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CHAPTER |
INTRODUCTION

Background and Rationale

Contrast media are being widely used for both diagnostic and therapeutic
purposes (7, 2). In 2003, over 80 million doses of intravascular contrast media,
corresponding to approximately 8 million liters, were administered worldwide, making it
one of the most commonly prescribed medieations.in the history of modern medicine
(3). The general indication for.the use of.¢ontrast. media is to create an X-ray attenuation
differential in tissues in order«t0_increase the visualization of disease processes (3).
Radiological procedures _utilizing intraYasouIar contrast media include computer
tomography (CT), intravenous pyelography, angiography/venography and magnetic

resonance imaging (MRI) (3). " ;
Y

All imaging modalifies/using contra;sﬂ media have rapidly raised, especially CT

add v ol
scanning which has increased by 800% inithe" last two decades and cardiac
catheterization which increased by:390% frﬁj@_m to 2002 in the USA and by 112%

from 1992 to 1999 _ih; Europe (3). An increasing numbef of radiological procedures

utilizing contrast media have led to a rise in the incidence of acute kidney injury caused
by an exposure to contrast media, known as contrast-induced nephropathy (CIN) (7-3).
The exact mechanism, of .CIN .is.unclear, howeyer, .an.evidence suggests that a
combination of direCt texic ‘effectson tubular epithelial ‘cells and renal ischemia may
play a pathogenic role (4). CIN is traditionally definéd as an increase<in serum creatinine
of either'0.5 mg/dl'or 25% fromibaseline»within 72 hours of.exposure (1,/5, 6). Although,
the incidence of CIN is low (0.6-2.3%) in general population, it is significantly higher in
some groups of patients, especially in patients with cardiovascular pathology
undergoing coronary angiography and percutaneous coronary intervention (PCl) (2).

The reported incidence of CIN after PCl was 3.3-20% (2, 7, 8).
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Even though, serum creatinine usually increases to a peak level 3-5 days after
receiving contrast media and returns to the baseline level within 1-3 weeks, 0.3-0.7% of
the patients progress to acute renal failure (ARF) requiring dialysis (2). Moreover,
patients who developed CIN after receiving contrast media have higher complication
rates, longer hospital stay, and higher mortality rate compared with patients who did not
develop CIN (6, 9-12). A possible reason for this association is that CIN initiates or
aggravates pathologies (73). Once CIN is established, only supportive care is currently
provided until renal function resolves, infrequently, hemodialysis may be required, either
transiently or even permanently (714). Thereiore, at'present, the main method to reduce
this complication is its prevention.(715). Several inferventions have shown to be effective
in reducing risk of CIN develepment such as administration of preprocedural and
postprocedural intravenous isetonic quid,lminimizing the dose of contrast media, using
low- or iso-osmolar contiast media,'andjka’i/oiding short interval between procedures
requiring contrast media (75:77). Althoug“h ‘the benefit of N-acetylcysteine (NAC) is
controversial, findings from some triats sug’-_égsg__that this agent decreases the incidence
of CIN, and the use of NAC has become co-rf-n{rlc_)n at many institutions (18).
* W5k

As the majority of patients underg:di:ﬁgi‘cardiac procedures are likely to be
discharged within 24 heu#saﬁer—theupﬁeeedure (#9)-ah-assessment of CIN development
beyond 24 hours is Iirﬁited. Therefore, an ability to predict CIN after the procedure would
be of clinical benefit. ﬂS-everaI risk factors associated with CIN after PCI have been
identified; however,in daily'practice; the combination of tworor‘more risk factors is rather
common (14). The effect of risk factor is additive and the likelihood of CIN rises sharply
as thesnumber of fisk factorssincreases| (20).7Thisyadditive rmatufa aof fisk factors has
allowed the development of prognostic scores to predict the probability of CIN in order
to support decision about patient management and preventive measure (20). However,
none of the published risk model has been prospectively validated in different
populations (20). In addition, the differences in patient characteristics, type and volume
of contrast media administered in the procedures may affect the sensitivity of patient’s

renal function to contrast media. The purpose of this study was therefore to identify risk



3
factors associated with CIN after PCl and develop a risk score model for prediction of

CIN after PCl in Thai patients.

Objectives

(1) To determine the incidence of CIN after PCI.

(2) To identify risk factors assogi

(3) To develop a risk , | for re@lN after PCI.

Operation Definitions /

(1) Contrast medi ] " di ated i ular contrast media.

(2) CIN was defined inine > 25% or > 0.5 mg/dl from
pre-PCl value withi nosed with CIN.

(3) The creatie 1sing the Cockcroft-Gault

method as present

CrClI (ml/min) = [(140-age) x weight{kg)1/72 x serum creatinine (mg/dl) {x 0.85

ol ANLHINLNI
LRI B AR WA oo

rwomen based on World Health Organization criteria.

(5) Transfusion of packed red blood cell (PRBC) was defined as hematocrit

dropped and need for transfusion of PRBC before PCI.

(6) Diabetes mellitus (DM) was defined as hyperglycemia requiring insulin and/or

oral hypoglycemic drug treatment or diagnosed with DM.
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(7) Hypertension was defined as the mean of two or more properly measured of
systolic blood pressure (SBP) more than 140 mmHg or diastolic blood

pressure (DBP) more than 90 mmHg or diagnosed with hypertension.

(8) Emergency PCI was defined as PCI that was performed immediately to open

an occluded coronary artery.

(9) Elective PCI was defined

(10) Congestive hea eft ventricular ejection fraction

below 40% or
Scope of the Study

atients underwent elective or

emergency PCl at King C 4 lemoria ital between 10 November 2009

(1) By using this E\l ri

risk of developleg CIN before COWSt media exposure. Therefore, patients

who aﬂ uiﬁr %%ﬁ Gﬂ % w ﬁﬂeﬂﬁ prophylactic measures

can beﬂrowded in advance

ARIAININU NN INYAE

(2) ™Obtain information on the incidence of CIN after PCI.

canﬁe effectively assessed for the

(3) Obtain information on the risk factors associated with CIN after PCl in Thai

patients.



Conceptual Framework

According to the guidelines for CIN and review of related articles, specific
factors that increase risk of CIN development were categorized as risk factors that
related to the patient, contrast media and a procedure. The most common patient-
related risk factors include age = 70 years, chronic kidney disease (CKD), DM with

or without CKD, CHF and reduced left ventricular ejection fraction, anemia, and

a high dose of contrast media, short
exposures a high osmolality of
en reported to increase risk of
of CIN remains controversial,

ted in this study (Figure 1).

ﬂ‘UEl’J‘VIEWlﬁWEI']ﬂ?
Qﬁqﬁﬁﬂ‘iﬁuﬂ'ﬂﬂmﬂﬂﬂ



Figure 1. Conceptual framework
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CHAPTER I
REVIEW OF LITERATURE

1. Contrast Media

1.1 Chemistry and pharmacology (3, 21, 22)

lodinated contrast media used for creating an X-ray attenuation

differential in tissues in ord lization of disease processes. All
currently used contrast media-are baséd (ﬁi&l alteration of the 2, 4, 6 tri-

B

iodinated benzene ring (Figuse he lodi ovides the radio-opacity, whereas the

binding. Following intravascule '_ +"' 3 ) ations only last for a few

seconds and 70% of t jgCtal 09’61 f f asma to the extracellular space
within 2 - 5 minutes. In highly Jerfus T.{___' V such as the liver, heart, lungs and brain,
a fall in plasma concentration i T_ S, diffusion into the extracellular space is
slower in skin, fat and skeletalﬁ%._@w m diffusion between plasma and the

patients with normal rénal function. In patients with rena mpairment, the excretion by

the kidneys Caﬁﬂrﬁvﬁglﬁﬁ Y1 '%JW enNq

‘- COOH

oLl e Vil (RRT

Figure 2. Chemical structure of triiodobenzoic acid



1.2 Contrast media classification (3, 27-23)

Contrast media are classified as ionic or non-ionic and as monomers or dimers.
In clinical practice, contrast media are generally classified by osmolality, which is
defined by the number of osmoles of solute per kilogram of solvent (Osm/kg). On a
basis of osmolality, contrast media are divided into three categories as following, (A

comparison of commonly used contrast media is presented in Table 1)

1.2.1 High-osmolar contrast media (HOCM)= The osmolality ranges from 1500 -

1800 milliosmoles/kilogram (mOsm/kg), Whereas the"osmolality of human plasma is 290
mOsm/kg. It is widely acknowledged that the osmolality of HOCM is a major contribution
to their adverse effects afid that &/ reduction in osmolality is desirable. The HOCM

include diatrizoate, iothalamatg and loxithalamate.
".;i #
1.2.2 Low-osmolar conifast media (‘LOCI\/I) - The osmolality ranges from 600 —

700 mOsm/kg, more than‘twige that of blod‘q,f_.jhe two types of LOCM include non-ionic
monomers and ionic dimers. Thg-non-ionic @r},&mers LOCM are the contrast media of

choice because they are potentially |ess toxic.-The common non-ionic monomers

include iohexol, ioprénide, iopamidol and ioversol.

1.2.3 Iso-osmolar contrast media (IOCM) — The IOCM is iso-osmolar to blood.

lodixanol is the'Only agent in‘this/class availablée for intravasculat use.

2. Contrastslnduced-Nephropathy.

2.1 Definition and incidence

The most common definition of CIN in clinical trials is an increase of 25% or
more, or an absolute increase of 0.5 mg/dl or more in serum creatinine from baseline
value, at 48-72 hours following the exposure to contrast media (7, 2). The European

Society of Urogenital Radiology (ESUR) defines CIN as an impairment in renal function
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(an increase in serum creatinine by > 0.5 mg/dl or > 25%) within 3 days after
intravascular administration of contrast media, without an alternative etiology (5). The
first 24 hours post-exposure appear to be crucial in the development of CIN (2, 24). A
study of the trajectory of serum creatinine elevation indicated that in 80% of CIN cases
serum creatinine started to rise within the first 24 hours post contrast media exposure,
and nearly all patients who progressed to serious renal failure (requiring either

nephrology consultation or dialysis) had a rise in serum creatinine within this time frame

(2, 24). "///
7Z.
An overall incidence of CIN'in a enmn is 0.6-2.3% (2). However, in
some populations, the incidefce oi CIN is sig #Q tly_ higher especially in patients with
cardiovascular

patholog nderg _-~\\u ography and percutaneous
: _ .

coronary intervention (P 0 of 1,826 patients treated with

PCI, the incidence © J S ' ’a. sudy among 8,357 patients

undergoing elective PCI e ases (14). The risk of CIN is

especially high (19-20% gency PCI for acute myocardial

infarction (7, 8). Moreover, an rise to 50% or more in patients with

multiple risk factors (20).

W, : J

B 2
ﬂumwﬂmwmni
QW']éWﬂ‘iﬂJ UAIINYAY
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Table 1. Properties of commonly used contrast media (25)
Generic Trade Masufaciarer Type, Indene Coetent  Osmaolality Viscosity at Viscosity at
Name Namels) lonscity {mg/mL} (mOsmikg HO1 20°C (mPas)® 37 C imPasy
140-146
w2

Dhatriznate, HOCM 550700 14-19
amidolricoate lwnic (manomer) 1 4001 5400 41
M2 1420-1.539
30 12701 550
3

70 1.940-2,140
*? 2038

|||||||§l|||
£L

I
L
i

-
=4
-
Y

T el
el
22

&g
fad L
=Rl

lobitrido[*

aﬁﬁﬁ‘%ﬂﬁs%am'mu

I-iJ 1.5

todixanol Viipaque  GE Healibeare Bio-  10CM 150 (109)} 200 21 17
sciences/Amersham  Nosioaic (dimer) 270 (208, 290 Il 57
Health 3 240, 290 M4 1.

