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Objective: Acute renal failure (ARF) in patients undergoing coronary angiography
diagnosed by daily serum creatinine monitoring is inconvenient and under-investigated. It is
interesting whether ARF can be easily diagnosed by urinary eystatin C to creatinine ratio; UCCR.

Design: Prospective cross-sectional study (Diagnostic test)

Setting: Department of Medicine, Phramongkutklao Hospital, Bangkok, Thailand

Method: Patients with GFR 15-59 ml/min/1.73m’ scheduled for coronary angiography
were enrolled. All eligible patients were studied for baseline characteristics, serum creatinine,
serum cystatin C, urine creatininé and urine cystatin C at baseline, 24 and 48 hours after
procedure. ARF was defined as serum creatining rising = 0.5 mg/dl or = 25 % from baseline.

Results: One hundred and twenty two patients were enrolled, 115 patients completed
data for analysis. ARF developed in 12 patients (10.4%). From ROC, the best diagnostic test was
the maximum value of UCCR within 48 hours post procedure (AUC=0.63; 95%CI 0.46-0.80)
with sensitivity of 92% and specificity of 28% at cut-off value > 0.07*10". Likelihood ratio of
UCCR at level of 0-0.3; 0:31-0:5, =05 {'—"lﬂd] were 0.73,1.34, 1.98 respectively. If urine cystatin
C alone was evaluated as a diagnostic tool, the best diagnostic test was the percent change of
urine cystatin C at 24 hours post procedure from baseline (AUC=0.81; 95%CI 0.67-0.95) with
sensitivity of 70% and specificity of 67% at cut-off value-= 3%. Likelihood ratio of this test at
level of <0, 0.1-100, 101-200, > 200 % were 0.45, 0.82, 3.64, 9.10 respectively.

Conclusion: Urine cystatin C and urinary cystatin C to creatinine ratio have only fair

usefulness for diagnosis of acute renal failure in patients undergoing coronary angiography.
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CHAPTER1

RATIONALE AND BACKGROUND

Acute renal failure (ARF), a syndrome characterized by a rapid decline in glomerular
filtration rate (GFR), is a common complication in hospitalized patients and is associated with

high mortality especially in patients who require renal replacement therapy.[1,2]

One of the leading causes of ARF is contrast nephropathy. Despite advances in
supportive therapy, the incidence of contrast nephropathy may continue to increase significantly
with the broader utilization of radio-contrast media for diagnostic and intervention procedures.
Furthermore, contrast nephropathy is associated with a greater risk of in-hospital and long-term
morbidity and mortality, prolonged hospitalization, increased heath care costs and potentially
irreversible reduction in kidney function. [2-4]

Although presently no specific therapy for ARF exists, diagnosis of ARF is critical to
prevent its complication. ARF is usually asymptomatic in the early phase and is diagnosed when
routine biochemical screeming of hospitalized patient reveals a recent increase in the

concentrations of blood urea nitrogen (BUN) and serum creatinine (Screatinine).

Contrast nephropathy usually manifests as an acute non-oliguric decline in GFR. within
24 to 48 hours after adfministration. Contrast nephropathy is usually diagnosed by the rising of
Screatinine, the standard clinical marker of ARF. There was a study showing that serum cystatin
C (Scystatin-C), the promising marker to estimate GFR as well as Screatinine, increased earlier

after radio-contrast application compared with Screatinine.[5]

In general practice, diagnosis of ARF from radio-contrast nephrotoxicity is less attended
and may be overlooked if blood sample is not obtained daily for Screatinine after radio-contrast
study. So, if ARF can be easily detected by using spot urine sample analysis, it will be very useful

and very convenient.



