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ABSTRACT

BACKGROUND

Guidelines for triaging patients for cardiac catheterization recommend a risk as-
sessment and noninvasive testing. We determined patterns of noninvasive testing
and the diagnostic yield of catheterization among patients with suspected coronary
artery disease in a contemporary national sample.

METHODS

From January 2004 through April 2008, at 663 hospitals in the American College of
Cardiology National Cardiovascular Data Registry, we identified patients without
known coronary artery disease who were undergoing elective catheterization. The
patients’ demographic characteristics, risk factors, and symptoms and the results
of noninvasive testing were correlated with the presence of obstructive coronary
artery disease, which was defined as stenosis of 50% or more of the diameter of the
left main coronary artery or stenosis of 70% or more of the diameter of a major
epicardial vessel.

RESULTS

A total of 398,978 patients were included in the study. The median age was 61 years;
52.7% of the patients were men, 26.0% had diabetes, and 69.6% had hypertension.
Noninvasive testing was performed in 83.9% of the patients. At catheterization,
149,739 patients (37.6%) had obstructive coronary artery disease. No coronary artery
disease (defined as <20% stenosis in all vessels) was reported in 39.2% of the pa-
tients. Independent predictors of obstructive coronary artery disease included male
sex (odds ratio, 2.70; 95% confidence interval [CI], 2.64 to 2.76), older age (odds
ratio per 5-year increment, 1.29; 95% CI, 1.28 to 1.30), presence of insulin-dependent
diabetes (odds ratio, 2.14; 95% CI, 2.07 to 2.21), and presence of dyslipidemia (odds
ratio, 1.62; 95% CI, 1.57 to 1.67). Patients with a positive result on a noninvasive test
were moderately more likely to have obstructive coronary artery disease than those
who did not undergo any testing (41.0% vs. 35.0%; P<0.001; adjusted odds ratio,
1.28; 95% CI, 1.19 to 1.37).

CONCLUSIONS

In this study, slightly more than one third of patients without known disease who
underwent elective cardiac catheterization had obstructive coronary artery disease.
Better strategies for risk stratification are needed to inform decisions and to in-
crease the diagnostic yield of cardiac catheterization in routine clinical practice.
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OR PATIENTS IN STABLE CONDITION WHO

are undergoing assessment for obstructive

coronary artery disease, guidelines recom-
mend continued observation in the case of pa-
tients who are at very low risk, noninvasive stress
testing to determine the need for cardiac cathe-
terization in the case of patients at intermediate
risk, and direct referral for catheterization in the
case of patients at high risk.*3 The goal of these
recommendations is to limit the number of pa-
tients without obstructive coronary artery disease
who undergo invasive angiography and thereby
enhance the diagnostic yield of cardiac catheter-
ization.

The use of both noninvasive and invasive stud-
ies has grown substantially*; the Government
Accountability Office reported a doubling in the
cost of imaging services from 2000 to 2006, with
$14.1 billion in Medicare spending for imaging
services in 2006 alone (www.gao.gov/products/
GAO-08-452). The increased use of noninvasive
testing should result in more effective risk strati-
fication of patients, allowing identification of
those patients who would be most likely to bene-
fit from cardiac catheterization and ideally reduc-
ing the use of this invasive procedure in patients
who do not have obstructive disease.

We analyzed data from patients in a contem-
porary, large, national cardiac-catheterization
registry to assess the effectiveness of current
practices in enhancing the yield of diagnostic
cardiac catheterization as measured by the prev-
alence of obstructive coronary artery disease. We
also examined the associations among clinical
risk factors, presenting symptoms, results of non-
invasive tests, and results of subsequent cathe-
terization.

METHODS

DATA SOURCES
The CathPCI Registry of the National Cardiovas-
cular Data Registry (NCDR), which is sponsored
by the American College of Cardiology and the
Society for Cardiovascular Angiography and Inter-
ventions, has been described previously.>¢ Briefly,
the NCDR CathPCI Registry is a large, voluntary
registry of clinical data and in-hospital outcome
data associated with diagnostic cardiac catheter-
ization and percutaneous coronary intervention,
collected from more than 800 U.S. sites. Informa-
tion on characteristics of the patients and hospi-
tals, findings of procedures that are performed,

interventions that are undertaken, and the out-
comes is collected at participating hospitals on the
basis of explicit, prespecified data elements de-
fined by an NCDR committee (www.ncdr.com/
webncdr/DefaultCathPCl.aspx). Only institutions
whose submissions meet quality criteria for data
reporting are included.

