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Abstract

Background: In-stent restenosis (ISR) is a common clini-
cal problem that continues to be one of the most important
limitations of percutaneous coronary intervention (PCI). Itis
associated with significant morbidity and costs, and is not a
benign entity, with awide spectrum of clinical presentation.

Aim of Sudy: To detect the prevalence of ISR in atertiary
referral center carried out for patients presented to AL-Nahda
General Hospital at Taif, Kingdom of Saudia Arabia and un-
derwent clinically driven coronary angiography with a history
of previous PCI. Those with missed procedural datarelated to
the previous PCI were excluded from the study.

Material and Methods: This was a retrospective- prospec-
tive study carried out on patients presented to AL-Nahda Gen-
eral Hospitals from November 2018 to November 2019 (350
patients records as atotal coverage, 100 were collected as eli-
gible) who underwent coronary angiography with a history of
previous PCI.

Results: Among the studied population, males were 68
(68%) and females were 32 (32%). Mean age was 53+10. Out
of 100 patients, in-stent restenosis (ISR) was documented in
fifty (50%) patients (45 males and 5 females) and not docu-
mented in fifty (50%) patients (27 males - 23 females). The
statistical differences were; male gender[90% versus 46%,
respectively; p-value <0.001), DM (72% versus 38%, respec-
tively; p-value <0.001), Pre and post stenting balloon dilatation
[16% versus 2%, respectively; p-value = 0.031), LAD lesion
(52% versus 10%, respectively; p-value = 0.002), pre-stent
minimal lumen diameter (MLD) (p-value <0.01); the stentsin
the patients with | SR were smaller in diameter and longer in
length. The I SR group was then subdivided according to the
lesions characters of in-stent restenosis into two groups: Focal
group (22 male - 5 female) and non-focal (Diffuse Prolifera-
tive) (23 male - 0 female). Diffuse-type | SR was more com-
mon in LAD and RCA lesions 78.3% and 56.5% respectively
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with (p-values were 0.0001 and 0.028 respectively). During
the previous procedure the use of balloon for pre and post
stent dilatation was higher in the diffuse-type | SR with statisti-
cally significant difference, p-value <0.010. The diameter of
the stents in ISR patients was small in the diffuse-type ISR
(stent diameter was 2.62+0.56 mm in the diffuse-type ISR and
3.04+0.31mm in the focal group, with statistically significant
difference, p-value <0.002) and the stents length was longer in
the diffuse-type ISR (29.35+£9.26mm) versus (22.11+7.91mm),
with statistically significant difference (p-value <0.005). Dur-
ing the follow up the diffuse type was associated with more
complications and one case mortality.

Conclusion: A number of factors have been associated
with the propensity to develop stent restenosis, including male
gender, diabetes mellitus, LAD lesion, small stent diameter, in-
creased stent length; balloon used pre or post stenting and pre-
stenting MLD which were all predictors of restenosisin this
study. Diabetes mellitus, stent length and pre stenting minimal
lumen diameter (ML D) were independent predictors of ISR.
This study also showed that pre-stenting ML D, pre and post
stenting balloon dilatation, DM, Male sex, LAD, RCA, and the
stent length and diameter are predictors of diffuse (non-focal)
type ISR.

Key Words: In-stent restenosis — Sent — Coronary Arteries —
RCA — LAD — Angiography.

Introduction

RE-STENOSIS implies reducing diameter of a
blood vessel after percutaneous angioplasty [1].
In-stent restenosis (ISR) is a challenging medical
dilemma[2]. A meta-analysis revealed that percu-
taneous coronary intervention (PCI) for ISR is ac-
companied with a higher occurrence of adverse car-
diac events than PCI for de novo lesions [3]. Even
though it isalesser faced problem than before due
to use of new generation drug-eluting stents, it re-
mains to play amajor role in modern medical prac-
tice since extensive number of stents are inserted in
current practice [4].
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Aim of the work:

Primary objective: To detect the Prevalence of
ISR in atertiary referral center.

Secondary objectives: To identify the clinical
and procedural predictors of angiographic ISR in
the modern era and to explore clinical and angio-
graphic factors determining management in a ter-
tiary referral center.

