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Abstract

Objectives—Little data existaboutthe magnitude and characteristics ofelderly patientswho are 

hospitalized foran ST-segment elevation acute myocardial infarction (STEMI)who do not undergo 

cardiac catheterization and/ora percutaneous coronary intervention (PCI).Our study objectives 

were to describe decade long trends (1999-2009)in the rates of not 

undergoingcardiaccatheterizationand PCI among patients>65 years old presenting with an STEMI 

and factors associated with not undergoing these procedures.

Design—Observational study.

Setting—Population-based study.

Participants—960residents of theWorcester (MA) metropolitan area 65 years and older who 

were hospitalized for an STEMI in 6 biennial periods between 1999 and 2009 at all 11central MA 

medical centers.

Measurements—Analyses were conducted to examine the characteristics of patients who did 

not undergo cardiac catheterization overall, and further stratified into 2 age strata (65-74 years and 

>75 years)
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Results—Between 1999and 2009, dramatic declines (from 59.4% to 7.5%)were observed in the 

proportion ofolder patients who did not undergo cardiac catheterization at all greater Worcester 

hospitalsThese declines were observed in patients65-74 yearsold (58.4%to6.7%) as well as in 

patients 75 years and older(69.4% to13.5%).The proportion of patients not receiving a PCI after 

undergoing a cardiac catheterization decreased from 36.6% (in 1999) to 6.5% (in 2009). Women, 

patients with a prior MI, those with do not resuscitate orders, and patients withvarious 

comorbidities were less likely to have undergone these procedures thanrespective comparison 

groups.

Conclusion—Older patients who develop an STEMI are increasingly likely to undergo cardiac 

catheterizationand a PCI but several high risk groups remain less likely to undergo these 

procedures.
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INTRODUCTION

Coronary heart disease remains a leading cause of morbidity and mortality in the United 

States, especially among the elderly. In 2009, almost two-thirds of Americans who died 

from coronary disease were elderly1-4.Patients 65 years and older who develop an ST-

segment elevation acute myocardial infarction (STEMI) are significantly less likely to 

undergo cardiac catheterization and receive a percutaneous coronary intervention (PCI) than 

younger individuals; these differences are due, in part, to the results ofseveral studies from 

the pre-stent era whichshowed lower success rates of PCI in the elderly1-3. Limitedevidence 

from clinical trials, however, has shown thatthese diagnostic and interventional procedures 

may be effectivetreatment options for elderly patients3,4, butcurrent guidelines remain 

unclear in defining recommendations for the receipt of these treatment approaches in this 

high risk population.

Recent studies havedemonstrated declinesin the hospital and long-term mortality associated 

with an STEMI, in parallel with the greater use of coronary reperfusion therapyand 

secondary prevention treatment modalities1-6.Due to concerns about potential adverse 

effects in the elderly, however, olderpatientswith an STEMI, especially those with multiple 

comorbidities, tend to be treated less aggressively than younger patients2,6. This is 

particularly unfortunate, however, since the elderly may be more likely to derive greater 

benefit from coronary revascularization2,6.Although several previous studies have examined 

trends in the utilization of cardiac catheterization and PCI in patients hospitalized with an 

STEMI3,4,6, information on the use of, and relatively recent trends therein, cardiac 

catheterization and PCI in elderly patients hospitalized with an STEMI, and the 

characteristics of those who do not receive these diagnostic and interventional procedures, is 

extremelylimited4,6.

The primary objective of this population-based study was to describe decade long trends 

(1999-2009) in the rates of notundergoing cardiac catheterization and receiving a PCI in 

patients65 years and older presenting with anSTEMI. A secondary study goal was to 

Tisminetzky et al. Page 2

J Am Geriatr Soc. Author manuscript; available in PMC 2016 May 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



describe the characteristics of elderly patients who did notreceive these coronarydiagnostic 

and reperfusion approaches. Data from the Worcester Heart Attack Study were used for 

purposes of this investigation7-11.