STUDY POPULATION
All patients in the NCDR for whom there were
complete data on diagnostic cardiac catheteriza-
tion for the period from January 2004 through
April 2008 were included (Fig. 1). To identify pa-
tients without known heart disease, patients with
a history of myocardial infarction, percutaneous
coronary intervention, coronary-artery bypass sur-
gery, cardiac transplantation, or valvular surgery
were excluded, as were patients with indications
for emergency or urgent cardiac catheterization
(acute coronary syndromes, acute myocardial in-
farction, or cardiogenic shock) and patients who
were being evaluated for transplantation or who
were about to undergo valvular surgery. The in-
stitutional review board at Duke University Med-
ical Center granted a waiver of written informed
consent and gave authorization for this study.

Information was collected on the patients’ de-
mographic characteristics, clinical risk factors, and
symptoms and on the results of noninvasive tests.
Symptoms were categorized as no symptoms (in-
cluding no angina), atypical chest pain, or stable
angina. Noninvasive diagnostic tests included tests
that were performed “to rule out ischemia prior to
the procedure” — defined in the case-report form
as “ECG, exercise or pharmacologic stress tests,
radionucleotide, echo, CT scans or other heart
scans” (www.ncdr.com/webncdr/DefaultCathPCI
.aspx). The results were categorized as positive,
negative, or equivocal. A modified Framingham
risk score (www.framinghamheartstudy.org/risk/
coronary.html) was calculated on the basis of
available clinical data, with a moderate score (i.e.,
1 point) imputed for either a history of dyslipi-
demia or the use of statins and for the presence
of hypertension or a history of medication use
for the treatment of high blood pressure.

OBSTRUCTIVE CORONARY ARTERY DISEASE
Obstructive coronary artery disease was defined
as stenosis of 50% or more of the diameter of the
left main coronary artery or stenosis of 70% or
more of the diameter of a major epicardial or
branch vessel that was more than 2.0 mm in di-
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Rate of Obstructive CAD

60.3%

1,989,779 ACC-NCDR patients at 663 sites
underwent cardiac catheterization

841,374 Were excluded
521,222 Had prior Ml
205,431 Underwent PCI

92,450 Underwent CABG

11,691 Underwent cardiac
transplantation

10,580 Underwent valve
surgery

51.7%

1,148,405 Patients at 663 sites

519,080 Were excluded
510,801 Had emergency indi-
cations (AMI and
ACS)
8279 Had cardiac shock

36.2%

629,325 Patients at 663 sites

231,371 Were excluded owing
to other indications for
diagnostic catheterization

37.6%

397,954 Patients at 663 sites

Obstructive CAD
(N=149,739)

Multivessel CAD 53.0%
1-vessel CAD 46.7%
2-vessel CAD 30.5%

3-vessel CAD 22.5%

and PCl percutaneous coronary intervention.

Figure 1. Study Population and Rates of Obstructive Coronary Artery Disease.

ACC-NCDR denotes American College of Cardiology National Cardiovascular Data Registry, ACS acute coronary syn-
drome, AMI acute myocardial infarction (MI), CABG coronary-artery bypass grafting, CAD coronary artery disease,

ameter. For a sensitivity analysis, we broadened
the definition of obstructive coronary artery dis-
ease to include stenosis of 50% or more in any
coronary vessel. Patients with no coronary artery
disease, which was defined as stenosis of less
than 20% in all vessels, were also identified. The
degree of stenosis was determined by physicians
at each site and is defined in the NCDR CathPCI

Registry as the percentage reduction in diameter,
as estimated from a comparison with the diam-
eter of the normal reference vessel proximal to
the lesion.

