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Abstract

Optimization of medical therapy during discharge planning is vital for improving patient outcomes
after hospitalization for acute myocardial infarction (AMI). However, limited information is
available about recent trends in the prescribing of evidence-based medical therapies in these
patients, especially from a population-based perspective. We describe decade-long trends in the
discharge prescribing of aspirin, angiotensin-converting enzyme inhibitors/ angiotensin receptor
blockers, p-blockers, and statins in hospital survivors of AMI. The study population consisted of
5,253 patients who were discharged from all 11 hospitals in central Massachusetts after AMI in 6
biennial periods between 2001 and 2011. Combination medical therapy (CMT) was defined as the
prescription of all 4 cardiac medications at hospital discharge. The average age of this patient
population was 69.2 years and 57.7% were men. Significant increases were observed in the use of
CMT, from 25.6% in 2001 to 48.7% in 2011, with increases noted for each of the individual
cardiac medications examined. Subgroup analysis also showed improvement in discharge
prescriptions for P2Y 12 inhibitors in patients who underwent a percutaneous coronary
intervention (PCI). Presence of a do not resuscitate order, prior co-morbidities, hospitalization for
NSTEMI, admission to a non-teaching hospital, and failure to undergo cardiac catheterization or a
PCI were associated with underuse of CMT. In conclusion, our study demonstrates encouraging
trends in the prescribing of evidence- based medications at hospital discharge for AMI. However,
certain patient subgroups continue to be at risk for underuse of CMT, suggesting the need for
strategies to enhance compliance with current practice guidelines.
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INTRODUCTION

METHODS

The purpose of this community-wide observational study was to describe decade-long
(2001-2011) trends in the prescribing of individual effective cardiac medications and
combination medical therapy among patients discharged from all 11 medical centers in
central Massachusetts after acute myocardial infarction (AMI); trends in discharge
prescriptions for P2Y 12 inhibitors in patients with AMI undergoing a percutaneous coronary
intervention during this period are separately reported. We also examined several
sociodemographic and clinical factors associated with the underuse of combination medical
therapy. Data from the population-based Worcester Heart Attack Study were used for
purposes of this investigation1.

Residents of the Worcester, Massachusetts, metropolitan area hospitalized with a primary or
secondary discharge diagnosis of AMI (/nternational Classification of Diseases, Ninth
Revision, code 410) from all Worcester Standard Metropolitan Statistical Area hospitals
during 2001, 2003, 2005, 2007, 2009, and 2011 comprised the present study population.
This study is part of an ongoing population-based investigation examining trends in hospital
incidence and case-fatality rates among residents of the Worcester metropolitan area
hospitalized with confirmed AMI at all 11 central Massachusetts medical centers 14,
Although additional earlier study years were included, we restricted this study sample to
patients hospitalized with validated AMI in the 2000’s and beyond for purposes of
examining relatively contemporary, decade-long, trends in hospital medication practices.
This period was also selected to capture the introduction of angiotensin receptor blockers
(ARBs) and newer P2Y 12 inhibitors to clinical practice in the early and mid-2000’s. These
central Massachusetts medical centers included 3 tertiary care centers (teaching hospital)
and 8 community hospitals (non-teaching hospital).

The medical records of residents of the Worcester metropolitan area with a discharge
diagnosis of AMI from all 11 central Massachusetts hospitals were individually reviewed.
The diagnosis of AMI was validated according to pre-established diagnostic criteria based
on patient’s acute presenting symptoms, serum enzyme and biomarker findings, and serial
electrocardiographic tracings during hospitalization typical of AMI 14, All autopsy-proven
cases of AMI were included irrespective of the other criteria. Cases of perioperative-
associated AMI were not included. The various complications of AMI, including atrial
fibrillation, heart failure, and cardiogenic shock were assessed based on information
available from clinical charts 17

The medications of interest in this investigation included aspirin, angiotensin converting
enzyme (ACE) inhibitors/ ARBs, p-blockers, and statins; combination medical therapy
(CMT) was defined as the hospital prescription of all 4 cardiac medications. The use of
P2Y12 inhibitors (e.g., clopidogrel, prasugrel, or ticagrelor) in patients who underwent a
percutaneous coronary intervention (PCI) (in those with and without concurrent use of
anticoagulants) was also separately explored.
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The hospital records of patients with validated AMI were abstracted for demographic,
medical history, and clinical data. This included information about patient’s age, sex,
medical history, occurrence of several clinical complications during hospitalization, and
AMI order (initial vs. prior) and type (Q wave or non—Q wave, ST segment elevation
(STEMI) and non-ST segment elevation AMI (NSTEMI) 8. Information about the
prescribing of cardiac medications at the time of hospital discharge was obtained through the
review of hospital medical records and physician’s and nurse’s progress notes 910,

