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ABSTRACT
OBJECTIVES The aim of this study was to evaluate temporal trends in characteristics and outcomes among patients
referred for invasive coronary procedures within a national health care system for veterans.
BACKGROUND Coronary angiography and percutaneous coronary intervention remain instrumental diagnostic and
therapeutic interventions for coronary artery disease.
METHODS All coronary angiographic studies and interventions performed in U.S. Department of Veterans Affairs cardiac
catheterization laboratories for ﬁscal years 2009 through 2015 were identiﬁed. The demographic characteristics and management of these patients were stratiﬁed by time. Clinical outcomes including readmission (30-day) and mortality were
assessed across years.
RESULTS From 2009 to 2015, 194,476 coronary angiographic examinations and 85,024 interventions were performed at
Veterans Affairs facilities. The median numbers of angiographic studies (p ¼ 0.81) and interventions (p ¼ 0.22) remained
constant over time. Patients undergoing these procedures were progressively older, with more comorbidities, as the proportion
classiﬁed as having high Framingham risk signiﬁcantly increased among those undergoing angiography (from 20% to 25%;
p < 0.001) and intervention (from 24% to 32%; p < 0.001). Similarly, the median National Cardiovascular Data Registry
CathPCI risk score increased for diagnostic (from 14 to 15; p ¼ 0.005) and interventional (from 14 to 18; p ¼ 0.002) procedures.
Post-procedural medical management was unchanged over time, although there was increasing adoption of transradial access
for diagnostic (from 6% to 36%; p < 0.001) and interventional (from 5% to 32%; p < 0.001) procedures. Complications
and clinical outcomes also remained constant, with a trend toward a reduction in the adjusted hazard ratio for percutaneous
coronary intervention mortality (hazard ratio: 0.983; 95% conﬁdence interval: 0.967 to 1.000).
CONCLUSIONS Veterans undergoing invasive coronary procedures have had increasing medical complexity over time,
without attendant increases in mortality among those receiving interventions. As the Department of Veterans Affairs moves
toward a mix of integrated and community-based care, it will be important to account for these demographic shifts so that
quality can be maintained. (J Am Coll Cardiol Intv 2018;11:879–88) Published by Elsevier on behalf of the American College of
Cardiology Foundation.
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C

ABBREVIATIONS
AND ACRONYMS
CI = conﬁdence interval
HR = hazard ratio
NCDR = National
Cardiovascular Data Registry

PCI = percutaneous coronary
intervention

VA = U.S. Department of
Veterans Affairs
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a

analysis includes all patients included in the registry

fundamental diagnostic test for cor-

angiography

since the last report (October 2009), extending to the

onary

most recent data available with linked Medicare

artery

disease.

remains

Similarly,

percutaneous coronary intervention (PCI)

outcomes

plays a pivotal role in its management. Previ-

approved by the Colorado Multiple Institution Re-

ous studies have attempted to characterize

view Board, which includes the VA Eastern Colorado

the use of these procedures at regional and

Health Care System, with a waiver of informed

national levels (1–3). Those studies have

consent.

largely indicated a stable rate of diagnostic
coronary angiography, with a decline in
percutaneous

revascularization

over

the

past decade. These analyses are impressive in their
scope, with the most recent publication including
a large proportion of nonfederal facilities in the
United States that provide diagnostic coronary angiography (70%) and percutaneous revascularization
(90%). These national registries collect signiﬁcant
data regarding each episode of care, although the
clinical outcomes recorded are largely limited to
the inpatient setting (4).
SEE PAGE 889

Integrated health systems include electronic medical records and quality improvement programs that
are capable of capturing longitudinal health status.

(September

2015).

This

analysis

was

DEFINITIONS. The population was separated into 2

groups on the basis of the invasive procedure performed: isolated coronary angiography or coronary
angiography with percutaneous revascularization.
PCI was deﬁned as balloon angioplasty or stenting of
any epicardial coronary artery. A patient who underwent both procedures on the same day was categorized as only having an intervention. The temporal
trends were based on the number of procedures performed in a given ﬁscal year, such that a staged coronary intervention would be counted as a subsequent
procedure. Evaluation of clinical outcomes including
readmission or mortality was performed using a
patient-level analysis, using the index procedure
within

each

ﬁscal

year

in

cases

of

recurrent

procedures.

