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Abstract

Introduction:
Although implantation of coronary stents after angioplasty has led to a significant decrease in
clinical events compared with plain balloon angioplasty,

restenosis has been a considerable

problem with bare-metal stents (BMS). Different strategies have been developed to reduce the
incidence of in stent restenosis (ISR), including repeat balloon angioplasty, repeat stenting,
cutting balloon angioplasty, brachytherapy, drug eluting stent (DES), excimer laser coronary
angioplasty,

gene therapy, drug coating balloons and some drugs in combination with stent

such as colchicine.
Colchicine, with its antimitotic and antiinﬂammatory properties, is theoretically attractive as an
agent that could prevent restenosis.

The current study aimed to evaluate the efficacy of

colchicine in the prevention of bare-metal stent restenosis in ischemic heart disease (IHD)
patients compared to BMS alone and DES.
Methodology:
The current clinical study was conducted at Al-shifa hospital and Public Aid hospital in Gaza
city. It involved 90 patients who were scheduled for coronary angioplasty procedure.

The

patients were divided into three groups: The first group (n=30) , underwent BMS implantation
and received
underwent

colchicine 0.5 mg twice daily for six months.

BMS implantation alone

(n=30).

The

The second group (n=30),

third group (n=30) underwent DES

implantation. All the patients were followed up for six months. The primary endpoint was
clinical ISR at 6 months. Secondary endpoints included target vessel revascularization (TVR)
and stent thrombosis (ST).
Results:
Of the study sample 75 patients (83.3%) were males and 15 patients (16.7%) were females, 39
(43 %) were diabetic,

43 (47.8 %) were hypertensive, 32 (35.6%) were hyperlipidemic, 28

(31.3%) had family history of ischemic heart disease and 32 (35.6%) were smokers. The mean
age of the patients was 60.03±7.8 yrs. After 6 months follow-up, significant differences were
v

found in clinical ISR rate among the three groups ( 3% for the colchicine group , 23% for BMS
alone and 0% for DES group,

P= 0.005). In addition, There were significant differences in

TVR rate (3% for the colchicine group,

27% for BMS alone and 0% for DES group,

P=

0.002). However, there were no significant differences in the rate of stent thrombosis (0% for
the colchicine group , 3% for BMS alone and 0% for DES group, P= 1). Among the factors
tested for possible association with ISR (diabetes, hypertension, family history, smoking,
hyperlipidemia , number of stents, stent diameter and length of stent), only hypertension and
hyperlipidemia show significant association with ISR (P=0.025, P=0.005, respectively).

Conclusion: Colchicine is associated with less neointimal hyperplasia and a reduced ISR rate
when administered to patients with ischemic heart disease who undergo PCI with BMS as
compared to BMS alone. Thus it may be useful as an alternative strategy for DES when
administered at a daily dose of 1 mg for 6 months after stent implantation .
Key words:

Bare-metal stent;

Drug eluting stent ;

hyperplasia; Colchicine; Ischemic heart disease.
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Chapter 1
Introduction

1.1 Overview
Ischemic heart disease (IHD) is the leading cause of morbidity and mortality in the
world (Bennett & Dubois, 2013). Central to the pathogenesis of IHD is the
development of atherosclerotic lesions in coronary arteries (Kumar & Cannon,
2009). These lesions, if unstable or clinically significant, are frequently treated with
percutaneous

coronary

intervention (PCI), which usually

involves balloon

angioplasty and stent implantation (Iqbal et al., 2013).

The balloon angioplasty spreads rapidly as a promising therapy for IHD, yet the
widespread use of balloon angioplasty was limited by two major complications: acute
vessel closure during or immediately after the procedure secondary to thrombosis or
vessel dissection and re-stenosis of the vessel due to a combination of elastic recoil,
smooth muscle proliferation, and neointimal hyperplasia (Alpe et al., 2007). Both
of these complications has been
antiplatelet therapy,

partially reduced by the introduction of new

leading to restenosis rates below 30% (Ciprian et al., 2016).

The introduction of bare metal stents (BMS) has resulted in further reduction in
balloon angioplasty complications (Farooq et al.,
significantly reduced the restenosis rates,

2011).

Although the stents

their use as a first choice therapy in

coronary revascularization interventions led in short time to a new challenge - the
issue of in- stent restenosis (Chen et al., 2009). Although the incidence of in-stent
restenosis was small compared to restenosis after balloon angioplasty,

it was still

situated in the range between 15% and 35% (Schwalm et al., 2013).

Many predisposing factors were associated with ISR. These factors may be patient
related (Diabetes mellitus and history of restenosis), or procedure related (Number of
used stent, total stent length, underexpansion and overexpansion stent, small postprocedural minimum lumen diameter, stent fracture, stent strut malapposition and
higher residual percent diameter stenosis), lesion related (small vessel size,
lesion length, chronic total occlusion,

ostial lesion location,

long

lesion calcification,

saphenous vein graft lesion location and bifurcation lesion) or they may be genetic
1

factors (Platelet glycoprotein IIIA (PIA) polymorphism of glycoprotein III and
mutant form of methylenetetrahydrofolate reductase) (Tsigkas et al., 2010).

Therapeutic options to treat ISR include repeat balloon angioplasty, repeat stenting,
cutting balloon angioplasty, directional coronary atherectomy, rotational coronary
atherectomy,

brachytherapy,

(Ong et al.,

2004),

excimer laser coronary

angioplasty (Mehran et al., 2000), gene therapy (Thomas, 2012).

While drug

eluting stent, drug coating balloon (Navarese et al., 2013) and some drugs in
combination with stent such as colchicine (Deftereos et al., 2013c) are used to
prevent ISR.

Drug eluting stents (DES) have reduced the incidence of stent-related restenosis to <
10% (Schwalm et al., 2013).

However, the higher cost of DESs and the risk of

stent thrombosis are considered the major limiting factors. In addition, DESs are
contraindicated in a certain subsets of IHD patients, including patients with planned
necessary surgery as well as those who need anticoagulation treatment, in whom
triple antithrombotic therapy (double antiplatelet and 1 anticoagulant) is associated
with a high risk of bleeding and should be as short term as possible (Deftereos et al.,
2013c). Therefore, the use of other strategies is needed.

Colchicine is an alkaloid drug extracted from a plant colchicum autumnal. It has
been used for acute gout arthritis,

familial mediterranean fever (FMF), Behcet,s

syndrome, scleroderma, chronic constipation, amyloidosis, erythema nodosum
and acute pericarditis (Sapra et al., 2013).

Recent studies suggest that colchicine may prove to be useful in a much wider
spectrum of cardiovascular diseases than previously suspected (Deftereos et al.,
2013b). This includes pericarditis, atrial fibrillation,

stable IHD and coronary

artery restenosis after PCI.

Colchicine has anti-inflammatory and antiproliferative actions. Both of these effects
could conceivably interfere with the formation of neointima and local inflammation
in coronary stents, thus it may reduce the rate of in-stent restenosis (Deftereos et al .,
2013b). Subsequently it may be useful as alternative strategy for DES.
2

1.2 Significance of the study
A number of studies have been conducted to compare the different types of drug
eluting stents with bare metal stent or other strategies to reduce in stent restenosis.
All these studies aimed to achieve optimal strategy which is critical to eliminate or
reduce the incidence of ISR.
Very few studies have investigated the efficacy of colchicine in reducing restenosis in
patients with BMS and to compare its use with the use of DES or BMS alone. In
vitro, the rate of restenosis was lower in the colchicine (conventional balloon
angioplasty combined with colchicine) group compared to control (conventional
balloon angioplasty combined with placebo) group but were similar to those of drugeluting balloon (DEB) group (Kong et al., 2015). A study done on 196 diabetic
patients who underwent PCI with BMS shows that colchicine is associated with less
neointimal hyperplasia and a decreased ISR rate (angiographic in stent restenosis
rate was 16% in the colchicine group and 33% in the control group (P = 0.007)
(Deftereos et al., 2013c).
However, The opposite effect, was reported in a prospective study by O'Keefe et
al.

(1992) which compared the effect of colchicine 0.6 mg twice daily (n=130

patients) with placebo (n=67 patients) for 6 months after elective coronary
angioplasty. It was found that 41% of colchicine –treated patients developed
restenosis in at least one lesion compared to 45% of the placebo-treated group
(P=NS). Therefore, more studies are needed to demonstrate the effectiveness of
colchicine in the prevention of bare-metal stent restenosis in IHD patients.
1.3 Aim of study:
The aim of study was to evaluate the efficacy of colchicine in the prevention of in –
stent restenosis in patients with IHD who undergo PCI with BMS.
1.4 Objectives:


To determine the incidence of in –stent restenosis in patients with PCI who
either

use DES or BMS with or without low doses (0.5 mg) of colchicine

after 6 months.


To determine the incidence of target-vessel revascularization.



To determine the incidence of stent thrombosis.
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To investigate the relationship between in stent restenosis and the following
factors: Sex, diabetes, hypertension, hyperlipidemia, smoking, number of
stents, stent diameter and stent length.
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Chapter Two
Literature Review

2.1. Ischemic heart disease (IHD):
2.1.1. General aspects:
Cardiovascular diseases (CVD) are a general term that describes a disease of the
heart or blood vessels such as: Ischemic heart disease (IHD), heart failure, cardiac
arrest, ventricular arrhythmias and sudden cardiac death, rheumatic heart disease,
transient

ischemic attack,

ischemic stroke,

subarachnoid

and intracerebral

haemorrhage, abdominal aortic aneurysm, peripheral artery disease, and congenital
heart disease (Wong, 2014).

Ischemic heart disease is the most common type of heart diseases (Pranavchand &
Reddy, 2013); in which coronary artery is clogged with fatty plaque (figure 2.1),
causing an insufficient blood flow to the heart (Pinho et al., 2010).

Figure 2.1: Diagram of atheromatous plaque formation (as cited by Pinho et al., 2010)

2.1.2 Epidemiology of Cardiovascular Diseases:
Cardiovascular diseases have became the single largest cause of death worldwide. In
2012, CVD caused an estimated 17.5 million deaths; representing 31% of all global
deaths (World health organization (WHO), 2015). Eighty percent of deaths occur
5

in low-income and middle-income countries, and this number is expected to increase
to 23.6 million by 2030 (Wong, 2014). Of these deaths, an estimated 7.4 million
were due to IHD and 6.7 million were due to stroke (WHO, 2015).

Ischemic heart disease is considered the predominant manifestation of CVD (figure
2.2), causing 46% of cardiovascular deaths in men and 38% in women (Mendis et
al., 2011).

Figure 2.2: The proportions of cardiovascular deaths caused by ischemic heart disease,
cerebrovascular disease, inflammatory heart disease, rheumatic heart disease, hypertensive
heart disease, and other cardiovascular diseases in 2011. ( a ) Men ( b ) Women (as cited by
Mendis et al., 2011)

In Palestine, heart diseases are the highest leading cause of death among the
population. In 2510, heart diseases were responsible for 27.5 % of the total deaths in
Palestine (Ministry of Health, 2016)

According to M. Habeeb (personal communication, March 23, 2014), the number
of patients with IHD in 2013 who underwent catheterization reached 3494 patients
(table 2.1), which is equivalent to 291 patients per month. The number of IHD
deaths in Gaza strip estimated at about 10 cases per month .
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Table 2.1 Distribution of patients undergoing catheterization in Gaza strip health centers
(according to M. Habeeb -personal communication, March 23, 2014)

Hospital name

Number of patients

European Gaza hospital

1984

Public aid hospital

683

Abroad (Alhayat center and west bank)

831

Julis center

0

Total

3498

2.1.3 Risk factors for IHD:
Ischemic heart disease is a multi-factorial disease,

involving both genetic and

enviromental factors as well as diet and life style (Baudhuin, 2009).
The major independent risk factors for IHD are cigarette smoking of any amount,
elevated blood pressure, elevated serum total cholesterol and low-density lipoprotein
cholesterol, low serum high-density lipoprotein cholesterol, diabetes mellitus, and
advancing age (Bhatia, 2010). The quantitative relationship between these risk
factors and IHD risk has been elucidated by the Framingham Heart Study and other
studies (Grundy et al., 1999, Wilson et al., 1998). The Framingham Risk Score
was first developed based on data obtained from the Framingham Heart Study, to
estimate the 10-year risk of developing coronary heart disease (Wilson et al., 1998).
In order to assess the 10-year cardiovascular disease risk, cerebrovascular events,
peripheral artery disease and heart failure were subsequently added as disease
outcomes for the 2008 Framingham Risk Score, on top of coronary heart disease
(D'agostino et al., 2008).
The major risk factors are additive in predictive power. Accordingly, the total risk of
a person can be estimated by summing of the risk imparted by each of the major risk
factors (Grundy et al., 1999).
Other factors are associated with increased risk for IHD. These are of 2 types:
Possible risk factors and predisposing risk factors. The Possible risk factors are
associated with increased risk for IHD, although their causative, independent, and
quantitative contributions to IHD have not been well documented. The predisposing
risk factors are those that worsen the independent risk factors (Grundy et al., 1999).
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Table 2.2 describes the risk factors for IHD that have been identified and classified
by the American Heart Association (AHA, 2016).
Table 2.2 American Heart Association guide to risk factors for ischemic heart disease (as cited
by AHA, 2016)
Major
independent
risk
factors
 Cigarette smoking
 Hypertension
 Elevated total LDL
cholesterol
 Low HDL cholesterol
 Diabetes mellitus
 Older age

Predisposing risk factors






Possible risk factors

Physical inactivity
Obesity
Family
history
of
premature
coronary
disease
Ethnicity
Psychosocial factors






Fibrinogen
C-reactive protein
Homocysteine
Lipoprotein –a {Lp
(a)}

HDL: high –density lipoprotein; LDL: low–density lipoprotein

2.1.4 Pathophysiology of IHD:
Atherosclerosis is the condition in which plaque builds up in arteries (Centers for
Disease Control and Prevention, 2015). It begins as a qualitative change to intact
endothelial cells under the action of oxidative,

hemodynamic,

or biochemical

stimuli (smoking, hypertension, and dyslipidemia) and inflammatory factors. These
cells change their permeability to promote the entry and retention of blood-borne
monocytes and cholesterol-containing LDL particles (Nabel & Braunwald, 2012).
In disrupted or dysfunctional endothelium;

cholesterol-containing LDL particles

undergo oxidation. The LDL attracts leukocytes into the intima and can be scavenged
by macrophages leading to the formation of foam cells. These foamy cells form the
backbone of the earliest pathological lesions; the fatty streak. Smooth muscle cells
are then recruited and migrate to the site of the foamy cells. Smooth muscle cells
proliferate and manufacture extracellular matrix (collagen and proteoglycan). The
fatty streak is now transformed into the fibrous plaque. The lesion begins to encroach
on the lumen of the vessel; angiogenesis will take place and these plaques can then
calcify. The final lesion consists of a fibrous cap overlying a lipid rich core (highly
thrombogenic) which also contains necrotic material (figure 2.3) (Homoud, 2008;
Grech, 2003a). Plaques lead to clinical symptoms by causing flow-limiting stenosis
(causing stable angina), or by provoking thrombi that limit blood flow on either a
temporary basis (causing unstable angina), or a permanent one causing myocardial
infarction (Nabel & Braunwald, 2012).
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Figure 2.3: Pathogenesis of atherosclerosis (as cited by Homoud, 2008)

2.1.5 Classification of IHD:
Ischemic heart disease produces two broad categories of clinical syndromes: Stable
angina and acute coronary syndrome (Cassar et al., 2009).

2.1.5.1 Stable angina:
Angina pectoris is a term that describes mainly chest pain caused by myocardial
ischemia, a condition in which the amount of oxygen supplied to the heart muscle is
insufficient (Davies, 2001). Stable angina usually occurs on an exertion and it is
relieved by rest or nitroglycerine (Gayeta et al., 2011). Typically, angina pain is
described as a pressure or squeezing pain that starts in the center of the chest and may
spread to the shoulders, back, arms, neck and jaw (Davies, 2001). Myocardial
ischemia develops when coronary blood flow becomes inadequate to meet myocardial
oxygen demand. This causes myocardial cells to switch from aerobic to anaerobic
metabolism, with a progressive impairment of metabolic, mechanical, and electrical
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functions (Kaski, 2016). Angina pectoris is the most common clinical manifestation
of myocardial ischemia. It is caused by chemical and mechanical stimulation of
sensory afferent nerve endings in the coronary vessels and myocardium (Kaski,
2016).
Recent studies have shown that adenosine may be the main chemical mediator of
anginal pain. During ischemia, Adenosine triphosphate (ATP) is degraded to
adenosine, which, after diffusion to the extracellular space, causes arteriolar dilation
and anginal pain mainly by stimulating the A1 receptors in cardiac afferent nerve
endings )Kaski, 2016).

2.1.5.2 Acute coronary syndrome (ACS):
Acute coronary syndrome is usually caused by an unstable atherosclerotic plaque
rupture with formation of an obstructive coronary thrombus .

This process is

manifested by ischemic chest pain and electrocardiographic (ECG) changes.

If

ischemia is prolonged, myocardial necrosis and elevation of enzymes will occur
(Lakshmanadoss, 2012).

Patients with ACS can be divided into two major categories:
ischemic symptoms resulting from a totally

occluded coronary artery with

new ST-elevation on the ECG which is diagnostic of
infarction (STEMI).

1- Those with

ST elevated myocardial

2- Those with ST-segment depression,

T-wave changes

or no ECG abnormalities resulting from a partially or intermittently clogged
coronary artery which is diagnostic of non ST elevated myocardial infarction
(NSTEMI) (Kumar & Cannon,

2009).

NSTEMI can be further subdivided

on the basis of cardiac biomarkers of necrosis (eg,

cardiac troponin). If

cardiac biomarkers are elevated and the clinical context is appropriate, the
patient is considered to have NSTEMI;

otherwise,

the patient is deemed to

have unstable angina (UA) (Amsterdam et al., 2014).

Unstable angina should be distinguished from stable angina which takes place
during exertion and relieved at rest. In contrast , UA occurs suddenly, often at rest
or with minimal exertion,

or at lesser degrees of exertion than the individual's
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previous angina (Amsterdam et al., 2014). UA lasts longer than 20 minutes and is
not relieved by several doses of sublingual nitrite (Smith et al., 2015).

2.1.6 Diagnosis of IHD:
2.1.6.1 Stable angina:
The accurate diagnosis of chronic stable angina relies largely on obtaining a detailed
clinical history (Fox et al., 2006). After a detailed chest pain history is taken, the
presence of

the risk factors for IHD should be determined.

Hyperlipidemia,

diabetes, hypertension, cigarette smoking, and a family history of premature IHD
are all important (Gibbons et al., 1999).


Laboratory tests:

Many Laboratory tests should be evaluated in all patients with suspected ischaemic
disease such as: Full blood count (including haemoglobin and total white cell count),
serum creatinine, thyroid hormone, cardiac enzyme (troponin or creatine kinase),
fasting plasma glucose and fasting lipid proﬁle (including total cholesterol, high
density lipoprotein and low density lipoprotein cholesterol, and triglycerides) (Fox
et al., 2006).


Other investigations:

o Resting Electrocardiography (Resting ECG):
A rest 12 lead ECG should be recorded in all patients with symptoms suggestive of
angina pectoris. However, normal rest ECG does not exclude severe IHD (Fox et al.,
2006). Evidence of prior Q-wave MI on the ECG or ST-T wave changes consistent
with myocardial ischemia favors the diagnosis of angina pectoris (Gibbons et al.,
1999). ECG evidence of left ventricular hypertrophy increases the probability that
chest discomfort is angina pectoris (Cassar et al., 2009).
o ECG stress testing:
Interpretation of the exercise test should include symptomatic response,
capacity,

exercise

hemodynamic response,

and ECG response (Gibbons et al., 1999).

Abnormalities in exercise capacity,

systolic blood pressure response to exercise,

and heart rate response to exercise are important findings. The most important ECG
findings are ST depression and elevation. The most commonly used definition for a
11

positive exercise test is ≥1 mm of horizontal or downsloping ST-segment depression
or elevation for ≥60 to 80 ms after the end of the QRS complex (Fox et al ., 2006).
o Cardiac scintigraphy:
Myocardial perfusion scan both at rest and after stress can be obtained using various
contrast agents (thallium-201 and technetium-99m). Redistribution of contrast agent
is a sensitive indicator of ischemia (Fox et al., 2006).
o Stress echocardiography:
Stress echocardiography is both sensitive and specific for detecting inducible
myocardial ischemia in patients with chronic stable angina (Fox et al., 2006).

An algorithm for the initial evaluation of patients presenting with clinical symptoms
suggestive of angina is depicted in figure 2.4
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Figure 2.4: Algorithm for the initial evaluation of patients with clinical symptoms of angina (as
cited by Fox et al ., 2006)
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2.1.6.2 Acute coronary syndrome:
Obtaining a rapid history and physical examination are essential in the evaluation of
the patient with ACS and for the determination of the risk of an adverse outcome
(Kumar & Cannon, 2009).
o Cardiac biomarkers:
Measurements of the cardiac-specific troponins T and I allow for highly accurate,
sensitive, and specific determination of myocardial injury in the context of ischemic
symptoms (Kumar & Cannon, 2009). However, they do provide a low sensitivity
in the early phase of MI (<6 hours after symptom onset)

and require repeated

measurements at 8-12 hours, if negative (Smith et al., 2015). In addition,

it is

important to understand that elevations in troponin may be seen for up to 2 weeks
after the onset of myocardial necrosis (Kumar & Cannon,
concentrations are unavailable,

2009). If troponin

creatine kinase should be measured (Smith et al.,

2015).

If the ECG is not diagnostic of STEMI-ACS and cardiac biomarkers are positive, the
patient can be diagnosed as having non-ST-elevated ACS (Hamilton et al., 2013).
Non ST segment elevation acute coronary syndrome (NSTE-ACS) can be further
subdivided on the basis of cardiac biomarkers of necrosis (eg, cardiac troponin), If
cardiac biomarkers are elevated and the clinical context is appropriate, the patient is
considered to have NSTEMI; otherwise, the patient is deemed to have UA
(Amsterdam et al., 2014).
o Electrocardiography:
ST elevated myocardial infarction is diagnosed in a patient presenting with active chest

pain when a 12-lead electrocardiogram show a new ST elevation at the J point in at
least 2 contiguous leads of ≥2 mm (0.2 mV) in men or ≥1.5 mm (0.15 mV) in women
in leads V2–V3 and/or of ≥1 mm (0.1mV) in other contiguous chest leads or the limb
leads (O,gara et al.,

2013). Persistent ST-elevation or anterior ST depression

indicative of true posterior MI should be treated according to the STEMI
(Amsterdam et al., 2014).

Changes on ECG in patients with NSTE-ACS include

ST depression, transient ST-elevation, or new T-wave inversion (Amsterdam et al.,
2014).
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Similar to cardiac biomarkers,

the ECG alone is often insufﬁcient to make the

diagnosis of an acute MI, and the sensitivity and speciﬁcity of ECG are increased by
serial assessments (Smith et al., 2015).
An algorithm for evaluation of patients with a suspected acute coronary syndrome is
described in figure 2.5
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Figure 2.5: Algorithm for evaluation of patients with suspected acute coronary syndrome
(ACS). b“positive”: above the myocardial infarction decision limit. c“negative”: Below the
myocardial infarction decision limit. ACS: acute coronary syndrome; CABG: coronary artery
bypass graft; CAD: coronary artery disease; CK MB: creatine kinase myocardial band;
ECG:
electrocardiogram;
PCI: percutaneous coronary intervention (as cited by
Schwinghammer, 2015).
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2.1.7 Management of IHD:
2.1.7.1 Stable angina:
Although the general principles of treatment (ie, lifestyle modification and risk-factor
management) are applicable to all patients with angina, treatment should be
individualised where possible. It should aim to reverse or reduce the underlying
pathophysiological mechanisms in order to relieve symptoms and improve
cardiovascular risk profile (Tarkin & Kaski,

2013). The evolving approach to

management of patients with stable IHD entails a package of therapies that are
appropriate for most patients who do not have specific contraindications. These
include lifestyle changes and specific medications,

which together are called

guideline directed medical therapy and are prescribed regardless of decisions
regarding revascularization (figure 2.6) (Qaseem et al., 2012).
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Figure 2.6: Guideline-directed medical therapy for patients with stable ischemic heart disease.
(as cited by Qaseem et al., 2012) . ACCF: American College of Cardiology Foundation; ACEI :
angiotensin-converting enzyme inhibitor; AHA: American Heart Association; ARB:angiotensinreceptor blocker; ASA : aspirin; ATP III: Adult Treatment Panel III; BP: blood pressure;
CCB: calcium-channel blocker; CKD : chronic kidney disease; JNC VII : Seventh Report of
the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure; LV : left ventricular; MI : myocardial infarction; NHLBI: National Heart,
Lung, and Blood Institute; NTG :nitroglycerin. The use of bile acid sequestrant is relatively
contraindicated when triglyceride levels are 200 mg/dL or greater and is contraindicated when
triglyceride levels are 500 mg/dL or greater. Dietary supplement niacin must not be used as a
substitute for prescription niacin
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2.1.7.2 Acute coronary syndrome:
The management of all forms of ACS is directed toward reversing the pathogenic
platelet activation, thrombus formation, and vasospasm, with the goal of restoring
perfusion to the distal myocardium (Hamilton et al., 2013). Clinical outcomes can
be optimized by revascularization coupled with aggressive medical therapy that
includes anti-ischemic,

antiplatelet,

anticoagulant,

and lipid-lowering drugs

(Kumar & Cannon, 2009).