Changes over time in the proportion of patients treated with different cardiac medications,
both individually and as CMT, were examined through the use of chi square tests for trends.
A modified Poisson multiple regression approach with a sandwich error term was used to
examine demographic medical history, and clinical factors associated with the receipt of
CMT with multivariable adjusted relative risks and accompanying 95% confidence intervals
calculated.

RESULTS

During the period under study (2001-2011), a total of 5,253 patients were discharged from
all 11 hospitals in central Massachusetts after a confirmed AMI. This included 1,089
patients in 2001, 1,056 during 2003, 816 in 2005, 818 in 2007, 735 in 2009, and 739 in
2011, respectively. The mean age of these patients was 69.2 years, 57.7% were men, and in
approximately two thirds it was their first AMI.

Overall, aspirin was prescribed to 87.0% of patients discharged after AMI, ACE inhibitors/
ARBs to 62.0%, p-blockers to 85.6%, and statins to 74.3%; all 4 cardiac medications were
prescribed as CMT to 44.0% of discharged patients.

There was a significant and relatively consistent increase in the prescribing of each of the
cardiac medications examined (p<0.05) (Figure 1). Prescriptions for aspirin increased from
76.4% in 2001 to 92.0% in 2011, ACE inhibitors/ ARBs increased from 50.4% to 61.8%, [3-
blockers increased from 77.0% to 88.8%, and statins increased from 53.8% to 84.8%,
respectively (Figure 1). Marked increases in the prescribing of aspirin (69.5% in 2001 to
88.3% in 2011), ACE inhibitors/ARBs (40.9% to 48.5%), B-blockers (68.5% to 86.1%), and
statins (38.7% to 76.1%) were observed in those who were not on these therapies previously
whereas lesser increases between 2001 and 2011 were observed with regards to prescriptions
for aspirin (85.7% to 95.7%), ACE inhibitors/ARBs (70.8% to 79.9%), p-blockers (88.5% to
91.4%), and statins (88.5% to 91.6%) for patients who were on these agents previously.

We observed considerable increases in the utilization of CMT over time, from 25.6% in
2001 to 48.7% in 2011 (p<0.001). These increases were particularly marked for patients
who were not previously on these medications (22.5% in 2001 vs. 45.1% in 2011 ) with no
increases observed among those who were on these multiple treatment regimens previously
(68.5% in 2001 vs. 66.7% in 2011). The proportion of patients with prescriptions for 0-1
cardiac medication declined from 17.3% in 2001 to 4.7% in 2011 (Figure 2). Discharge
prescriptions for P2Y12 inhibitors increased over time from 85.5% of post PCI patients in
2001 to 94.8% in 2011 (p<0.001).
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We examined differences in several socio-demographic and clinical characteristics between
those who were prescribed 0-1, 2-3, and all 4 cardiac medications (Table 1). Patients
prescribed 0-1 medication were more likely to be older, female, with an active do not
resuscitate (DNR) order, have Medicare or belong to an HMO as their primary insurance,
and have been admitted to a non-teaching medical center in central Massachusetts. They
were more likely to have had multiple co-morbidities previously diagnosed and were more
likely to have developed an NSTEMI. Patients who were prescribed 0-1 medication were
less likely to have received coronary revascularization procedures and were more likely to
have experienced multiple in-hospital complications prior to discharge. These patients were
also more likely to have had a worse hemodynamic profile and physiologic/laboratory
findings at the time of hospital admission as well as to have experienced a longer hospital
stay in comparison with other medication groups (Table 1).

After controlling for a variety of demographic and clinical factors that could affect
physician’s prescribing practices, patients who were not prescribed CMT were significantly
more likely to have had an active DNR order, to be admitted to a central Massachusetts
community (non-teaching) hospital, have several co-morbidities previously diagnosed (e.g.,
COPD, MlI, renal disease), but not diabetes or hypertension, and were more likely to have
presented with an NSTEMI. Patients failing to receive CMT were less likely to have
undergone cardiac catheterization or a PCI, but were significantly more likely to have
undergone CABG surgery, to have developed an acute stroke but not heart failure, to have a
relatively shorter hospital stay, and were less likely to have been treated during the most
recent study years (Table 2).

