بسم اهلل الرحمن الرحيم
Al-Azhar University of Gaza

Dean of postgraduate
studies
and research affairs

College of Pharmacy

The Role of N-Acetylcysteine or N-Acetylcysteine plus Ascorbic Acid
in Prevention of Contrast-Induced Nephropathy in High-Risk
Patients With Ischemic Heart Disease.

Presented By:
Alaa S. Hillis.

Supervisors
Dr. Amin T. Hamed

Dr. Mohammad H. Habib

Associated professor of pharmacology
College of Pharmacy
Al-Azhar University-Gaza

consultant of cardiologist M.D.,PH.D
Ministry of Health

A thesis Submitted in Partial Fulfillment of Requirements for the degree
of master of Pharmaceutical Sciences

Gaza-Palestine
Feb 2013
I

بسم اهلل الرحمن الرحيم
Al-Azhar University of Gaza

Dean of postgraduate
studies
and research affairs

College of Pharmacy

The Role of N-Acetylcysteine or N-Acetylcysteine plus Ascorbic Acid in
Prevention of Contrast-Induced Nephropathy in High-Risk Patients With
Ischemic Heart Disease.

Presented By:
Alaa S. Hillis
2012

This thesis was defended successfully on 7/4/2013 and
Approved:
Committee members

Signature

1. Dr. Amin T Hamed

…………………

2. Dr. Mohammad H Habib

…………………

3. Dr. Sulaiman Eljabour

…………………

4. Dr. Hassan zammar

…………………

II

Dedication
To my parents who taught us to give
God bless them
To my wife who supported me on the front line wholeheartedly….
To my kids Islam ,Saqer, Mohammad,Ola,Tala
To my brother and his family and my sisters who spared no effort to help.
To my supervisors Dr Amin hamd and Dr Mohammad habib
To the souls of martyrs who sacrificed their self for our land and our people
to give us the freedom we deserve………….
To all workers who help me to end this research in catheterization lab
To all of them I dedicate this work

III

Declaration
I, certify this thesis submitted for the fulfillment of the requirements for the
award of the master degree in pharmacy , faculty of pharmacy ,
Al-Azhar University-Gaza , is wholly my own work unless otherwise
referenced or acknowledged, and that this document has not been submitted
for qualifications at any other university or academic institution.

Signed:
Alaa Saker Hillis
Date:4/2013

IV

Acknowledgement
I wish to express my deep thanks and appreciation to all the people who made
this thesis possible.
First , I would like to thank Dr Amin Hamed for his support, guidance,
patience, special insights and encouragement throughout the research.
I also extend my appreciation to Dr Mohammad Habib for his valuable
advice, support, and great help in accomplishing this study.
My thanks to my family , my wife and brother and sisters for believing in me
and encouraging me to always follow my dreams. I would have not made it
without you.
I am very much thankful for directorates of the European Gaza Hospital
(EGH), special thanks for the team of cardiac catheterization unit in the EGH
for their cooperation and assistance in data collection.
Finally, I would like to express my deepest thanks to my friends, Dr Ryad
Alqedra , Dr Ihab Almasri , Dr Ahmad Alqedra, Dr Wesam Alagha, your
friendship is greatly appreciated.
I thank all the patients and volunteers who participated in the study.
To all of these individuals I owe many thanks for their insights and unlimited
support.

Alaa S. Hillis

Abstract
V

Background Several protective therapies have been developed to prevent contrast-induced
nephropathy (CIN). This study aimed to evaluate the effect of high dose of N-acetylcysteine
(NAC) plus hydration, low dose of (NAC) plus Ascorbic acid and hydration or hydration
alone on the prevention of (CIN)in high-risk patients undergoing coronary or peripheral
angiography and/or intervention at European Gaza Hospital cardiac catheterization center,

Methods We prospectively enrolled 105 high risk patients who were scheduled for
cardiovascular procedures and had a baseline creatinine level 0.96mg/dl, Creatinine Clearance
Level 76.63ml/min, Urea plasma level 35.07 mmol/L The patients were divided into 3
different group and assigned 1 of 3 prophylactic regimens: Group A (n=30) (NAC) 1200mg
orally before angiography and 1200-mg orally twice daily for three doses, Group B (n=30)
(NAC) 600mg before angiography and

600-mg orally twice daily for three doses plus

Ascorbic acid (3000mg one dose) before angiography and 2000mg two doses after
angiography and hydration , Group C (n=45) hydration with (0.9% saline) started just before
contrast media injection and continued for 12hrs at a rate 1.0ml/kg/min after angiography
intervention, or 0.5 ml per kilogram per hour in cases of overt heart failure for 12hrs,
Contrast-induced nephropathy was defined as an increase in serum creatinine level N 25% or
0.5 mg/dL after 48 hrs.

Results: We include that different types of risky patients with diabetics mellitus 84 (80%) ,
heart failure 5 (4.8%), Age >70 years 22 (21%),Serum Creatinine >1.5 mg/dl 6 (5.7%),
male/female were 61 (58.1%) 44 (41.9%) respectively and patients who took contrast media
>300cc 13 (12.3%),the incidence of CIN significantly lower in group A 2(6.66%) compared
with Group B 5(16.66%) and Group C 8(17.77%).
The differences between group A and B and between group A and C were highly significant (P
= 0.001).In contrast , the differences between group B and C was non-statistically significant
(P=0.37) .

Conclusion: High dose of NAC (1200mg) plus hydration provides better protection against
CIN than the combination therapy of NAC 600mg plus ascorbic acid plus hydration or
hydration alone. Combination therapy of NAC plus hydration did not offer additional benefit
over hydration alone.
Key word: contrast induced nephropathy (CIN), N.acetylcystein (NAC), serum creatinine
creatinine clearance , urea plasma leval.
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ملخص الدراسه
نقذ ذى ذطٕٚش عالظاخ ٔقائٛح خالل انسُٕاخ انًاظ ّٛنًُع انعذٚذ يٍ انرثا ٍٚانُاظى عٍ اعرالل انكهٛح ( )CINتعذ أخز
انًشظ ٙانصثغّ ( )contrast mediaخالل عًهٛح انقسطشِ انعالظ ّٛأ انرشخٛص.ّٛ
ْذفد ْزِ انذساسح إنٗ ذقٛٛى ذأشٛش كم يٍ :انعشعح انعانٛح يٍ  )NAC1200mg( N-acetylcysteineتاإلظافح إنٗ
انرشٔٚح  ،hydrationأٔ ظشعح يُخفعح يٍ ( ،)NAC600mgتاإلظافح إنٗ كم يٍ حًط االسكٕستٛك ٔانرشٔٚح
( )hydrationأٔ ٔ hydrationحذِ نًُع انرثا ٍٚانُاظى عٍ اعرالل انكهٛح ( )CINنذٖ انًشظٗ عان ٙانًخاطش انزٍٚ
ٚخععٌٕ نهقسطشِ انعالظ ّٛأٔ انرشخٛصٛح ف ٙقسى قسطشج انقهة ف ٙيسرشفٗ غضج األٔسٔت.ٙ
ذكَٕد عُٛح انذساسح يٍ  105يشظٗ ذى اخرٛاسْى تطشٚقح عشٕائٛح يٍ انًشظ ٙانز ٍٚاظشٚد نٓى قسطشِ ذشخٛص ّٛأ
عالظ ّٛف ٙيسرشفٗ غضج األٔسٔتٔ ٙكاٌ يعذل ٔظائف انكه ٙفْ ٙزِ انع ُّٛعه ٙانُحٕ انران: ٙ
baseline serum creatinine level 0.96mg/dl, Creatinine Clearance Level 76.63ml/min,
 ،Urea plasma level 35.07 mmol/Lذى ذقسٛى انًشظ ٙان ٙشالز يعًٕعاخ،انًعًٕعّ االٔن ٙذركٌٕ يٍ 30
يشٚط اعطٛد دٔاء  NAC1200mgيٍ خالل انفى ،ظشعح قثم عًهٛح انقسطشِ ٔشالز ظشعاخ تعذ إظشاء عًهٛح
انقسطشِ ت ٍٛانعشعّ االٔنٔ ٙانصاَ 12 ّٛساعّ تاالظافّ انٔ hydration ٙانًعًٕعّ انصاَ ّٛذركٌٕ يٍ  30يشٚط اعطٛد
( )NAC600mgيٍ خالل انفى ظشعح قثم عًهٛح انقسطشِ ٔشالز ظشعاخ تعذ إظشاء عًهٛح انقسطشِ ت ٍٛانعشعّ االٔنٙ
ٔانصاَ 12 ّٛساعّ تاالظافّ ان ٙحًط االسكٕستٛك  3000يهعى ،ظشعّ قثم انقسطشِ ٔظشعر 2000 ٍٛيهعى تعذ اظشاء
عًهٛح انقسطشِ ت ٍٛانعشعّ االٔنٔ ٙانصاَ 12 ّٛساعّ تاالظافّ انٔ hydration ٙانًعًٕعّ انصانصّ ذركٌٕ يٍ  45يشٚط
اعطٛد  hydrationتانًحهٕل انًهح ٙفقط تعشعح 1يم نكم كهغى ٚثذا قثم اعطاء انصثغّ ٔٚسرًش  12ساعّ تعذ إظشاء
عًهٛح انقسطشج  ،انًشظ ٙانز ٍٚنذٓٚى قصٕس شذٚذ ف ٙانقهة اعطٕا  0.5mlنكم كهغى ٚثذا قثم اعطاء انصثغّ ٔٚسرًش 12
ساعّ تعذ اظشاء عًهٛح انقسطشِ  ،ذى ذعشٚف انرثا ٍٚانُاظى عٍ اعرالل انكهٛح ْٕ صٚادج يسرٕٖ انكشٚاذ ٍُٛٛف ٙيصم انذو
 ٪25أٔ  0.5يهغى تعذ  48ساعّ يٍ اخز انصثغّ.
النتائج  :يعذل انًشظ ٙعان ٙانًخاطش انز ٍٚشًهرٓى انذساسّ كإَا كاالذ :ٙيشض انسكش٘ ، )%80( 84انًشظ ٙانزٍٚ
نذٓٚى قصٕس حاد ف ٙععهح انقهة ، (%4.8( 5انًشظ ٙاعًاسْى فٕق  70سُّ كاٌ ، (%21( 22انًشظ ٙانز ٍٚنذٓٚى
ٔظائف انكه Serum Creatinine ّٛاكصش يٍ  1.5يهعى/دسهرشٔ )%5.7( 6انًشظ ٙانز ٍٚاعطٕا صثغّ اكصش يٍ 300
يم ٔ (%12.3( 13يعذل انشظال ان ٙانُساء ف ٙانذساسّ كاٌ  )%58(61انَ ،)%41( 44 ٙسثح حذٔز  CINكاَد أقم
تكصٛش ف ٙانًعًٕعح االٔن ٙأ  )٪6.66(2يقاسَح يع انًعًٕعح انصاَٛح ب ٔ )٪16.66( 5انًعًٕعح انصانصّ ض ،)٪17.77(8
ٔاالخرالفاخ ت ٍٛانًعًٕعّ االٔنٔ ٙانصأَ ّٛت ٍٛانًعًٕعّ االٔنٔ ٙانصانصّ كاٌ راخ دالنح إحصائٛح ) (P = 0.001تًُٛا
االخرالف ت ٍٛانًعًٕعّ انصأَ ّٛانصانصّ نى ٚكٍ را دالنّ احصائ.(P=0.37) ّٛ
االستنتاج  :انعشعح انعانٛح يٍ  NAC1200mgتاإلظافح إنٗ ٕٚ hydrationفش حًاٚح أفعم نهحذ يٍ حذٔز CIN
يقاسَح تانعًع تٔ NAC600mg ٍٛحًط االسكٕستٛك تاإلظافح إنٗ  hydrationأ  Hydrationنٕحذِ ،أٔ انعًع تٍٛ
ٔ NAC600mgحًط االسكٕستٛك تاإلظافح إنٗ  hydrationأ  hydration,نٕحذِ ال ٚقذو فائذج إظافٛح فَ ٙسة
حذٔز انرثا ٍٚانُاظى ف ٙاعرالل انكهٛح .CIN
الكلمات الرئيسية  :انرثا ٍٚانُاظى عٍ اعرالل انكهٛح (N-acetylcysteine NAC،)CIN
Urea plasma level ، serum creatinine level, Creatinine ,Clearance Level,
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Abbreviation

Bid

Twice Daily

CABG

Coronary Artery Bypass Graft

CAD

Coronary Artery Disease

CHD

Coronary Heart Disease.

CIN

Contrast induced nephropathy.

CKD
CM
CrCl

Chronic kidney Disease
Contrast Media.
Creatinin Clearance

CVD

Cardiovascular Disease.
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Disability-adjusted life years.
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EGH

European Gaza hospital
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Global Burden Of Disease
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Gross Domestic Production
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GNI

Gross National Income
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Gross National Product

HF

Heart Failure

HOCM

High-osmolar Contrast Media

HOMA

Homeostasis Model Assessmen

I.V.

Intravenous.

IHD

Ischemic Heart Disease.

IOCM

Iso-osmolar Contrast Media.

LAM

Latin America and the Caribbean;
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Low-osmolar Contrast Media;

LV

Left Ventricular
XV

Mg/dl
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MI

Myocardiac infarction.

ml/min
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mmol/L
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MNA

Middle East and North Africa;

MOH

Ministry Of Health

NAC

N-Acetylcysteine

NAPQI

N-acetyl-p-benzoquinone imine

NMDA

N-methyl-D-aspartate

NYHA

New York Heart Association

PAF

Population-attributable Fractions

PCI

Percutaneous Coronary Intervention

Po

Per oral

SAR

South Asia Region;

SCr

Serum Creatinine.

SNOAC

S-nitroso-N-acetylcysteine

SSA

Sub-Saharan Africa.

UNEP

United Nations Environment Programs

WHO

Word Health Organization.
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Chapter One
Introduction
1.1 Background
Contrast media-induced nephropathy (CIN) is a form of Acute Renal Failure that is caused
by exposure to contrast media (CM) during image-guided cardiolovascular procedures.
The lack of effective treatment to prevent CIN remains problematic for patients with renalinsufficiency. CIN is defined as a worsening renal function after

contrast media

administration. The medical literature varies in the definition of CIN, typically using a
change in serum creatinine (SCr) over baseline by 48 hr, such as > 25% above baseline or
an absolute increase of > 0.25 or 0.5 mg/dl within 3 days of intravascular contrast media
administration. (King et al., 2004 and Morcos et al., 1999)
CIN is the third most common cause of hospital acquired acute renal failure. With the
increasing use of contrast media in diagnostic and interventional procedures, it has become
one of the major challenges encountered during routine cardiology practice. Despite
clinical importance , it is an under-recognized event with major morbidity and mortality.
Risk of developing contrast media-induced nephropathy depends mainly on patients
preexisting characteristics and physicochemical properties of the contrast agent. Primary
attempts for the prevention of contrast media-induced nephropathy should include
systematic review of patient's characteristics and risk stratification. Patients at the greatest
risk for contrast media-induced nephropathy can be defined as those having preexisting
impaired renal function, diabetes mellitus, and congestive heart failure. Other risk factors
include; age above seventy years, female gender, dehydration and use of high volume
contrast media. The more expeditious use of iso-osmolar non-ionic contrast media reduced
the incidence of contrast media related renal dysfunction. Currently, the only widely
proven method of reducing the risk of CIN is adequate pre and post-procedural hydration.
In addition, prophylactic use of free radical scavenger N-acetylcysteine has been shown to
prevent CIN in some moderate-scale clinical trials and a meta-analysis. Despite the
attempts to reduce the risk of CIN, this clinical event affects over 25% of high risk patients
and mortality remains to be high. (Habeb M. et al., 2005).
The commonest definition in use is an increase in SCr of >25% of baseline value
occurring following the intravascular administration of CM without an alternative
explanation (Morcos et al., 1999). SCr usually peaks 2-3 days following CM use and
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returns to the baseline within 14 days, however some patients progress to acute renal
failure (ARF) requiring dialysis (MORCOS 1999; WAYBILL et al., 2001).

