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Introduction: The management of in stent restenosis represents a topic of great actuality and interest, especially since the interventional 
treatment with stent implantation became largely accepted as the metod of choice in patients with acute coronary syndromes. Identification 
of certain risk factors that could predict the development of an in stent restenosis and its severity could be extremely useful for the clinical 
management of these patients. Methods: We retrospectively analyzed a total of 60 stent restenoses encountered in 57 patients admitted and 
treated in the Cardiology Clinic of Tirgu Mures. The interval of occurrence of restenosis ranged between 2 months and 37 months postinter-
vention. We monitored the demographic characteristics (age, gender, colesterol, presence of renal insufficiency) and we realized a descriptive 
qualitative analysis of the angiographic procedural aspects. The in stent restenosis occurred most frequently on left anterior descending artery 
(63%), followed by the circumflex artery (22.15%) and right coronary artery (14.8%), regardless of the degree of stenosis prior to revascular-
ization. Results: Statistical analysis using Chi square test revealed no statistically significant differences in terms of the correlation between 
the incidence of restenosis and gender (p=0.14), treatment with ACE inhibitors (p=0.16), implanted stent diameter (p=0.22) or the type of 
procedure (ram crossing over a secondary branch being considered as a procedure involved in the genesis of severe restenosis) (p=0.2). We 
used the t-student test for comparative analysis of the correlation between the continuous variables related to initial native lesion diameter and 
the degree of restenosis, without finding any a statistically significant correlation between them (p=0.226). However, a statistically significant 
correlation was found between cholesterol levels and the degree of stenosis (p=0.039). Descriptive analysis of restenosis lesions did not find 
any statistically significant correlation with the type or degree of stenosis in the native vessel, but showed statistically significant differences 
when evaluating the geometric assumption of restenosis by intraluminal diameter or intraluminal area (p=0.0018), suggesting that assessment 
of the degree of restenosis should be performed only by planimetric area. Conclusions: We can conclude that in stent restenosis represents 
a plurifactorial phenomenon, that is not conditioned by the severity of the native lesion or by the administration of ACE inhibitors or Spirono-
lactone, however it depends directly on the control of cholesterol values afther the coronary revascularization.
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Introduction
The number of percutaneous coronary angioplasty inter-
ventions associated with stenting has presented a signifi-
cant increase and this technique tends to be the most used 
method of myocardial revascularisation [1]. 

Cardiac catheterization and selective coronary explora-
tion started on another pathway since balloon angioplas-
ty have been introduced by Andreas Gruntzing in 1977 
[2,3], leaving behind the area of the diagnosis procedures 
and advancing in the therapeutical one. The balloon an-
gioplasty spred rapidly as a new therapy, however present-
ing the major limitation of the vascular recoil that could 
cause the abrupt closure of the vessel and restenosis. The 
pathophysiological mechanism of the restenosis could be 
explained by the negative vascular remodeling, the elastic 
recoil of the vessel and the thrombosis of the lesion, par-
tially reduced by introduction of new antiplatelet therapy, 
leading to a restenosis rate below 30% [4].  This fact led 
to the introduction of the bare metal stents, materials that 

could produce a radial force over the stented coronary seg-
ment, preventing the elastic recoil of the vessel. Altough 
the stents significantly reduced the restenosis rates, their 
use as a first choice therapy in coronary revascularization 
interventions led in short time to a new challenge - the is-
sue of in stent restenosis.  Altough the incidence of in-stent 
restenosis was smaller comparatively with the one noticed 
after the balloon angioplasty [5], it was still situated in the 
range between 15% and 30% [6]. 

The introduction of drug eluting stents (DES) resulted 
in a significant decrease in the number of in stent reste-
nosis, however this phenomenon continues to persist even 
after the DES implantation, altough at a smaller rate com-
paratively with bare metal stents. Despite this fact, the 
great number of coronary revascularization interventions 
in parallel with the increased number of drug eluting stents 
implanted in the last years, underlines the global impor-
tance if the issue of in stent restenosis [7].   