The U.S. Department of Veterans Affairs (VA) health

MEASUREMENTS. Patient and procedural character-

care system is the largest integrated health system in

istics were abstracted from the linked electronic

the United States, affording a unique opportunity to

medical record and cardiac catheterization report

study the use of invasive cardiac procedures on a

documentation. Medications prescribed at the time of

national scale with the ability to simultaneously

the index procedure were ascertained from linked

report longitudinal clinical outcomes. With this in

pharmacy data, including data on antiplatelet agents,

mind, we sought to identify temporal trends in pa-

angiotensin antagonists, beta-blockers, and statins.

tient and procedural characteristics for patients

Information on aspirin were not collected, as the

evaluated and treated for coronary artery disease

pharmacy data could not incorporate over-the-

within the VA system. We then examined trends in

counter acquisition of the medication. Similarly, in-

medical management and long-term clinical out-

formation regarding smoking cessation programs or

comes for these patients.

referrals to cardiac rehabilitation are inconsistently
reported across sites and are thus omitted. Procedural

METHODS

complications are voluntarily reported by individual
sites and represent any complications that occurred

POPULATION. The VA Clinical Assessment, Report-

within the cardiac catheterization laboratory. Major

ing, and Tracking system is a national quality

complications were deﬁned as procedural death,

improvement program that includes all cardiac cath-

stroke, or emergent cardiac surgery. Minor compli-

eterization laboratories within the VA health care

cations were deﬁned as coronary complications

system. As described previously, this mandatory

(dissection, perforation), contrast reactions (anaphy-

program captures and compiles standardized patient

laxis, respiratory distress, hives), or acute access-site

and procedural data elements for all coronary pro-

injury (dissection, perforation, hematoma, retroperi-

cedures performed in VA cardiac catheterization lab-

toneal hemorrhage, limb ischemia, vascular compli-

oratories (5). The data elements surveyed are derived

cation requiring surgical repair). Post-procedural

from previously established data deﬁnitions from the

cardiac biomarkers were not routinely assessed across

National Cardiovascular Data Registry (NCDR), and

sites and time, making it impossible to accurately

the dataset is independently assessed for accuracy

ascertain the rates of a post-procedural myocardial

and validity on a routine basis (6,7). The present

infarction. Readmission data were assessed from the
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electronic medical record as well as using fee basis

prior year were also excluded, as it was not possible

and Medicare billing data for patients readmitted

to accurately determine outside prescription rates.

to facilities outside the VA health care system. A

Clinical outcomes were assessed for a subpopula-

primary diagnosis code for myocardial infarction

tion of patients with sufﬁcient follow-up: those who

(International Classiﬁcation of Diseases-9th Revision

presented from 2009 to 2014. Cox proportional haz-

codes 410.00, 410.01, 410.10, 410.11, 410.20, 410.21,

ards models were analyzed with adjustment cova-

410.30, 410.31, 410.40, 410.41, 410.50, 410.51, 410.60,

riates for Framingham risk score and the NCDR

410.61, 410.70, 410.71, 410.80, 410.81, 410.90, and

mortality risk score, as well as the year in which the

410.91; International Classiﬁcation of Diseases-10th

procedure was performed. The outcomes for these

Revision codes I21.01, I21.02, I21.09, I21.11, I21.19,

models included readmission (30-day) and mortality

I21.21, I21.29, I21.3, I21.4, I22.0, I22.1, I22.2, I22.8, and

(1-year).

I22.9) deﬁned a readmission for recurrent myocardial

distribution hazard ratios (HRs) were used to estimate

infarction. Mortality was ascertained from the VA

rehospitalization for myocardial infarction in the

Information Resource Center Vital Status File, which

presence of death. A small proportion of subjects did

Fine

and

Gray

competing

risk

sub-

includes data from the Beneﬁciary Identiﬁcation

not have sufﬁcient data to calculate the risk scores for

Record Locator Subsystem Death File, VA Medicare

these models (2% coronary angiography, 11% percu-

Vital Status File, and Social Security Administration

taneous revascularization) and thus were excluded

Death Master File (8).

from this portion of the analysis. Furthermore, ex-

ANALYSIS. Temporal trends were evaluated for a

number of dichotomous variables, including clinical
presentation (acute coronary syndromes vs. stable
angina), procedural access (radial vs. femoral), and
need

for

ventricular

support.

