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SUMMARY

Objective: In-stent restenosis is a major problem concerning percutaneous
coronary interventions. Brachial artery flow-mediated dilation, a non-
invasive indicator of endothelial dysfunction, and its relationship with
future cardiovascular events is well known.

The aim of this study was to identify factors thought to have an effect on in-
stent restenosis and to test the predictive value of flow-mediated dilatation.
Method: 74 consecutive patients who were treated with bare-metal stents
and recommended control coronary angiography during their follow-up
were included into the study. Patients were categorized into 2 groups in the
form of those having in-stent restenosis (n=35) and no in-stent restenosis
(n=39). Clinical, biochemical, angiographic parameters and also flow-
mediated dilatation was evaluated.

Results: Flow-mediated dilatation was significantly impaired in patients
with in-stent restenosis than in patients with no in-stent restenosis (5.1(4.8)
% vs. 9.2(4.1) %, p<0.001). After multivariable analysis; flow-mediated
dilatation (p=0.004), stent diameter (p=0.014), stent length (p=0.01), no use
of statins (p=0.017) and absence of TIMI-3 flow (p=0.039) were found as
independent predictors of in-stent restenosis. According to the receiver-
operating characteristic curve analysis, optimal cut-off value of flow-
mediated dilatation to predict in-stent restenosis was measured to be <6.8%,
with 75.8% sensitivity and 78.8% specificity (Area under curve 0.764, 95%
confidence interval 0.644-0.885).

Conclusions: Our study suggested that flow-mediated dilatation may
contribute to the identification of high-risk patients who will develop in-
stent restenosis after percutaneous coronary interventions.
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INTRODUCTION

Atherosclerotic cardiovascular disorders remain as
a major health problem all over the world. It is the

world’ s leading cause of morbidity and mortality
1,2

The risk factors that cause atherosclerosis and the
pathophysiology of the disease is well known, but
not a single specific factor that initiates the disease
has been identified. Today, atherosclerosis has
been considered as a chronic disease that lasts for
decades with the interaction of genetic and
environmental factors. Endothelial dysfunction is
known to have accompanied this process since the
early stages % Brachial artery flow-mediated
dilation (FMD) is a non-invasive indicator of
endothelial dysfunction and is widely used in
clinical trials for this purpose °. Its relationship with
future cardiovascular events has been shown in
various studies .

Percutaneous coronary intervention (PCI) with
stent implantation have been widely applied for
nearly 30 years in the treatment of atherosclerotic
coronary artery disease (CAD). PCI techniques
brought along with additional problems.
Restenosis, which is defined as the development of
stenosis again within the same coronary segment,
is a common problem after percutaneous
transluminal coronary angioplasty (PTCA) and
coronary stent implantations. As a result of studies
aimed at identifying restenosis mechanisms and the
factors that cause it, drug-eluting stents (DES) have
been used to reduce the proliferative response seen
in the endothelium. Despite all these
improvements, restenosis rates are still high.

The aim of this study was to identify clinical and
angiographic factors thought to have an effect on
in-stent restenosis (ISR) and to test the predictive
value of FMD.
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MATERIAL AND METHODS
Study population

Patients who were treated with bare-metal stent
(BMS) and recommended control coronary
angiography (CA) during their follow-up were
included into the study. The study was carried out
in “Cumbhuriyet University Faculty of Medicine
Hospital” for two years. Written informed consent
was obtained from all participants and the study
was conducted in accordance with the ethical
principles outlined in the declaration of Helsinki
(1964). Baseline characteristics and medications of
the 74 consecutive patients were recorded in detail.
The presence of metabolic syndrome in patients
was evaluated according to NCEP ATP Il criteria
10 Existence of angina pectoris (AP) during follow-
up was asked and recorded. A blood sample was
taken from all patients in the morning following
one night of fasting. Total cholesterol,
triglycerides, LDL cholesterol, HDL cholesterol
and fasting blood glucose were studied in blood
samples.