HOCM = high-semaolar contrast media; IOCM = isoemalar costrast media: LOCM = low-osmolar contrast madis,

* Berhex, Mositville, NJ; GE Healthcase Bioscienoes/Amersham Health, Pisctoway, NJ; Brocoo-Altana Pharma, Constanoe, Germany; Bracoo Diagnostics
Inc.. Princeton, B); Bracco House, Bucks, Unaled Kingdom: Bracco Intemabional BY, Amsterdam. Netherlands; Guerbet LLC, Bloomingion. IN; Jusie,
Madrid, Spain: Schenng, Madrid, Spain; Tyeo Healthcare/Mallinckrodt, St. Louis, MO,

' Osmolality values differ wilh

* Values can be mexsured in a pure solution of the active suhstance in water, of in the commircial product.

'FamH{IKmmvmmmtyptﬂde

Mmmanmwm-qmuﬂmr-ﬂhmwmr
1
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2.2 Pathophysiology of contrast-induced nephropathy (4, 20)

Although the exact mechanism of CIN has not been completely elucidated, there
is increased evidence that a combination of direct toxic effects on tubular epithelial cells
and renal ischemia may play a pathogenic role (Figure 3). First, direct toxic effects in the
proximal convoluted tubular cells and in the inner cortex of the kidneys have been
demonstrated following exposure to contrast media. Injury due to enhanced production
of oxygen-free radicals and lipid peroxidation of biological membranes may also be
implicated. Second, an immediate vasoconstriction'and reduction in renal blood flow to
outer medulla after contrast media expo’s’ure lead to medullary hypoxia, ischemic injury
and death of renal tubular.eells.«Two possible mechanisms by which medullary hypoxia
and ischemia may occurdn response to éontrast media exposure have been proposed;
(1) contrast media may .Cause renal va‘isé"constriction by both increasing activity of
several intrarenal mediators (aden’osi;e, \"ﬁaS’opressin, angiotensin I, dopamine-1 and
endothelin) and decfeasing activity o? g_gnal vasodilators  (nitric  oxide and
prostaglandins), (2) contrast media may dé’(f':j'p_,a_se renal blood flow indirectly by causing

erythrocyte aggregation. 7‘ sty

Figure 3. The postulateéd mechanisms in the pathophysiologi_y_-of CIN (4).
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ET, = endothelin A; ET;= endothelin B; SMC = smooth muscle cells; NO = nitric oxide; and

PG, = Prostaglandin 5.
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2.3 Impact of contrast-induced nephropathy
2.3.1 Contrast-induced nephropathy requiring dialysis

Although most cases of CIN reflect mild transient impairment of renal function, a
small proportion of patients require dialysis. The need for dialysis after CIN varies
according to patients’ underlying. risks @t the time of contrast administration, but
generally it is less than 1% (9, 26). Although @INerequiring dialysis is relatively rare, the
impact on patient prognosis is considerable (6). The in-hospital mortality rate for patients
who developed CIN requiring dialysis after coronary intervention was 35.7% with the 2-
year survival rate of 18.8%sCompared with the in-hospital mortality rate of 7.1% in a
group of patients who'developed CIN:but r]oj( requiring dialysis (9).

_—

2.3.2 Increased mortality risk

£ )
It has been recognized that the riskJ_bT;death increased in patients developing

d g Aol
il

CIN. Among approximately 16,000 patients?n:dergoing procedures requiring contrast
media in a large retrospectivé —sjt-trjdy, a tota.lr.g)%q1-'£3‘3 subjects developed CIN. Although
the incidence of CII,\;J'in this study was less than 2% the risk of death during
hospitalization in subjeé:ts developing CIN"was 34%, compared with 7% in matched
controls who had received eentrast media buat.did not develop CIN. Even after adjusting
for comorbid disease, [patients with CIN had a 5.5-fold increased risk of death and a

complicated clinical course (Figure 4)'(27).

Figure 4, In-hospital mortality is higher in patients with CIN (6, 27)

Odds Ratio = 5.5
(adjusted for comorbidity)

In-hospital Mortality (%)

40 — p >0.001
34%
30
20 —
10 + 7%
0 T 1

CIN No CIN
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The high risk of in-hospital death associated with CIN has also been noted in

a retrospective analysis of 7,586 patients, 3.3% of cases developed CIN after exposure
to contrast media. The hospital mortality rate was 22% in the patients who developed
CIN, compared with only 1.4% in patients who did not develop CIN (70). The increased
risk of death was found to be persisted long term. The mortality rates at 1 year and 5
years after CIN development (12.1% and 44.6%) were significantly higher than the
mortality rates in patients who did not develop CIN (3.7% and 14.5%) (p < 0.0001) (710).
In an analysis of the relation between pogtp’fyyydure increase in serum creatinine and
mortality, a significant increase in 1-year mo@as observed when an increase in
serum creatinine was higi’ej__fﬁah 2;5% p < 0.0007), §Epporting the use of this cut-off

value as a predictor ofv!g[;«fo/

0mes (Figure 5).(28).

Figure 5. Depiction of 1-y lity' rate-according to post-PCl increase in serum
— i
creatinine (2 & & #
LA
idd
RSN ..-i.l'-ll:p 45
Mortality (%) ¥
50 i
TR W
40 — — _"'_"s_‘_f
o B g =
30 — i =
20
10 -
0 - T T
0 =10 10—28/ " 25_50 Change
=50

2.3.3 Increased adverse clini¢al outcome

CIN is associated with other adverse outcomes, including cardiovascular events.
In a large registry of 20,479 patients undergoing PCI, CIN occurred in 2% of patients
and was associated with a 15-fold increase in major adverse cardiac events, regardless
of the need for hemodialysis. Among the patients who developed CIN, there was a 5.5-
fold increase in myocardial infarction (Ml), an 11-fold increase in target vessel

reocclusion, and a 22-fold increase in the mortality rate (Figure 6) (29).
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Figure 6. Odds ratio of major adverse events after CIN development (29)
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without CK 31) In another stu ﬁ Izatlents developing CIN were™b times more likely

o have’al cnd i houpha e el (sbrchelobidord % oo 29

2.3.5 Economic impact

A recent economic analysis of the direct costs associated with CIN showed that
the average additional cost was $ 10,345 for the hospital stay. The major reason of the

increased costs associated with CIN was the cost of the longer initial hospital stay (32).
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3. Risk Markers for Contrast-Induced Nephropathy

Identifying high-risk patients is the first step to minimize the overall risk of CIN.
Specific factors that increase risk of developing CIN are related to patient
characteristics, contrast media and procedure. The strongly associated risk markers for
CIN are preexisting renal disease, DM, age greater than 70 years, concurrent use of
nephrotoxic drugs, hypovolemia, use of a large amount of contrast media or an ionic
high-osmolar contrast media (HOCM) and' CHE (33, 34). The use of the term “risk
marker” is typically preferredsthan “risk facior*in.ihe literature because many of these
factors are nonmodifiable™patient characteristics “that are not necessarily directly
causative (20, 33). Accordingto.the guidelines for CIN and the review of related articles,
risk markers for CIN wergfcategerized._as classic risk markers (Table 2), risk markers
with limited data (possiblefrisk‘markers) (Ta'ble 3), and new and conflicting risk markers

(Table 4). \
J

Table 2. Classic risk markers for the development of CIN (33)

Modifiable Risk Markers ~ ! Nonmodifiable Risk Markers

Low effective circulatory volume - gSi=e D

Use of nephrotoxic drugs BM-with:CKD

Increased dose of contrast media Older age

Short duration of two contrast media Class IlI-IV CHF and reduced left
administrations ventriculanejection fraction

High-osmolar and ionic contrast media

Table 3. Possible risk markers for the development of CIN (33)

Modifiable Possible Risk Markers Nonmodifiable Possible Risk Markers
Hypertension Prior kidney surgery
Hypoalbuminemia Acquired immunodeficiency syndrome
Hypercholesterolemia Polyarteritis nodosa

Periprocedural hypotension Multi-vessel coronary involvement

Trauma Peripheral vascular disease




Table 3. Possible risk markers for the development of CIN (33) (continue)

Modifiable Possible Risk Markers Nonmodifiable Possible Risk Markers
Urgent/Emergency procedure Renal artery stenosis

Anemia Acute myocardial infarction

Sepsis

Rhabdomyolysis

Low serum sodium level

Pulmonary edema
Urine albumin-creatinine rati
Bypass graft intewentioF 1
Use of intra-aortic ballo .
Delayed coronary repe

Intra-arterial contrast admn

Table 4. New and conflicting af ers fortk lopment of CIN (33)

New Risk Markers ' - -7 ; ‘oaniCting Risk Markers

Hypertriglycerideml

Pre-diabetes Female gender

Y 3 ﬂ 1T WHANT

Rﬂal transplantat

LR o e
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Risk Markers for Contrast-Induced Nephropathy
1. Chronic kidney disease

A patient with normal renal function rarely has CIN, but the incidence progresses
with the decreasing of glomerular filtration rate (GFR). The contrast media are excreted
mainly by glomerular filtration. The half-life for contrast media in patients with normal
GFR is between 40 and 120 minutes; but it is between 16 and 84 hours in patients with
severe renal impairment (33). McCullough' et .al' noted that with an estimated GFR
(eGFR) of greater than 60 _ml/min, the ghance of CIN was less than 5% (9). Several
studies agreed that an eGFR of.60.ml/min is a reliable cutoff point for identifying patients
at high risk for the developmentof.CIN (2). The CIN Consensus Working Panel reported
that the risk of CIN is“elevated and,.becoLm.e clinically. important when baseline serum
creatinine level is = 1.3 mg/d| in memand 2J_1.O mg/dl in women (35). The higher the
baseline creatinine valug, the greater is thé,_ri;k of CIN, as shown in Table 5. However,
baseline creatinine is not reliable énéugh for Jig_:lé:ntification of patients at risk for CIN. This
is because serum creatinine _‘\_/aitje varié;:\;_vjj;h age, muscle mass, and gender.
Therefore, it is recommended _t_(; calculate e&R _b_efore an exposure to contrast media

i el

(2). Moreover, preexisting renal disease with an elevated level of serum creatinine is

considered as anothe_r crucial risk marker of CIN develoﬁﬁent (2). The risk of CIN is
especially higher if the-underlying renal disease is diabetes (33).

