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Abstract
Introduction: Paradoxically, the literature lacks an assessment of the impact of various factors on subsequent coronary interventions in patients with coronary artery disease (CAD).
Aim: To assess the impact of various factors on subsequent percutaneous transluminal coronary angioplasty (PTCA), as well
as to characterize the clinical profile of people undergoing repeated diagnostic coronary angiography without significant coronary
artery changes.
Material and methods: We investigated retrospective data from 4041 subjects according to the clinical factors which may affect
the occurrence of unplanned future PTCA.
Results: The strongest risk factors for subsequent PTCA were significant stenosis of left descending artery (OR = 2.17, 95% CI:
1.09–4.32) during baseline coronary angiography, the atherosclerotic burden (number of critically narrowed vessels) (OR for narrowing lesions in 3 epicardial arteries 12.13, 95% CI: 5.40–27.27), and restenosis in a previously implanted stent (OR = 4.34, 95% CI:
1.96–9.62). A strong positive relationship between total mortality and the number of critically narrowed coronary arteries (during
baseline hospitalization) was observed. Patients without significant coronary artery stenosis in two diagnostic angiographies (control group) differed from subjects with hemodynamic relevant CAD in: higher creatinine levels, more frequent presence of chronic
obstructive pulmonary disease and more frequent symptoms of intermittent claudication.
Conclusions: The results of the study are in accord with real clinical practice. The arteriosclerotic burden is a major cause of
recurrent PTCA, but an important clinical issue is the qualification for recurrent coronary-angiography in those patients whose previous coronary angiography did not show significant stenosis, because other clinical causes may explain their symptoms.
Key words: subsequent percutaneous transluminal coronary angioplasty, coronary artery disease, ischemic heart disease.

Summary
The available literature lacks an assessment of the impact of various factors on subsequent coronary interventions in patients with coronary artery disease (CAD). We found that the strongest risk factors for subsequent percutaneous transluminal
coronary angioplasty in our analysis were significant narrowed left descending artery, restenosis in a previously implanted
stent, and atherosclerotic burden. Only a few reports are available concerning characterizing the clinical profile of patients
undergoing diagnostic coronary angiographies on several occasions with no significant changes in the lumen of the coronary
arteries. Patients with symptoms suggestive of angina without significant coronary artery stenosis in angiography differed
from patients with CAD in our study by higher creatinine levels, more frequent presence of chronic obstructive pulmonary
disease and more frequent symptoms of intermittent claudication.
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Introduction
Cardiovascular disease (CVD) is the leading cause of
mortality worldwide (about 50% of all deaths) [1]. In 2017,
the number of people who died due to CVD in Poland was
150,000 [2]. It is estimated that 98% of cases of ischemic
heart disease (IHD), which accounts for approximately
50% of cardiovascular deaths, are caused by atherosclerosis [3]. In 2018, 182 226 diagnostic coronary angiographies and 104 283 coronary angioplasties (as a coronary
artery disease treatment) were performed in Poland [4].
It is estimated that up to 30% of patients who have
undergone coronary angioplasty continue to report chest
pain despite optimal pharmacotherapy [5–7]. Recurrent
angina may be caused by the natural progression of atherosclerosis, complications from previous procedures, improper stent implantation technique, and the commonly
known phenomenon of restenosis. The symptoms often
lead to further cardiovascular interventions [5–7], sometimes prematurely.

Aim
The available literature lacks an assessment of the
impact of various factors on subsequent coronary interventions in patients with coronary artery disease (CAD),
which is the first goal of this study.
On the other hand, there are few reports characterizing the clinical profile of patients undergoing diagnostic
coronary angiographies on several occasions with no significant changes in the lumen of the coronary arteries.
This study’s second goal is to identify attributes/traits
that are typical for this group of people in a local Polish
population.

Material and methods
Methodology
The study included 4041 patients with established or
suspected CAD who had at least two invasive procedures
in the period between January 14th, 2009 and May 15th,
2015 at the Cardiology Department in Nowa Sol. Index
hospitalization took place during the second intervention,
whenever it was just coronary angiography or coronary
angioplasty (PTCA). Patients were divided into groups
based on the history of cardiovascular interventions.
We defined the control group (CG) as patients who
had at least two coronary angiographies performed and
each time no significant lesions were found (n = 640).
The remaining 3401 patients underwent at least two
coronary angioplasties. The index hospitalization took
place during the second PTCA. During that all of significantly narrowed coronary arteries were supplied and if
needed also additional PTCA was performed during the
follow-up period. In this group we distinguished a subpopulation of 2445 subjects who underwent 2 angioplasties, 751 people who had three angioplasties, 155 people