The files of the patients were examined in detail.
Patients with significant elevation in cardiac
enzymes (Troponin-1 and Ck-MB >3 times) taken
after PCI were accepted as PCl-related myocardial
infarction and excluded from the study . G Ilb-
Illa inhibitors, if used was recorded. The left
ventricle ejection fraction (LVEF) was recorded by
examining the echocardiography reports in the
patients’ file. Patients without echocardiography
reports, estimated LVEF values were given by an
experienced invasive cardiologist who evaluated
left ventriculography recordings.

Evaluation of CA and PCI

All CA and PCI procedures were performed in
Toshiba and Philips angiography device by
interventional cardiologists with >75 intervention
experience per year, using standard methods.
Former CA recordings were gathered from the
archive and reference vessel diameter, lesion type,
TIMI flow after the procedure, dissection



developed in the procedure, presence of residual
stenosis was evaluated and Gensini scores were
calculated. The diameter and length of the stent,
balloon diameter and length if used, were recorded
by examining the PCI reports in the patients' file.
Coronary angiographic parameters were evaluated
by an experienced invasive cardiologist, the
presence of >50% stenosis observed in the stent
and near 5 mm of the stent ends was considered as
ISR.

TIMI flow classification was used to evaluate the
coronary flow after the stent implantation 2
According to this class, lesions were planned to be
divided into 4 groups. However, since TIMI 0 and
1 flow were not observed in any of the patients, the
patients were grouped as having TIMI 3 flow or
not.

Gensini score was used to calculate the prevalence
and severity of coronary artery disease in patients
1314 According to this system, the coronary tree
was divided into 11 sections and points were given
according to the degree of stenosis; 1 point for
stenosis between 0-25%, 2 points for stenosis
between 25-50%, 4 points for stenosis between
50-75%, 8 points for stenosis between 75-90%, 16
points for stenosis between 90-99%, 32 points for
total occlusion. The scores given for stenosis were
multiplied by the coefficients based on the segment
where coronary stenosis was found, and the scores
were collected and Gensini score was calculated.

Ellis modification of the AHA/ACC lesion
classification system was used to classify stent
implanted  lesions . According to this
classification, lesions were separated into 4 classes;
type A, type B1, type B2 and type C.

Evaluation of Flow-mediated dilatation

Drugs (antihypertensive drugs, statins and nitrates
etc.) that are thought to affect the outcome were
discontinued at least 4 times the half-life of the
drug before the evaluation of FMD °
Measurements were carried out using 10L
transducer (4.0-10.0 MHz) with Vivid 4 -
Cardiovascular Ultrasound System. Patients were
studied supine at room temperature (~25°C) and at
rest for 5-10 minutes before the evaluation,
smoking and beverages that contained caffeine
were prohibited within the preceding 12 hours. The
trace of the left brachial artery was evaluated with
B-mode echocardiography, the area where the best
image was taken on the patient's arm was marked
with a pen and the baseline brachial artery diameter
(BAD) was measured at end-diastole.
Electrocardiogram (ECG)-gated analysis was used
to determine end diastolic BAD (diameter at the
onset of R-wave). In the BAD measurements, the
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length between the anterior and posterior arterial
wall intima was taken into account. In order to
optimally evaluate the intimal region, operator
zoomed into the relevant segment. Then cuff of the
sphygmomanometer placed over the antecubital
fossa was inflated to 50 mmHg above systolic
artery pressure for 5 minutes to form ischemia in
the brachial artery. After the cuff was deflated, the
hyperemia phase was evaluated with PW doppler
and trace of the brachial artery was examined
continuously for 3 minutes after deflation. Brachial
artery trace was recorded for at least 3 cycles of
heart beat in every 20-30 seconds. Maximal BAD
measured after deflation was used for determining
FMD. During the procedure, care was taken to keep
the patient's arm in the same position. FMD was
evaluated as percentage of the difference between
the two diameter measurements to baseline BAD
ratio °.