Table 5. Relationship between baseline serum‘creatinine and CIN development

Study Rrocedure Number of CIN Baseline SCr* % CIN
patients Definition (mgldl) development

Rihal et'al. PCI 7,586 SCr* T > <A1 2.4

2002 (10) 0.5 mg/d| 2.0-29 22.4
>3 30.6

Hall KA et al. Angiographic 222 N/A <12 2

1992 (36) procedure 14-19 10.4

(abstract) >2.0 62

SCr* = serum creatinine
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2. Diabetes mellitus with chronic kidney disease

Among all predisposing factors for CIN, diabetic patients with CKD constitue the
group at highest risk for CIN (2, 20, 33, 34). However, it is not clear whether the risk of
CIN is significantly increased in patients with DM and normal renal function (2, 20).
Some studies showed that diabetic patients with preserved renal function and absence
of other risk factors, the rates of CIN are usually comparable to those of a non-diabetic
population (37), while clinically important CIN usually occurs in a subset of diabetic
patients with underlying renal insufficiency: (2,:88).-Patients with DM and CKD have a
greater risk of CIN, oliguria;=and need-dialysis-than-nondiabetic patients with similar
levels of CKD (39). In a recent sitidy, a total of 421 patients with creatinine clearance
between 15 and 60 ml/min" undergoing coronary angiography, it was found that CIN
occurred in 20% of diabeétic/and 6.5% of nondiabetic patients. Hemodialysis was
required in 3.6% of diabetic patients, aEd none of the patients with normal fasting
glucose required hemadialysis (p =4 OSE‘:)* (Table 6) (40). In another registry of 1,575
diabetic patients undergaing PCI, CIN was @bserved in 15% of diabetes patients with
preserved renal function (sefum ereatinine <:T,,.5g)ng/dl or eGFR > 60 ml/min) compared

with 27% of diabetes patients with CKD (p £0.0001), and dialysis was instituted in 0.1

and 3.1%, respectively (p < 0.0001) (38). The most appfopriate role of diabetes with

respect to CIN is that Ttacts as a risk amplifier in the presence of CKD (20).

Table 6. Relatiopship, between-diabetes mellitus-withs chronie-kidney-disease and CIN

development

Study Number_ Procedure Patient % CIN %Hemodialysis
ofi patient characteristics developgment requirment

Toprak et al 421 CAG CKD with DM 20 3.6

2007 (40) CKD with non-DM 55 0

(p =0.001) (p = 0.036)

Nikolsky et al 1,575 PCI DM with CKD 27.4 3.1
2004 (38) DM with non-CKD 15.1 0.1
(p < 0.0001) (p < 0.0001)

CAG = coronary angiography
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3. Older age

Several studies provided evidence that older age is a risk predictor of CIN.
Mehran et al reported that age > 75 years was a significant predictor of CIN after
elective PCI (OR = 2.195; 95% CI = 1.780-2.706) (14). Marenzi et al also found that age
> 75 years was significantly associated with the risk of CIN development in acute Ml
patients undergoing emergency PCl (OR = 5.28; 95% CI| = 1.98-14.05) (8). A study in
219 nondiabetic patients with reduced 'kidmey function, age = 70 years was an
independent predictor of CIN (OR = 6.78;;95% Cl-= 2.1-21.28) (41). The reasons for
higher risk to develop CiNwin-elderly were not-studied specifically and probably are
multifactorial, including age-related changes in renal function (diminished GFR, tubular
secretion and concentrating ability),; and the presence of multivessel coronary artery
disease, necessitating compléx: PCIl, coupled with more difficult vascular access

resulting in greater amount.of contrast medTa needed (2).
)

4. Type of contrast media ",
2o s !,;,,

A meta-analysis of 25 §t_udies indioa’t_;f_j_;:a__'s,i‘gnificant reduction in risk of CIN with
LOCM compared with HHOCM (OR = 0.61, 95% Cl=0.48 - 0177) (42). Studies published
since this meta—analys;iér generally support these findingsr(43). Most studies comparing
different LOCM agents‘have been small trials that have-not shown clinically relevant
variation within_this class (25). lodixanol, an“iso-osmolar contrast media (IOCM), has
been shown to haveithe.lowest risk.fori CINLin ipatients with ICKD and DM (7, 44). The
CIN Consensus Working Panel suppbrts the view that iodixanol is thé least nephrotoxic
agent available foriintravascular usei(7).<Ihe American College of Cardiology/ American
Heart Association guidelines for the management of acute coronary syndromes patients
with CKD listed the use of IOCM as a class |, Level of Evidence: A recommendation
(45). The National Kidney Foundation Kidney Disease Outcome Quality Initiative
guidelines have also recommended the use of IOCM in renal dialysis patients to

minimize the chances of volume overload and complications before the next dialysis

session (25).
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5. Volume of contrast media

The evidence suggests that the risk of CIN is dose dependent (25). Several
studies have shown that the volume of contrast media is a significant predictor of CIN
after PCI and the mean of contrast volume is higher in patients with CIN (7, 9, 25, 39).
According to difference sources, the relatively safe cut point of contrast volume varies
from 70 ml to 220 ml (33). However, dose as low as 20 ml to 30 ml are capable of
inducing CIN in very high risk patients (33)./Although, a significant correlation between
CIN incidence and volume of contrast mediarhas: been observed, the data are not
completely consistent. Other-studies have suggested that there is no association
between contrast media volume  and a decline in renal function (23, 25). Some
investigators have analyzedthefincicence of CIN in relation to volume of contrast media
adjusted to patient characieristics. Cigarroa and coelleagues were the first to propose a
formula to calculate a“safg weight: and Ere@tinine— adjusted maximum contrast dose
(MCD) (equation 2) (46). Two studies co;ﬁ_rmgd that the exceeding use of MCD was
associated with a higher risk of CINV _%_ﬁer POIj{? 26),

-'lj'!,l
il

MCD = Sax-body vveiglf};-(.lg"g)_ (equation 2)

Serum creatinine (mg/dl)

The CIN Consensus Working Panel concluded that, in patients at risk, receiving
contrast mediasgreater than=100 mlisjassociated withjashighersrate of CIN. Therefore, in
patients with an,eGFR <60 ml/min, a contrast volume < 100 ml'is preferable. The panel
also concluded-that. there-may.not be.a, threshold-volume below.which CIN does not
occur, because even small ((~30ml)“volumes of ‘contrast media’ can cause CIN in very

high risk patients (25).

6. Class Ill-IV Congestive Heart Failure
Studies have shown that advanced congestive heart failure (CHF) and reduced
left ventricular ejection fraction (LVEF) are significant risk predictors of CIN. Rihal et al

(10) and Bartholomew et al (29) found that CHF is a significant predictor of CIN in
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patients underwent PCI (OR = 1.53, p = 0.007 and OR = 2.2, p < 0.0001,
respectively). Consistent with the above studies, Dangas et al showed that LVEF below

40% is a predictor of CIN after PCI (31).

7. Use of nephrotoxic drugs

There is an expectation that the addition of further renal insults, such as the use
of nephrotoxic drugs (e.g., high-dose loap diuretics, NSAIDs, coxibs, aminoglycosides,
amphotericin B, cisplatin and cyclosporine A); would increase the risk of CIN. The use of
diuretics has been reported-to-be associated with-ansincreased risk of CIN, but this may
indicate the presence of CHF (20). Although, the supporting evidence is relatively
limited, it is reasonable torhold these n"gsphrotoxic drugs if possible for several days
before contrast media expesuge (7). There is controversy over whether drugs that block
the rennin angiotensin” system sfiould be-_.?he}d or continued for contrast procedures.
Given the overall long-term:beneficial eff;cts of ACEl"and ARB, many believe these
drugs should remain a base ofr-tl!'éatment}j?‘r-CKD and DM, irrespective of contrast
administration (20). In general, these-drugs accgynt for a 10%-25% increase in baseline
serum creatinine, and this should-be concer;;eq when evaluating a patient before and

after contrast exposure (20). It is a routine practice to ho!dl‘metformin before all contrast

procedures to avoid the development of lactic acidosis wﬁich could lead to systemic
complications and death. Therefore, metformin is generally withheld 48 hours before

exposure to contfast medias(1).

8. Anemia

Recently, it has been shown that a low baseline hematocrit is a predictor of CIN
in patients undergoing PCI. The partial oxygen pressure of the outer medulla in the
kidney is very low during normal function, and hence the combination of contrast-
induced vasoconstriction and anemia may decrease oxygen delivery sufficiently to
cause renal medullary hypoxia (20). Thus, it is intuitive that anemia may play a role in

CIN risk (20). In a registry of 8,357 patients undergoing elective PCl, the results showed
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that a baseline hematocrit value of less than 39% for men and less than 36% for
women is a risk for CIN (OR = 1.827; 95% CI| = 1.518 - 2.199) (714). Another registry of
570 diabetes patients undergoing elective PCI, it was found that patients who
developed CIN had significantly lower baseline hematocrit compared with those who did
not develop CIN (36.5 = 5.7% and 38.9 & 4.3%, respectively; p = 0.001), and the need
for blood transfusion was reported to be a significant predictor of CIN after PCI (OR =
14.2, 95% CI = 3.0 — 66.9) (12). One study showed that patients with the lowest eGFR
and hematocrit had the highest rates of CIN (47). The threshold hematocrit at which the
risk of CIN increased was < 41.2% in men and*<.34.4% in women (47).

-

9. Short duration of two conirast.media administrations

Patients with no risk' markers of CIN; angiography should be delayed more than
48 hours after a previous exposure to inEfaugscular contrast media (33). Spacing out
contrast exposures is meant to eliminate ‘;_he possibility of giving contrast media to a
patient who is in the early phases ofClN WH-IrG:i_’.i -may not yet be recognized by the rise in
serum creatinine. In patients withi diabetes or}br;_efexisting renal disease, this time interval

should be increased to more_than 72 hourgi(iié’)._ The CIN Consensus Working Panel

recommended that when possible, 2 weeks should be allowed between the procedures

requiring contrast mediai (25).

10. Other risk factors

Dehydration, periprocedural hypotension,“the_use_af intraaertic balloon pump
(IABP) and acute Ml patients uhdergoing .emergency PCl also have been reported to be

risk markers for CIN (2, 20, 33).

In conclusion, CIN most commonly occurs in patients with chronic kidney
disease, diabetes mellitus, hypovolemia, advanced age, nephrotoxic agent
administration, the use of a large amount and ionic high osmolar contrast media, and

congestive heart failure. Most of the classic and possible risk markers for CIN are
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modifiable. Therefore, identifying high risk patients and providing prophylactic
measures before contrast media using procedures may decrease risk of CIN

development.

4. Strategies for Reducing Risk of CIN Development
1. Volume expansion

Volume expansion has a well-establishedsrole in CIN prevention, although, there
are limited data on the most appropriate choice of intravenous fluid. The evidence
indicates that isotonic “erystalleid.«(saline or bicarbonate solution) is probably more
effective than half-normal #saline (48).‘1 Additional confirmatory trials with sodium
bicarbonate (49) are“needed jbecause tt}e largest trial to date shows no benefit of
sodium bicarbonate over normal saljne (502‘.‘ 'Ehere is also no clear evidence to guide the
choice of the optimal raie and durétion Of%QfL;Sion. However, good urine output (> 150
ml/hour) within 6 hours after the jt;rq'cedure:ﬁ_ag been associated with reduced rates of
CIN in one study (57). In order tg :adc-_FIieve a! fjr:nggﬂow rate of at least 150 ml/hour, = 1.0

to 1.5 ml/kg/min of intravenous _ﬂui_dlhas to b_e—,'—;_a__d!rpinistered for 3 to 12 hours before and

o

6 to 12 hours after 'c‘;-_ontrast exposure (7). Oral vqume_."'e_xpansion may have some

benefit, but there is ﬂOt_ enough evidence to show that'itis‘as effective as intravenous

volume expansion (52)- Iy

2. Dialysis and-femofiltration

Conirast media, is! remaved by dialysis, but there“is no [Clinical evidence that
prophylactic dialysis can reduce the risk of CIN, even when carried out within 1 hour or
simultaneously with contrast administration (7). Hemofiltration, performed 6 hours before
and 12 to 18 hours after contrast media exposure, deserves consideration because of a
reduced mortality and a need for hemodialysis in the postprocedure period in very high

risk patients (serum creatinine 3.0 to 4.0 mg/dl, eGFR 15 to 20 mi/min) (53, 54).
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Nevertheless, this approach should be considered only in the very highest-risk patient

in conjunction with nephrology consultation and dialysis planning (7).