Under normal condition cystatin C does not enter the final excreted urine to any

significant degree, unlike urine creatinine (Ucreatining). However there was a study in urine
cystati tin-C} excretion showing that Ucystatin-C to Ucreatinine ratio (UCCR) was a

reliable screening tool for detecting decreased GFR that did not require a serum sample. [6]
Also, Uchita K found that UCCR can be a marker of renal tubular dysfunction, [7] corresponding
to the mechanisms of contrast-induced renal injury which favor a combination of medullary
ischemia and direct contrast-mediated tubule toxicity. In ARF, acute tubular necrosis, there was a
study by Herget-Rosenthal S in 2004 showing that UCCR was a marker of renal disorders and a

good predictor of the severity of the disease. (8]

Interestingly, from the incoming data, whether ARF can be easily diagnosed by UCCR or

not in patients undergeoing coronary angiography.



CHAPTERI1

REVIEW OF LITERATURES

ARF is a syndrome characterized by a rapid (hours to weeks) decline in GFR and
retention of nitrogen waste products such as BUN and Screatinine. [1] ARF is associated with a

significant morbidity and mortality.

Contrast nephropathy

Contrast nephropathy, one of the leading causes of ARF, typically manifests as an acute
decline in GFR within 24 to 48 hours after administration. Screatinine, a standard clinical marker,
will rise and return to the normal range within 1 week. Although most patients recover renal
function and the need for dialysis is unusual, contrast nephropathy is associated with a significant

prolongation of hospital stay and an increase in patient mortality. [2-4]

Several risk factors for contrast nephropathy have been identified. Chronic kidney
disease is considered one of the most important predisposing factors. Gruberg L et al studied 439
consecutive patients who had a baseline Screatinine > 1.8 mg/dl who underwent percutaneous
coronary intervention in a tertiary referral center. All patients were hydrated before the procedure,
and almost all received ioxaglate megluming; 161 (37%) patients had an increase in Screatinine >
25% within 48 hours or tequired dialysis. [3]

A retrospective analysis of the Mayo Clinic PCI registry of 7,586 patients undergoing
percutaneous ¢coronary intervention, the incidence of ARF (defined as an increase in Screatinine >
0.5 mg/dl from baseline) after procedure was high as 30.6% in patients with a Screatinine > 3.0

mg/dl. [4]

Roxana Mehran et al, studied a simple risk score for prediction of contrast-induced
nephropathy after percutaneous coronary intervention in 8,357 patients, found that the overall
occurrence of contrast nephropathy was 13.1% (range 7.5% to 57.3%). The incidence of contrast
nephropathy was 30% in patients with baseline Screatinine of > 1.5 mg/dl or an estimated GFR of
< 60 ml/min/1.73m’. [9]



Serum cystatin C -

Human cystatin C is a low molecular weight protein of 13,359 Dalton. Scystatin-C is a
promising endogenous marker to estimate GFR. There were a lot of studies showing that

Scystatin-C concentration correlates negatively with GFR as well as Screatinine. [10]

Galteau MM found that the reference values were 0.74 + 0.100 mg/l for males and 0.65 +
0.085 mg/1 for female (aged 20-59 years) and 0.83 +0.103 mg/1 for older individuals (= 60 years),
and no effect of hormonal status in women (puberty, menopause, oral contraceptives or hormonal

replacement therapy) or alcohol intake on Scystatin-C. [11]

Erlandsen EJ studied cystain C, using DAKO Cystatin C PET Kit, found that no gender-
related difference, [12] a common reference interval in women and men were 0.54-1.21 mg/l

(median 0.85 mg/l, range 0.42-1.39 mg/1).

There was a study showing that Scystatin-C increased earlier after radio-contrast
application compared with Screatinine. At 5 hours after angiography, there was no significant
change compared to baseline in neither Screatinine nor Scystatin-C. In comparison with the value
immediately before coronary angiography, the increase of Scystatin-C achieved a maximum at 24
hours after the application of the contrast agent. Within 48 hours, Scystatin-C decreased to the

level before angiography. Screatinine increased at 24 hours and continued to increase at 48 hours.