FMD (%) = [(Maximum BAD after hyperemia—
Baseline BAD) / Baseline BAD] X 100

Statistical Analysis

Continuous variables are expressed as mean (SD)
and categorical variables as percentages. Patients
were categorized into 2 groups in the form of those
having in-stent restenosis (ISR) and no in-stent
restenosis (no ISR). Patients were included in the
restenosis group in case of ISR in any of the stents
implanted. Comparisons between groups of
patients were performed using chi-square tests for
categorical variables, 2-tailed independent-samples
t test for normally distributed continuous variables,
and Mann-Whitney U tests when the distribution
was skewed. Variables found to be statistically
significant on univariate analysis were used in
multivariable  logistic  regression  analysis.
Multivariable logistic regression analysis was
carried out using backward-stepwise method. In
this way, logistic regression analysis was carried
out on 74 patients. The appropriateness of the
model created was assessed using the Hosmel and
Lemeshow test (p=0.38). Receiver-operating
characteristic (ROC) curve analysis was performed
to identify the optimal cut-off point of FMD (at
which sensitivity and specificity would be
maximal) for the prediction of ISR. Area under the
curve (AUC) was calculated as measure of the
accuracy of the test. Kaplan-Meier method with a
log-rank test was used to show the event-free
survival in two patient subgroups, based on a cut
off value. All statistical procedures were performed
using SPSS version 16.0 (SPSS, Inc., Chicago,
Illinois). A p value < 0.05 was considered
statistically significant.



RESULTS

Clinical and Demographic Characteristics of
Patients

The mean age of the patients was 57.5 (10.0) years
(52% women, 48% men). Control angiography of
patients was performed at the earliest in the 2nd
month and at the latest in the 48th month (mean
13(9.5)). ISR was observed in 35 patients (47.3%).

Clinical and demographic characteristics of
patients with restenosis and no restenosis are
shown in table 1. There was no statistically
significant difference between the 2 groups
regarding age, gender, hypertension,
hyperlipidemia, family history of CAD, smoking
status, history of myocardial infarction, presence of
metabolic syndrome, body mass index and LVEF
(table 1). Presence of DM was more prevalent
among ISR group than no ISR group (40.0% and
12.8%, p=0.008, respectively). AP during follow-
up was significantly higher in ISR group than in no
ISR group (71.4% and 43.6%, p=0.02,
respectively).

Statin use was higher among patients with no ISR
(87.2% and 65.7%, p=0.02, respectively). ACE
inhibitor or Angiotensin Receptor Blocker (ARB)
use was also higher among patients with no ISR
(89.7% and 68.6%, p=0.02, respectively). Other
medications including calcium channel blockers,
acetyl salicylic acid, B-Blocker, oral nitrate,
clopidogrel and diuretic use were similar between
groups (table 1). Glycoprotein Ilb/Illa inhibitor use
after PCI was also similar in ISR and no ISR group
(22.9% and 17.9%, p=0.60, respectively)

HDL cholesterol level was lower in the ISR group
compared to the no ISR group (32.2(9.3) and
37.0(10.9), p=0.047, respectively), other lipid
parameters were similar between groups. Total
cholesterol (p=0.78), LDL cholesterol (p=0.54)
and triglyceride levels (p=0.69) were similar in no
ISR and ISR groups.

Comparison of groups according to the Gensini
score and control CA time were also found to be
statistically insignificant (p=0.87 and p=0.15,
respectively). FMD was significantly lower in ISR
group than in no ISR group (5.1(4.8) % and
9.2(4.1) %, respectively, p<0.001).
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Angiographic and Procedural Features of Stent
Implanted Lesions

A total of 94 lesions of 74 patients were treated
with stent implantation. The number of stents per
patient was calculated as 1.27. Angiographic and
procedural features of lesions according to the
presence and absence of restenosis are shown in
table 2.