The aim of our study was to analyse the factors that 
could predict the development of an in stent restenosis and 
its severity, identification of these factors baing extremely 
useful for the clinical management of these patients.* Correspondence to: Ciprian Blendea 
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Material and method
We retrospectively analyzed a number of 60 in stent reste-
nosis encountered in 57 patients who presented to the 
emergency room with an acute coronary syndrome. All 
patients presented with clinical, electrocardiographic and 
enzyme features of a STEMI acute myocardial infarction, 
and in all cases urgent coronary angiography was per-
formed, which identified the site of the culprit lesion and 
was followed by stent implantation. All procedures was 
preceded by administration of optimal antiplatelet and 
anticoagulation therapy.  The type of interventional treat-
ment performed was selected in accordance to the angio-
graphic status of the target lesion, for instance in case of 
coronary lesions with high calcium content, stenting was 
preceded by non-compliant coronary balloon expansion. 

All patients benefited of optimal medical therapy from 
the moment of coronary revascularization for acute coro-
nary syndrome, including aspirin (75 mg), clopidogrel 
(600 mg loading dose followed by 150 mg/day 7 days, 
then 75 mg/day), angiotensin-converting enzyme inhibi-
tors and statins (80 mg of atorvastatin in the first 30 days 
after the myocardial infarction, on the basis of local pro-
tocols). 

In all patients we analysed demographic data, medical 
history and risk factors (age, gender, smoking status, diabe-
tes, dyslipidemia, obesity, hypertension and biochemistry).  

For the descriptive analysis of the initial target lesions of 
the native coronary vessels and for analysis of the in stent 
restenosis we used the soft Siemens  QCA (quantitative 
coronary vessel analysis) (Fig.1). 

Chi square test was used for the statiscal analysis of the 
demographic data, systemic factors related to the clinical 
status of the patient, the presence of comorbidities and the 
local factors related to the target lesion. We also analyzed 
the importance of the male sex in the occurence of in stent 
restenosis. 

For the procedure of coronary revascularization we used 
bare metal stents implanted at maximal pressure. The coro-

nary stents implanted had a diameter between 2.5 mm and 
3.5 mm. For 13 patients we used stens with diameter of 
3.5 mm, in 32 patients we used stents with the diameter 
of 3 mm, in 6 patients we used stents with a diameter of 
2.75 mm and in 4 patients we used stents with a diameter 
of 2.5 mm.  The lenght of the stent varied between 29 and 
9 mm. In 2 patients the implanted stents had a lenght of 9 
mm, in 5 patients 13 mm, 1 patient received a stent of 14 
mm length, 22 patients received a stent with a length of 15 
mm, in 14 patients we implanted a 18 mm length stent, in 
5 patients a 23 mm stent, respectively longer stents (of 24 
mm, 26 mm, 28 mm and 29 mm) were implanted in one 
patient each. 

The restenosis was classified in 4 types: type 1 repre-
sented by the focal restenosis, type  2 represented by the 
diffuse restenosis under 10 mm; type III - diffuse resteno-
sis which overcomes 10 mm, with the eventual damage of 
the distal or proximal edges of the native vessel from the 
vicinity of the stent; respectively type IV represented by 
the total occlusion of the stent caused by the restenotic 
material (Fig. 2). 

Results
From the 57 patients, 9 patients presented with unstable 
angina, 20 with non-STEMI acute myocardial infarction 
and 46 with ST-elevation acute myocardial infarction. The 
initial target lesion was identified at the level of all the cor-
onary vessels, but the most frequent location was at the 
level of the Left Anterior Descending Artery (LAD). In 
61.5% of cases the target lesion was located at the level of 
the left descending artery, in 21.15 % at the level of the 
circumflex artery and in 17.3 % of cases at the level of 
the right coronary artery. From this study population, 10 
patients had a single coronary lesion, 36 patients presented 
significant lesions other than the coronary artery culprit 
lesion and 9 presented significant angiographic lesions on 
all the coronary branches, having a trivascular coronary ar-
tery disease. Fifteen patients presented complex lesions of 

Fig. 1. The quantification of the degree of coronary stenosis based 
upon the QSA Siemens soft (with permision of the Clinic of Cardi-
ology, Tîrgu Mureș, Romania)

Fig. 2. Types of instent restenosis pattern
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bifurcation, with the necessity of implantation of the stent 
at the level of the main coronary branch over a secondary 
coronary branch, with a favorable  angiographic aspect and 
maintaining the patency of the secondary branch at the 
end of the revascularization procedure. 