Patients and M ethods

This was a retrospective-prospective study
carried out on 100 patients reporting to Al-Nahda
General Hospitals from November 2018 to No-
vember 2019 (350 patients records as a total cover-
age from them 100 were collected as eligible) who
underwent clinically driven coronary angiography
with a history of previous PCI. Those with missed
procedural datarelated to the previous PCI were
excluded from the study. All the included popula-
tion underwent the following diagnostic work-up
after taken awritten consent from each one: Clini-
cal evaluation (including age, gender, cardiovascu-
lar risk factors, clinical presentation), procedural
datarelated to the previous PCI, |aboratory data
(including serum creatinine, creatinine clearance,
cardiac enzymes and Lipid profile), 12-lead ECG,
and transthoracic echocardiography for evaluation
of cardiac function and wall motion abnormalities,
finally coronary angiography with qualitative coro-
nary angiography analysis (QCA) for assessment
of stented segment, management according to their
presentations then follow-up for 6 months.

Satistical analysis: Was done and data were
expressed as the mean = SD for continuous vari-
ables and frequencies for categorical variables.
Continuous variables were compared by unpaired
Student’s t-test and categorical variables by Chi-
square test. A p-value of <0.05 was considered as
statistically significance. The ethical issues were
approved from ethical committee.

Results

All the patients underwent coronary angiog-
raphy which showed in-stent restenosislesionsin
Fifty (50%) of the patients (45 male - 5 female)
with focal type | SR developed in 27 lesions (16
edge and 11 bodies), and non-focal-type ISR in
23 lesions (10 occlusive, 8 diffuse, 5 proliferative)
and patent stentsin (27 male - 23 female). Patients
were divided according to the presence of in-stent
restenosis (ISR) into two groups: patients with
and without ISR. The statistical differences were;
Male sex [90% versus 46%, respectively; p-value
<0.001), DM (72% versus 38%, respectively; p-
value <0.001), Pre and Post stent balloon dilatation
[16% versus 2%, respectively; p-value <0.031),
LAD lesion (52% versus 10%, respectively; p-
value <0.002) and pre stent minimal lumen diam-

eter (MLD) (p-value <0.0001). The stentsin the
patients with ISR were smaller in diameter and its
length was longer. (Tables 1,2).

The ISR group was then subdivided according
to the lesions characters of in-stent restenosis (ISR)
into two groups. Focal group (22 male - 5 female)
and non-focal (Diffuse Proliferative) (23 male—0
female). Diffuse-type I SR was more common in
LAD and RCA lesions 78.3% and 56.5% respec-
tively with (p-vaues were 0.0001 and 0.028 respec-
tively). During the previous procedure the use of
balloon for pre and post stent dilatation was higher
in the diffuse-type ISR with statically significance
p-value <0.001. The diameter of stents in ISR pa-
tients was small, (stent diameter was 2.62+0.56mm
in the diffuse-type ISR and 3.04+0.31 mm in the
focal group, with statically significance p-value
<0.002) and the Stents length was longer (29.35+
9.26mm) versus (22.11+£7.91mm), with statically
significance (p-value <0.005). (Tables 3,4).

During the follow-up the diffuse type is associ-
ated with more complications as I n-stent resteno-
sis (ISR) group those patients had higher rate of
acute coronary syndrome (NSTEMI), higher rate of
chronic stable angina and one case mortality asin
Graph (2).
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Graph (2): The follow-up (6M) outcomes differences between
the ISR and no ISR.



Ahmed T. Elgengehe, et al.

Table (1): The previous procedural data differences between the
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Table (2): The previous Procedural and Quantitative Coronary
Angiography (QCA) character differences between
the ISR and no ISR.

ISR and no ISR.

