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ABSTRACT

Background: Coronary angiography is currently the gold standard anatomic imaging 
method used to diagnose obstructive epicardial coronary artery disease. In patients with 
critical coronary stenosis, surgical or percutaneous revascularization is provided. Normal 
coronary artery ratio in coronary angiography is an indirect indicator of patient selec-
tion quality. The aim of our study is to evaluate the efficiency of coronary angiography 
by examining the revascularization rates according to years in patients who underwent 
coronary angiography. 

Methods: Revascularization rates will be determined by analyzing retrospectively the 
number of patients who underwent coronary angiography in our country between 2016 
and 2021 and were revascularized interventionally or surgically. The number of patients 
who underwent percutaneous, surgical, and total revascularization were proportioned to 
the number of coronary angiography, and their percentages were determined.

Results: From 2016 to 2019, there was a continuous increase in the number of coronary 
angiography. In 2020, the lowest coronary angiography numbers (n = 222.159) of the last 
6 years were seen with the effect of the COVID-19 pandemic. In 2021, it was observed 
that the number of coronary angiography increased again with the relaxation of pan-
demic measures and the approaching of hospital admissions to old levels. It is seen that 
revascularization is performed in up to one-third of the patients who underwent coronary 
angiography.

Conclusion: Similar to the rest of the world, revascularization rates as a result of coronary 
angiography procedures performed in our country are low. With this result, it should not 
be concluded that coronary angiography is not used effectively; on the contrary, the effi-
ciency of coronary angiography can be increased by more effective use of noninvasive 
tests.

Keywords: Coronary artery bypass surgery, coronary artery disease, coronary computed 
tomographic angiography, percutaneous coronary intervention, coronary angiography

INTRODUCTION

Coronary angiography (CAG) is currently the gold standard imaging method used 
to diagnose obstructive coronary artery disease (CAD). Approximately 4 million 
angiograms are performed each year in Europe and the United States (USA).1,2 
Patients who have undergone CAG and have critical epicardial coronary artery 
stenosis can be revascularized with percutaneous coronary intervention (PCI) or 
coronary artery bypass surgery (CABG). However, the fact that CAG is invasive 
and carries some complication risks has increased the use of noninvasive imag-
ing methods in detecting epicardial obstructive coronary stenosis, especially in 
patients with stable CAD. Coronary computed tomographic angiography (CCTA) 
is a diagnostic noninvasive anatomical imaging method that is increasingly used 
for this purpose. With CCTA, obstructive coronary stenosis defined by invasive 
CAG can be detected with a high accuracy.3

Numerous large-scale studies have shown the positive effects of both percuta-
neous and surgical revascularization on survival in patients with angiographi-
cally high-risk stable CAD.4,5 On the contrary, there are no randomized controlled 
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studies showing the superiority of PCI over medical treat-
ment in patients with stable CAD who do not have angio-
graphic or clinical high-risk criteria.6,7 In the American 
College of Cardiology (ACC) Revascularization Guidelines 
published in 2021, revascularization is not recommended in 
order to increase survival in patients with stable CAD who 
do not have high-risk criteria.8 It is known that survival is 
improved with early revascularization in patients with acute 
coronary syndrome (ACS).9-11 The diagnosis of ACS is mostly 
made in emergency departments (ED). About 20 million 
patients present with symptoms possibly suggestive of ACS 
to ED in North America and Europe each year.12-14

In our study, the revascularization rates will be determined 
by analyzing the number of patients who underwent CAG 
in our country between 2016 and 2021 and were revascular-
ized interventionally or surgically. Coronary angiography 
efficiency will be evaluated by comparing the obtained data 
with the existing literature data.

METHODS

Our study is retrospective and descriptive. The data of 
patients who were admitted to the second- and third-level 
public health facilities emergency services and cardiology 
outpatient clinics in Türkiye between 2016 and 2021 and 
underwent CAG, PCI, and CABG were discussed. Selective 
CAG, coronary angioplasty and/or coronary stent, coronary 
artery bypass graft examination, and treatment codes were 
scanned in the system, and the number of patients was ana-
lyzed retrospectively according to years. All patients who 
underwent CAG for ACS and stable CAD were included in 
the study. The number of patients who underwent CAG, PCI, 
CABG, and total revascularization was determined accord-
ing to years. The number of patients who underwent PCI, 
CABG, and total revascularization was proportioned to the 
number of CAG, and their percentages were determined.