Additional

in-

vestigations sought to characterize the clinical risk of
patients undergoing invasive procedures. To do so,
the Framingham risk score (9) and NCDR CathPCI
mortality risk score (10) were calculated for every
patient who underwent coronary angiography or
percutaneous revascularization. To establish temporal trends across years for the dichotomous variables
and the high-risk category of Framingham risk, a
Cochran-Armitage test was applied on the annual
percentage of each. The continuous measures of
NCDR CathPCI mortality risk as well as catheterization and PCI volumes were analyzed using the
nonparametric Theil-Sen estimator over the yearly
median values. This method examines the slope between every pair of data points and retains the median of the rank-ordered slopes as the estimator (11).
Duplicate

median

values

were

problematic

for

obtaining p values from the distribution of the Wilcoxon signed rank statistic and creating slopes of
zero. To overcome this limitation, each analysis for
Framingham risk and NCDR mortality risk was iterated 1,000 times with small N(0,106) perturbations
added to the ﬁscal year median values (12). From the
1,000 iterations, the median slope and p value were
retained. In analyzing longitudinal medication prescriptions after procedures, patients who died within
90 days of the procedure or had documented allergies
to a medication class were excluded from the anal-

ceptions were made for staged procedures, in which a
patient had a second coronary intervention on the
nonindex artery within 60 days of the index procedure. In these cases, the last of the staged procedures
was used as the start date to prevent the procedure
from being identiﬁed as an early rehospitalization of
the earlier procedure. The follow-up period for
capturing

outcome

events

post-procedure

was

deﬁned as a 365-day window.
All

statistical

analyses

were

performed

with

SAS 9.4 TS Level 1M3 (SAS Institute, Cary, North
Carolina) and R version 3.3.1 (The R Foundation
for Statistical Computing, Vienna, Austria). A p
value <0.05 was considered to indicate statistical
signiﬁcance.

RESULTS
POPULATION. During the time period under investi-

gation, 194,476 diagnostic coronary angiographic
examinations and 85,024 percutaneous revascularization procedures were performed in 79 VA cardiac
catheterization laboratories. The numbers of diagnostic angiographic studies (p ¼ 0.84) and interventional (p ¼ 0.47) coronary procedures remained
relatively constant with time, starting at 24,420 and
10,280 procedures per year in 2009 and slightly
increasing to 27,963 and 12,205 procedures, respectively, in 2015. The median numbers of coronary
angiographic studies (p ¼ 0.81) and interventions
(p ¼ 0.22) were also unchanged at each individual
cardiac catheterization laboratory over the same
period (p ¼ 0.22) (Online Figure 1).

ysis. Furthermore, patients who had not received any

PATIENT CHARACTERISTICS. The demographics and

medications within the VA health care system for the

medical

comorbidities

of

patients

undergoing
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T A B L E 1 Characteristics of Patients Undergoing Percutaneous Coronary Intervention, 2009 to 2015

2009

2010

2011

2012

2013

2014

2015

(n ¼ 10,280)

(n ¼ 12,468)

(n ¼ 12,909)

(n ¼ 12,964)

(n ¼ 12,156)

(n ¼ 12,042)

(n ¼ 12,205)

Age (yrs)

63 (59–71)

64 (60–70)

64 (60–70)

65 (61–70)

65 (61–71)

66 (62–71)

67 (62–71)

Male

10,125 (99)

12,263 (98)

12,717 (99)

12,742 (98)

11,962 (98)

11,830 (98)

12,006 (98)

Race
African American
Caucasian
Other

1,421 (14)

1,576 (13)

1,618 (13)

1,671 (13)

1,625 (13)

1,710 (14)

1,861 (15)

8,679 (84)

10,646 (85)

11,042 (86)

11,038 (85)

10,252 (84)

10,066 (84)

10,059 (82)

180 (2)

246 (2)

249 (2)

255 (2)

279 (2)

266 (2)

285 (2)

Body mass index (kg/m2)
Underweight (<20)

69 (1)

67 (1)

76 (1)

82 (1)

63 (1)

71 (1)

87 (1)

Normal (20–25)

1,650 (16)

1,887 (15)

1,859 (15)

2,024 (16)

1,848 (15)

1,829 (15)

1,910 (16)

Overweight (30–35)

3,677 (36)

4,430 (36)

4,537 (36)

4,515 (35)

4,300 (36)

4,204 (35)

4,185 (34)

Obese (>35)

4,721 (47)

5,898 (48)

6,290 (49)

6,232 (48)

5,848 (48)

5,845 (49)

5,955 (49)

163 (2)

186 (1)

147 (1)

111 (1)

97 (1)

93 (1)

68 (1)

Missing
Medical comorbidities
Cerebrovascular disease

1,688 (16)

2,176 (17)

2,353 (18)

2,446 (19)

2,378 (20)

2,446 (20)

2,591 (21)

Depression

3,030 (29)

3,635 (29)

4,028 (31)

3,971 (31)

4,002 (33)

4,042 (34)

3,970 (33)

Diabetes

4,798 (47)

5,962 (48)

6,373 (49)

6,491 (50)

6,252 (51)

6,313 (52)

6,522 (53)

Heart failure

2,492 (24)

3,057 (25)

3,158 (24)

3,409 (26)

3,340 (27)

3,495 (29)

3,629 (30)

Hyperlipidemia

9,009 (88)