Pharmacologic management of patients with STEMI and UA/NSTEMI are presented
in figures 2.7 and 2.8, respectively.
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Suspected diagnosis of STEMI based on clinical symptoms, history, cardiac biomarkers, and ECG

Administer aspirin (162-325mg, non enteric coated)

Select treatment strategy based on the time of presentation from symptom onset and hospital capabilities

Fibrinolytic Therapy

Diagnostic Angiogram

a

No intervention

PCI

b

c

CABG

Initiate one of
the following:

interventionaii

Tenecteplase

Give loading dose of second antiplatelet agent and
continue P2Y12 receptor

Reteplase

See figure 2.9 for
medication
recommendation
for anti-ischemic
and analgesic
therapies

Alteplase
Consider the following medications for long term
management :
Aspirin (continue 75-162mg indefinitely)
Clopidogrel for at least 14 days up to 1 year

P2Y12 receptor inhibitor (continue for up to 12
months)

Anticoagulation (heparin , enoxaparin or
fondaparinux) for at least 2 days up to 8 days

Statin (regardless of LDL or dietary modifications)
d

B blocker

ACI inhibitor or ARB

d

Aldosterone antagonist

d

a:Follow conservative strategy recommendation in figure 2.9
b:PCI:insertion of drug eluting stent, bare metal stent, or balloon angioplasty
c:CABG is an option once coronary anatomy is known
d:recommended for select patients if contraindications are not present
PCI: percutaneous coronary intervention , CABG: coronary artery bypass graft, ACE: angiotensin converting enzyme, ARB: angiotensin receptor blocker

Figure 2.7: Pharmacologic management of patients with ST elevated myocardial infarction
(STEMI) (as cited by Smith et al ., 2015)
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Suspected diagnosis of US or NSTEMI based on clinical symptoms , history , cardiac biomarkers, and ECG

Administer aspirin (162-325mg,non enteric coated

Consider need for acute antiischemic and analgesic
therapies

Select initial treatment strategy: conservative vs invasive

Supplemental oxygen
Conservative Strategy :

Invasive Strategy

Initiate a second
antiplatelet agent
(clopidogrel or
ticagrelor) with a
loading dose followed
by a daily maintenance
dose

Initiate a second
antiplatelet agent
(clopidogrel,ticagrelor,
prasugrel,with or
without an IV GP IIb/IIIa
inhibitor).A loading dose
of a P2Y12 receptor
inhibitor is
recommended in
patients for whom PCI is
planned followed by
maintenance dose

Initiate
anticoagulation with
UFHa, or enoxaparin or
fondaparinux

Initiate anticoagulation
with UFHa, or enoxaparin
or fondaparinuxb, or
bivalirudinsc

Nitroglycerin
IV morphine sulphate
Beta blocker
ACE inhibitor or ARB
Statin

Consider the following
medications for long term
management:
Aspirin (continue 75-162mg
indefinitely)
P2Y12 receptor inhibitor
(continue for up to 12 months)
Statin (initiate regardless of LDL
ordietary modifications)
Beta blocker

a:continue for up to 48 hours ,then discontinue

d

ACE inhibitor or ARB

b:continue for duration of hospitalization or up to 8 days , then discontinue

d

Aldosterone antagonist

d

c:discontinue bivalirudin or continue at 0.25mg /kg/hour for up to 72 hours at the
physician,s discretion
d: recommended for selected patients if contraindictions are not present
UFH: unfractionated heparin,IV : intravenous, GP: glycoprotein , PCI: percutaneous
coronary intervention, ACE: angiotensin converting enzyme ,ARB: angiotensin
receptor blocker

Figure 2.8: Pharmacologic management of patients with unstable angina (UA)/Non ST elevated
myocardial infarction (NSTEMI) ( as cited by Smith et al ., 2015)
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2.2 Precutaneous coronary intervention (PCI):
2.2.1 General aspects:
Precutaneous coronary intervention is defined as non-surgical procedure used to open
clogged coronary artery which supply heart muscle with blood (Barton et al., 2014).
It can be done via femoral and less common brachial and radial arteries
(Triantafyllou, 2010). PCI is now the most common procedure used in the invasive
treatment of the patient with IHD (Dawkins et al., 2005), which usually involves
balloon angioplasty and stent implantation (Iqbal et al .,
catheterization

includes left

ventricular

2013).

Cardiac

angiography and haemodynamic

measurements, providing a more complete evaluation of an individual’s cardiac
status (Bashore et al., 2012).

The benefits of coronary revascularization in reducing cardiac events and death have
been widely accepted in the context of acute coronary syndromes with ST-segment
elevation MI and non–ST-segment elevation MI (Cassar et al., 2009). In patients
with STEMI several studies have supported the superiority of primary PCI over
fibrinolysis when performed by skilled operators at high – volume center. The major
advantage of primary PCI over fibrinolysis are derived from its > 90% success rate
at opening an occluded artery,

while at the same time, conferring much less

bleeding risk (Ajay & Joseph, 2012). Compared to fibrinolysis, primary PCI for
STEMI is associated with a 27% reduction in mortality,
reinfarction,

65% reduction in

54% reduction in stroke , and 95%reduction in intracerebral

hemorrhage (Ajay & Joseph, 2012).

In a meta-analysis of randomised trials comparing thrombolysis to the transferring of
patients to centres for PCI, better clinical outcomes were observed in the transferred
group despite transport times leading to a significantly longer delay between
randomisation and starting of treatment. However the transfer time in the largest trial
included was always less than 3 hours, emphasising the importance of early access to
PCI (Dalby et al., 2003).

Fibrinolysis is contraindicated in UA/NSTEMI and may be harmful; an invasive
strategy involving revascularization with PCI or CABG, as appropriate, depending
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on the coronary anatomy (Kumar & Cannon, 2009) is indicated in patients with
positive biomarkers or unstable clinical features (O’connor et al., 2010).

No study to date has demonstrated that PCI in patients with stable IHD can improve
survival rates (Levine et al.,

2011). Neither COURAGE (Clinical Outcomes

Utilizing Revascularization and Aggressive Drug Evaluation) (Boden et al., 2007)
nor BARI 2D (Bypass Angioplasty Revascularization Investigation 2 Diabetes) (Frye
et al., 2009), which treated all patients with contemporary optimal medical therapy,
demonstrated any survival advantage with PCI,

although these trials were not

specifically powered for this endpoint. Although one large analysis evaluating 17
randomized controlled trials of PCI versus medical therapy (including 5 trials of
subjects with ACS) found a 20% reduction in death with PCI compared with medical
therapy (Schomig et al., 2008), two other large analyses did not (Trikalinos et al.,
2009; Katritsis & Ioannidis, 2005). An evaluation of 13 studies reporting the data
from 5,442 patients with nonacute IHD showed no advantage of PCI over medical
therapy for the individual endpoints of all-cause death, cardiac death or MI, or
nonfatal MI (Katritsis

&

Ioannidis,

2007). Evaluation of 61 trials of PCI

conducted over several decades shows that despite improvements in PCI technology
and pharmacotherapy, PCI has not been demonstrated to reduce the risk of death or
MI in patients without recent ACS (Trikalinos et al., 2009).

2.2.2. History of angioplasty and stenting:
Coronary angioplasty, theoretically described by Dotter and Judkins in 1964, was
first done by Andreas Gruntzig in 1977. Coronary stents were developed in the mid1980s and since then have seen a major improvement in design and composition
(Iqbal et al., 2013).

The events in the history of stent development are shown in

table 2.3.
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Table 2.3: Historical milestones in coronary artery stenting (as cited by Iqbal et al ., 2013)
Time

Person(s)

Landmark events

1964

Dotter and Judkins

Conceptual
description of
coronary angioplasty using an
implantable prosthetic device

May 1977

Gruntzig and Myler

First
coronary
angioplasty
during coronary artery bypass
graft surgery

September
1977

Andreas Gruntzig

First coronary angioplasty in an
awake patient; a revolution in
Interventional cardiology

1424

Geoffrey Hartzler

First balloon
treat AMI

1431

Sigwart and Puel

The first implantation of a stent
in human coronary arteries;
second
revolution
in
interventional cardiology

1441

Cannon and Roubin

First coronary stenting to treat
AMI

1441

Serruys et al. and
Fischman et al.

Publication
of
landmark (Bene
STRESS) trials

1441

FDAa

FDAa-approved use of stents to
treat acute and threatened vessel
closure after failed balloon
angioplasty

1444

Eduardo Sousa

The first drug (sirolimus)
eluting stent implanted in
human
coronary
artery;
third
revolution in interventional
cardiology

2552-04

EMEb and FDA

Approvals of Cypher and Taxus
stents in Europe and USA

2011

EMEb

Approval of Absorb BVS
(bioresorbable
vascular
scaffold) in Europe;
fourth
revolution in interventional
cardiology

angioplasty

first
stent

to

two
and

FDAa, Food and Drug Administration USA; EMEb, European Medicines Agency.

2.2.3 Purpose of PCI:
The purpose of PCI is to define the coronary anatomy and the extent of luminal
obstruction of coronary arteries (Scanlon et al., 1999). Coronary angiography is
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principally used in three clinical situations: First, to determine the presence and
degree of obstructive IHD, when the diagnosis of coronary disease is uncertain and
coronary disease cannot be reasonably excluded by noninvasive techniques. Second,
to assess the feasibility and appropriateness of different types of therapy, such as
revascularization by percutaneous or surgical interventions;

and

Finally, as a

research tool for the assessment of the results of treatment and the progression or
regression of coronary atherosclerosis (Scanlon et al., 1999).

Coronary angiography is principally indicated in the management of different clinical
conditions: First, patients with stable angina (and positive stress test), unstable
angina,

acute myocardial infarction and high risk bypass surgery. Second, after

myocardial infarction

and after coronary artery bypass surgery (percutaneous

intervention to native vessels, arterial or venous conduits) (Grech, 2003b).

2.2.4 PCI outcome:
The success of a PCI procedure is defined in
components: angiographic findings,

the terms of three interrelated

procedural events,

and clinical outcomes

(Levine et al., 2011).


Angiographic Success:

A successful PCI achieves sufficient enlargement of the lumen at the target site to
improve coronary artery blood flow (Levine et al., 2011).

A successful balloon angioplasty is defined as a reduction of minimum percent
diameter stenosis to < 50% with thrombolysis in myocardial infarction (TIMI) grade
3 flow and without occlusion of a significant side branch, flow-limiting dissection or
angiographic thrombus. For coronary stents, a minimum stenosis diameter reduction
to less than 10% has been the clinical benchmark of an optimal angiographic result
(Harold et al., 2013).


Procedural Success:

A successful PCI should achieve angiographicsuccess without in –hospital major
complications such as: death, MI , stroke , emergency CABG (Harold et al., 2013)
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Clinical Success:

Short-term clinical success includes angiographic and procedural success with relief
of signs and/or symptoms of myocardial ischemia. Long-term clinical success
requires that the relief of myocardial ischemia remains durable, lasting for nine
months after the procedure (Levine et al., 2011).

Restenosis is the most common cause of failure of long- term clinical success
after a short- term clinical success has been achieved. Stent thrombosis is an
uncommon, but an important cause of short- and long-term clinical failure (Harold et
al., 2013).

2.2.5 PCI Complications:
Due to advances in PCI technology and increasing cardiologist,s experience in
performing cardiac catheterization, there has been a general decrease in cardiac
catheterization complications (Bashore et al., 2012).
According to the ―ACCF/AHA/ SCAI Clinical Competence Statement on Cardiac
Interventional Procedures‖ in 2013; the major PCI-related complications are major
adverse cardiovascular and cerebrovascular events (MACCE) which include death,
MI, emergency CABG surgery (0.4%), and stroke (0.22%). Other complications
include

vascular complications (e.g., pseudoaneurysm,

arteriovenous fistula,

retroperitoneal bleeding, clinically overt atheroembolism). The incidence of these
complications ranges from 2% to 6%. Bleeding and contrast nephropathy also may
occur (Harold et al., 2013). The risk of bleeding is associated with patient factors
(e.g., advanced age,

low body mass index, chronic kidney disease , baseline

anemia), as well as the degree of platelet and thrombin inhibition, vascular access
site, and sheath size (Harold et al.,

2013).

The reported incidence of bleeding

ranges from 0.2% to 9.1% (Mehta et al., 2009).
The incidence of contrast-induced acute kidney injury or ―contrast nephropathy‖
depends on the definition of contrast nephropathy used and the frequency of risk
factors for contrast-induced acute kidney injury in the patient population studied
(Levine et al., 2011). The overall incidence of contrast nephropathy in the general
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population has been estimated to lie between 1%–6% (Shoukat et al., 2010). Factors
reported to be associated with an increased risk of contrast-induced acute kidney
injury include advanced age,

chronic kidney disease,

congestive heart failure,

diabetes, and the volume of contrast administered (Levine et al., 2011).

The incidence of in-hospital mortality for PCI, determined from the ACC National
Cardiovascular Data Registry (NCDR) CathPCI (NCDR® CathPCI) database in USA
between 2004 and 2007, was 1.27%, ranging from 0.65% in elective procedures to
4.81% for PCI performed in the setting of STEMI (Levine et al., 2011). However,
an important report is provided from a large contemporary single-center series
reporting an overall mortality of approximately 1%, but with half of all deaths due to
primarily noncardiac causes (Harold et al., 2013).

Several models have been developed and refined over the past two decades to predict
mortality with PCI. The most widely accepted model to predict PCI mortality is the
NCDR® CathPCI Risk Score system (table 2 .4), which uses clinical variables and
PCI setting to predict inpatient mortality (Harold et al., 2013).
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Table 2.4: The NCDR® CathPCI Risk Score System (as cited by Harold et al., 2013)
Variable
Scoring Response Categories
Age

<60 years
0

≥60, <70 years
4

Cardiogenic shock

No
0

Yes
25

Prior CHF

No
0

Yes
5

vascular

No
0

Yes
5

Chronic lung disease

No
0

Yes
4

GFR

<30 ml/min
18

30-60 ml/min
10

No
0

Yes
4

PCI status (STEMI)

Elective
12

PCI
status
STEMI)

Elective
0

Peripheral
disease

NYHA
class IV

functional

(no

≥70, <80 years
8

≥80 years
14

60-90 ml/min
6

>90 ml/min
0

Urgent
15

Emergent
20

Salvage
38

Urgent
8

Emergent
20

Salvage
42

Risk Score Calculation
Total
Points

Risk of In-Patient
Mortality (%)

0

0.0

5

0.1

10

0.1

15

0.2

20

0.3

25

0.6

30

1.1

35

2.0

40

3.6

45

6.3

50

10.9

55

18.3

28

60

29.0

65

42.7

70

57.6

75

71.2

80

81.0

85

89.2

90

93.8

95

96.5

100

98.0

CathPCI indicates catheterization percutaneous coronary intervention; CHF, congestive heart
failure; GFR, glomerular filtration rate; NCDR®, National Cardiovascular Data Registry;
NYHA, New York Heart Association; and STEMI, ST-segment elevation myocardial infarction.

2.2.6 Balloon angioplasty:
In balloon angioplasty, a special catheter is inserted into coronary artery. This
catheter has a tiny balloon at its tip. The balloon is expanded once the catheter has
been placed into the narrowed area of artery. This compresses the fatty tissue
against the artery wall and makes a larger opening inside the artery for improved
blood flow (figure 2.9) (Michaels & Chatterjee, 2002).
Balloon angioplasty was limited by two major complications: acute vessel closure
during or immediately after the procedure secondary to thrombosis or vessel
dissection and re-stenosis of the vessel due to a combination of elastic recoil, smooth
muscle proliferation, and neointimal hyperplasia (Alpe et al., 2007).
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Figure 2.9: Diagram of balloon angioplasty (as cited by Michaels & Chatterjee, 2002)

2.2.7 Stents:
Balloon angioplasty complications were reduced by introduction of coronary stents
which are deployed over a balloon at the site of lesion (Iqbal et al., 2013).

Stents are usually defined as small tubular structures that are inserted to treat
narrowed or weakened arteries in the body (Michaels & Chatterjee, 2002). The
main function of stents is to provide mechanical support to the damaged artery or
some other hollow organ to restore the lumen and blood flow conditions in arteries
(Zambarea & Bafna, 2011).

There are two major types of coronary artery stent: bare metal stents and drug-eluting
stents.

2.2.7.1 Bare metal stent (BMS):
Bare metal stent were the ﬁrst devices used for coronary stenting (Simard et al.,
2014). Although these stents reduced rates of restenosis compared with balloon
angioplasty, in-stent restenosis (ISR), continued to develop in 15%-35% of lesions
(Schwalm et al., 2013).

Bare metal stent are made from surgical grade metal alloys, initially 316 L stainless
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steel, but more recent stents use cobalt chromium alloy (Jeewandara et al., 2014).
2.2.7.2 Drug eluting stent (DES):
Drug-eluting stents have three components: (1) a metallic stent platform, (2) a
polymer coating which carries the therapeutic agent and allows controlled release
of drug to vascular tissue, and (3) an effective therapeutic agent that decreases the
neointimal growth (Stefanini & Holmesm,
inflammatory

or anti-proliferative,

2013). Many drugs with anti-

anti-thrombogenic,

and immunosuppressive

properties have been suggested for use in DES (Yin et al., 2014). Many of the
agents

listed

in (table 2.5) have more than one mechanism;

the commonest

mechanism is to block DNA synthesis which inhibits cell cycle progression (Htay
& Liu, 2005).
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Table 2.5 Agents used in drug-eluting stent (as cited by Htay & Liu, 2005)
Antineoplastics and
antiinflammatory
immunomodulators

Antiproliferative

Migration inhibitors
and ECM modulators

Enhanced healing and
re-endothelialization
factors

Sirolimus
Tacrolimus

QP-2,
(paclitaxel)
Actinomycin

Batimastat

BCP671
VEGF

Methotraxate

Prolyl
hydroxylase
inhibitors
Halofunginone

Everolimus
Leflunomide

Angiopeptin

C-proteinase inhibitors

NO donor compounds

M-Prednisolone

Vincristine

Probucol

EPC antibodies

Dexamethasone

Mitomycine

Interferon r-1b

Statins

Mycophenolic acid

C-myc antisense

Mizoribine

Abbott ABT-578

Cyclosporine

RestenASE

Tranilast

2-cholorodeoxyadenosine

Taxol

Estradiols

Biorest

PCNA ribozyme
Abbreviations: ECM, extracellular matrix; EPC, endothelial progenitor cells; NO, nitric
oxide; PCNA, proliferating cell nuclear antigen; VEGF, vascular endothelial growth factor;
QP-2, 7-hexanoyltaxol

2.2.7.2.1 Generations of DES:
(1) First-generation DES:
First-generation DES include sirolimus-eluting stents and paclitaxel-eluting stents
have dramatically reduced ISR and TVR across virtually all lesion and patient subsets
compared to

BMS (Ernst & Bulum,

2014). However, their safety has been

questioned because of suboptimal polymer biocompatibility leading to their
propensity for late and very late ST and local drug toxicity (Palmerini et al ., 2013).

(2) Second-generation DES:
Second-generation DES have been developed with advanced design features,
speciﬁcally thinner strut stent platforms (most commonly using a cobalt-chromium
alloy) and more biocompatible polymers or bioabsorbable polymers to minimize the
risk stent thrombosis compared to first- generation DES and BMS (Palmerini et al .,
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2013).

The second-generation DES include

zotarolimus-eluting stent,

an

everolimus-eluting stent and Biolimus A9 – eluting stent (Ernst & Bulum, 2014).

(3) Bioabsorbable Drug-Eluting Vascular Scaffolds (BVS):
Bioabsorbable drug-eluting vascular scaffolds represent a new concept of providing
transient vessel support with drug delivery capability but theoretically without the
long-term limitations of metallic DES, such as permanent vessel caging and possible
malapposition, risk of late ST, neoatherosclerosis, and local inflammation (Ernst
& Bulum, 2014). BVS have the unique ability of restoration of vascular physiology
and anatomical integrity, such as native tortuosity and angulation, as they provide
only a temporary scaffold necessary to maintain the patency of the vessel after
intervention (Moscarlla et al., 2015).

Currently,

there are four materials used in

BVS, of which lactide polymers, particularly polylevo-lactic acid (PLLA), form
the basis of several devices and are the most extensively investigated.

Other

materials include magnesium, polyanhydrides (salicylic acid and adipic acid), and
polycarbonates (amino acids, e.g. tyrosine) (Ernst & Bulum, 2014).

Overview of first, second, and third-generation drug-eluting stents are presented in
table 2.6.
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Table 2.6 : Overview of first, second, and third-generation drug-eluting stents (as cited by Ernst
& Bulum, 2014)
Series
Platform
Coating and Drug
Trials
Cypher®

316L stainless steel Bx Velocity

12.6 μm 3-layer coating (2 μm parylene C base

RAVEL,

stent (140 μm struts, 1.1176 mm

coat, 10 μm main coat of PEVA, PBMA, and

SAPPHIRE,

crimped profile).

sirolimus, 0.6 μm top coat of PBMA). 80% of

SIRIUS

sirolimus elutes over ~30 days; remainder
released by end of 90 days.
Taxus®

Ion®

316L stainless steel Express2

16

μm

single-layer

stent (132 μm struts).

(nonresorbable elastomeric) coating containing

TAXUS II,

paclitaxel, which elutes over ~90 days.

ASPECT

316L stainless steel PtCr alloy

16 μm single-layer SIBS copolymer

ELUTES,

(81 μm struts for diameters 2.25–

(nonresorbable elastomeric) coating containing

TAXUS II,

3.50mm, 86-μm struts for 4.00

paclitaxel, which elutes over ~90 days.

ASPECT

L605 CoCr alloy ML Vision stent

Durable PBMA, PVDF-HFP, and everolimus;

SPIRIT I

(81 μm struts, 1.0668 mm stent

100% drug elution over 120 days.

SPIRIT II

DUTCH PEERS

SIBS

copolymer

ELUTES,

mm).
Promus®

profile)
PROMUS

PtCr alloy (minimum strut

7 μm everolimus-eluting durable fluoropolymer

Element™

thickness 81 μm), open-cell

coating.

Plus

stent design, short serpentine
rings, helically distributed links,
diameters of 2.25–4.0 mm, and
lengths of 8–38 mm.

Synergy®

Thin strut (74 μm) PtCr stent

Ultrathin (4 μm) PLGA bioabsorbable polymer

EVOLVE

applied only to the abluminal surface,

EVOLVE II

everolimus 38-179 μg, depending on stent
length.
JACTAX®

Liberté (316 L) stainless steel

Paclitaxel (0.6 μg/mm of stent length),

JACTAX Trial

stent, strut thickness of 96.5 μm.

bioabsorbable polymer DLPLA applied to the

Drug

abluminal surface on premounted stent.

Eluting

Stent

Trial
Xience V®

L605 CoCr ML Vision stent (81

7.6 μm fluoropolymer multilayer coating with

SPIRIT III

μm struts).

100 mcg/cm2 everolimus.

SPIRIT V
EXCELLENT

Endeavor®

Resolute®

Cobalt chrome Driver stent (91

4.3 μm phosphorylcholine coating includes

ENDEAVOR I

μm struts).

zotarolimus on 1 μm base coat.

ENDEAVOR II

CoCr, open-cell stent design in a

Biolinx polymer coating includes zotarolimus

TWENTE

continuous, sinusoidal-helical

with extended release of 85% of zotarolimus

RESOLUTE

pattern.

within 60 days and almost 100% by 180 days.

All-Comers
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RESOLUTE
International
Resolute

CoCr, open-cell stent design,

6 μm layer of coating that consists of

Integrity®

single, sinusoidal-formed,

zotarolimus and the BioLinx polymer system.

DUTCH PEERS

helically wrapped, locally laserfused wire (strut thickness 91
μm), stent diameters of 2.25–4.0
mm, and lengths of 8–38 mm.
Nobori®

Stainless steel, S-Stent™ strut

Bioabsorbable PLA, polymer thickness of 20

NOBORI I,

thickness of 120 μm.