430

had four angioplasties and 50 people had five or more angioplasties. Patients who had undergone only one PTCA
were excluded.
The mean weighted (according to number of participants in groups) period between index PTCA and subsequent ones: first coronary angioplasty was 154 days,
second coronary angioplasty 181.5 days, third PTCA was
193 days.
Data obtained from patients undergoing coronary index angioplasty were analyzed for:
– specific anatomical and morphological features present
in coronary arteries,
– type of techniques used during PTCA procedure,
–
specific electrocardiographic, echocardiographic and
laboratory features present during index hospitalization determining the necessity of performing further
PTCA in the studied population, as well as differentiating people with and without a history of coronary
intervention.
Additionally, the studied group of 3401 patients who
had undergone PTCA during index hospitalization was
related to the presence of lesions in one, two, or three
coronary arteries.
The exclusion criteria from the study were as follows:
– history of coronary artery bypass graft (CABG) or qualification for this procedure during the observation period,
– significant stenosis of the left main,
– coexisting heart defects,
– concomitant severe NYHA III/IV heart failure.
The study flow chart is presented below.
Laboratory assessment
The blood was collected during every intervention, but
for analysis laboratory data obtained during the second
angiography were used. In the analysis the peripheral
blood count was determined with a CELL-DYN Ruby analyzer (Abbott Diagnostics, USA). TnT was measured with
a Cobas 6000 device (Roche Diagnostics GmbH) with
a cut-off value of 14 pg/l. Creatinine, total cholesterol, triglycerides and high-density lipoproteins were analyzed by
means of a photometric test (Roche Diagnostics GmbH).
Statistical analysis
The analyzed data came from an interval and nominal scale. Interval data such as age or blood biochemical
results were presented as mean and standard deviation
(x ± SD). Comparisons were made between more than
two groups; one-way analysis of variance (ANOVA) was
used together with Tukey’s post-hoc test or the Shapiro-Wilk test and Levene’s test; the Kruskal-Wallis test
with post-hoc Dunn’s test was used alternatively. In the
following, one-dimensional logistic regression models
were used, followed by multi-dimensional logistic regression models. The results obtained were presented as the
odds ratio (OR) with a 95% confidence interval. Survival
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analysis results are presented graphically as Kaplan-Meier curves. Statistical analysis was performed using the
STATA 15.1 program (StataCorp LLC)/resource of Poznan
University of Medical Science/). All tests were analyzed at
the significance level a = 0.05.
All patients with established CAD were treated pharmacologically and invasively, according to either the current
guidelines for the management of stable coronary artery
disease or the revascularization guidelines of the European Society of Cardiology. However, many of the therapy
goals were not achieved. Recommended pharmacotherapy during index hospitalization, at discharge was as follows. Salicylates, statins, angiotensin converting enzyme,
beta blockers, clopidogrel, hypoglycemic agents, ticagrelor,
calcium channel blockers, diuretics/nitrates and prasugrel
were prescribed respectively in 98%, 97.4%, 89.2%, 81.1%,
79.8%, 17.3%, 16.3%, 5.2%, 2.5%, 1.5% of cases.
The study was retrospective, carried out in accordance with the principles of the Helsinki Declaration, and
the protocol was accepted by the bioethics committee.

lesions were found. The characteristics of studied groups
are shown in Table I.
Patient characteristics due to the number
of percutaneous coronary angioplasties
During index angioplasty restenosis of previously implanted stent(s) (history of PTCA) was observed in 9.8%
of cases. Predilatation was performed in 33.1%. The direct stenting technique was used in 60%. During angioplasty drug-eluting stent (DES)/bare metal stents (BMS)
or plain old balloon angioplasty (POBA) was applied respectively in 53.8% vs. 47.7% vs. 6.9%. Major procedural
complications (dissection or perforation) following the
PTCA were observed in 2.2%. Clinical complications such
as myocardial infarction type 4a or ventricular fibrillation
were observed in 2.23 % of CAD subjects (Table II).
Patient characteristics including differences
between significant lesions in one coronary
artery vs. multivessel disease, noted during
index hospitalization

Results

Patients with significant stenosis in one or two coronary arteries were significantly younger than those with
three-vessel disease and co-branches (age: 64.3 ±9.7a,
64.9 ±9.5a vs. 69.4 ±9.9b, p = 0.0004) and had lower creatine levels (creatine (mg/dl) 1.0 ±0.4a, 1.0 ±0.5a vs. 1.24
±0.58, p = 0.0213) (a, b – groups followed by the same
letter do not differ statistically significantly at the significance level α = 0.05).