11,212 (90)

11,733 (91)

11,873 (92)

11,158 (92)

11,074 (92)

11,265 (92)

Hypertension

9,204 (90)

11,253 (90)

11,746 (91)

11,848 (91)

11,152 (92)

11,070 (92)

11,255 (92)

Obstructive pulmonary disease

2,340 (23)

2,707 (22)

2,835 (22)

2,888 (22)

2,837 (23)

2,908 (24)

2,979 (24)

328 (3)

399 (3)

405 (3)

376 (3)

411 (3)

421 (3)

456 (4)

Post-traumatic stress

1,483 (14)

1,884 (15)

2,178 (17)

2,230 (17)

2,267 (19)

2,297 (19)

2,264 (19)

Renal failure (dialysis)

2,064 (20)

2,584 (21)

2,645 (20)

2,718 (21)

2,719 (22)

2,921 (24)

2,975 (24)

Tobacco use (ever)

5,977 (58)

7,683 (62)

8,110 (63)

8,276 (64)

8,114 (67)

8,443 (70)

8,531 (70)

Peripheral vascular

Laboratory data
LDL cholesterol (mg/dl)

92 (73–118)

92 (73–116)

90 (70–114)

89 (69–114)

89 (69–114)

88 (68–114)

86 (65–113)

HDL cholesterol (mg/dl)

36 (31–43)

36 (31–43)

37 (32–44)

38 (32–45)

38 (32–45)

39 (33–46)

39 (33–46)

Glomerular ﬁltration rate
(ml/min/1.73 m2)

78 (63–91)

77 (61–90)

77 (61–90)

77 (61–90)

76 (59–88)

77 (59–86)

77 (59–88)

Framingham risk score
Low

2,040 (20)

2,315 (19)

2,496 (19)

2,336 (18)

1,994 (16)

1,845 (15)

1,842 (15)

Medium

5,792 (56)

7,061 (57)

7,333 (57)

7,346 (57)

6,850 (56)

6,624 (55)

6,514 (53)

High

2,443 (24)

3,091 (25)

3,079 (24)

3,277 (25)

3,310 (27)

3,572 (30)

3,848 (32)

5 (0)

1 (0)

1 (0)

5 (0)

2 (0)

1 (0)

1 (0)

14 (10–22)

15 (10–23)

15 (10–22)

15 (10–23)

16 (10–23)

16 (10–24)

18 (10–24)

Missing
NCDR mortality points

Values are median (interquartile range) or n (%).
HDL ¼ high-density lipoprotein; LDL ¼ low-density lipoprotein; NCDR ¼ National Cardiovascular Data Registry.

coronary angiography (Online Table 1) and percuta-

Framingham risk signiﬁcantly increased among those

neous revascularization (Table 1) were stratiﬁed by

undergoing angiography (from 20% to 25%; p < 0.001)

year. As shown, patients are becoming progressively

and intervention (from 24% to 32%; p < 0.001) during

older with greater body mass index values as time

the study period (Figure 1). Similarly, the median

progresses. The prevalence rates of many medical

NCDR CathPCI mortality risk score also increased for

comorbidities among patients undergoing coronary

diagnostic (from 14 to 15; p ¼ 0.005) and interven-

angiography and intervention have also increased

tional (from 14 to 18; p ¼ 0.002) procedures over the

with time, with the numeric proportion of patients

time period under investigation.

experiencing every medical comorbidity investigated

PROCEDURAL CHARACTERISTICS. The procedural

increasing from the beginning of the study period to

characteristics of patients undergoing coronary angi-

the end. The composite assessment of medical

ography (Online Table 2) and intervention (Table 2)

comorbidities is consistent with this ﬁnding, as the

were also stratiﬁed by year. As shown, the indication

proportion of patients classiﬁed as having high

for the procedure has changed over time, with an
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F I G U R E 1 Temporal Trends in Patient Risk and Mortality

dromes (p < 0.001). The primary access site used to
perform the procedure also changed, with a signiﬁcant increase in the use of transradial access for both
procedures (p < 0.001) (Online Figure 2). The number
of diseased vessels remained similar among patients
undergoing diagnostic angiography, with the largest
proportion of interventions routinely performed
on the left anterior descending coronary artery.
The use of concomitant intra-aortic balloon pumps
during percutaneous revascularization was constant
with time (p ¼ 0.178), with an increasing use of
other mechanical support since tracking began in
2013 (p < 0.001).
MEDICAL MANAGEMENT. The temporal trends in