μm, biolimus A9, 15.6 μg/mm length.

NOBORI
I- 2nd Phase,
NOBORIJAPAN,
COMPARE II
NEXT

BioMatrix®

S-Stent platform, a thin, stainless

Bioabsorbable PLA polymer applied to the

LEADERS

steel, laser-cut, tubular stent, strut

abluminal surface, Biolimus A9 (15.6 μg/

thickness of 137 μm.

mm of stent length).

Yukon®

Stainless steel, 316 LVM,

Abluminal coating with biodegradable PLA and

ISAR-TEST 3

Choice PC

modified microporous stent

shellac, polymer thickness of 5 μm, sirolimus.

ISAR-TEST 4

surface, strut thickness of 87 μm.
Absorb

Semicrystalline PLLA, strut

PDLA polymer, 8.2 μm/mm length,

ABSORB

BVS

thickness of 150 μm.

antiproliferative drug everolimus.

Cohort A
ABSORB
Cohort B
ABSORB II
ABSORB
Extend
(ongoing)

PEVA: polyethylene vinyl acetate; PBMA: poly(n-butyl methacrylate); SIBS: styrene isoprene
butadiene;PtCr: platinum chromium; CoCr: cobalt chromium; ML: multilink; PVDF-HFP: poly
(vinylidene fluoride-cohexafluoropropylene); PLGA: poly(lactide co-glycolide); DLPLA: D-lactic
poly (lactic acid); PLA: poly(lactic acid); LVM: left ventricular mass; PLLA: poly-L-lactic acid;
PDLA: poly(d-lactic acid).

2.2.7.2.2 Stent thrombosis (ST):
Drug eluting stents, especially early generation have been shown to decrease ISR
and target vessel revascularization (TVR) compared with BMS. However, ST is
considered as a major adverse effect which occurs up to 3 years after stent placement
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(Palmerini et al., 2013). This requires double antiplatelet therapy (aspirin and
clopidogrel) of at least one year after implantation (Moreno,

Several

factors

are associated with

2005).

increased risk of stent thrombosis.

This

includes: 1-Procedure related factors (stent malapposition and/or underexpansion,
number of implanted stents, stent length, persistent slow coronary blood flow, and
dissections). 2- Patient factors (low ejection fraction, diabetes mellitus, advanced
age, stenting in the setting of an acute coronary syndrome and resistance to aspirin
and clopidogrel due to noncompliance, genetic mutations, co-morbid situations and
concomitant use of other drugs). 3- Lesion characteristics (lesion length , location
and diameter, stenting of bifurcation lesions or in-stent restenosis lesions, and
revascularization of more complex lesions). 4-Stent design and discontinuation of
antiplatelet therapy (Luscher et al., 2007; Risheen & Amir, 2015). In addition,
drugs used in DES do not only inhibit smooth muscle proliferation and migration,
but also

impairs

re-endothelialization whereby

stent enclosed by healthy

endothelium. This makes metal and polymer exposed to blood components, which
can stimulate ST after premature cessation of antiplatelet drugs (Dehmer & Smith,
2009).

2.2.8 How is coronary angioplasty with stent done:
A very narrow, flexible catheter is inserted into the femoral artery or radial artery
and guided into the heart to examine the chambers of heart and the coronary arteries.
A special contrast dye which shows up on x-rays is injected into the arteries, so that
the disease state and location can be readily assessed (Michaels & Chatterjee,
2002).
Another deflated balloon catheter with a stent at its tip is inserted in the coronary
artery and placed in the blockage. At the blockage, the balloon is inflated to open the
artery, allowing the blood to flow. A stent is often placed at the site of blockage to
permanently open the artery (figure 2.10) (Michaels & Chatterjee, 2002).
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Figure 2.10 : Diagram of stent implantation (as cited by Michaels & Chatterjee, 2002)

2.3 In-stent restenosis:
Percutaneous transluminal coronary angioplasty (PTCA) has been used for the
treatment of patients with coronary artery disease. Unfortunately, restenosis is the
main drawback of the procedure's utility (Hermans et al., 1991; Froeschl et al.,
2004). The introduction

of stents during PCI has

decreased the incidence of

restenosis (Doucet et al., 2001) and improved patients’ outcomes (Tsigkas et al.,
2011).

A number of studies showed that compared to balloon angioplasty alone,

stents reduce the incidence of ISR from 40% to 25 % (Dangas & Kuepper, 2002).

Coronary stenting avoid the elastic recoil and negative remodelling that can take place
after balloon angioplasty. On the other hand, it can produce varying degrees of
intimal expansion that produce arterial renarrowing, known as in-stent restenosis
(Froeschl et al., 2004).

In stent restenosis can be defined clinically or angiographically (figure 2.11).
Clinically; it is defined as recurrent presence of angina, or objective evidence of
myocardial ischemia (Patwary, 2007), whereas angiographically; it is defined as
the presence of more than 50% diameter stenosis in stented segment (Bergheanu et
al., 2010)
.
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Figure 2.11 : In-stent restenosis. a) Angiographically documented in-stent restenosis; b) IUVS
documented in-stent restenosis. 1 – neointima; 2 – stent contour; 3 – vessel contour(as cited by
Bergheanu et al., 2010)

2.3.1 Classification of ISR:
The first classification of lesions into either diffuse (lesion length >10mm) or focal
(<10mm) (Patwary, 2007) has been demonstrated as insufficient to predict the rate
of target vessel revascularization (Tsigkas et al., 2011).
Today; ISR is classified according to Mehran classification (figure 2.12) which
seems to have a significant prognostic value (Hoffmann & Mintz., 2000) and may
be used for additional clinical assessment (Mehran et al., 1999).
Mehran et al. (1999) classified lesions according to their length and geographic
position of neointimal proliferative response to stent implantation into:


Class I: Focal ISR group. Lesions are ≤10 mm in length and are positioned
at the unscaffolded segment (ie, articulation or gap), the body of the stent,
the proximal or distal margin (but not both), or a combination of these sites
(multifocal ISR) (Mehran et al., 1999). Class I has been further subdivided
into classes from IA to ID according to the position of focal ISR in relation
to the stent (Mehran et al., 1999 ; Yin et al., 2014).



Class II: ―Diffuse intrastent‖ ISR. Lesions are >10 mm in length and are
confined to the stent(s), without extending outside the margins of the stent(s).



Class III: ―Diffuse proliferative‖ ISR Lesions are >10 mm in length and
extend beyond the margin(s) of the stent(s).
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Class IV: ISR with ―total occlusion.‖ Lesions have a TIMI flow grade of 0 (
ie: no antegrade flow beyond the point of occlusion).

Target vessel revascularization has increased with increased ISR class ; ranging from
19% to 83% from class I to IV (P<0.001) (Tsigkas et al., 2011) .

Figure 2.12 : Schematic image of 4 patterns of introduced classification of ISR in relation to
previous dichotomous description of focal vs diffuse ISR. Pattern I contains 4 types (A-D).
Patterns II through IV are defined according to geographic position of ISR in relation to
previously implanted stent (as cited by Mehran et al., 1999)

The incidence and angiographic patterns of ISR associated with DES and BMS are
different (Dangas et al., 2010). The predominant restenosis patterns in BMS are non
focal types while the most frequent restenosis pattern after sirolimus-eluting stents
(SES) and Paclitaxel -eluting stents (PES) is focal. Interestingly, DES ISR patterns
in the randomized SIRIUS (Sirolimus-Eluting Stent

in Coronary Lesions) and

TAXUS IV trials are relatively more focal compared with DES ISR patterns in
observational studies. These differences may explain that patients included in the
randomized trials had relatively less complex lesions (Dangas et al., 2010).

2.3.2 Mechanism of restenosis:
In general, restenosis

takes place

due to biological

response and

mechanical reaction to PCI (Kraitzer et al., 2008). Elastic fibers of human
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coronary artery contain elastin fiber forming internal and external elastic laminar
(IEL/EEL) (Bennett, 2003). Elastic recoil occurs due to mechanical response of
elastic fibers to overstretching by balloon catheter deflation; a process that occurs
within minutes following balloon deflation and results in up to 40% loss of luminal
area.

Elastic recoil, however,

(Bennett,

2003;

is totally absent by the introduction of stents

Kraitzer et al.,

2008),

as the

coronary stent provides a

mechanical scaffolding that prevents elastic recoil (Chang & Ong, 2005 ; Welt
&Rogers, 2002).
Four processes were shown to contribute to restenosis (figure 2.13):

Platelet

aggregation, inflammatory phase, proliferation phase and late remodelling phase.

Platelet aggregation: immediately following stent placement de-endothelialization
and medial dissection occur due to mechanical injury of PCI, (figure 2.13 a) which
causes platelets aggregation and activation (Bennett, 2003; Kraitzer et al., 2008;
Welt & Rogers, 2002). This occurs due to exposure of subintimal components
such as collagen, vonwilleband factor, fibronectin and laminin (Bennett, 2003)
which initiate the inflammatory cascade and release adhesion molecules that cause
thrombus formation (Bennett, 2003; Kraitzer et al., 2008).
Inflammatory phase: within few days to several weeks, a variety of white cells will
migrate and accumulate at the site of injury, secreting their own factors in order to
heal the injured tissues (Kraitzer et al., 2008) (figure 2.13 b).
Proliferation phase: The activated platelets release mitogens, including thromboxane
A2, serotonin, and platelet-derived growth factor, which promote smooth muscle
cell proliferation (Yin et al.,

2014).

Concurrently,

levels of mitogenic proto-

oncogenes, including c-fos,c-jun, fosB, junB, and jun D, increase in the smooth
muscle cells. This activation of smooth muscle cells alters their phenotype from
contractile to synthetic phenotype (Chang & Ong, 2005).

Additionally, smooth

muscle cells elaborate promigratory proteins, including CD44v6,

urokinase

plasminogen activator receptor, integrin alpha(v)ss, transforming growth factor-ss,
MDC9, and ss-inducible gene h3 (Yin et al., 2014). Consequently, many activated
medial smooth muscle cells migrate to the intima and subsequently form the
neointima. During the first several months following angioplasty,
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the neointima

expands, and the additional volume comprises smooth muscle cells and extracellular
matrix (Chang & Ong, 2005) (figure 2.13 c).

Late remodelling phase: negative remodelling is a main cause of restenosis (figure
2.13 d) (Bennett, 2003). Mintz et al. (1996) examined negative remodelling of
209 patients who underwent angioplasty through intravascular ultrasound technique
and observed much lumen loss was due to vessel narrowing, rather than neointimal
thickening.

Figure 2.13: Schematic representation of the restenosis process. (as cited by Kraitzer et al .,
2008)

2.3.3 Incidence of ISR:
Restenosis occurs when target vessel becomes blocked again, a condition which
usually happens after stent implantation (Hoffmann & Mintz, 2000). The incidence
of ISR with lesions treated with BMS is 15%-35%, whereas in DES the rate of
occurrence of ISR is less than 10%, with a possibility of increasing when treating
more complex lesions (Schwalm et al., 2013). TVR with BMS and DES was 11%
and 6.7% at one year, respectively (Robert et al., 2011).

2.3.4 Risk factors for ISR:
Many predisposing factors are associated with ISR; they are classified into:
(1) Patient related factors:
Factors such as age and sex, have not been consistently demonstrated to predict
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restenosis (Mohan & Dhall, 2010). On other hand,

patients with diabetes or a

history of prior restenosis have a higher rate of ISR (Lowe et al., 2002). In diabetes
mellitus (DM), the risk of restenosis and target lesion revascularization (TLR) is
increased by a factor of 1.86 and 1.45, respectively (Kastrati et al., 1997). This
higher risk may be due to increased neointimal reaction in diabetes as a result of
complex hormonal and biochemical changes associated with DM, especially type 1
(Aronson et al.,

1996). These may result in accelerated smooth muscle cell

proliferation after stent implantation (Stout et al., 1975). Moreover, the
proatherogenic effect of insulin therapy might be responsible for accelerated
atherosclerosis in untreated less severe lesions,

resulting

in more non-TLR

interventions in insulin dependent diabetes patients (Abizaid et al., 1998).

(2) Procedure related factors:
(a) Number of stents and stent length:
Implantation of multiple stents or long stent in long lesion have been implicated in
doubled risk of restenosis, due to greater metal density with multiple overlapping
stents; resulting in more pronounced neointimal hyperplasia (Kastrati et al., 1997).

(b) Stent diameter:
Implantation of stent with small stent diameter has been associated with increased
rates of angiographic and clinical restenosis (Applegate et al., 2010).

(c) Underexpansion and Overexpansion stent:
Stent underexpansion is the main cause of ISR in small coronary arteries and intra
stent lesion (Kim et al., 2007). Stent underexpansion is associated with BMS and
DES early thrombosis and restenosis (Liu et al., 2009), where it leads to abnormal
shear stress (Fujii et al., 2005). At the site with low shear stress; growth factors,
mitogenic cytokines, and platelets increased which may lead to atherosclerosis,
neointimal hyperplasia, and stent thrombosis (Farooq et al., 2011).

Stent overexpansion which is a condition where the final lumen is greater than
reference lumen cross-sectional area (Iakovou et al., 2003). Stent overexpansion is
needed to obtain optimal strut apposition, but thus may lead to stent deformation,
42

fracture (Chacko et al., 2014), coronary rupture and extensive vessel wall injury;
which in turn may stimulate a severe vessel wall response and then

restenosis

(Jaegere et al., 1998).

(d) Small post-procedural minimum lumen diameter:
Restenosis rate increases by 50% and TLR is doubled after stent implantation with
final minimum lumen diameter (MLD) <3 (Kastrati et al., 1997; Wong et al.,
1995). This relation is demonstrated by Fischman et al. (1994) in their study, in
which they observed that a small post-procedure minimal lumen diameter and lesion
located in the left anterior descending coronary artery are associated with restenosis
following stent placement .

(e) Stent fracture:
Stent fracture is defined as complete or partial separation of a stent at follow-up that
was adjacent after the original stent placement (Doi et al., 2009). Complete stent
fracture is the complete absence of stent struts within the stented segment for at
least 1 frame, while partial stent fracture is the absence of at least one-third or 120°
of stent struts for at least 1 frame (Dangas et al., 2010). Table 2.7 explains a
number of classification systems for the severity of stent fracture. Right coronary
artery lesions, excessive tortuosity, angulation and torsion of the vessel, overlapping
stents, longer stents, and SES (due to its rigid closed-cell structure) have been
associated

with an increased

risk of stent fracture (Farooq et al.,

2011 ;

Kuramitsu et al., 2012).

Farooq

et al.

(2011) reported the first

stent fracture associated with

DES

placement in coronary arteries. It occurs at a range from 0.84% to 8.4% with need
for revascularization in fractured stents at a rate

ranging from 15% to 60%

(Kuramitsu et al., 2012). In stent fracture, metal scaffolding support is removed at
the specific site which affects the vessels at the site of fracture, causing trauma . It
also affects the delivery of drug; and as a result, healing response happens without
any drug to suppress the neointimal hyperplasia (NIH) response (Dangas et al.,
2010).
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Table 2.7 : Stent Fracture Classification Methods (as cited by Dangas et al., 2010)
Type

Popma et al. (2009)

Allie et al. (2004)

Scheinert et al. (2005)

1

Single-strut fracture or

Single-strut

Minor:

gap between struts

only

fracture

single-strut

fracture

>2 times normal

2

3

Multiple strut fractures

Multiple

with V-form division

fractures occurring at

of stent

different sites

Complete

transverse

Multiple

single-stent

Moderate: fracture >1
strut

Severe:

stent fracture without

fractures resulting in

separation

displacement

complete

segments

of

fractured fragments >1

linear

mm

without

during

cardiac

cycle

4

single-stent

Complete

transverse
fracture

complete
of

stent

but
stent

displacement

transverse

Complete

transverse

stent fracture with

linear type 3 fracture

abundant

with stent displacement

movement

and displacement
of fractured fragments
>1 mm during
cardiac cycle

(f) Stent minimal lumen cross-sectional area (CSA):
Kasaoka et al. (1998) demonstrated an inverse correlation between stent lumen CSA
and in-stent restenosis rate. The study population consisted of 1,173 patients treated
with a variety of intracoronary stents between April 1993 and March 1997. In-stent
restenosis was angiographically documented in 282 patients with 409 lesions (25%).
The restenosis group had a smaller final stent lumen CSA that occurred in the smaller
arteries with a smaller proximal or distal reference lumen CSA.

(g) Stent strut malapposition (SM):
Stent strut malapposition represents a separation of the stent struts from the intimal
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surface of the arterial wall (in the absence of a side branch) with evidence of blood
behind the struts (Bergheanu et al., 2010). SM can be divided into three types: (1)
acute ; if detected post-procedure (2) persistent; if presented after placement and at
follow-up, (3) late-acquired; if detected only at follow-up (Bergheanu et al., 2010;
Hassan et al., 2010).

Stent strut malapposition is a risk factor for stent thrombosis and restenosis. It is
responsible for recurrent clinical adverse events

in patients treated with BMS and

DES (Lindsay et al., 2013). SM may be the consequence of chronic inflammation
and delayed healing, resulting in tissue necrosis and erosion around
Delayed re-endothelialization, impaired

the stent.

vasomotion, and chronic inflammation

may be as well regarded as primary ST mechanisms by allowing platelet adhesion,
initiation of the coagulation cascade, and subsequent thrombotic stent occlusion
(Hassan et al., 2010).

(k) Higher residual percent diameter stenosis:
Intravascular ultrasound analysis showed that there is a relationship (r=.50, P<.01)
between residual plaque burden after coronary stent placement and amount of in-stent
intimal proliferation. This means that to reduce restenosis rate, the plaque must be
removed before stent placement (Hoffmann & Mintz, 2000).

(3) Lesion related factors:
(a) Small vessel size:
Lesion in small vessel reference diameter (i.e. <3mm) is more complicated and related
to multi vessel diseases, and thus to lower rate of procedural success after PCI
procedure (Doucet et al., 2001) . It is also associated with increased rates of TLR
(Oliveira et al., 2013). A comparison between small vessel and larger vessel showed
that small vessels, especially those with long or diffuse lesions, are more exposed
to restenosis after both standard angioplasty (Foley, 1994) and stent implantation.
(Elezi et al., 1998) .

(b) Long lesion length:
Lesion length >10mm is an independent risk factor for

restenosis

after stent

placement (Baumgart et al., 2004). The risk is further increased when using
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multiple stent and overlapping stents (Koutouzis et al., 2008). TVR in patients with
long lesions varies between 34% and 80% after PCI (Baumgart et al., 2004).

(c) Ostial lesion location:
Patients with lesion in ostial location show an increased in the rate of recurrence of
ISR after PCI procedure by 75% (Costantini et al., 2003).

(d) Saphenous vein graft lesion location:
Treatment of Saphenous vein grafts lesion with PCI procedure is associated with low
procedural success rate and a high incidence of angiographic recurrence restenosis
after balloon angioplasty (Stankovic et al., 2003) and even with stent at rate of 70%
(Reimers et al., 1997). It is also associated with acute complications such as distal
embolization and periprocedural MI (Stankovic et al., 2003).

(e) Calcification:
Calcified and complex lesions are characterized by higher rate of ISR and increased
frequency of adverse events after treatment with PCI. This may be due to difficulty
in implanting stent in these conditions, in addition to the inadequate stent expansion
related to ISR (Akin et al., 2012).

(d) Chronic total occlusion (CTO):
Angioplasty of CTO lesion is characterized by low success rate and a higher
recurrence stenosis whether with balloon angioplasty or stent (Werner et al., 2004 ;
Felice, 2009). Chronic total occlusion lesion requires longer and multiple stents,
which adversely influence PCI outcomes (Isaaz et al., 2013).

(e) Bifurcation lesion:
The outcome of percutaneous coronary intervention of bifurcation lesions

is

associated with relatively low success rate and higher complications rates (Costa et
al., 2003); This is because of the high incidence of non uniform stent expansion in
the side branch, resulting in a higher TVR rate. In addition, strut deformation and
malapposition can occur in the lateral opening of the stent in the main branch to gain
access to the side branch (Romagnoli et al., 2008).
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4( Genetic factors:
(a) Platelet glycoprotein IIIA (PIA) polymorphism of glycoprotein III:
Platelets glycoprotein (GP) IIb/IIIa receptor plays an important role in the final
pathway for platelet aggregation (Kastrati et al., 2000). It is considered as an
adhesion receptor for binding fibrinogen (Keavney, 2003). Early studies have shown
a link between only a few

polymorphisms in the hemostatic system and PCI

complications. One of these polymorphisms is PLA1/A2 polymorphism. Carriers of
the PLA2 Allele have more affinity toward of fibrinogen , vitronectin (Bergheanu et
al., 2010) and adrenaline (Keavney, 2003). This leads to aggressive platelet
aggregation and increased risk for acute stent thrombosis and ISR (Keavney, 2003 ;
Bergheanu et al., 2010).

(b) Mutant form of methylenetetrahydrofolate reductase (MTHFR):
Methylenetetrahydrofolate

reductase

catalyzes

the

reduction

of

5,10-

methylenetetrahydrofolate to 5 methylenetetrahydrofolate, the methyl donor for the
remethylation of homocysteine to methionine.

An inherited form of MTHFR

associated with reduced activity of the enzyme and elevated plasma homocysteine
levels (Kosokabe et al., 2001). Hyperhomocysteinemia is a significant independent
risk factor for the development of IHD and venous thrombosis (Kosokabe et al.,
2001).

2.3.5 Treatment of ISR:
A

considerable

prevention

of

phenomenon.

amount
in-stent

This

of

researches

restenosis

interest

due

prompted

were
to

invested
the

various

in

treatment

substantial
strategies

that

rate

of

have

or
the

been

investigated and employed at the treatment of restenosis (Kraitzer et al.,
2008). These various strategies may be used either individually or in
combination (Lowe et al., 2002).

2.3.5.1 Percutaneous Transluminal Coronary Angioplasty (PTCA):
In the past; PTCA is the most widely used interventional therapy for treatment of
ISR (Lowe et al., 2002), where recurrent lesion can be redilated within the segment
of ISR (Hoffmann & Mintz., 2000). Balloon angioplasty fails to achieve minimal
lumen dimensions similar to the result immediately after stent placement, even when
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using high, maximal balloon pressure and a large balloon-to-artery ratio. It has been
pointed out that additional stent expansion contributed to 56% of the achieved
luminal enlargement

and that 44% of this increase

is due to a reduction or

compression of neointimal tissue (Lowe et al ., 2002).

2.3.5.2 Cutting Balloon Angioplasty (CBA):
In this procedure,

a conventional a balloon

catheter 10 or 15 mm in length

with three or four microsurgical blades bounded
surface is introduced

to cleave ISR plaque

or

longitudinally
neointimal tissue

to

its

at the

beginning of balloon inflation and to develop a controlled fault line along
which dilation will occur (Albiero et al., 2004).

2.3.5.3 Directional Coronary Atherectomy (DCA):
Directional
removal

Coronary

Atherectomy

is

a

of neointimal tissue within stents,

lumen diameter (Nageh

& Meier,

2004),

debulking
resulting

technique

involves

in an acute gain in

where as some reports proved

relationship between pre-existing lesion and recurrent ISR (Hoffmann &
Mintz, 2000).

2.3.5.4 High-speed Rotational Atherectomy (HSRA):
It is also called rotablation (Nageh & Meier, 2004). Atheroablative techniques
result in an efficient removal of neointimal tissue, and if used prior to PTCA, it
improves the outcomes of PTCA by increasing lumen dimensions (Adamian et al.,
2001) through providing further stent expansion and tissue extrusion (Lowe et al.,
2002). This technique is feasible and safe resulting in restenosis rate ranged from
28% to 50% (Adamian et al., 2001).

2.3.5.5 Excimer Laser Coronary Angioplasty (ELCA):
Excimer laser coronary angioplasty is another type of atheroablative techniques which
has shown an improved lumen dimensions through mechanism of combination of
tissue ablation, tissue extrusion, and additional stent expansion, If used with PTCA
(Mehran et al., 2000).
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Recurrent restenosis rates after different mechanical treatment approaches for instent restenosis are shown in table 2.8.