The study included 4041 patients with established or
suspected CAD. They were divided into two groups. The CAD
group contained 3401 patients (between 24 and 96 years of
age) who underwent at least angioplasty (of all significantly
narrowed coronary arteries), twice. The reasons for index
hospitalization were as follows: acute coronary syndrome
(ACS) ST elevation myocardial infarction in 12.5%, non-ST
elevation myocardial infarction in 4.9%, unstable angina in
19.4%, and stable angina in 63.2% of cases.
The control group included 640 subjects (between
44 and 97 years of age) with suspicion of stable angina,
who had at least two coronary angiographies performed
during the follow-up period and each time no significant

The impact of factors analyzed during
index angioplasty on subsequent coronary
interventions (multifactorial regression)
This model compared the data obtained during first
index hospitalization in which angioplasty of all signifi-

Table I. Characteristics of studied population
Parameter

Coronary artery disease group
(N = 3401)

Control group/without CAD/
(N = 640)

P-value

Age [years]

64.8 ±9.8

66.6 ±8.9

0.0005

68

61.7

0.008

92.7

82

< 0.001

Diabetes (DM) (%)

24

21

> 0.05

Heart insufficiency by NYHA I/II (%)

10

15

0.001

Chronic kidney disease (CKD) (%)

3

15

< 0.0001

Chronic obstructive pulmonary disease (COPD) (%)

4

12

< 0.0001

Intermittent claudication

6

12.8

< 0.0001

Dyslipidemia (%)

26

40

< 0.0001

Stroke (%)

4.7

2.3

0.02

Smoking (%)

11.6

15

0.008

Male sex (%)
Hypertension (HA) (%)
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Table II. Characteristics according to number of PTCA performed
Parameter

Number of PTCA

P-value

Index hospitalization
(second PTCA)
(N = 3401)

First angioplasty after
index one (third PTCA)
(N = 751)

Second angioplasty
after index one
(fourth PTCA)
(N = 155)

Third and more angioplasties after index one
(fifth or more PTCA)
(N = 50)

65 ±9.9a

64.08 ±9.04a,b

63.3 ±9.4b,c

62.3 ±9.7c

0.0521

Male sex (%)

68

71.4

73

70

> 0.05

Stroke (%)

4.7

Age [years]

4.3

5.2

0.0

> 0.05

TC [mg/dl]

a

188.5 ±43.3

190.4 ±42.5

200.4 ±12.6

211.4 ±12.3

< 0.0001

LDL [mg/dl]

115.4 ±42.5a

118.5 ±41.5a

125.4 ±41.8a,b

142.1 ±43.4b

0.0006

HDL [mg/dl]

43.8 ±13.2b

42.0 ±11.4a,b

41.2 ±11.8a,b

38.4 ±13.5a

0.03

TG [mg/dl]

139.8 ±67.3a

150.4 ±58.5a,b

170.0 ±63.2b,c

196.8 ±76.1c

< 0.0001

1.5 ±0.5

1.03 ±0.48

1.09 ±0.5

441.1 ±0.6

> 0.05

43.2 ±12.8a

45.6 ±11.4a,b

47.8 ±10.6b

48.9 ±14.4b

0.002

Creatine [mg/dl]
EF (%)

a

a,b

b

a,b,c
Groups followed by the same letter do not differ statistically significantly at the significance level α = 0.05. TC – total cholesterol, LDL – low-density lipoprotein,
HDL – high-density lipoprotein, TG – triglycerides, EF – ejection fraction.