medication prescriptions were analyzed among those
who underwent coronary angiography and found to
have non-normal coronary arteries (Online Table 3),
as well as those who underwent percutaneous
revascularization (Table 3). In both cases, the rates of
medication prescriptions 90 days after the procedure
remained relatively constant with respect to time.
Approximately 73% of eligible patients undergoing
intervention received prescriptions for all classes of
medications that were evaluated, a value that
remained similar across the time period under
investigation.
CLINICAL OUTCOMES. The in-laboratory procedural

complications and clinical outcomes among patients
undergoing coronary angiography (Online Table 4) or
intervention (Table 4) have been stratiﬁed by ﬁscal
year. As shown, major and minor procedural complications were <1% across the period of investigation
for both procedures. The proportion of patients
readmitted within 30 days of the procedure remained
constant over time, at approximately 17% for diagnostic angiography and 11% after intervention. The
rates of recurrent myocardial infarction were also
unchanged for both those undergoing angiography
(subdistribution HR: 0.986; 95% conﬁdence interval

There was a signiﬁcant increase in the proportion of patients undergoing coronary

[CI]: 0.968 to 1.004) and percutaneous revasculari-

angiography (p < 0.001) and percutaneous coronary intervention (PCI) (p < 0.001) who

zation (subdistribution HR: 1.006; 95% CI: 0.983 to

were deemed to be at high Framingham risk over the period under investigation. The

1.029). Similarly, the raw mortality rates remained

hazard ratio (HR) for mortality, however, remained constant over time, with a nonsig-

similar (7%) across all years. After adjustment for 2
contemporary composite risk scores (NCDR and Fra-

niﬁcant decrease among those undergoing intervention (HR: 0.983; 95% conﬁdence
interval: 0.967 to 1.000).

mingham), the adjusted HR for 30-day readmission
actually declined across the years investigated (HR:
0.981; 95 CI: 0.974 to 0.988) without signiﬁcant

undergoing percutaneous revascularization demon-

changes in the hazard for mortality (HR: 0.999; 95%

strated that the adjusted HR for 30-day readmission

CI: 0.988 to 1.010) among those undergoing coronary

(HR: 0.982; 95% CI: 0.969 to 0.995) decreased with

angiography alone. A similar analysis for patients

time, with a nonsigniﬁcant trend toward a reduction
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T A B L E 2 Procedural Characteristics of Patients Undergoing Percutaneous Coronary Intervention, 2009 to 2015

2009

2010

2011

2012

2013

2014

2015

(n ¼ 10,280)

(n ¼ 12,468)

(n ¼ 12,909)

(n ¼ 12,964)

(n ¼ 12,156)

(n ¼ 12,042)

(n ¼ 12,205)

Inpatient

5,466 (53)

6,634 (53)

6,495 (50)

6,617 (51)

6,363 (52)

6,008 (50)

6,012 (49)

Outpatient

4,599 (45)

5,564 (45)

6,130 (48)

6,024 (47)

5,538 (46)

5,803 (48)

6,010 (49)

215 (2)

270 (2)

284 (2)

323 (2)

255 (2)

231 (2)

183 (2)

Elective

6,716 (65)

7,909 (63)

8,340 (65)

8,081 (62)

7,428 (61)

7,664 (64)

7,969 (65)

Urgent

2,719 (26)

3,526 (28)

3,563 (28)

3,791 (29)

3,737 (31)

3,478 (29)

3,384 (28)

Emergent

632 (6)

750 (6)

755 (6)

785 (6)

768 (6)

714 (6)

701 (6)

Salvage

26 (0)

30 (0)

18 (0)

20 (0)

20 (0)

26 (0)

25 (0)

Missing

187 (2)

253 (2)

233 (2)

287 (2)

203 (2)

160 (1)

126 (1)

Stable angina

1,979 (19)

2,762 (22)

3,063 (24)

3,337 (26)

3,244 (27)

3,351 (28)

3,474 (29)

Unstable angina

1,374 (13)

1,907 (15)

2,074 (16)

2,225 (17)

2,364 (19)

2,317 (19)

2,232 (18)

Non–ST-segment elevation

1,064 (10)

1,478 (12)

1,718 (13)

2,036 (16)

2,177 (18)

2,262 (19)

2,254 (19)

Missing inpatient or outpatient status
Status

Indication

ST-segment elevation

222 (2)

326 (3)

382 (3)

438 (3)

457 (4)

486 (4)

494 (4)

Other

1,392 (14)

2,187 (18)

2,380 (18)

2,431 (19)

2,492 (21)

2,431 (20)

2,579 (21)

Missing

4,249 (41)

3,808 (30)

3,292 (26)

2,497 (19)

1,422 (12)

1,195 (10)

1,172 (10)

Primary procedural access
Femoral

9,546 (93)

11,020 (88)

10,909 (85)