Reference vessel diameter (3.07(0.47) mm vs.
2.77(0.42) mm, p=0.002) and stent diameter
(3.08(0,48) mm vs. 2.83(0.42) mm, p=0.009) were
smaller, stent length (15.35(4.89) mm vs.
17.70(6.12) mm, p=0.04) was longer in ISR group
than in no ISR group. Other procedural
characteristics;  pre-dilatation,  pre-dilatation
balloon diameter and length, presence of dissection
in PCI, and target vessel were found to be
statistically insignificant between groups (table 2).

In the group where restenosis was not observed, the
presence of TIMI 3 flow after the stent was
significantly higher than in the group with
restenosis  (89.8% and 71.1%, p=0.02,
respectively).

Statistically significant differences were observed
between ISR and no ISR group in terms of lesion
types (p=0.003). The main reason for the difference
between groups was the lower incidence of Type A
lesions in the ISR group.

Logistic Regression Analysis

The presence of DM, angina during follow-up,
FMD, absence of TIMI 3 flow after stent
implantation, stent diameter, stent length, HDL
cholesterol, no use of statin and ACE
inhibitor/ARB were included in logistic regression
analysis and evaluated by backward-stepwise
method. The reason that makes difference between
groups according to the lesion types was the
presence of only one type A lesion in restenosis
group. This might affect the results, so it wasn’t
included in the logistic regression analysis. After
multivariable analysis; FMD, stent diameter, stent
length, no use of statins and absence of TIMI 3 flow
were found as independent predictors of restenosis
that may develop in the future. Multivariable
analysis results are shown in table 3.



Table 1: Clinical and demographic characteristics of the patients

No ISR(n=39) ISR (n=35) P value
Age, years (SD) 55.7(10.4) 59.4(9.2) 0.11
Female/Male(n) 6/33 9/26 0.27
HT 71.8 68.6 0.76
DM 12.8 40.0 0.008
HL 64.1 51.4 0.27
Family History 30.8 14.3 0.09
Smoking 76.9 68.6 0.42
MS 55.3 60.0 0.68
AP during follow-up 43.6 714 0.02
LVEF 50.0(10.5) 48.0(11.2) 0.47
BMI 27.6(4.7) 28.5(5.0) 0.44
Control CA time (months) 14.9(10.8) 11.6(7.7) 0.15
Gensini Score 20.4(17.0) 21.0(16.1) 0.87
Total Cholesterol mg/dl 157.8(38.6) 160.6(47.0) 0.78
LDL Cholesterol (mg/dl) 96.1(34.1) 101.2(37.2) 0.54
HDL Cholesterol (mg/dl) 37.0(10.9) 32.2(9.3) 0.047
Triglyceride (mg/dl) 130.2(78.1) 137.1(66.4) 0.69
FMD 9.2(4.1) 5.1(4.8) <0.001
Medications
Statin 87.2 65.7 0.02
ACE-I/ARB 89.7 68.6 0.02
Calcium Channel Blockers 12.8 8.6 0.56
Acetyl salicylic acid 79.5 82.9 0.71
B-Blocker 76.9 74.3 0.79
Oral Nitrates 20.5 314 0.28
Diuretics 28.2 17.1 0.26
Clopidogrel use (months) 5.8(6.6) 5.6(7.4) 0.94
Glycoprotein 1Ib/Illa inhibitor 17.9 22.9 0.60
Values are percentages unless otherwise expressed. AP: angina Pectoris, BMI: bod-ymass index, CA: coronary
angiography, DM: diabetes mellitus, FMD: flow- mediated dilatation, HL: hyperlipidemia, HT: hypertension, ISR:
in-stent restenosis, LVEF: left ventricle ejection fraction, MS: metabolic syndrome.

