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Objective: This study investigated predictors of progression of coronary atherosclerosis after percutaneous coronary intervention. Their iden-
tification may be useful in clinical practice. Methods: We retrospectively reviewed the database of the Cardiology Department of the Cardio-
vascular Disease and Heart Transplant Institute in Tirgu Mures from January 2012 to December 2015 and identified 180 patients readmitted 
after successful percutaneous coronary intervention. The t-test, chi-square test, Fisher’s exact test, and mono- and multivariate analyses were 
used to evaluate associations between the patients’ clinical and angiographic characteristics and the progression of coronary atherosclerosis. 
Results: The pre-percutaneous coronary intervention atherosclerotic burden was associated with a higher number of new coronary lesions at 
readmission. Hypertension and the placement of more than one bare-metal stent in the right coronary artery were associated with increased 
odds of the progression of coronary atherosclerosis. The use of drug-eluting stents at the index percutaneous coronary intervention and a 
greater number of drug-eluting stents in the left anterior descending artery were associated with a decreased chance of the progression of 
coronary atherosclerosis. Conclusions: A massive atherosclerotic load at index percutaneous coronary intervention and hypertension were 
predictors of the progression of coronary artery atherosclerosis. The number, type, and localisation of the stent at the index percutaneous 
intervention could influence the progression of coronary atherosclerosis. Further research is needed to identify other potential predictors and 
to determine how to optimize the treatment of known predictors. 
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Introduction
The impressive progress in coronary stents has been accom-
panied by a considerable decrease in the need for revascu-
larisation related to the target vessel treated at baseline [1]. 
Preventing the progression of coronary atherosclerosis by 
involving new vascular territories after successful percuta-
neous coronary intervention (PCI) is considered an attrac-
tive target. The present study aimed to assess the factors 
associated with the progression of coronary atherosclerosis 
after PCI. Their identification and treatment could influ-
ence the post-PCI prognosis of patients.

Methods
In order to identify predictors of  the progression of coro-
nary atherosclerosis, we reviewed the files of patients hos-
pitalised in the Cardiology Department of the Cardio-
vascular Disease and Heart Transplant Institute in Tirgu 
Mures after successful PCI from January 2012 to Decem-
ber 2015. Only patients with coronary angiography upon 
readmission were included in the study.

The progression of coronary atherosclerosis was defined 
as follows:

–– a reduction of ≥ 10% in the diameter of a pre-existing 
stenosis ≥ 50%

–– 30% reduction in the diameter of a pre-existing ste-
nosis < 50%

–– the progression of stenosis to occlusion
The risk factors for cardiovascular disease, comorbidi-

ties, details related to the stent used at index PCI (type, 
number, localisation), and medication after the index PCI 
were used to compare patients in the group who experi-
enced the progression of coronary atherosclerosis (group 
B) to those in whom it did not occur (group A). 

The data were analysed using the STATA program (ver-
sion 14.0, Stata Corporation, College Station, TX, USA). 
Continuous variables were expressed as mean ± standard 
deviation and were compared using the statistical signifi-
cance t-tests and linear regression. The categorical variables 
were expressed as frequency and proportions. Comparisons 
were made using contingency tables, the chi-square test, 
and Fisher’s exact test. In order to determine the meaning, 
significance, and strength of the relationships between the 
variables, logistic regression was used, with the result of * Correspondence to: Violeta Dinesch
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the mono- and multivariate analyses being described as an 
odds ratio (OR) associated with a confidence interval of 
95%. A p value of 0.05 was considered statistically signifi-
cant. 

The study design was approved by the institutional eth-
ics review board, and all patients provided informed con-
sent.

Results
In 137 patients (76.11%), at least one of the conditions for 
the progression of coronary atherosclerosis was met, while 
lesion regression was not found in any patients. Forty-three 
patients (23.88%) showed stable coronary lesions.

The massive atherosclerotic load found on the index 
PCI was associated with a higher number of new post-PCI 
lesions at readmission (p = 0.0002, rho = 0.278), suggest-
ing the progression of coronary lesions (Table I). 