The risk of CIN varies from 2–30% in unselected patients undergoing cardiovascular
angiographic procedures. It is associated with a significant increase in patient morbidity
and mortality. Contrast media induced nephropathy (CIN) is the third leading cause of
hospital aquired renal failure and is associated with significant morbidity and mortality.
( Habeb M. et al., 2005).
Contrast-medium–induced nephropathy is a recognized complication in coronary
diagnostic and interventional procedures and is associated with prolonged hospitalization
and adverse clinical outcomes. (Weinrauch C. et al., 1977 ; Rihal C. et al., 2002)
The potent antioxidant N-acetylcysteine may prevent acute renal dysfunction in patients
with chronic kidney disease who are undergoing procedures requiring the use of a
radiocontrast media. The ability of scavenging a variety of oxygen-derived free radicals
and the improvement of endothelium-dependent vasodilation are properties of Nacetylcysteine that may confer protection against contrast-medium– induced renal
dysfunction. (Drager et al., 2004 ; Lopez et al., 1998)

1.2 Justification

CIN is the third most common cause of hospital acquired acute renal failure. With the
increasing use of contrast media in diagnostic and interventional procedures, it has become
one of the major challenges encountered during routine cardiology practice. Despite
clinical importance, it is an under-recognized event with major morbidity and mortality.
Currently, the only widely proven method of reducing the risk of contrast-induced
nephropathy is adequate pre and postprocedural hydration, however, aconflicting evidence
suggest that administration of the antioxidant acetylcysteine (NAC) prevents the renal
impairment. The action of other antioxidant agents has not been investigated in such
setting. Ascorbic acid has been shown to decrease the renal damage in some studies,
however there is no data on the usage of combination of NAC and ascorbic acid especially
in patients with ischemic heart disease or peripheral vascular disease.
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1.3 Problem statement
Contrast media-induced nephropathy is the third most common cause of hospital acquired
acute renal failure (Habeb M. et al., 2005). In Gaza Strip the use of contrast media in
diagnostic and interventional procedures is on the rise , it has become one of the major
challenges encountered during routine cardiology practice. Despite clinical importance, it
is an under-recognized event with major morbidity and mortality.

Main objective
To evaluate the effect of N-acetylcysteine, N-acetylcysteine plus Ascorbic acid or
placebo on the prevention of contrast media–induced nephropathy.
Specific objectives


To examine the role of N-acetylcysteine (group a) in the prevention of contrast
media induced nephropathy.



To examine the role of N-acetylcysteine plus Ascorbic (group b) in the prevention
of contrast media induced nephropathy.



To examine the role of hydration (group c) in the prevention of contrast media
induced nephropathy.



To compare the differences between patients who received N-acetylcysteine (group
a) and the patients who received N-acetylcysteine plus Ascorbic acid (group b) in
the prevention of contrast media-induced nephropathy.



To compare differences in the effect of treatment using N-acetylcysteine and Nacetylcysteine plus Ascorbic acid combination in the prevention of contrast mediainduced nephropathy related to (Gender, Age, History of DM).

Questions of the study


What is the effect of N-acetylcysteine, N-acetylcysteine plus Ascorbic acid or
placebo on the prevention of contrast media–induced nephropathy?



What is the role of

N-acetylcysteine in the prevention of contrast media

induced nephropathy.


What is the role of N-acetylcysteine plus Ascorbic in the prevention of contrast
media induced nephropathy?.
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Are there differences between N-acetylcysteine

and N-acetylcysteine plus

Ascorbic acid combination in the prevention of contrast media-induced
nephropathy?.


Are there differences in the effect of N-acetylcysteine, N-acetylcysteine plus
Ascorbic acid or placebo on the prevention of contrast media–induced
nephropathy between male and female patients?.



Are there differences in the effect of N-acetylcysteine, N-acetylcysteine plus
Ascorbic acid or placebo on the prevention of contrast media–induced
nephropathy relate to age or presence of diabetic mellitus or not?.

1.4 Context of the study
Demographic context
The total area of Palestine is 27000 km2 with total population living in is 4,100,000
individuals at the end of 2010 (2,500,000 in west bank and 1,600,000 in gaza strip (PCBS,
2010). Gaza strip is anarrow piece of land lying on the coast of the mediterranian sea. Its
position on crossroads from africa to asia made it target for occupiers and conquerors over
the centuries. The last of these was Israel who occupied the Gaza strip from Egyptiontians
in 1967. Gaza strip is very crowded place with a total area 378 km (UNEP. 2003) , and
constitute 6.1% of the total area of palestinian territory land. In mild year of 2005 the
population was 1,389,789 mainly concetrated in the cities, small village, and eight refugee
camps that contain two thirds of the population of Gaza strip, the population density
is3,808 inhabitant/km2 (Palestine, MOH. 2005).
Economic context
The word bank stated that the Gross National Product (GNP) in palestine has been
subjected to high fluctuations during the last five year. GNP was 5,454 million US$ in
1999 and decreased to 4,169 million US$ in 2005. Gross domestic production (GDP) was
4,517 million US$ in 1999 and decreased to 3,832 million US$ in 2005. Gross National
Production per capita (GNP/capita) was 1,806 US$ in 1999 and decreased to 1,039 US$ in
2005. Gross Domestic Production per capita (GDP/capita) was 1,496 US$ in 1999 and
decreased to 955 US$ IN 2005.
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The number of workers in Israel decreased from 135,000 in 1999 to 36,000 in 2005. The
workers in Palestine also decreased from 453,000 in 1999 to 135,000 in 2005. The World
Bank reported that the the unemployment rate was 32%. This reveald asharp increase of
unemployment rate rom 11.8% in 1999 to 32% in 2005 and povery rate in palestine was
increased to 44% in 2005 (Palestine, MOH. 2005).
1.4.1 Health context
Three main health provides offer health services in Gaza Strip are UNRWA,NGOs/private,
and Ministry of health (MOH).MOH bears the heaveast buden, as it takes over the
responsibility in Gaza strip for 59 primary health care centers and 13 hospitals(Palestine,
MOH. 2011).
The European Gaza Hospital
The European Gaza hospital (EGH) is considered as one of the advanced medical centers
in Palestine located in Khan Younis Governorate at the southern Gaza strip. The hospital
project contains facilities for full range of secondary, primary and planned tertiary patient
care services for both inpatients and outpatients. The services of the 240 beds center are at
a high level of professional standards.EGH & includes within its large margins, medical
surgical, orthopedic, cardiology, cardiac catheterization , pediatrics, radiology, oncology&
hematology, ENT& audiometric surgery, anesthesia and ICU(adult & pediatrics). Cardiac
catheterization department in EGH is the only Catheterization lab related to MOH in Gaza
Strip and thus the majority of patients are referred to this department. The Catheterization
Lab was opening at 18-11-2006 and until now more than 8000 cases was done. (EGH
archive, 2012)
1.5 Definition of terms:
1.5.1 Ischemic heart disease
Is commonly caused by an atheromatous plaque of the coronary arteries leading to
reduction or obstruction of blood flow to heart muscle (figure 1). Chest discomfort in the
setting of exertion or emotional stress is the predominant clinical presentation of chronic
stable angina. Atypical presentations, including pain in the epigastrium, jaw, neck, or arms
are also common, particularly in women, people with diabetes, and older people.
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Associated symptoms for typical and atypical angina include dyspnoea, nausea, vomiting,
perspiration, light-headedness, and fatigue (Roger et al., 2006)

Figure 1: Diagram of atheromatous plaque formation
1.5.2 Coronary angiography
Coronary angiography is a method similar to X-ray imaging test, which is used to examine
the blood vessels and/or chambers of the heart. It is also referred to as cardiac angiography
or coronary arteriography. It is performed in order to find out any blockage or narrowing of
the blood vessels that may lead to heart attacks and other heart diseases. Usually, this
procedure is recommended for those who have chest pain (angina), heart failure and aortic
stenosis. In this technique, a catheter is introduced into a blood vessel either in the upper
arm or thigh portion and the tip of the catheter is adjusted in the heart. A special dye is
injected through the catheter that is detectable by X-ray. Certain precautionary measures
are to be taken before the test. The patient should inform the physician if he/she has allergy
problems or other underlying health conditions. Let's discuss in brief about the procedure
of coronary angiography.
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1.5.3 Peripheral Angiography
To evaluate the presence of plaque build-up (Atherosclerosis) in the peripheral arteries meaning the arteries to the lower abdomen, kidneys, arms, legs, and feet. Plaque build-up
in the peripheral arteries causes pain, especially in the legs with walking (called
Claudication).

1.5.4 Coronary or Peripheral Angioplasty
Angioplasty is performed according to standard clinical practice. Patients in the Cardiac
catheterization Laboratory receive 100 u/kg a of heparin, A nonionic, low-osmolality
contrast agent, Ultravist (350 mg of iodine per milliliter), is used in all patients.
Bare-metal stents is implanted in all patients according to standard techniques. Poststenting
antithrombotic treatment consisted of aspirin 325 mg /day for the first month then 100
mg/day for life, and 600 mg bolus clopidogrel followed by 150 mg for the first week then
75 mg for 3 months.
Drug eluting stent were implanted in all patients according to standard techniques.
Poststenting antithrombotic treatment consisted of aspirin 325 mg /day for first 3 months
then 100 mg/day for life, and 600 mg bolus clopidogrel followed by 150 mg for the first
week then 75 mg for 1 year.

1.5.5 Heart failure
Defined as Sign and symptoms of heart failure (Paroxysmal nocturnal dyspnea, Neck vein
distention, Rales, Radiographic cardiomegaly, Acute pulmonary edema, S3 gallop,
increased central venous pressure, Hepatojugular reflu, Bilateral ankle edema, Nocturnal
cough, Dyspnea on ordinary exertion Hepatomegaly, Pleural effusion) and Left ventricle
ejection fraction (LVEF <45%).( ESC Guidelines, 2008)
The New York Heart Association (NYHA) Functional Classification provides a simple
way of classifying the extent of heart failure. It places patients in one of four categories
based on how much they are limited during physical activity; the limitations/symptoms are
in regards to normal breathing and varying degrees in shortness of breath. (The Criteria
Committee, 1994)
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NYHA

Symptoms

Class
I

II

No symptoms and no limitation in ordinary physical activity, e.g. shortness of
breath when walking, climbing stairs etc.
Mild symptoms (mild shortness of breath and/or angina) and slight limitation
during ordinary activity.
Marked limitation in activity due to symptoms, even during less-than-ordinary

III

activity, e.g. walking short distances (20–100 m).
Comfortable only at rest.

IV

Severe limitations. Experiences symptoms even while at rest. Mostly bedbound
patients

1.5.6 CIN defined as a change in serum creatinine (SCr) over baseline by 48 hr, such as >
25% above baseline or an absolute increase of > 0.25 or 0.5 mg/dl within 3 days of
intravascular contrast media administration. (King et al., 2004; Morcos et al., 1999)
1.5.7 Diabetes The diagnosis of diabetes Patient -talking antidiabetic drugs OR FPG >
126 mg/dl (7.0 mmol/l). Fasting is defined as no caloric intake for at least 8 h. (Expert
Committee , 2010)
Recommendations 7for the diagnostic criteria for diabetes and intermediate
hyperglycaemia.
Fasting plasma glucose
2–h plasma glucose*
Impaired Glucose Tolerance (IGT)
Fasting plasma glucose
2–h plasma glucose*

Impaired Fasting Glucose (IFG)
Fasting plasma glucose
2–h plasma glucose*

≥7.0mmol/l (126mg/dl)
or
≥11.1mmol/l (200mg/dl)
<7.0mmol/l (126mg/dl)
and
≥7.8 and <11.1mmol/ (140mg/dl and 200mg/dl)

6.1 to 6.9mmol/l (110mg/dl to 125mg/dl)

and (if measured)
<7.8mmol/l (140mg/dl)
* Venous plasma glucose 2–h after ingestion of 75g oral glucose load
* If 2–h plasma glucose is not measured, status is uncertain as diabetes or IGT cannot be
excluded (WHO, 2006)
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Chapter Two
Literature Review
2.1 Global burden of CVD
2.1.1 Epidemiologic Transitions
Over the last decade, cardiovascular disease (CVD) has become the single largest cause of
death worldwide. In 2004, CVD caused an estimated 17 million deaths and led to 151
million disability-adjusted life years (DALYs) lost,about 30% of all deaths and 14% of all
DALYs lost that year.( World Health Organization, 2008) Like many high-income
countries during the last century, low- and middle-income countries are seeing an alarming
increase in the rates of CVD, and this change is accelerating. In 2001, 75% of global
deaths and 82% of total DALYs lost caused by coronary heart disease (CHD) occurred in
low- and middle-income countries ( Lopez A. et al., 2006).
The overall increase in the global burden of CVD and the distinct patterns in the various
regions result in part from the epidemiologic transition, which includes four basic stages
(Table1),( Omran A. 1971; Olshansky S. et al., 1986): pestilence and famine, receding
pandemics, degenerative and man-made diseases, and delayed degenerative diseases.
Movement through these stages has dramatically shifted the causes of death over the last
two centuries, from infectious diseases and malnutrition in the first stage to CVD and
cancer in the third and fourth stages. Although the transition through the age of pestilence
and famine has occurred much later in the low- and middle-income countries, it has also
occurred more rapidly, driven largely by the transfer of low-cost agricultural technologies
and public health advances.

9

Table 1 : (Robert O. Bonow, MD, et al braunwald’s heart desease A Textbook of
Cardiovascular Medicine . volume 1, 9th edition, page : 17. 2012)
Current Worldwide Variations in the Global Burden of Cardiovascular Disease
An epidemiologic transition much like the one that occurred in the United States is
occurring worldwide. However, the rate of transition varies widely, leading to large
discrepancies in disease burden. After a review of high-income countries that have
followed a transition similar to that in the United States, other high-income regions that
have followed a somewhat different course will be described. Finally, the status of the
epidemiologic transition in low- and middle-income countries, where data are more
limited, will be summarized.