(5]

Measurement of serum cystatin C

Finney H et al studied an automated and rapid particle-enhanced nephelometric
immunoassay (PENIA) for measuring Scystatin-C on the Behring nephelometer systems (BNA,
BN II) found that the assay covered the range 0.23-7.25 mg/l, up to seven times the upper limit of
normal. The intra- and inter-assay imprecision were < 3.3% and 4.5% respectiveiy. Hemoglobin <
8.0 g/1, bilirubin < 488 micromol/l, triglycerides < 23 mmol/l, rheumatoic factor < 2000 kIU/I and
myeloma paraprotein < 41 g/l did not interfere with the assay. [13] The study of Mussap M et al

provided the similar results. [14]



Erlandsen EJ et al evaluated the Dade Behring N Latex Cystatin C assay, imprecision
studies revealed within-run CVs < 1.8% and between-run CVs < 1.8% in the concentration range
0.87-4.63 mg/l. Recovery was 92.4-101.3%. No interference were detected from hemoglobin <
1.0 mmol/l, bilirubin < 512 micromol/l, intralipid < 20 g/l. Stability of cystatin C in serum was 7
days at temperatures at 20 degrees C and 6 months at -80 degrees C. Measurements of cystatin C
in heparin-plasma and EDTA-plasma did not differ significantly from cystatin C measured in

serum. [15]

Same as Dhamnidharka VR study, immunonephelometric methods of cystatin C assay was

of greater value than other assay methods. [10]

: -

Under normal condition, cystatin C does not enter the final excreted urine to any
significant degree. Uchita K and Gotoh A investigated the kinetics of Ucystatin-C excretion and
found that UCCR was a good index of the state of cystatin C reabsorption in the proximal tubule,
so UCCR can be a marker of renal tubular dysfunction. They also found that Ucystatin-C

concentration was not affected by muscle mass and remained constant for all ages. (7]

M furi tatin C

Herget-Rosenthal S et al measured Ucystatin-C by particle-enhanced nephelometric
immunoassay found that the upper reference value for Ucystatin-C was 0.28 mg/l independent of
age and gender. Accuracy and linearity {r1 = 0.996) were excellent. Intra- and inter-assay
precision were < 4.8% and < 5.2% respectively. Albumin < 160 g/l, bilirubin < 500 micromol/l
and hemoglobin < 210 micromol/l did not show interferences. Ucystatin-C was stable, at urine pH
> 5, at -20 degrees C and 4 degrees C for 7 days, and at 20 degrees C for 48 hours. Freezing and
thawing did not influence Ucystatin-C concentration. There was no adsorption of cystatin C to
plastic. So, Ucystatin-C measurement by PENIA is precise, high stability and no interference.

[16]



O

In non-oliguric acute tubular necrosis, increased urinary excretion of cystatin C may
predict an unfavorable outcome, as reflected by the requirement of renal replacement therapy
(RRT). Patients who required RRT had higher Ucystatin-C (median (interquartile range); 1.7
(1.2-4.1) g/mol of creatinine) than patients who did not require RRT (0.1(0.02-0.5) g/mol of
creatinine). Sensitivity and specificity were 92% and 83% respectively for Ucystatin-C > 1 g/mol

of creatinine. [8]
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CHAPTER 111

RESEARCH DESIGN

3.1 Research question

What is the diagnostic accuracy of urinary cystatin C to creatinine ratio comparing with
serum creatinine for diagnosis of acute renal failure within 48 hours in patients undergoing

coronary angiography?