. ISR No ISR p-
Variables (n=50) (n=50) value
Residual stenosis 3(6%) 0 (0%) 0.242
Dissection 2 (4%) 1(2%) 1
TIMI:

2 1(2%) 2 (4%) 1

3 49 (98%) 48 (96%)
Calcification 6 (12%) 4 (8%) 0.741
Post-dilatation balloon 8 (16%) 1(2%) 0.031*
Pre-dilatation balloon 8 (16%) 1(2%) 0.031*
Pressure of Deployment
(atm):

Mean + SD 15.68+1.82 16.31+1.92 0.095
Sent Diameter (mm):

Mean + SD 3.02+0.4 3.41+0.29  <0.001*
Sent Length (mm):

Mean + SD 25.44+9.22 20.31+4.88 <0.001*
Ste:

LAD 26 (52%) 5 (10%) 0.002*

RCA 20 (40%) 27 (54%)  0.132

CX 8 (16%) 16 (32%)  0.787

Diagonal 2 (4%) 1(2%) 0.557

OM 3(6%) 1(2%) 0.307

Ramus 1(2%) 0 (0%) 1

SVG 1(2%) 0 (0%) 1
Number of stents:

1 28 (56%) 31(62%) 0.241

2 17 (34%) 18 (36%)

3 5 (10%) 1(2%)

. ISR No ISR p-
Variables (n=50) (n=50) value
De-novo PCI 9 (18%) 28 (56%) 0.790
Type B2/C lesions 6 (66.66%) 11(39%) 0.080
Area stenosis %:

Mean + SD 79.11+18.2 74.32+17.9 0.188
Diameter stenosis %:

Mean + SD 73.18+20.6 71.63+19.7 0.701
Max LA (mmz):

Median 4.93 5.12 0.617

IQR 0-11.94 0-10.71
Max LD (mm):

Median 2.365 2.381 0.336

IQR 0-3.9 0-41
MLA (mm2):

Mean + SD 1474075 2.86+1.21 0.897
MLD (mm):

Mean + SD 0.98+0.44 1.91+0.69 <0.0001
Lesion length (mm):

Median 35.9+19.7 38.4+20.8 0.429

IQR 4-48 5-41
Average reference
area (mm ):

Mean + SD 7.04+2.69 7.12+277 0.884
Distal reference
area (mm ):

Median 3.97 421 0.692

IQR 0-16.6 0-15.8
Proximal reference
area (mm ):

Mean + SD 9.82+3.11 9.71+3.07 0.859
Average reference
diameter (mm):

Mean + SD 277+069 2.82+0.70 0.720
Distal reference
diameter (mm):

Mean + SD 2.06+1.09 2.22+121 0.489
Proximal reference
diameter (mm): 0.189

Mean + SD 3.48+0.62 3.32+0.59 ’

- Data expressed as Mean + SD or median (IQR: Inter-quartile range)
for continuous variables and No. of patients categorical variables (%).

ISR : Instent restenosis.

TIMI: Thrombolysisin myocardial infarction.

CX : Circumflex artery.

LAD: Left anterior descending.

OM : Obtuse marginal.

RCA: Right coronary artery.

SVG: Saphenous vein graft.

- Data expressed as Mean + SD or median (IQR: Inter-quartile range)
for continuous variables and No. of patients categorical variables

(%).

PCI : Percutaneous coronary intervention.

ISR : Instent restenosis.

Max LA: Maximum lumen area.

MLA: Minimum lumen area.
MLD: Minimal lumen diameter.
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Table (3): Differences between focal 1SR and diffuse-
type regarding the previous PCI procedural

Table (4): Qualitative Coronary Angiography (QCA) of the area
and diameter measurements differences between fo-

data. cal and diffuse ISR.

. Focal No Focal p- . Focal No Focal p-
Variables (n=27) (n=23) value Variables (n=27) (n=23) value
Residual stenosis 0 (0%) 3 (13.0%) 0.09 Average reference

) : 0
Dissection 0 (0%) 2 (8.7%) 0.207 diameter (mm):
TIMI: .

5 0 1 0.283 Mean + SD 2.97+0.46  2.54+0.83 0.024

3 27 (100%) 22 (95.6) Distal reference
Cadlcification 3(11.1%) 3(13.0%) 0.585 ) )

Post-dilatationballoon  1(3.7%)  7(30.4%)  0.010¢ diameter (mm):

Pre-dilatation balloon 1 (3.7%) 7 (30.4%) 0.010* Mean + SD 251+051  1.54+1.37 *0.001
Deployment pressure

(a?g]):y P Proximal reference

Mean + SD 15.93+2.04 15.39+1.53 0.306 diameter (mm):