METHODS

The Worcester Heart Attack Study is an ongoing population-based investigation which is 

examining long-term trends in the incidence rates, in-hospital, and post-discharge case-

fatality rates (CFRs) of greater Worcester (MA) (2000 census = 478,000) residents 

hospitalized with acute myocardial infarction (AMI) at all central Massachusetts medical 

centers. In brief, the medical records of greater Worcester residents admitted to all 11 

hospitals throughout central Massachusetts with a discharge diagnosis of AMI and related 

coronary disease rubrics were individually reviewed and validated by trained study staff 

according to pre-established diagnostic criteria7-11. The 6 cohorts included in the present 

investigation were hospitalized for AMI on a biennial basis in 1999, 2001, 2003, 2005, 

2007, and 2009.We restricted the present study sample to these years because we were 

interested in examining relatively contemporary trends in the use of cardiac catheterization 

and PCI in patients 65 years and older hospitalized with an STEMI. The diagnosis of 

STEMI was made according to standardized criteria that we have previously used in this 

large observational study11,12.A diagnosis of STEMI was made when new ST-segment 

elevation was present at the J point in 2 or more contiguous leads. Troponin assays were 

infrequently used for the diagnosis of AMI in our study population before 2003 and were not 

considered in the diagnosis of AMI at that time. In contrast, serum troponin levels were 

routinely measured in our hospitalized patient population from 2003 on and the results of 

this biomarker assay become incorporated into the diagnostic criteria for AMI from this 

point forward11.

Data Collection

Trained physicians and nurses abstracted demographic and clinical data from the medical 

records of greater Worcester residents hospitalized with independently confirmed AMI. 

Abstracted information included patient’s age, sex, medical history, AMI order (initial vs. 

prior), physiologic factors, laboratory findings, length of hospital stay, hospital-associated 

delay to receipt of cardiac catheterization, and hospital survival status7.

Data analysis

Differences in the demographic and clinical characteristics of older patients who did and did 

not undergo cardiac catheterizationoverall, and further stratified according to age (65 to 74 

years and 75 years and older), were examined through the use of chi-square tests for discrete 

variables and ANOVA for continuous variables. For ease of analysis and interpretation, 

trends in various patient characteristics were examined during the following aggregated 

study years: 1999/01, 2003/05, and 2007/09.Crude and multivariable adjusted logistic 

regression analyses were used to examine factors associated with notundergoing a cardiac 

catheterizationand PCI during hospitalizationfor all elderly patients with a STEMI and 

separately for those aged 65-74 years and for those aged 75 years and older.
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We performed an additional subgroup analysis excluding patients who had a do not 

resuscitate (DNR) order in their hospital medical records. This secondary analysis was 

performed since DNR status was shown to be a strong predictor of not undergoing cardiac 

catheterization and there may have been differences in the profile of patients not undergoing 

a cardiac catheterization without a DNR order.We performed two additional subgroup 

analyses. One explored decade long trends in patients 85 years and older who did not 

undergo cardiac catheterization to compare trends in our oldest elderly patients to those in 

patients aged 75 to 84 years.The other subgroup analysis examined potential changes in the 

30-day mortality rates during the years under study in the entire study population after 

controlling for potential confounding variables of prognostic importance. We also performed 

this subgroup analysis in elderly patients who underwent a cardiac catheterization and/or a 

PCI.

RESULTS

A total of 960 metropolitan Worcester residents aged 65 years and older were hospitalized 

with an independently confirmed STEMI during the years under study (Table 1). The 

average age of this population was approximately 78 years and 45% were women.

