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ABSTRACT

Objective: To assess the number of normal coronary angiographies during elective invasive coronary angio-
graphy (ICA) in patients with suspected coronary artery disease (CAD).

Study Design: Descriptive cross-sectional study.

Place and Duration: This study was conducted at Army Cardiac Centre, Lahore, from Jul 2013 to Jul 2019.
Methodology: Six-years data of patients undergoing elective invasive coronary angiography without previous
percutaneous coronary intervention (PCI) or coronary artery bypass grafting surgery (CABG) was analyzed in
this study. The proportion of the patients with significant coronary artery disease were defined as those with at
least one lesion of >20% stenosis on ICA. The rest of the patients were deemed as normal coronary angiograms.
Data was entered and analyzed in SPSS-23.

Results: The study consisted of 10260 individuals and after exclusion criteria included 9788 patients, out of
which 76.3% were male patients and 23.7% were females. Mean age of the patients was 64 + 11 years, 8026 (82.4%)
patients had a positive noninvasive test out of which exercise stress test was performed on 5377 (67.9%) indivi-
duals, stress myocardial perfusion imaging on 2407 (30%) and coronary computed tomography angiogram on 160
(2%) patients. About 1761 (18.1%) patients who were referred did not have any tests before. The overall rate of
normal coronary angiographies was 921 (9.4%), lower among those with previous testing (81% vs. 19% without
previous testing, p=0.001). A positive test and common risk factors were all independent predictors of obstructive
coronary artery disease, with adjusted odds ratios and 95% confidence interval 1.33 (1.03-1.74) for noninvasive
testing 1.04 (1.04-1.06) for age, 3.47 (2.81-4.29) for males, 1.86 (1.32-2.62) for smoking, 1.74 (1.38-2.20) for diabetes
mellitus, 1.30 (1.04-1.62) for raised cholesterol levels, and 1.39 (1.08-1.80) for hypertensive patient.

Conclusions: This study serves to prove a relatively strong gatekeepers; functional tests were more often used but
were outperformed by anatomic tests. The much lower rate of normal coronary angiograms is also an indirect
indicator of the judicious use of invasive coronary angiography.
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INTRODUCTION CAD include reducing unwarranted costs and
risks and stratifying patients who will get some
beneficial outcome from ICA and sub-sequent
revascularization. In spite of common usage of
noninvasive tests, many patients undergoing ICA

phy (ICA)13. Coronary angiography has a pivotal turn out to have normal coronary arteries or are
role in the diagnosis of CAD. Patient selection is 1Ot c‘andidates for revascularization®”. The goal
important to avoid any unnecessary procedural of thls study was to evaluate the nu.m‘ber of such
risks and costs of angiography and is critical to ~ Patients who undergo ICA on suspicion Of CAD
the high-quality care*5. The objectives of doing but did not have any obstructive lesion in the
noninvasive testing in patients with suspected coronaries. Rates of normal coronary angiogra-

phy have been used as an indirect measure of
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Army Cardiac Center, Lahore Pakistan patients with a low likelihood of CAD results in
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2020 ’

The assessment of patients with suspicion
of coronary artery disease (CAD) is dependent on
clinical symptoms and noninvasive tests which
will be a gateway to invasive coronary angiogra-
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Recent studies found that 39% of patients having
elective angiography in hospitals in USA had
normal coronaries, with some centers reporting
rates in excess of 70%1011,

METHODOLOGY

This was an observational, cross-sectional
study performed at a single hospital center ser-
ving a diverse population. The study population
consisted of all patients referred for elective ICA
for evaluation of chest pain symptoms from July
2013 to July 2019. Patients” referral for ICA and
the decision to do noninvasive testing, including
which test to use, were on the discretion of atten-
ding physicians. The modalities of noninvasive
pre-testing that were used were exercise electro-
cardiogram stress testing (ETT), stress myocardial
perfusion imaging (MPI), and coronary compu-
ted tomography angiography (CCTA). The follo-
wing exclusion criteria were applied: revascula-
rization procedure or documented coronary sten-
osis 250% on previous ICA, prior CABG, negative
noninvasive pre-test result and incomplete infor-
mation on patients’ clinical characteristics or ICA
result.

All the data was entered and analyzed using
the statistical package SPSS version-23. Data is
presented as counts (%), medians (interquartile
range) or means * standard deviation. The cate-
gorical variables were compared using Fisher's
exact test. Continuous variables were compared
by means of the t-test. Temporal differences dur-
ing the study period in the prevalence of obstruc-
tive CAD and employment of noninvasive testing
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were assessed using the chi-square test for trend.
Variables that showed significant relation with
obstructive CAD (p<0.10) in univariate analysis
were included in a binary logistic regression mo-
del to mark the independent predictors. A two-
sided p-value of <0.05 was considered to indicate
statistical significance.

RESULTS

During the study period, 10260 patients und-
erwent ICA at our hospital. After the exclusion
criteria were applied (figure), 9788 patients were
included in the analysis.

Previous PCI

Excluded ol
Post CABG
Total cases [ n=141
n=10260 ( y
NoPreTest ETT
n=1761(18% =5377(67%
ncluded | (18%) n=5377(67%)
LD Positive Pre Test CCTA

n=8026(82%) n=160(2%)

MPI
n=2408(30%)

Figure: Exclusion criteria.

Males dominated the study 7439 (76.3%)
whereas females were 2349 (23.7%). The demo-
graphics and risk factors are given in table. Most
patients 8026 (81.8%) were referred after they had
a positive noninvasive test. On ICA, the overall
prevalence of normal coronary arteries was 9.4%
(921 out of 9788). Single vessel, double vessel, tri-
ple vessel and left main/LAD ostial disease was
identified in 2926 (33%), 4788 (54%), 351 (11%)

Table: Population characteristics and univariate analysis.