2.1.2 Current Worldwide Variations in the Global Burden of Cardiovascular Disease
2. 1.2.1 High-Income Countries
Approximately 940 million people (15% of the world’s population) live in high-income
countries, including the United States, Canada, Australia, New Zealand, Japan, and the
countries of the European Union. The movement of most of these countries through the
epidemiologic transition, with rising levels of risk factors and CVD death rates until the
1960s, and then declines in both over the next 40 years, is similar to what has occurred in
the United States. CHD is the dominant form, with rates that tend to be two to fivefold
higher than stroke rates. There are two notable exceptions. In Portugal, stroke rates for men
and women are higher than CHD rates. The same is true in Japan, where stroke causes
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more fatalities than CHD. In both of these countries, however, the pattern seems to be
moving toward that seen in other high-income countries, with more rapid declines in stroke
than in CHD rates.
In high-income countries, despite the overall increase in CVD burden, the age-adjusted
death rates for CVD are declining, predominantly driven by large stroke rate reductions.
This age-adjusted decline results largely from preventive interventions that allow people to
avoid disease, treatments to prevent death during an acute manifestation of disease
(particularly stroke or MI), and interventions that prolong survival once CVD is
manifested. Thus, the average age of death from CVD continues to climb and, as a result,
affects a larger population in retirement. Almost 80% of deaths in high-income countries
occur in those older than 60 years, compared with 42% in low- and middle-income
countries ( Lopez et al., 2006) Between 1990 and 2020, CHD deaths alone are anticipated
to increase by 120% for women and 137% for men in developing countries.( Leeder et al.,
2004) However, distinct differences remain in the severity of the burden affecting the
various populations.
2.1.2.2 Low- and Middle-Income Countries
The World Bank places countries in regions based on geography and income level. Lowand middle-income countries are divided into six geographic subregions—East Asia and
Pacific, (Eastern) Europe and Central Asia, Latin America and the Caribbean, Middle East
and North Africa, South Asia, and sub-Saharan Africa. The high-income countries,
however, are not geographically distinct. For example, the Europe and Central Asia region
is made up of low- and middle-income countries from eastern Europe, whereas the
wealthier western European countries are part of the high-income region, as defined by the
World Bank. Significant costs and infrastructure limitations prohibit most low- and
middle-income countries from having completely representative demographic surveys,
vital registration systems, or disease registries; therefore, the review highlights countries
with large populations and reliable data.
The six regions that constitute the low- and middle-income countries have a high degree of
heterogeneity with respect to the phase of the epidemiologic transition, as illustrated by the
dominant disease rates in each region (Fig. 2). The two regions where stroke still exceeds
CHD as a cause of CVD death are the East Asia and Pacific and sub-Saharan Africa
regions (Fig. 3). The East Asia and Pacific region appears to be following more of a
Japanese-style transition, with relatively high stroke rates, whereas in Africa this may
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reflect their position in an earlier stage of the epidemiologic transition. Hypertensive heart
disease is the largest single contributor among the remaining causes of CVD morbidity and
mortality, accounting for as much as 11% in Middle East and North African countries and
as little as 2% in the South Asia region.

Figure 2: Cardiovascular disease deaths due specific cause by region.
(Robert O. Bonow, MD, et al braunwald’s heart disease A Textbook of Cardiovascular
Medicine . volume 1. 9th edition, page : 22., 2012)
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Figure 3: Comparison of percentages of cardiovascular disease mortality attributable to
coronary heart disease (CHD) and stroke by developing region. EAP = East Asia and
Pacific; ECA = Europe and Central Asia; LAM = Latin America and the Caribbean; MNA
= Middle East and North Africa; SAR = South Asia Region; SSA = sub-Saharan Africa.
(Robert

O. Bonow, MD, et al braunwald’s heart disease A Textbook of Cardiovascular
Medicine . volume 1.9th edition, page : 23., 2012)

2..1.2.3 MIDDLE EAST AND NORTH AFRICA -Demographic and Social Indices
The 17 countries of the Middle East and North Africa (MNA) region represent 6% of the
world’s population (306 million people). Egypt and Iran are the two most populous
countries in the region, with Egypt having 24% of total inhabitants and Iran 22%.
According to the World Bank indicators from 2005, the Gross National Income (GNI) per
capita for the region is $2,198 ($6,084 PPP). (Bank TW. 2007) GNI per capita for
individual countries ranges from $600 ($920 PPP) in Yemen to $30,630 ($24,010 PPP) in
Kuwait. Approximately 5.6% of the total Gross domestic product (GDP) for the MNA
region is used for public and private health care, according to World Bank data from 2004.
The average health expenditure per capita is $103. Egypt spends $64 per capita, and Iran
spends $158. At $34, Yemen spends the least amount on health care per capita, and the
United Arab Emirates spend the most, $711. (Bank TW. 2007).
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2.1.2.4 Burden of Disease
Statistics from the 2002 world health organization Global Burden of Disease (WHO GBD)
study show that about 5% of CVD deaths in low- and middle-income countries occur in the
MNA region. Over 35% of all deaths in the region are attributable to CVD. CHD, the leading
cause of mortality in 2001, accounted for 16.9% of total mortality and almost half of CVD
mortality. Cerebrovascular disease causes 6.8% of total deaths and 19% of CVD deaths. This
translates into approximately 323,000 deaths in 2001 in the region. .( Lopez A et al., 2006)
Mortality rates for the region have declined over time, whereas life expectancy has increased
from 64.05 years in 1990 to 67.35 years in 2001. The crude death rate for the region has
notably decreased. The newest data show that the crude death rate was 7.55% in 1990 and
6.15% in 2001. Also in 2001, 1.235 million deaths in the MNA region were attributable to
noncommunicable diseases. .( Lopez A et al., 2006)
For CVD specifically, the number of deaths reported was 671,000. However, with the increase
in life expectancy, there is an expectation that CHD will increase in the region.
Individual country surveys have shown that Iran may have a higher burden than other
countries, including Saudi Arabia and Jordan. A study of a random sample of 3,723 people in
Iran found that 11.3% had coronary symptoms and an additional 1.4% had had an MI. The ageadjusted prevalence was therefore 12.7%.( Nabipour et al., 2007) Another study, done in Saudi
Arabia and involving 17,232 people from the general population, found that 5.5% were
diagnosed with CHD. The data also showed that the prevalence was higher—6.2% compared
with 4%—in urban versus rural areas.( Ben R et al., 2004) In Jordan, a study found that a total
of 5.9% out of 3,083 participants were told that they had an MI.( Nsour M et al., 2008) A 2001
Tunisian study of 20% of the male population found age-standardized rates of MI of only
163.8 in Tunis, 161.9 in Ariana, and 170.5/100,000 in Ben Arous (Ben et al., 2004)
2.3 Global Trends in Cardiovascular Disease
2.2 Risk Factors
Table 2 displays the population-attributable fractions (PAF) of deaths caused by CHD for
leading risk factors. Elevated levels of blood pressure and cholesterol remain the leading
causes of CHD; tobacco, obesity, and physical inactivity remain important contributors. Diabetes is not listed because the GBD project considers it a disease, not a risk factor. The PAFs add
up to more than 100% because there is interaction among the risk factors. Unique features

regarding some CHD risk factors in the developing countries are described below.
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Risk Factor Population-Attributable Fractions* for Mortality from Congenital
Heart Disease

Table 2: *PAFs may total >100%. See text for details. adapted from Lopez AD, Mathers
CD, Ezzati M, et al (eds): Global Burden of Disease and Risk Factors. New York, World
Bank Group, 2006.
MIDDLE EAST AND NORTH AFRICA. Iraq, Jordan, Saudi Arabia, Syria, Kuwait, and
Egypt have reported risk factors for CVD-IHD to the WHO STEPwise Surveillance study.
( The Work of WHO in the Eastern Mediterranean Region: Annual Report of the Regional
Director, 2007) An alarming number of people in Egypt, 76.4%, are overweight or obese.
Rates for overweight and obesity are also high in Iraq and Jordan, at about 67%.
Overweight and obesity are lowest in Kuwait, at 18.2%. Low intake of fresh fruits and
vegetables ranges from 79% in Egypt to 95.7% in Syria. Physical inactivity (levels of
activity of 10 minutes or less per day) is fairly common in the region, with a prevalence
ranging from 32.9% in Syria to 56.7% in Iraq. The largest prevalence of hypertension is
also found in Iraq, where about 40.4% of citizens are affected. Hypertension is least
prevalent in Egypt, at 24.6%. Hypercholesterolemia rates range from 19.3% in Saudi
Arabia to 42% in Kuwait. Diabetes, also a major risk factor for CHD, is most prevalent in
Saudi Arabia, at 17.9%, and least prevalent in Iraq, 10.4%. Daily smoking ranges from
12.9% in Saudi Arabia to 24.7% in Syria.
Clustering of components for the metabolic syndrome appears to occur in the region. A
study done in 2008 in the United Arab Emirates of 817 people showed a prevalence of
23.3% for diabetes; 20.8% had hypertension, 10.3% were smokers and, overall, 22.7% had
metabolic syndrome.( Baynouna et al., 2008) However, rates appear to vary within regions
and within countries. In one Iranian study, noted earlier, the age-adjusted rate for metabolic
syndrome was 49%.%.( Nabipour I et al., 2007) However, another study conducted in Iran
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in 2007 with a random sample of 3000 Iranians showed lower prevalence rates for similar
risk factors; the prevalence of diabetes was 6.3%, smoking, 21.6%, and high blood
pressure, 13.7%.( Hatmi Z et al., 2007)
The 2004 INTERHEART study found that in the Middle East and North Africa region,
47.9% had electrocardiographic changes indicative of a new MI. The PAR rates were as
follows: smoking, 45.5%; self-reported hypertension, 9.2%; self-reported diabetes, 15.5%;
lipids, 70.5%; and obesity, 25.9%. All nine risk factors together accounted for 95% of all
causes of MI.( Yusuf S et al., 2004)

2.3 Summary and Conclusions
CVD remains a significant global problem. A key challenge for developing economies,
unlike developed economies, is the swift pace of economic and social transformation in a
postindustrial world with rapid globalization. Although CVD rates have declined in highincome countries, they are increasing in almost every other region of the world. From a
worldwide perspective, the rate of change in the global burden of CVD is accelerating,
reflecting the changes in low- and middle-income economies, which represent 85% of the
world’s population. The consequences of this preventable epidemic will be substantial on
many levels—individual mortality and morbidity, family suffering, and staggering
economic costs—both the direct costs of diagnosis and treatment and the indirect costs of
lost productivity.
2.4 Ischemic Heart Disease
Rates of ischemic heart disease are increasing in varied populations because of concurrent
and often disproportionate risk factors for Coronary artery disease (CAD). Rates of CAD
are increasing in Asians, Hispanics, Native Americans, and Americans of South Asian
origin. The rates of CAD in these groups are approaching but do not exceed the rate seen in
whites. This is not the case for blacks, however, who have the highest overall CAD mortality rate of any ethnic group in the United States and the highest prevalence of acute MI
in the 35- to 54-year age range.( Lloyd-Jones D et al., 2010)
The presentation is usually unstable angina or a non-ST elevation infarct rather than a
typical ST-segment elevation event. Despite this increased incidence of disease,
obstructive epicardial CAD appears less often on angiography. Not infrequently,
angiographic studies show normal epicardial vessels, but autopsy studies have demonstrated a greater extent of atherosclerosis in blacks, despite a lesser degree of obstructive
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CAD. As noted, interventions with thrombolytic therapy, percutaneous coronary
intervention, and coronary artery bypass graft (CABG) surgery are all less frequently
applied.
The rationale for the excess prevalence of CAD in blacks less likely relates to
pathophysiologic variances, as suggested in the discussion on hypertension, and more
likely relates to the overabundance of cardiovascular risk factors. Obesity, LV
hypertrophy, type 2 diabetes, and physical inactivity are all more common in blacks.
However, total cholesterol levels may be lower in blacks and HDL levels may be higher,
whereas Lp(a) levels are higher, as noted previously. Thus the relationship among total
cholesterol, plaque formation, and coronary events may be weaker in blacks
( Watson K et al., 2009).
The excess prevalence of LV hypertrophy likely confounds the ischemic burden in the
setting of CAD, and may be related to excess mortality and sudden death . Mechanisms to
support this theory remain unclear. The increase in LV mass with a disproportionately less
robust vascular supply may lead to a lower threshold for arrhythmias and more damage
caused by ischemic events. The potent vasoconstrictor endothelin-1 is present in higher
levels in blacks. TGF-β1, which is higher in hypertensive blacks, stimulates endothelin.
The confluence of left ventricular (LV) hypertrophy and endothelial dysfunction may
contribute to a greater risk of ischemia-related injury.
No differences in the presentation of acute coronary syndromes have been described for
any ethnic group, nor have any variations in responses to standard medical and
revascularization strategies. As such, no differences should be contemplated in the
management of varied populations presenting with symptomatic CAD.
2.5 Magnitude of the Problem
The importance of IHD in contemporary society is attested to by the almost epidemic
number of persons afflicted . It is estimated that 17,600,000 Americans have IHD, of
whom 10,200,00 have angina pectoris and 8,500,000 have had a MI.( U.S. Census Bureau
news. U.S department of commerce (http://www. census.gov) Based on data from the
Framingham Heart Study, the lifetime risk of developing symptomatic CAD after age 40 is
49% for men and 32% for women. In 2006, IHD accounted for 52% of all deaths caused
by cardiovascular disease and was the single most frequent cause of death in American
men and women, resulting in more than one in six deaths in the United States.
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The economic cost of IHD in the United States in 2010 has been estimated at $177.1
billion. Despite a steady decline in age-specific mortality from CAD over the past several
decades (Ostchega Y et al., 2007) ischemic heart disease is now the leading cause of death
worldwide, and it is expected that the rate of CAD will only accelerate in the next decade
with the burden shifting progressively to lower socioeconomic groups. Contributory
factors include aging of the population, alarming increases in the worldwide prevalence of
obesity, type 2 diabetes, and a rise in cardiovascular risk factors in younger people. The
World Health Organization has estimated that by 2020, the global number of deaths from
CAD will have risen from 7.6 million in 2005 to 11.1 million

2.6 Invasive investigations
2.6.1 Coronary angiography
The only absolute way to evaluate coronary artery disease is by angiography. It is usually
performed as part of cardiac catheterisation, which includes left ventricular angiography
and haemodynamic measurements, providing a more complete evaluation of an
individual’s cardiac status. Cardiac catheterisation is safely performed as a day case
procedure. Patients must be fully informed of the purpose of the procedure as well as its
risks and limitations. Major complications, though rare in experienced hands, include death
(risk ratio 1 in 1400), stroke (1 in 1000), coronary artery dissection (1 in 1000), and arterial
access complications (1 in 500). Risks depend on the individual patient, and predictors
include age, coronary anatomy (such as severe left main stem disease), impaired left
ventricular function, valvar heart disease, the clinical setting, and non-cardiac disease. The
most commone complications are transient or minor and include arterial access bleeding
and haematoma, pseudoaneurysm, arrhythmias, reactions to the contrast medium, and
vagal reactions (during sheath insertion or removal),(brawn wald s, 2012)