3.2 Objectives

Pri e 19
- To estimate diagnostic accuracy of UCCR comparing with Screatinine for diagnosis of

ARF in patients undergoing coronary angiography

Secondary objectives:

- To estimate diagnostic accuracy of Ucystatin-C, Scystatin-C comparing with
Screatinine for diagnosis of ARF patients undergoing coronary angiography

- To assess whether UCCR, Ucystatin-C, Secystatin-C can diagnose ARF earlier than
Screatinine or not in patients undergoing coronary angiography

3.3 Hypothesis

This study is about parameter estimation, so-there is no statistical hypothesis to be tested.
True sensitivity was estimated and reported with 95% confidence interval (CI).
Parameter estimation: 95% CI of true sensitivity = p + 1.96 SE(p)

when p = estimated sensitivity (from sample)



3.4 Conceptual framework

Patients undergoing
coronary angiography

A

Contrast-media exposure

r

Medullary ischemia

I

Direct tubular toxicity

:

Acute renal failure; acute tubular necrosis

: ]

T Screatinine 1 Seystatin-C T Ucystatin-C/Ucreatinine

3.5 Definitions

Acute renal failure (ARF): ARF is defined according to the decline in kidney function
within 48 hours post coronary angiography when Screatinine increases by > 0.5 mg/dl or > 25%

from baseline. [3, 4, 9] In analogy, ARE will be diagnosed when UCCR increases.

Glomerular filtration rate (GFR): Estimates of GFR: the best-overall indices of the level

of kidney function, is calculated using simplified Modification of Diet in Renal Discase

(sMDRD) equation:[17; 18]

GFR, in ml/min/1.73m" = 186.3 x (Screatinine exp[-1.154]) x (Age exp[-0.203]) x

(0.742 if female); where exp is the exponential.

3.6 Research design

Prospective cross-sectional study (Diagnostic test)




CHAPTER IV
RESEARCH METHODOLOGY

4.1 Population and sample

Target population : patients scheduled for coronary angiography
Study population : patients scheduled for coronary angiography during April 2005 to
December 2006 at Phramongkutklao Hospital, Bangkok, Thailand

4.2 Inclusion and exclusion criteria

Il s
age > 18 years

B =

chronic kidney disease stage 3 — 4 (GFR of 15 — 59 ml/min/1.73m") [17]

-

patients scheduled for coronary angiography and/or coronary intervention
4. patients agree to participate in the study with informed consent

Exclusi s

1. patients with organ transplantation

2. patients on the following medications: methylprednisolone, cyclosporin A, cimetidine or
trimethoprim

3. patients with prior radio-contrast study within 1 week

4.3 Sample size calculation

Sample size was calculated separately for sensitivity and specificity based on 95% CI as

the following formula

2

d

where (L = probability of type [ error = 0,05 (2-sided)
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n, = number of patients with ARF
P = sensitivity of the test = 0.9
Q=1-P=10.1
d = allowable error = 0.1
n, = (1.96)’ (0,9*0.1) = 34.57
(0.1y°
Incidence of ARF in patients undergoing
coronary angiography is 30%. [3, 4, 9]
n = number of patients undergoing
coronary angiography
n = n,fincidence of ARF
=134.57/0.3 = 115.25
=120

n, = number of patients with no ARF
P = specificity of the test = 0.8
Q=1-P=02
d = allowable error = 0.1
n, = (1.96)" (0.8*0.2) = 61.47
(0.1)°
Incidence of no ARF in patients undergoing
goronary angiography i1s 70%.
n = number of patients undergoing
coronary angiography
n = n,fincidence of no ARF
=61.47/0.7 =87.8
=90

The sample size for this study was then 120 patients due to higher calculated number of

patients and the aim of this diagnostic test as a screening test.

4.4 Method

1. Consecutive series of patients defined by selection criteria were studied for baseline

characteristics and roufine laboratory tests during admission. Simplified MDRD equation was

used to predict GFR in adults based on Screatinine.

2. Random blood (10 ml.) and unne samples were obtained for Screatinine, Scystatin-C,

Ucreatinine and Ucystatin-C as baseline laboratory tests during admission.

3. Serum was sent to the Laboratory center immediately or was stored in temperatures of

20 degrees C for 7 days and upto 6 months at -80 degrees C. Automated and rapid particle-

enhanced nephelometric immunoassay (PENIA) for measuring Scystatin-C on the Behring

nephelemeter systems (BNA, BN 1) was used.