STATISTICAL ANALYSIS
We compared the baseline demographic charac-
teristics, risk factors, symptoms, and results of
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noninvasive tests for patients with obstructive
coronary artery disease with those for patients
without obstructive coronary artery disease. Con-
tinuous variables are presented as medians and
interquartile ranges, and categorical variables as
percentages. Continuous variables were compared
with the use of the Wilcoxon-Mann-Whitney
nonparametric test, and categorical variables with

the use of the chi-square test. We also assessed
temporal trends in the prevalence of obstructive
coronary artery disease.

Multivariate logistic-regression analysis was
performed to identify factors associated with
obstructive coronary artery disease from among
candidate baseline clinical variables (Table 1).
Generalized estimating equations” were used to

Table 1. Baseline Characteristics of the Patients.
Obstructive Coronary No Obstructive Coronary
Total Artery Disease Artery Disease
Characteristic (N=397,954) (N=149,739) (N=248,215)
Age (yr)
Median 61 66 58
Interquartile range 52-70 58-74 50-68
Female sex (%) 47.3 33.9 55.4
White race (%)* 82.5 84.8 81.1
Clinical risk factors
Body-mass indext
Median 29.6 28.9 30.0
Interquartile range 25.9-34.4 25.7-33.1 26.1-35.3
Use of tobacco (%)
Former 321 36.8 29.2
Current 19.8 19.7 19.9
Diabetes (%)
Any 26.0 32.0 22.4
Insulin-dependent 6.4 8.4 5.2
Hypertension (%) 69.6 76.4 65.5
Family history of coronary artery disease (%) 30.0 28.8 30.7
Dyslipidemia (%) 62.5 71.8 56.8
Creatinine clearance (ml/min)i
Median 67.4 63.7 69.6
Interquartile range 51.7-84.6 48.3-80.5 53.9-87.2
Peripheral vascular disease (%) 7.0 10.5 4.9
Cerebrovascular disease (%) 7.1 9.6 5.5
Chronic obstructive pulmonary disease (%) 14.4 135 15.0
Framingham risk score (%)
Low 29.2 135 38.6
Intermediate 55.0 59.4 52.4
High 15.8 27.1 135
Clinical presentation (%)
No symptoms, including no angina 30.0 315 29.1
Atypical symptoms 36.8 24.6 442
Stable angina 332 43.9 26.7

P Value
<0.001

<0.001
<0.001

<0.001

<0.001

<0.001

<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001

<0.001

<0.001
<0.001
<0.001

* Race was determined by the investigator at the site.

T The body-mass index is the weight in kilograms divided by the square of the height in meters.
1 The Modification of Diet in Renal Disease formula was used to estimate the creatinine clearance rate.
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account for within-hospital clustering, since pa-
tients at the same hospital may have similar dis-
ease profiles. The Wald chi-square test was used
to determine significant predictors of obstruc-
tive coronary artery disease. To understand the
relative value of the factors in predicting obstruc-
tive coronary artery disease, we constructed four
separate models; we started with a model for
predicting risk if no symptoms were present, as
assessed with the use of the Framingham risk
score alone, and then added into the model
other clinical factors, followed by documented
symptoms, and finally the results of noninvasive
testing. The predictive value of each model is
represented by the C-statistic. A nonparametric
approach for comparing each C-statistic was
used.® P values of less than 0.05 were considered
to indicate statistical significance for all tests. All
statistical analyses were performed by the Duke
Clinical Research Institute with the use of SAS
software, version 9.2 (SAS Institute).

RESULTS

STUDY POPULATION
From January 2004 through April 2008, data for
1,989,779 patients undergoing cardiac catheter-
ization at 663 sites were entered into the NCDR
(Fig. 1). We excluded 841,374 of these patients
(42.3%) because they had a known history of
heart disease and 519,080 patients (26.1%) be-
cause they underwent emergency or urgent car-
diac catheterization. Our final data set for analy-
sis included 397,954 patients without known
coronary artery disease who were undergoing
elective cardiac catheterization, a cohort that rep-
resented 20.0% of all patients undergoing cathe-
terization.

