrent Ml during the initial 90-day period after an
acute MI. Our study aims to understand these charac-
teristics and define the outcomes for all patients who
develop an early RMI within 90 days of discharge after
an AMI.
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METHODS

Because of the patient specific nature of our data,
we will not be able to share it with individuals outside
of this research project. Our study was done at the
Cleveland Clinic main campus. The Cleveland Clinic
health system consists of 11 hospitals, which include
a main campus academic medical center and 10 re-
gional hospitals across Northeast Ohio. We retrospec-
tively identified all patients who were admitted to our
main campus with a principal diagnosis of MI from
January 1, 2010 to January 1, 2017, using discharge
International Classification of Diseases, Ninth Revision
(ICD-9), diagnosis codes, including both STEMI and
non-ST-segment—elevation MI (NSTEMI) (/CD-9 codes
410-410.9). Patients who died during their index ad-
mission for Ml were excluded, and only patients dis-
charged alive after Ml remained in the study cohort. All
readmissions planned and unplanned, for any reason
to any hospital within our institutional health system (in-
cluding the main campus hospital and all regional hos-
pitals in Northeast Ohio) within 90 days of the index Ml
were identified using our institutional billing system. If a
patient was readmitted after 90 days of index admis-
sion, that readmission was considered as a new index
admission for MI. Readmissions to hospitals outside of
our health system were not available and not included
in the analysis. After a readmission was identified, pa-
tients remained in the study cohort because they con-
tinued to be at risk for readmission.

Baseline demographic data during the index admis-
sion and readmission were collected for all patients.
Readmission within 90 days, for a recurrent myocar-
dial infarction, admitted to any of the Cleveland Clinic
Health System hospital remained our primary end
point of interest. These were identified using the in-
stitutional billing system. The date of discharge was
considered as time zero. Patients with index Ml were
categorized according to treatment strategy into med-
ical management, PCI, and coronary artery bypass
grafting. Physician directed chart review was done on
all patients with RMI to understand etiology behind re-
infarction. The etiologies were further categorized into
(1) stent thrombosis, (2) in-stent restenosis, (3) disease
progression which indicates progression in atheroscle-
rosis in an artery with known coronary artery disease
from index M, (4) unchanged coronary artery disease
defined when left heart catheterization (LHC) during
RMI showed similar findings as the LHC during index
M, (5) new vessel disease which was defined as new
obstruction or stenosis in a vessel that had normal
flow in the LHC performed during index MI. This also
includes all patients who did not have prior LHC and
patients who developed a graft occlusion following a
CABG done during index MI, and (6) planned proce-
dure which includes all patients who were readmitted
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for a planned intervention. Patients with new vessel
disease were further classified as new vessel obstruc-
tion or non-obstructive coronary artery disease de-
pending on how the lesion was categorized during the
angiogram. The study protocol was approved by our
Institutional Review Board, with a waiver of informed
consent.

Simple descriptive statistics used to summarize
the data. Continuous variables are presented as
mean+SD or as median [interquartile range] when
the variable is skewed and were compared using
Wilcoxon rank-sum test. Categorical data are de-
scribed using frequencies and percentages and were
compared using the Chi-squared test. All analyses
were performed using SAS statistical software (SAS
v9.4; SAS, Inc., Cary, NC). Because patients can be
readmitted more than once during follow-up, and
each readmission is of varying duration, we used
analytic methods for repeated, time-related events
rather than traditional time-to-first-event (survival)
analysis. Therefore, unlike survival-type analysis, pa-
tients remain at risk for another event after experienc-
ing an event. Instantaneous risk (hazard function) of
repeated readmissions was estimated by the multi-
phase parametric method.'®

Time varying hazard of readmission for Ml analysis
yielded an early peaking phase followed by a late slightly
increasing phase. In the multivariable analysis, factors
modulating both hazard phases are considered simul-
taneously using the multi-phase parametric model. Al
the variables listed in Data S1, are considered during
variable selection in both phases, simultaneously.
Variable selection used a computer-intensive machine
learning “bagging” method (bootstrap aggregation).'

Survival analysis was performed using Kaplan—
Meier non-parametric method and simple compari-
sons were made using the log-rank test. The date of
death was ascertained by manual search in the elec-
tronic medical records and in certain cases from online
obituaries. An exact match was required between the
obituary and the electronic medical records in at least
3 of the following 4 characteristics: first and last name,
age or date of birth, place of residence, and next of
kin. Median follow-up for mortality was 4 years and a
total of 22 106 patient-years were available for analysis;
10% of the survivors were followed for >8 years.