2.6.2 Main indications for coronary angiography
Uncertain diagnosis of angina (coronary artery disease cannot be
excluded by non-invasive testing)
Assessment of feasibility and appropriateness of various forms of
treatment (percutaneous intervention, bypass surgery, medical)
Class I or II stable angina with positive stress test or class III or IV
angina without positive stress test
Unstable angina or non-Q wave myocardial infarction (medium
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and high risk patients)
Angina not controlled by drug treatment
Acute myocardial infarction—especially cardiogenic shock,
ineligibility for thrombolytic treatment, failed thrombolytic reperfusion,
re-infarction, or positive stress test
Life threatening ventricular arrhythmia
Angina after bypass surgery or percutaneous intervention
Before valve surgery or corrective heart surgery to assess occult
coronary artery disease
2.7 Contrast media types
Cardiac catheterization required use of contrast media, In 1968. Almén proposed new, lowtoxicity, nonionic, mono-meric and dimeric contrast media, and since then the toxicity
of different contrast media has mainly been attributed to their osmolality, viscosity, and
chemotoxicity. (Persson P et al., 2005; Almen T., 1990) Contrast media today are
commonly divided into high-osmolar, low-osmolar, and iso-osmolar contrast media. The
osmolality value is often expressed in terms of the ratio between the number of iodine
atoms and the number of dissolved particles. The higher the ratio, the better is the
attenuation of x-rays because there are more iodine atoms for fewer particles of contrast
agent. Contrast agents with a ratio of 1.5:1 are monomeric ionic and hyperosmolar with an
osmolality in the range of 1000 to 2000 mOsm/kg. Nonionic monomeric or ionic dimeric
contrast media with a ratio of 3:1 are low-osmolar contrast media, with an osmolality in the
range of 500 to 1000 mOsm/kg. Contrast media with a ratio of 6:1 are nonionic dimeric
iso-osmolar with an osmolality in the range of 290 to 300 mOsm/kg, i.e, iso-osmolar with
plasma. Iso-osmolar nonionic contrast media have reduced osmolality because of the
creation of a dimer, linking 2 molecules of contrast agent together through a common side
chain and thereby increasing the size of the molecule in solution.
Direct chemical toxicity is mainly dependent on the physicochemical properties of contrast
media. A recent in vitro study revealed that in addition to the osmolality of the agent,
direct cytotoxic effect of the molecule could contribute to its cytotoxic effects.
(Heinrich M et al., 2005) However, when the agent was disolved to equal urine
concentrations, no difference in cytotoxicity could be demonstrated between the dimeric
iso- smolar contrast media and the low-osmolar contrast media.
When, however, the agents were administered in iso-osmolar concentrations, the dimeric
contrast media had a higher cytotoxic effect than the low-osmolar contrast media.
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One should keep in mind that in clinical investigations a patient usually receives a contrast
agent in equal iodine concentrations and that in the human kidney the molar concentration
of the dimer is only half that of a low-osmolar contrast agent.
Clinical Studies Comparing High- and Low-Osmolar Contrast Media With the introduction
of low-osmolar and iso-osmolar contrast media, a reduction in the incidence of CIN has
been observed (Murphy S et al., 2000; Fishbane S et al., 2004 ; Gleeson T et al., 2004 ;
Maeder M et al., 2004 ; Goldenberg I et al., 2005).
Low-osmolar contrast media have gained widespread clinical acceptance because of fewer
adverse effects than high-osmolar contrast media, particularly in high-risk patients with an
elevated preprocedural serum creatinine. (Taliercio C et al., 1991; Barreto B et al., 1992 ;
Murphy S et al., 1992; Moore R et al., 1992 ; Barreto B et al., 1993; Rudnick M et al.,
1995 ; Schwab S et al., 1998). It should be remembered, however, that several initial
studies did not show significant differences in CIN between low-osmolar and high-osmolar
contrast media
Table 3 show Randomized Trials Comparing Contrast Media With Different Osmolalities

Pt indicates patient; ARR, absolute risk reduction; RR, relative risk; LOCM, low-osmolar
contrast media; HOCM, high-osmolar contrast media; and IOCM, iso-osmolar contrast
media.
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In Gaza Strip the use of contrast medium is on the rise in diagnostic and interventional
procedures monthly in Ministry of health (MOH) there are 1200 patients doing C.T and
400 patients doing catheterization and all these patients must take contrast medium
(MOH archive, 2011).
2.8 CIN Mechanism
The mechanism by which contrast media adminstration leads to renal injury is uncertain.
Studies in humans suggest 2 potential pathways that may operate individually or together:
renal vasoconstriction, resulting in medullary ischemic damage, and direct
nephrotoxicity.(Russo et al., 1995).Ischemic and nephrotoxic damage may also be
mediated by the generation of reactive oxygen species. ( Katholi R et al., 1998).
Previous studies have attempted to identify methods to reduce the incidence of contrast
media nephropathy, particularly in high-risk groups. Pretreatment with diuretics, such as
furosemide, or with drugs thought to prevent vasoconstriction, such as calcium channel
blockers, adenosine receptor antagonists, (Katholi R et al., 1995). dopamine, endothelin
antagonists, and atrial natriuretic peptide, have not provided clear benefit and may
even be harmful. . .( Murphy S et al., 2000) Simple volume expansion with intravenous
0.45% or 0.9% saline has been found to be safe and effective.( Solomon et al., 1994). but
has not eliminated the disease. The known antioxidant properties of acetylcysteine raised
the possibility that it could protect against oxidative mediated contrast nephropathy.
Several randomized trials have demonstrated a 40% or greater decrease in the incidence of
the disease among patients with chronic renal insufficiency who received contrast media
agents while undergoing computed tomography .( Tepel M et al., 2000) .as well as cardiac
catheterization. (Shyu K et al., 2002 ; Diaz-Sandoval L et al., 2002); however, other
studies have found no benefit. (Allaqaband S et al., 2002 ; Durham J et al., 2002)
These discrepant results may be due to differences in the timing and dose of acetylcysteine,
total amount of contrast administered, characteristics of patients, and definition of
contrast nephropathy.

CIN is a common cause of acute renal failure in hospitalized patients. Radiocontrast media
has been associated with an increase in morbidity, mortality, and costs of medical care
during hospitalization as well as prolongation of hospital stay. This nephropathy can result
in the need for dialysis treatment and lead to chronic end-stage renal disease for patients
with preexisting renal dysfunction or risk factors for the development of CIN. Multiple
prevention strategies have been investigated with varying results. Based on this data,
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The following algorithm has been developed to assist with selecting the most evidenced
based strategies to prevent CIN. However, the most important strategy to prevent CIN is to
avoid or minimize the use of contrast dye.
Hydration and iso-osmolar or low-osmolar contrast agents, such as iodixanol, are all
associated with a decreased incidence of contrast-induced nephropathy in patients with
renal impairment (creatinine clearance < 1 mL/s [< 60 mL/min]) , (Jo SH et al., 2005) . In
a recent meta-analysis, McCullough and colleagues (McCullough P et al., 2006) found that
although low-osmolar contrast agents reduced the risk for contrast-induced nephropathy by
two thirds, they did not totally eliminate the risk. Thus, protective agents must still be
considered for patients with severe renal impairment who are to receive large volumes of
contrast agents.
Only the trial by Kay and colleagues (Kay J et al., 2003) examined length of hospital stay
as an end point and found a significant reduction in length of stay among patients given Nacetylcysteine. Despite the reported association of contrast induced nephropathy with
impaired outcomes, no trial has examined clinical end points, such as dialysis dependency
or in-hospital morbidity and mortality. The clinical relevance of the renoprotective effects
of N-acetylcysteine, dopamine, and other agents is therefore debatable, whereas
periprocedural hydration is of proven benefit (Trivedi H et al., 2003). In addition, it is
possible that we did not detect a significant effect for theophylline because of study
heterogeneity or insufficient data.

Mehran and colleagues developed a risk score for predicting CIN that includes congestive
heart failure, hypotension, age >75 years, anemia, diabetes, RCM volume, and chronic
kidney disease (CKD) defined as a SCr >1.5 mg/dl or an glomerular filtration rate (eGFR)
of <60/ml/ min/1.7 m2. Of note, the risk of CIN increases in a graded fashion as the eGFR
decreases from <60/ml/ min/1.7 m2 to <20/ml/min/1.7 m2. The development of CIN is
strongly associated with significant morbidity and mortality. (Mehran R et al., 2004)

Among hospital

survivors who undergo percutaneous coronary intervention (PCI),

patients who develop CIN are at an increased risk of death or myocardial infarction (MI) at
6 months, 1 year, and 5 years (Rihal C et al., 2002 ; National Kidney Foundation, 2002) .
Rihal reported an in-hospital mortality of 22% in the 254 patients who developed CIN
following PCI, from a patient population of 7,586 (Drager L et al., 2004 ).Acute
hemodialysis was uncommon except in patients with severe CKD, especially when
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diabetes was present. McCullough studied 1,826 patients undergoing PCI with an inhospital mortality of 1.1% in patients without CIN, 7.1% in patients with CIN without
dialysis, and 35.7% in dialyzed patients with CIN (McCullough P et al., 1997) .

Multiple trials have addressed type, amount, duration, and route of volume repletion to
prevent CIN (Solomon R et al., 1994 ; Mueller C et al., 2002 ).Small numbers, different
patient populations and endpoints, and various repletion regimens have hindered
comparison of these studies. Mueller randomized 1,620
patients undergoing PCI to isotonic (normal) saline or half normal saline with the
incidence of CIN significantly decreased in the isotonic saline group compared with halfnormal saline (0.7% vs. 2.0%) Importantly, all studies agree parenteral volume repletion is
the cornerstone of CIN prevention (Bader B et al., 2004) .

The critical aspect is to ensure optimal volume repletion prior to the procedure. With many
protocols published but no one specific regimen identified, it is strongly recommended to
parenterally administer a total of at least 1.0 L of isotonic saline beginning at least 3 hrs
before and continuing at least 6–8 hrs after the procedure. Initial infusion rates of 100–150
ml/hr are recommended with adjustment post procedure as clinically indicated.
Appropriate caution should be applied in the patient with known reduced left ventricular
function or congestive heart failure. To accomplish this regimen, outpatients should be
scheduled for early arrival or later procedure times; prior-day admission may be required
in selected patients. sodium bicarbonate. The use of isotonic sodium bicarbonate has been
demonstrated in one study to be marginally superior to isotonic sodium chloride (saline) in
preventing CIN in the high risk patient (Merten G et al., 2004) . This protocol used an
infusion of 3 ml/kg/hr for 1.0 hr before and 1.0 ml/kg/hr for 6 hrs after the procedure.
Although additional studies are needed, these data suggest that a modified regimen with
sodium bicarbonate may be effective in the high risk patient.

2.9 Patient Medications
Pre-procedural management of patients at risk for CIN requires a review of the patient’s
medications and withholding, as clinically appropriate, potentially nephrotoxic drugs,
including aminoglycoside antibiotics, anti-rejection medications, and nonsteroidal antiinflammatory drugs (NSAID). Although optimizing volume

status is essential, the

decision to interrupt diuretic therapy must be individualized (Heupler, 1998) . Angiotensin
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converting enzyme inhibitor therapy may be continued but neither initiating nor changing
dose should be considered until the patient is safely past the risk period for CIN following
RCM. Although not a risk factor for developing CIN, metformin should be withheld after
the procedure until it is clear that renal function has not significantly deteriorated
(Tepel M et al., 2006) .
2.9.1 Acetylcysteine

2-Acetamido-3-sulfanylpropanoic acid

(Acetylcysteine)

2.9.1.1 Chemistry
Acetylcysteine is the N-acetyl derivative of the amino acid L-cysteine, and is a precursor in
the formation of the antioxidant glutathione in the body. The thiol (sulfhydryl) group
confers antioxidant effects and is able to reduce free radicals
Acetylcysteine also known as N-acetylcysteine or N-acetyl-L-cysteine (abbreviated NAC),
is a pharmaceutical drug and nutritional supplement used primarily as a mucolytic agent
and in the management of paracetamol (acetaminophen) overdose. Other uses include
sulfate repletion in conditions, such as autism, where cysteine and related sulfur amino
acids may be depleted. (Geier, David A & Geier, Mark R., 2006)
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Acetylcysteine is a derivative of cysteine; an acetyl group is attached to the nitrogen atom.
This compound is sold as a dietary supplement commonly claiming antioxidant and liver
protecting effects. It is used as a cough medicine because it breaks disulfide bonds in
mucus and liquefies it, making it easier to cough up. It is also this action of breaking
disulfide bonds that makes it useful in thinning the abnormally thick mucus in cystic and
pulmonary fibrosis patients.
2.9.1.2 Medical uses

Paracetamol overdose
Main article: Paracetamol poisoning
Intravenous and oral acetylcysteine is indicated for the treatment of paracetamol
(acetaminophen) overdose. When paracetamol is taken in large quantities, a minor
metabolite called N-acetyl-p-benzoquinone imine (NAPQI) accumulates within the body. It
is normally conjugated by glutathione, but when taken in excess, the body's glutathione
reserves are not sufficient to inactivate the toxic NAPQI. This metabolite is then free to
react with key hepatic enzymes, therefore damaging hepatocytes. This may lead to severe
liver damage and even death by fulminant liver failure ,For this indication, acetylcysteine
acts to augment the glutathione reserves in the body and, together with glutathione, directly
bind to toxic metabolites. These actions serve to protect hepatocytes in the liver from
NAPQI toxicity. (Borgström L et al., 1986).
Mucolytic therapy
Inhaled acetylcysteine is indicated for mucolytic ("mucus-dissolving") therapy as an
adjuvant in respiratory conditions with excessive and/or thick mucus production. Such
conditions include emphysema, bronchitis, tuberculosis, bronchiectasis, amyloidosis,
pneumonia, cystic fibrosis, and chronic obstructive pulmonary disease. It is also used postoperatively, as a diagnostic aid, and in tracheotomy care. It may be considered ineffective
in cystic fibrosis. (Rossi S et al., 2006) However, a recent paper in the Proceedings of the
National Academy of Sciences reports that high-dose oral N-acetylcysteine modulates
inflammation in cystic fibrosis and has the potential to counter the intertwined redox and
inflammatory imbalances in CF. (Tirouvanziam R et al., 2006) Oral acetylcysteine may
also be used as a mucolytic in less serious cases.
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For this indication, acetylcysteine acts to reduce mucus viscosity by splitting disulfide
bonds linking proteins present in the mucus (mucoproteins).

Nephroprotective agent
Oral acetylcysteine is used for the prevention of radiocontrast-induced nephropathy (a
form of acute renal failure). Some studies show that prior administration of acetylcysteine
markedly decreases (90%) radiocontrast nephropathy, (Tepel M et al., 2000) whereas
others appear to cast doubt on its efficacy. (Hoffmann U et al., 2004, Miner S et al., 2004)
Data published in two papers in the New England Journal of Medicine and the Journal of
the American Medical Association. conclude:
1. "Intravenous and oral N-acetylcysteine may prevent contrast-medium–induced
nephropathy with a dose-dependent effect in patients treated with primary
angioplasty and may improve hospital outcome." (Marenzi G et al., 2006)
"Acetylcysteine protects patients with moderate chronic renal insufficiency from
contrast-induced deterioration in renal function after coronary angiographic
procedures, with minimal adverse effects and at a low cost"( Kay J et al., 2003)
2.

A clinical trial from 2010, however, found that acetylcysteine is ineffective for the
prevention of contrast-induced nephropathy. This trial, involving 2,308 patients,
found that acetylcysteine was no better than placebo; whether acetylcysteine or
placebo was used, the incidence of nephropathy was the same — 13%.(Smith W et
al., 2010)

3. Acetylcysteine continues to be commonly used in individuals with renal
impairment to prevent the precipitation of acute renal failure.