The mean duration of follow-up was 29 ± 32 months 
for group A and 31 ± 32 months for group B (OR 1.001, 
p = 0.958). The progression of coronary atherosclerosis oc-
curred in the coronary stents in 32 patients (23.35%), in 
the native coronary arteries in 64 patients (46.71%), and 

both in the stents and in the native coronary arteries in 41 
patients (29.92%).

The demographic and clinical characteristics of the pa-
tients are shown in Table II. 

A lack of anginal symptoms was a good predictor for 
group A (OR 0.36, p = 0.018), while acute coronary syn-

Table I. Results of the pre-PCI and readmission coronarography 

Parameter
Pre-PCI  

coronarography

Readmission 
coronaro-

graphy

Number of  
coronary lesions

Monovascular 78 (43.33) 72 (40)

Bivascular 63 (35) 27 (15)

Trivascular 34 (18.89) 10 (5.56)

> 3 5 (2.78) 0

Without lesions 0 71 (39.44)

Coronary lesion 
localisation

Left main  
coronary artery

6 (1.8) 4 (2.22)

LAD 128 (39.38) 43 (23.88)

RCA 85 (26.15) 46 (25.55)

Left circumflex 
coronary artery

60 (18.46) 18 (10)

Other coronary 
artery

43 (14.15) 43 (23.88)

Data are expressed as number (%). 
LAD: Left anterior descending artery; PCI: percutaneous coronary intervention; RCA: right 
coronary artery

Table II. Demographic and clinical characteristics: group A vs group B

			   Parameter
Group A

43 (23.88)
Group B

137 (76.11)
p

Age, years 61.17 ± 8.34 62.25 ± 10.38 0.595*

Male sex 32 (74.41) 99 (72.26) 0.745**

Cardiovascular risk factors

Hypertension 34 (79.06) 126 (91.19) 0.004**

Diabetes mellitus 7 (16.27) 30 (21.89) 0.428**

Obesity 15 (34.83) 35 (25.54) 0.225**

Smoking 4 (9.3) 19 (13.86) 0.738**

Hypercholesterolaemia 20 (46.51) 64 (46.71) 0.993**

Comorbidities

Prior myocardial infarction 18 (41.86) 72 (52.55) 0.216**

Prior aortocoronary
bypass

2 (4.65) 7 (5.1) 1**

eGFR ≤ 60 ml/min/1.73 m2 8 (18.6) 35 (25.54) 0.352**

Ejection fraction < 50% 8 (18.6) 32 (23.35) 0.516**

Type of readmission
Chronic 37 (86.36) 86 (67.15)

0.016**
Emergency 6 (9.3) 45 (32.8)