3. Pharmacologic strategies
There are currently no approved pharmacologic agents for the prevention of
CIN. The pharmacologic agents tested in small trials that deserve further evaluation

include the antioxidants, ascorbic acid and NAC; statins; aminophylline/theophylline;

}\f/ ly ascorbic acid has been tested in a
tri jﬂ

and prostaglandin E, (7). Of the‘s\_

multicenter, blinded, placeb and has been shown to reduce
‘J __#

rates of CIN. The dose Wac§usew was 3 grams orally the night

before and 2 gram orally t

tly shown to be effective. The

recently published Following Contrast Media

Administration) trial su upplementation with sodium
NAC alone in reducing the risk

of CIN (56). Dosing of N
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Figure 7. Algorithm for management of patients receiving contrast media (1)

ACS = aouie cononary syndromes: bid = bwice daly; Or = creatining; DM = diabetes mellitus; IV = intravencous;
NAG = N-acetylysteme; WSAIDS = nonstemidal entHnfiammatoey drugs; PGE, = prostaglandin £y; po = by mouth; other sbbeewigbons 83 in Figue 2.
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Several risk markers for the development of CIN have been reported.

However, the combination of two or more risk markers is rather common in daily practice
(20). The effect of risk markers is additive, and the likelihood of CIN rises sharply as
number of risk markers increases (20). A study by Cochran and colleagues in renal
angiography showed that the risk of CIN was 50% in patients with 5 risk factors
including age > 55 years, proteinuria, abnormal baseline serum creatinine, the use of
high osmolar contrast media and preexisting renal disease (57). The additive nature of
risk has allowed the development of risk score model to facilitate risk prediction of CIN
in clinical practice. All of the recently published models have been developed from

database of patients undergoing PCl.

Mehran et al (14) developed a sin"lple CIN risk'score that integrated eight clinical
variables to assess the gisk of CIN 'afteerF’"CI. These variables included hypotension,
IABP use, CHF, CKD, DMy age = 75 yeaf§, anemia and volume of contrast. Based on
the odds ratio (OR) derivedifrom _mgltivariéiqilqgistic regression model, these variables
were assigned a weighted integer; the sum-’b_.t.-t_be integers was a total risk score for each
patient (Figure 8). The occurrente of CIN \Aésif;’)und to be 7.5-57.3% for patients with
low (£ 5) and high (= 16) risk Score, res];f):é.e%ively. The_model demonstrated good
discriminative ability i,te—éis%ingaish—h&gh—risk patienis-from low-risk patients with

concordance statisticé (C-statistic) of 0.67. The risk predi'o{ors used in other published

risk models are summarized in Table 7.

Freeman ét al (26), however, developed a risk scoring system for prediction of a
more Severe! Mephhopathyy sAephrapathy reduinng Gdialysis™y(NRD)y Jafter PCI.  Six
predictors of NRD after PCI were identified including renal insufficiency (defined as a
presence of preprocedural serum creatinine > 2 mg/dl), diabetes mellitus, congestive
heart failure, peripheral vascular disease, cardiogenic shock and receiving contrast
media higher than weight- and creatinine- adjusted maximum contrast dose (MCD)
[MCD = 5 x body weight/serum creatinine (mg/dl)]. There was a direct relation between

the number of risk factors and incidence of NRD. A progressive increase in incidence
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was found with an increasing number of risk factors. The model performed good

discriminative ability with C-statistic of 0.89.

Figure 8. An example of a CIN risk score model and its application in predicting the risk

of CIN and CIN requiring dialysis (14).

.-E
»

CHF = congestive heart fijlure eGFR = estlmated glomerular filtration rate, IABP = intra-

aortic balloon ﬂw”%@i‘ﬁ’ﬂﬁ NEIN?

’Qﬁﬁﬁﬁﬂimuﬁﬂﬂmﬁﬂ



Table 7. Risk predictors of CIN from published CIN risk score model

Study Procedure N Odds 95% CI Discriminative
ratio ability
Mehran et al (74) Elective PCI 8,357 2.676 2.1-3.4 C-statistic

(2004) 2.547 1.8-3.7 =0.67
2.698 2.0-3.6
2.195 1.8-2.7
1.827 1.5-2.2
1.597 1.3-1.9
1.276 1.2-14
1.194 1.1-1.3

Marenzi et al (8) Emergency 208 5.28 2.0-14.1 N/A®
(2004) PCI 217 0.9-5.3
2.51 1.0-6.2
f - 4. contrastiyelume = 300 ml 2.80 1.2-6.7
FLUE IHNEATWEINNT 50 | arsis

* CIN was defined as an increase = 25% and/or = 0.5 mg/dl in sergm creatinine &48 hours after PQJversus baseline

oo s n o R PR F U HIAAL I 1 B

IABP® = Intra-aortic balloon pump us

SCr = serum creatinine, N/A® = not available information

27
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Study Procedure N % CIN | i redictors Odds 95% ClI Discriminative
developme ', ratio ability
Bartholomew PCI 20,479 2" \ ' 5.0 3.6-6.9 C-statistic
etal (29) = e 4.4 2.9-6.5 =0.89
(2004) 5.1 3.6-7.2
3.1 2.3-4.2
2.2 1.6-2.9
2.0 1.4-2.8
1.9 1.4-2.7
1.8 1.4-2.4
Freeman et al PCI 16,592 NRD* 5.0 2.4-10.4 C-statistic
(26) 0.44% |z 2.3 1.2-45 =0.89
(2002) . ive heart failure 45 | 2292
’ 3.6 1.8-7.1
5. Cardiogenic shock m 3.7 1.5-9.3
6. Exceedifig MCD" 6.2 3.3-12.8

3

U INGTIZHEINS

“CIN was defined as a > 1.0 mg/dl increase in serum creatinine during hospital admission,

28

after PCI versuipesellne NRD? = = Nephropathy requiring dialysis,

IABP® = Intra-aortic balloon pump Q %r}'aﬂﬁ ﬂ 5%%%4 % ’] ’ugicng ’]sa: Hpreprocedural serum creatinine > 2 mg/dl,

Exceeding McD" = Receiving contrast rHedla higher than weight- and creatinine- adjusted maximum contrast dose (MCD).

8¢



CHAPTER Il
PATIENTS AND METHODS

1. Patient Population

This study was a prospective analytical study. Patients underwent elective or

emergency PCI at King Chulalongkorn Memorial Hospital between 10 November 2009

and 31 March 2010 were enroll dy. The study was approved by The
Institutional Review Board ine, Chulalongkorn University, and

informed consent was ob

An estimation of s ate formula

n
p ed variables
‘
In this study, tested variabl.é,,e Ele as patient- , contrast media- and
procedure-related factors as following,

Patient—related@ctors consisted of age, gender, aight, CrCl < 60 ml/min, CHF,

WO TN NGNS

PG RION M

Procedure-related factors were emergency PCIl and receiving NAC pre and/or

post procedure for prevention of CIN

v

Therefore; p = 12, n 15%x12

n 2> 180
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Estimated sample size = 180 patients

Inclusion criteria

(1) Patients undergoing elective or emergency PCI

(2) Patients aged older than 18 years

Exclusion criteria

(1) Patients with n( eatinine before and/or within 72 hours after

(2) Patients with d equiring dialysis
(3) Patients who sing. - other ~ naphrotoxic drugs, i.e., cisplatin,

aminoglycosides, tericin B.g losporine A

2. Research Protocol (Fi

(1) Recruiting thﬂigible patien

pat.eﬂuﬂgliﬂimﬁﬂﬂa diliad of o patents were

recorded in the patient data collection form (appendix A)awhich consists of 3

Pl BT ITU UL TR E

Part | Patient demographics such as gender, age, weight, comorbidity

and medication history
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Part Il Procedural characteristics such as type and volume of contrast media
administered, date and time of procedure, number of vessels attempted
and NAC administration pre and/or post procedure for prevention of CIN
Part lll Related laboratory results such as serum creatinine before and within 72

hours after PCI, blood urea nitrogen (BUN) and hematocrit.

(3) Investigating the incidence and risk factors associated with CIN after PCI

(4) Develop a risk score'model IN after PCI

AULINENINYINS
AN TUNN NN Y



Figure 9. Research protocol

Recruiting the selected patients

|

Collecting patient demographics data

(e.g., age, comarbidity, pre-PCl serum creatinine)
i

= \\1//2

—
eciing procedu naracteristics

16 '}";\?\» nedia administere
d d)

Reco di /i - ﬁ& : erum creatinine level
.'.:r“ i 3

VA

LTI T

=i L +
— e Fi

ldentifying risk factors associatedwith CIN after PCI

v — X

=

y - 1y

ﬂ u%;ﬁr%&leﬂ w%ﬂoﬂfﬁn\l after PCI
k)| A v

Test for the predictive performance of the model
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3. Statistical Analysis

(1)

Continuous data were summarized as the mean value £ standard deviation

(SD). Categorical data were presented as absolute values and percentages.

Comparison of continuous variables was performed by Student t test and
Wilcoxon rank sum test. Chi-square or Fisher exact tests was used for a
comparison of categorical variables as appropriate. Statistical significance for
all comparisons was.defined when p-value< 0.05.
w

Receiver operating=€haracteristics (ROC) analysis, a graphical technique for
assessing the ability of a diagnclljstic test to distinguish high-risk subjects from
low-risk subjects (discriminétivelébility), was used to determine the optimal
cutoff point of total yolume ‘of c_fg:ontrast media (V) and volume/body weight
(V/BW) ratio in‘this population usi’iﬁgl SPSS (version 17.0, SPSS Inc., Chicago,
lllinois). The ROC cufve Visd_ébtainéﬁ;{bj plotting the sensitivity of a test on the y
axis, from 0 to 1 (0—100%) agains’i;_sﬁeciﬁcity (false positive) on the x axis,
from 0 to 1 (0-100%)«The &rea tnder the ROC curve (AUC) is a reflection of
how good thé}iesijs_aLdisﬂngLﬂshlm_beMeen_pajie'nts with disease and those
without disééée. The AUC values range from 0"’&3 1; however, the sensible
models have A:UC between 0.5 and 1.0 (the higher the better). Furthermore, the
ROC curve sfialsoused for Selecting lanfoptimal-cutoff point, which optimal
sensitivity and specificity are achieved, for differentiating between people with
disease, and those, without (disease: Fhe~resultspwhich ,are rabove this cutoff
point are considered abnormal while results which are below the cutoff point

are regarded as normal (569-67).

All risk factors including the cutoff point values obtained from ROC curve
analysis of V. and V/BW ratio were initially screened for an association with CIN

by a univariate logistic regression analysis at p-value < 0.20. (Figure 10).
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The selected variables from univariate analysis were then tested by
multivariate logistic regression in a forward stepwise manner using p-value <

0.05 as a cutoff criteria.