Table 2: Angiographic and lesion characteristics of the patients

No ISR (n=49) ISR (n=45) P value
Reference Vessel Diameter (mm) 3.07(0.47) 2.77(0.42) 0.002
Stent Diameter (mm) 3.08(0.48) 2.83(0.42) 0.009
Stent Length (mm) 15.35(4.89) 17.70(6.12) 0.04
Pre-dilatation 46.9 53.3 0.54
Balloon Diameter (mm) 2.70(0.49) 2.62(0.45) 0.61
Balloon Length (mm) 14.96(3.65) 15.67(3.62) 0.51
TIMI 3 Flow 89.8 71.1 0.02
Dissection in PCI 2.0 8.9 0.14
Lesion Type n (%)
A 11 (22.4) 1(2.2)
Bl 26 (53.1) 19 (42.2) 0.003
B2 10 (20.4) 20 (44.4)
C 2(4.1) 5(11.1)
Target Vessel n (%)
LAD 13 (26.5) 22 (48.9)
Diagonal 2(4.1) 1(2.2)
Circumflex 12 (24.5) 6 (13.3) 0.19
oM 5 (10.2) 2 (4.9
RCA 17 (34.7) 14 (31.1)

Values are numbers (SD) unless otherwise expressed.ISR: in-stent Restenosis, PCI: percutaneous coronary intervention
LAD: left anterior descending coronary artery, OM: obtuse marginal branch, RCA: right coronary artery

221



222

Table 3: Multivariate logistic regression analysis. Variables associated with ISR.

B Wald Exp(B) P Exp(B) 95% ClI
Stent Diameter -1.95 5.98 0.14 0,01 0.03-0.68
Stent Length 0.16 6.70 1.18 0,01 1.040-1.33
Absence of TIMI 3 flow 1.73 4.25 5.63 0,04 1.09-29.08
FMD -0.20 8.22 0.82 0.004 0.72-0.94
No use of Statins 1.93 5.75 6.90 0.02 1.42-33.51
Constant 3.48 2.48 32.47
ISR: in-stent Restenosis, FMD: flow-mediated dilatation, Cl: confidence interval.

ROC Curve and Kaplan Meier Analysis

According to the ROC curve analysis, the optimal
cut-off value of FMD to predict ISR was measured
to be lower than 6.8%, with 75.8% sensitivity and

Sensitivity

ROC Curve

78.8% specificity (AUC 0.764, 95% CI 0.644-
0.885, Figure 1). Kaplan Meier analysis showed
lower [ISR-free survival during follow-up in
patients with FMD <6.8% (p< 0.001, Figure 2).
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Figure 1: ROC Curve of FMD to predict in-stent restenosis (AUC-0.764, 95%CI 0.644-0.885).
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Figure 2: ISR-free survival curves in patients with FMD above or below cut-off value.



DISCUSSION

The importance of endothelial dysfunction is well
known in the development and progression of
atherosclerosis. Endothelial dysfunction,
characterized by; vasospasm, vasoconstriction,
disorders in the coagulation and fibrinolytic
mechanism, expression of adhesion molecules,
increased synthesis of proinflammatory factors,
increased oxidative stress and effects on smooth
muscle cell proliferation, occurs in the early stages
of the atherosclerotic process. It is known to
contribute; formation, progression and
complications of atherosclerotic plaques **%. FMD
measured in the brachial artery is known to be
closely related to coronary endothelial dysfunction
2! The method is frequently used in studies because
it is non-invasive, easy to apply and repeat.
Furthermore, brachial artery FMD has been shown
to be a predictor of future cardiovascular events ®
922 However, the number of studies assessing the
effect of impaired endothelial dysfunction on
restenosis is limited 22,

Studies have shown that endothelial dysfunction
contributes to the proliferation and migration of
smooth muscle cells, while nitric oxide released
from the robust endothelium is involved in
preventing smooth muscle cell growth %
Considering that smooth muscle cell proliferation
is an important pathophysiological mechanism in
the development of neointimal hyperplasia causing
ISR, it is not surprising that FMD, an indicator of
endothelial dysfunction, is an independent
predictor for ISR.