Treatment of cyclophosphamide-induced hemorrhagic cystitis
N-acetylcysteine has been used for cyclophosphamide-induced hemorrhagic cystitis,
although mesna is generally preferred due to the ability of acetylcysteine to diminish the
effectiveness of cyclophosphamide. (Palma P et al., 1986)

Microbiological use
Acetylcysteine can be used in Petroff's method i.e. liquefaction and decontamination of
sputum, in preparation for diagnosis of tuberculosis.
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Interstitial lung disease
Acetylcysteine is used in the treatment of interstitial lung disease to prevent disease
progression. (Kasielski M et al., 2001, Grandjean E et al., 2000, Stey C et al., 2000 &
Poole P et al., 2001)
2.9.1.3 Adverse effects
Researchers at the University of Virginia reported in 2007 study using very large doses in a
mouse model that acetylcysteine could potentially cause damage to the heart and lungs.
(Palmer L et al., 2007) They found that acetylcysteine was metabolized to S-nitroso-Nacetylcysteine (SNOAC), which increased blood pressure in the lungs and right ventricle
of the heart (pulmonary artery hypertension) in mice treated with acetylcysteine. The effect
was similar to that observed following a 3-week exposure to an oxygen-deprived
environment (chronic hypoxia). The authors also found that SNOAC induced a hypoxialike response in the expression of several important genes both in vitro and in vivo.
The implications of these findings for long-term treatment with acetylcysteine have not yet
been investigated. The dose used by Palmer and colleagues was dramatically higher than
that used in humans; (Palmer A et al., 2007)http://en.wikipedia.org/wiki/Acetylcysteine cite_note-palmer-25 nonetheless, positive effects on age-diminished control of respiration
(the hypoxic ventilatory response) have been observed previously in human subjects at
more moderate doses. (Hildebrandt W et al., 2002)
2.9.1.4 Complexing agent
N-Acetylcysteine has been used to complex palladium, to help it dissolve in water. This
helps to remove palladium from drugs or precursors synthesized by palladium-catalyzed
coupling reactions.
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2.9.1.5 Dosage forms
Acetylcysteine is available in different dosage forms for different indications:


Solution for inhalation (Assist,Mucomyst, Mucosil) – inhaled for mucolytic therapy
or ingested for nephroprotective effect (to protect the kidneys)



IV injection (Assist,Parvolex, Acetadote) – treatment of
paracetamol/acetaminophen overdose



Oral solution – various indications.



Effervescent Tablets (200 mg) - Reolin (Hochland Pharma Germany), Solmucol
(600 mg)(IBSA, Switzerland), Cystaline (Thailand), and Mucinac (Cipla India).



Ocular solution - for mucolytic therapy



Sachet (600 mg) - Bilim Pharmaceuticals



CysNAC (900 mg) – NeuroScience Inc.



PharmaNAC Effervescent Tablets (900 mg) - Bioadvantex Pharma.

The IV injection and inhalation preparations are, in general, prescription only, whereas the
oral solution and the effervescent tablets are available over the counter in many countries.
2.10 Summary
CVD remains a significant global problem, the global burden of CVD has been
accelerated, as a result of this acceleration. the use of image-guided
cardiolovascular procedures and the contrast media in different diagnostic
procedure also increased and this will lead more patients will faced Contrast mediainduced nephropathy (CIN) , CIN is a form of Acute Renal Failure that is caused
by exposure to contrast media (CM) during image-guided cardiolovascular
procedures.
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Chapter Three
Methodology
3.1. Study design
A prospective, single-center, randomized trial on 105 consecutive patients with ischemic
heart disease or peripheral vascular disease and at least one of the risk factor of contrast
nephropathy, undergoing

coronary angiography were conducted. Patients were be

randomized into 3 groups.


Group A (Cn=30) were administered N-acetylcysteine (NAC) 1200mg and
hydrations with (0.9% saline).



Group B (Cn=30) were administered (NAC) 600mg plus Ascorbic acid and
hydrations with (0.9% saline)



Group C (Cn =45) were administered controlled (Hydration)

3.2 Study Population
The study population consist of (600) patients (male and female) who are admitted to
Cardiac Catheterization Center at European Gaza Hospital.
3.3 Study sample
The Study sample consisted of (105) patients (male and females ) who are admitted to the
Cardiac Catheterization Center at European Gaza Hospital in Gaza. between May 2012,
and July 2012.
3.4 Eligibility criteria
Inclusion Criteria


Any patient Aged > 70 years



Any patient less than 70 years and took C.M less than 300 ml and have one or
more of the following:



.

-

Baseline Creatinine level > 1.5 mg/dl, GFR less than 60 ml/min

-

Heart failure ( according to New York Heart Association (NYHA) III, IV)

-

Diabetes mellitus

Any patient took high dose of contrast media ( > 300 ml contrast media)

Exclusion Criteria: patients who are


On long-term dialysis



with known allergy to N-acetylcysteine or ascorbic acid.
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3.5 Study protocol
Eligible patients randomly assigned in a 1:1:1.5 ratio to receive NAC at a standard dose
(group A) N-acetylcysteine and ascorbic acid (group B) , or placebo (Group C).

Patients in group

A: received an oral dose of 1200 mg of N-acetylcysteine tablet

before angiography and 1200-mg orally twice daily for three doses after angiography
(Total

dose of N-acetylcysteine, 4800mg including intervention dose) total period of

taking medications 48 hours and hydration with (0.9% saline) started just before contrast
media injection and continued for 12h at a rate 1.0ml/kg/min after angiography
intervention, or 0.5 ml per kilogram per hour in cases of overt heart failure for 12 hours
Group B : received, an oral low-dose of NAC 600mg before angiography followed by
600mg orally twice daily for a total of three doses after angiography (Total

dose NAC

2400mg included intervention dose) total period of taking medications is 48 hours and
ascorbic acid 3000 mg oral before angiography followed by 2000 mg orally at night and
morning after procedure ( Total dose of ascorbic acid 7000 mg) and hydration with (0.9%
saline) started just before contrast media injection and continued for 12h at a rate
1.0ml/kg/min after angiography intervention, or 0.5 ml per kilogram per hour in cases of
overt heart failure for 12 hours..
Group C: received hydration with (0.9% saline) started just before contrast media injection
and continue for 12h at a rate 1.0ml/kg/min after angiography intervention, or 0.5 ml per
kilogram per hour in cases of overt heart failure for 12 hours

All treated and control patients went through hydration by administrations intravenous
isotonic saline (0.9 percent) at a rate of 1.0 ml per kilogram of body weight per hour (or
0.5 ml per kilogram per hour in cases of overt heart failure) for 12 hours.

The primary end point of the study is the occurrence of contrast-medium–induced
nephropathy, defined as an increase in the serum creatinine concentration of 25 percent or
more from baseline value within the 72-hour period after angiography.
Creatinine concentration is measured at admission, and on the third day after hospital
discharge. Creatinine clearance calculated by applying the Cockcroft– Gault formula to the
serum creatinine value. (r).
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Formula:
{(140 - Age) x wt (kg) x F} / (Plasma Creatinine * 0.8136)
Where F = 1 if male, and 0.85 if female

3.6 Drugs and materials
•

NAC (1200mg,600mg) effervescent tablets.(trade name NAC 600mg and NAC
1200mg each packed contain 10 tablet produced by turkish drugs companey name
basel kimyevi mad ve ilaqsan. TIC.A.S – istanbul

•

Ascorbic acid 1gm effervescent tablets. (trade name Cevitil 1gm each packed
contain 10 tablet produced by egyptions drugs companey name epico)

•

Normal saline 0.9% 500 ml bottle.

3.7 Data collection
Data collection took place from May 2012 to August 2012. the researcher visited the
catheterization unit at EGH 4 days per week. During each visit, patients who met inclusion
criteria were selected and asked for permission to participate in the study. Data collection
included:
•

Creatinine concentration measure at admission, and on the third day after hospital
discharge. Creatinine clearance was calculated by applying the Cockcroft– Gault
formula to the serum creatinine value .

•

The instrument used in measuring the Creatinine concentration is the
spectrophotometer chemistry analyzer

model BS 300

produced by mindray

company which are use in all hospital and primary health care centers lab at
Palestine ministry of health (MOH).

3.8 Statistical Analysis
The sample size was calculated on the basis of a power analysis that assumed a reduction
in the average rate of the primary end point of 50 percent in patients treated with Nacetylcysteine and ascorbic acid as compared with the N-acetylcysteine alone or control
group.
Continuous data are reported as means ± SD ranges where appropriate. Categorical data
are presented as absolute values and percentages.
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The clinical characteristics of the three groups were compared with the use of the analysis
of variance for continuous variables and the chi-square test or Fisher’s exact test for
categorical variables. The analysis of covariance was used to compare the time course of
creatinine values among the three groups. Incidence of complications was compared
among the three groups by the Wald chi-square test with two degrees of freedom and by
the Mantel–Haenszel chi-square test for trend.
A multivariable logistic-regression model, which included all the potential confounding
factors (i.e., age, sex, baseline serum creatinine concentration, volume of contrast medium,
and left ventricular ejection fraction), was applied. A P value of less than 0.05 was
considered to indicate statistical significance. All calculations were computed with the aid
of SPSS software (version 19).

3.9 Ethical and administrative consideration
•

Permission was obtained from Faculty of Pharmacy and Dean of postgraduate studies
and research affairs (annex 1).

•

Permission was obtained from the scientific and research committee in the hospital
which was already approved from MOH. (annex 2)

•

Permission was obtained from the Hilsenky committee for proceeding in the research.
(annex 3)

•

Agreement from all patients was obtained to participate in the study and all signed a
consent form (annex 4)
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Chapter Four
Results of the study
4.1 Participants characteristics
Baseline characteristics show that the study sample consisted of (105) patients
[61 males (50.1%) and 44 (41.9%) female], mean age: 62.3±8.9 years. 84(80%) of
patients were diabetics, 4.8% were with heart failure, 22% were older than 70 years,
patients with baseline serum creatinine more than 1.5 were 8.7%, baseline Creatinin
Clearance: 76.63±19.61, Serum Creatinine Level: 0.97±0.36 and Urea plasma level:
37.58±17.27. (table 1)
The patients were divided into three groups:
1- Group A (30) patients received N-acetylcysteine (NAC)1,200 mg orally every 12 hrs
for 2 days,one dose before coronary angiography and 3 doses after coronary angiography,
(Total

dose of N-acetylcysteine, 4800mg including intervention dose) N-acetylcysteine

medications were given over 48 hrs and hydration with (0.9% saline) started just before
contrast media injection and continued for 12hrs at a rate 1.0ml/kg/min after angiography
intervention, or 0.5 ml per kilogram per hr in cases of overt heart failure for 12 hrs.
2- Group B ( 30) patients received, low-dose of NAC 600mg orally every 12 hrs for 2
days,one dose before coronary angiography and 3 doses after coronary angiography, (Total
dose of N-acetylcysteine equal to 2400mg included intervention dose) Period of taking
medications was 48 hrs and ascorbic acid 3000 mg oral before angiography followed by
2000 mg orally in the night and morning after procedure ( Total

dose of ascorbic acid,

7000 mg) and hydration with (0.9% saline) started just before contrast media injection and
continued for 12hrs at a rate of 1.0ml/kg/min after angiography intervention, or 0.5 ml per
kilogram per hr in cases of overt heart failure for 12 hrs.
3- group C (45) patients received hydration with (0.9% saline) started just before contrast
media injection and continued for 12hrs at a rate of 1.0ml/kg/min after angiography
intervention, or 0.5 ml per kilogram per hrs in cases of overt heart failure for 12 hrs.
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Table 1: Baseline characteristics of the patients
BASE LINE
CHARACTER
Age (yrs)

Group A
n=30

Group B
n=30

Group C
n=45

Total
105

62.03±9.37

63±8.26

60.02±9.23

62.3±8.9

61 (58.1%)
44 (41.9%)

Sex Male/Female

20/10

10/20

31/14

Diabetes mellitus

24

26

34

84
(80%)

Heart failure

3

-

2

5 (4.8%)

Age >70 yrs

6

6

10

22 (21%)

Serum Creatinine >1.5
(mg/dl)

2

1

3

6 (5.7%)

Contrast media >300cc

-

-

13

13 (12.3%)

Creatinine Clearance
Level (ml/min)

72.35±22.97

76.18±17.21

79.78±18.53

76.63±19.61

1.09±0.45

0.89±0.36

0.92±0.27

0.96±36

44.03±19.33

32.48±14.42

31.02±11.2

35.07±15.64

Serum Creatinine level
(mg/dL)
Urea plasma level
(mmol/L)

34

Diagrams (1): Show baseline characters including patients number ( male & female),
mean age for groups A,B & C and the total.

Diagrams (2): Show baseline characters including number of patients with diabetes , heart
failure and with age > 70 years, patients with creatinine >1.5mg/dl and patients who took
contrast media>300cc for groups A,B & C and the total.

Diagrams (3):
Show baseline characters including mean value of creatinine clearance (ml/min), serum
creatinine (mg/dl) and urea plasma level (mmol/L) for groups A,B & C and the total.
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4.2 Results of the study
4.2.1 Group A:
Included (30) patients [ 20 (66.6%)males and 10 (33.4%)female], mean age: 63±8.26
years. 26(86.6%) patients were diabetics, 6 (20% ) patients older than 70 years, patients
with baseline serum creatinine more than 1.5mg/dl were 2 (6.6 %).
baseline creatinin clearance level ml/min: 72.35±22.97, Serum Creatinine Level mg/dl:
1.09±0.45 and Urea plasma level: 44.03±19.33mmol/L.
After intervension with contrast media, minor changes occurred on patients baseline
values, for example, creatinine clearance was decreased to 70.83±25.92 ml/min , creatinine
level was also decreased to 1.07±0.45 mg/dl , urea plasma level increased slightly to
45.03±22.29 mmol/L

The results show no statistical significant changes in Creatinin Clearance level, which was
reduced by (2.1%) with P value (0.579), Serum Creatinine Level was decreased by
(1.8%) with P value (0.732) and the urea plasma level was increased by (2.2%) with P
value (0.790) .

Table (2): represent creatinine clearance (ml/min), serum creatinine (mg/dl) and urea
plasma level (mmol/L)before and after receiving (NAC)1,200 mg orally every 12 hrs for 2
days and hydration with (0.9% saline) in group (A)
Character
Creatinine clearance
(ml/min)
Serum creatinine (mg/dl)
Urea (mmol/L)

Before

After

P value

72.35±22.97

70.83±25.92

0.579

1.09±0.45
44.03±19.33

1.07±0.45
45.03±22.29

0.732
0.790

The results indicate non-significant deterioration in kidney function.
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Diagrams (4): Show baseline values as creatinine clearance (ml/min), serum creatinine
(mg/dl) and urea plasma level (mmol/L) before and after receiving (NAC)1,200 mg orally
every 12 hrs for 2 days and hydration with (0.9% saline) in Group (A).

4.2.2 Group B:
Included (30) patients [ 10 (33.4%) males and 10 (66.6%)female], mean age: 62.03±9.37
years. 24 (80%) patients were diabetics, 3 (10%) patients had heart failure, 6 (20% )
patients older than 70 years, one patient had serum creatinine more than 1.5 mg/dl (3.3%),
baseline Creatinin Clearance: 76.18±17.21 ml/min, Serum Creatinine Level: 0.89±0.36
mg/dl and Urea plasma level: 32.48±14.42 mmol/L .