The goodness of fit of the multivariate logistic regression model was assessed

by the Hosmer-Lemeshow method and satisfied when p-value > 0.05.

The discriminative abili tivariate logistic regression model was

evaluated by using > St -statistic), which is identical to area
_‘_,
under the ROC ¢ atisfied @tic > 0.5. (59).

Develop a risk

the risk score v

J" . .
ROC analysis was sedtode er nin optimal cutoff point of risk score value

.-"‘f"—d u
for identifying the patients-who are af f developing CIN.
y : =
Based on the occu ed different risk score and the

cutoff point of r ‘gsk score identified by ROC analysis, patients were further

categﬂz&uﬂﬁ}&ﬂ ﬂamw Eld]aﬂﬁ and high risk of CIN

development after PCI.

’Q’maﬂﬂ‘im UAIINYAY
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Figure 10. Development of risk score model for prediction of CIN after PCI

All risk factors
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CHAPTER IV
RESULTS AND DISCUSSION

One hundred and eighty one eligible patients underwent either elective or
emergency PCl at King Chulalongkorn Memorial Hospital between 10 November 2009

and 31 March 2010 were enrolled in this study. The results of the present study will be

discussed in details as following topics;

(2) Procedural

(3) Incidence o st-ind opatf ter percutaneous coronary
intervention o \\\
(4) Risk factors assacia contrast-induced nephropathy after

2
percutaneous {E'E {
P

,

(5) Risksc 'ém"!"‘:"""‘”""ﬁ‘”"'"'i ed nephropathy after

percutane -I S CO
Al
W

{

AULINENINYINS
AN TUNN NN Y
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1. Patient Demographics

From all 181 patients enrolled in the study, there were 132 male patients (72.9%)
and 49 female patients (27.1%). The patient demographics are presented in Table 8.
The mean age was 64.7 + 11.6 years. Female patients were older than male patients
(69.1 £ 11.2 years versus 63.1 = 11.4 years, p = 0.002). The mean body weight (BW)
and body mass index (BMI) were 65.1 £ 12.1 kilograms (kg) and 24.8 = 3.9 kg/mz,
respectively. According to the classification of weight using BMI in adult Asians (62),
121 patients (66.8%) were classified as ovemneight«(BMI > 23 kg/mz), and 86 patients
(47.5%) were classified as~obese (BMI=> 25 kg/mz). The mean and median pre-PCI
serum creatinine were 1.1 420 4'mg/dl and 1.0 mg/dl (interquartile range 0.8 to 1.2
mg/dl). When CrCl was gstimated; the mean CrCl'was 61.9 X 22.3 ml/min, and 75
patients (41.4%) had CrCLi6wer than60 ml/min.

Table 8. Patient demographics

Variable ! -,. Patients (n=181)

Age (years)

Age = 70 years

Female

Body weight (kg)

Body mass index (kg/mz)'
underweighty(<,18.5,kg/m’)
normal range (18:5=22.9 kg/mz)
at risk (23-24.9 kg/m’)
obese I (25-29:9 kgim? )
obese Il (=30 kg/m”)
unknown®

Diabetes mellitus (DM)

DM with CrCl < 60 ml/min

Hypertension

Congestive heart failure

Dyslipidemia

64.7 £ 11.6
66 (36.5%)
49 (27.1%)
65.1 £ 12.1
248139
10 (5.5%)
41 (22.7%)
35.19.3%)
68 (3716%)
18 (9.9%)
9 (5%)
71 (39.2%)
35 (19.3%)
123 (68%)
23 (12.7%)
104 (57.5%)
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Table 8. Patient demographics (continued)

Variable Patients (n=181)
Sepsis 2 (1.1%)
Transfusion of packed red blood cell (PRBC)° 14 (7.7%)
ACEI/ARB’ 94 (52.5%)
pre-PCl blood urea nitrogen (mg/dl) 17.56 +10.07
pre-PCl serum creatinine (mg/dl) 11+04
pre-PCl serum creatinine = 1.5 mg/dll 19 (10.5%)
CrCl (ml/min) 61.91t223
CrCl 2 60 4 106 (58.6%)
30-59 56 (30.9%)
15-29 | 16 (8.8%)
<15 3(1.7%)
CrCl < 60 ml/min without'BM X P 40 (22.1%)
Baseline hematocrit (%) /i | 39.4+52
baseline hematocrit of male p-ati.ents (%-): ! ' 406 52
baseline hematocrit of femalg patients (‘7:5-?5_1} 36.51 4.1

“unknown = BMI can not be estimated due to missing v_EI_ue‘_of patient body weight and height in 2 patients,

and missing data of patient height in 7' patients.
®Transfusion of packed red blood cell (PRBC) = Patients who had hematocrit drop and need transfusion of
PRBC before PCI

°ACEI/ARB = Patients receiving angiotensin-converting enzyme inhibitors or angiotensin receptor blockers

2. Procedural Characteristics

Procedural .characteristics, are demonstrated |in| Table |9, The contrast media
used were lopromide (Ultravist—370®), lopamidol (Iopamiro®) and lodixanol
(Visipaque®). The volume of contrast media administered ranges from 30 to 430 ml, with
a mean and median of 128.2 = 62.1 ml and 110 ml (interquartile range 85 to 155 ml),
respectively. Patients receiving lodixanol had lower baseline CrCl compared with those
who received lopromide (36.44 = 18.42 ml/min and 64.87 * 20.91 ml/min, respectively

(p < 0.001)).
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Table 9. Procedural characteristics

Variable Patients (n=181)
Emergency PCI 26 (14.4%)
Time of procedure (min) 72.9%40.0
Volume of contrast media administered (ml) 128.2+62.1
<100 ml 66 (36.5%)
100-199 ml 93 (51.4%)
200-299 ml 17 (9.4%)
> 300 ml 5 (2.8%)

W,

Type of contrast media ;

lopromide 161 (89%)
lodixanol 18 (9.9%)
lopromide + lodixan = 1 (0.55%)
lopamidol 1 (0.55%)

N-Acetylcysteine (NAC 41 (22.7%)

Single vessel PCI 120 (66.3%)

Multivessel PCI 61 (33.7%)

“N-Acetylcysteine (NAC) = Patien -—;.-g-_: - ¢ or post PCI for prevention of CIN

LY

Forty one pati ; ysteine (NAC) before and/or after

PCI for prevention of Z%‘.'Of them, 32 patients (78.0%) had CrCl lower than 60 ml/min.
F-

The number oﬂa t etjvﬂ %" | ﬁ r?l function is shown in

Table 10. Amonﬂ4ﬁb§!nt8 receimc, Zﬂp;gts (ﬂo) received NAC both pre-

and p .ai i o‘ ﬁmﬁw E]fT a?gﬁCI. NAC doses
ﬁ ﬁre ﬁen eﬂnj:\m 1. 7

administered
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Table 10. Number of patients receiving NAC stratified by level of renal function

Creatinine clearance No NAC NAC pre- or post-PCI  NAC pre- and post-PCI

(ml/min) (n) (n) (n)
260 97 3 6
30-59 39 8 9
15-29 4 4 8
<15 0 1 2
Total 140 16 25
Table 11. Doses of NAC administered
Receiving NAC only pre- oF post- PCI Number of
patients
NAC 1200 mg X 4 ddse Jpre-PCI 1
NAC 1200 mg q 12Hhous” X 27doses“"-_ ' Q_re-PCI 1
NAC 600 mg g 12 heursf X 2:doses p.re—PCI 1
NAC 1200 mg + NSS 100 cé IV diip* "_'p;ré'—PCI 1
NAC 1200mg g 12 hours™/ X 2:d0ses - s post-PCI 9
NAC 1200 mg o<l hours* X4 doses post-PCl 1
NAC 1200 mg g 12-hours® X 5 days post-PCI 1
NAC 600 mg g 12 hours* X2 doses post-PClI 1
Total 16

Receiving NAC both pre= and post- PCI pre-PClI

post-PCl Number of

NAC 600 mg g 12 hours* X 4 doses 2 doses
NAC 1200 mg g 12 hours* X 4 doses 2 doses
NAC 1200 mg g 12 hours* X 4 doses 1 dose
NAC 1200 mg g 12 hours* X 4 doses 3 dose

patients
2 doses 2
2 doses 14
3 dose 2
1 dose 1

NAC 600 mg pre-PCl and NAC 1200 mg g 12 hours* x 2 doses post-PCI 1
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Table 11. Doses of NAC administered (continued)

Receiving NAC both pre- and post- PCI Number of
patients
NAC 600 mg g 12 hours* x 2 doses pre PCI & NAC 1200 mg g 12 1

hours* x 2 doses post-PCl
NAC 1200 mg g 12 hours* x 2 doses pre PCl & NAC 600 mg g 12 1

hours™* x 2 days post-PCI

NAC 1200 mg pre-PCl & NAC 1200 mg g 12 hours* x 2 doses post-PCI 1
NAC 1200 mg pre- and post-PCl (total = 2 dosegs) 1
-

Unknown NAC dose 1

| Total 25

W

*q 12 hours = every 12 hours - |

*N'SS 100 cc IV drip = 0.9% Sodium chlor__idé 100iccjintravenous drip
)

3. Incidence of Contrast-Induced Nebhropaf}f&ll after Percutaneous Coronary Intervention
. i
add v ol
22220

From 181 patients included-in this st@ 11 patients (6.1%) developed CIN (one

el

of them required a continuous veno;venous hemofiltration (CVVH)). The mean absolute

difference of serum -c_ré_atinine between post- and pre-PCiI{‘.'m patients with and without
CIN were 0.677 £ 0.85.mg/dl and -0.098 = 0.15 mg/d! (p = 0.013). The mean percent
relative difference of post- and pre-PCl serum.€reatinine in patients with and without CIN
were 42.5 = 30% and -9.4 113.6%/(p < 0.0Q1), respectively. .CIN was observed in 2.8%
of patients with CrCl = 60 ml/min, which is consistent with a previaus study stating that
the chance of CINiwasless| thanb% inwpatients| with CrCl greater, than 60 ml/min (33).
The incidence of CIN raised to 10.7% in patients with CrCl < 60 ml/min (p = 0.042). The

occurrence of CIN in relation to level of baseline renal function is illustrated in Table 12.
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Table 12. The occurrence of CIN in relation to level of baseline renal function

Creatinine clearance % Observed CIN
(ml/min)
260 2.8%
30-59 7.1%
15-29 12.5%
<15 66.7%

4. Risk Factors Associated with Contrast-indueed Nephropathy after Percutaneous

-

Coronary Intervention

Factors found to i€ associated with CIN" from the univariate analysis are
presented in Table 13. Patients /developing CIN were older, had lower body weight,
higher pre-PCIl serum €reatinine, lower Créfl, and more likely to receive higher volume of
contrast media compared with patients virho did not develop this complication. The
mean volume/body weight (V/BW)- ra-tio Was§2i 2.0 ml/kg in patients with CIN and 2.0