DISCUSSION

Our findings suggest that the prescribing of a number of evidence- based cardiac
medications has improved substantially among patients who were discharged from the
hospital after an AMI. However, several subgroups of patients were found to be at greater
risk of not being prescribed CMT during the years under study.

The role of several cardiac medications, including aspirin, ACE inhibitors/ ARBs, -
blockers, and statins in the secondary prevention of AMI has been well established 11-19,
Current recommendations for patients who develop an acute coronary syndrome include
routine prescriptions for the cardiac medications that we examined at the time of hospital
discharge, unless contraindicated 20 21, These guidelines recommend that even patients with
initial contraindications to several of these medications should be re-evaluated to determine
their eligibility prior to hospital discharge and to continue treatment thereafter if these
medications can be tolerated 2021,

In the National Registry of Myocardial Infarction, significant increases were observed in the
use of aspirin, ACE inhibitors, and p-blockers in more than 1.5 million patients hospitalized
with AMI between 1990 and 1999 22, Other studies that have examined trends in the
treatment and outcomes of patients with AMI using Medicare, National Hospital Discharge
Survey, and Get with the Guidelines Registry data had also observed that the use of these
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medications increased significantly over time, leading to reductions in 30-day death
rates 23-25,

The encouraging trends in medication prescribing practices that we observed are due to a
multiplicity of factors including greater accumulation of supportive evidence for the use of
these medications over time and improved understanding and emphasis by physicians about
the importance of these therapies for secondary disease prevention; enhanced reliance on
critical care pathways and other quality improvement tools that are available to aid in the
implementation of practice guidelines have also likely contributed to these trends 26-28,
However, gaps persist in prescriptions for CMT. It remains important to identify patient,
physician, and health system factors associated with the failure to prescribe CMT to enhance
the treatment of these patients.

Our previous study of residents of the Worcester metropolitan area hospitalized with AMI in
the 1990s observed that advanced age and several clinical factors were independently
associated with the underuse of CMT?29, Several prior studies had also noted that the elderly,
among other risk groups, continue to be treated less aggressively with evidence- based
therapies in the setting of AMI as compared with younger patients. The lack of association
of age, gender, and race with CMT in the current study may suggest that such treatment
disparities have improved over time.

Patients with a DNR order and those with several co-morbidities were less likely to have
received discharge prescriptions for CMT than respective comparison groups. In the
National Registry of Myocardial Infarction 3, patients with STEMI received these
beneficial cardiac medications at rates higher than for those hospitalized with NSTEMI.
Patients who underwent CABG surgery during hospitalization, those who developed an
acute stroke, patients with a relatively shorter duration of hospitalization, those hospitalized
at non-teaching medical centers and during early study years were at significantly lower
odds of being prescribed CMT than respective comparison groups.

The strengths of this study include the large number of patients discharged after
hospitalization for AMI at all medical centers in central Massachusetts and examination of
trends in medication prescribing practices over a decade long period. Several limitations,
however, need to be kept in mind in interpreting these results. We did not have
documentation on contraindications for the medications under study, whether guideline-
based recommended dosages were used, and the reasons why certain medications were not
prescribed in individual patients. Additionally, we did not have information on the impact of
prescribing CMT on patients’ long-term compliance or other changes in their health related
behavior after hospital discharge.
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Figure 1.
Decade long trends in the prescribing of evidence-based cardiac medications in patients with

acute myocardial infarction at the time of hospital discharge (Worcester Heart Attack Study)

Am J Cardiol. Author manuscript; available in PMC 2017 October 23.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Makam et al.

Page 10

Percentage (%)

100

80 -

60

40 -

20 A

$P<0.001

®

2001

2003

2005

=0—0-1  =@=2-3%

2007

=All4 §

2009

2011

Figure 2.