In what concerns the time interval from the initial inter-
vention until the occurence of the restenosis, the shortest 
time was of 2 months, and the longest one of 37 months. 

The gender distribution was relatively homogeneous (24 
women, respectively 31 men).  

The great majority of patients presented in stent reste-
nosis at the level of the LAD, followed by the CxA and 
RCA (Fig. 3).

Regarding the comorbidities, 5 patients presented atrial 
fibrilation, 6 patients uncontrolled drug hypertension, 17 
patients diabetes (from whom 10 presented the uncon-
trolled type) and 38 patients presented dyslipidemia. 

The administration of angiotensin-converting enzyme 
inhibitors, considered as a promoter of restenosis in clini-
cal trials, it has not been proved in our study to have a 
role in the occurence of in stent restenosis in the analyzed 
patients (p=0.38).

The post revascularization ejection fraction (EF) was 
analyzed, measured prior to hospital discharge, without 
finding any significant differences in this regard between 
the group with EF<50% and the group with EF>50% 
(p=0.59) (Fig. 4).

The presence of atrial fibrillation did not find any statis-
tically significant correlation with the occurence of in stent 
restenosis (p=0.62).

Analysis of the pre-procedural TIMI flow did not show 
any difference between the group with TIMI flow 0 and 
the one with TIMI flow>0 (p=0.38).

Regarding the systemic factors, we did not find any 
statistically significant assoiciation of in-stent restenosis 
incidence and the presence of diabetes or of high blood 
pressure values uncontrolled with drug treatment. On the 
contrary, cholesterol values of the revascularized patients 
immediately after the revascularization and at follow-up 

showed a direct and statistically significant correlation with 
the degree of in stent restenosis demonstrated by imaging 
analysis (p=0.039) (Fig. 5). 

At angiographic qualitative analysis, the initial peripro-
cedural aspect did not show any significant difference be-
tween the groups regarding the frequency of restenosis and 
the diameter or length of the implanted stent, or the com-
plexity of the procedures (in complex interventions requir-
ing implantation of the coronary stent over a secondary 
branch, which is usually considered to be a procedure with 
a high risk for the occurence of a severe in stent restenosis) 
(p=0.23).

There were analyzed the diameter of the initial native 
lesion and the degree of in stent restenosis using the  soft 
Siemens  QCA for the comparative analysis and t Student 
test for the continuous variables, whitout succeeding to 
prove a significant correlation between these two. 

Discussions
Despite the technological evolution, the technical im-
provement of the percutaneous coronary angioplasty and 
significant investments in the endovascular treatment field, 
the topic of in stent restenosis remains a great issue which 
rises great difficulties in the treatment of coronary ischemic 
diseases.

A large number of improvements of the endovascular 
prosthesis (either bare metal stents of first and 2nd genera-
tion, or the new drug eluting stents) have been encoun-
tered recently. At the same time, new technology have been 
designed for applying the farmacological substance on the 
metal matrix of the stent, with a large diversity of the ac-
tive substance, while new schemes of drugs and significant 
improvement of the devices used in the endovascular treat-
ment have significantly broadened the therapeutical hori-
zont of the interventional cardiology. 

Similar to other studies of in stent restenosis [8], despite 
the inclusion of all clinical, lesion related, and peripro-
cedural factors known to influence the rate of restenosis, 
there there are still remaining some patient related aspects 

Fig. 3. The localisation of in stent restenosis
Fig. 4. The distribution of in stent restenosis based on the post 
revascularization ejection fraction
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witch contributes to this phenomenon. So, there are possi-
ble genetic variations in platelet function [9], angiotensin-
converting enzyme activity related factors [10,11], inflam-
matory response [12,13], or alteration of one or more 
signal transduction pathways [14] that may be among 
these factors.

Conclusions
The phenomenon of in stent restenosis seems to be a plu-
rifactorial one, apparently not influenced by the severity of 
the initial lesion or the features related to the procedure. 
The only parameter which had a statistically significance 
in our study is represented by the cholesterol value, which 
was significantly associated with the severity of restenosis. 
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