PREVALENCE OF OBSTRUCTIVE CORONARY ARTERY
DISEASE

Obstructive coronary artery disease was identi-
fied in 37.6% of the patients, of whom 53.0% had
evidence of multivessel disease (Fig. 1). Of all
patients undergoing diagnostic catheterization,
8.5% had three-vessel disease and 3.9% had left
main coronary artery disease. If the definition of
obstructive coronary artery disease was broad-
ened to include stenosis of 50% or more in any
coronary vessel, the prevalence increased to
41.0%. In contrast, 39.2% of the patients had no

coronary artery disease (<20% stenosis in all ves-
sels). There was a small but significant increase
from 2004 to 2008 in the prevalence of obstruc-
tive coronary artery disease (from 36.8% to
38.8%, P<0.001).

BASELINE CHARACTERISTICS
In general, patients with obstructive coronary ar-
tery disease, as compared with patients who did
not have obstructive coronary artery disease, were
older (median age, 66 vs. 58 years), more likely to
be men (66.1% vs. 44.6%), and more likely to have
diabetes (32.0% vs. 22.4%), hypertension (76.4%
vs. 65.5%), or dyslipidemia (71.8% vs. 56.8%)
(P<0.001 for all comparisons) (Table 1). Patients
with symptoms of stable angina were more likely
to have obstructive coronary artery disease than
were patients without symptoms (43.9% vs. 31.5%,
P<0.001).

NONINVASIVE TESTING
Noninvasive testing (resting electrocardiography,
echocardiography, computed tomography [CT], or
a stress test) was performed in 83.9% of the pa-
tients before invasive angiography. A positive test
result was recorded in the case of 68.6% of all the
patients in the cohort. A noninvasive test was not
performed before angiography in 17.1% of low-
risk patients, 15.9% of intermediate-risk patients,
and 15.0% of high-risk patients (P<0.001).
Patients with a positive result on a noninva-
sive test had a slightly higher rate of obstructive
coronary artery disease than did patients who
did not undergo any noninvasive testing before
angiography (41.0% vs. 35.0%, P<0.001); the rate
of obstructive coronary artery disease among
patients with a positive test result was also
higher than the rate among those with equivocal
test results and those with negative test results
(41.3%, vs. 27.1% and 28.3%, respectively). Since
the data set included asymptomatic and symp-
tomatic patients, the association between rates
of obstructive coronary artery disease and the
results of noninvasive tests are presented in Fig-
ure 2 according to Framingham risk-score cate-
gories (low, intermediate, or high) and symptom
categories (no symptoms, atypical symptoms, or
angina). The diagnostic yield for obstructive coro-
nary artery disease increased with a higher
Framingham risk score, as well as with the pres-
ence of angina (P<0.001 for both analyses).
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A Framingham Risk Category
[ Low (<10%) [ Intermediate [@ High (>20%)
100
90
80+
704
60
50
40
30
20
10
0-

Obstructive CAD (%)

Positive Negative  Equivocal No test

Results of Noninvasive Tests

B Symptom Characteristic

[ Atypical symptoms [[] No symptoms [0 Angina
704
60
50

il gl

Positive Negative  Equivocal No test

Obstructive CAD (%)

Results of Noninvasive Tests

Figure 2. Patients with Obstructive Coronary Artery
Disease, According to Noninvasive Test Result.
Results are presented according to the level of the
Framingham risk score (low, intermediate, or high)
(Panel A) and symptom category (no symptoms, atypical
symptoms, or angina) (Panel B). CAD denotes coronary
artery disease.

PREDICTORS OF OBSTRUCTIVE CORONARY ARTERY
DISEASE

Male sex, white race, older age, lower body-mass
index, use of tobacco, and presence of diabetes,
dyslipidemia, peripheral vascular disease, cerebro-
vascular disease, dialysis-dependent renal failure,
and hypertension were each independent predic-
tors of obstructive coronary artery disease (Table
2). A positive result on a noninvasive test, as com-
pared with no testing, was independently associ-
ated with obstructive coronary artery disease (ad-
justed odds ratio, 1.28; 95% confidence interval
[CI], 1.19 to 1.37), but to a lesser extent than were
major clinical risk factors. As expected, typical
angina was associated with obstructive disease
(odds ratio, 1.91; 95% CI, 1.78 to 2.05). There was

no association between hospital characteristics
and obstructive disease (data not shown).