Decade long trends in the receipt of cardiac catheterization and PCI

Marked declines were observed in the proportion ofelderly patients who did notundergo 

cardiac catheterization during the years under study, decreasing from59.4% in 1999 to 7.5% 

in 2009. The proportion of patients 65-74 years old whodid notundergo cardiac 

catheterizationdecreased from 58.4% in 1999 to 6.7% in 2009 andfrom 69.4% in 1999 to 

13.5% in 2009 in patients 75 years and older (Figure 1). Similarly, significant declines were 

observed in the proportion of patients who underwent cardiac catheterization and did not 

receive a PCI during their indexhospitalization from 35.6% in 1999 to 6.5% in 2009.These 

rates declined from28.9% in 1999 to 6.7% in 2009 among those 65-74 years old and from 

42.9% in 1999 to 6.3% in 2009 in the oldeststudy patients.

We examined decade long trends in the lack of receipt of cardiac catheterization in patients 

85 years and older and compared these trends to those 75 to 84 years old. Due to the 

relatively small sample of patients 85 years and older, we aggregated the years under study 

in a biennial fashion. Significant declines wereobserved in the proportion of patients who 

did not undergo cardiac catheterization from our earliest to most recent study years. Among 

patients aged 75-84 years, the proportion of those did not undergo cardiac catheterization 

decreased from 50.5% to 10.0% between 1999/2001 to 2007/2009, respectively. Among 

those 85 years and older, the percentage of patients who did not undergo cardiac 

catheterization decreased from 85.2% to 62.9% during the corresponding periods under 

study.

Patient characteristics associated with notundergoingcardiac catheterization and PCI

Overall, women, those with a prior AMI, patients with a DNR order, those witheach of the 

comorbidities examined, with the exception of hypertension and peripheral vascular disease, 

and patients who did notpresent with either chest pain, left arm and shoulder pain, 
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diaphoresis, or dyspneawere less likely to have undergone cardiac catheterization as 

compared with respective comparison groups (p<0.001) (Table 1).

In examining possible age-specific differences in the receipt ofcardiac catheterization, 

similarfactors, with somewhat exaggerated differences, were found among patients older 

than 75 yearswhereas slightlyattenuated differences, but similar trends, were observed 

inpatientslessthan 75 years old(Table 1).Similar characteristics and risk factors were found 

when we examinedthe characteristics of those who did not receive a PCI, overall and in the 

two age strata examined.

Decade long trends in the characteristics of patients who did not undergo cardiac 
catheterization

There were no marked differences found when we examined possible differences in the 

characteristics of patients who did notundergo cardiac catheterization in ourearlier 

(1999/01), as compared with the most recent (2007/09), hospitalized patient cohorts among 

patients65-74 years old (Table 2).In patients 75 years and older, however, women, patients 

with aprior MI, those with aDNR order, and those with any of the selected comorbidities, 

with the exception of peripheral vascular disease, remained at higher risk for notundergoing 

cardiac catheterization during the years under study (Table 2).

To more systematically examinefactors associated with not undergoing cardiac 

catheterization, we carried out a series of multivariable adjusted regression analyses 

controlling for several potentially confounding factors of prognostic importance including 

the time period under study, patient’s sex, race, marital status, history of several 

cardiovascular and non-cardiovascular co-morbidities, laboratory and physiologic findings, 

and patient’s acute symptoms (Table 3).There were no statistically significant factors 

associated with notundergoingcardiac catheterization in patients 65-74 years old. Patients 

with a history of heart failureor strokewere at higher risk fornotundergoing 

cardiaccatheterizationamong patients 75 years and older compared to patients without these 

previously diagnosed comorbidities.Similar risk factors were found in both age strata in 

patients who underwent cardiac catheterization but did not receive a PCI after undergoing 

this diagnostic procedure (data not shown).

Despite the non-randomized nature of this investigation, and the potential for confounding 

by treatment indication, we carried out a series of unadjusted and multivariable adjusted 

regression analyses in our total study populationfor purposes of examining trends in 30-day 

mortality rates during the years under study after controlling for important potential 

confounders of prognostic importance including demographic factors, comorbidities, and the 

receipt of in-hospital medical treatment and cardiac interventions. We found a non-

significant declinein the ORs for dying within 30 days after the patient’s index 

hospitalization, from 1.40(95% CI 0.87, 2.26) in 1999 to 1.17(95% CI0.54, 2.50) in 2009, 

respectively(p=0.69). Similar trends of improving short-term survival were observed in 

elderly patients undergoing cardiac catheterization and/or a PCI.