cantly narrowed coronary arteries was performed with
data obtained from patients during subsequent coronary
interventions.
The strongest risk factors for subsequent PTCA (multivariate analysis) in patients were: restenosis in a previously implanted stent (OR = 4.34, 95% CI: 1.96–9.62),
significant stenosis of left descending artery (OR = 2.17,
95% CI: 1.09–4.32) during baseline coronary angiography,
and the atherosclerotic burden (OR for narrowing lesions
in 3 epicardial arteries 12.13, 95% CI: 5.40–27.27), in 3 arteries with co-branches (OR = 3.45, 95% CI: 0.73–16.27),
in 2 epicardial arteries (OR = 5.27, 95% CI: 2.51–11.09).
The results of one-dimensional analysis showed that
additional predilatation during index angioplasty was
a risk factor for subsequent PTCA in future (OR = 1.38,
95% CI: 1.17–1.63 for another angioplasty after the index
one, OR = 1.75, 95% CI: 1.26–2.43 for 2nd angioplasty, and
OR = 2.37, 95% CI: 1.35–4.16 for further interventions).
The types of implanted stents (BMS vs. DES), direct stenting and postdilatation technique had no influence on
PTCA in the future.
Assessment of individual parameters between
the group of people who were diagnosed
with one-vessel disease vs. multivessel disease
during index hospitalization
This model compared the data obtained during the
first index hospitalization from subjects with angioplasty
of one narrowing artery vs. multivessel disease. One dimensional analysis showed that patients with multivessel disease more often suffered from diabetes, OR = 1.26,
95% CI: 1.07–1.47, heart failure OR = 1.51, 95% CI: 1.23–
1.84, chronic kidney disease OR = 1.46, 95% CI: 1.09–
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1.94, dyslipidemia OR = 1.26, 95% CI: 1.06–1.49. During
index hospitalization they more often developed: non-ST
elevation myocardial infarction, OR = 3.05, 95% CI: 2.2–
4.22, and restenosis, OR = 1.61, 95% CI: 2.65–9.79. Their
significant lesions were likely localized on bifurcations,
OR = 4.59, 95% CI: 2.67–7.89, so they more often need
pre- and postdilatation, OR = 1.8, 95% CI: 1.56–2.07,
OR = 1.43, 95% CI: 1.05–1.96, respectively. They more
often developed complications, OR = 1.63, 95% CI:
1.03–2.58, and had a higher number of PTCA in future,
OR = 6.77, 95% CI: 5.73–7.99 (Figures 1, 2).
Comparison between coronary artery disease
group (CAD) and control group (CG)
The control group vs. coronary group in one dimensional analysis is characterized by more frequent presence of chronic kidney disease, OR = 2.83, 95% CI:
2.1–3.81, chronic obstructive pulmonary disease OR =
2.3, 95% CI: 1.67–3.18, fibrillation of atriums OR = 3.02,
95% CI: 2.25–4.07 as well as caudation OR = 1.49,
95% CI: 1.09–2.01. The multivariate logistic regression
seems to confirm these results (Figure 3).

Discussion
Indications for coronary angioplasty have become increasingly less controversial over the past few years because of two factors. First, the FFR technique is more and
more commonly used and validated on a large number of
subjects, which allows for precise and unambiguous selection of patients who will benefit from coronary angioplasty. Second, the new generation of stents coated with
antimitotic drugs (DES) is more effective in prevention
of restenosis. Recent studies indicate that interventional
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Age

OR ± 95% CI

1.03

History of PTCA

0.42

Restenosis

2.02

Dyslipidemia

1.38

Diabetes
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The lesions on bifurcation
The need of predylatation
Increased troponin 

6.14
1.49
1.45

–1
0
1
2
Favours one vessel			

3

4
5
6
Favours multivessel disease

7

8

Figure 1. Comparison of subjects with significant stenosis in one coronary artery vs. multi-vessel disease
during index angioplasty (multifactorial regression)
treatment of CAD combined with optimal pharmacotherapy is currently superior to pharmacotherapy alone [3,
8, 9].
Some patients with diagnosed CAD (with previous
history of PTCA), despite the use of optimal medical therapy (OMT), experience reoccurring problems and need
additional interventions. They are often qualified for
second coronary angiography, because of the nature of
the complaints and the results of initial diagnostic tests.
Sometimes the patients require subsequent angioplasty,
which is recommended in management of stable coronary syndromes by ESC guidelines [3, 5, 6]. This problem
is not only interesting from a scientific point of view, but
is also important because of its clinical, social and financial aspects.
Probably the main reason for these subsequent interventions is the natural progression of atherosclerosis
[3, 5, 6]. The fact that the extent of atherosclerosis (multivessel disease) observed during index hospitalization
was one of the strongest risk factors for future PTCA in
our patients (OR = 12.1) supports that theory. Additionally, subjects with multivessel disease (found during index angioplasty), which is logical, needed predilatation
and presented a ‘bifurcation lesion’ more frequently (OR
= 6.14, OR = 1.49 respectively). Given the complexity of
the mechanisms responsible for the etiopathogenesis of
restenosis, this phenomenon observed during index hospitalization in our patients was another strong risk factor
for future coronary (OR = 2.02) interventions, and should
also be interpreted as an exponent of an active and progressive atherosclerotic process.
Acceleration of atherosclerosis can be caused by
non-compliance or non-adherence to OMT recommended in both primary and secondary prevention [5–7, 10].
The above is confirmed by the results of our study. Pa-

Advances in Interventional Cardiology 2020; 16, 4 (62)

1.0
0.9
0.8
0.7
0.6
0.5
0

20

40

60

80

100

Lifetime [months]
60 months survival in group:
“One vessel” disease 91%
“Two vessels” disease 83%
“Three vessels” disease 87%
“Three vessels” and co-branches 69%