INCREMENTAL VALUE OF INFORMATION OBTAINED
BEFORE ANGIOGRAPHY

The results of four separate models for the pre-
diction of obstructive coronary artery disease with
the use of information obtained before invasive
angiography was performed are presented in Fig-
ure 3. The first model included only a modified
Framingham risk score (C-statistic, 0.670; 95%
CI, 0.669 to 0.672). In the second model, clinical
factors that were not included in the Framing-
ham risk score were added, such as the body-mass
index; presence or absence of peripheral arterial
disease, cerebrovascular disease, and obstructive
lung disease; and need or no need for dialysis.
The C-statistic for this model was 0.742 (95% CI,
0.740 to 0.743). A slight increase in the model’s
predictive ability was noted with the addition in
the third model of symptom characteristics for
the overall population (C-statistic, 0.761; 95% CI,
0.759 to 0.762), with a similar effect across
Framingham risk levels. Finally, although a posi-
tive noninvasive test was associated with the
presence of obstructive coronary artery disease,
the addition of information obtained from non-
invasive tests (model 4) had a limited effect on
the model’s predictive ability over and above the
effect achieved from the addition of clinical risk
factors and symptoms (C-statistic, 0.764; 95% CI,
0.762 to 0.765).

DISCUSSION

In this large, representative sample of patients
without known coronary artery disease who un-
derwent invasive angiography in the United States
during the period from January 2004 through
April 2008, cardiac catheterization had a low di-
agnostic yield. A minority of patients undergoing
this invasive test (37.6%) had obstructive coro-
nary artery disease (i.e., 250% stenosis of the left
main coronary artery or >70% stenosis of a major
epicardial vessel). The percentage was similar
(41.0%) when the definition of obstructive dis-
ease was expanded to include stenosis of 50% or
more of any coronary vessel. We also found that,
although certain demographic and clinical char-
acteristics could be useful in determining the like-
lihood that obstructive coronary artery disease
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Table 2. Predictors of Obstructive Coronary Artery Disease.

Wald Chi-Square

Variable Statistic
Age, per 5-yr increase 6146.2
Body-mass index, per 5-unit 550.3
increase®

Male sex 8632.9
White race 50.2
Diabetes:

Insulin-dependent 19323

Non-insulin-dependent 1187.8
Dyslipidemia 972.8
Use of tobacco

Current 790.4

Former 343
Hypertension 561.4
Peripheral vascular disease 449.5
Cerebrovascular disease 197.8
Ejection fraction, per 5% increase 374.7
Congestive heart failure 83.1
Glomerular filtration rate, per 31.3

5-unit increasef

Renal failureq|

Requiring dialysis 26.9

Not requiring dialysis 14.1
Chronic lung disease 298.6
Presence of symptoms|

Typical 353.6

Atypical 84.2
Noninvasive testing**

Positive result 48.9

Equivocal result 25.3

Negative result 19.4

Adjusted Odds Ratio

(95% Cl)
1.29 (1.28-1.30)
0.92 (0.91-0.92)

2.70 (2.64-2.76)
1.21 (1.15-1.28)

2.14 (2.07-2.21)
1.45 (1.42-1.48)
1.62 (1.57-1.67)

1.50 (1.45-1.54)
1.09 (1.06-1.12)
1.29 (1.26-1.32)
1.54 (1.48-1.61)
1.26 (1.21-1.30)
1.08 (1.07-1.09)
0.80 (0.76-0.84)
1.01 (1.00-1.01)
1.30 (1.18-1.43)
1.45 (1.07-1.23)
0.78 (0.76-0.80)

1.91 (1.78-2.05)
0.76 (0.71-0.80)

1.28 (1.19-1.37)
0.79 (0.71-0.86)
0.82 (0.74-0.89)

Fx

The body-mass index is the weight in kilograms divided by the square of the

height in meters.
Race was determined by the investigator at the site.

The odds ratios are for insulin-dependent diabetes and non—insulin-depen-

dent diabetes as compared with no diabetes.