RESULTS

We were able to identify 6626 admissions for acute
MI (by 6328 patients) at our hospital from January 1,
2010, to January 1, 2017. These lead to a total of 2051
readmissions within 90 days (by 1389 patients), out of
which 168 readmissions were for an early RMI (from
155 index admission cases). (Figure 1).
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Baseline Characteristics

For the 6471 index Ml cases (these are the index Ml
cases who did not get an early RMI obtained by re-
moving the 155 cases from the total 6626 cases of
index M), the mean age was 65.1+13.1 years, 37%
were women, and 25% were Black. Mean peak tro-
ponin T, left ventricular ejection fraction, and length
of stay was 2.25+3.65, 471+£13.5, and 7.5+8.7.
Compared with them, the mean age for patients who
developed recurrent Ml was 65 years, 39% were
women, and 37% were Black patients. The mean
peak troponin T, left ventricular ejection fraction,
and length of stay for RMI cases were 2.29+4.34,
46.5+13.4, and 6.41+7.24. Baseline characteristics
are presented in Table 1.

Compared with the index MI cases without RMI,
patients admitted with an early RMI had a higher prev-
alence of smoking, diabetes mellitus, dyslipidemia,
chronic kidney disease, congestive heart failure, and
dialysis. The prevalence of coronary artery disease
was similar between patients with index Ml and RMI.
Though NSTEMI was the predominant subtype in both
groups, patients with early RMI had a higher propor-
tion of NSTEMI when compared with patients with
index MI, (78% versus 71%).

Timing and Index Hospitalization Factors
Affecting RMI

There was a total of 168 readmissions for early recur-
rent Ml amongst 155 index admission for Ml cases;
142 index cases were readmitted once and 13 cases
were readmitted twice within 90 days. The instanta-
neous risk of readmission with an early recurrent Ml
peaked at 2 days after hospital discharge and the
vast majority occurred within the first 2 weeks after
hospital discharge (Figure 2A). The risk of readmis-
sion for early RMI stratified by index MI treatment
strategy into PCI, CABG, and medical management
revealed that the CABG group appeared to have the
lowest risk of readmission with an early RMI and
that there was no significant difference in the late
risk (30-90 day) of readmission between PCI and
CABG groups (P=0.8). Overall, the medically man-
aged group had the highest risk of readmission with
an early RMI (Figure 2B).

Multivariable analysis also showed that certain char-
acteristics such as belonging to Black race (P=0.05),
a higher peak troponin T (P=0.002), shorter length of
index hospitalization (P<0.0001), lower hemoglobin
during admission (P=0.04), and being medically man-
aged (P=0.0006) were independently associated with
a higher risk of readmission with an early RMI (Table 2).
Risk factor analysis for time to first RMI yielded similar
results (Table S1).
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6626 cases of Acute
Myocardial Infarction

Y \J
2272 (34%)
3326 (50%) underwent 1028 (16%) f
PCI underwent CABG ””ﬁ:::g;g:glca'
Y
168 cases of Recurrent
Myocardial Infarction
Y Y
113 patients 55 patients did not

underwent LHC undergo LHC

ETIOLOGY N (%)

Stent thrombosis 29 (17%)
Disease progression 21 (12%)
Unchanged CAD 19 (11%)
New vessel obstruction 16 (10%)
Multivessel disease 16 (10%)
Type 2 Ml 12 (7%)
In-stent restenosis 11 (7%)
Planned procedure 3 (2%)
Non-obstructive CAD 5 (3%)
Etiology unknown as patient did not undergo

LHC 36 (21%)

Figure 1. Causes of early recurrent myocardial infarction after acute myocardial
infarction.