In examining possible differences in the factors associated with not undergoing cardiac 

catheterization in elderly patients without a DNR order, relatively similar factors were found 
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to be associated with not undergoing a cardiac catheterization as in our entire study 

population. In particular, older patients and those with a previous history of heart failure, 

stroke, chronic kidney disease, or anemia had a lower probability of undergoing cardiac 

catheterization than respective comparison groups.

DISCUSSION

The results of this descriptive observational study showed that the use of cardiac 

catheterization and PCI increasedmarkedly inelderly patients who were hospitalized at all 

central Massachusetts medical centers between 1999and 2009 with an STEMI. Despite these 

positive trends, several subsets of this population, notably women, those with a DNR order, 

and those with multiple co-morbidities were less likely to haveundergonecardiac 

catheterization than respective comparison groups.

Trends in the Receipt of Cardiac Catheterization and PCI

Several studies in and outside of the U.S., as well as our findings showing marked declines 

in the proportion of elderly patients who did not undergo cardiac catheterization, have 

demonstrated a greater utilization of cardiac catheterization and PCI in elderly patients with 

AMI during varying time periods. A Scottish study (2000 to 2007, n = 31,758) anda Danish 

study (2002 to 2009, n = 3,796) showed that older patients constituted an increasingly 

greater percentage of the population who received a PCI during hospitalization for 

AMI13,14. Similarly, using data from the Swedish Coronary Angiography and Angioplasty 

Registry, among 4, 876 patients 80 years and older with an STEMI, the proportion of elderly 

patients undergoing PCI increased from 10% in 2001 to 17% in 201015.A national study of 

1.4 million elderly patients hospitalized with an STEMI between 2001 and 2010 found a 

significant increase in the use of PCI from 20.4% in 2001 to 53.9% in 2010 among patients 

65 -79 years old, and from 9.2% to 31.2% in patients 80 years and older. Despite 

encouraging trends in the receipt of a PCI, older patients remained at higher risk for dying in 

the hospital after a PCI4.

These collective findings suggest thatwhile there have been significant increases in the use 

of cardiac catheterization and PCIin the elderly over time, this group remainsat 

considerablyhigher risk for dying during hospitalization for an STEMI.Further studies in 

these high risk populationsremain needed.

Factors Associated with Not Undergoing Cardiac Catheterization

To date, there have beena limited number of studies that have examined factors that may 

predispose an elderly patient who is experiencing an STEMI to not undergo cardiac 

catheterization or receive a PCI. A study of more than 53,000 patients hospitalized with an 

STEMI in all Florida hospitals between 2001 and 2005 found that women and individuals 

older than 75 years were less likely to have received a same day PCI than respective 

comparison groups16. A study of 1,064 patients treated for an STEMI in a Pennsylvania 

community hospital found that a higher percentage of men than women underwent cardiac 

catheterization17whereas a recent study that included 68,025 patients with a STEMI found 
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that patients 85 years and older were significantly less likely to have received coronary 

reperfusion therapy than their younger counterparts18.

In a study examining all Florida hospital discharges between 2006 and 2007, important 

predictors for patients who developed an STEMI and were 75 years or older to not undergo 

a cardiac catheterization included being female, African-American, and having dementia19. 

Due to the low representation of minorities in our study population, we were unable to 

examine the influence of race/ethnicity as a possible predictor of notundergoing cardiac 

catheterization or receiving a PCI. The study in Florida showed that several comorbidities 

were associated with decreased utilization of cardiac catheterization19.This study also found 

that women, those from lower socioeconomic strata, and patients with select chronic 

conditions were less likely to have received a subsequent PCI after undergoing cardiac 

catheterization19. Our study also found that patients with a history of heart failure, chronic 

kidney disease, or stroke were less likely to have undergone cardiac catheterization than 

patients without these previously diagnosed comorbidities.