Diagnostic at readmission

Stable angina 26 (60.46) 72 (52.55) 0.34**

Unstable angina 3 (6.97) 33 (24.08) 0.015***

Acute myocardial infarction 0 9 (6.56) 0.117***

Cardiological reassessment 12 (27.9) 17 (12.4) 0.015***

Number of stents/patient 1.62 ± 0.92 1.54 ± 0.96 0.313***

Type of stent
DES 18 (41.86) 35 (25.54) 0.038**

BMS 28 (65.11) 107 (78.1) 0.069**

DES localisation
at index PCI

Left main coronary artery 1 (2.32) 3 (2.18) 1***

LAD 11 (25.58) 22 (16.05) 0.154***

RCA 6 (13.95) 11 (8.02) 0.243***

Left circumflex coronary artery 3 (6.97) 6 (4.37) 0.446***

Other coronary artery 3 (6.97) 5 (3.64) 0.398***

BMS localisation
at index PCI

Left main coronary artery 1 (2.32) 1 (0.72) 0.421***

LAD 19 (44.18) 56 (40.87) 0.686***

RCA 4 (9.3) 40 (29.19) 0.007***

Left circumflex coronary artery 8 (18.6) 22 (16.05) 0.689**

Other coronary artery 4 (9.3) 18 (13.13) 0.602**

Medical therapy

Aspirin 16 (37.2) 57 (41.6) 0.612**

Dual platelet anti-aggregation 24 (55.81) 68 (49.6) 0.458**

Angiotensin-converting enzyme inhibitor 21 (48.83) 90 (66.35) 0.041**

Statin 34 (79.06) 94 (68.61) 0.153**
Data are expressed as number (%) or mean ± standard deviation. 
*t-test; **Fisher exact test; ***chi-square test 
BMS: bare-metal stents; DES: drug-eluting stents LAD: Left anterior descending artery; PCI: percutaneous coronary intervention; RCA: right coronary artery
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drome statistically correlated with group B (OR 5.98, p = 
0.004). Stable angina symptomatology did not indicate a 
significant association with either of the groups (OR 0.7, 
p = 0.341).

The use of drug-eluting stents at the index PCI and a 
greater number of drug-eluting stents at the left anterior 
descending artery (LAD) level decreased the chances for 
the patient to have progression of coronary atherosclerosis 
(OR 0.466, p = 0.04, and OR 0.52, p = 0.05) (Table III).

The use of bare-metal stents at the index PCI doubled 
the chances of the patient being in group B (OR 2), but 
the statistical significance was poor (p = 0.072). Instead, 
the placement of more than one bare-metal stent in the 
right coronary artery almost tripled the chances of being in 
group B (OR 2.81, p = 0.022) (Table III).

The progression of coronary atherosclerosis in the native 
coronary artery occurred most frequently in the LAD and 
the right coronary artery (OR 20.66, p = 0.004 and OR 
10.52, p = 0.002) (Figure 1). Of the cardiovascular risk 
factors, only hypertension was statistically associated with 
the progression of atherosclerotic lesions (p = 0.004). We 
found a statistically significant association between the use 
of angiotensin-converting-enzyme inhibitors (ACEI) and 
the progression of coronary atherosclerosis (p = 0.041).

Discussion
In our study population, the predictors for the progres-
sion of coronary atherosclerosis after successful PCI were 
a greater pre-PCI atherosclerotic burden, in particular 
hypertension, and the placement of more than one bare-
metal stent in the right coronary artery. The use of drug-
eluting stents and a greater number of drug-eluting stents 
in the LAD were associated with a lack of progression of 
coronary atherosclerosis. In the native coronary artery, pro-
gression of atherosclerosis occurred more frequently in the 
LAD and in the right coronary artery territory.

Pre-PCI multi-vascular coronary lesions are commonly 
associated with the development of new post-PCI coro-
nary lesions [2,3]. In agreement with previous research, a 
positive correlation was found in our study between the 
massive atherosclerotic load found on pre-PCI coronarog-
raphy and multi-vascular coronary heart disease upon re-
admission, suggesting the progression of existing coronary 
lesions or the occurrence of new lesions. The progression 
of coronary atherosclerosis was found in two-thirds of our 
patients, but regression was not found in any patients.

Hypertension is a well-known atherogenic risk factor 
[4]. In our study, hypertension was the only cardiovas-
cular risk factor associated with progression of coronary 

Table III. Correlation between the progression of coronary atherosclerosis and the stents type, their number, and localisation in coronary 
artery 

Stent type Localisation at index PCI
Stents number

p OR SE 95% CI
1 2 3

DES

Left main coronary artery 4 (9.3) 0
0

0.956 0.94 1.095 0.0948567-9.265621

LAD 27 (62.79) 6 (13.95) 0 0.045 0.52 0.16 0.2737484-0.9865113

RCA 16 (37.2) 1 (2.3) 0 0.352 0.626 0.21 0.2338576-1.676849

Left circumflex coronary artery 8 (18.6) 1 (2.3) 0 0.277 0.515 0.315 0.1553879-1.706088

Other coronary artery 7 (16.27) 1 (2.3) 0 0.542 0.67 0.44 0.1864483-2.415322

BMS

Left main coronary artery 2 (1.45) 0 0 0.408 0.3 0.44 0.0188164-5.031484

LAD 64 (46.71) 10 (7.29) 1 (0.72) 0.524 0.84 0.23 0.4886101-1.439753

RCA 32 (23.35) 9 (6.56) 3 (2.15) 0.022 2.81 1.26 1.164559-6.802204

Left circumflex coronary artery 29 (21.16) 1 (0.72) 0 0.784 0.89 0.388 0.3758553-2.093628