Due to various clinical, angiographic and PCI
related factors, ISR have been reported both in
BMS and DES (10.3% vs 5.3%, respectively) %. In
high-risk patients ISR rates increased up to 40%
and 20% for both BMS and DES. Therefore,
determination of patients with high risk for ISR can
make significant contributions in directing clinical
follow-up and treatment. Similar to the results of
previous studies 2> 2*, our study showed the role of
FMD in predicting ISR. In a previous study which
evaluated FMD measurement at one month after
PCI had shown predictive value of FMD at sixth
month follow-up . Another study had also shown
predictive value of FMD measured at sixth month
after PCIl, however in that study FMD
measurement before PCI had failed to predict ISR
24 Given the fact that endothelial dysfunction is an
ongoing process and medications used (statins,
ACE-I/ARB etc.), exercise and lifestyle changes
after PCI may also improve endothelial functions,
we think early measurement of FMD is not
reasonable. In our study FMD was measured before
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control CA (13(9.5) months), which also reflects
late restenosis. In contemporary DES era, we think
timing of FMD measurement becomes more
important. However, this assumption and also the
predictive value of FMD after DES implantation
needs further evaluation. A previous study
evaluated FMD in DES implanted patients #. In
this study FMD was measured one week after PCI
and primary endpoint of this study included cardiac
death, nonfatal myocardial infarction, stroke,
coronary revascularization, and critical limb
ischemia. FMD was found as the sole factor for
predicting future cardiovascular events, explained
with above mentioned factors, after multivariable
analysis. However, ISR rates were similar between
groups. Authors explained this finding with
relatively small size of the study population (9
patients out of 80 had ISR). Although DES
interfere with restenosis mechanisms and expected
restenosis rates are lower, there are still group of
patients who had higher restenosis rates according
to their clinical and complex lesion characteristics
(DM, bifurcation lesions etc.). Evaluation the
predictive value of FMD in this high-risk group of
patients needs further evaluation. We think, FMD
will provide significant benefits during clinical
follow-up of this high-risk patients.

In multivariable analyses; Similar to earlier studies,
stent diameter, stent length and absence of TIMI 111
flow were found as independent predictors for
restenosis 2>2°, Although the presence of DM in our
study was found to be a significant indicator of
restenosis in univariate analyses, the meaning of it
was lost in multivariable analysis. This can be
explained by the small number of diabetic patients
enrolled in our study.

Another important finding of our study was
significantly less observed ISR rates in patients
taking statins, regardless of their total cholesterol,
LDL cholesterol and triglyceride levels. This
finding was similar with previous studies. In a
study of 341 patients, restenosis rates were lower
in patients taking statins regardless of LDL
cholesterol levels and percentage of decline in LDL
cholesterol *, Lower ISR rates, seen in patients
under statin treatment irrespective of cholesterol
levels, can be explained by the pleiotropic
properties of statins. As a matter of fact, the healing
effects of statins on endothelial functions have also
been demonstrated by various studies %%, Studies
have also shown that statins prevent the
proliferation of vascular smooth muscle cells and
induce apoptosis *. Due to these positive effects,
all patients should be given statins regardless of
cholesterol levels after PCI.



Limitations

Control CA was not performed to all stent
implanted patients during the study period, only
patients to whom control CA was recommended
because of any clinical indication during their
follow-up were included into the study. Hence, ISR
rates seemed relatively high. Selection-bias might
have influenced our results; therefore, findings of
this study cannot be extrapolated to all stent
implanted patients.  The number of diabetic
patients were less and it was conducted with
relatively small number of patients. Only BMS
implanted patients were evaluated in this study,
therefore above-mentioned findings cannot be
generalized to DES implanted patients.

CONCLUSION

Our study suggested that brachial artery FMD,
stent diameter, stent length, no use of statins and
absence of TIMI 3 flow were independent
predictors of ISR. FMD may contribute to the
identification of high-risk patients who will
develop ISR after BMS implantation. Whether
FMD has a role in detecting restenosis after DES
implantation is not known. Further studies
evaluating its role in general and in high-risk
patients for restenosis after DES implantation
needs clarification.
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