Figure 2. Survival curves depending on the number of critically narrowed vessels (one-vessel disease as a reference)
tients during index hospitalization as well as those who
had subsequent interventions were characterized by
very high LDL values, which were far above the therapeutic threshold recommended at that time by guidelines
(< 70 mg/dl). Despite the fact that 94% of patients had
statins prescribed, the lipid-lowering therapy was inefficient.
The applied technique or type of implanted stents
may also be conducive to qualification for subsequent invasive procedures [11]. However, our observation showed
no association of either the procedural techniques (direct
stenting or post dilatation) or the stents used (DES vs.
BMS) with the need to perform coronary angioplasty in
the future. It is interesting when we compare these re-
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Male sex
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Figure 3. Multivariate regression logistic regression results for CAD vs. CG (reference group – CAD)
sults with findings of other Polish registries. DES was superior to BMS in impact on 1-year mortality in the STEMI
group [12], but on the other hand the implantation of
2 DES was the cause of higher mortality and restenosis
as opposed to implantation of 2 BMS [13].
Only the predilatation during index angioplasty was
a significant factor for subsequent PTCA. The explanation for that phenomenon is probably the multiple inflation of the balloon catheter, preceding the implantation
of a stent of the wrong length (stent lesion mismatch),
which may result in the occurrence of stenosis in the
proximal or distal part of the stent (candle effect).
On the other hand, we found that among all epicardial coronary arteries, significant stenosis in the left descending anterior was burdened with the strongest risk
for subsequent PTCA, which is also confirmed by literature data [14–17]. Additionally, the more epicardial arteries were diseased, the greater was the mortality, which is
also consistent with the literature. No such relationship
was found in the number of performed angioplasties
(data not provided).
An important parameter that can be used as a criterion to qualify someone for re-angiography/angioplasty
is persistent ischemia which does not diminish despite
the successful revascularization in the past, which in
turn depends on the scope of the procedure (total or
partial revascularization), changes in coronary microcirculation resistance, restenosis and other unknown factors [18–21]. In our study, indeed, restenosis was a risk
factor predisposing to subsequent interventions (OR =
2.02–4.34).
Thirty percent of patients after successful intervention can still manifest symptoms of angina, which often
promotes subsequent qualifications for coronary angiography [21–23]. This phenomenon could be a result of not
sufficiently frequently performed assessment of partial
coronary flow reserve – FFR, iFR – for other lesions or lesions in other arteries than those assessed.
There are also reports of coronary angiography in
many people being caused by too hasty qualification of
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patients for this diagnostic procedure. This is not beneficial due to the social costs of these studies, especially
in elderly subjects [24, 25]. We found that some of the
patients’ complaints that became the basis for qualification for coronary angiography could have been associated with symptoms of chronic obstructive pulmonary
disease, atrial fibrillation, intermittent claudication (for
non-coronary cause), or chronic kidney disease. We found
that these diseases were more common in the control
group (without significant lesions in arteries) than in the
group undergoing angioplasty during index hospitalization. It should be noted that potentially healthy control
patients in our study differ from the average general population due to the presence of stenocardial complaints.
In turn, the smaller amount of these burdens in subjects
undergoing PTCA in our study raises hopes for a better
prognosis for these patients, since diabetes, heart failure, chronic kidney disease and anemia are recognized
as CAD progression factors [21].
Limitations of the study:
First, the study was a single-center retrospective
analysis.
The project excluded patients with severe heart failure (NYHA III/IV), with left main stenosis, patients with
extensive atherosclerotic lesions qualified for CABG, with
concomitant heart defects and primary myocardial diseases.
The adopted criteria of lumen narrowing > 70% in diameter meant that the observation did not take into account the fate (observation of survival) of patients with
atherosclerotic lesions in the range of 30 to 70%, not requiring stenting according to current standards.
The population included patients with both ACS and
stable coronary artery disease, and therefore was not homogeneous regarding anti-platelet therapy.

Conclusions
We found that the strongest risk factors for subsequent invasive procedures in patients were: critical ste-
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nosis of LAD at baseline coronary angiography, number
of critically narrowed arteries (atherosclerotic burden),
and restenosis in a previously implanted stents.
In the group of patients with CAD, a strong, positive
relationship between total mortality and the number of
critically altered coronary arteries (atherosclerotic burden) was observed. No similar association was found for
the number of procedures.
Patients with symptoms suggestive of angina but
with unobstructed arteries in subsequent coronary angiographies differed from CAD patients due to higher
creatinine levels, more frequent chronic obstructive pulmonary disease, and more frequent symptoms of intermittent claudication.
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