+ 1.0 ml/kg in patients without ClN;=vvhereasﬁ;ftﬁf} median V/BW ratio for those with and

without CIN were 2.92 ml/kg (intergquartile ;rf_a_n'g.e 1.78 to 4.29 ml/kg) and 1.75 ml/kg
(interquartile range1.27 to 2.32 ml/kg), respectively. The telationship between V/BW

ratio and CIN development after PCl is shown is Figure 11~

Table 13. Univariate association of patient demegraphics,and precedural

charagteristics'with CIN after PCI

Variable CIN No.CIN p-value
(ni=111) (n =1170)
Age (years) 7491121 64.1£11.3 0.004*
Age = 70 years 8 (72.7%) 58 (34.1%) 0.019*
Female 6 (54.5%) 43 (25.3%) 0.045*
Body weight (kg) 54.8£14.9 65.8 £ 11.7 0.005*
Diabetes mellitus 3(27.3%) 68 (40%) 0.408
Diabetes with CrCl < 60 ml/min 2 (18.2%) 33 (19.4%) 0.920
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Table 13. Univariate association of patient demographics and procedural

characteristics with CIN after PCI (continued)

Variable CIN No CIN p-value
(n=11) (n =170)

Hypertension 8 (72.7%) 115 (67.6%) 0.727
Congestive heart failure 5 (45.5%) 18 (10.6%) 0.003*
Sepsis 2 (18.2%) 0 0.999
Transfusion of PRBC® SO 8% 11 (6.5%) 0.023*
ACEI/ARB’ 5 (45°5%) 89 (53%) 0.629
pre-PCI SCr° (mg/dl) 145+ 08 1.04+0.4 0.004*
pre-PCI SCr° > 1.5 mg/d 4 (36.4%) 15 (8.8%) 0.009*
CrClI (ml/min) 4041+ 24.5 63.31t215 0.002*
CrCl < 60 ml/min 8 (7.2."7%) 67 (39.4%) 0.042*
CrCl < 60 ml/min without DM 6 (54'—1:.5%) 34 (20%) 0.014*
CrCl < 30 ml/min 7 4 (3é’.'4%)_ 15 (8.8%) 0.009*
Emergency PCI 3 (27.1}{’/9). 23 (13.5%) 0.220
Multivessel PCI 2 (18.2’@-&' 59 (34.7%) 0.275
< 72 hours between contrast - 0z _ . 2 (1.2%) 0.999
media exposures

lopromide 10 (90.9%) 151 (88.8%) 1.000
Volume of contrast media (ml) 160.9 £ 79.3 126.1 £60.6 0.081
Volume of contrasti 240 ml 3(2743%) 9 (5:3%) 0.017*
V/BW ratio (ml/kg) 32£20 20X1.0 0.001*
NAC* 5,(4%:5%) 36 (21.2%) 0.074

*significance at p-value < 0.05

*Transfusion of PRBC = Patients who had hematocrit drop and need transfusion of PRBC before PCI

°ACEI/ARB = Patients receiving angiotensin-converting enzyme inhibitors or angiotensin receptor

blockers

°SCr= serum creatinine

‘NAC = Patients receiving NAC pre and/or post PCI for prevention of CIN
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Figure 11. Relationship between V/BW ratio and CIN development after PCI
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index was a significant di ) fof © a \ e that the optimal cutoff value

\ and specificity for detection of
CIN were 64% and 82%, i ons and, ROC curve analysis showed

that the total volume of contrast’s Sig f|cant discriminator for CIN with p-

value of 0.104 (C-statistic = "-5;_1:,‘-1:_. o igure 13. Moreover, the univariate

analysis indicated that the.volume. of contrast-media-as-a continuous variable was not
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significantly associated

Figure 12. ROC curve anaIyS|s indicated an optlmum cutﬂ value for V/BW ratio is
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Area Under the
Std.
ROC Curve Asymptotic Sig.(b) Asymptotic 95% Confidence Interval
Error
(AUC) (a)
Lower Bound Upper Bound
.730 .091 .01 .552 .909

(a) Under the nonparametric assumption. Of note, AUC is identical to C-statistic.

(b) Null hypothesis: AUC = 0.5

Figure 13. ROC curve analysis of f contrast media for prediction of CIN

Sensitivity

0.8 1.0

Area Under the
ROC Curve Asymptotic 95% Confidence Interval
Ergs, LY
“HUBIRBRIHYIAS
'EII H d g Lol/vlrbodmd Upper Bound
647 .092 ¢ 104 o 467 oS 827

(b) Null Hypothesis: AUC = 0.5

Using p-value < 0.2, sixteen variables were selected from the univariate analysis
including age, age = 70 years, female gender, weight, congestive heart failure (CHF),
transfusion of PRBC, pre-PCl serum creatinine, pre-PCl serum creatinine 2 1.5 mg/dl|,
CrCl, CrCl < 60 ml/min, CrCl < 60 ml/min without DM, CrCl < 30 ml/min, volume of

contrast media, volume of contrast media = 240 ml, V/BW ratio 2 2.6 ml/kg, and NAC.
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All the selected variables were then tested by a multivariate logistic regression
analysis. The multivariate analysis showed that CHF, CrCl < 30 ml/min and V/BW ratio >
2.6 ml/kg were significant predictors of CIN after PCI (Table 14). The correlation
between any two predictors in the model was examined. No correlation coefficient value
of higher than 0.7 was found, suggesting that there was no multicollinearity (Table 15).
The multivariate logistic regression model demonstrated good discriminative ability with
C-statistic of 0.849 (Figure 14). The p-value of the Hosmer-Lemeshow statistics was
0.807 (chi-square = 0.43) indicating that the model was appropriate. The Nagelkerke R
was 0.308, indicating that approximately 31% 0Lihe variation in CIN development after

PCI could be explained by this Multivariate logistic regression model.

Table 14. Multivariate predictors of GIN-after PCI

Variable Regression: "\ OR 95% Cl p-value
Goefficient ({3)

CHF 1.866 | 6.465 | 1.566 - 26.686 0.010
CrCl < 30 mi/min 1 845 A L6141 | 1.349 - 27.957 0.019
V/BW ratio > 2.6 mi/kg 2402 18184 | 2.015-33.245 0.003
Constant T | [ 0.000

Table 15. Correlation coefficient matrix between variables.in the multivariate logistic

regression model

Variable Constant V/BW >£2.6 mi/kg CHE CrCl < 30 ml/min
Constant 1.000 -0.685 -0.477 -0.458
V/BW 2 2.6:ml/kg =0.685 1.000 0:101 0.164
CHF -0.477 0.101 1.000 0.072
CrCl < 30 ml/min -0.458 0.164 0.072 1.000
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Figure 14. The ROC curve analysis showed that the multivariate logistic regression

model demonstrated good discriminative ability with C-statistic of 0.849

Sensitivity
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Error e =N
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T _:_J_,J Lower Bound Upper Bound
849 061 500 g 730 969

(a) Under the nonparametric assumptioh. Of note, AUC is identical t@ C-statistic.

(b) Null hypothesis: AUG=0:5 -y

The nephrotoxi&ity effect of contrast media is dose dependent (25). Several
studies have shown that thé total volume of-contrast medid.is an independent predictor
of CIN (8, 10, 14,129, 38). However, the data are not completely consistent (25, 33). The
differenticharacteristicsrofithespatients in each study, may playra rete in the difference of
the consequences. This study is consistent with previous studies (7, 26, 46, 63, 64) in
that a corrected contrast media dose according to patient characteristics would predict
the risk of CIN development better than consideration of volume of contrast media alone.
An association between contrast volume/body surface area (V/BSA) and the risk of CIN
has been reported, suggesting an adjustment of contrast media volume to patient size,
regardless of a presence or absence of CKD (37). In this study the authors used a more

practical index, V/BW ratio for predicting risk of CIN. The results of the present study
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showed that the V/BW ratio = 2.6 ml/kg was the strongest predictor of CIN after PCI.
Patients who received contrast volume higher than this cutoff value were 8 times more
likely to develop this complication. Therefore, the cutoff value of 2.6 may be used in
clinical practice as a cutoff criteria for estimating an optimal volume of contrast media
for individual patient to prevent the risk of CIN. In contrast, the total volume of contrast
media as a continuous variable was not significantly associated with CIN in the

univariate analysis. Although, a high volume of contrast media (= 240 ml) was

Additionally, this was a significant predictor of
CIN after PCl which ¢ howing that chronic kidney
disease is a major risk f with CrCl < 30 ml/min were 6
times more likely to devel m .r : re, the results also showed that
there was an associati | ﬁf N (OR = 6.465, 95% Cl = 1.566
— 26.686, p-value = 0.01 ;_ t with previous studies (20, 37, 33, 65)
The occurrence of CIN in ela@ ce and absence of CHF, CrCl < 30
ml/min and V/BW ratio > 2.6 mwg@re :

Figure 15. The occurrilj:w eﬁe and absence of CHF, CrCl
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This study did not find the association between type of contrast media and the

risk of CIN (p = 1.00). Although, iso-osmolar iodixanol was recommended in CKD
patients (7, 25, 45), subgroup analysis in patients with CrCl < 60 ml/min did not find the
the impact of contrast media type on the risk of CIN (p = 0.767). The role of DM as a risk
factor of CIN remains conflicting (20, 33). Despite, DM with CKD was reported to be the
strongest risk factor of CIN after PCI (20, 33), this study did not find this relationship.
Moreover, the CIN rate and patient characteristics in this study are comparable to a
study of CIN in diabetic patients undergoing.elective PCI at Siriraj Hospital (Table 16)

(66). This may suggests that DM is not a signiiicantrisk factor of CIN.

-

Table 16. A comparison of GIN rate between diabetic and unselected patients

undergoing PCl| \

Wérasuwannarak S. and Chaemchoi T.*

Pornratanaran_ési,_S. (66)

Setting Siriraj Ho;_pital_ King Chulalongkorn Memorial
| j X | Hospital

Total patients (n) Ytk D4 Grigede i{ﬂ 181

Procedure = Bective Pciq ) Elective & Emergency PCI

Age (year) T 65+ 9 - 64.7 X116

Male (%) - 50.8 » 72.9

Body mass index (kg/m~)* 25.6 £ 4 : 24.8+3.9

CrCl (ml/min) 606274 61.91+ 223

CIN development; (%) 5.2 6.1

* The study comprised.39.2% diabetic patients

The literature on the effectiveness of NAC, a potent antioxidant, for preventing
CIN remains controversial, especially in high risk patients (7, 75). In the present study,
NAC administration was added into the univariate model as a binary variable and was
not found to be a significant variable (p = 0.074). From 41 patients receiving NAC, 5
patients (12.2%) developed CIN. All of them had baseline CrClI lower than 60 ml/min.