10,730 (83)

9,571 (79)

8,899 (74)

8,086 (66)

Radial

507 (5)

1,043 (8)

1,733 (13)

1,995 (15)

2,366 (20)

2,957 (25)

3,897 (32)

Other

48 (0)

56 (0)

72 (1)

67 (0)

73 (1)

56 (0)

67 (0)

Missing

179 (2)

349 (3)

195 (2)

172 (1)

146 (1)

130 (1)

155 (1)

Coronary summary
3-vessel disease

2,388 (23)

2,857 (23)

2,882 (22)

3,047 (24)

2,871 (24)

2,771 (23)

2,809 (23)

2-vessel disease

2,435 (24)

3,049 (25)

3,222 (25)

3,308 (26)

3,099 (26)

2,988 (25)

2,997 (25)

1-vessel disease

3,233 (31)

4,134 (33)

4,397 (34)

4,406 (34)

4,139 (34)

4,155 (35)

4,141 (34)

Nonobstructive

331 (3)

504 (4)

548 (4)

472 (4)

401 (3)

376 (3)

369 (3)

Normal

6 (0)

8 (0)

13 (0)

6 (0)

4 (0)

5 (0)

6 (0)

Missing

1,887 (18)

1,916 (15)

1,847 (14)

1,725 (13)

1,642 (14)

1,747 (14)

1,883 (15)

Vessel treated
Left main coronary artery

184 (2)

297 (2)

294 (2)

314 (2)

319 (3)

260 (2)

277 (2)

Left anterior descending coronary artery

3,413 (33)

3,841 (31)

4,270 (33)

4,275 (33)

4,114 (34)

4,181 (35)

4,325 (35)

Left circumﬂex coronary artery

2,301 (22)

2,772 (22)

2,907 (23)

2,788 (22)

2,641 (22)

2,639 (22)

2,707 (22)

Right coronary artery

2,745 (27)

3,467 (28)

3,483 (27)

3,525 (27)

3,345 (28)

3,242 (27)

3,294 (27)

Other

225 (2)

277 (2)

234 (2)

293 (2)

259 (2)

247 (2)

231 (2)

Bypass graft

967 (9)

1,023 (8)

1,039 (9)

1,066 (8)

967 (8)

991 (8)

927 (8)

Missing

445 (5)

791 (6)

682 (5)

703 (5)

511 (4)

482 (4)

444 (4)

141 (1)

162 (1)

166 (1)

169 (1)

165 (1)

137 (1)

147 (1)

—

—

—

—

24 (0)

54 (0)

125 (1)

Ventricular support
Intra-aortic balloon pump
Other
Values are n (%).

in mortality (HR: 0.983; 95% CI: 0.967 to 1.000)

investigation. The patient population undergoing

(Figure 1).

these procedures has also grown older, with a higher
degree of medical comorbidities, demonstrated by a

DISCUSSION

signiﬁcant increase in 2 contemporary composite
risk scores calculated over time. Although medical

The present study evaluated the temporal trends in

management of these patients has remained con-

invasive coronary procedures using a national data-

stant, procedural management has changed with

set collected at the point of care. As the data

increasing adoption of transradial access and use of

demonstrate, the number of coronary angiographic

mechanical

studies and coronary interventions remained rela-

Despite the increases in baseline procedural risk,

tively

however, the procedural complications and clinical

constant

during

the

time

period

under

support

for

high-risk

interventions.
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outcomes among patients undergoing these proced-

T A B L E 3 Medication Prescriptions 90 Days After Percutaneous Coronary Intervention,

ures have remained constant. In fact, the adjusted

2009 to 2014

HR for mortality showed a nonsigniﬁcant trend to2009

ward decreasing after considering the changes in
medical

comorbidities

among

those

undergoing
Eligible

important implications in the largest integrated
for the medical community as a whole.

Eligible

in their medical comorbidities. Previous research has

Eligible

in the community have become progressively older,

Prescription
rate (%)

with a higher rate of heart failure and peripheral

Eligible

posite risk among patients undergoing percutaneous
increased

with

time

Eligible

largest integrated health care system in the United

Prescription
rate (%)

health

care

patients

9,317

9,112

85

85

83

8,950

10,830

11,179

11,251

10,403

10,261

92

92

92

92

93

92

9,601

11,637

12,050

12,092

11,298

11,315

97

97

97

98

98

98

9,096

10,988

11,313

11,315

10,581

10,583

94

94

94

94

95

95

7,162

8,640

8,756

8,600

7,978

7,796

74

74

73

74

75

73

All medications

present study corroborates these ﬁndings in the

that

10,045

85

Prescription
rate (%)

among facilities enrolled in the NCDRs (14). The

VA

10,175

86

Statin

artery disease (13). Furthermore, a measure of com-

the

9,996

P2Y12 inhibitor

demonstrated that Medicare patients undergoing PCI

demonstrate

system.