Other coronary artery 21 (15.32) 1 (0.72) 0 0.461 1.51 0.85 0.5033165-4.55136
Data are expressed as number (%) 
BMS: bare-metal stents; DES: drug-eluting stent; LAD: left anterior descending artery; OR: odds ration; PCI: percutaneous coronary intervention; RCA: right coronary artery;  
SE: standard error; CI: confidence interval

Fig. 1. Progression of atherosclerosis in the native coronary artery by location
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atherosclerosis. Similar to our study, Borges et al. found 
that hypertension, along with male sex, is a predictive fac-
tor for the progression of coronary atherosclerosis [5]. The 
importance of aggressive treatment of all risk factors for 
cardiovascular disease is highlighted in the COURAGE 
trial, where patients with optimal medical therapy (inten-
sive pharmacologic therapy and lifestyle intervention) had 
fewer cardiovascular events than PCI-treated patients [6].

The superiority of using drug-eluting stents compared 
to bare-metal stents in order to reduce the need for re-
vascularisation related to the initially treated target vessel 
has been demonstrated in several trials [7,8]. However, in 
a study involving 428 patients randomised to PCI with 
drug-eluting stents or bare-metal stents, Zelwegger et al. 
concluded that the progression of coronary atherosclerosis 
was similar between the two groups regardless of the type 
of stent used in the index PCI [9]. In our study, the use of 
drug-eluting stents at the index PCI was a predictor for the 
absence of the progression of coronary atherosclerosis.

The progression of coronary atherosclerosis in the native 
coronary arteries has shown conflicting data. In the CASS 
trial, in patients treated with CABG, the progression of 
coronary atherosclerosis was more aggressive in LAD terri-
tory [10]. Additionally, Borges et al. found that PCI-treat-
ed patients had more progression of coronary atherosclero-
sis in LAD territory [5]. On the contrary, in the INTACT 
trial, the progression of coronary atherosclerosis occurred 
more frequently in the right coronary artery territory [11]. 
In our study, first the LAD and then the right coronary 
artery territory was associated with the progression of coro-
nary atherosclerosis. Interestingly, in our study, a greater 
number of drug-eluting stents in the LAD was associat-
ed with a lack of progression of coronary atherosclerosis, 
while the placement of more than one bare-metal stent in 
the right coronary artery was a predictor for the progres-
sion of coronary atherosclerosis. We did not find any data 
in the literature about the association between placement, 
the number of drug-eluting stents/bare-metal stents at in-
dex PCI, and the progression of coronary atherosclerosis.

Numerous studies have demonstrated the beneficial ef-
fects of ACEI in patients with ischemic coronary artery 
disease, not only in reducing blood pressure but also in 
stabilising the atheromatous plaque and inducing the re-
gression of uncalcified coronary stenoses [12,13]. In con-
trast, our study found a statistically significant association 
between the presence of ACEI and the progression of coro-
nary atherosclerosis. This can be explained from at least 
from two points of view. First, hypertension, whose first 
line of treatment is ACEI, was statistically associated with 
the same group. Secondly, the study did not investigate the 
type and intensity of treatment with ACEI, and the effect 
of ACEI is not equal for all components of the class.

Our study has a few limitations. The present study was 
a single centre, retrospective study, and thus, our conclu-
sions are not generalisable. Second, the small sample size 
reduced the statistical power to detect association with 

other predictive factors for the progression of coronary 
atherosclerosis.

Conclusion
A massive pre-PCI atherosclerotic load and hypertension 
were predictors of the progression of coronary artery ath-
erosclerosis. The number, type, and localisation of the stent 
at the index percutaneous intervention could influence the 
progression of coronary atherosclerosis. Further research is 
needed in order to identify other potential predictors and 
to determine how to optimize the treatment of known pre-
dictors.
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