Out of 55 patients who did not undergo catheterization, 12 had type 2 myocardial infarction,
7 had known multivessel disease and hence underwent coronary artery bypass grafting and
the reason for recurrent myocardial infarction for the remaining 36 is unknown. CABG indicates
coronary artery bypass grafting; CAD, coronary artery disease; LHC, left heart catheterization;
MI, myocardial infarction; and PCI, percutaneous coronary intervention.
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Table 1. Baseline Characteristics From Index Hospitalization for Patients With and Without Early Recurrent Ml

Early Recurrent Myocardial Infarction

Patients Without Early RMI (N=6471)

Patients With Early RMI (N=155)

J Am Heart Assoc. 2021;10:e019270. DOI: 10.1161/JAHA.120.019270

Label # (% of n) n (% of N) # (% of n) n (% of N) P Value
Characteristics at admission
Demographics
Calculated age, y 6471 65.1+13.1 155 64.9+12.6 0.7
Body mass index 6171 29.3+6.63 147 28.7+6.91 013
Patient sex: female 2366 (37) 6466 (100) 61 (39) 155 (100) 0.5
Race: White 4645 (72) 6471 (100) 93 (60) 155 (100) 0.001
Race: Black 1579 (24) 6471 (100) 58 (37) 155 (100) 0.0002
Race: Other than Black and White* 247 (3.8) 6471 (100) 4 (2.6) 155 (100) 0.4
Non-cardiac comorbidities
Smoking history 3973 (61) 6471 (100) 105 (68) 155 (100) 0.1
Diabetes mellitus 2941 (45) 6471 (100) 80 (52) 155 (100) 013
Dyslipidemia 5234 (81) 6471 (100) 131 (85) 155 (100) 0.2
Chronic kidney disease 1551 (24) 6471 (100) 50 (32) 155 (100) 0.02
Dialysis 339 (5.2) 6471 (100) 12 (7.7) 155 (100) 017
Cardiac comorbidities
History of CAD 5938 (92) 6471 (100) 142 (92) 155 (100) >0.9
Hypertension 5572 (86) 6471 (100) 133 (86) 155 (100) >0.9
History of CHF 1796 (28) 6471 (100) 51 (33) 155 (100) 0.16
Ml subtype
STEMI 1900 (29) 6471 (100) 34 (22) 155 (100) 0.04
Non-STEMI 4571 (71) 6471 (100) 121 (78) 155 (100) 0.04
Laboratory values on admission
Peak BNP during admission 1714 183[493] 30 137 [494] 0.15
Lowest hemoglobin during admission 6399 10.9+2.53 154 10.7+£2.36 0.6
Peak creatinine during admission 6402 1.7:£1.74 155 1.94+2.06 0.15
Peak troponinT during admission 6343 0.86 [2.32] 152 0.86 [1.48] >0.9
Peak CKMB during admission 6234 16 [60] 149 18 [44] 0.8
Peak CK during admission 6284 306 [749] 153 279 [547] 0.4
Left ventricular function
LVEF on presentation 5836 471+£13.5 132 46.5£13.4 0.6
LHC
LHC (Diagnostic catheterization) performed 4997 (77) 6471 (100) 115 (74) 155 (100) 0.4
Door-to-balloon in min (STEMI) 1202 102+75.9 24 107+64.5 0.8
Procedure
PCI 3255 (50) 6471 (100) 71 (46) 155 (100) 0.3
CABG 1016 (16) 6471 (100) 12 (7.7) 155 (100) 0.007
Medically managed 2200 (34) 6471 (100) 72 (46) 155 (100) 0.001
Characteristics at discharge
Laboratory values at discharge
Discharge hemoglobin 6399 11.7£2.3 154 11.5+£2.12 0.4
Discharge creatinine 6402 1.35+1.26 144 1.6+1.65 0.15
Medications at discharge
ACE inhibitors 3307 (52) 6360 (98) 86 (55) 155 (100) 0.4
Beta blockers 5756 (91) 6360 (98) 142 (92) 155 (100) 0.6
P2Y12 inhibitors 4378 (69) 6360 (98) 111 (72) 155 (100) 0.5
Anticoagulants 853 (13) 6360 (98) 20 (13) 155 (100) 0.8
(Continued)
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Table 1. Continued

Early Recurrent Myocardial Infarction

Patients Without Early RMI (N=6471) Patients With Early RMI (N=155)

Label # (% of n) n (% of N) # (% of n) n (% of N) P Value
Aldosterone antagonists 390 (6.1) 6360 (98) 8(5.2) 155 (100) 0.6
ARB 626 (9.8) 6360 (98) 10 (6.5) 155 (100) 0.16
Aspirin 6133 (96) 6360 (98) 146 (94) 155 (100) 0.14
Statins 5918 (93) 6360 (98) 149 (96) 155 (100) 013

Length of stay
Hospital Length of stay (days) 6471 417] 155 4 [6] 0.04

ACE indicates angiotensin-converting enzymes; ARB, angiotensin receptor blocker; BNP, brain natriuretic peptide; CABG, coronary artery bypass grafting;
CAD, coronary artery disease; CHF, congestive heart failure; CK, creatine kinase; CKMB, creatine kinase myocardial band; LHC, left heart catheterization; LVEF,
left ventricular ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; and STEMI, ST-segment—elevation myocardial infarction.