The Modification of Diet in Renal Disease formula was used to estimate the

glomerular filtration rate.

The odds ratios are for renal failure requiring dialysis and renal failure not

requiring dialysis as compared with no renal failure.

The odds ratios are for typical symptoms and atypical symptoms as com-

pared with no symptoms.

sive tests as compared with no noninvasive testing.

The odds ratios are for positive, equivocal, and negative results of noninva-
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would be present, the incremental value of a pos-
itive result on a noninvasive test (including any of
a broad range of tests such as resting electrocar-
diography, echocardiography, CT, or stress test)
was limited.

N ENGLJ MED 362;10

Although the rate at which coronary arteries
are found to be “normal” among patients who
have undergone invasive angiography has been
discussed as a potential performance measure,’
rates that have been published previously have
important limitations. In a 1992 report by the
RAND Corporation, between 9 and 36% of pa-
tients who underwent invasive angiography were
found to have normal coronary arteries, but the
findings were limited by varying definitions of
normal and by varying radiographic systems.°
Findings from the Coronary Artery Surgery Study
(CASS), involving 21,487 angiograms, showed that
18.8% of patients had nonobstructive coronary
artery disease, which was defined as stenosis of
less than 50% in all vessels.!* Data from the So-
ciety for Cardiac Angiography and Interventions
(SCAI) Registry, which are somewhat more re-
cent than the CASS findings but are still more
than 15 years old, showed that between 20 and
27% of patients had normal coronary arteries and
between 30 and 35% of patients had stenosis of
less than 50% in all vessels.1»'3 Although these
data were derived from more than 200,000 pa-
tients over the course of several years, they were
obtained before the current increase in both non-
invasive imaging and the use of cardiac catheter-
ization and reflect a broad spectrum of patients
undergoing angiography, including those who
were being evaluated for acute myocardial infarc-
tion and other emergency or urgent indications.

The low rate of obstructive coronary artery
disease in the current NCDR analysis may reflect
the stricter inclusion criteria for the patient popu-
lation under study. Our study excluded patients
with a known history of coronary artery disease,
those undergoing emergency or urgent angiog-
raphy in the setting of acute myocardial infarc-
tion or clinical instability, and those undergoing
elective angiography before transplantation or val-
vular surgery. When data from the entire NCDR
population were analyzed irrespective of prior
disease or clinical indication, the rate of ob-
structive coronary artery disease increased to
60.3% (Fig. 1), which is similar to the rates in
previous reports.'#

Thus, the definition of the patient population
is critical in placing our findings in context. We
believe that our inclusion of a narrower popula-
tion than that used in previous studies is helpful
for understanding and eventually improving the
clinical decision-making process that leads to the
diagnostic use of cardiac catheterization.
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Figure 3. Ability of Information Obtained before Angiography to Predict Obstructive Coronary Artery Disease
in the Overall Study Population and within Framingham Risk Categories.
Model 1 included the Framingham risk score only. Clinical risk factors were added in model 2, symptoms in model
3, and the results of noninvasive testing in model 4.

To better understand the relationship between
current decision-making processes regarding the
need for invasive angiography and its diagnostic
yield, we explored the usefulness of known ma-
jor cardiac risk factors, symptoms, and noninva-
sive testing results for predicting the presence of
obstructive coronary artery disease. Not surpris-
ingly, the strongest independent predictive factors
were the traditional risk factors, including older
age, male sex, use of tobacco, and the presence
of diabetes, dyslipidemia, or hypertension. In ad-
dition to consideration of clinical risk factors, the
probability of obstructive coronary artery disease,
as assessed before angiography, is generally esti-
mated by considering the presence or absence of
symptoms, on the basis of work by Diamond and
Forrester,*> which was validated in independent
clinical data sets.® When data on symptoms were
added to our predictive model, they were indepen-
dently related to the presence of obstructive coro-
nary artery disease and also slightly improved
the predictive ability of the model for obstructive
coronary artery disease (from a C-statistic of
0.7417 to a C-statistic of 0.7609).