After intervention with contrast media , changes occurred to patients baseline values, for
example creatinine clearance was decreased to 68.50±27.76 ml/min , serum creatinine
level increased by 0.02 unit to 1.09±0.52mg/dl , urea plasma level was also increased to
42.74±22.64 mmol/L

Data analysis show a statistical significant changes in Creatinin Clearance level which was
reduced by (10.08%) with P value (0.037 ), Serum Creatinine Level was increased by
(18.34%) with P value (0.005 ) and the urea plasma level was increased by (31.58%) with
P value (0.006) .
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Table (3): represent creatinine clearance (ml/min), serum creatinine (mg/dl) and urea
plasma level (mmol/L)before and after receiving (NAC) 600 mg plus ascorbic acid orally
and hydration with (0.9% saline) for group (B)

Character
Creatinine clearance (ml/min)
Serum creatinine (mg/dl)
Urea plasma level (mmol/L)

Before

After

P value

76.18±17.21
0.89±0.36
32.48±14.42

68.50±27.76
1.09±0.52
42.74±22.64

0.037
0.005
0.006

The results indicate significant deterioration in kidney function.

Diagrams (5): Show baseline values including mean value of creatinine clearance
(ml/min), serum creatinine (mg/dl) and urea plasma level (mmol/L) before and after
receiving (NAC) 600 mg plus ascorbic acid orally and hydration with (0.9% saline) group
(B).
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4.2.3 Group C
Included (45) patients [ 31 (68.8%) males and 14 (31.2%)female], mean age:
63±8.26years. 34 (75.5%) patients were diabetics, 2(4.4%) patients had heart failure, 10
(22.2% ) patients older than 70 years, patients with baseline serum creatinine more than
1.5mg/dl were 3(6.6%), patients took contrast media more than 300cc 13 (28.8%) .
baseline Creatinine Clearance: 79.78±18.53, Serum Creatinine Level: 0.92±0.27 and
Urea plasma level: 31.02±11.2 mmol/L.
After intervension with contrast media , changes occurred on patients baseline values, for
example creatinine clearance was decreased to 70.97±25.27 ml/min , serum creatinine
level increased by 0.02 unit to 1.05±0.36 mg/dl and urea plasma level was increased to
39.82±16.80 mmol/L
The results show a statistical significant changes in Creatinine Clearance level which was
reduced by (11.04%) with P value (0.006 ), Serum Creatinine Level was increased by
(14.13%) with P value (0.009) and in Urea plasma level was increased by (28.36%) with P
value (0.002)
Table (4): represent creatinine clearance (ml/min), serum creatinine (mg/dl) and urea
(mmol/L) before and after receiving hydration with (0.9% saline) group (C).
Group
Character
Creatinine clearance (ml/min)
Serum creatinine (mg/dl)
Urea plasma level (mmol/L)

Group C (45)
Before

After

79.78±18.53
0.92±0.27
31.02±11.20

70.97±25.27
1.05±0.36
39.82±16.80

P value
0.006
0.009
0.002

The results indicate significant deterioration in kidney function.

.
Diagrams (6): Show baseline values including creatinine clearance (ml/min), serum
creatinine (mg/dl) and urea plasma level (mmol/L) before and after receiving hydration
with (0.9% saline) group (C).
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4.3 Comparison between group A and B
Creatinine Clearance ,Serum Creatinine & Urea plasma level for group A & B baseline
values were similar ,while group A showed a slight increase in Creatinine Clearance ,
decrease in Serum Creatinine & urea plasma level after interventions ,group B showed a
marked decrease in Creatinine Clearance , increase in Serum Creatinine & Urea after
interventions .
This difference was statistically significant with respect to urea clearance with P value
(0.029) and very close to being significant with respect to serum creatinine where P value
was (0.054).
Table (5): represent creatinine clearance (ml/min), serum creatinine (mg/dl) and urea
plasma level (mmol/L) in group A&B before and after interventions.
Character
Creatinine clearance (ml/min) Before
Creatinine clearance (ml/min) After
Serum creatinine (mg/dl) before
Serum creatinine (mg/dl) after
Urea plasma level before (mmol/L)
Urea plasma level after (mmol/L)

A

B

72.35±22.97 76.18±17.21
↓70.83±25.92 ↓68.50±27.76
1.09±0.45
0.89±0.36
↓1.07±0.45
↑1.09±0.52
44.03±19.33 32.48±14.42
↑45.03±22.29 ↑42.74±22.64

P Value
0.14
0.082
0.36
0.054
0.12
0.029

The results of the comparison between groups A and B show that treatment of group (A)
was more effective than treatment of group (B) in decreasing contrast induced nephropathy
(CIN) after angiography.

Diagrams (7): Show baseline values including creatinine clearance (ml/min), serum
creatinine (mg/dl) and urea plasma level (mmol/L) for groups (A&B) before and after
intervension.
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4.4 Comparison between group A and C
Creatinine Clearance ,Serum Creatinine for groups A & C baseline values were similar,
however, to the urea plasma level (group C) showed significantly lower value than group
A with a P value (0.012) , while group A showed a slightly increase in Creatinine
Clearance , decrease in Serum Creatinine & Urea after interventions, group C showed a
marked decrease in Creatinine Clearance , increase in Serum Creatinine & urea plasma
level after interventions.
This difference between the two groups was statistically significant with respect to
creatinine clearance where P value was (0.045) but not significant with respect to serum
creatinine where P value was (0.37) and urea plasma level P value was (0.11) .
Table (6): represent creatinine clearance (ml/min), serum creatinine (mg/dl) and urea
(mmol/L)in group A&C before and after interventions.
Character
Creatinine clearance (ml/min)
Before
Creatinine clearance (ml/min)
After
Serum creatinine (mg/dl) before
Serum creatinine (mg/dl) after
Urea plasma level before (mmol/L)
Urea plasma level after (mmol/L)

A

C

P Value

72.35±22.97

79.78±18.53

0.11

↓70.83±25.92

↓70.97±25.27

0.04

1.09±0.45
↓1.07±0.45
44.03±19.33
↑45.03±22.29

0.92±0.27
↑1.05±0.36
31.02±11.20
↑39.82±16.80

0.19
0.37
0.01
0.11

The results in table (6) show that group A treatment was more effective than group C
treatment, in decreasing contrast media induced nephropathy (CIN) after angiography.

Diagrams (8): Show baseline values of creatinine clearance (ml/min), serum creatinine
(mg/dl) and urea plasma level (mmol/L) for groups (A&C) before and after interventions .
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4.5 Comparison between groups B and C

Creatinine Clearance ,Serum Creatinine & Urea plasma level for groups B & C showed
that baseline values were similar, Group B& C showed a marked decrease in Creatinine
Clearance , increase in Serum Creatinine & Urea plasma level after interventions.
This difference was statistically not significant with respect to Creatinine Clearance
,Serum Creatinine before and after interventions.

Table (7): represent creatinine clearance (ml/min), serum creatinine (mg/dl) and urea
plasma level (mmol/L)in groups B & C before and after interventions.
Character
Creatinine clearance (ml/min)
Before
Creatinine clearance (ml/min)
After
Serum creatinine (mg/dl) before
Serum creatinine (mg/dl) after
Urea plasma level before (mmol/L)
Urea plasma level after (mmol/L)

B

C

P Value

76.18±17.21

79.78±18.53

0.098

↓68.50±27.76

↓70.97±25.27

0.60

0.89±0.36
↑1.09±0.52
32.48±14.42
↑42.74±22.64

0.92±0.27
↑1.05±0.36
31.02±11.20
↑39.82±16.80

0.60
0.23
0.59
0.18

The results show that patients in group B who took NAC,ascorbic acid and hydrations with
(0.9% saline) and patients in group C who took hydrations showed non-significant effect in
decreasing contrast media induced nephropathy (CIN) after angiography.

Diagrams (9): Show baseline values of creatinine clearance (ml/min), serum creatinine
(mg/dl) and urea plasma level (mmol/L)for groups (B&C) before and after interventions .
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4.6 Contrast media induced nephropathy (CIN)

CIN refer to changes in serum creatinine (SCr) over baseline level by 48 hrs following
intervention , such as > 25% above baseline or an absolute increase of > 0.25 or 0.5 mg/dl
within 3 days following administration of intravascular contrast media .
The results showed there was 2 (6.66%) patients in group A , 5 (16.66%) patients in
group B and 8 (17.77%) patients in group C that sufferd from CIN .

The differences between groups A&B and between group A&C was highly statistically
significant, P-value equal to (0.001), but differences between group B&C was statistically
not significant, P-value equal to ( 0.37) .

Our results indicate that patients in group A who took NAC 1200mg tab and hydration
showed significant decrease in contrast induced nephropathy (CIN) after angiography
But patients in group B who took NAC 600mg tab and ascorbic acid and hydration and
patients in group C who took hydrations only showed non-significant decrease in contrast
media induced nephropathy (CIN) after angiography.

Diagrams (10): shows percentage of patients whose suffered from contrast media
induced nephropathy after angiography in Groups A, B & C .
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4.7 Diabetes mellitus patients

4.7.1 D.M patients in Group (A):

Group A included 30 patients ,26 (86.6%) patients were diabetics , baseline values show
that Creatinine Clearance equal to 76.55±24.75 ml/min , Serum Creatinine 1.08±0.49
mg/dl, and Urea level: 45.19±20.25 mmol/L.
After interventions, the results showed minor changes as Creatinin clearance became :
75. 32±25.34 ml/min, Serum Creatinine Level: 1.05±0.49 mg/dl and Urea plasma level:
44.76±23.74 mmol/L.
These results suggest non-significant changes due to NAC and hydration administration
in D.M patients who underwent coronary angiography , where the Creatinin clearance
level P value was (0.708 ), Serum Creatinine Level P-value equal to (0.403 )and the urea
plasma level P-value equal to (0.463 ) .

Table (8) represent creatinine clearance (ml/min), serum creatinine (mg/dl) and urea
plasma level (mmol/L)before and after receiving (NAC)1,200 mg orally every 12 hrs for 2
days and hydrations with (0.9% saline) in group A diabetic patients.
Character
Creatinine clearance (ml/min)
Serum creatinine (mg/dl)
Urea plasma level (mmol/L)

Before

After

P value

76.55±24.75
1.08±0.49
45.19±20.25

↓75. 32±25.34
↓1.05±0.49
↓44.76±23.74

0.708
0. 403
0.463

Diagrams (11): Shows baseline values of creatinine clearance (ml/min), serum creatinine
(mg/dl) and urea plasma level (mmol/L)for D.M patients in group (A) before and after
interventions .
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4.7.2 D.M patients in Group B:
Group B included 30 patients ,24 (80%) patients were diabetics , baseline values showed
that Creatinine Clearance equal to 80.45±13.14 ml/min , Serum Creatinine 0.81±0.21
mg/dl, and Urea plasma level: 29.87±8.5 mmol/L.
After interventions the results showed different changes as Creatinin Clearance became :
72.65±25.93 ml/min, Serum Creatinine Level: 1.04±0.47 mg/dl and Urea plasma level:
40.83±9.82 mmol/L.
Data analysis suggest non- statistical significant changes due to NAC and ascorbic acid
administrations in D.M patients who underwent coronary angiography, where Creatinin
Clearance level P- value equal to (0.579), Serum Creatinine Level P-value equal to
(0. 732) and the Urea plasma level P-value equal to (0.790) .
Table (9) represent creatinine clearance (ml/min), serum creatinine (mg/dl) and urea
plasma level (mmol/L)before and after receiving (NAC) 600 mg plus ascorbic acid orally
and hydration with (0.9% saline) in group B diabetic patients.
haracter
Creatinine clearance (ml/min)
Serum creatinine (mg/dl)
Urea (mmol/L)

Before

After

P value

72.35±22.97
1.09±0.45
44.03±19.33

↓70.83±25.92
↓1.07±0.45
↑45.03±22.29

0.579
0.732
0.790

Diagrams (12): Show baseline values of creatinine clearance (ml/min), serum creatinine
(mg/dl) and urea plasma level (mmol/L) for D.M patients in group B before and after
interventions .
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4.7.3 D.M patients in Group C:
Group C included 45 patients, 34 (75.5%) patients were diabetics , baseline values showed
that Creatinine Clearance equal to 81.43±18.87ml/min, Serum Creatinine 0.91±0.27 mg/dl,
and Urea plasma level: 29.64±10.65 mmol/L.
After interventions , the results showed different changes as Creatinin Clearance
decreased to : 74.68±24.67 ml/min while Serum Creatinine Level increased to: 1.01±0.35
mg/dl and Urea plasma level also increased to : 38.91±13.25 mmol/L.
These results suggest non-statistical significant changes due to hydratation (0.9% saline
administrations) in D.M patients who underwent coronary angiography. Creatinin
Clearance level P-value equal to (0.962 ), Serum Creatinine Level P-value equal to
(0.660 )and in Urea plasma level P-value equal to (0.475 ).
Table (9) represent creatinine clearance (ml/min), serum creatinine (mg/dl) and urea
plasma level (mmol/L)before and after receiving hydratation (0.9% saline) in group C
diabetic patients.
Character
Creatinine clearance (ml/min)
Serum creatinine (mg/dl)
Urea (mmol/L)

Before

After

P value

81.43±18.87
0.91±0.27
29.64±10.65

↓74.68±24.67
↑1.01±0.35
↑38.91±13.25

0.962
0.660
0.475

Diagrams (13): Show baseline values of creatinine clearance (ml/min), serum creatinine
(mg/dl) and urea plasma level (mmol/L) for D.M patients in group (C) before and after
interventions .
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4.8 Effect of drug administrations on Creatinine Clearance (cc) , Serum Creatinine
(Scr) , and urea plasma level in D.M patients :
Diabetic patients constituted 84(80%) of the total sample of the study (105 patients),
baseline value for cc/Scr and urea plasma level were as follows 79.80±18.25 ml/min,
0.92±0.35 mg/dl, 34.44±14.93 mmol/L respectively (table 10).

These values for cc/Scr and urea level were changed to 74.80±24.85ml/min, 1.02±0.42
mg/dl , 41.73±20.26 mmol/L respectively (table 10).