Table 2.8: Recurrent restenosis rates after mechanical treatment of in-stent restenosis (as cited
by Hoffmann & Mintz., 2000)
Author
Treatment
Number of Follow-up
TVR
Recurrent
device
patients
period(month)
restenosis
Reimers
Balloon
124
27
11%
angioplasty
Bauters
Balloon
103
6
17%
22%
angioplasty
Eltchaninoff
Balloon
52
6
35%
54%
angioplasty
Scharma
Rotational
100
13
26%
28%
atherectomy
Vom Dahl
Rotational
100
5
35%
49%
atherectomy
Vom Dahl
Rotational
152
6
48%
65%
atherectomy
Radtke
Rotational
45
6.6
38%
45%
atherectomy
Mehran
Laser
47
6
21%
angioplasty
Koster
Laser
73
6
33%
52%
angioplasty
Mahdi
Directional
45
12
28%
atherectomy
TVR: target vessels revascularization

2.3.5.6 Intravascular Brachytherapy:
Brachytherapy aid to reduce the incidence of lesion recurrence (restenosis) (Nageh
& Meier,

2004) after bypass grafting, balloon injury/angioplasty, and stenting

(Thomas, 2012). It inhibits smooth muscle cells proliferation (Chang & Ong,
2005), through radioactive isotopes loaded on various platforms (Bhargava &
Tripuraneni, 2002). These isotopes impair cellular deoxyribonucleic acid (DNA) of
the smooth muscle cell (Munoz et al., 2004) and decrease smooth muscle cell
mitosis and neointimal thickness (Chang & Ong,

2005).

Coronary vascular

brachytherapy trials have found a significant reduction in restenosis rates, albeit with
some limitations such as late thrombotic occlusions and edge restenosis (candywrapper) effect (Bhargava & Tripuraneni.,

2002). Late thrombotic occlusions

occurs up to 9% of ISR patients treated with brachytherapy (Nageh & Meier, 2004).
It is suggested that radiation prevents normal endothelium from growing in the vessel,
leading to thrombosis (Sandoli et al., 2001). Therefore,
clopidogrel and

patients must take

aspirin for at least six months (Nageh & Meier,
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2004).

Furthermore,

decreasing the

irritated arteries makes the

number of lymphocytes and macrophage cells in
thrombus acellular,

hence more platelet and fibrin

accumulation leading to the presence of thrombi for longer time, in addition to the
delay in its repair (Waksman et al., 2000).

Another complication of brachytherapy is edge restenosis (candy-wrapper) effect,
which is the formation of new stenosis at the margins of target lesion (Sabaté et al.,
2000). It occurs due to fall off radiation dose at the edge of the stent, plus the
mechanical vessel-wall injury induced by balloon inflation outside the stent margins,
in addition to the geographic miss (Schiele et al., 2002). Geographic miss refers to
insufficient intended radiation dose to an injured tissue (Bhargava & Tripuranen,
2002). Edge restenosis can be prevented by avoiding geographic miss (Schiele et al.,
2002).

2.3.5.7 Gene Therapy:
Cardiologists look for treating ISR and atherosclerosis by gene therapy (Thomas,
2012). This can be done by seeding tissue with cell containing the gene for a
particular product (Kraitzer et al., 2008), or by transforming the cells of the artery
wall in situ by infusion of naked DNA or antisense oligonucleotides (Thomas,
2012). Alternatively; gene therapy can be done by packaging the genetic material
into liposomes or viruses

and

target the

area of

lesion using

catheters,

microbubbles, gene painting, nanoparticles and stents (Thomas, 2012), where it
releases its content and exert its action by inhibiting smooth muscle proliferation
while allowing re-endothelialization of the vessel (Yin et al., 2014).

Many gene targets have been used to cure restenosis. Restenosis gene therapies can
be classified according to their mechanism of action and their cellular target in to:
I.

Anti proliferative (cytotoxic) genes which causes the death of cells that
have entered the cell cycle (Baek & March, 1998). An example of these
genes are thimidine kinase gene and cytosine deaminase gene (Yin et al.,
2014).

II.

Anti proliferative (cytostatic) genes which inhibits the cell cycle entry
(Baek & March, 1998). An example of these genes are cdc2, cdk2, cdc2,
cyclin B, p21, hRAD 50, p27, p16-p27, p53 , nonphorphorylatable Rb,
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Rb/E2F chimera, E2F decoy truncated protein kinase G (PKG) proliferating
cell nuclear antigen (PCNA),

early growth response factor (Egr-1),

dominant-negative H-ras, Gax homeobox, GATA homeobox, interferon
(INF)-β, heme oxygenase-1, tissue inhibitor of metalloproteinases (TIMP-1)
and plasminogen activator inhibitor (PAI-1) (Yin et al., 2014).
III.

Re-endothelialization gene: vascular endothelial growth factor (VEGF).

IV.

Antithrombotic genes: hiridun,

tissue factor pathway inhibitor (TFPI),

prostacyclin synthase (PGIS), cyclooxygenase-1 (COX-1) .
V.

Mixed mechanism genes: endothelial nitric oxide synthase (eNOS),
inducible nitric oxide synthase (iNOS) (Yin et al., 2014).

2.3.5.8 Drug Eluting Stent:
Drug eluting stent was developed to minimize in-stent neointimal proliferation and
thus reduce ISR,

which is a major limitation of PCI with BMS and balloon

angioplasty (Ernst & Bulum., 2014).

Six limus family-related drugs are currently being studied in DESs, namely sirolimus,
everolimus, biolimus A9, zotarolimus, tacrolimus, and pimecrolimus. Sirolimus,
everolimus,
(FKBP12),

biolimus A9,

and zotarolimus all bind to the FK binding protein 12

which subsequently binds to the mammalian target of rapamycin

(mTOR) and thereby blocks the cell cycle of SMCs, mainly at the transition from the
G1 to the S phase (Yin et al., 2014). The mechanisms of action of tacrolimus and
pimecrolimus differ. Both drugs form a complex with FKBP506; The tacrolimus/
pimecrolimus FKBP506 complex subsequently inhibits the calcineurin receptor,
which leads to decreased cytokine expression on the cell surface membrane and
results in an inhibition of T-cell activation and lower SMC selectivity phase (figure
2.14 ) (Yin et al., 2014) .
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Figure 2.14: Mechanisms of action of six limus family-related drugs (sirolimus, everolimus,
biolimus A9, zotarolimus, tacrolimus, and pimecrolimus) and paclitaxel. (A), sirolimus,
everolimus, biolimus A9, or zotarolimus forms a complex with the cytoplasmic protein FKBP12.
The complex inhibits the growth factor-stimulated phosphorylation of two proteins, the p70 s6
kinase and 4E-BP1. The phosphorylation of those two proteins is controlled by the mammalian
target of rapamycin (mTOR). (B), tacrolimus or pimecrolimus binds to FKBP506, forming a
complex, which binds to and blocks calcineurin. The complex inhibits the activation of nuclear
factor of activated T cells(NFAT), thus preventing its entrance into the nucleus and inhibiting Tcell activation. (C),paclitaxel is a microtubule inhibitor. It binds to β-tubulin proteins in the
mitotic spindle, rendering them non-functional and thereby inhibits cell division in the G0/G1
and G2/M phases. PDGF, platelet-derived growth factor; FGF, fibroblast growth factor; FKBP,
FK binding protein; G0, G0 phase (resting phase); G1, G1 phase (cell enlarges and makes new
protein); G2, G2 phase (preparation for division); M, M phase (cell division or mitosis); S, S
phase (DNA replication) (as cited by Yin et al., 2014).

2.3.5.9 Drug Coating Balloon (DCB):
Drug coating balloon are balloon coated with the anti-proliferative drug paclitaxel
with or without a carrier, which affects not only the solubility but also drug transfer
and biological efficacy (Navarese et al., 2013). In clinical application, DCB is
inflated within the coronary artery,

with direct drug delivery to the coronary

endothelium in order to inhibit intimal hyperplasia and allow rapid healing of the
treated vessel (Cortese & Bertoletti, 2012).

Navarese et al. (2013) have randomly assigned 399 patients to either DCB or
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alternative coronary intervention. Outcome measurements were death, MI, TLR,
binary definition of restenosis and in-lesion late luminal loss (LLL). In 14.5 months,
the DCBs were associated with lower rates of TLR (8.8 vs. 29.7 %, P< 0.0001) ,
binary restenosis (10.3 vs. 41.3 %, P< 0.00001),

MI (0.5 vs. 3.8,

P=0.05) and

mean in-stent LLL (0.23 vs. 0.75 mm, P< 0.00001).
2.3.5.10 α-Lipoic Acid:
α-Lipoic acid (α-LA)

is a potent antioxidant,

and acts as a cofactor of key

mitochondrial enzymes such as pyruvate dehydrogenase and α-ketoglutarate
dehydrogenase (Shay et al.,

2009).

α-LA exists endogenously and improves

diabetic induced endothelial dysfunction, probably due to antioxidant effects and
direct free-radical scavenging properties. Moreover, α-LA inhibits the inﬂammatory
pathway and prevents neointimal hyperplasia after stenting in the carotid artery (Lim
et al., 2009).

Lim et al. (2009) studied the effect of alpha lipoic acid on a porcine ISR model.
The results showed that α-LA feeding and α-LA coated stents inhibit neointimal
hyperplasia in porcine ISR,

possibly through inhibiting the activation of nuclear

factor-Kb ( NF-Kb) (transcription factor) pathway, cytokines such as: Extracellular
signal-regulated kinases (ERK) and signal transducers and activators of transcription
(STAT)-3 and proliferation of porcine vascular smooth muscle cells (PVSMC).

2.3.5.11 Colchicine:
(1) Chemistry of colchicine:
Colchicine is a neutral lipophilic alkaloid which is extracted from two plants:
Colchicum autumnale (autumn crocus, meadow saffron) and Gloriosa superba (glory
lily) (Finkelstein et al., 2010). Colchicine has four stereo-isomers; each pair has
either R or the S configuration at carbon-7 (figure 2.15), the natural isomer is (-)(aS, 7S)-Colchicine, which interconvert between a R and a S conformation if given
enough energy (approximately 22–24 kcal mol-1) (Sapra et al., 2013).
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(2) Chemical structure:

Figure 2.15 : Stereoisomers of colchicine (as cited by Sapra et al., 2013)

(3) Pharmacokinetics:
Absorption and metabolism of colchicine:
Colchicine is mainly absorbed from jejunal and ileal mucosa (Deftereos et al.,
2013b). After oral ingestion, it has a 45% bioavailability in healthy volunteers and
older individuals and binds relatively weakly to albumin (32%). Its peak plasma
concentration occurs in about 30–90 min after ingestion of single oral dose of 1 mg
with volume of distribution equal to 7–10 L kg-1 (Sapra et al., 2013). The mean
elimination half-life of oral colchicine is 4.4–16 h in therapeutic doses and may reach
11–32 h in poisoned patients (Finkelstein et al., 2010). Colchicine is predominantly
eliminated from the body by two routes: the first is renal route which is responsible
for 10% to 20% of the total clearance, and the second is hepatic metabolism by the
CYP3A4 isoform of cytochrome P450

(Terkeltaub,
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2008),

which catalyze

deacetylation and demethylation of colchicine to

inactive metabolites,

then is

excreted by biliary excretion through stool (Finkelstein et al., 2010).
(4) Mechanism of action:
Colchicine inhibits microtubule polymerization by binding to tubulin, one of the
main constituents of microtubules (figure 2.16). It affects on any process that
requires cytoskeletal changes, including cell mitosis,

exocytosis, and neutrophil

motility, therefore colchicine effectively functions as a "mitotic poison" or spindle
poison (Deftereos et al., 2013b; Terkeltaub, 2008).

Figure 2.16: Colchicine mechanism of action. Colchicine (Col) binds unpolymerized tubulin at
the α/β-tubulin interface and is then incorporated into microtubules. The binding of colchicine to
the microtubule (+) end decreases microtubule dynamicity. At higher concentrations, lateral
contacts between protoﬁlaments are disrupted, resulting in microtubule depolymerization. (as
cited by Deftereos et al., 2013).

In cardiovascular diseas;

colchicine inhibited intimal hyperplasia and leukocyte

vascular endothelial growth factor (VEGF) expression in an angioplasty model in
dogs. Colchicine was shown to have synergistic protective effects with atorvastatin
on endothelial function, reduced C-reactive protein (CRP) and lipoprotein associated
phospholipase A2 (Lp-PLA2), and enhanced NO production in rats (Leung et al.,
2015).

Moreover,

colchicine has anti-inflammatory properties.

However most anti-

inflammatory effect of colchicine are likely due to disruption of microtubule function
(Terkeltaub, 2008).
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Table 2.9 summarizes the mechanisms of anti-inflammatory effects of colchicine.
Table 2.9: Pharmacologic Inflammatory-Modulating and Tissue-Remodeling Activities of
colchicine (as cited by Terkeltaub, 2008)

Pharmacologic Inflammatory–Modulating and Tissue –Remodelling Activities of colchicine


Inhibits microtubule polymerization and affects gene expression,

differentiation,

and

proliferation of multiple cell .


Increases leukocyte cyclic adenosine monophosphate (c AMP).



Modulates adhesion protein expression and functional organization (eg, E-selectin, L-selectin,
vascular cell adhesion molecule-1 [VCAM-1]).



Inhibits rolling, adhesion, random motility, phagocytic, and certain granule and cytokine
secretory functions of leukocytes .



Inhibits chemotactic responses of neutrophils to leukotriene B4, interleukin 8 (CXCL8), and
other chemotactic cytokines.



Inhibits phospholipase A2 (PLA2) activation and the stimulated expression of cyclooxygenase-2
and the elaboration PLA2-activating protein (PLAP), and certain chemotactic factors (eg,
leukotriene B4) and prostaglandins.



Inhibits IL-1 production by activated neutrophils.



Modulates the familial Mediterranean fever protein pyrin, partly at the expression level and
partly in the cytoskeleton.



At high concentrations, inhibits urate crystal-induced activation of the NALP3 inflammasome.



Down-regulates tumor necrosis factor-alpha (TNF-α) receptors (and TNF-α-driven responses) in
macrophages and endothelial cells but not neutrophils.



Inhibits mast cell histamine release.



Modulates maturation, production of cytokines.



Modulates antigen presentation by dendritic cells and macrophages.



Suppresses pro-collagen synthesis and increases collagenase activity.

(5) Clinical indications:
(a) Gout:
Gout is a metabolic disorder associated with
attacks

hyperuricemia and recurrent

of acute inflammatory arthritis (Sapra et al.,

the metatarsophalangeal

2013),

joint of the great toe (podagra)
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which involves

(Al-Allaf,

2012), in

which there is a build up of crystals from uric acid in the joints of the body
(Chen & Schumacher,

2008).

Elevated levels of uric acid in urine can lead

to uric acid crystals precipitating in the kidney which may form kidney
stones and lead to urate nephropathy (Sapra et al., 2013).

Acute gout can be treated with a loading dose of 1.2 mg of colchicine followed by
0.6 mg 1 hour later and this regimen can then be followed by gout attack prophylaxis
dose of 0.6 mg once or twice daily (unless dose adjustment is required) 12 hours
later, until the gout attack resolves (Khanna et al., 2012).

Borstad et al. (2004)

investigated if colchicine administration during initiation of

allopurinol for chronic gouty arthritis reduces the frequency and/or severity of acute
gout flares. Patients starting allopurinol for crystal-proven chronic gouty arthritis
were randomized to receive colchicine 0.6 mg twice daily or placebo. The patients
were followed for evidence of acute gout flares and remained on study drug for 3
months beyond attaining a serum urate concentration < 6.5 mg/dl. Patients treated
with colchicine experienced fewer total flares (0.52 vs 2.91, P = 0.008), fewer flares
from 0 to 3 months (0.57 vs 1.91, P= 0.022), fewer flares 3-6 months (0 vs 1.05, P=
0.033), less severe flares as reported on visual analog scale (3.64 vs 5.08, P = 0.018),
and fewer recurrent gout flares (P = 0.001).

Schlesinger et al. (2006) evaluated the efficacy and safety of colchicine for relief of
the signs and symptoms of acute gouty arthritis, compared to placebo. The authors
found that the results favour the use of colchicine over placebo with an absolute
reduction of 34% for pain and a 30% reduction in clinical symptoms such as
tenderness on palpation, swelling, redness, and pain. The number needed to treat
(NNT) with colchicine versus placebo to reduce pain was 3 and the NNT to reduce
clinical symptoms was 2.

All participants treated with colchicine experienced

gastrointestinal side effects (diarrhea and/or vomiting) and the number needed to
harm (NNH) with colchicine versus placebo was 1

(b) Familial mediterranean fever (FMF):
Familial mediterranean fever is an auto inflammatory disease that affects individuals
in the

mediterranean area.

It is

characterized by recurrent episodes of fever
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accompanied by peritonitis, pleuritis, pericarditis, and/or arthritis, and sometimes
by an erysipelas-like skin rash (Sari et al., 2014). Colchicine is the current therapy
of choice for FMF; it concentrates in neutrophils and reduces the chemotactic
activity during FMF attacks (Zadeh et al., 2011).

Typical oral recommended doses of colchicine for FMF range between 1.2 and 2.4
mg/day. In children with FMF, the dosage should be adjusted to body weight and
ranges from 0.3 to 1.8 mg/day in children between 4 and 6 years and 0.9 to 1.8
mg/day in children between 6 and 12 years (older children are administered adult
doses) and may be increased up to 2 mg/day if attacks are not controlled (Finkelstein
et al., 2010).

Wright et al. (1977) carried a controlled, double-blind trial on nine patients with
FMF to determine the efficacy of short courses of colchicine taken at the onset of
attacks for relief of acute episodes of pain and fever. The authors found

that

colchicine was significantly effective in aborting the attacks of three but was
ineffective in two. The remaining four patients could not be assessed because of
insufficient numbers of courses.

Dinarello et al. (1974) demonstrated that daily colchicine is highly effective in
preventing FMF attacks.

A double-blind trial included eleven patients with long

standing FMF. During 60 courses of placebo, 38 attacks of familial Mediterranean
fever occurred. In contrast, during 60 courses of colchicine only seven attacks
occurred (P<0.001). The efficacy of the drug in preventing attacks of FMF was dose
related.
(c) Behcet’s disease (BD):
It is a multi systemic disease of unknown etiology, characterized by multiple signs
and symptoms such as recurrent oral and genital ulcerations, folliculitis, erythema
nodosum,

panuveitis, arthritis, thrombophlebitis, and gastrointestinal and central

nervous system involvement (Mat et al., 2006). Individuals with BD have shown
an increase in neutrophil functions such as chemotaxis, phagocytosis, and excessive
production of reactive oxygen species (ROS). In addition, immunological alterations
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and T lymphocyte abnormalities were shown in patients with Behcet’s disease
(Tursen, 2012) .

AL-Waiz et al. (2005) performed a case-comparative study on sixty-six patients with
Behcet disease to evaluate

the efficacy of combined colchicine and benzathine

penicillin in the treatment and prophylaxis of Behcet disease. The patients were
divided into three groups:

Group 1 (20 patients) received 1.2 Mu benzathine

penicillin injection monthly; group 2 (21 patients) received two tablets of colchicine
daily (each tablet contained 0.5 mg); and group 3 (25 patients) received both 1.2 Mu
benzathine penicillin injection monthly and two tablets of colchicine daily.
patient was followed up monthly for 5 months,
additional month follow up.

Each

4 months on treatment and 1

The clinical manifestation index was reduced by

colchicine and benzathine penicillin treatment, and the reduction was highly
significant. The reduction in the clinical manifestation index remains satisfactory and
good for 1 month after stopping the treatment. When each colchicine and benzathine
penicillin are used alone the index is also reduced significantly, but this reduction is
much less than when both drugs are used together and there is also rapid and earlier
relapse.
Yurdakul et al. (2001) randomized 116 patients with Behcet's syndrome (60 male/56
female),

who had active mucocutaneous disease without eye or major organ

involvement, to receive either placebo or colchicine (1-2 mg/day, adjusted to body
weight) in a double-blind trial for 2 years. At 24 month the analyses showed more
complete responses in the colchicine treatment group in the

terms of reduced

occurrence of genital ulcers (P = 0.004), erythema nodosum (P= 0.004), and arthritis
(P= 0.033) among the women, and reduced occurrence of arthritis (P = 0.012) among
the men.

(d) Chronic constipation:
Verne et al. (2003) investigated the effect of colchicine on 16 patients with chronic
idiopathic constipation.

Colchicine increases the number of spontaneous bowel

movements, accelerate GI transit, and improves GI symptoms.
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(e) Erythema nodosum (EN):
Erythema nodosum is a painful disorder characterized by fat cells inflammation
under the skin (panniculitis) (Schwartz & Nervi, 2007) . EN is the first sign of
many

systemic diseases.

streptococcal,
autoimmune

This includes infectious diseases (e.g., tuberculosis,

Mycoplasma pneumoniae, Yersinia and Epstein–Barr virus),
disorders (e.g.,

inflammatory bowel disease or Behcet’s disease),

coccidioides immitis, sarcoidosis and cancer (Sapra et al., 2013). Patients with
Erythema nodosum have been shown clear improvement when given colchicine
(Wallace, 1967).

(f) Anti-cancer anti-proliferative action of colchicine:
Colchicine prevents microtubule polymerization through forming complex with
tubulin.

Microtubules play an important role in the regulation of many activities

including cell migration, division, and polarization. The cessation of microtubule
elongation leads to disruption of mitotic spindle and thus inhibition of cell division
(Sapra et al., 2013). This effect makes colchicine effective against cancer cells,
however, the therapeutic value of colchicine against cancer is limited by its toxicity
against normal cells (Balasubamanian & Gajendan, 2013).

Lin et al.

(2013) investigated whether the clinically acceptable colchicine

concentrations had anti-cancer effects on hepatocellular carcinoma (HCC).

Two

human HCC cell lines (HCC24/KMUH, HCC38/KMUH) and two human cancerassociated fibroblast (CAF) cell lines (F28/KMUH, F59/KMUH) were tested. The
authors found that both 2 and 6ng/mL colchicine significantly inhibited the cellular
proliferation of all cell lines tested (P<0.05).

The anti-proliferative effects of

colchicine on F28/KMUH, HCC24/KMUH and HCC38/KMUH cells were dosedependent.

(j) Cardiovascular diseases:
Recent studies suggest that colchicine may prove to be useful in a much wider
spectrum of cardiovascular diseases than previously suspected (Deftereos et al.,
2013b). This includes pericarditis, atrial fibrillation,
artery restenosis after PCI.
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stable IHD and coronary



Pericarditis:

Acute pericarditis is an inflammation of the pericardium, a fibrous sac that envelops
the heart and the base of the great vessels (Tingle et al., 2007).

Colchicine has been shown to inhibit neutrophil chemotaxis, ingress and activation
within a pro-inflammatory environment. These anti-inflammatory effects appear to be
important for preventing pericarditis recurrence )Verma et al., 2015).

Imazio et al. (2005) conducted a prospective, randomized, open-label design trial
on

120 patients with a first episode of acute pericarditis (idiopathic,

postpericardiotomy syndromes,

viral,

and connective tissue diseases). The patients were

randomly assigned to conventional treatment with aspirin (group I) or conventional
treatment plus colchicine 1.0 to 2.0 mg for the first day and then 0.5 to 1.0 mg/d for 3
months (group II).

Colchicine significantly reduced the recurrence rate (recurrence

rates at 18 months were, respectively, 10.7% versus 32.3%; P=0.004; number needed
to treat=5) and symptom persistence at 72 hours (respectively, 11.7% versus 36.7%;
P=0.003). Colchicine was discontinued in 5 cases (8.3%) because of diarrhea. No
serious adverse effects were observed.


Post-operative atrial fibrillation (POAF):

Colchicine may have relevant effects on atrial myocytes. Microtubules regulate the
localization and interaction of adrenergic receptors and adenylate cyclase in caveolae
(specialized lipid domains in the cell membrane).

As a result,

microtubules

modulate the phosphorylation of calcium channels and likely affect the response of
the atria to autonomic stimulation (Wagoner,

2011). As autonomic balance is

changed in the postoperative state, agents which attenuates sympathetic activity (eg.,
beta-adrenergic receptor blockers or colchicine) or increases parasympathetic activity
may decrease the risk of calcium overload induced ectopy that contributes to the
initiation of post- operative atrial fibrillation (Wagoner, 2011).

Imazio et al. (2011) performed a double-blind, randomized trial to test the efficacy
and safety of colchicine for the prevention of postoperative atrial fibrillation after
cardiac surgery. The study population included 336 patients with sinus rhythm
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before starting the intervention. The patients were divided into placebo group and
colchicine group. The colchicine group received 1.0 mg of colchicine twice daily
starting on post-operative day 3, then followed by a maintenance dose of 0.5 mg
twice daily for 1 month in patients ≥70 kg, halved doses for patients <70 kg or
intolerant to the highest dose.

Patients on colchicine had a reduced incidence of

POAF (12.0% versus 22.0%, respectively; P=0.021; relative risk reduction, 45%;
number needed to treat, 11) with a shorter in-hospital stay (9.4±3.7 versus 10.3±4.3
days; P=0.040) and rehabilitation stay (12.1±6.1 versus 13.9±6.5 days; P=0.009).