Decade long trends in the prescribing of 0-1, 2-3, and all 4 (CMT) evidence- based cardiac
medications in patients with acute myocardial infarction at the time of hospital discharge

(Worcester Heart Attack Study)
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Characteristics of patients with acute myocardial infarction (AMI) according to the number of 4 evidence-

based cardiac medications prescribed at the time of hospital discharge (Worcester Heart Attack Study)

Number of Medications

Characteristic Oor 1 20r3 All 4 P value
(n=424) (n=2,519) (n=2,310)
Age (mean, years) 73.4 70.8 66.8 <0.001
Body mass index (mean) (Kg/m?) 26.7 27.8 28.6 <0.001
Men 56.8% 55.2% 60.5% <0.01
White 91.8% 89.7% 89.4% 0.32
Do not resuscitate order present 30.0% 22.1% 13.1% <0.001
Teaching hospital 69.3 % 91.9 % 95.2 % <.001
Insurance status
Self 5.5% 4.5% 6% <0.001
Blue-cross/Private 8.3% 12.0% 16.2%
Medicaid 1.7% 3.5% 4.4%
Medicare 42.0% 38.2% 33.3%
Health maintenance organization 42.5% 41.9% 40.1%
Initial myocardial infarction 70.5% 65.0% 63.8% <0.05
ST segment elevation myocardial infarction (%) 23.6% 26.8% 38.4% <0.001
Angina pectoris 14.4% 16.5% 12.2% <0.001
Chronic obstructive pulmonary disease 26.9% 17.6% 14.3% <0.001
Diabetes mellitus 27.8% 33.1% 37.2% <0.001
Heart failure 28.3% 24.5% 19.2% <0.001
Hypertension 67.5% 73.1% 75.2% 0.003
Renal disease 20.8% 21.8% 16.4% <0.001
Stroke 14.9% 11.6% 9.5% <0.01
Index Procedures
Cardiac Catheterization 28.5% 59.8% 77.1% <0.001
Percutaneous coronary intervention 11.1% 36.9% 62.3% <0.001
Coronary artery bypass grafting 6.4% 11.3% 1.9% <0.001
Atrial fibrillation 25% 21.2% 14.4% <0.001
Cardiogenic shock 4.7% 3.3% 3.0% 0.21
Heart failure 41.0 % 36.8% 31.6% <0.001
Stroke 2.6% 1.7% 0.7% <0.001
Length of stay, mean (days) 5.9 6.1 4.6 <0.001
Admission lab findings (mean)
Estimated glomerular filtration rate (ml/min/1.73m?) 53.1 55.3 60.7 <0.001
Serum cholesterol (mg/dl) 167.2 171.1 171.7 0.49
Systolic blood pressure (mmHg) 137.8 142.1 144.3 <0.001
Diastolic blood pressure (mmHg) 75.0 76.4 80.0 <0.001
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Table 2
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Multivariable adjusted regression analysis of factors associated with prescription of combination medical

therapy among patients discharged after hospitalization for acute myocardial infarction (Worcester Heart

Attack Study)
Characteristics Oddsratio
Age (years)
55-64 0.97
(0.89,1.05) *
65-74 0.92 (
0.84,1.00)
275 0.94
(0.86,1.03)
Male 1.01
(0.95,1.08)
White 1.07
(0.97,1.17)
Do not resuscitate order 0.85
(0.76,0.95)
Teaching hospital 1.35
(1.14,1.60)
Insurance
Blue cross/Private 0.95
(0.84,1.08)
Medicaid 0.90
(0.76,1.07)
Medicare 0.94
(0.83,1.06)
Health maintenance organization 0.89
(0.79,1.00)
ST segment elevation myocardial infarction 1.18
(1.11,1.26)
Initial myocardial infarction 0.87
(0.81,0.92)
Angina pectoris 0.95
(0.86,1.05)
Chronic obstructive pulmonary disease 0.88
(0.81,0.96)
Diabetes mellitus 1.20
(1.13,1.27)
Heart failure 0.94
(0.86,1.02)
Hypertension 1.16
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Characteristics Oddsratio
(1.08,1.24)
Renal disease 0.86
(0.78,0.94)
Stroke 0.97
(0.88,1.08)
Index Procedures
Cardiac Catheterization 131
(1.17,1.47)
Percutaneous coronary intervention 1.24
(1.14,1.36)
Coronary artery bypass grafting 0.28
(0.21,0.38)
Atrial fibrillation 0.92
(0.84,1.01)
Cardiogenic shock 0.84
(0.70,1.02)
Heart failure 1.15
(1.07,1.24)
Stroke 0.60
(0.40,0.91)
Length of stay 1.02
(1.01,1.03)

*
95% confidence intervals
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Referent categories: Age <55 years, women, non-white race, absence of do not resuscitate order, non teaching hospital, self-pay (insurance), initial

MI, NSTEMI, absence of selected co-morbidities, lack of receipt of selected procedures during index hospitalization, absence of specific

complications during current hospitalization.
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