*Other races include all races other than African-American and Caucasians and primarily included Asians and Hispanics”.

Etiology and Management

Around 67% of patients with RMI had a diagnostic
LHC. The etiologies of early RMI are summarized in
Figure 1. The most common reasons for readmission
with a RMI were found to be stent thrombosis (17%)
and disease progression (12%) (Figure 1). Around 10%
of patients had developed new vessel involvement
and 7% were readmitted because of in-stent reste-
nosis; 7% of all recurrent MI patients were found to
have type 2 MI. Amongst the 37% of patients who
did not undergo LHC, 13% had contraindications to
the procedure and 6% of patients declined to have a
procedure.

About 46% of patients with RMI underwent PCI,
8% underwent CABG, and 46% of patients with RMI
were decided to continue with medical management
(Table 1).

Mortality

Out of 168 cases for early recurrent MI, there were
78 deaths. As illustrated in Figure 3A, the unadjusted
all-cause mortality was 30% (95% CI, 23%-38%)
at 1 year and continued to rise steadily beyond the
first year. Mortality was 44% (95% Cl, 36%—-52%) at
3 years and 49% (95% Cl, 40%—-57%) at 5 years. The
probability of mortality stratified by MI subtypes in
patients with RMI revealed that patients readmitted
with STEMI did significantly better than patients who
were readmitted with NSTEMI (P=0.008) (Figure 3B).
Mortality for patients who did not develop an early
RMI was lower, with the unadjusted all-cause mortal-
ity for 30 days, 1, 3, and 5 years being 0.60% (95%
Cl, 0.40% -0.80%), 5.4% (95% Cl, 4.7%—-6.0%), 13%
(95% Cl, 12%-14%), and 22% (95% ClI, 21%-23%)
(Figure 3A). Mortality rates were also lower for pa-
tients with early RMI who developed stent thrombosis
compared with patients with RMI who did not have
stent thrombosis (5-year survival, 76% versus 47%,
P=0.06, Figure S1).

J Am Heart Assoc. 2021;10:e019270. DOI: 10.1161/JAHA.120.019270

DISCUSSION

Our study reveals several key findings pertaining to the
disease course and the management of patients with
early RMI. Notably, we show that patients who are ad-
mitted with an AMI are at the highest risk of developing
an early RMI during the first 2 days after discharge and
that this risk remains elevated during the initial 2 weeks
postdischarge. We also saw that patients who were
medically managed had a higher chance of developing
reinfarction within 90 days than patients who were re-
vascularized. Multivariate analysis revealed that Black
race, medical management, higher troponin T, and
shorter length of stay were independent predictors of
an early RMI. Though several mechanisms were con-
tributing to the development of an early RMI, we found
that a stent-related event was the most common. Also,
patients with early RMI who were admitted with STEMI
had a significantly better prognosis than patients who
were readmitted with an NSTEMI. Overall, patients with
an early RMI had a worse prognosis than patients with-
out an early RMI, with only half of the patients surviving
at 5 years.

The temporal pattern of reinfarctions after an
index MI remains unclear. In our study, we demon-
strate that for patients with AMI, the initial 2 weeks
after discharge is a “high-risk” period. Furthermore,
we were able to narrow the timeframe and reveal
that the first 2 days after discharge is the most cru-
cial to these patients. This signifies that factors that
promote reinfarction are probably in play even be-
fore patients leave the hospital. Focusing on transi-
tions of care is pivotal to improve the outcomes for
these patients. Predischarge planning, patient edu-
cation with readback, incorporating health informa-
tion technology, proper medication reconciliation,
scheduling appropriate follow-up appointments
before discharge, follow-up telephone calls, and
postdischarge home visits are all effective methods
that should be implemented to reduce the pitfalls
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Figure 2. Timing of early recurrent myocardial infarction (RMI) and relationship with
index myocardial infarction treatment strategies.