This study also provides insights into patterns
of noninvasive testing among patients undergo-
ing diagnostic cardiac catheterization. Data from
Lin et al. showed that in a Medicare population
undergoing elective percutaneous coronary inter-
vention, only 41% of the patients underwent
stress testing.!” In contrast, our study showed
that up to 84% of patients undergoing cardiac
catheterization had undergone a previous nonin-
vasive diagnostic test. This difference probably
reflects the fact that NCDR includes a broad
range of tests that are classified as noninvasive,
whereas the analysis in the article by Lin et al.
included only tests for ischemia. We found that
noninvasive testing was paradoxically used more
often in patients with a high Framingham risk
score than in those with an intermediate or low
risk score, a practice that is at odds with current
guideline recommendations.?

We also found that a positive noninvasive test
was independently related to the presence of ob-
structive coronary artery disease. Although the
association was significant, the effect of a posi-
tive noninvasive test on the ability of the model to
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predict the presence of obstructive coronary ar-
tery disease was limited, increasing the C-statistic
from 0.7609 to 0.7639. However, we cannot evalu-
ate the performance of noninvasive testing, be-
cause we have no information on patients who
underwent noninvasive testing but were not re-
ferred for catheterization, a situation that was
probably more common among patients with
negative or equivocal test results. In addition, the
specific noninvasive test that was used in the
NCDR is unknown and could have been one of
a broad range of tests. Although the NCDR case-
report form was intended to identify noninvasive
tests for ischemia, resting electrocardiography,
echocardiography, or CT may have been included.
Finally, if testing is used extensively in low-risk
patient populations, Bayesian principles dictate
that many positive test results will be false posi-
tive results rather than true positive results, and
this may have severely limited the ability of
noninvasive testing to add incremental value for
the identification of obstructive coronary artery
disease.

Our results suggest that greater focus should
be placed on the 30.0% of patients who were
noted to have no symptoms, including no angina.
Presumably the decision to proceed with invasive
catheterization in the case of these patients was
driven by clinical assessment of risk, testing for
ischemia, or both. Given that the primary ben-
efit of invasive treatment for obstructive coronary
artery disease is relief of symptoms, we think
that the threshold for invasive angiography may
need to be higher in asymptomatic patients, for
whom the potential benefits remain uncertain.

Other areas of potential improvement include
risk stratification and the quality of noninvasive
testing. Neither the Framingham risk score in the
case of asymptomatic patients nor the Diamond
and Forrester method in the case of symptom-
atic patients takes into account certain clinical
risk factors, such as peripheral vascular disease,
that are known to be important in this cohort.
Even with the lack of certainty regarding the
range of tests included in the NCDR, the incre-
mental information provided by the aggregate
of all forms of noninvasive testing was limited.
Hence, our data support ongoing efforts to im-

prove overall strategies for patient selection, in-
cluding, but not limited to, improving the qual-
ity of noninvasive testing, in order to determine
the optimal decision-making algorithms for the
evaluation of suspected obstructive coronary ar-
tery disease.

The CathPCI Registry of the NCDR is a large,
national registry that represents contemporary
clinical practice in the community. Building on
these strengths, our analysis provides current in-
formation on the way in which the entire diag-
nostic process — including assessment of clini-
cal factors, symptoms, and noninvasive testing
— functions in the referral of patients for diag-
nostic catheterization.

Our study has several limitations. We could
not distinguish between patients who underwent
resting electrocardiography, echocardiography, or
CT and those who underwent stress testing, and
we do not have any information regarding the
undoubtedly large population of patients who
were evaluated but did not undergo cardiac cath-
eterization. In addition, the analysis of angio-
graphic findings is limited by the fact that the
assessment of coronary stenosis was made by the
interpreting physician. Finally, the performance
of the Framingham risk score may be underesti-
mated because we imputed values for lipid levels
and blood pressure.

In summary, in a large, national registry, only
38% of patients without known heart disease
who underwent elective invasive angiography had
obstructive coronary artery disease. Current strat-
egies that are used to inform decisions regard-
ing invasive angiography, including clinical as-
sessment of risk and noninvasive testing, need to
be improved substantially to increase the diag-
nostic yield of cardiac catheterization in routine
clinical practice.
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