Subgroup analysis in patients with CrCl < 60 ml/min was performed; however, we did
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not find preventive effect of NAC (OR = 2.469, 95% CIl = 0.544 — 11.203). The mean
baseline CrCl of patients received NAC and developed CIN was 23.58 ml/min,
compared with 45.54 ml/min in patients receiving NAC but did not develop this
complication (p = 0.043). The NAC doses administered in CIN group were 1200 mg
every 12 hours pre- and post-PCl (total = 4 doses) in 2 patients, 1200 mg every 12
hours x 2 doses post-PCl in 1 patient, 1200 mg every 12 hours x 5 days post-PCl in 1
patient and 1200 mg 12 hours pre- and post-PCl in 1 patient.

y 34& the chance of developing CIN is
_d

owever, %&S the number of risk factors

% of patients with no risk factor developed

The results of the pr
very low in patients with
increase (2, 14). In this

CIN. However, the CIN ‘ ents with one risk factor, and it is

incredibly higher in pati iple: tors gure 16). Patients with 2 risk
‘ te of CIN (33.3% vs 11.1%)

urprisingly, one patient having all

these 3 risk factors de - ﬂ c erefore, a special attention on

-

) . . (i s
patients with at least 2 risk factors s reco m

B 7 }:_-

Y]

§
AU INENINYINS
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Figure 16. The occurrence of CIN by number of risk factor
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7

W”—
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IRARIATHNNAAL REVAY oo e

predlcteg probability of CIN for individual patient as following;

**Total (N

P(ClN) = eBO+B1X1+l32X2+ ,,,,, +Ban

N eBo+B1x1+[32x2+.,...+[3n><n
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which P(CIN) refers to the probability of CIN development
BO refers to the regression constant

Bn refers to  the regression coefficient of the variable n

From the results of multivariate analysis (Table 14), the developed model was;

P(ClN) — e—4.432 + 1.866(if patient having CHF) + 1.815(if CrCl < 30 ml/min) + 2.102(if V/BW ratio > 2.6 ml/kg)
(Equation 3)
1 + 4.432 + 1.866(if patient | Q.ml/min) + 2.102(if V/BW ratio = 2.6 ml/kg)
For example, patie ith ( 30 absence of CHF and received

contrast media volume ty of developing CIN in this patient

would be

P(CIN)

P(CIN) - Q-3

2
L
s

Therefore, this patient hild a probability of developlng CIN after PCI of 0.3795 or

apprOleatelyﬁm Ej ’J qn &I w i w ﬁl l] ﬂ ‘j
q w@rta qanbim ﬁ ﬁeﬁrﬂggw rﬂtﬁr a Elcm after PCI;

howeverjithe nature of the exponential function makes it difficult to calculate in daily
practice. Therefore, the authors sought to develop a risk score model that could easily
be used by clinicians to evaluate individual patient risk in developing CIN. In that case,
patients who are at risk of developing CIN can be identified and prophylactic measures

can be provided in advance.
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5. Risk Score Model for Prediction of Contrast-Induced Nephropathy after

Percutaneous Coronary Intervention

A risk score model for prediction of CIN after PCl was developed by using odds
ratio of risk predictors of CIN from multivariate analysis. Therefore, the risk score values
of 6.5, 6.0 and 8.0 for CHF, CrClI < 30 ml/min and V/BW ratio = 2.6 ml/kg were obtained
as presented in Table 17. A total risk score was then calculated for each patient. The
total risk score for individual patient ranges from O to 20.5. The occurrence of CIN by
risk score value is depicted in Figure 17.

Table 17. Risk score assignmentfor each risk-predictor

Variable B OR Risk Score
CHF / 1 .@66 6.465 6.5
CrCl < 30 mi/min ;,x" 41815 6. 141 6.0
VIBW ratio > 2.6 mitkg® 4 £ Il 21024 8.184 8.0
Constant | 5-4.4{4:2,' ) 0012
B* = Regression coefficient & ,_a ‘;_;";_

P 2

Figure 17. The occurrence of (_Z_I_Iﬂ_by-risk sc@@_lge

120 ,i =
100 - -‘_-"il . S 100
&
£ 80 < _d
Q
3
5 60 -
ke
Z 40 33.3 33.3
OQ 25
e N
(O T 7 .
0 6.0 6.5 8.0 12.5 14.0 14.5 20.5
Risk score
Risk score 0 6.0 6.5 8.0 12.5 14.0 14.5 20.5
CIN (n)* 1 1 1 3 1 1 2 1
(%) (0.9) (9.1) (7.7) (11.1) (33.3) (25.0) (33.3) | (100)
Total (N)* | 116 11 13 27 3 4 6 1

*CIN (n) = Number of patients developing CIN

**Total (N) = Total number of patients within each risk score group
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ROC curve analysis showed that the risk score model was also a good

discriminator for CIN with identical discriminative ability to multivariate logistic
regression model (C-statistic = 0.849) (Figure 18). Furthermore, it showed that an
optimal risk score for detection of CIN was 7.25 (Table 18). At this cutoff value, the
sensitivity and specificity for detection of CIN were 72.7% and 80.6%, respectively. The
overall accuracy, positive predictive value (PPV) and negative predictive value (NPV) of
this cutoff point were 80.11%, 19.5% and 97.85%, respectively. By using risk score
’ IN, the relationship between predicted
&more practical use, patients were

J

value of 7.25 as a cutoff point fo
and observed CIN is prese -
further categorized into th é_urrenoe of CIN associated with

different risk score as sho

Figure 18. ROC curve ang

o
o

Sensitivity

ANEINERING AT
B ¢

:‘ o/
A P BN IEl d UBEREE
ROC Curve Asymptotic Sig.(b) Asymptotic 95% Confidence Interval
(AUC) (@) Error
Lower Bound Upper Bound
.849 .061 .000 730 .969

(a) Under the nonparametric assumption. Of note, AUC is identical to C-statistic.

(b) Null hypothesis: AUC = 0.5



Table 18. The relationship between risk score and sensitivity and specificity for

detection of CIN after PCI

Positive if greater than or equal to Sensitivity (%) Specificity (%)
3.00 90.9 67.6
6.25 81.8 73.5
7.25 72.7 80.6
10.25 94.7
13.25 95.9
14.25 97.6
17.5 100
215 100

Table 19. The relationshi /ed CIN

Predicted Total

CIN 41

No CIN . 140
Total 0 181

@e predictive value = 19.5%,

sensitivity = 72.7%, specif%y = 80.6%, accuracy = 80.11%, pos

negative predictive value = 9‘

HYTNINTNYINS

Y

AN TUNN NN Y



56

Figure 19. Risk score model for prediction of CIN after PCI
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Figure 20. Algorithm for patient management according to patient’s risk of developing

CIN (Adapted from J Am Coll Cardiol (7)).

CIN Risk Assessment

L '
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{8 FHENaNE i
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Among published risk score models for prediction of CIN irrespective of

hemodialysis after PCI, only those proposed by Mehran et al and Bartholomew et al
reported discriminative ability of the model. The discriminative ability of our CIN risk
score model is comparable to that of Bartholomew study, suggesting that this proposed
model still performed a good discriminative performance. In comparison with the two
published CIN risk score models (Table 20), this study found that CHF and severe CKD
were significant predictors of CIN. However, the authors did not find the relationship
between DM, hypertension, emergency PCl; advanced age, anemia and the risk of CIN.
In contrast to two previous studies, total volumesof contrast media was not associated
with CIN. However, an adjusted vqumeJof contrast media to patient body weight was
found to be the strongest predietor of CIN in our study. The authors believed that using
V/BW as a predictor of GIN should be rr;lbre precisely predict safety profile of contrast
media than the use of wolume of"'conﬁfé"st media. Moreover, in this study, some

predictors were not tested for the 'relation'%hip with CIN such as an intra-aortic balloon

pump (IABP) use, hypoténsien and periphéfall vascular disease.

; £y
il X/

Table 20. Comparison of CIN rigk-score model

Study Mehran-et-&l : ;-'4Bésﬂwolomew et al Tasigan
Procedure = Elective PCI Elective & Emeréency Elective & Emergency
i RO PCI
Total number of v i
8,357 20,479 181
patients (N)
% CIN
138.1% 2 6.1

development

Risk Predictors 1. Hypotension 1. Urgent/Emergency PCl 4.4 \/BW ratio = 2.6
2. 1ABP° 2. IABP° mi/kg
3. CHF 3. CHF 2. CrCl < 30 ml/min
4. Age > 75 years 4. Hypertension 3. CHF
5. Anemia 5. PVD*
6. Diabetes mellitus 6. Diabetes mellitus
7. Contrast volume 7. Contrast volume >
8.SCr’ > 1.5 mg/dl or 260 ml
CrCl < 60 ml/min 8. CrCl <60 ml/min
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Table 20. Comparison of CIN risk score model (continued)

Study Mehran et al Bartholomew et al Tasigan

Discriminative
C-statistic = 0.67 C-statistic = 0.89 C-statistic = 0.85
ability

*CIN was defined as an increase = 25% and/or 2 0.5 mg/dl in serum creatinine at 48
hours after PCI versus baseline
**CIN was defined as a = 1.0 mg/dl increase in serum creatinine after PCI during

hospital admission

IABP® = intra-aortic balloon. pump use, SG um creatinine, PVD® = peripheral

vascular disease
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CHAPTER V
CONCLUSION

The present study was a prospective analytical study. The purpose of this study
were to identify risk factors associated with CIN after PCl and develop a risk score
model for prediction of CIN after PCI in Thai patients.

A total of 181 patients underwent PCl at King Chulalongkorn Memorial Hospital
between 10 November 2009 and 31 March 2040 were enrolled in the study. CIN was
observed in 11 patients (6.1%). One of them*required a continuous veno-venous
hemofiltration (CVVH). The mean absolu;a difference of serum creatinine between post-
and pre-PCl in patients with ana without CIN were 0.677 & 0.85 mg/dl and -0.098 £ 0.15
mg/dl (p = 0.013). The méan selative diffelrenoe of post-and pre-PCl serum creatinine in
patients with and without CIN Weré 42§i 30% and -9.44 £ 13.6% (p < 0.001),
respectively. ; ‘; "

Multivariate logistic regression ane;-{;/}sis_- showed that V/BW = 2.6 ml/kg (OR =
8.184, 95% Cl = 2.015 - 33.245, p :'70.003)",'-7@§H_F (OR = 6.465, 95% Cl = 1.566 - 26.686,
p = 0.010), and CrCl < 30 ml/rﬁ‘irn {OR = 6@%?95% Cl = 1.349 - 27.957, p = 0.019)
were associated with.CIN after PCI The V/B\:/\;'é’?_ﬁ mi/kg was found to be the strongest
predictor of CIN. Tﬁe_mumvaﬁate_rdgist‘i'c regression f'rf]odel demonstrated good
discriminative ability V\‘/ith C-statistic of 0.849. 1

The CIN risk sc;)re model was developed to asseés the cumulative risk of these
risk factors. Byfusing odds ratio from|multivariate -logistic regression model, the risk
score value of 8,/6.5 and 6 were assigned to V/BW > 2.6 ml/kg, CHF, and CrCl < 30

mi/minjrespectivelys Atotal riskiscare was ‘calculated forleach patient by equation 4

Total risk score = 8(V/BW = 2.6 mi/kg) + 6.5(CHF) + 6(CrCl < 30) (Equation 4)

The ROC curve analysis demonstrated good discriminative ability (C-statistic =
0.849) at risk score of 7.25. At this cutoff value, the sensitivity and specificity for the
detection of CIN were 72.7% and 80.6%, respectively. The occurrence of CIN was found

to be 2.1 and 42.9% for a low (< 7.25) and high ( > 14.25) risk score.
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Study Limitations

This study has some limitations,

1. This study included a small population, admitted to a single center. The findings
from our study should be confirmed, and the validation of the proposed CIN risk

score model is warranted in other large data bases.

2. The definition of CIN used in this study is‘based on the absolute or relative increase
in serum creatinine-weeneentration” froma—baseline value. Serum creatinine
concentration at hospital*admission; however, may not be considered a true
baseline value because dehydration"pr acute hemodynamic impairment may have
already increased it. For this‘reason, the authors eould have underestimated both
the incidence and‘he séverity of QIN %nd; overestimated the percentage of patients

with renal insufficienéy. =
i r. F'
akd -..I'.'..._

3. This study did not use baselineCrCl value based on 24-hours urine collection, but

using the calculated CrCl. Therefore, the,“‘.t_;;al__é(ulated CrCl may not represent the true

baseline renal ‘function. However, an assessment the risk of CIN based on

calculated CrCl has-been widely used and more practical than the measurement of

CrCl based on 24-hours urine collection.