Stable IHD:

Activated neutrophils are present in atherosclerotic plaques and appear to play a key
role in the transformation of a stable plaque to an unstable plaque. By suppressing
neutrophils, colchicine may play a role in stabilizing plaques and preventing fissuring
or rupture that can result in the clinical manifestations of acute coronary ischemia or
stroke (Verma et al., 2015). It is reasonable to speculate that colchicine has
greater potential for action in stable coronary disease,
mechanisms play a major role in disease progression,

where inflammatory

and that it may have less

potential to provide any benefit in acute coronary syndromes in which
atherothrombosis predominates (Deftereos et al., 2013b).

A large prospective, randomized, observer-blinded end point trial by Nidorf et al.
(2013) examined the efﬁcacy of continuous low-dose colchicine treatment in patients
with stable IHD. The study population included 532 patients with stable coronary
disease receiving aspirin and/or clopidogrel (93%) and statins (95%). The patients
were randomly assigned colchicine 0.5 mg/day or no colchicine and followed for a
median of 3 years. The authors concluded that colchicine 0.5 mg/day administered
in addition to statins and other standard secondary prevention therapies appeared
effective for the prevention of cardiovascular events in patients with stable coronary
disease.


Coronary artery restenosis after PCI:

Neointimal hyperplasia and local inﬂammation are key components of the restenosis
process. Colchicine, with its antimitotic and antiinﬂammatory properties is
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theoretically attractive as an agent that could prevent restenosis (Deftereos et al.,
2013c).

Deftereos et al. (2013c) performed a double-blind, prospective, placebo-controlled
study to test the hypothesis that colchicine treatment after PCI can lead to a decrease
ISR. The study was carried out on 196 diabetic patients who underwent PCI with
BMS. The patients were divided randomly into placebo group (n=96) and colchicine
group (n=100) in which colchicine was administrated in a dose of 0.5mg twice daily
and were followed for 6 months. The authors concluded that colchicine is associated
with less neointimal hyperplasia and a decreased ISR rate when administered to
diabetic patients after PCI with a BMS.

Kong et al. (2015) implanted BMS in oversized sixty coronary arteries of 60 minipigs implantation to induce ISR.

After 28 days, vessels with ISR were randomly

divided into three groups: Control (conventional balloon angioplasty combined with
placebo), colchicine (conventional balloon angioplasty combined with colchicine)
and drug-eluting balloon (DEB). The researchers found that, the percent diameter
stenosis of colchicine group (18.32±9.53%) and of the DEB group (15.72±8.76%)
was significantly lower compared with the control group (36.63±13.95%, P=0.018).

O'Keefe et al.

(1992)

carried out a prospective

study on 197 patients who

were randomized in a 2 : 1 fashion to treatment with oral colchicine 0.6 mg
twice daily (n= 130 patients), or placebo (n=67 patients) for 6 months after
elective coronary angioplasty. The results
colchicine –treated

patients

of the study showed that 41% of

developed restenosis

in

at

least

one lesion

compared to 45% of the placebo-treated group (P = NS).

Table 2.10 summarizes important clinical studies examining the role of colchicine
administration in cardiovascular disease.
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Table 2.10 Important clinical studies examining the role of colchicine administration in
cardiovascular disease, beyond pericarditis syndromes (as cited by Deftereos et al ., 2013a)

Study

Study Design

Clinical
Setting

Summary

Patient Colchicine
Number Dose and
Duration of
Treatment

Imazio et Secondary
Post
al. (2011)
analysis of a cardiothoracic
multicenter,
-surgery atrial
double-blind,
ﬁbrillation
randomized
trial

Reduction of post 336
operative
atrial
ﬁbrillation incidence
(12.0% vs. 22.0%;
p=0.021;
relative
risk reduction: 45%)
with shorter inhospital
stay
(9.4±3.7 days vs.
10.3 ±4.3 days;
p=0.040)
and
rehabilitation
(12.1±6.1 days vs.
13.9±6.5 days; p=
0.009).

Loading dose
1.0 mg twice
on the ﬁrst
day, followed
by 0.5 mg
twice daily
for 1 month

Deftereos
et
al.(2012a)

Prevention of early 161
atrial
ﬁbrillation
recurrences
after
pulmonary
vein
isolation
(16%
vs.33.5% placebo;
odds ratio: 0.38;
95% conﬁdence

0.5 mg twice

Two-center,
prospective
randomized,

Post-ablation
recurrence of
atrial
ﬁbrillation

double-blind
study

daily for 3
months

interval: 0.18 to
0.80) in the absence
of
antiarrhythmic drug
treatment.
Nidorf and

Single-center

Thompson
(2007)

open-label
pilot study

Stable
coronary
artery disease

Decrease of hs-CRP 64
in patients with
clinically
stable
coronary
artery
disease
and
increased hs-CRP,
independent
of
aspirin
and
64

0.5 mg twice
daily for 1
month

atorvastatin
use
(mean baseline hsCRP change from
4.58±2.05 mg/l to
1.78 ±1.38 mg/l; p
<0.001).
Nidorf et PROBE
al. (2013)
(Prospective,
Randomized,

Stable
coronary
artery disease

ObserverBlinded
Endpoint)
trial

Colchicine
in 532
addition to statins
and other standard
secondary
prevention therapies
was associated with
reduced rate of the

0.5 mg daily
for a median
of 3 years

composite of acute
coronary syndrome,
out-of-hospital
cardiac arrest, or
noncardioembolic
ischemic
stroke
(hazard
ratio:
0.33;95% conﬁdence
interval: 0.18 to
0.59; p <0.001).

Crittenden Retrospective,
et
al.
cross(2012)
sectional
study

Myocardial
Infarction

Gout patients who 1,288
took colchicine had
a signiﬁcantly lower
prevalence
of
myocardial
infarction (1.2% in
the colchicine vs.
2.6% in the nocolchicine
group;
p=0.03)
and
exhibited
trends
toward reduced

-

all-cause mortality
and lower CRP
levels.
Raju
et Single-center
al.(2012)
double-blind
pilot

Acute
coronary
syndrome

No evidence that
colchicine compared
or with
suppresses
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placebo

80

1.0 mg daily
for 30 days

randomized

inﬂammation

stroke

controlled
trial

O’Keefe et Double-blind,
al. (1992)
prospective,

in patients with
acute
coronary
syndrome or acute
ischemic stroke.
Plain
balloon

old Colchicine 0.6 mg 197
twice daily for 6
months after elective
Angioplasty
coronary
balloon
angioplasty
was
ineffective
for
preventing
restenosis

0.6 mg twice
daily for 6
months

Freed et al. Open-label
(1995)
pilot trial

Plain
balloon

old The
combined 50
administration
of
lovastatin, enalapril,
Angioplasty
and colchicine does
not appear to inhibit
restenosis
after
PTCA.

0.6 mg twice
daily for at
least
4
months

Deftereos
Double-blind,
et
al.
prospective,
(2013c)

Percutaneous
coronary

0.5 mg twice
daily for 6
months

randomized
trial

randomized
trial

Colchicine
is 196
associated with less
neointimal

intervention
with
bare- hyperplasia
and
metal
reduced
in-stent
restenosis rate when
stent
administered
to
implantation
diabetic patients
after PCI with BMS
(16% vs. 33% in
controls (p=0.007;
odds ratio: 0.38;
95%
conﬁdence
interval: 0.18 to
0.79)

(6) Side effects:
Patients ingesting therapeutic oral doses of colchicine may suffer from abdominal
pain,

cramping,

hyperperistalsis,

diarrhea, nausea, and vomiting (Gul, 2014).
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Gastrointestinal manifestations develop frequently and may precede pain relief in up
to 91% of patients, limiting enthusiasm for the drug generally, and limiting its dose
in many patients (Finkelstein et al., 2010).

Colchicine poisoning is dose-dependent. However, the drug has a low therapeutic
index, and there is an overlap between therapeutic and toxic doses and a high fatality
rate when ingestion exceeds 0.5 mg/kg in acute cases (Finkelstein et al., 2010).

Acute colchicine poisoning is well described (table 2.11). It may be divided into
three sequential and usually overlapping phases: The first (gastrointestinal) phase
reflects gastrointestinal mucosal damage and a cholera like syndrome may develop .
The second (multi-organ) phase is characterized by multi-organ dysfunction and
metabolic derangements. The third phase

is characterized by recovery of bone

marrow depression with rebound leukocytosis, resolution of organ failure, and can
be followed by complete recovery (Finkelstein et al., 2010).
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Table 2.11 Clinical stages of colchicine poisoning (as cited by Finkelstein et al., 2010).

Stage

Time of onset

Features

Gastrointestinal phase

0–24 h post-ingestion

Nausea, vomiting, diarrhea,
abdominal

discomfort,

Hypovolemia
Leukocytosis
Multi-organ failure phase

1–7 days post-ingestion

Respiratory

distress

syndrome
Cardiac arrhythmias, failure,
arrest
Encephalopathy, brain edema
Convulsions
Renal failure
Liver failure
Disseminated

intravascular

coagulation
Bone marrow suppression
Pancytopenia
Hemolysis
Metabolic

derangements:

metabolic acidosis,
hypokalemia, hyponatremia,
hypoalcemia,
hypoglycemia

(or

hyperglycemia),
hypophosphatemia
Myopathy
Neuropathy
Secondary sepsis
Recovery phase

7–21 days post-ingestion

Resolution of organ system
derangements
Rebound leukocytosis
Alopecia
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(7) Colchicine –Drug interaction:
Colchicine is mainly eliminated by biliary excretion, along with 10%–20%
contribution by the kidneys, and both P-glycoprotein multidrug transporter (ABCB1)
and cytochrome P450 (CYP3A4) proteins play an important role in its transport and
metabolism, respectively (Gul, 2014).
Interactions between colchicine and drugs or compounds that inhibits CYP 3A4
and/or P-glycoprotein can potentially lead to increased serum and tissue colchicine
concentrations and toxicity (Finkelstein et al., 2010).

Terkeltaub et al. (2011) investigated the effects of concomitant treatment with
colchicine and identified inhibitors of cytochrome P450 3A4 (CYP3A4)/Pglycoprotein (cyclosporine, ketoconazole, ritonavir, clarithromycin, azithromycin,
verapamil ER [extended release]), and diltiazem ER) on the pharmacokinetics of
colchicine. The ratios of the maximum concentration and area under the curve from
time 0 to infinity for colchicine plus CYP3A4/P-glycoprotein inhibitors versus
colchicine alone were >125% across all studies,

with the exception of studies

involving azithromycin. Recommended colchicine dose reductions of 33-66% for the
treatment of acute gout and 50-75% for prophylaxis were calculated for concomitant
therapy with each agent, with the exception of no dose adjustment when colchicine is
used in combination with azithromycin.

In pharmacokinetic studies, Davis et a. (2013) demonstrated that the maximum
plasma concentration [C(max) ] and area under the plasma concentration time curve
(AUC) of colchicine are increased by 277% and 282%,
coadministration with clarithromycin.

Similarly,

respectively,

after

coadministration with

ketoconazole increases colchicine C(max) and AUC by 102% and 212%, respectively.
Coadministration of CYP3A4 inhibitors (particularly clarithromycin) and colchicine
has resulted in acute colchicine toxicity manifested by severe gastrointestinal toxicity,
bone marrow suppression, multiorgan failure, and death.
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Chapter 3
Methodology
3.1 Study design:
A prospective, two-center, controlled, non blind clinical trial designed to evaluate
the efficacy of colchicine in the prevention of in - stent restenosis in patients with
IHD who undergo PCI with BMS.

3.2 Setting:
The study was conducted at Al-shifa hospital and Public Aid hospital in Gaza city,
Palestine.

Al Shifa hospital is a 719-bed hospital. The study was conducted in the four-bed
cardiac catheterization unit in the special surgical section. Cardiac catheterization
unit at AL- shifa hospital started its operations in May 2014. The number of
patients with IHD who undergo catheterization reaches 90 patients per month.

Public Aid Hospital is a non-governmental hospital. It is divided into three buildings:
clinics building, surgery building, and delivery building. The study was conducted
in

the surgery building.

The number of patients with IHD who undergo

catheterization reaches 30 patients per month.

3.3 Period of the study:
The study was conducted during the period from June 2014 to August 2015.

3.4 Study population:
The study population was the patients who were candidates for PCI at Al-shifa and
Public Aid Hospitals in the period from 1st may 2014 to 31st December 2014
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3.5 Eligibility criteria:
3.5.1 Inclusion criteria for patients:
Patients 40 years of age or older who were capable of providing an informed consent
and underwent a PCI with BMS or DES implantation for the treatment of stable IHD
or ACS.

3.5.2 Exclusion criteria:


Patients with end stage renal failure (estimated glomerular filtration rate ≤ 20
ml/min/1.73 m2).



Patients with history of intolerance to colchicine, myopathy, and statin
hepatotoxicity or myotoxicity.



Women with child-bearing potential.



Unwillingness or inability to comply with protocol procedures.

3.6 Sampling and sample size:
During the study period,

500 patients were selected according to the inclusion

criteria. 120 patients gave consent to participate. Eighty patients from Al shifa
hospital and forty patients from Public Aid hospital. The eighty patients from Al
shifa hospital were divided into two groups: The first group underwent BMS
implantation and received colchicine 0.5 mg twice daily for six months (n=40). The
second group underwent BMS implantation (n=40). The patients from Public Aid
hospital constituted the third group and underwent DES implantation (n=40). DES
implantation was only done in Public Aid hospital. A non-probability convenience
sampling method was used.

3.7 Materials and reagents:


Colchicine



BMS



Drug eluting stent (Resolute)
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3.8 Equipments:
(QCA)

3.8.1 Quantitative coronary angiography software:
QCA is a two dimensional equipment, produced by philipis health care company and
it is routinely used in AL-shifa and Public aid hospitals.
QCA is a technique that provides objective and reproducible measurements of
coronary artery dimensions. QCA is particularly useful for assessing the vessel lumen
size, (re)occurrence of a (re-) stenosis after coronary interventions, the evaluation of
mechanical interventional devices (e.g. stents) and the long-term progression and
regression of coronary atherosclerosis.
QCA is divided into several distinct processes, including film digitization (when
applicable), image calibration, and arterial contour detection. For processing 35-mm
cinefilm, acine-video converter is used to digitize images into a 512 × 512 (or larger)
× 8-bit pixel matrix. Optical, or less preferred digital, magnification results in an
effective pixel matrix up to 2458 × 2458.

3.8.2 Two dimensional echocardiography:
Two dimensional echocardiography is a widespread technique for clinical evaluation
of left ventricular ejection fraction (LVEF) on geometric assumptions.
Left ventricular ejection fraction (LVEF) is the measurement of how much blood is
being pumped out of the left ventricle of the heart (the main pumping chamber) with
each contraction (Kenney, 2007).

3.9 Experimental process:
A total of 120 patients were assigned in a 1:1:1 ratio to the following three groups:
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Group A underwent PCI with BMS with low doses (0.5 mg) of colchicine for six
months. Group B underwent PCI with BMS alone. Group C underwent PCI with
DES. Patients received aspirin (at least 75 mg daily) and a loading dose of 300 to 600
mg clopidogrel wthin 24 h before the procedure. PCIs were performed according to
Al Shifa hospital guideline (Appendix 1). Procedural anticoagulation was achieved
with unfractionated heparin at least 5,000 IU or 70 to 100 IU/kg. Coronary artery
dimensions and stents evaluations were done immediately after stent implantation by
using the quantitative coronary angiography software equipment.

The 6-months

clinical follow-up data were obtained at visits of outpatient clinics and at the time of
any unplanned hospital admissions. All the collected data were recorded in a special
form for each patient (figure 3.1).
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Table 3.1 : Experimental process for the study groups

Parameters

Group Aa

Group Bb

Pre−Procedure

Received aspirin 75mg +

Received aspirin 75mg +

clopidogrel 300-600mg within 24 h

Medications

Group Cc

d

Received aspirin 75mg +

clopidogrel 300-600mg within 24 h

d

clopidogrel 300-600mg within 24 hd

before the procedure.

before the procedure.

before the procedure.

Received adequate hydration with

Received adequate hydration with

Received adequate hydration with

either intravenous saline or sodium

either intravenous saline or sodium

either intravenous saline or sodium

bicarbonate at 1.0 mL/kg/min to 1.5

bicarbonate at 1.0 mL/kg/min to 1.5

bicarbonate at 1.0 mL/kg/min to 1.5

mL/kg/min for 3 to 12 hours prior

mL/kg/min for 3 to 12 hours prior

mL/kg/min for 3 to 12 hours prior

and 6 to 12 hours.

and 6 to 12 hours.

and 6 to 12 hours.

Unfractionated heparin bolus at

Unfractionated heparin bolus at

Unfractionated heparin bolus at

e

e

least 5,000 IU followed by an

least 5,000 IU followed by an

least 5,000 IUe followed by an

infusion of 1000u/h. Hydrocortisone

infusion of 1000u/h.

infusion of 1000u/h..

200 mg+ Diphenhydramine 50 mg

Hydrocortisone 200 mg+

f

Hydrocortisone 200 mg+

IV (in the case of history of contrast

Diphenhydramine 50 mg IV (in the

Diphenhydramine 50 mg IVf (in the

allergy).

case of history of contrast allergy).

case of history of contrast allergy).

j

f

j

Diazepam 5-10 mg PO or IV (if

Diazepam 5-10 mg PO or IV (if

Diazepam 5-10 mg POj or IV (if

sedation need).

sedation need).

sedation need).

Post−Procedure

Received aspirin (at least 75mg

Received aspirin (at least 75 mg

Received aspirin (at least 75 mg

Medications

daily) and continued indefinitely

daily) and continued indefinitely

daily) and continued indefinitely

after the procedure.

after the procedure.

after the procedure.

Received clopidogrel (75 mg daily

Received clopidogrel (75 mg daily

Received clopidogrel (75 mg daily

for a minimum of 6 months after the

for a minimum of 6 months after the

for a minimum of 12 months after

procedure).

procedure).

the procedure).

Received other drugs such as: Statin
h

Monitoring

and

follow up

Received other drugs such as: Statin
h

Received other drugs such as:

, B blocker and ACEI .

, B blocker and ACEI .

Statin , B blocker and ACEIh.

Educating each patient about the

Educating each patient about the

Educating each patient about the

procedure and explaining

procedure and explaining

procedure and explaining

in detail what they should expect
i

in detail what they should expect

in detail what they should expect

Follow up patients (clinical ISR ,

Follow up patients (clinical ISR ,

Follow up patients (clinical ISRi ,

need

need

need to target-vessel

to

revascularization
thrombosis

k

target-vessel
g

and

stent

i

to

revascularization
thrombosis

k

target-vessel
g

and

stent

revascularizationg and stent
thrombosisk

a: colchicine group, b: BMS group, c: DES group, d: hour, e: international unit, f: intravenous, j: by mouth, h: angiotensin converting
enzyme inhibitor.
i:clinical ISR : clinical in stent restenosis : the recurrence of angina pectoris or objective evidence of myocardial ischemia.
g:Target-vessel revascularization: Any percutaneous intervention or bypass surgery performed on the index target vessel any time after the
index procedure.
k:Stent thrombosis: An acute coronary syndrome with angiographic documentation of vessel occlusion or thrombus within or adjacent to a
previously stented segment; in the absence of angiography, stent thrombosis could be confirmed by acute MI in the distribution of the
treated vessel or death resulting from cardiac causes within 30 days.
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3.10 Data collection:
Data sheet was designed for each patient and was numbered by the researcher. This
sheet included all information about the patient:
(hypertension, diabetes and hyperlipidemia),

sex,

age,

medical history

smoking, family history,

clinical

presentation (stable IHD, ACS), Procedure-related parameters (Lesion site, number
of stents, total stent length, mm,

stent diameter, mm) and outcome (clinical ISR,

target vessel revascularization and stent thrombosis).

Data were collected by the

researcher using face to face questionnaire with the patients and from medical file of
patients during the period from June 2014 to August 2015.
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Name ………………………….Sex…….......................Age………………………
Hospital……………………….Unit…………………………..File no…………………..
Address……………………….Tel no…………...............Date……………………..
Feature

Stent

Feature

Age, yrs

No. of stents

Sex

Stent diameter
Present medical history

Diabetes

Stent

Drugs before PCId
Drugs after PCI

Hypertension

Procedure-related parameters

Hyperlipidemia

Lesion site

Smoking

LADe

Family history of
CADa

LCxf

LVEFb, %

RCAg
Clinical presentation

Clinical ISRh

Stable CAD

TVRi

ACSc

STj

Figure 3.1: Characteristic and angiographic data at baseline and at follow up. CADa: coronary
artery disease, LVEFb: left ventricular ejection fraction, ACSc : acute coronary syndrome,
PCId:percutaneous coronary intervention, LADe:left anterior descending artery,
LCxf left
g
h
circumflex artery, RCA : right coronary artery, Clinical ISR : clinical in stent restenosis, TVRi:
target vessel revascularization, STj stent thrombosis.

3.11 End points:
Primary end point: Clinical ISR at 6 month; which is defined as the recurrence of
angina pectoris or objective evidence of myocardial ischemia (Bergheanu et al.,
2010). Objective evidence of myocardial ischemia is a condition characterized by a
decrease in blood supply to the heart tissue which leads to chest pain or angina
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pectoris (Detry, 1996).

Secondary end points: Target-vessel revascularization and stent thrombosis within
sixth months. Target-vessel revascularization is defined as any percutaneous
intervention or bypass surgery performed on the index target vessel any time after the
index procedure (Meredith et al., 2009). Stent thrombosis is defined as an acute
coronary syndrome with angiographic documentation of vessel occlusion or thrombus
within or adjacent to a previously stented segment; in the absence of angiography,
stent thrombosis could be confirmed by acute MI in the distribution of the treated
vessel or death resulting from cardiac causes within 30 days (Meredith et al., 2009).
3.12 Outcome measures:
The outcome measures in the present study were:


The incidence of in –stent restenosis in the three groups of the study calculated
as the percentage of patients who had a recurrent of angina pectoris .



The incidence of target-vessel revascularization in the three groups of the
study calculated as the percentage of patients who had a recurrent of angina
pectoris and / or myocardial infraction.



The incidence of stent thrombosis in the three groups of the study calculated as
the percentage of patients who had a recurrent of myocardial infraction.

3.13 Data entry and analysis:
3.13.1 Data entry:
The collected data and variables were entered to the computer, defined, coded, and
analysed using the statistical package of social science (SSPS) software (version 22).

3.13.2 Statistical analysis:
Continuous variables (age, ejection fraction,

stent diameter and stent length) were

expressed as mean ± SD and compared using ANOVA test. Categorical data (sex,
diabetes, hypertension, family history, smoking, hyperlipidemia, clinical diagnosis,
lesion site, TVR, stent thrombosis and clinical ISR) were expressed as absolute
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values and percentages and compared using chi-square test or Fisher exact tests if the
produced matrices contained cells with an expected value <5. Factors tested for
possible association with clinical ISR (diabetes,

hypertension,

family history,

smoking, hyperlipidemia , number of stents, stent diameter and length of stent) were
analyzed with univariate analysis.
stepwise logistic regression.

Multivariate predictors were calculated using

Variables selected for the multivariate analysis were

those with a P value < 0.05. Values of P < 0.05 (2 sided) were considered indicative
of statistical significance.

3.14 Ethical consideration:


An approval was obtained from the Faculty of Pharmacy, Al-Azhar
University to carry out the study.



An approval letter from the Dean of Pharmacy was sent to the director of
general directorate for human research in the Ministry of Health who approved
to conduct the research (Appendix 2).



Ethical was obtained from Hilsenky committee to carry out the study
(Appendix 3).



Inform consent was taken from the patients after explanation and
understanding the nature,

purpose,

and potential risks of the study

(Appendix 4).

3.15 Limitations of study:


Getting patient΄s agreement to participate in the study.



Selection of patients who are eligible to be included in the study.



Withdrawal of some patients from the study.



Absence of intracoronary ultrasound (ICUS) evaluation in the angiographic
analysis of ISR.
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Chapter 4
Results
This chapter deals with the study results.

Presentation of the results was done

according to the study objectives. The principle characteristics of the patients are
displayed first. This is followed by the results of 6-months clinical follow-up. This
includes the incidence of clinical ISR, TVR, ST in the different study groups.
Finally the association between ISR and suspected risk factors (diabetes,
hypertension, family history, smoking, hyperlipidemia, number of stents, stent
diameter and length of stent) is presented.

4.1 Principle characteristics of the study population:
During the study period, 120 patients were included in the study based on the
inclusion criteria, 6 patients were excluded from the study due to incompliance, and
24 patients were not available for follow-up. As a result, 90 patients (30 patient
in the colchicine group, 30 patient in the BMS alone group, and 30 patient in DES
group) completed the study and were available for analysis.