A, Timing of readmission with early RMI. Instantaneous risk (hazard function, or rate) of
readmission for early RMI (RMI, solid line) enclosed within dashed 68% confidence bands. Note
that early peaking hazard followed by a slightly increasing risk (almost constant risk at a rate of
about 0.01 readmissions for myocardial infarction per patient per month). B, Relationship between
index myocardial infarction treatment strategy and risk of early RMI. Instantaneous risk (or rate)
of readmissions for early RMI hazard after admission for acute myocardial infarction stratified by
treatment strategy. Solid line is the parametric estimates of the instantaneous risk of readmission
for myocardial infarction enclosed within a 68% CI. Ml indicates myocardial infarction.

surrounding the transition of care.’®'® In most
cases, the incorporation of multiple interventions
at the same time is more successful in preventing
readmissions as compared with solitary interven-
tions.'9?" Stent thrombosis and in-stent restenosis
accounted for around one fourth of all early RMI

J Am Heart Assoc. 2021;10:e019270. DOI: 10.1161/JAHA.120.019270

events. Also, 12% of patients developed disease
progression of a previously stenosed vessel and
10% of patients developed stenosis of a new vessel
that led to an early RMI. Patients who develop an
AMI have been proposed to have a persistent proin-
flammatory state following the acute episode that
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Table 2. Incremental Risk Factors for Early RMI During Days 0 to 30 and 31 to 90

Risk Factor Coefficient+SE HR (95% CI)* P Value R (%)
Early hazard phase
Race: Black 0.65+0.23 1.9 (1.2-3.0) 0.005 50
Higher peak troponinT* 0.26+0.086 0.002 77
Treatment: medically managed 0.84+0.24 2.3 (1.4-3.7) 0.0006 60
Shorter index length of stay$ 0.43+0.11 <0.0001 94
Late hazard phase
Lower HGB during admission! -0.53+0.26 0.04 51

Because there are 2 distinct phases of risk with different drivers during each period, we stratified the cases of early recurrent myocardial infarction into early
(0-30 days) and late phase (30-90 days). RMI indicates recurrent myocardial infarction.

*Hazard ratio was not estimated for continuous variables with non-linear transformation.

fBagging reliability— interpreted as the probability of P<0.05 and represents the proportion of 1000 bootstrap analyses in which this variable was retained

with P<0.05.
*Log [peak troponinT during admission], logarithmic transformation.
S[index admission length of stay], inverse transformation.
IlLowest hemoglobin (HGB) during admission]?, squared transformation.

predisposes them to further adverse events.?2-26
The rapid progression of coronary artery disease
and the development of new obstructive diseases
could be the result of such an extended inflamma-
tory response. The success of medications with
anti-inflammatory effects such as aspirin, statin, and
canakinumab in reducing recurrent cardiovascular
events after Ml supports this theory.2”-2° Thus, en-
suring that patients are on guideline-directed med-
ical therapy and emphasizing on the importance
of medication adherence are the most vital steps
to prevent such reinfarctions. Studies have shown
that a significant number of patients delay filling
their prescriptions after discharge which increases
the risk of adverse events.’%3" Hospitals can adopt
bedside medication delivery to ensure that patients
have the appropriate medications refilled at least
for the next 30 days to prevent them from missing
these essential drugs. Telemedicine visits can also
be incorporated to check in on patient status and to
address any questions postdischarge.

In our study, we were also able to identify few inde-
pendent variables that were associated with a higher
risk of developing an early RMI such as belonging to
the Black race, higher peak troponin T, shorter length
of hospitalization, and lower hemoglobin during ad-
mission. These characteristics are in line with previous
studies that have shown race, renal dysfunction, and
higher troponin levels to be predictors of poor prog-
nosis after MI.32-34 Also, we have shown that patients
who did not undergo an intervention during the index
MI have a higher chance of developing an early RMI.
Defining such characteristics can help to form a “re-
infarction risk model”, which can identify patients at a
higher risk of reinfarction than others. Forming such
a profile of high-risk patients can be beneficial in tar-
geting interventions and resources towards the most