The data were examined by obtaining the necessary per-
missions from the Ministry of Health. The study began after 
the Local Ethics Committee approval was obtained (num-
ber: E2-22-1882 and date 27.05.2022). Due to the nature 
of the study, consent was not obtained from the patients. 
Study was conducted in accordance with the ethical stan-
dards of the 1964 Declaration of Helsinki and its subsequent 
amendments.

RESULTS

The number of CAG performed in our country by years is 
shown in Figure 1. From 2016 to 2019, there was a continuous 

increase in the number of CAG. In 2020, the lowest CAG 
numbers of the last 6 years were seen with the effect of the 
COVID-19 pandemic. In 2021, it was observed that the num-
ber of CAG increased again with the relaxation of pandemic 
measures and the approaching of hospital admissions to old 
levels.

The number of PCI, CABG, and total revascularization and 
their ratio to the total number of CAG are shown in Table 1. 
Although 2019 was the year with the highest number of CAG 
(n = 313.306), it was the year with the lowest PCI/CAG and 
total revascularization/CAG rates. The highest PCI/CAG 
and total revascularization/CAG rates were realized in 2017 
with 36.2% and 37.16%, respectively. When the revascular-
ization rates are evaluated according to the years, it is seen 
that revascularization is performed in up to one-third of the 
patients who underwent CAG.

DISCUSSION

Coronary angiography has an important role in the diagnosis 
of obstructive CAD. We can avoid both the risk of unneces-
sary complications and the cost of CAG by careful selection 
of patients who will undergo CAG.15,16 Normal coronary artery 
ratio in CAG is an indirect indicator of patient selection qual-
ity. In patients with a low probability of CAD, the normal 
coronary artery ratio increases with increased use of CAG.17 
In our country, it was observed that the rate of revascular-
ization was the lowest in 2019, the year in which the most 
CAG was performed. In the reports, it has been shown that 
the normal rate of coronary artery in the USA is 39%, and 
this rate increases up to 70% by varying between centers.2,18 
In an another report published by Bredley et al19 in 2014, they 
reported that the normal coronary artery rate in the USA is 
approximately 20%. In the study published by Luciano et al.20 
which included ACS excluding STEMI and examined a total of 
737 CAG, no obstructive CAD was found in 41.2% of CAG. In 
a study by Patel et al.2 it was reported that critical coronary 
stenosis was detected in approximately one-third of CAG 
performed in the USA. Similarly, the rate of patients who 
were revascularized due to critical coronary stenosis in our 
study was approximately one-third.

The role of PCI on symptoms in patients with stable angina 
was investigated in the ORBITA trial. No additional benefit 
was observed in patients who underwent PCI.21 In a meta-
analysis published in 2020, 14 877 patients were included in 
the analysis and compared medical treatment with routine 
revascularization in patients with stable CAD. It has been 
shown that routine revascularization does not affect sur-
vival.22 The ISCHEMIA trial compared the results of initial 
invasive or conservative treatment in patients with stable 
CAD and included 5179 patients. The included patients had 
moderate or severe ischemia and were followed for an aver-
age of 3.2 years. No difference was found between the two 
groups in ischemic cardiovascular events and deaths from 
any cause.6

Coronary computed tomographic angiography is an ana-
tomical imaging modality that has become increasingly pop-
ular in recent years due to its noninvasive nature. Chow et al23 

HIGHLIGHTS
• Normal coronary artery ratio in coronary angiography 

(CAG) is an indirect indicator of patient selection quality.
• Similar to the rest of the world, revascularization rates 

as a result of CAG procedures performed in our country 
are low.