Baseline characteristics of the patients in the three study groups are presented in
table 4.1. Women composed 16.7%; while men composed 83.3% of the study
sample. There were more men than women in the three groups. The mean age of
the patients was 60.03±7.8 yrs. A total of 39 (43 %) patients were diabetic ,
(47.8 %) were hypertensive,
family history of IHD and

32 (35.6%) were hyperlipidemic,
32 (35.6%) were smokers.

43

28 (31.3%) had

Most patients (45.6%)

presented with MI, 20% with unstable angina, and 34.4% with stable angina
pectoris. The mean ejection fraction of patients was 61.33 % ±4.5.

There were no statistically significant differences among the three study groups
regarding age, diabetes,

hypertension,

hyperlipidemia,

family history,

mean

ejection fraction and clinical presentation. However, there were statistically
significant differences among the three study groups with regard to sex.
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Table 4.1: Baseline characteristics of the patients

Pd value

Characteristics

Group Aa

Groups Bb

Groups Cc

Total

Total no

ne=30

ne=30

ne=30

ne=90

Mean age in year

57.5±6.7

62.2±3

61.8±7

60.03±7.8

.099f

Sex
Male
Female

28 (93.3%)
2 (6.7%)

21 (70%)
9 (30%)

26 (86.7%)
4 (13.3%)

75 (83.3%)
15 (16.7%)

.044j

Present medical history
Diabetes mellitus
Hypertension
Hperlipidemia
Family history
Smoking

15 (50%)
18 (60%)
8 (26.6%)
14 (63.3%)
9 (30%)

10 (33.3%)
11 (36.7%)
12 (40%)
8 (26.7%)
12 (40%)

14 (46.7%)
14 (46.7%)
13 (43.3%)
7 (23.7%)
10 (33.3%)

39 (43.3%)
43 (47.8%)
33 (36.6 %)
28 (31.3%)
32 (35.6%)

.387j
.192j
.366j
.373j
.257j

Mean ejection fraction
62.2 %±3
61.8 %±5.8
60.6 %±6
61.33 %±4.5 .169f
Clinical presentation
Myocardial infraction
15 (50%)
17 (56.7%)
9 (30%)
41 (45.6%)
.297j
Unstable angina pectoris 6 (20%)
4 (13.3%)
8 (26.7%)
18 (20%)
Stable angina pectoris
9 (30%)
9 (30%)
13 (43.3%) 31 (34.4%)
a: colchicine group; b: bare metal stent group; c: drug eluting stent group
d: P value ≤0.05 were considered significant; e: Number of patients ; f: ANOVA test ; j:Chi-square test

4.2 Lesion site:
A total of 52 (58 %) patients had stenosis in LAD artery ,

15 (17 %) had stenosis in

LCX artery, 9 (10%) had stenosis in RCA artery, 4 (4%) had stenosis in two arteries
(LAD and RCA; LAD and obtuse marginal branch; RCA and LCX) and 10 (11%)
had stenosis in other arteries such as obtuse marginal branch, and ramus branch
(figure 4.1).

No significant differences were found among the three study groups with respect to
the lesion site (P value= 0.212) (figure 4.2, 4.3, 4.4, 4.5 and 4.6).
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11%

4%

LAD
RCA
17%

LCX
Two artery

58%

Branches
10%

Figure 4.1: Lesion site in the study sample (as percentage). 58 % of patients had stenosis in
LAD artery , 17 % had stenosis in LCX artery, 10% had stenosis in RCA artery, 4% had
stenosis in two arteries (LAD and RCA; LAD and obtuse marginal branch; RCA and LCX )
and 11% had stenosis in branches such as obtuse marginal branch, and ramus branch. LAD=
left anterior descending artery, LCX= left circumflex artery, RCA=right coronary artery,
branches= obtuse marginal branch , and ramus branch, two arteries=LAD and RCA; LAD and
obtuse marginal branch; RCA and LCX .

80%
70%

67%

60%

53%

53%

50%
40%

LAD

30%

Pa=0.483

20%
10%
0%
Group A

Group B

Group C

Figure 4.2: LAD artery lesion among the three groups (as percentage). 67% of patients in group
A had stenosis in LAD artery compared to 53% in both groups B and C. LAD= left anterior
descending artery; group A: colchicine group; group B:bare metal stent group; group C: drug
eluting stent group. a: Chi-square test.
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25%

23%

20%

17%

15%
10%

LCX

10%

Pa=0.383
5%
0%
Group A

Group B

Group C

Figure 4.3: LCX artery lesion among the three groups (as percentage). 10% of patients in group
A had stenosis in LCX artery compared to 17% in group B and 23% in group C. LCX= left
circumflex artery; group A: colchicine group; group B:bare metal stent group; group C: drug
eluting stent group. a: Chi-square test.

25%
20%
20%
15%
10%

RCA

7%
3%

5%

Pa=0.136

0%
Group A

Group B

Group C

Figure 4.4: RCA artery lesion among the three groups (as percentage). 7% of patients in group
A had stenosis in RCA artery compared to 20% in group B and 3% in group C. RCA=right
coronary artery; group A: colchicine group; group B:bare metal stent group; group C: drug
eluting stent group. a: Fisher exact test.
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12%
10%
10%
8%
6%

Two

4%

3%

Pa=0.318

2%
0%
0%
Group A

Group B

Group C

Figure 4.5: Two arteries lesions among the three groups (as percentage). 3% of patients in
group B had stenosis in both LAD and RCA arteries compared to 10% had stenosis in LAD
artery and obtuse marginal branch, RCA and LCX arteries and LAD and RCA arteries in
group C. While no one in group A had stenosis in two arteries. Two arteries : LAD and RCA
arteries; LAD artery and obtuse marginal branch; RCA and LCX arteries. group A: colchicine
group; group B:bare metal stent group; group C: drug eluting stent group. a:Fisher exact test.

18%

17%

16%
14%
12%

10%

10%
7%

8%

Branches

Pa=0.592

6%
4%
2%
0%
Group A

Group B

Group C

Figure 4.6: Branches lesion among the three groups (as percentage). 17% of patients in group A
had stenosis in branches such as: obtuse marginal branch and ramus branch compared to 7% in
group B and 10% in group C. Branches: obtuse marginal branch and ramus branch ; group A:
colchicine group; group B:bare metal stent group; group C: drug eluting stent group. a: Fisher
exact test.

4.3 Number of stents:
A total of 72 (80 %) patients have implanted one stent, 14 (16 %) have implanted
two stents,

and 4 (4%) have implanted three stents (figure 4.7).
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Significant

differences were found in the number of implanted stents among the three groups (P
value= 0.015 ) (figure 4.8).

4%
16%
One stent
Two stent
Three stent

80%

Figure 4.7: Number of implanted stents in the study sample (as percentage). 80 % of patients
were implanted one stent, 16 % were implanted two stents, and 4% were implanted three
stents.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

93% 87%
60%
Group A
Group B
30%
7%
One stent

Group C

10%

Two stent

0% 3%

10%

Pa=0.015

Three stent

Figure 4.8: Number of implanted stents among the three groups (as percentage). In group A;
93% of patients were implanted one stent and 7% were implanted two stents. In group B; 87%
of patients were implanted one stent, 10% were implanted two stents and 3% were implanted
three stents. In group C; 60% of patients were implanted one stent, 30% were implanted two
stents and 10% were implanted three stents. group A: colchicine group; group B:bare metal
stent group; group C: drug eluting stent group. a: Fisher exact test.
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Further analysis shows no significant differences in the number of stent between
group A (colchicine group) and group B (BMS group) (P value =0.671) (figure 4.9).

100%

93%

90%

87%

80%
70%
60%
50%

Group A

40%

group B

30%

Pa=0.671

20%
7%

10%

10%
0%

3%

0%
One stent

Two stent

Three stent

Figure 4.9: Number of implanted stents in groups A and B (as percentage). 93% of patients
were implanted one stent and 7% were implanted two stents in group A. While in group B; 87%
of patients were implanted one stent, 10% were implanted two stents and 3% were implanted
three stents. group A: colchicine group; group B:bare metal stent group; a: Fisher exact test.

4.4 Stent length:
The mean stent length was 20.54±5.08 mm. No significant differences were found in
the mean stent length among the three groups (P value= 0.195) (figure 4.10).
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22.5

21.9±5.58 mm

22
21.5
20.54±5.08 mm

21
20.5
20

20.06±4.46 mm

Mean stent length

19.66±5.04 mm

Pa=0.195

19.5
19
18.5
Group A

Group B

Group C

Total

Figure 4.10: The mean stent length of implanted stents in the three groups. The mean stent
length in group A was 19.66±5.04mm compared to 20.06±4.46mm in group B and 21.9±5.58mm
in group c. group A: colchicine group; group B:bare metal stent group; group C: drug eluting
stent group. a :ANOVA test.

4.5 Stent diameter:
The mean stent diameter was 2.9±.31mm. Significant differences were found in the
mean stent diameter among the three groups (P value =0.034) (figure 4.11). The
mean stent diameter in group B (bare metal stent group) was significantly higher than
that of group A (colchicine group) and group C (drug eluting stent group) (P=0.013)
(figure 4.12).
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3.05

3±.41 mm

3
2.9±.31 mm
2.89±.28 mm

2.95
2.9
2.85

2.78±.17 mm

Mean stent diameter

2.8

Pa=0.034

2.75
2.7
2.65
Group A

Group B

Group C

Total

Figure 4.11: The mean stent diameter of implanted stents in the three groups. The mean stent
diameter in group A was 2.78±.17mm compared to 3±.41mm in group B and 2.89±.28mm in
group c. group A: colchicine group; group B:bare metal stent group; group C: drug eluting
stent group. a: ANOVA test.

Independent sample T test shows significant differences in the mean stent diameter
between group A (colchicine group) and group B (BMS group) (P value=0.013)
(figure 4.12).

3.05

3±.41mm

3
2.95
2.9
Group A

2.85
2.8

2.78±.17mm

Group B

Pa=0.013

2.75
2.7
2.65
Mean stent diameter

Figure 4.12: The mean stent diameter of implanted stents in groups A and B. The mean stent
diameter in group A was 2.78±.17mm compared to 3±.41mm in group B. Group A: colchicine
group; group B:bare metal stent group; a : Independent sample T test.
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4.6 Maintenance drug therapy after PCI:
Almost all patients in the three groups were on dual antiplatelet therapy and statin
therapy. Of the 90 patients 10 (11%) patients had an increase in the level of total
cholesterol that returned to normal after increasing the dose of statin (rosuvastatin or
atorvastatin) (table 4.2).
Table 4.2: Drug therapy at six month follow up

Group Aa

Group Bb

Group Cc

(ne%)

(ne%)

(ne%)

Aspirin

30 (100%)

29* (97%)

30 (100%)

1f

Clopidogrel

28 (93%)

26 (87%)

29 (97%)

0.493f

Rosuvastatin

14 (47%)

17 (57%)

14 (47%)

Atrovastatin

16 (53%)

13 (43%)

16 (53%)

0.670j

Ramipril

10 (33%)

15 (50%)

12 (40%)

0.418j

Carvedilol

7 (24%)

10 (33%)

8 (27%)

0.818j

Bisoprolol

10 (33%)

10 (33%)

8 (27%)

5 (17%)

5 (17%)

7 (24%)

Glimepiride+metformin 5(17%)

3 (10%)

6 (20%)

Insluin therapy

2 (7%)

1 (3%)

Drug

d

P value

B blockers

Oral hypogylcemic
Drugs
Glimepiride

5 (17%)

0.721f
0.263f

a : colchicine group; b: bare metal stent group; c: drug eluting stent group; d: P value ≤0.05 were
considered significant; e: number of patients; f: Fisher exact test and j: Chi-square test.* one patient
stopped aspirin due to bleeding

4.7 Incidence of ISR:
ISR was found in 8 (9%) patients (figure 4.13). Significant differences were found
in clinical ISR among the three groups (P=0.005). One patient (3%) in group A
(colchicine group) had recurrent chest pain (angina pectoris) compared to seven
patients (23%) in group B (BMS group) had recurrent chest pain. On the other hand,
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there were no reported cases of in stent restenosis in group C (drug eluting stent)
(figure 4.14).

9%

ISR
Non ISR

91%

Figure 4.13: The incidence of ISR in the study sample. 9% of the patients developed ISR while
91%of the patients without ISR. ISR : in stent restenosis.

30%
23%

25%
20%
15%

ISR

Pa=0.005

10%
5%

3%

0%

0%
Group A

Group B

Group C

Figure 4.14: Incidence of ISR in the three groups. 3% of patients in group A developed ISR
compared to 23% in group B and 0% in group c. ISR: in stent restenosis; group A: colchicine
group; group B:bare metal stent group; group C: drug eluting stent group; a: Fisher exact test.

Further analysis shows no significant differences in clinical ISR between group A
(colchicine group) and group C (drug eluting stent group) (P = 1) (figure 4.15).
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5%
4%
3%
3%
ISR
2%

Pa=1

1%
0%
0%
Group A

Group C

Figure 4.15: Incidence of ISR in the group A and group C. In group A; 3% of patients developed
ISR compared to 0% in group C. ISR: in stent restenosis; group A: colchicine group; group C:
drug eluting stent group; a: Fisher exact test.

4.8 Stent thrombosis:
During 6 months follow up, only one patient (3%) in group B (BMS group) had MI.
No significant differences were found in stent thrombosis among the three groups
(P=1) (figure 4.16).

5%
4%
3%
3%
ST

2%
1%

Pa=1
0%

0%

0%
Group A

Group B

Group C

Figure 4.16: Incidence of ST in the three groups. Only 3% of patients in group B developed ST.
ST: stent thrombosis; group A: colchicine group; group C: drug eluting stent group; a: Fisher
exact test

4.9 Target vessel revascularization:
Of the 90 patients; 9 patients (10%) underwent TVR (figure 4.17). Significant
differences were found in TVR among the three groups (P =0.002). One patient (3%)
in group A (colchicine group) underwent TVR after three months compared to 8

90

(27%) patients in group B (bare metal stent group)

underwent TVR after four

months. While no one underwent TVR in group C (drug eluting stent group) (figure
4.18).

10%

TVR
Non TVR

90%

Figure 4.17: Incidence of TVR in the study sample. 10% 0f patients underwent TVR. TVR:
target vessel revascularization

30%

27%

25%
20%
15%
10%

TVR

Pa=0.002

3%
0%

5%
0%
Group A

Group B

Group C

Figure 4.18: Incidence of TVR in the three groups. 3 % of patients in group A underwent TVR
compared to 27% in group B underwent TVR. While no one underwent TVR in group C. TVR:
target vessel revascularization; group A: colchicine group; group C: drug eluting stent group;
a:Fisher exact test.

Further analysis shows no significant differences in TVR between group A
(colchicine group) and group C (drug eluting stent group) (P = 1) (figure 4.19).
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5%
4%
3%
3%
TVR

2%
0%

1%

Pa=1

0%
Group A

Group C

Figure 4.19: Incidence of TVR in group A and group C. 3% of patient in group A underwent
TVR compared to 0% in group C. TVR: target vessel revascularization; group A: colchicine
group; group C: drug eluting stent group; a: Fisher exact test.

4.11 Variables associated with ISR:
Of the 90 patients included in the study, ISR was present in 8 patients (27%).

(1) Sex:
All patients who developed ISR (n=8) were men.

No significant differences were

found between men and women in the incidence of ISR (P=0.185) (figure 4.20).

12%

11%

10%
8%
6%

ISR

Pa=0.185

4%
0%

2%
0%
Men

Women

Figure 4.20: Comparing the incidence of ISR between male (n=75) and female (n=15). Eight men
(11%) men developed ISR. ISR: in stent restenosis; a: Chi-square test.
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(2) Diabetes:
Seven (18%) of diabetic patients (n=39) developed ISR compared to 1 (2%) of non
diabetic patients (n=51) (P=0.019) (figure 4.21).

20%

18.4%

18%
16%
14%
12%
10%

ISR

8%

Pa=0.019

6%
4%

2%

2%
0%
Diabetes

Non diabetes

Figure 4.21: Comparing the incidence of ISR between diabetes (n=39) and non diabetes (n=51).
Seven diabetic patients (18.4%) developed ISR compared to one non diabetic patients (2%).
ISR: in stent restenosis; a: Fisher exact test.

(3) Hypertension:
Seven (16%) of hypertensive patients (n=43) developed ISR compared to 1 (3%) of
non hypertensive patients (n=47) (P=0.025) (figure 4.22).
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18%

16%

16%
14%
12%
10%
ISR

8%
6%

3%

Pa=0.025

4%
2%
0%
Hypertensive

Non hypertensive

Figure 4.22: Comparing the incidence of ISR between hypertensive (n=43) and non hypertensive
patients (n=47). Seven (16%) of hypertensive patients developed ISR compared to 1 (3%) of non
hypertensive patients . ISR: in stent restenosis; a: Fisher exact test.

(4) Hyperlipidemia:
Seven (22%) of hyperlipidemic patients (n=32) developed ISR compared to 1 (1%) of
non hyperlipidemic patients (n=58) (P = 0.003) (figure 4.23).

25%

22%

20%
15%
ISR

10%

Pa=0.003
5%

1%

0%
Hyperlipidemic

Non hyperlipidemic

Figure 4.23: Comparing the incidence of ISR between hyperlipidemic patients (n=32) and non
hyperlipidemic patients (n=58). Seven (22%) of hyperlipidemic patients developed ISR
compared to 1 (1%) of non hyperlipidemic patients. ISR: in stent restenosis; a: Fisher exact test.
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(5) Family history of IHD:
Two (7%) of patients with family history of IHD (n=28) developed ISR compared to
6 (9%) of patients without family history of IHD (n=62) (P=0.696) (figure 4.24).

10%

9%

9%
8%

7%

7%
6%
5%

ISR

4%

Pa=0.696

3%
2%
1%
0%
Family history

Without family history

Figure 4.24: Comparing the incidence of ISR between patients with family history of IHD (n=28)
and patients without family history of IHD (n=62). Two (7%) of patients with family history of
IHD developed ISR compared to 6 (9%) of patients without family history of IHD. ISR: in stent
restenosis; a: Chi-square test.

(6) Smoking:
Five (15%) of smokers (n=32) developed ISR compared to 3 (5%) of non smokers
(n=58) (P=0.251) (figure 4.25).
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14%
12%
10%
8%
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Nom smoker

Figure 4.25: Comparing the incidence of ISR between smokers (n=32) and non smokers (n=58).
Five (15%) of smokers developed ISR compared to 3 (5%) of non smokers. ISR: in stent
restenosis; a: Fisher exact test.

(7) Number of stents:
Seven (10%) of patients (n=72) implanted one stent developed ISR; while 1 (7%) of
patients (n=14) implanted two stents developed ISR (P=1) (figure 4.26).
12%
10%
10%
8%

7%

6%

ISR

Pa=1

4%
2%

0%

0%
One stent

Two stent

Three stent

Figure 4.26: Comparing the incidence of ISR among patients implanted different number of
stents. Seven (10%) of patients (n=72) implanted one stent developed ISR; while 1 (7%) of
patients (n=14) implanted two stents developed ISR. ISR: in stent restenosis; a: Fisher exact
test.
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(8) Stent length:
One (12%) of patients (n=8) implanted 14mm length stent developed ISR compared
to 1 (20%) of patients (n=5) implanted 15mm length stent, 4 (15%) of patients
(n=26) implanted 22mm length stent and 2 (12%) of patients (n=16) implanted
26mm length stent (P =0.489) (figure 4.27).

25%
20%
20%
15%
15%
12%

12%
ISR

10%

Pa=0.489
5%

0%
14mm

15mm

22mm

26mm

Figure 4.27: Comparing the incidence of ISR among patients implanted stents with different
length (as percentage). No significant differences were found (P=0.489). ISR: in stent restenosis;
a: General Linear Model (Univariate Analysis of Variance).

(9) Stent diameter:
The mean stent diameter was 2.9±.31mm.

Five (17%) of patients implanted stent

with 2.75mm in diameter (n=29) developed ISR compared to 2 (5%) of patients
implanted stent with 3mm in diameter (n=37) and 1 (25%) of patients implanted stent
with 3.5mm in diameter (n=4) (P =0.485) (figure 4.28).
.
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Figure 4.28: Comparing the incidence of ISR among patients implanted stents with different
diameters. No significant differences were found (P=0.485) ISR: in stent restenosis; a: General
Linear Model (Univariate Analysis of Variance).

Univariate analysis revealed that diabetes (P=0.019), hypertension (P=0.025) and
hyperlipidemia (P=0.003)) were significantly associated with ISR. However,
hypertension (P=0.025) and hyperlipidemia

(P=0.005) were only independent

predictors of ISR by multivariate analysis (table 4.3).
Table 4.3: Univariate and Multivaraite analysis of the risk factors for ISR

Factor
Diabetes
Hypertension
Hyperlipidemia

Univariate (P value)
0.019
0.025
0.003
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Multivariate (P value)
0.121
0.025
0.005

Chapter 5
Discussion

The present clinical trial is the first study conducted in the Gaza strip to evaluate the
efficacy of colchicine in the prevention of in-stent restenosis in patients with IHD
who undergo PCI with BMS.

To achieve this purpose, 90 patients form AL shifa and Public Aid hospitals were
divided into three groups. The first group underwent BMS implantation and received
colchicine 0.5 mg twice daily for six months (n=30). The second group underwent
BMS implantation (n=30). The third group underwent DES implantation (n=30).
During 6-months follow-up; primary end point: Clinical ISR, and secondary end
points: ST and TVR were examined.

Through this chapter, the results of this study

will be presented, explained and compared to other studies investigated the same
problem.

5.1 ISR, Stent thrombosis and TVR after BMS implantation:
Thirty patients underwent PCI with BMS insertion. Eight patients (27%) who
underwent TVR were men.

Seven patients (23 %) developed ISR and one patient

(3%) developed stent thrombosis. A possible reason for that was that the largest
proportion of patients in the current study were men.

Most of the ISR patients

(31%) had LAD lesion, hypertension (54%) and diabetes mellitus (60%), while the
patient with stent thrombosis had lesion in LAD artery, diabetes, was a smoker and
with family history of IHD.

The results of current study were comparable to those obtained by Ogita et al. (2011).
The study was carried out in Juntendo University Hospital between January 1999
and August 2004 on 746 patients (628 men and 118 women) who underwent PCI
with BMS implantation.

The patients had follow-up angiography at a mean of

181±65 days after the procedure. The researchers found that angiographic ISR was
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evident in 215 patients (28.8%) and 136 (63.3%) of them underwent repeat
revascularization.

In another study conducted in china, 609 patients underwent successful PCI with
BMS and had 6-month angiographic follow-up examinations. The authors found that
two hundred and fifty-one patients (41.2%) had ISR (Chen et al., 2009). This was
higher than what was found in the current study.

In contrast to our study all the

patients were diabetic. Diabetes is associated with greater rate of restenosis.

To the contrary, Yang et al. (2008) carried out a study on two hundred and thirtyfive nondiabetic patients with a simple de novo lesion in the middle and large vessel
to investigate the short- and long-term outcomes of PCI between BMS and DES. The
patients were divided in to two groups: 150 patients in the BMS group and 85
patients in the DES group. Results of study showed that BMS group had lower
hypercholesterolemia rate (22.0% vs 38.8%) and higher proportion of TIMI grade 0
(12% vs 1.2%) than DES group (all P < 0.05), but both groups had similar stent
length (16.16 ± 2.81 mm vs 16.06 ± 2.46 mm) and stent diameter (3.85 ± 3.07 mm vs
3.19 ± 0.24 mm) after procedure, in-segment restenosis rate (0% vs 1.2%) and target
lesion revascularization (TLR, 2.0% vs 2.4%) at 6-month follow-up (all P > 0.05).
No difference was found in TLR (1.3% vs 1.2%, P=1) and recurrent myocardial
infarction (Re-MI) (0% vs 1.2%, P = 0.36), cardiac death (0.7% vs 1.2%, P=1)
between 1- and 3-year. TLR (6.0% vs 5.9%, P = 0.97), Re-MI (0% vs 2.4%, P=
0.06), cardiac death (2.0% vs 3.5%, P = 0.48) and major adverse cardiac events
(8.7% vs 10.6%, P = 0.63), cardiac death-free cumulative survival (98.7% vs 97.7%,
P = 0.56), TLR-free cumulative survival (94.0% vs 94.1%, P = 0.98) and Re-MI-free
cumulative survival (100% vs 97.7%, P = 0.06) at 3-year follow-up. Results of our
study showed that BMS group had the higher rate of ISR than DES group (23% vs
0%, P=0.001). ST rate (3% vs 0%, P=1) and TVR rate (27% vs 0%, P=0.000).