Data analysis showed non- significant change in either creatinine clearance where P-value
equal to (0.579) and serum creatinine P-value equal to (0.732) or urea plasma level,P-value
equal to (0.790).
Table (10) represent creatinine clearance (ml/min), serum creatinine (mg/dl) and urea
plasma level (mmol/L) before and after interventions in all groups
Character
Creatinine clearance (ml/min)
Serum creatinine (mg/dl)
Urea (mmol/L)

Before

After

P value

72.35±22.97
1.09±0.45
44.03±19.33

↓70.83±25.92
↓1.07±0.45
↑45.03±22.29

0.579
0.732
0.790

Diagrams (13): Show baseline values for creatinine clearance (ml/min), serum creatinine
(mg/dl) and urea plasma level (mmol/L) for D.M patients in all groups before and after
interventions .
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4.9 Male and females patients
4.9.1 Male and female patients in group (A)
Group A constituted 30 patients ,20 males and 10 females, baseline value for Creatinine
Clearance, Serum Creatinine, and Urea plasma level before and after interventions are
shown in table 11.
Upon comparisons of baseline values with those after interventions,the results suggest no
statistical significant differences before and after NAC and hydrations (with saline
administration) between male and female patients who underwent coronary angiography,
where the P- value for the three parameter were as follows:cc before interventions P value was (0.298) and after interventions P-value became
(0.904),Sc before interventions P-value was (0.680), after interventions P-value became
(0.376),Urea plasma level before interventions P-value was (0.690), after interventions Pvalue became(0.304)
Table (11) represent creatinine clearance (ml/min), serum creatinine (mg/dl) and urea
plasma level (mmol/L) before and after interventions for male and female patients in
group (A).
Character
Creatinine clearance (ml/min)
Before
Creatinine clearance (ml/min)
After
Serum creatinine (mg/dl) before
Serum creatinine (mg/dl) after
Urea plama level before (mmol/L)
Urea plasma level after (mmol/L)

Male (cn20)
75.90±24.80

Female (cn10)
65.25±17.80

P Value
0.298

75.43±25.42

↓61.64±25.69

0.904

1.13±0.50
↓1.06±0.40
43.55±18.82
↓42.05±19.51

0.99±0.33
↑1.08±0.58
46.00±21.67
↑51.75±27.85

0.680
0.376
0.690
0.304

Diagrams (14): Show baseline values of creatinine clearance (ml/min), serum creatinine
(mg/dl) and urea plasma level (mmol/L)for male and female patients in group A before
and after NAC and hydration (with saline administration) .
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4.9.2 Male and female patients in group (B)
Group B constituted 30 patients ,10 males and 20 females , baseline values for Creatinine
Clearance, Serum Creatinine, and Urea plasma level for male and female patients before
and after interventions as shown in the table 12.
The results suggest non- significant changes due to NAC and ascorbic acid administration
between male and female patients who underwent coronary angiography , where the Pvalue fore the compared parameters as follows:cc before interventions P value was (0.598) and after interventions P value became
(0.142), Sc before interventions P value was (0.902), after interventions P value became
(0.112), Urea plasma level before interventions P value was (0.495), after interventions P
value became (0.082).
Table (12) represent clearance (ml/min), serum creatinine (mg/dl) and urea plasma level
(mmol/L)before and after intervensions for male and female patients in group (B)
Character

Male (cn20)

Female (cn10)

P Value

Creatinine clearance (ml/min)
Before
Creatinine clearance (ml/min)
After
Serum creatinine (mg/dl) before
Serum creatinine (mg/dl) after
Urea plasma level before (mmol/L)
Urea plasma level after (mmol/L)

83.80±14.88

72.38±17.36

0.598

↓76.73±34.84

↓64.38±23.40

0.142

0.93±0.26
↑1.18±0.68
33.28±18.40
↑48.00±19.51

0.86±0.40
↑1.05±0.41
32.20±16.19
↑40.75±18.55

0.902
0.112
0.495
0.082

Diagrams (15): Show baseline values of creatinine clearance (ml/min), serum creatinine
(mg/dl) and urea plasma level (mmol/L)for male and female patients in group B before
and after NAC, ascorbic acid and hydration (with saline administration).
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4.9.3 Male and female patients in group (C)

Group C constituted of 45 patients , 31 males and 14 females, baseline values for
Creatinine Clearance, Serum Creatinine, and Urea plasma level for males and females
before and after interventions as shown in the table 13.
The results suggest non- significant differences before and after hydration (0.9% saline)
between male and female patients who underwent coronary angiography, where the Pvalue for the compared parameters as follows:cc before interventions P-value was (0.931) and after interventions P-value became
(0.685), Sc before interventions P-value was (0.597) after interventions P-value became
(0.173),Urea plasma level before interventions P-value was (0.072) after interventions
P-value became (0.204)
Table (13) represent clearance (ml/min), serum creatinine (mg/dl) and urea plasma level
(mmol/L)before and after interventions in male and female patients in group (C)
Character

Male (cn=31)

Female (cn=14)

P Value

Creatinine clearance (ml/min)
Before
Creatinine clearance (ml/min)
After
Serum creatinine (mg/dl) before
Serum creatinine (mg/dl) after
Urea plasma level before (mmol/L)
Urea plasma level after (mmol/L)

83.45±14.56

71.45±16.16

0.931

↓75.26±23.03

↓59.91±23.04

0.685

0.95±0.26
↑1.05±0.33
29.68±7.85
↑39.17±11.43

0.87±0.31
↑1.10±0.44
32.07±15.22
↑36.38±16.69

0.597
0.173
0.072
0.204

Diagrams (15): Show baseline values of creatinine clearance (ml/min), serum creatinine
(mg/dl) and urea plasma level (mmol/L) for male and female patients in group C before
and after hydratation (with saline).
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4.9.4 Effect of drug administrations on Creatinine Clearance (CrCl) , Serum
Creatinine (Scr) , and urea plasma level in Male and female patients in all groups:
Male and female patients constituted 61(58.1%) and 44 (41.9%) respectively of the total
sample of the study (105 patients), baseline values for cc/Scr and urea plasma level before
and after interventions are shown in the table 14.
The results suggest non- significant differences before and after interventions between
male and female patients in all groups, who underwent coronary angiography where the Pvalue for the compared parameter as follows:cc before interventions P value was (0.414) and after interventions P-value became
(0.433),Sc before interventions P-value was (0.923), after interventions P value became
(0.923),Urea plasma level before interventions P-value was (0.303),after interventions Pvalue became (0.189)
Table (14) represent creatinine clearance (ml/min), serum creatinine (mg/dl) and urea
plasma level (mmol/L)before and after interventions for male and female patients in all
groups (A,B&C)
Character
Creatinine clearance (ml/min)
Before
Creatinine clearance (ml/min)
After
Serum creatinine (mg/dl) before
Serum creatinine (mg/dl) after
Urea plasma level before (mmol/L)
Urea plasma level after (mmol/L)

Male (cn61)
81.68±20.32

Female (cn44)
70.46±16.94

P Value
0.414

↓75.92±26.43

↓62.33±23.33

0.433

1.01±0.36
↑1.06±0.42
34.79±14.25
↑40.94±17.74

0.89±0.35
↑1.07±0.45
35.43±17.47
↑43.36±22.92

0.923
0.540
0.303
0.189

Diagrams (15):
Show baseline values of creatinine clearance (ml/min), serum creatinine (mg/dl) and urea
plasma level (mmol/L) in male and female patients before and interventions in all groups
(A,B&C).
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Chapter five
Discussions
5.1 Introduction
Contrast-induced nephropathy (CIN) after coronary angiography and/or percutaneous
coronary intervention occurs most commonly in patients with chronic renal insufficiency .
(Gruberg I. et al., 2000; McCullough P. et al., 1997 ; Tomasso C., 1994 )
CIN has been reported to occur in 11% to 44% of patients with moderate renal
insufficiency. It is relatively rare in patients with normal renal function. The risk of
developing CIN is highest in patients with a combination of chronic renal
insufficiency, diabetes mellitus, and dehydration. (Parfrey P. et al., 1989)
Larger doses of contrast media and intracoronary or intraaortic injection of contrast media
are also associated with a higher incidence of CIN. (Rudnick M et al., 1995)
The development of CIN probably is related to the ability of contrast media to cause renal
vasoconstriction and to shunt blood from the medullary segments of the kidney to the
cortical segments. (Berns A., 1989 ; Porter G., 1989)
CIN typically occurs 1 to 7 days after exposure to contrast media. Serum creatinine rises
from 24 to 48 hours after contrast exposure, with a peak occurring at 3 to 5 days. CIN
contributes to morbidity, long hospital stays, in-hospital death, and increased health care
costs. (Parfrey P. et al., 1989)
Many types of prophylaxis treatment have been used in an attempt to prevent CIN.
Hydration before and after exposure to contrast media is more effective than diuresis with
furosemide or mannitol. (Solomon R. et al., 1994 ; Stevens M. et al., 1999 & Abizaid A. et
al., 1999) ,Hydration with isotonic saline has been shown to be superior to hydration with
half isotonic saline ( Mueller C. et al., 2002).
Although hydration is considered the standard practice in the prevention of CIN,
a substantial proportion of patients at risk continue to have CIN. Other agents that have not
been shown to be of benefit in the prevention of CIN include dopamine,
captopril, theophylline, atrial natriuretic peptide, and calcium channel blockers.
(Bailey S. et al., 2001)
N-acetylcysteine (NAC) is an antioxidant and a free radical scavenger that has been shown
to reduce the risk of CIN in patients undergoing computed tomography.
(Tepel M et al., 2000). Preliminary studies with NAC in the prevention of CIN after
coronary angiography have produced mixed results. (Diaz-Sandoval L. et al., 2002 ;
Briguori C. et al., 2002)
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In our study, group (A) who received NAC 1200mg tab. plus hydrations with saline (0.9%
Nacl) showed significant reduction in CIN (P value 0.001) after coronary angiography
when compared with group (B) who received NAC 600 mg tab. and ascorbic acid plus
hydrations with saline (0.9% Nacl) and group (C) who received hydrations with saline
(0.9% Nacl) only.
After analyzing the baseline character, the results showed that the percentage of
cardiovascular diseases in males and females were 61 (58.1%) & 44 (41.9%) respectively,
similar results were obtained by Jousilahti and Tuomilehto Puska (1999). and by
Allaqaband S. et al,, 2002 study in which the percentage of males and females were 58% &
42% respectively , but In Gomes et al, 2005 study in which (156) patients were randomly
assigned with baseline a serum creatinine level of 1.3 mg/dL to NAC 600 mg orally bid
(twice daily) two doses pre/two doses post or placebo, all patients received 1 mL/kg/hr
0.9% saline (12 hrs pre/ 12 hrs post) the percentage of males and females were 59% &
41% respectively.
5.2 In this study, group C (control group) received the standard regime hydration with
saline (0.9% Nacl) and included 45 patients [ 31 (68.8%) males and 14 (31.2%)female],
mean age: 63±8.26years. 34 (75.5%) patients were diabetics, 2(4.4%) patients had heart
failure, 10 (22.2% ) patients were older than 70 years, patients with baseline serum
creatinine more than 1.5mg/dl were 3(6.6%), patients who took contrast media more than
300cc were 13 (28.8%), the baseline Creatinine Clearance was: 79.78±18.53, Serum
Creatinine Level was : 0.92±0.27 and Urea plasma level was: 31.02±11.2 mmol/L.
After intervension with contrast media , changes occurred on patients baseline values, for
example creatinine clearance was decreased to 70.97±25.27 ml/min , serum creatinine
level increased by 0.02 unit to 1.05±0.36 mg/dl and urea plasma level was increased to
39.82±16.80 mmol/L
The results revealed that 8 (17.77%) of the patients in group C suffered from CIN.
It also showed a statistical significant decrease in Creatinin Clearance level by 11.04%
with P value 0.006, Serum Creatinine Level was increased by 14.13%with P value (0.009)
and Urea plasma level was increased by 28.36% with P value (0.002).
The results indicate significant deterioration in kidney function irrespective of using
hydration as protective standard procedure against the contrast media.
These results agree with the results of previous study carried out by Emin et al. 2007. The
authors found that the incidence of CIN in patients receiving normal saline as hydrating
media was increased by (13.6%).
53

Taylor et al. 1998 (n=36) found no difference between treatment groups ,although the oral
hydration group in his study received 6 hours of intravenous hydration in addition to their
oral intake (first regimen was 1000 mL water taken orally (10 hrs pre); 0.45% IV saline
300 ml/hrs. (30-60 min pre/ 6 hrs post), second regimen was 75 ml/hr. 0.45% IV saline
(12 hrs pre/ 12 hrs post). Trivedi et al. 2003 (n=53) found that oral hydration alone
appeared to be inferior to intravenous hydration with respect to the development of
contrast-induced nephropathy (34.6% vs 3.7%; P=.005) in patients with normal renal
function undergoing cardiac catheterization . [first regimen was 1.0 ml/kg/h 0.9% saline
(12 hrs pre/ 12 hrs post) second regimen were Unrestricted fluids orally].

On the Contrary, a study carried out by Bradly J. et al. 2003 (n=96) showed that
hydrations is better than NAC in the incidence of CIN, in that study all Patients referred
for elective coronary angiography with a baseline creatinine clearance level < 50 ml/min
and serum creatinine <1.2 mg/dL were randomly assigned to 1500 mg NAC (n=49) or
placebo(n=47) , starting the evening before angiography and given every 12 hrs for 4
doses over a two days period and all subjects received half-isotonic (0.45%) saline at
1.0 ml/kg per hr for 12 hrs before and 12 hrs after angiography, the results were CIN
occurred in 8.2% (4/49) of patients taking NAC and 6.4% (3/47) of patients taking placebo
However, this study did not include the risky patients only as in our study.

5.3 Group A. received NAC 1200mg tab plus hydrations with (0.9% saline).
It included 30 patients (mean age: 63±8.26 years). 26 (86.6%) of them were diabetics, 6
(20% ) were older than 70 years and 2 (6.6%)patients had baseline serum creatinine more
than 1.5 mg/dl. The baseline Creatinine Clearance level was 72.35±22.97 ml/min unit,
Serum Creatinine Level: 1.09±0.45 mg/dl and Urea plasma level: 44.03±19.33mmol/L.
After intervension with