J Am Heart Assoc. 2021;10:e019270. DOI: 10.1161/JAHA.120.019270

vulnerable group of patients. With payment systems
moving towards a value for quality rather than quan-
tity, such risk models can also assist hospitals to re-
duce the burden of penalizations imposed under the
Hospital Readmission Reduction Program.®®36 Though
the incidence of RMI has been progressively declin-
ing over the years with the application of high-value
care and advancements in medicine, the mortality rate
of these subsets of patients remains high. At 1 year,
the all-cause mortality rate of patients with early RMI
in our cohort was significantly higher than that of pa-
tients who did not develop an early RMI. A cumulative
effect of the recurrent myocardial damage, prolonged
inflammation, reperfusion injuries, and left ventricular
remodeling might have a role to play in this.*”-*' We
also noted that patients with RMI with an STEMI did
better when compared with patients with RMI with an
NSTEMI. We believe that the timely intervention in all
of our patients with STEMI may be an important con-
tributor towards their better prognosis. Mortality rates
were also higher for patients with early RMI who did
not undergo an intervention; This might imply that an
aggressive strategy might need to be adopted when
managing these patients. However, since the majority
of patients who did not undergo an intervention had
contraindications or were opted for medical manage-
ment, these were already patients who had a poor
prognosis. Further studies are needed to assess if the
adoption of an aggressive management model trans-
lates to improved outcomes in these patients.

Our study has certain limitations. Since our study
was limited to hospitals within our enterprise, readmis-
sions to hospitals outside our health system were not
included, and so our rate of readmission and mortality
rates are underestimated. However, an internal audit of
our institutional readmission tracking system has shown
that =80% of all readmissions to any institution are
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Figure 3. Outcomes of patients with an early recurrent myocardial infarction (RMI).

A, Survival analysis of patients with and without early RMI". "Time zero for patients with RMI (blue
curve) is time of RMI; and time zero for patients without RMI is 90 days after index admission
for myocardial infarction. B, Survival analysis of patients with early RMI with non-ST-segment-
elevation myocardial infarction/ST-segment-elevation myocardial infarction.* *Time zero for this
analysis is the time of RMI. NSTEMI indicates non—-ST-segment-elevation myocardial infarction;
RMI, recurrent myocardial infarction; and STEMI, ST-segment—elevation myocardial infarction.

captured within our health system.*? Identification of the
initial cohort and the causes of readmission were deter-
mined by principal diagnosis biling codes, which may
lead to misclassification if the coding was inaccurate.
However, the use of administrative data has been shown
to be accurate (94%) when compared with clinical med-
ical record review.*® Furthermore, administrative claims
data have also been validated as a reliable resource for
prior research studies and government projects.*44

J Am Heart Assoc. 2021;10:e019270. DOI: 10.1161/JAHA.120.019270

CONCLUSIONS

Early RMI after an AMI is a life-threatening condition
with poor outcomes. The majority of these reinfarc-
tions occur within the initial 2 weeks after discharge
indicating that preventive efforts should be initiated
during hospitalization and continued upon discharge.
Aggressive risk factor management, medication com-
pliance, and effective transition of care may serve as
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the vital processes in improving the care of patients
with MI.
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Data S1. Variables considered in the multivariable analysis.

Variables at admission

Demographic: Age (years), gender, body mass index (kg-m), race
Ventricular dysfunction: LV ejection fraction (%),

Cardiac comorbidity: CAD, CHF, HTN, STEMI, N-STEMI

Noncardiac comorbidity: Diabetes, Smoking, Dyslipidemia, Chronic Kidney disease,

Dialysis, Creatinine (mg-dL™?), Lowest HGB, Peak Troponin,
Peak MB, Peak CK,

Procedures: CABG, PCI, Medically treated

Variable at discharge

Noncardiac comorbidity: Hemoglobin, Creatinine (mg-dL™),
Length of Stay: Hospital length of stay during index admission (days)
Medication: ACE inhibitors, Beta Blockers, P2Y 12 inhibitors,

Anticoagulants, Aldosterone antagonists, ARB, Aspirin,



Table S1. Parsimonious model: Incremental risk factors for first readmission for MI.

Risk Factor Coefficient + SE R (%)

Early hazard phase

Race: African American 0.58+0.22 .02 48

Higher peak troponin T# 0.30+0.089 .0008 77

Treatment: Medically managed 0.88+0.27 .001 63

Shorter index length of stay* 0.45+0.12 .0001 80
Late hazard phase

Race: African American 0.49+0.25 .05 50

History of CHF 0.62+0.24 .01 62

R (%)—bagging reliability— interpreted as the probability of P<.05, and represents the
proportion of 1000 bootstrap analyses in which this variable was retained with P<.05.

#Log [peak troponinT during admission], logarithmic transformation

*[Index admission length of stay], inverse transformation




Figure S1. Survival Analysis of Patients with and without Stent thrombosis.
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