5.2 TVR, Stent thrombosis and ISR after DES (Resolute) implantation:
Thirty patients underwent PCI with DES insertion. No patient (0%) had ISR, TVR
nor ST .
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These results agreed with which was found by Meredith et al. (2009). The study
was carried on 139 patients with symptomatic ischemic heart disease who received
an zotarolimus eluting coronary stent (Resolute) (R-ZES). The patients were divided
in two groups: The first group (n= 30) consented to a 4-month follow-up evaluation
and the second group (n=100) consented to a 9-month follow-up evaluation by QCA
and intravascular ultrasound (IVUS).

At 4 months,

both in-stent and segment

binary angiographic restenosis (defined as a stenosis ≥ 50% of the lumen diameter of
the target lesion) were 0.0%. At 9 months, in-stent binary restenosis was 1% and
in-segment binary restenosis was 2.1%. Stent thrombosis was 0.0%.

To the contrary,

Lee et al.

(2013) investigated the angiographic and clinical

outcomes of Everolimus-eluting stent (EES) or Resolute zotarolimus-eluting stent (RZES) in 679 patients (866 lesions) from Jun 2008 to May 2010. The authors found
that the rate of binary restenosis did not show between-group differences (5.8% vs.
6.8% for EES and R-ZES, respectively, P = 0.716). A total of 9 patients developed
stent thrombosis.

Stent thrombosis were not significantly different between the

groups (1.5% vs. 1.8%; P = 0.741). In contrast to our study the rate of ISR was 0%
and no one developed ST. This may be related to the large sample size (679 patients)
and the fact that most patients had lesion in small vessel and had multi vessel disease.
Lesion in small vessel and multi vessel disease are associated with increased rate of
ISR.

5.3 Effect of colchicine on the rate of ISR, Stent thrombosis and TVR after PCI:
Thirty patients underwent PCI with BMS insertion and received colchicine 0.5 mg
twice daily for six months.

ISR was evident in one patient (3.3%) and underwent

TVR. No patients (0%) had ST.

The patient had LAD lesion,

hypertension and

diabetes mellitus.

Comparing the results obtained in group A (colchicine group) with that obtained in
group B (BMS group) and C (DES group) reveals that the ISR rate was 3 % in
colchicine group, 23% in BMS group and 0% in DES group (P=0.005). Stent
thrombosis rate was 0% in both colchicine and DES groups and 3% in BMS group
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(P=1). TVR rate was 3 % in colchicine group, 27% in BMS group and 0% in DES
group (P=0.002). Clinical outcomes were similar in both colchicine and DES groups.
Colchicine has anti-inflammatory and antiproliferative actions. Both of these effects
could conceivably reduce neointimal hyperplasia and local inﬂammation which are
the key components of the restenosis (Deftereos et al., 2013c). This effect has been
emphasized by Kong et al. (2015); in which sixty coronary arteries of 60 minipigs underwent oversized bare-metal stent implantation to induce ISR.
days,

vessels with ISR

were randomly divided into three groups:

After 28
Control

(conventional balloon angioplasty combined with placebo), colchicine (conventional
balloon angioplasty combined with colchicine) and drug-eluting balloon (DEB). At
follow-up, the percent diameter stenosis of colchicine group (18.32±9.53%) and of
the DEB group (15.72±8.76%) was significantly lower compared with the control
group (36.63±13.95%, P=0.018).

On the other hand, DES inhibits the development of neointimal hyperplasia by
releasing antiproliferative and anti-inflammatory drugs directly into the vessel wall
(Ernst & Bulum, 2014). The antiprolifrative agent of resolute stent is a component
of zotarolimus.

It is a tetrazole-containing macrocyclic immunosuppressant and

potent antiproliferative agent.

It inhibits the protein phosphorylation events

associated with mRNA translation and cell cycle control (Yin et al., 2014).

Our results were consistent with the results of the study by Deftereos et al. (2013c).
This study involved 196 diabetic patients who underwent PCI with BMS.

The

patients were divided randomly into placebo group (n=96) and colchicine group
(n=100) in which colchicine was administrated at a dose of 0.5mg twice daily. The
patients were followed up for 6 months.

Angiographic ISR rate was 16% in the

colchicine group and 33% in the control group (P = 0.007). Four patients (3.6%) in
the colchicine group and 5 patients (4.5%) in the control group underwent
reintervention. No stent thrombosis occurred. This study determined angiographic
ISR rate,

while the present study determined clinically ISR rate

and involved

diabetic and non diabetics patients.

To the contrary, O'Keefe et al. (1992) carried out a prospective study on 197
patients randomized in a 2 : 1 fashion to treatment with oral colchicine 0.6 mg twice
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daily (n=130 patients),

or placebo (n=67 patients) for 6 months after elective

coronary angioplasty without stent. The results of the study showed that 41% of
colchicine -treated patients developed restenosis in at least one lesion compared with
45% of the placebo-treated group (P=NS). Our study was done on patients underwent
stent implantation with low dose (0.5 mg) colchicine. The mechanism of restenosis
after balloon angioplasty differs in a substantial way from the mechanism of ISR.
Elastic recoil, arterial vessel remodelling and neointimal hyperplasia

play an

important role in restenosis after plain angioplasty, whereas in the case of stenting,
lumen loss is almost exclusively due to neointima formation. As a consequence,
because colchicine is unlikely to affect vascular elastic recoil or remodelling in any
perceivable way, it is expected to be ineffective in preventing restenosis after plain
balloon angioplasty, while being effective in attenuating neointimal hyperplasia and
thus, decreasing ISR after stent implantation.

Freed et al. (1995) carried out a study on fifty patients with IHD to evaluate efficacy
of colchicine, lovastatin and enalapril on the inhibition of neointimal hyperplasia and
extracellular matrix formation. Drug administration,

started 5 to 15 days before

PTCA and continued until the time of follow-up angiography, included lovastatin (20
mg orally twice daily), enalapril (2.5 to 10 mg orally twice daily), and colchicine
(0.6 mg orally twice daily). During follow-up (5 ±1 months), the restenosis rate was
53%. In contrast to our study,

the patients underwent PTCA. The mechanism of

restenosis after PTCA and stent is different. In addition, the patients in this study had
more than one coronary lesion with >70% diameter stenosis.

5.4 Risk factors for ISR:
This study investigated the association between ISR and suspected risk factors.
Analysis of the findings showed that hyperlipidemia (P=0.005) and hypertension
(P=0.025) were significantly associated with the development of ISR.

Epidemiological,

pathological

and experimental studies have shown that serum

total cholesterol is a causal factor in atherosclerosis and ischemic heart disease.
Furthermore,

there is a continuous curvilinear relation between serum total

cholesterol and mortality from ischemic heart disease. It is not surprising, therefore,
that if restenosis after angioplasty is viewed as an accelerated form of atherosclerosis,
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risk factors for coronary artery disease should also be risk factors for restenosis
(Violaris et al., 1994).

Hypertension is one of the predominant mechanical risk factors for atherosclerosis
and the development of preatherosclerotic intimal hyperplasia. It has been shown
that arterial blood flow also has a significant effect on cardiovascular disease along
with the high blood pressure. The wall thickness was increased with hypertensive
pressure and decreased with hypotensive pressure to compensate the increased or
decreased circumferential stress (Yong, 2008). In hypertensive case, the increased
circumferential forces causes phenotypical modulation of SMC. This activated
SMC produces growth factors such as extracellular signal-regulated protein kinases 1
and 2 (ERK ½) or jun amino-terminal kinases (JNK),

which leads to SMC

hyperplasia. At the same time, hypertension induces higher expression of MMP-9,
which causes vessel wall remodelling. Ultimately, high blood pressure leads to
vessel wall remodelling and development of intimal hyperplasia (Yong, 2008).

Different studies were carried out to identify the risk factors for restenosis, where the
results of these studies agreed with the results of the current study in some factors
while disagreed with others.

Kastrati et al. (1997) performed a study on 1,349 patients to identify clinical,
lesional and procedural factors that can predict restenosis after coronary stent
placement. The authors found that diabetes (P<0.001), multiple stents (P<0.001),
previous PTCA (P=0.047) and smaller final minimal lumen diameter (P<0.001) are
strong predictors of restenosis after coronary stent placement. Age, gender, the
presence of hypercholesterolemia, systemic arterial hypertension, smoking, acute
myocardial infarction,
occlusion,

unstable angina pectoris,

chronic occlusion,

multivessel disease, recent

dissection and vessel stented were not associated

with ISR (P=NS).

Park & Park. (2013) conducted a retrospective study to identify the independent
risk variables for restenosis. The study population consisted of 2,711 patients who
had undergone BMS implantation between September 1995 and August 2004.

A

follow-up of coronary angiography was performed at 6 months subsequent to the
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PCI with BMS implantation. Results of this study showed that ISR was 26.6%.
Diabetes (P=0.005), current smoking (P=0.002),

a reference vessel diameter of

<3.25 mm (P<0.001), a lesion length of >30 mm (P<0.001), ostial lesion (P<0.001),
post stenting minimal luminal diameter (P<0.001) and bifurcation lesion (P=0.012)
were identified as significant independent predictors of restenosis.

A study was performed in India by Mohan & Dhall. (2010) on 80 patients to
predict the effect of various risk factors on restenosis. The patients were segregated
into BMS (n=41) and DES (n=39) groups. The final analysis showed that restenosis
occurred in 29 patients (36.3%). Nine of 39 patients with DES (23.1%) and 20 of 41
patients with BMS (48.8%) developed restenosis. There was a statistically significant
relationship between restenosis and female sex (P=0.04), clinical presentation before
intervention (P=0.029) and at the time of follow-up evaluation (unstable angina)
(P<0.05), hypertension (P=0.048), positive stress test (P=0.000) and compliance
with medical therapy (P=0.008).

No statistically significant relationship was

observed between restenosis and age (P>0.05), diabetes (P=0.7), smoking (P=0.27),
obesity (P=0.55), diet (P=0.89), stent size (P>0.05) and family history of IHD
(P=0.66).

Ciprian et al. (2016) analysed a total of 60 stent restenosis 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 post intervention.
Results of this study showed that 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 (P=0.2).

On other hand, a study was carried out by Taylor et al. (2008) on 44 patients (31
men; mean age 61 years, range 32-81) who underwent stenting of 48 ostial lesions
in the vertebral arteries between 1999 and 2005. They found that twenty-three (48%)
of 48 lesions had > or =50% stenosis at a mean follow-up of 7.7 months. Cigarette
smoking was associated with higher binary restenosis rates (P=0.025),

105

while

hypertension, diabetes, hyperlipidemia, history of neck radiation, the size of stent
used and known coronary artery and/or peripheral vascular disease were not (P>0.05).

Guipeng et al. (2014) investigated the influence of the cardiovascular risk factors
(hypercholesterolemia,

smoking,

diabetes mellitus,

family history of IHD,

hypertension and drinking) after drug-eluting stenting in patients with IHD who
were < 50 years old. The patients were divided in to DES (n=437 patients) and free
disease (n =132) groups.

Multivariate analysis of the risk factors revealed that

diabetes (P=0.004) and positive family history of IHD (P=0.002) were significantly
associated with ISR. Hypercholesterolemia, smoking,

hypertension and drinking

were not associated with ISR (P=>0.05).

Dedi et al.

(2015) conducted a retrospective cross-sectional study to determine

factors associated with ISR in patients following PCI.

The authors found that the

incidence of ISR in patients using of BMS and DES were 61.3% and 40.7%,
respectively.

Stent-type (P=0.001), stent length (P=0.001),

(P=0.019),

smoking (P=0.003),

bifurcation lesions

vascular diameter (P=0.005), hypertension

(P=0.016) and diabetes mellitus (P=0.007) were associated with ISR.

Heidland et al. (2001) performed a study on 191 patients to identify the clinical,
procedural, and angiographic factors that can predict restenosis after stent
implantation in coronary artery bypass grafts.

Analysis of the findings showed that

angiographic restenosis was observed in 34% of lesions treated.

Diabetes mellitus

(P<0.01), graft recanalisation (P<0.01), lesion at the aortic anastomosis (P<0.01),
lesion at the coronary anastomosis (P<0.01),

high diameter stenosis after stent

placement (P<0.01), placement of long stents (P<0.01), and implantation of more
than one stent (P<0.01) were an independent predictors of graft in-stent restenosis.
Age (P=0.07), sex (P=0.78),

hypertension (P=0.28),

hypercholesterolemia

(P=0.28), family history of coronary artery disease (P= 0.64), recipient native vessel
(P=0.88), reference diameter (P=0.44), stent length (P=0.17) and inflation pressure
(P=0.19) were not associated with restenosis rate.
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5.5 Limitations of our study include:


A relatively small sample size. The sample size in our study (n=90).



Getting patient agreement to participate in the study.



Selection of patients which are eligible to include in the study.



Withdrawing of some patients from the study.



Patients incompliance.



Difficulty in calculation in stent restenosis rate .



DES implantation only was done in public aid hospital .



Absence of intracoronary ultrasound evaluation in the angiographic analysis of
ISR.
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Chapter 6
Conclusions
6.1 Conclusions:
Colchicine has an antimitotic effect, obviously useful for preventing a process
characterized by cellular hyperplasia, as well as an anti-inflammatory effect, which
should inhibit the very important contribution of inflammation to in-stent neointima
formation. In addition, colchicine does not seem to share the undesirable properties
of other classes of anti-inflammatory agents that render them unsafe for use in
patients with cardiovascular disease.

This study was carried out on ninety (three groups) patients to evaluate the efficacy
of colchicine in the prevention of in -stent restenosis in patients with CAD who
undergo PCI with BMS. At the end of the study and following data analysis, we
concluded that:



Colchicine is associated with less neointimal hyperplasia and a reduced ISR
rate when administered to patients with IHD who undergo PCI with BMS.



Colchicine may prove to be an alternative for DES when administered at a
daily dose of 1 mg for 6 months to IHD patients undergoing PCI with
implantation of a BMS.

6.2 Recommendations for future research:


This study neither investigated angiographic ISR nor IVUS-defined ISR.
Thus, future researches to calculated them in ISR patients will be needed.



Restenosis and neointima formation were studied clinically. Further studies
are needed to be studied ISR with angiography and intravascular ultrasound
after the index PCI.



More research is needed to cover various aspects of ISR among ischemic heart
disease patients.



More powered studies with longer follow-up will be needed to demonstrate a
clinical benefit for colchicine use in this setting.
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Appendix (1): Al Shifa Hospital
coronary angiography

guideline for

percutaneous

1. Preparation Room
Preoperative Checklist and preparation by Nurse
Patient chart includes:(perform if not available or repeat if abnormal)
o CBC with Diff (within 30 days)
o Hepatitis (within 30 days)
o Kidney function test (within 30 days)
o INR/PTT (within 30 days or 24 hours if hx of anticoagulation medication)
o Pregnancy test on all menstruating females (day of procedure)
o Chest X−ray report (within 6 months)
o EKG (within 30 days)
o Consent (within 30 days
Vital sign:
BP:
O sat:

HR:
RR:

Temp:

Distal PULSES: (L) Posterior Tibial _______ (R) Posterior Tibial
(R) Dorsalis Pedis _______ (L) Dorsalis Pedis _______
(2: Normal, 1: week, 0 : no pulse)
History:
Previous
Previous TIA,
Chronic R.
CABG
Stroke
Failure
History
HTN
Dye allergy
Arrhythmias
DM
HCV
HBV
General :
� Both groins prepped and shaved ___________
� NPO after except for medications.
NPO solid food since ___________________ hrs
NPO for clear liquids since _______________hrs
� All body metal removal, eye glasses removal
Admission
o Outpatient Placement
o Inpatient Admission. (emergency, cardiology, cardiac surgery, vascular surgery)
N signature
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Previous PCI
PVD
COPD

Valvular
Disease
CHF
SMOKING

Pre-operative evaluation and medication by doctor
Patient history:
o CHF (previous history): Yes: No:
o EF Done: Yes: No:
If Yes, most recent EF _________%
o Diabetes: Yes: No:
If Yes Diabetes Control; None; Insulin;Oral; Diet
o Renal Failure (previous history) Yes: No:
If Yes creatinin :
Dialysis: Yes: No:
o Cerebrovascular Disease: Yes: No:
o Peripheral Vascular Disease: Yes: No:
o Chronic Lung Disease: Yes: No:
o Dyslipidemia: Yes: No:
o Hypertension: Yes: No:
o Tobacco History: Current; Former; Never
To calculate smoking pack-years:
–Divide the number of cigarettes smoked per day by 20 (the number of cigarettes in a
pack)
–Then multiply by the number of years smoked
(70cigarettes/day ÷20 cigarettes/pack) X 10years = 35pack-years
o
o

Previous Diagnostic Cath Yes: No:
Previous PCI: Yes; No
If yes, Date of most recent _______/______/________
o Previous CABG: Yes; No
If yes, Date of most recent _______/______/________
o Previous Valve Surgery: Yes: No:
Physical examination:
Vital Signs: B/P R arm _________ B/P L arm _________ HR _________
Neck: JVP � Normal � Abnormal ( describe) _____________________
Carotid � Normal � Abnormal ( describe) _____________________
PMI � Normal � Abnormal ( describe) _____________________
S1S2 � Normal � Abnormal ( describe) _____________________
Gallop � Normal � S4 � S3
Rales � None � Present
Murmur � None � Systolic _________ � Diastolic _____________
Lungs: � Clear � Abnormal ( describe) ___________________________________________
Abdomen � Benign � Abnormal ( describe) ________________________________________
Groin � No bruits � No hernias � Abnormal ( describe) ___________________________________
Peripheral Pulses:
Radial Rt _____ Lt _____ 0=no pulse 1+=weak 2+=normal 3+=bounding
Femoral Rt _____ Lt _____ 0=no pulse 1+=weak 2+=normal 3+=bounding
Popliteal Rt _____ Lt _____ 0=no pulse 1+=weak 2+=normal 3+=bounding
Dorsal Pedis Rt _____ Lt _____ 0=no pulse 1+=weak 2+=normal 3+=bounding
Current Status: New York Heart Association Functional Class I II III IV
Canadian Angina Heart Class I II III IV
IMPRESSION:___________________________________________________________________________________
___________________________________________________________________________________
___________
Vascular access site: F
R
If radial approach: Yes
Possible indications for the radial approach
Peripheral vascular disease
 Peripheral vascular grafts
 Peripheral angioplasty
 Amputation
 Abdominal aortic aneurysm
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 Aortic dissection
 Coarctation
Coagulation status
 International normalized ratio > 2.0
 Recent thrombolysis
 Thrombocytopenia (platelet <30)
 Von Willebrands disease
Musculoskeletal indications
 Orthopnea
 Immobility
 Morbid obesity
Allen"s test
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Modified Allen’s test to assess patency of the palmar arterial arches. Barbeau Classification
The presence of an arterial waveform (even if delayed or with reduced amplitude) and a
hemoglobin oxygen saturation > 90% (Barbeau grades A, B, and C) confirms the adequacy of a
collateral vascular supply to the hand.

An arm with an abnormal modified Allen’s test result (Barbeau grade D) should be avoided.

Medication:
� A cocktail injection: composed of nitroglycerin 200 μg and verapamil 5 mg reduced in 20 ml
syringe by intra-arterial rout

Cardiac procedure:
o Left Cardiac Catheterization/Possible PCI
o PCI
o Right Cardiac Catheterization
o Carotid Angiography/Possible Stenting or Angioplasty
o Peripheral Angiography/Possible Stenting or Angioplasty (lower /upper limbs)
o Peripheral angioplasty(lower /upper limbs)
o Carotid angioplasty
o Percutaneous Valvuloplasty
o Arterial embolization
o Alcohol septal ablation
o Pericardiocenthesis
o Electrophysiology Study/Possible Ablation
o Cardiac device (pace/ICD/CRT) implantation
o Occluded Devices for Congenital heart disease
o Renal angiography/angioplasty
o Aortography
Procedure: Urgent
� emergent
elective
If elective: non invasive test: � Yes, � No
If yes: (Treadmill test, thallium scan, MSCT, MRI, Dobutamine Echo)

Past history medication:
o ACEi
o ARB
o B blocker
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o
o
o
o
o
o

CCB
Statin
Aspirin
Clopidogrel
Nitrat
Diuretics

Conscent form
� Procedural video offered to patient
� Cath/PCI procedure reviewed with patient (benefits and risks)
� Consent on chart ( signed)

Dr signature _____________________________________________________
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Preoperative Orders and medications
(Must be after consent signed)
(Physician to Nurse)
Orders
� Patient dressed in patient gown with no personal belongings
� 20 gauge IV in � Rt. � Lt. arm ( wrist to elbow)
Need Lab (now):
o CBC
o Kidney function test
o Hepatitis
o Blood sugar
o INR/PTT
o CK MB- CPK
o ECG
o PA chest X ray
o Other:________________________________________
Pre-operative medications :
1. Sedatives and Relaxants.
 Appropriate sedation ensures the comfort of the patient during the procedure. Initial
premedication with diazepam (Valium) is used in most catheterizations because of their
respective sedative properties.
 If more sedation or relaxation is necessary once the patient is in the catheterization laboratory
setting, additional sedatives can be given.
 Conscious-sedation protocols should be followed, with documentation of vital signs and
oxygen saturations during the study.
 Our protocol: Diazepam (Valium) 5-10 mg PO or IV
2. Prevention of Contrast “Allergy”.
Pre-medication Policy (definitions of mild/moderate/severe below): Contrast reactions divides into
three groups, mild and modete no need for premedication but severe
Mild

















Nausea, vomiting
Cough
Warmth
Headache
Dizziness
Shaking
Altered taste
Itching
Pallor
Flushing
Chills
Sweats
Rash, hives
Nasal stuffiness
Swelling; eyes,face
Anxiety

Moderate








Tachycardia/bradycardia
Hypertension
Generalized or diffuse erythema
Dyspnea
Bronchospasm, wheezing
Laryngeal edema
Mild hypotension
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Severe







Convulsions
Laryngeal edema (severe or rapidly progressing)
Unresponsiveness
Cardiopulmonary arrest
Profound hypotension
Clinically manifest arrhythmias

For Planned Administration of Iodinated Contrast Agents

Mild

Previous Reaction to Allergens
other than Iodinated Contrast
Moderate

None

None

Severe
Pre-medicate

Previous Reaction to

Mild (Excluding hives/facial
swelling/itching)

Iodinated Contrast
Moderate (Including hives/facial
swelling/itching)

None

Pre-medicate &

Severe
Do not give Iodinated contrast

use different agent
Standard oral premedication regimen:
• Prednisone – 50 mg PO, 13, 7, and 1 hour prior to the procedure*
• Diphenhydramine – 50 mg PO 1 hour prior to the procedure
*Note: Doses may be distributed unevenly to allow a patient to get a reasonable night’s sleep the
evening prior to the Cath; however, the first dose should be taken more than 12 hours before the time
the exam is scheduled to be performed.
Urgent IV premedication protocol, when iodinated contrast is needed on an urgent/emergent
basis only:
• Hydrocortisone – 200 mg IV, 4-5 hours and 1 hour prior to the procedure
• Diphenhydramine – 50 mg PO (or IM or IV, if patient cannot take PO), one hour prior to the
procedure .
Contrast reactions divides into three groups, mild and modete no need for premedication but severe
3.Patients With Renal Insufficiency or high risk for Contrast Induced nephropathy:

Risk factors for CIN:
o Diabetes mellitus (DM) - diabetic nephropathy
o Intravascular volume depletion (hepato-renal syndrome and ascites)
o High volume contrast administration or multiple sequential procedures with
contrast media
o Concomitant administration of drugs that alter kidney hemodynamics
(ACEI’s, Aminoglycosides, Vancomycin, Diuretics, NSAID’s, etc)
o Advanced age ≥ 75 years
o Chronic renal failure: SCr>1.5 mg/dl OR CrCl <60 ml/min
o Shock or Hypotension (SBP < 80 mmHg)
o Heart Failure (NYHA III/IV)