4. Although, 80% of the patients have the rise In Sserum creatinine within the first 24
hours after .expesure to, contrast, media (24), the limited data-On.serum creatinine
beyond 24 hoursafter PCl%in this study 'might resulted’in a slight underestimation of
CIN. However, it is doubtful that a delayed creatinine elevation beyond 24 hours

after PCIl may be at all clinically significant (74).

5. Several factors such as dehydration, hemodynamic, and rheologic disturbances

during PCI were not taken into account. Therefore, the authors cannot exclude the
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possibility that other factors, apart from variables identified in this study may also

contribute to the risk of renal impairment.

Future studies

1.

A prospective validation of this proposed CIN risk score model in other data bases

or a large multicenter trial is required before clinical practice application.

Additional studies for e al : /BW ratio 2 2.6 ml/kg as a cutoff

criteria in other contrast-m s such as CT scanning or MRI

would be clinically infor

Further studies shoul e proper patient management

according to the | by CIN risk score model.

AULINENINYINS
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ID CrCl CHF Volume of V/IBW Risk CIN
(ml/min) contrast (ml) ratio score development
1 83.10 0 85 1.02 0 0
2 75.00 1 230 3.29 14.5 0
3 25.80 0 70 1.17 6.0 0
4 78.10 0 100 1.28 0 0
5 62.90 0 340 5.23 8.0 0
6 64.20 0 70 0.92 0 0
71.10 0 170 {; 3.24 8.0 0
8 81.70 0 90 127 0 0
9 32.60 1 1"9)0 214 6.5 0
10 54.40 Q™ e 140 1.79 0 0
_ \
11 60.30 1 fp 2.06 0 0
7 L 3
12 93.60 }/ -4, 128 i 162 0 0
o — -
13 60.70 /(/}/ _ '—240;* 3.24 8.0 1
.I- -’.- ] l.'
14 71.40 /6/)4 --'110":"; 1.96 0 0
o i -
15 76.30 / X Thaibclon - B 2.08 6.5 0
r
16 91.60 0§ 1.75 0 0
17 94.50 0o 1.38 0 0
, e
18 25.30 ! Qe 1F0TINSS== 0 10 . 6.0 0
- - -
19 43.60 - O 60 L2 0 0
{1~ ]
r I T
20 73.00 = 280 3.78= 8.0 0
21 35.20 = 0 150 2.59+ 0 0
22 42.40 0 150 2.93 8.0 0
23 4850 0 85 1.31 0 0
24 78.50 0 115 1.38 0 0
25 70.90 0 130 2.36 0 0
26 85.50 0 100 1.25 0 0
27 102.40 0 30 0.45 0 0
28 90.00 0 140 N/A 0 0
29 62.70 0 100 1.50 0 0
30 88.20 0 120 1.48 0 1
31 72.70 0 90 1.11 0 0
32 55.90 0 165 2.16 0 0
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ID CrCl CHF Volume of V/IBW Risk CIN
(ml/min) contrast (ml) ratio score development
33 55.20 0 90 1.50 0 0
34 61.10 0 100 1.42 0 0
35 54.30 0 100 1.51 0 0
36 52.50 0 40 0.73 0 0
37 55.50 0 125 1.85 0 0
38 77.00 0 160 1.89 0 0
39 68.40 0 165 x’ ' 2.08 0 0
40 71.10 0 150 g o 30 0 0
41 75.40 0 1"?5 319 8.0 0
42 47.50 Q™ e 190 3.20 8.0 0
- '
43 67.40 2§p 3.13 8.0 0
7 L 3
44 68.80 }/ ), 53 i 1.30 0 0
o =
45 51.90 /(/}/ _ '—220;* 512 8.0 0
.I- 4 ; l.'
46 72.30 /6/)4 70":"; 1.06 0 0
o i -
47 92.10 9/ X Sl zge 1.08 0 0
# o
r e ‘.
48 16.90 0 A sl 0.77 6.0 0
49 67.50 17 == 147 6.5 0
50 31.70 ! Qi 180 =N 3 07 . 8.0 0
- - -
51 26.80 C— 60 1.50. = 6.0 0
' .fi P
52 63.40 = 100 1.6 1= 0 0
53 48.70 = 0 130 2.33+ 0 0
54 60.20 0 90 1.14 0 0
55 52.10 0 140 2.06 0 0
56 52.80 0 85 1.70 0 0
57 59.60 0 80 1181 0 0
58 52.20 0 110 1.99 0 0
59 48.00 0 210 2.74 8.0 0
60 76.70 1 220 3.38 14.5 0
61 81.80 0 110 1.71 0 0
62 91.50 1 120 1.71 6.5 0
63 68.60 1 100 1.96 6.5 0
64 54.10 0 80 1.33 0 0
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ID CrClI Volume of V/IBW Risk CIN
(ml/min) contrast (ml) ratio score development
65 33.50 1 150 2.42 6.5 0
66 60.40 0 90 1.41 0 0
67 57.40 0 210 4.06 8.0 0
68 47.20 0 110 1.36 0 0
69 79.70 0 130 217 0 0
70 47.70 1 130 2.36 6.5 1
71 52.30 0 o0 S 44 144 0 0
72 52.70 1 140 e 175 6.5 0
73 68.60 1 130 560 14.5 1
74 63.10 Qe 70 1.05 0 0
75 63.20 / 160 276 8.0 0
76 97.00 4 /Q/ f 4 240 4 3.00 8.0 0
77 53.60 /o/" (L. 7% , 1,85 0 0
78 83.20 /6 / 'ty 1.85 0 0
79 120.60 9/ fliadigd jf 0N s 0 0
80 63.80 o) | la3 /59 ‘.f; 0.67 0 0
81 60.90 0 =20 _::J 3.37 8.0 0
82 6130 | 0 R0 57 ) 0 0
83 64.60 _i, 0 a0 .50 EI 0 0
84 8190 | = 0O 280 873 | 80 0
85 44.50 "0 110 275+ 8.0 0
86 62.80 0 60 0.75 0 0
87 80.60 0 90 113 0 0
88 103.00 0 140 2.11 0 0
89 75.20 0 100 1151 0 0
90 96.80 0 80 1.29 0 0
91 33.00 0 270 6.75 8.0 1
92 34.00 0 140 1.48 0 0
93 36.30 1 140 2.92 14.5 1
94 88.70 0 180 3.16 8.0 0
95 50.90 1 210 0.84 14.5 0
96 22.00 0 95 2.35 6.0 0
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ID CrClI CHF Volume of V/IBW Risk CIN
(ml/min) contrast (ml) ratio score development
97 57.20 0 90 1.74 0 0
98 43.00 0 80 1.17 0 0
99 20.60 1 40 0.56 12.5 1
100 53.50 1 120 1.56 6.5 0
101 84.10 0 150 1.85 0 0
102 4510 0 50 1.03 0 0
103 77.50 0 70 {; 1.13 0 0
104 40.90 0 180 " 238 0 0
105 35.80 0 "sfj 1700 0 0
106 84.20 Q™ e 80 1.33 0 0
— '
107 79.80 6§ 0.86 0 0
" i »
108 26.70 )/ -4, <00 1.90 6.0 0
o — -
109 101.80 /(/}/ _ '—90-; 1.12 0 0
110 69.10 /6 / J " 1a0) 2 56 0 0
o i -
111 95.10 /c/ X b=l L 0.95 0 0
r
112 56.10 0 & 1.49 0 0
113 41,50 o 1.21 0 0
- LT ) -._' E
114 50.60 Qe 150 ST, 0 00 0 0
4
e | X
115 72.40 C— Z0 0.86 - 0 0
' .fi P
116 74.40 = 150 7 S 0 0
117 71.80 = 0 80 1.00+ 0 0
118 44.70 0 130 2.16 0 0
119 80.00 0 165 2.12 0 0
120 75.20 0 70 1.08 0 0
121 23.20 0 220 478 1410 0
122 67.40 0 80 1.36 0 0
123 51.00 0 80 1.10 0 0
124 57.00 0 120 2.36 0 0
125 67.80 0 200 3.38 8.0 0
126 67.80 1 125 2.08 6.5 0
127 39.10 0 110 1.57 0 0
128 76.90 0 140 1.78 0 0
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ID CrCl CHF Volume of V/IBW Risk CIN
(ml/min) contrast (ml) ratio score development
129 68.60 0 100 1.14 0 0
130 78.60 0 70 0.94 0 0
131 47.00 0 140 1.65 0 0
132 13.70 0 80 1.78 6.0 1
133 72.00 0 90 1.29 0 0
134 26.90 0 180 4.07 14.0 0
135 43.10 0 170/ £ 4l 297 8.0 1
136 61.10 0 80 o 145 0 0
137 40.20 0 140 525 0 0
138 106.80 Qe G 1.27 0 0
139 46.80 ' / 6§ 92 6.5 0
140 29.80 4 f 4 300 4 6.:67 14.0 1
141 82.10 /o// 7o0F 1,12 0 0
142 65.00 /6 / _ 2 85:":1; ' 1.43 0 0
143 76.60 5/ ff el jf @\ o 0 0
144 39.00 oy L& 160""{&:_:;_ 4.00 14.5 0
145 106.80 0 ‘e——=gu _:.3 1.27 0 0
146 7030 | 0 170 3 ) 0 0
147 79.40 _ii 0 300 5.00 Efl 8.0 0
148 6880 =i O 70 e 0 0
149 71.30 “ 0 90 1.23+ 0 0
150 81.70 0 430 5.91 8.0 0
151 48,60 0 50 0.77 0 0
152 86.30 0 175 3.13 80 0
153 71.90 0 120 1192 0 0
154 62.40 0 170 2.05 0 0
155 31.20 0 140 2.26 0 0
156 98.00 0 170 1.86 0 0
157 112.00 0 80 N/A 0 0
158 6.10 1 150 4.29 205 1
159 95.30 0 120 1.72 0 0
160 27.10 0 110 1.94 6.0 0
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ID CrCl CHF Volume of V/BW Risk CIN
(ml/min) contrast (ml) ratio score development
161 95.90 0 120 1.85 0 0
162 91.60 0 180 2.28 0 0
163 17.90 0 50 0.93 6.0 0
164 75.30 0 85 1.21 0 0
165 60.90 0 140 2.55 0 0
166 61.80 0 100 1.89 0 0
167 48.90 0 3.66 8.0 0
168 64.90 0 110 49 0 0
169 46.40 0 = 55 0 0
170 26.80 7, m\ 1.56 6.0 0
171 22.00 1 N\ 6.0 0
172 20.60 ) 4 : \ 0 125 0
173 60.30 0 | weop | \\& 0 0
174 86.00 J-ﬁr‘ ' 6.5 0
175 66.10 B a 1 0 0
176 64.90 o ff | 2= : .00 8.0 0
177 29.40 0 ‘; 2.84 14.0 0
178 82.20 L 92 8.0 0
P
179 63.40 — B - 0 0
180 12.60 - 125 0
181 44.90 Lﬂ 1 90 1.3 6.5 0
 a o/
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