• Efficiency of CAG can be increased by more effective 
use of noninvasive tests.
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reported that the use of CCTA had a positive effect on CAG 
by reducing the ratio of normal coronary arteries. In a study 
published in 2021 evaluating the cost-effectiveness of CCTA 
and invasive CAG in diagnosing CAD, CAG was found to be 
more effective in patients with a high probability of CAD, 
while CCTA was found to be more effective in patients with 
a low and moderate probability of CAD.24 In a study pub-
lished in 2012, the effect of medical treatment and revascu-
larization on all-cause mortality was investigated in patients 
with no known CAD history and CAD detected by CCTA, the 
mortality benefit with revascularization was seen only in 
patients with high-risk CAD diagnosed through CCTA.25 In 
a study published in 2018 evaluating the effects of CCTA on 
the 5-year risk of MI, a decrease in deaths due to nonfatal MI 
and CAD was observed with CCTA, which is used in addition 
to standard tests.26 In a retrospective study of 1305 patients 
published by Birkl et  al.27 CAG was performed on patients 
diagnosed with CAD by CCTA, and PCI was applied to 39.2% 
of them. It was found that CCTA was similarly beneficial in 
all risk groups. In the 2019 European Society of Cardiology, 
Chronic Coronary Syndrome Guideline, CCTA is recom-
mended for the exclusion of CAD in low- and intermediate-
risk patients.28

The revascularization rates between 2016 and 2021 in our 
country are examined, and the highest rate of revasculariza-
tion/CAG was in 2017 with 37%. When the worldwide data 
are analyzed, the revascularization rates in patients under-
going CAG show great differences between countries and 

centers and vary between 20% and 70%. In addition, there 
are conflicting data in the literature regarding the benefit 
of routine revascularization, especially in patients with low- 
and intermediate-risk CAD. For these reasons, we think that 
noninvasive tests should be used more before deciding on 
invasive intervention, due to the low revascularization rates 
in the world and in our country, and the contradictory ben-
efits of routine revascularization. 

In our study, patients who underwent CAG for ACS were not 
examined as a separate group. Considering the proportions 
of patients who underwent CAG for myocardial infarction 
and were not found to have obstructive coronary artery ste-
nosis (MINOCA), the revascularization/CAG ratios in patients 
who underwent elective CAG will further decrease with the 
exclusion of patients with ACS from the study. In the study 
published by Bainey et al.29 the rate of MINOCA was reported 
to be 5.8%. In the MINOCA-TR study published in 2020 based 
on data from our country, the rate of MINOCA was 6.7%.30

Study Limitations
The data in the study include public health facilities and does 
not include private hospital data. Private hospital data were 
not included in the study because they were not recorded 
regularly. In addition, patients who underwent intermittent 
and/or repeated revascularization could not be differenti-
ated, but exclusion of these patients would further reduce 
the revascularization rate. Presence of patients who are 
accepted as inoperable in terms of revascularization, not 

Figure 1. Number of coronary angiography by years.

Table 1. The Number of Percutaneous Coronary Intervention, Bypass, and Total Revascularization by Years and Their Ratios to the 
Total Number of Coronary Angiography

Years PCI (n) PCI/CAG Rate (%) CABG (n)
CABG/CAG 

Rate (%)
Total 

Revascularization (n)
Total Revascularization/

CAG Rate (%)

2016 67.290 27.51 5.272 2.15 72.562 29.67

2017 96.988 36.2 2.567 0.95 99.555 37.16

2018 104.034 35.59 2.975 1.01 107.009 36.6

2019 73.731 23.5 13.241 4.22 86.972 27.75

2020 68.904 31.01 9.013 4.05 77.917 35.07

2021 88.362 29.94 13.927 4.72 102.289 34.66
CABG, coronary artery bypass graft; CAG, coronary angiography; PCI, percutaneous coronary intervention.
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being suitable for revascularization, or patients not wanting 
revascularization also may have decreased revasculariza-
tion rate. The patient population includes both the ACS and 
stable angina groups. And also, among patients, there are 
those who underwent CAG due to incorrect elevation of tro-
ponin and those who underwent preoperative CAG for valve 
problems or other reasons. There is no data on how many 
of the procedures applied to these patients were after the 
emergency service admission and how many were after the 
outpatient clinic admission.

CONCLUSION

Revascularization rates as a result of CAG procedures per-
formed in our country are similar to the rest of the world. The 
rate of patients with critical coronary stenosis and revascu-
larization is an indication that we should use risk grading and 
noninvasive diagnostic tests more effectively. In this way, 
the number of unnecessary CAG and revascularization will 
be reduced, and the complication rates related to these pro-
cedures will decrease and the amount of radiation received 
by the healthcare staff will decrease. Ultimately, CAG effi-
ciency will increase. Considering all these situations, it does 
not mean that CAG is not used effectively, it just empha-
sizes that noninvasive imaging methods should be used more 
effectively.
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