Medications
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-All providers ordering a procedure that require s contrast media need to complete a review of
patient medications and identify potentially nephrotoxic medications with consideration of
holding such agents such as NSAIDS and diuretics.
-All patients receiving metformin will have this medication held the morning of contrast
administration and for 48 hours after contrast administration
Any risk factor for CIN :  Yes , NO
>>>>> IF yes:
 Fluids:
 0.9% NaCl @ ________ mL/hour times 3-6 hours prior to procedure and times 6- 12 hours post
procedure.
NaHCO3 150 meq in 850 mL D5W @ 3 mL/kg/hr for 1 hr pre and @ 1 mL/kg/hr for 6 h post
contrast administration
 If CHF or left ventricular ejection fraction (LVEF) < 40% : 0.5 ml/kg/hr (max 50 ml/hr) 12 hrs
pre & post contrast (24 hour total infusion duration (
 Acetylcysteine
1200 mg capsules PO Q12h X 4 doses
1 dose before and 3 doses post cath or procedure is acceptable
4- Planning of percutaneous coronary intervention:
Plan PCI: Yes
NO If Yes:
 Aspirin, start in am 100 mg po daily  300 mg po daily
 Plavix (clopidogrel):
o 600 mg po NOW
 Effient (prasugrel),
o 60mg po NOW
Administer IV ranidine
5- High blood pressure
BP >140/90 mmHg:
Yes
NO If Yes:
 Captopril 50 mg PO
 Beta Blocker:
 atenolol __________ mg
 carvedilol________ mg
 Bisoprolol ____ mg
 Other Beta Blocker:
Nitroglyserin ___________SL, _____________mcg/min (IV)
Volume overload: Yes
NO If Yes:
Furisemide 20 mg IV
6-Permanent Pacemaker Implantation
Antibiotic Prophylaxis for Permanent Pacemaker Implantation :
a mini-bag of 2 g of Cefazolin diluted in 50 mL of saline solution, administered intravenously in 20
minutes before the beginning of the procedure.
7-Patients With Diabetes Mellitus.
 In patients who are insulin dependent, the dosage of insulin should be adjusted to correspond
with food intake before the procedure, and if possible, catheterization for these patients should
be scheduled early in the day to avoid a long period of altered food intake and insulin
administration.
 Often half of the usual insulin dosage is administered on the morning of the procedure. Blood
sugar should be monitored if any symptoms of hypoglycemia emerge.
 In patients with diabetes who take metformin (Glucophaget), there is a potential for
development of profound lactic acidosis the current recommendation is that metformin be
discontinued the morning of the procedure and not restarted until the creatinine level is shown
to be stable, usually 48 h after the procedure.
8- Patients Receiving Antiplatelet or Antithrombotic Medications.
o For patients on warfarin, the drug is usually stopped 3 days prior to the procedure.
o An acceptable international normalized ratio (INR) of < 1.8 for femoral or < 2.2 for radial
cases is suggeste
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Physician to Nurse (pre CATH)
� Patient dressed in patient gown with no personal belongings
Lab(now):
o CBC
o Kidney function test
o Hepatitis
o Blood sugar
o INR/PTT
o CK MB- CPK
o ECG
o PA chest X ray
o Other:________________________________________
Pre−Procedure Medications (after consent signed)
Risk of CIN (according to protocol): Yes , NO
If yes:
 Fluids:
 0.9% NaCl @ ________ mL/hour times 3-6 hours prior to procedure and times 6- 12 hours post
procedure.
NaHCO3 150 meq in 850 mL D5W @ 3 mL/kg/hr for 1 hr pre and @ 1 mL/kg/hr for 6 h post
contrast administration
 If CHF or left ventricular ejection fraction (LVEF) < 40% : 0.5 ml/kg/hr (max 50 ml/hr) 12 hrs
pre & post contrast (24 hour total infusion duration (
 Acetylcysteine
1200 mg capsules PO Q12h X 4 doses
1 dose before and 3 doses post cath or procedure is acceptable
Risk of contrast allergy: Yes
NO If Yes:
 Hydrocortisone: 200 mg intravenously 4 and 1 hour before contrast injection plus Diphenhydramine
50 mg intravenously 1 hour before contrast injection
Need sedation: Yes
NO
 Diazepam 5-10 mg, PO

IF yes:

Plan PCI: Yes
NO If Yes:
 Aspirin, start in am  81 mg po daily 100 mg po daily  300 mg po daily
 Plavix (clopidogrel):
o 600 mg po NOW if not already given
o 75 mg po daily starting in AM
 Effient (prasugrel),
o 60mg po NOW if not already given
o 10 mg po daily starting in AM
Anticoagulation:
Heparin bolus 5000 u/iv
Heparine continous infusion 1000u/hr
Hypertensive: Yes
NO If Yes:
 Beta Blocker: (Hold for SBP < 90, HR < 55)
 atenolol __________ mg
 carvedilol__
______ mg
 Bisoprolol ____ mg
 Other Beta Blocker: _
OR
 Beta blocker contraindicated due to
 Captopril 50 mg
OR
 ACE/ARB contraindicated due to
 Statin/Lipid therapy:
OR
 Statin contraindicated due to
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Volume overload: Yes
Furisemide 20 mg IV

NO If Yes:

Antibiotic Prophylaxis for Permanent Pacemaker Implantation :
a mini-bag of 2 g of Cefazolin diluted in 50 mL of saline solution, administered intravenously in 20
minutes before the beginning of the procedure.
Use IV infusion pump to calculate drug doses (according to protocol)
Administer IV dopamine
Administer IV nitroglycerine
Administer IV dobutamine (Dobutrex)
Administer IV lidocaine
Administer IV amiodarone (Cordarone) bolus , infusion
Administer IV adenosine
Administer IV verapamil
Administer IV atropine
Administer IV thrombolytics (TPA, streptokinase)
Administer IV heparin bolus , infusion
Administer IV GP llb/llla inhibitors ( Aggrastat) bolus , infusion
Administer IV narcotics (morphine)
Administer IV antibiotics (vancomycin, gentamycin, Ancef)
Administer IV Lasix
Administer IV Pramin
Administer IV ranidine
 Other drugs:………………………………………………….
NOT………………………………………………………………………………………………………
……………………………………………
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2- Procedural Issues
1.Sterile Preparation of the Access Site
The table set for coronary angiography generally it has the following list of items and equipment:
 sterile drapes to cover the patient and radiation-protection screens,
 sterile swabs for cleaning the arterial access site,
 a bowl of Betadine solution for cleaning the arterial access site,
 lidocaine for local anesthesia, 15-20 ml of 2% solution (in some cases, for more sensitive
patients, more may be needed)
 punction neelde for arterial cannulation,
 an 11-mm or 15-mm blade,
 syringes and needles,
 two containers, one with 500 ml of saline solution with 5,000 U of heparin added,
 arterial sheath with a dilator,
 a J-shaped guidewire,
 diagnostic catheters for coronary angiography; start with the most common JL4 and JR4with
angulated pigtail if left ventriculography and/or aortography is planned,
 a three-outlet manifold which is to be connected to pressure transducer, saline solution
container, and radiocontrast container on side-outlets, to the syringe for radiocontrast
application on the proximal end, and with its distal end to diagnostic/therapeutic catheters
during the procedure.








During the procedure, the patient must be monitored by several systems, and the ECG is
absolutely essential.
The area of the puncture site must be shaved, disinfected, then anesthetized, and only then
punctured. The center of the field for shaving and disinfection is the puncture site. The
disinfection is performed starting at the center, and spiraling outwards, at least twice, using
Betadine.
Only after the disinfection of the puncture site, the patient is covered with a sterile drape.
Most centers today use single-use pre-packed sterile drapes. These drapes have openings
conveniently placed at the location of patient's left and right inguinal area
The manifold is connected and flushed, and then zeroed for pressure monitoring.

2. Arterial puncture
 The standard technique of arterial puncture used today is Seldinger technique
 A local anesthesia is applied, usually with 10-15 ml of 1% or 2% lidocaine for local
infiltration of the skin and subcutaneous tissues.
 After the arterial puncture, an atraumatic, curved-tipped guide wire (J-wire with moveable
inner core) is passed through the needle and advanced into the artery
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3-The Routine Use of Temporary Pacing.
Routine use of a temporary pacemaker during coronary angiography or interventional procedures is not
indicated.
 However, use of a rotational atherectomy device in right coronary artery disease or use of the
Angiojet device has been associated with an increased incidence of atrioventricular block.
 during percutaneous aortic balloon valvuloplasty
 or with alcohol ablation for hypertrophic cardiomyopathy.
 In patients with left bundle-branch block in whom a right-heart catheterization is being
performed, there is a clear risk of complete heart block if the right bundle branch is injured
during the procedure. Thus, temporary placement of a pacemaker may be appropriate.

4.Coronary angiography standard views
Right Coronary Artery :
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Left coronary artery:

144

145

Tip of catheter:
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3.Recovery Room
1. Assess BP, P, resp, every 15 minutes X 1 hour, every 30 minutes X 2 hours, every 1 hour x 2 hours,
then every 4 hours. Monitor BP via arterial line if present.
2. Monitor temperature every 4 hours. If temperature is >101ºF,
monitor every 2 hours. Notify practitioner per orders.
3. Assess circulation, sensation, motion and pulses of affected extremity every 15 minutes X 1 hour,
then every 30 minutes X 2 hours, then every 1 hour x 2 hours, then every 4 hours
4. Assess with sheath and/or closure device for bleeding or hematoma every 15 minutes X 1 hour, then
every 30 minutes X 2 hours, then every 1 hour X 2 hours, then every 4 hours.
5. Increase frequency of assessment to every 15 minutes if a hematoma is present and increasing in
size. Outline areas on dressing and time on all hematomas.
6. 12-Lead EKG should be performed on admission to the unit and in a.m. with copies on chart.
7. Assess patient for recurrence of chest pain.
8. Assess mentation and neuro status at every 4 hours and prn.
9. Maintain Heparin, Angiomax, Integrilin and/or Research Study
Drug Infusion per order. Monitor PTT and platelet count as ordered.
10. If femoral approach was used, the patient should remain on
bedrest for 6 hours after the sheath is removed (HOB may be at
30°) unless otherwise ordered.
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Post cath nurse form
Arrival time to recovery area ___________ Date__________
Procedure:
Sheaths in place: �Yes � No Site: �RF � LF � RR � LR � RB � LB Venous
� Sheath removed @ date____________ time _____________
� Bleeding at site � N/A
� Pressure applied above puncture site � N/A _____________
� Bedrest maintained � N/A _____________
� Distal pulses present � Palpable ____________
� Site re-bandaged after hemostasis _________ time � N/A
Closure device: �sand bag Angioseal � Vasoseal � Syvek Patch
Activity
� Bed rest for _____ hours
� Do not elevate head of bed greater than 30 degrees until__ hours
� Keep � R � L leg/arm straight for _____ hours
Physician to Nurse
� Check cath site with vital signs
� Foley catheter: Insert if unable to void, then discontinue when out
of bed
Diet
� Resume previous diet order
� Force fluids
� Keep NPO
Cath VS q 15 min x 4; q 1hr x 4: Cath; PTCA q 15 min x 4; q 30 min x 4; q 1hr x 4, then as per
M.D.
Time

BP

HR

O sat

Distal
pulse

_____________
� Hold metformin until ______________ AM PM (48 hrs) � N/A
� EKG, CPK, CK-MB immediately upon return to floor _____________
� EKG, CPK, CK-MB every 8 hours x 3 # 2 due at _____ � N/A
� EKG, CPK, CK-MB every 8 hours x 3 # 3 due at _____ � N/A
� CBC in am � N/A _____________
� CBC 4 h post procedure if on GP IIb/IIIa inhibitor � N/A
� platelet count < 100k
� heparin coated and EDTA tube and smear sent � N/A _____________
� Cath fellow notified : � N/A

N signature _____________________________________________________
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comment

Post OP form DR

NAME:

DAT

FINAL Diagnosis:( ICD CODE 10)
PROCEDURE:
The patient’s condition will require a hospital stay that will cross two

Yes, admit as inpatient

No, place in observation
Discharge :  May discharge at……………………………
Complications:
o Arrhythmias
o Pulmonary edema
o Stroke
o Coronary dissection
o Coronary perforation
o Contrast allergy
o Death
o MI
o CIN
o Bleeding
NOT:………………………………………………………………………………………………………
……………………………………………………………………………………………………………
………………………………………………………………………………………….
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Physician to Nurse (pOST- CATH)
Activity
� Bed rest for _____ hours
� Do not elevate head of bed greater than 30 degrees until
_____ hours
� Keep � R � L leg/arm straight for _____ hours
Physician to Nurse
� Resume all Pre-Catheterization orders and medications
� Check cath site with vital signs
� Foley catheter: Insert if unable to void, then discontinue when out
of bed
Diet
� Resume previous diet order
� Force fluids
� Keep NPO
Lab(now):
o CBC
o Kidney function test
o Hepatitis
o Blood sugar
o INR/PTT
o CK MB- CPK
o ECG (RUTIN)
o PA chest X ray
o Other:________________________________________

Medications
Glycemic control:  Blood glucose monitoring (q 6 hrs if NPO)
HumaLOG (insulin lispro) sliding scale:
 Fluids:
 0.9% NaCl @ ________ mL/hour times 6- 12 hours post procedure.
NaHCO3 150 meq in 850 mL D5W @ 1 mL/kg/hr 6 h post contrast administration
 If CHF or left ventricular ejection fraction (LVEF) < 40% : 0.5 ml/kg/hr (max 50 ml/hr) 12 hrs
post contrast (24 hour total infusion duration (
 Acetylcysteine
1200 mg capsules PO Q12h X 4 doses
1 dose before and 3 doses post cath or procedure is acceptable
Need sedation: Yes
NO IF yes:
 Diazepam 5-10 mg, PO
Plan PCI: Yes
NO If Yes:
 Aspirin, start in am  81 mg po daily 100 mg po daily  300 mg po daily
 Plavix (clopidogrel):
o 600 mg po NOW if not already given
 Effient (prasugrel),
o 60mg po NOW if not already given
Aggrstat  Continue Aggrastat (tirofiban) infusion _______ hrs post
Anticoagulation:
� Heparin bolus __________ units IV now
� Peripheral line #1: Start D5W 500 ml with Heparin 25,000
Units @ ______ units/hr. Continue until _________________ 12 hr or Discharge.
Start on (date) ______ / ______ / ______@ (24-hr time)
� Adjust Heparin according to cardiac protocol
� Discontinue Heparin or Lovenox
� Connect arterial sheath to automatic Heparin drip

152

 Beta Blocker: (Hold for SBP < 90, HR < 55)
 atenolol __________ mg
 carvedilol________ mg
 Bisoprolol ____ mg
 Other Beta Blocker: _
OR
 Beta blocker contraindicated due to
 Captopril 50 mg
OR
 ACE/ARB contraindicated due to
 Statin/Lipid therapy:
OR
 Statin contraindicated due to
Volume overload: Yes
NO If Yes:
Furisemide 20 mg IV
Nitroglyserin _________SL
IC______________ mcg
_______________Continous infusion
Use IV infusion pump to calculate drug doses (according to protocol)
Administer IV dopamine
Administer IV nitroglycerine
Administer IV dobutamine (Dobutrex)
Administer IV lidocaine
Administer IV amiodarone (Cordarone) bolus , infusion
Administer IV adenosine
Administer IV verapamil
Administer IV atropine
Administer IV thrombolytics (TPA, streptokinase)
Administer IV heparin bolus , infusion
Administer IV GP llb/llla inhibitors ( Aggrastat) bolus , infusion
Administer IV narcotics (morphine)
Administer IV antibiotics (vancomycin, gentamycin, Ancef)
Administer IV Lasix
Administer IV Pramin
Administer IV ranidine
Vasovagal:
Atropine 0.5-1 mg IV prn, may repeat x 1 dose prn
NS 250 ml bolus IV x 1 – Notify physician if blood pressure does not return to baseline
Chest pain:
0.4 mg sublingual q 5 min x 3 doses prn.
Morphine 2 mg IV q 5 min prn (up to a max of 10 mg in 2 hrs),
Non-ischemic pain:
Morphine
 NSAID
Headache:
Nausea:
PRAMIN IV or po q 6 hrs prn
Anxiety:
Ativan (lorazepam) 0.5 - 1 mg po or IV q 8 hrs prn.

 Other drugs:………………………………………………….
NOT………………………………………………………………………………………………………
……………………………………………
DR
Nurse

153

4.Post cath. Ward
PROTOCOL FOR:
Post-Cardiac Intervention Procedures
Femoral approach:
a. 6 hours after sheath is removed:
1) Patient may turn in bed
2) HOB may be elevated to 45°
3) The affected lower extremity can be bent slightly
b. 6-18 hours post sheath:
1) Patient may sit on edge of bed (if stable groin site)
2) May use bedside commode with help (if stable groin site)
3) Increase activity/ambulate per practitioner orders.
Radial approach,
thumb O sat > 90% during compression over ulnar artery

a. the patient should remain on bedrest for 2-4 hours; bathroom privileges with assist after 1 hour.
b. After 4 hours, increase activity per orders.
B. If bleeding / hematoma develops:
1. Apply light digital pressure to puncture site.
2. Direct manual pressure just above arterial site and/or a
pressure bandage may be used if additional compression is
necessary to control bleeding or if hematoma is forming.
3. Notify practitioner for bleeding/hematoma formation at site.
Restart sequence of assessment at every 15 minutes if hematoma
is present. Outline & mark time at the site of the hematoma.
4. For site with persistent oozing:
a. Femostop compression device may be applied.
b. For radial site, refer to Hemoband or Terumo (TR) band protocol.
5. If puncture site dressing needs to be changed, dress with dry sterile dressing and cover with
transparent dressing, tape, or pressure dressing if needed.
C. Report any of the following to MD:
1. Recurrence of chest pain.
2. Suspected retroperitoneal bleeding.
3. Symptomatic bradycardia or other arrhythmia occurs.
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4. Absent or diminished pulse in affected limb.
5. Bleeding at sheath site or presence of a hematoma.
6. Coagulation results outside of desired range.
7. BP < 90 systolic or symptomatic hypotension occurs.
8. Temperature >102ºF (or per ordered parameter).

Cath VS q 15 min x 4; q 1hr x 4: Cath; PTCA q 15 min x 4; q 30 min x 4; q 1hr x 4, then as per
M.D.
Time

BP

HR

O sat

Report any of the following to MD:
o Recurrence of chest pain.
o Suspected retroperitoneal bleeding.
o Symptomatic bradycardia or other arrhythmia occurs.
o Absent or diminished pulse in affected limb.
o Bleeding at sheath site or presence of a hematoma.
o Coagulation results outside of desired range.
o BP < 90 systolic or symptomatic hypotension occurs.
o Temperature >102ºF (or per ordered parameter).
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Distal
pulse

comment

Physician to Nurse (post cath ward)
Activity
� Bed rest for _____ hours
� Do not elevate head of bed greater than 30 degrees until
_____ hours
� Keep � R � L leg/arm straight for _____ hours
Physician to Nurse
� Resume all Pre-Catheterization orders and medications
� Check cath site with vital signs
� Foley catheter: Insert if unable to void, then discontinue when out
of bed
Diet
� Resume previous diet order
� Force fluids
� Keep NPO
Lab(now):
o CBC
o Kidney function test
o Hepatitis
o Blood sugar
o INR/PTT
o CK MB- CPK
o ECG (RUTIN)
o PA chest X ray
o Other:________________________________________

Medications
Glycemic control:  Blood glucose monitoring (q 6 hrs if NPO)
HumaLOG (insulin lispro) sliding scale:
 Fluids:
 0.9% NaCl @ ________ mL/hour times 6- 12 hours post procedure.
NaHCO3 150 meq in 850 mL D5W @ 1 mL/kg/hr 6 h post contrast administration
 If CHF or left ventricular ejection fraction (LVEF) < 40% : 0.5 ml/kg/hr (max 50 ml/hr) 12 hrs
post contrast (24 hour total infusion duration (
 Acetylcysteine
1200 mg capsules PO Q12h X 4 doses
1 dose before and 3 doses post cath or procedure is acceptable
Need sedation: Yes
NO IF yes:
 Diazepam 5-10 mg, PO
Plan PCI: Yes
NO If Yes:
 Aspirin, start in am  81 mg po daily 100 mg po daily  300 mg po daily
 Plavix (clopidogrel):
o 600 mg po NOW if not already given
 Effient (prasugrel),
o 60mg po NOW if not already given
Aggrstat  Continue Aggrastat (tirofiban) infusion _______ hrs post
Anticoagulation:
� Heparin bolus __________ units IV now
� Peripheral line #1: Start D5W 500 ml with Heparin 25,000
Units @ ______ units/hr. Continue until _________________ 12 hr or Discharge.
Start on (date) ______ / ______ / ______@ (24-hr time)
� Adjust Heparin according to cardiac protocol
� Discontinue Heparin or Lovenox
� Connect arterial sheath to automatic Heparin drip
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 Beta Blocker: (Hold for SBP < 90, HR < 55)
 atenolol __________ mg
 carvedilol________ mg
 Bisoprolol ____ mg
 Other Beta Blocker: _
OR
 Beta blocker contraindicated due to
 Captopril 50 mg
OR
 ACE/ARB contraindicated due to
 Statin/Lipid therapy:
OR
 Statin contraindicated due to
Volume overload: Yes
NO If Yes:
Furisemide 20 mg IV
Nitroglyserin _________SL
IC______________ mcg
_______________Continous infusion
Use IV infusion pump to calculate drug doses (according to protocol)
Administer IV dopamine
Administer IV nitroglycerine
Administer IV dobutamine (Dobutrex)
Administer IV lidocaine
Administer IV amiodarone (Cordarone) bolus , infusion
Administer IV adenosine
Administer IV verapamil
Administer IV atropine
Administer IV thrombolytics (TPA, streptokinase)
Administer IV heparin bolus , infusion
Administer IV GP llb/llla inhibitors ( Aggrastat) bolus , infusion
Administer IV narcotics (morphine)
Administer IV antibiotics (vancomycin, gentamycin, Ancef)
Administer IV Lasix
Administer IV Pramin
Administer IV ranidine
Vasovagal:
Atropine 0.5-1 mg IV prn, may repeat x 1 dose prn
NS 250 ml bolus IV x 1 – Notify physician if blood pressure does not return to baseline
Chest pain:
0.4 mg sublingual q 5 min x 3 doses prn.
Morphine 2 mg IV q 5 min prn (up to a max of 10 mg in 2 hrs),
Non-ischemic pain:
Morphine
 NSAID
Headache:
Nausea:
PRAMIN IV or po q 6 hrs prn
Anxiety:
Ativan (lorazepam) 0.5 - 1 mg po or IV q 8 hrs prn.

 Other drugs:………………………………………………….
NOT………………………………………………………………………………………………………
……………………………………………
DR
Nurse
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5.Discharge and follow-up
At discharge:
Discharge report (dr.)
Procedure CD(N)
Follow-up date and department (N)
Discharge time:
All diagnostic cath.: need for urgent intervention:  Yes ,  NO
If yes: transferee to department:
o Cardiac surgery
o Vascular surgery
o ICU
o Neurology
o Nephrology
o Cardiology
IF No:
 Femoral approach: Discharge after 4-6 hrs
 Radial approach: discharge after 2-4 hrs
Therapeutic / intervention cath. or devise implantation:
Overnight admission and discharge at second day AM.
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Discharge Report
Name

age

date

Short summary:

Procedure:

Procedure type: Urgent, Emergent, Elective

Medications:
1.
2.
3.
4.
5.
6.
7.
8.

Recommendation:

Follow-up date and department:
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6- Transferee to another department urgently
Urgent transferee must be done after urgent consultation
Transferee to ICU:
Respiration arrest,
acute respiratory failure (due to pulmonary edema or to contrast allergy not response to medical
treatment)
Transferee to cardiac surgery:
After diagnostic cath.:
Severe LM stenosis (or left main equivalent: osial LAD and Ostial LCX severe stenosis)
Symptomatic and Severe 2-3 coronary artery disease (including proximal LAD), not ideal for PCI
Patient with mechanical complication after STEMI
Coronary artery perforation
After PCI:
Coronary perforation,
large dissection
After anther intervention:
Cardiac perforation (dx cath, pacemaker……)
Immigration of device (ASD, VSD…)
Fracture of wire in the coronary artery
Transferee to vascular surgery:
Fracture of wire in the peripheral artery
severe Retroperitoneal bleeding (drop Hg > 3-5 gr.)
Large perforation of peripheral artery
Transferee to neurology:
Acute stroke after cath.
Transferee to cardiology:
Patient need follow-up more than 72 hrs after cath. (primary PCI..)
Transferee to nephrology:
Patient on dialysis and need urgent dialysis
Transferee to CT department:
Acute stroke
Suspension of retroperitoneal bleeding
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Appendix (2) Approval letter from Faculty of Pharmacy
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Appendix (3): Approval letter from the Hilsenky committee
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Appendix (4): Agreement from all patients was obtained to
participate in the study and all signed a consent form

بسم

ميحرلا نمحرلا هللا

الموضوع 5موافقة المريض على المشاركة في بحث رسالة ماجسحير في العلوم الصيدالوية
أوا المريض  ...............................................المححرم
أوافق على المشاركة في بحث الباحثة  5إيمان مصطفى سالمة وهو بعىوان 5

العالج بالكولشيسين لمنع عودة تضيق الدعامة المعدنية في مرضى الشرايين التاجية
وذلك بعد أن جلقيث شرحا وافيا مه الباحثة بطبيعة البحث والمضاعفات المححملة للمريض
وهللا ولي التوفيق
توقيع المريض
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