One potential explanation for our observed sex differences in the receipt of cardiac 

catheterization may stem from the decreased likelihood for women to experience classic 

symptoms of AMI such as chest pain20. This dovetails with our findings which showed that 

patients who did not present with chest, left arm, or left shoulder pain were less likely to 

have undergone cardiac catheterization than patients who presented with these acute 

symptoms. On the other hand, since women were older than men at the time of being 

hospitalized for an STEMI in the present study, this may have contributed to their lower 

receipt of this diagnostic procedure.

Our finding that patients with a DNR order were less likely to have undergone cardiac 

catheterization during the years under study could have resulted from a multiplicity of 

factors. DNR patients are more likely to be sicker and present with a greater number of 

comorbidities at the time of hospitalization than patients who do not have a DNR 

order21.Inasmuch, the lower receipt of cardiac catheterization in these patients could have 

resulted from them being perceived as riskier candidates for intervention. However, data 

showing that DNR patients are at higher risk for dying during hospitalization for AMI, even 

after adjusting for multiple factors, has raised concerns about the denial of care for these 

patients22. A survey of 241 physicians at a Baltimore medical center found that physicians 

were significantly less likely to order central line placement, blood cultures, and blood 

transfusions for hypothetical DNR patients compared to hypothetical patients without a 

DNR order23. While our results cannot confirm physician bias in withholding cardiac 

catheterization for patients with a DNR order, they do suggest the need for further research 

in this area.

The presence of certain and multiple comorbidities may deter cardiac catheterization use due 

to concerns for higher procedural-related morbidity and mortality. Several studies have, 

however, presented contradictory evidence on how conditions such as chronic obstructive 

pulmonary disease (COPD) and end-stage renal disease are associated with in-hospital 

mortality after receipt of a PCI24. Physicians are challenged in balancing the risks of 

inaction following a STEMI with procedural-related complications for these complex, high 
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risk patients. However, as the average age of patients hospitalized with AMI continues to 

increase25, there will likely be more patients presenting with multiple comorbidities in 

whom the benefits and risks of undergoing a PCI need to be considered and more 

systematically evaluated.

Study Strengths and Limitations

The main strengths of our observational study include the large elderly patient 

samplehospitalized witha confirmed STEMI and the collection of data over a decade long 

period of study. Our sample included a relatively large representation of women, patients 

having either a first or prior MI, and patients with various comorbidities.

We acknowledge several limitations associated with our study. Our study was carried out 

among residents of central Massachusetts, who were primarily Caucasian, and, therefore, we 

were unable to examine the impact of race/ethnicity on our principal study outcomes as well 

as whether the present findings are applicable to other geographic settings. Since the 

American population is becoming more diverse and health disparities continue to exist, it 

will become important for future studies to examine differences in the receipt of diagnostic 

and interventional cardiac procedures according to race/ethnicity as well as in different 

population settings.We also did not have systematically collected information available on 

several additional factors that might have affected the present results including the effects of 

dementia and impaired cognition, frailty, depression, functional status, metastatic cancer, 

morbid obesity, tobacco use, or recent surgical procedures.We also did not have data 

available on the reasons for not performing cardiac catheterization and/or PCI, including 

patient and physician preferences. We also did not adjust for the impact of several hospital 

clinical complications on the receipt of cardiac catheterization or PCI, and excluded from 

the study those patients who died during their index hospitalization for STEMI, since we 

were unable to classify the time of occurrence of these events and receipt of the diagnostic 

and interventional procedures examined.

CONCLUSIONS

Our study of elderly patients hospitalized with an STEMI inall central Massachusetts 

medical centers between 1999 and 2009 demonstrated an increased utilization of cardiac 

catheterization and PCI in these older adults. However, we were unable to determine 

whetherthe management of these older patients was appropriate, excessive, or inadequate. 