The

undergoing

data
Patients were deemed not eligible for a prescription if they met 1 of the following 3 criteria: died prior to 90 days
after the procedure, had a documented allergy to the medication class, or received medications from outside the
Veterans Affairs system.

coronary

angiography and intervention are older, with a signiﬁcant increase in every concomitant medical comorbidity measured. The prevalence of common
psychosocial conditions in this population, such as
post-traumatic stress disorder, has also increased

important to note that fewer than one-half of the

with time. The sum of this medical complexity is

cardiac catheterization laboratories in the VA health

reﬂected in a signiﬁcant increase in the Framingham

care system provide 24-h coverage, which would

risk score, a composite measure used to calculate the

presumably lower the measured acuity of the patient

risk for future coronary heart disease events. Addi-

population treated. The ﬁnding of increased ex-

tionally, the NCDR CathPCI score assessing the risk

pected mortality within the VA system is thus even

for periprocedural mortality during coronary inter-

more surprising compared with the community, with

vention also increased with time. Interestingly, the

a greater proportion of sites that provide around-

median NCDR CathPCI mortality risk score among

the-clock invasive cardiology services. Additional

patients undergoing intervention at VA facilities (18;

data have suggested that the anatomic complexity of

interquartile range: 10 to 24) exceeds the most

patients undergoing angiography and intervention

recently reported value in the community by the

has also increased with time, particularly among

NCDRs (16; interquartile range: 10 to 23) (14). It is

patients

who

are

ineligible

for

surgical

T A B L E 4 Procedural Complications and Clinical Outcomes Among Patients Undergoing Percutaneous Coronary Intervention, 2009 to 2015

2009

2010

2011

2012

2013

2014

2015

(n ¼ 10,280)

(n ¼ 12,468)

(n ¼ 12,909)

(n ¼ 12,964)

(n ¼ 12,156)

(n ¼ 12,042)

(n ¼ 12,205)

Major complications

5 (0.04)

19 (0.15)

15 (0.11)

16 (0.12)

9 (0.07)

17 (0.14)

5 (0.04)

Minor complications

147 (1)

181 (1)

189 (1)

160 (1)

143 (1)

128 (1)

116 (1)

Procedural complications

Clinical outcomes
1,167 (11)

1,337 (11)

1,391 (11)

1,434 (11)

1,334 (11)

1,295 (11)

—

Myocardial infarction (1-yr)

375 (4)

453 (4)

489 (4)

462 (4)

484 (4)

479 (4)

—

Mortality (1-yr)

679 (7)

785 (6)

803 (6)

795 (6)

840 (7)

815 (7)

—

Readmission (30-day)

Values are n (%) for proportions for longitudinal outcomes.

2014

86

Prescription
rate (%)

diac procedures is aging with a concomitant increase

States,

2013

Beta-blocker

The patient population undergoing invasive car-

also

2012

8,334

Prescription
rate (%)

health care system in the United States, as well as

has

2011

Angiotensin blockade

percutaneous revascularization. These data have

revascularization

2010

(n ¼ 10,280) (n ¼ 12,468) (n ¼ 12,909) (n ¼ 12,964) (n ¼ 12,156) (n ¼ 12,042)
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revascularization (15,16). The anatomic data within

coronary angiography declined over time. Perhaps

our dataset suggest that the number of diseased

the tightly integrated nature of the health care

major coronary vessels has remained constant with

system or the increased adoption of radial access

time, although additional details regarding anatomic

contributed to this decline. Furthermore, the point

complexity such as the SYNTAX (Synergy Between

estimates for HRs of readmission and mortality also

Percutaneous Coronary Intervention With Taxus and

declined with time among those undergoing percu-

Cardiac Surgery) score are not easily obtainable

taneous revascularization. Because of the episodic

(17,18).

nature of data collection and lack of longitudinal

Management of these increasingly comorbid pa-

follow-up, the HRs for readmission and mortality

tients has evolved over time. Medical therapy for

are not readily available in other datasets, making

patients with coronary disease has remained con-

comparisons challenging. However, the overall rate

stant, while new procedural techniques have been

of major complications occurring in the cardiac

adopted over the past decade. Previous data have

catheterization laboratory reported here, which in-

demonstrated that approximately one-half of patients

cludes emergent cardiac surgery, is consistently

undergoing interventions at private or community

lower than that reported in the community (0.2%)

institutions were prescribed antiplatelet agents,

according to the NCDRs (4). Taken together, the

angiotensin antagonists, beta-blockers, and statins in

data suggest that the increasing medical complexity

a contemporary cohort (19). In the present analysis,

with time has not led to worsening of clinical out-

the prescription of these medications exceeded that

comes for patients in the VA health care system.