Demographics Total Patients Obstructive CAD Normal Coronary p-value
(n=9788) (n=8867) Angiography (n=921)

Age, years 61 +11 64.7 £10.5 60.7 £11.2 <0.001

Male, n (%) 7439 (76.3%) 6916 (78%) 746 (81%) <0.001

Female, n (%) 2349 (23.7%) 1950 (22%) 175 (19%)

Risk Factors

Body mass index, kg/m? 26.0£3.9 27.6£3.9 28.0£4.5 0.030

Hypertension 74.4% 81.3% 74.6% <0.001

Diabetes 25.5% 32.5% 21.1% <0.001

Smoking 31.4% 13.2% 8.9% 0.003

Hypercholesterolemia 61.2% 71.9% 65.7% 0.004
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and 177 (2%) of patients, respectively. The num-
ber of normal coronary angiographies was higher
in patients referred without previous noninvasive
testing than in those with a positive test (68% vs.
33%, p=0.026). Increasing age, male gender, tradi-
tional cardiovascular risk factors and positive
noninvasive testing were predictors of obstruc-
tive CAD in univariate analysis (table).

There was no important temporal difference
in the rate of obstructive CAD during the study
period, despite a significant rise in the number of
patients undergoing noninvasive testing. Exercise
stress testing 5377 (67%) and stress SPECT 2408
(30%) were the most used tests, accounting for
more than 97% of noninvasive testing.

DISCUSSION

We sought to determine the rate of normal
coronaries in patients undergoing elective diag-
nostic coronary angiography in Army Cardiac
Centre Lahore. In our urban clinical setting,
almost 9% of patients referred for elective ICA as
a part of assessment of chest pain had obstructive
coronary lesions (defined by a broad criterion
of 220% luminal stenosis), largely due to the fact
that almost eight percent of patients had under-
gone prior noninvasive testing. Noninvasive pre-
testing was mostly frequently used for these pati-
ents and acted as a strong independent predictor
of obstructive CAD.

The outcome of a diagnostic test relies on the
pretest probability of the patients in whom it is
done and on the way the test changes that pro-
bability. In an ideal situation, a positive noninva-
sive test should raise the likelihood of obstructive
coronary disease to the point that upholds per-
forming ICA, and a negative test should decrease
that probability to the point where obstructive
coronary disease can be reliably excluded. Al-
though ICA will always be carried out in few
patients without obstructive CAD, the 2011 stan-
dards for catheterization laboratory accreditation
from the Accreditation for Cardiovascular Excel-
lence organization proposes that the incidence
of non-obstructive CAD in patients undergoing
elective ICA should be <40%. Extravagant rates
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are not desirable because they are not in favor of
both individual patients and of overall healthcare
cost-effectiveness. Lately, Genders et al'2, conduc-
ted a multicenter study involving 11 European
hospitals and described 58% rate of obstructive
CAD (ranging from 39.4% to 75.5%). In the Uni-
ted States, Patel et al6, described an overall 41%
rate of patients with obstructive coronary disease
in the National Cardiovascular Data Registry,
however there was a great difference in this rate
in different centers and ranged from 23 to 100%11.

Although the CAD risk and rates of normal
coronaries in our hospital compared with other
hospitals may represent differences in the clinical
threshold for coronary angiography, it is also
possible that these findings simply reflect diffe-
rences in the population served. Although the
median age of the retired patients undergoing
angiography is similar to that observed in the
community practice, the retired army population
is predominantly men with a high prevalence of
comorbid conditions. Thus, a higher Framingham
risk among patients undergoing angiography in
our patients may reflect population differences
rather than patient selection.

Although normal coronary rates indirectly
reflect patient selection, this measure lacks a
quality improvement target to support proper
patient selection, and the optimal rate of normal
coronaries is unknown. As a result, it is unclear if
the lower normal coronary rate in Army Cardiac
Centre, as compared with other hospitals, reflects
relative procedural underuse from overly restric-
tive patient selection in our setup or potential
overuse in other countries.

As an alternative to normal coronary rates,
pre-procedural measures of patient selection may
afford avenues for quality improvement. For
example, the consistent evaluation of pre-proce-
dural risk of significant CAD has been empha-
sized as an effective approach to ensure optimal
patient selection®. In our study, higher use of
pre-procedural stress testing suggests the poten-
tial benefit of a patient selection strategy empha-
sizing CAD risk. However, this approach fails to



Coronary Angiograms

consider the treatment implications of the angio-
graphic findings for highly symptomatic patients
when pre-procedural evaluation of CAD risk is
low4. Moreover, higher use of noninvasive stress
testing among patients with a low-probability of
CAD may inadvertently lead to higher rates of
normal coronary angiography due to diagnostic
evaluation of false-positive tests!>18. An alterna-
tive approach evaluates patient symptoms, global
CAD risk, stress test findings, and the implica-
tions of the angiographic results in assessing the
procedural indication. Recently published App-
ropriate Use Criteria (AUC) for diagnostic coro-
nary angiography guidelines apply this proce-
dural indication framework and may support
high quality selection for angiography through
identification of patients in which the procedural
risk outweighs the potential diagnostic benefit.

CONCLUSION

Among patients undergoing elective coro-
nary angiography in Army Cardiac Centre, app-
roximately 10% patients had normal coronaries.
This is a much lower average rate of normal coro-
naries as compared with previous findings from
other international hospitals. Future emphasis on
procedural indication, with ongoing monitoring
of normal coronary rates as an indirect measure
of effect, may assist quality improvement efforts
to achieve consistent patient selection as a part of
high quality care.
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