Diameter (mm): Mean + SD 3.44-0.49 3.53-0.75 0.611

Mean + SD 3.04+0.31  2.62+056  0.002*

Length (mm): Average reference

Mean + SD 22114791 29.35+9.26 0.005* area (mmz);

Ste: Men+SD  7.20:200 ©74329 o468

LAD 8 (29.6%) 18 (78.3%) <0.001*

RCA 7 (25.9%) 13 (56.5%) 0.028* Distal reference

CX 4 (14.8%) 4 (17.4%) 1 _

Diagonal 2(74%)  0(0%) 0.183 area (mm'):

OM 3(1L1%)  0(0%) 0.239 Mean+SD  512¢108 2740l 5430

Ramus 1 (3.7%) 0 (0%) 1

SVG 1(3.7%) 0 (0%) 1 Proximal reference
Nun‘bzer of stent: o b 026 area (mm):

> .

1 17 11 Mean+SD  948:255 1021¥368  (ng

- Data are presented as mean = SD or n (%).
PCI: Percutaneous coronary intervention.
ISR: Instent restenosis.

TIMI: Thrombolysisin myocardial infarction.
CX: Circumflex artery.

LAD: Left anterior descending.

OM: Obtuse marginal.

RCA: Right coronary artery.

SVG: Saphenous vein graft.

Discussion

Restenosis was documented in 50 patients
(50%) with 59 lesions and target |esion revascu-
larization was required in 38 patients. So the preva-
lence of 1SR was 50%. Regarding the gender, The
ISR is common in males than femal es with Statisti-
cal significance differences (p-value< 0.001). This
opposed one study [6] which showed that females
had more risk. Presence of DM is associated with
ISR (p-value<0.001).

Diabetes continues to be an independent risk
predictor of restenosis, in conformity with that
reported in published articles [7-9], but in contrast
with other one[10].

- Data expressed as Mean + SD or median (IQR: Interquartile range) for
continuous variables and No. (%) of patients for categorical variables.
ISR: Instent restenosis.

Previous angiographic and procedural variables
were analyzed in this study and showed that ISR
is common in long segment with small diameter
(p-value <.0.001), in conformity with that reported
article[11]. Non-focal (diffuse-type) restenosis was
documented in 23 (46%) patients of the fifty ISR
patients. This study showed that pre-stenting mini-
mal lumen diameter (MLD), pre and post balloon
dilatation, DM, Male sex, LAD, RCA, and the stent
length are independent predictors of diffuse-(non-
focal) type ISR.

Summary and Conclusion:

The present study was conducted upon 100
patients (68 males, 32 females, mean age 44+24
years) to determine the prevalence, predictors,
management and 6 months follow up complications
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of PCI. In aretrospective-prospective descriptive
design. Patients with clinical evidence of stable or
unstable coronary artery disease with a history of
previous PCI were included in the study according
to theinclusion criteria. All the included popula-
tion underwent the following diagnostic work-
up: Clinical evaluation, Lab work, ECG, Echo,
coronary angiography with Qualitative Coronary
Angiography analysis, management according to
his presentations then followed-up for 6 months.
Restenosis was documented in 50 patients (50%)
with 59 lesions and target lesion revascul arization
was required in 38 patients.

We demonstrated that male gender (p-value
<0.001), DM (p-value <0.001), the longer and
smaller stents (p-value <0.001 for both), the use
of pre and post balloon for dilatations (p-value
<0.031), mean pre stenting MLD (p-value <0.0001)
and LAD Lesions (p-value <0.002) were predictors
of ISR. Aswell as DM, Stent length and pre stent-
ing minimal lumen diameter (ML D) which were
Independent predictors of ISR. Non-focal resteno-
sis was documented in 23 (46%) patients of the fif-
ty ISR patients. This study showed that pre-stenting
minimal lumen diameter (MLD), pre and post bal-
loon dilatation, DM, Male sex, LAD, RCA, and the
stent length and diameter are predictors of diffuse
(non-focal) type ISR.

Recommendations:

1- Pre and post balloon dilatation shouldn’'t be done
routinely and direct stenting by using more short
and large stents is advisable.

2- Further studies using IVUS or OCT are needed
for better early detection and management of
ISR.
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