prescribed in the community such that three-fourths

Furthermore, the complication rates observed in the

of patients undergoing percutaneous revasculariza-

largest integrated health care system in the United

tion in the VA system were treated with all 4 classes

States compare very favorably with the voluntary

of medications at discharge. These rates of pre-

reporting in similar community-based programs.

scriptions

time,

These data highlight the potential beneﬁts of an

although there were signiﬁcant changes in the pro-

integrated health care system using a heart team

cedural management. An increase in the use of radial

approach as well as a central organization to

access for coronary angiography and intervention is

monitor the overall quality and safety of invasive

now recognized as a measure of improved quality of

cardiac procedures. As such, careful consideration

care (20,21). With this in mind, transradial access for

will need to be given to outsourcing the care of

both coronary angiography and PCI signiﬁcantly

complex patients to ensure that interventional

increased over the time period studied, approaching

quality is maintained.

were

relatively

constant

with

38% of diagnostic cases and 32% of interventional
cases in the most recent year under investigation.

STUDY LIMITATIONS. The present project should be

These numbers exceed the most recent analysis from

interpreted in the context of several limitations. The

the NCDRs, which suggested that only 26% of patients

present analysis is derived from linked clinical and

underwent intervention via the radial approach at

administrative databases used for clinical care. Data

nonfederal facilities (4). It is important to note that

entry errors are thus possible, although several in-

even the superior adoption of transradial access

terventions have been deployed to increase the

within the VA system continues to lag well behind

validity of the data. Temporal improvement in data

practice patterns in Europe, suggesting a potential

capture or changes in coding practices may account

opportunity for improvement (22,23). The adoption of

for some of the trends in comorbidities noted in the

mechanical support during high-risk interventions

present analysis. Procedural complication rates are

also increased in our cohort with time, although it

voluntarily reported by the operators and may not

constituted a small proportion of the total in-

reﬂect complications that occur after the patient

terventions. The continued use of guideline-directed

leaves the cardiac catheterization laboratory. It is

medical therapy and advances in procedural tech-

important to note that the primary outcomes, read-

nique may have contributed to an improvement in

mission for myocardial infarction or death, are not

patient outcomes.

subject to this limitation. A small proportion of pa-

Clinical outcomes among patients undergoing

tients treated within the VA health care system

invasive cardiac procedures have remained constant

receive additional care from outside providers.

with time. After accounting for periprocedural risk,

Fee-based data were used to capture readmissions

the

to outside facilities, although this may remain

readmission

rate

among

those

undergoing
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incomplete. Similarly, it is possible that some patients undergo repeat revascularization outside of

ADDRESS FOR CORRESPONDENCE: Dr. Stephen W.

the national health care system and are also not

Waldo, VA Eastern Colorado Healthcare System,

included in our outcomes. Finally, the current

Department of Medicine, Division of Cardiology, 1055

dataset

Clermont Street, Denver, Colorado 80238. E-mail:

includes

predominantly

male

patients

treated within the VA health care system. The re-

stephen.waldo@va.gov.

sults may thus not be generalizable to other populations with more diversity. Speciﬁcally, the risk
scores used in this analysis were developed and
validated

for

speciﬁc

patient

populations.

The

PERSPECTIVES

applicability of these models to patients undergoing

WHAT IS KNOWN? Coronary angiography and PCI remain

isolated coronary angiography or in patients with

instrumental diagnostic and therapeutic interventions for coro-

high burdens of coronary artery disease is unknown.

nary artery disease.

However, the potential uncertainty in precision of
these models would likely be constant across years
such that an assessment of temporal trends would
not be signiﬁcantly affected.

WHAT IS NEW? Using data from the largest integrated health
care system in the United States, we demonstrate that veterans
undergoing coronary angiography and PCI have had increasing
medical complexity over time. Despite increasing medical
complexity, however, longitudinal clinical outcomes have

CONCLUSIONS

remained constant, with a trend toward a declining HR for

Invasive coronary procedures are being performed on
progressively older patients with additional medical
comorbidities. The medical and procedural management has undergone changes, with increasing adoption of transradial access. Clinical outcomes have
remained constant, however, with a trend toward a
declining HR for mortality among those undergoing

mortality among those undergoing percutaneous
revascularization.
WHAT IS NEXT? Further studies should evaluate similar trends
in community-based practices, to ensure that the largest integrated health care system is providing the highest possible
quality of care.

percutaneous revascularization.
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