contrast media, minor changes occurred on patients baseline

values, for example, creatinine clearance decreased to 70.83±25.92 ml/min , creatinine
level was also decreased to 1.07±0.45 mg/dl , while urea plasma level increased slightly to
45.03±22.29 mmol/L.
The results showed that the incidence of CIN was seen in 2(6.6%) patients. Statistical
analysis showed non-significant changes in Creatinine Clearance level, which was reduced
by 2.1% with P value (0.579), Serum Creatinine Level was decreased by 1.8% with P
value (0.732) and the urea plasma level was increased by 2.2% with P value (0.790).
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Comparing the results obtained in group A with that obtained in group C, revealed a
substantial decrease in the incidence of CIN following the use of high dose of NAC which
means that NAC had protective effect against CIN and therefore, it can be considered a
better protective protocol than hydration alone .
This nephroprotective effect was due to the high dose of NAC that might act by
scavenging oxygen free radicals or by enhancing the vasodilatory effects of nitric oxide.
These results agree with several studies that found the use of NAC plus hydration has a
protective effect for example:
Diaz-Sandoval et al. 2002 randomly assigned 54 patients with a serum creatinine level of
1.4 mg/dL or a creatinine clearance level of 50 ml/min to NAC 600 mg orally bid (twice
daily) one dose pre/3 doses post or placebo, all patients received 1 ml/kg/hr 0.45% saline
(2-12 hrs pre/12 hrs post). The volume of contrast media administered was not indicated.
Two of 25 (8%) NAC-treated patients and 13 of 29 (45%) placebo-treated patients ended
up with CIN (P=0.005). Serum creatinine level increased significantly in placebo treated
patients (1.6 to 1.9 mg/dl) but it was reduced in NAC-treated patients (1.7 to 1.5 mg/dL).
Also in Briguori et al. 2002 study , patients (181) were randomly assigned with a serum
creatinine level of 1.2 mg/dL or a creatinine clearance of 70 ml/min to NAC 600 mg orally
bid (one dose pre/ one dose post) treatment or placebo( received 0.9% Saline), all
patients received 1 ml/kg/hr 0.45% saline (12 hrs pre/12 hrs post).
The average contrast media volume was 194 ml in the NAC-treated patients and 200 ml in
placebo-treated patients. CIN occurred in 6 of 92 (6.5%) of NAC-treated patients and in 10
of 91 (11%) placebo-treated patients (P 0.22). In patients receiving contrast volumes of
140 mL, CIN occurred in 5 of 60 (8.5%) placebo-treated patients and in none of the 60
patients receiving NAC (P 0.02). The investigators concluded that NAC prevented CIN
only in patients receiving relatively small volumes of contrast media.
In a different study by Shyu et al. 2002. Patients (121) were randomly assigned with
serum creatinine Cr >2.0 mg/dl or CrCl < 40 ml/min to NAC 400 mg po bid(one dose pre
/one dose post) or placebo, all patients received 1 ml/kg/hr 0.45% saline(12 hrs pre/23 hrs
post). Volume of contrast media in the NAC-treated patients was 119 mL and 115 ml in
placebo-treated patients. CIN occurred in 2 of 60 (3.3%) -treated patients and in 15 of 61
(24.6%) placebo-treated patients (P 0.001). Serum creatinine level increased from 2.8
mg/dl to 3.1 mg/dl in placebo-treated patients and decreased from 2.8 mg/dl to 2.5 mg/dl in
the NAC-treated patients (P 0 .01).
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In an additional study carried out by Allaqaband et al. 2002, where they randomly
assigned 123 patients with a serum creatinine level >1.6 mg/dl or a creatinine clearance <
60 ml/min to placebo ( received 0.9% saline) , Fenoldopam IV 0.1 μg/kg/min (4 hrs pre/4
hrs post); NAC 600 mg orally bid (one dose pre/one dose post) all patients received
1.0 ml/kg/h 0.45% saline (12 hrs pre/12 hrs post), Contrast media volumes were
approximately 120 ml in each treatment group. The incidence of CIN was 15.3% with
placebo, 15.7% with fenoldopam, and 17.7% with NAC (P= 0 .92).
On the contrary, Durham et al. 2002 in astudy showed that hydrations is better than NAC
in reducing the percentage of CIN occurance, the authors randomly assigned 79 patients
with a serum creatinine level of 1.7 mg/dl to NAC 1200 mg po (1 hr pre/3 hrs post) or
placebo.
All patients received1.0 ml/kg/hr 0.45% saline(12 hrs pre/12 hrs post) ,NAC treated
patients received an average contrast dose of 77 ml while placebo-treated patients received
an average of 85 ml. CIN occurred in 26.3% of NAC-treated patients and 22.0% of
placebo-treated patients . This results was due to the differences in volume of contrast
media used, contrast media types and patients disease level.
In a different study carried by Bradly J. et al. 2003. (n=96) showed that hydrations is
better than NAC in the percentage of occurring CIN occurance, in their study all Patients
referred for elective coronary angiography with a baseline creatinine clearance level < 50
mL/min and serum creatinine <1.2 mg/dl were randomly assigned to 1500 mg NAC (n=49)
or placebo(n=47) , starting the evening before angiography and given every 12 hrs for 4
doses, and all subjects received half-isotonic (0.45%) saline at 1 ml/kg per hr for 12 hrs
before and 12 hrs after angiography. The results showed that CIN occurred in 8.2% (4/49)
of patients taking NAC and 6.4% (3/47) of patients taking placebo .
These results might be due to differences in the types and quantity of contrast media used
and its infusion rate , differences in patients health status , inclusion criteria in their study,
they did not include only risky patients as in our study .
The overall results of these studies indicate that NAC has renoprotrective effect and
has the ability to decrease CIN .
5.4 Patients in Group B: received NAC 600 mg tab and ascorbic acid plus hydrations
with saline (0.9% Nacl).
Group B included 30 patients [ 10 (33.4%) males and 10 (66.6%)female], mean age:
62.03±9.37 years, 24 (80%) patients were diabetics, 3 (10%) patients had heart failure,
(20% ) patients were older than 70 years, only one patient (3.3%) had serum creatinine
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more than1.5 mg/dl, baseline Creatinin Clearance: 76.18±17.21 ml/min, Serum Creatinine
Level was: 0.89±0.36 mg/dl and Urea plasma level was: 32.48±14.42 mmol/l .
After intervension with contrast media, significant changes occurred on patients baseline
values, for example, creatinine clearance was decreased to 68.50±27.76 ml/min , serum
creatinine level increased by 0.02 unit to 1.09±0.52mg/dl , urea plasma level was also
increased to 42.74±22.64 mmol/l
Data analysis showed that the incidence of CIN was seen in 5 (16.66%) patients and the
results also showed a statistical significant changes in Creatinin Clearance level, which
was reduced by (10.08%) with P value (0.037 ), Serum Creatinine Level was increased by
(18.34%) with P value (0.005 ) and the urea plasma level was increased by (31.58%) with
P value (0.006) . These results indicate significant deterioration in kidney function.
Similar results were obtained in the NASPI ( Sang-Ho J. et al. 2009) study—a prospective
randomized controlled trial which showed that the High-dose of NAC 1200mg seems more
beneficial than ascorbic acid in preventing contrast-induced renal function deterioration in
patients, especially diabetic patients, with renal insufficiency undergoing coronary
angiography, and this might be due to the cumulative antioxidant effect produced by the
use two of antioxidant that act by similar mechanism (scavenging oxygen free radicals or
by enhancing the vasodilatory effects of nitric oxide).
On the contrary, the results obtained from a double-blind randomized controlled trials by
Spargias et al. 2004; upon evaluating the use of the antioxidant (ascorbic acid) ability to
prevent contrast-induced nephropathy in 231 patients undergoing coronary angiography
The patients took ascorbic acid 3 g po 2 hrs pre. followed by 2 g po the night and morning
post Placebo hydrations with saline 0.9%),the authors defined contrast-induced
nephropathy by a 25% or higher rise in SCr level 2 to 5 days post procedure and found that
ascorbic acid significantly reduced the risk of this outcome (odds ratio, 0.38; 95%
confidence interval, 0.17-0.85) . This result also support our findings that indicates the
uses of antioxidant is better than hydration alone in reducing CIN. But the difference
between the high dose of NAC and ascorbic acid in the NAPSI study showed that,NAC is
more beneficial than ascorbic acid in preventing contrast-induced deterioration in renal
function.
Comparing the results obtained in group A, with those obtained in group B, reveals
a substantial decrease in the incidence of CIN in group A which means that NAC had
renoprotective effect and therefore it could be considered a better protective protocol than
hydration alone.
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Diabetic patients:

Diabetic patients constituted 84(80%) of the total sample of the study (105 patients),
baseline value for cc/Scr and urea plasma level were as follows 79.80±18.25 ml/min,
0.92±0.35 mg/dl, 34.44±14.93 mmol/L respectively.
After interventions these values for cc/Scr and urea level were changed to
74.80±24.85ml/min, 1.02±0.42 mg/dl , 41.73±20.26 mmol/L respectively.
Data analysis showed non- significant change in either creatinine clearance where P-value
equal to (0.579) and serum creatinine P-value equal to (0.732) or urea plasma level,P-value
equal to (0.790).
Also group A (n=30) results suggest non-significant changes due to NAC and hydration
administration in D.M patients who underwent coronary angiography , where the
Creatinin clearance level P value was (0.708 ), Serum Creatinine Level P-value equal to
(0.403 )and the urea plasma level P-value equal to (0.463 ) .
Group B (n=30) results showed non- statistical significant changes due to NAC and
ascorbic acid administrations in D.M patients who underwent coronary angiography, where
Creatinin Clearance level P- value equal to (0.579), Serum Creatinine Level P-value
equal to (0. 732) and the Urea plasma level P-value equal to (0.790) .
Group C (n=45)results suggest non-statistical significant changes due to hydratation
(0.9% saline administrations) in D.M patients who underwent coronary angiography.
Creatinin Clearance level P-value equal to (0.962 ), Serum Creatinine Level P-value
equal to (0.660 )and in Urea plasma level P-value equal to (0.475 ).
These results agree with the results of a random clinical study carried out by
Manouchehr A. et al. 2009; which showed that there was no detectable benefit for the
prophylactic administration of oral NAC over an aggressive hydration protocol in patients
with DM and CKD.
In this study 90 patients underwent elective diagnostic coronary angiography with DM
and CKD (serum creatinine ≥ 1.5mg/dl for men and ≥1.4mg/dl for women). The patients
were randomly assigned to receive either oral NAC(600mg BID, starting 24 hrs before the
procedure) or placebo, in adjunct to hydration. Serum creatinine was measured prior to and
48 hrs after coronary angiography.
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On the contrary, the results obtained from prospective study carried out by
Kou-Gi S. et al. 2002. showed that prophylactic oral administration of antioxidant
acetylcysteine, along hydration with saline, reduced the acute renal damage induced by a
contrast agent in patients with chronic renal insufficiency undergoing acoronary procedure,
the study prospectively studied 121 patients with chronic renal insufficiency with mean
±SD serum creatinine concentration equal to 2.8±0.8mg/dl) who underwent a coronary
procedure . patients were randomly assigned to receive either acetylcysteine (400mg orally
twice daily) and 0.45% saline intravenously, before and after injection of the contrast
agent, or placebo and 0.45% saline. Serum creatinine and blood urea nitrogen were
measured before, 48 hrs and 7 days after the coronary procedure.
The results seen in this study might be due to the inclusion criteria where patients had
serum creatinine level equal to 2.8±0.8mg/dl only patients serum creatinie level in this
study much higher than patients serum creatinine value in other study.

All these results indicate that diabetic patients is similar like non diabetic patients in
the changes of kidney functions test after intervention .
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Males and females:
Male and female patients constituted 61(58.1%) and 44 (41.9%) respectively of the total
sample of the study (105 patients), the results suggest non- significant differences before
and after interventions between male and female patients in all groups, who underwent
coronary angiography where the P-value for the compared parameter as follows:cc before interventions P value was (0.414) and after interventions P-value became
(0.433),Sc before interventions P-value was (0.923), after interventions P value became
(0.923),Urea plasma level before interventions P-value was (0.303),after interventions Pvalue became (0.189).
Also group A (n=30) the results suggest non- significant differences before and after
NAC and hydrations (with saline administration) between male and female patients who
underwent coronary angiography, where the P- value for the three parameter were as
follows:cc before interventions P value was (0.298) and after interventions P-value became
(0.904),Sc before interventions P-value was (0.680), after interventions P-value became
(0.376),Urea plasma level before interventions P-value was (0.690), after interventions Pvalue became(0.304).
Group B (n=30) the results suggest non- significant changes due to NAC and ascorbic
acid administration between male and female patients who underwent coronary
angiography , where the P-value fore the compared parameters as follows:cc before interventions P value was (0.598) and after interventions P value became
(0.142), Sc before interventions P value was (0.902), after interventions P value became
(0.112), Urea plasma level before interventions P value was (0.495), after interventions P
value became (0.082).
Group C (n=45) The results suggest non- significant differences before and after
hydration (0.9% saline) between male and female patients who underwent coronary
angiography, where the P-value for the compared parameters as follows:cc before interventions P-value was (0.931) and after interventions P-value became
(0.685), Sc before interventions P-value was (0.597) after interventions P-value became
(0.173),Urea plasma level before interventions P-value was (0.072) after interventions
P-value became (0.204).
All these results indicate that males is similar like females patients in the changes of
kidney functions test after intervention no differences according to the genders.
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5.5 Limitations of our study include


A relatively small sample size, . The sample size in our study (n _ 105) was greater
than the sample size in two studies and similar to that in a third trial.14,18,19 Only
the studies by Briguori et al15 and Shyu et al17 randomly assigned more patients. It
is possible, however, that by not enrolling a larger number of patients that a type II
error occurred in our study.



Getting patient agreement to participate in the study.



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



Withdrawing of 5 patients from the study.



Patients compliance.



Difficulty in collecting data of creatinine clearance after 3 days of undergoing
coronary or peripheral angiography.



Difficulty in purchasing the medications.
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5.6 Conclusions

At the end of this clinical study we concluded:

High dose of NAC (1200mg) plus hydration provide significant lowering in the
incidence of CIN in high risk patients undergoing angiography procedures.



High dose of NAC (1200mg) plus hydration caused significant decrease in the
incidence of CIN in comparison with hydrations alone.



High dose of NAC (1200mg) plus hydration significantly decreased the incidence
of CIN in comparison with combining regimen of NAC plus ascorbic acid and
hydrations.



The effect of NAC in preventing CIN was similar in male and female patients .



The effect of NAC in preventing CIN was similar in diabetic and non diabetic
patients .

5.7 Recommendations :

Recommend to adopt high dose of NAC (1200mg) plus hydration protocol in high
risky patients undergoing angiography procedure.



Group the patients according to the risk factors before undergoing angiography
procedures.



Further research should be carried out on isolated risky patients.



Further research should be performed

on the use of ascorbic acid alone in

reducing CIN.


Further research should be done on the effect of different treatment groups on male
and female patients..
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Annex 4
تسى اهلل انشحًٍ انشحٛى
Written Informed Consent

انسٛذ/ج.........................................
ذحٛح ذقذٚش ٔاحرشاو
ٚرى اعذاد ْزِ انذساسّ حٕل ذاشٛش تعط االدٔٚح انًسرخذيّ ف ٙانرقهٛم يٍ انرثا ٍٚانُاذط عٍ اعرالل انكه(CIN)ّٛ
َرٛعح اخز انصثغّ عُذ انًشظ ٙانزٚ ٍٚخععٌٕ نهقسطشِ انعالظ ّٛأٔ انرشخٛصٛح ف ٙقسى قسطشج انقهة ف ٙيسرشفٗ
غضج األٔسٔت ٙحٛس سرسرًش انذساسّ يذج شٓشٔ ٍٚرنك ظًٍ تشَايط انًاظسرٛش تانصٛذنّ ذخصص عهى االدٔ ّٚتكهٛح
انصٛذنّ تعايعح االصْش-غضج.
ٔذٓذف انذساسّ ان-: ٙ
ذقٛٛى ذأشٛش كم يٍ عقاس )NAC1200mg( N-acetylcysteine :تاإلظافح إنٗ انرشٔٚح  ،hydrationأٔ ظشعح
يُخفعح يٍ ( ،)NAC600mgتاإلظافح إنٗ كم يٍ حًط االسكٕستٛك ٔانرشٔٚح ( )hydrationأٔانرشّٔٚ
)ٔ (hydrationحذِ نًُع انرثا ٍٚانُاظى عٍ اعرالل انكهٛح (َ )CINرٛعح اخز انصثغّ نذٖ انًشظٗ عان ٙانًخاطش
انزٚ ٍٚخععٌٕ نهقسطشِ انعالظ ّٛأٔ انرشخٛصٛح ف ٙقسى قسطشج انقهة ف ٙيسرشفٗ غضج األٔسٔت.ٙ
نزا اسظٕا يُكى انركشو تانًٕافقح عه ٙانًشاسكّ فْ ٙزِ انذساسّ  ,االيش انز٘ سٛكٌٕ نّ تانغ االشش فَ ٙعاحٓا ٔسٛساعذ
ف ٙانحصٕل عه ٙانُرائط انًشظٕج يُٓا  ،عهًا تاٌ كم انًعاٛٚش االخالق ّٛانًطهٕب ذٕفشْا فْ ٙزا انثحس قذ ذى
اذخارْا ٔكافح انًعهٕياخ انر ٙسرى ظًعٓا سركٌٕ ف ٙغاٚح انسشٔ ّٚسرسرخذو نغشض انثحس انعهً ٙفقط.

شاكش ٍٚنكى حسٍ ذعأَكى

انثاحس
عالء صقش حهس
كهٛح انصٛذنّ تعايعح االنضْش-غضج
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