We also showed that several demographic and clinical factors were associated with a higher 

risk of not undergoing cardiac catheterization in the setting of a STEMI.As these 

interventions become more common in older hospitalized patients, and more elderly patients 

with single and multiplecomorbidities are included in clinical trials, further characterization 

of in-hospital and long-term outcomes in these individuals should be undertaken so that 

these patients can obtain benefits from these diagnostic and interventional procedures as 

younger patients have.
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Figure 1. 
Trends in Not Undergoing Cardiac Catheterization According to Age
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Table 1

Characteristics of Patients with ST Segment Elevation Acute Myocardial Infarction Who Did Not Undergo 

Cardiac Catheterization

All Patients 65-74 years old ≥75 years old

% not % not % not

n undergoing n undergoing n undergoing

Total 960 39.7 354 23.2 606 49.3**

Female 504 44.6 132 24.2 372 51.9**

Male 456 34.2 222 22.5 234 45.3**

Prior AMI 301 44.5 104 25.0 197 54.8**

Initial AMI 659 37.5 250 22.4 409 46.7**

Do Not Resuscitate Order 293 64.2 36 50.0 257 66.2

Medical History

Atrial Fibrillation 125 57.6 27 44.4 98 61.2

Heart Failure 196 60.7 53 34.0 143 70.6**

Hypertension 699 39.1 240 20.8 459 48.6**

Peripheral Vascular Disease 147 39.5 56 28.6 91 46.2

Stroke 115 55.7 36 30.6 79 67.1*

Diabetes 286 40.2 118 23.7 168 51.8**

Chronic Obstructive 180 45.6 59 30.5 121 52.9

Pulmonary Disease

Chronic Kidney Disease 149 47.7 51 25.5 98 59.2*

Bleeding 60 50.0 16 31.2 44 56.8*

Anemia 299 49.2 85 31.8 214 66.8**

Use of anticoagulants before
hospitalization

60 38.5 54 23.8 26 45.5

All Comorbidities+

0-1 180 17.2 80 7.5 100 25.1**

2-3 214 22.4 77 7.8 137 30.7

≥4 566 53.4 197 35.5 369 62.9

AMI: acute myocardial infarction

*
p-value <0.01;

**
p-value <0.001

+
All comorbidities: atrial fibrillation, heart failure, hypertension, peripheral vascular disease, stroke, diabetes, chronic obstructive pulmonary 

disease, chronic kidney disease, and anemia
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Table 2

Trends in the Characteristics of Patients Who Did Not Undergo Cardiac Catheterization According to Age

65-74 years ≥75 years

1999/01 2007/09 1999/01 2007/09

n % n % n % n %

Total 167 38.3 69 12.5 306 76.1 105 29.8

Female 70 38.6 27 0 180 66.1 58 25.9

Male 97 38.1 42 7.1 126 60.3 47 21.3

Prior AMI 47 42.6 28 7.1 95 67.4 35 34.3

Initial AMI 120 36.7 41 2.4 211 62.1 70 18.6

Do Not Resuscitate Order 15 66.7 7 42.9 127 78.0 41 48.8

Medical History

Atrial Fibrillation 14 71.4 3 0 49 69.4 19 52.6

Heart Failure 25 60.0 11 0 75 81.3 18 55.6

Hypertension 103 35.0 54 14.8 227 61.7 85 28.2

Peripheral Vascular Disease 21 47.6 17 11.8 40 67.5 23 21.7

Stroke 22 45.5 4 0 42 76.2 13 53.9

Diabetes 45 46.7 26 0 85 68.3 31 25.8

Chronic Obstructive Pulmonary 27 48.2 10 0 58 65.5 16 25.0

Disease

Chronic Kidney Disease 18 50.0 13 0 28 78.6 30 40.0

Bleeding 5 80.0 5 0 21 61.9 7 28.6

Anemia 40 57.5 15 0 116 69.8 36 27.8

Use of anticoagulants before
hospitalization

12 27.3 0 19 52.6 9 55.6

AMI: acute myocardial infarction
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