4. Spot urine sample was collected in a plastic bottle and sent to the Laboratory center
immediately or was stored in temperature of 20 degrees C for 48 hr up to 7 days at 4 degrees C.
Automated and rapid particle-enhanced nephelometric immunoassay (PENIA) for measuring

Ucystatin-C on the Behring nephelometer systems (BNA, BN II) was used.

5. Serum and urine creatinine concentrations were measured by a modified Jaffe method

and an alkaline picrate reaction. [17]

6. All of the tests were analyzed by the trained technicians in Laboratory center without

any patients” clinical information.

7. Patients underwent coronary angiography and/or coronary intervention as indicated.
The preventive measures of contrast nephropathy including the administration of intravenous
hydration, antioxidant acetyleysteine and the vse of low or iso-osmolar nonionic contrast agents

were used according to the risks and clinical of the patients. [19]

8. Random blood (10 ml.) and urine samples were obtained again for Screatinine,
Scystatin-C, Ucreatinine and Ucystatin-C at 24 and 48 hours after the procedure; urine volume

per day was also recorded.

9. If Screatinine rising < 0.5 mg/dl or < 25% from baseline, the patient was diagnosed as

having no ARF and was discharged from the hospital.

10, If Screatinine rising > 0.5 mg/dl or = 25% from baseline, the patient was diagnosed as
having ARF. Patient with ARF was cared with standard treatment until ARF resolved before
discharging from the hospital.



Operational flow chart

Patients scheduled for coronary angiography

3

0 hr; serum & urine: creatinine & cystatin C

Y

Patients

undergoing coronary angiography

h

24 hr; serum & urine; creatinine & cystatin C

l

48 hr; serum & urine: creatinine & cystatin C

¥

r

¥

12

Serum ¢reatinine rising

Serum creatinine rising

< (.5 mg/dl or <25 % from baseline > 0.5 mg/dl or > 25 % from baseline
Mo acute rénal failure Acute renal failure

l

Follow up clinical and
laboratory tests until
acute renal failure resolved

Discharged from hospital




4.5 Qutcome measurement

Primary outcomes

Level of UCCR at 24 and 48 hours post coronary angiography

Mumber of patients having ARF if the cut-off point to diagnose ARF is the rising of
UCCR = 25% or = 50% from baseline within 48 hours post coronary angiography

Secondary outcomes
Level of Ucystatin-C, Scystatin-C at 24 and 48 hours post coronary angiography

Proportion of patients having ARF at 24 and 48 hours post coronary angiography
between diagnosed by UCCR, Ucystatin-C, Scystatin-C and Screatinine

4.6 Data collection

Case record form was generated for each individual patient. Data were collected as
continuous variables (age, body mass index, Sereatinine, Scystatin-C, Ucreatinine, Ucystatin-C

and urine output per day) or categorical variables (gender, underlying diseases).

4.7 Data analysis

Patients’ baseline characteristics were presented using descriptive statistics.
Continuous data were presented as mean and standard deviation, whereas categorical
data as number and percentages.

Patients with incomplete 48 hours data collection (of the tests were not analyzed.

To determine diagnostic values of UCCR at 24 hours, 48 hours and maximum value
within 48 hours post coronary angiography comparing with Screatinine (gold standard)
- Receiver operating characteristics (ROC) curves were first created

= Area under the curve (AUC) of the ROC curves were analyzed
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= At each cut point, sensitivity and specificity were calculated to determine the
best cut point

- Likelihood ratio (LR) of UCCR was analyzed

Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV),
accuracy and LR were calculated if cut-off point to diagnose ARF was the rising of UCCR = 25%

or = 50% from baseline within 48 hours post coronary angiography.

b lysis f B o

To determine diagnostie values of Ucystatin-C and Scystatin-C, these two tests were

analyzed the same as UCCR in primary objective data analysis.

Difference in proportion of patients having ARF at 24 and 48 hours post coronary
angiography between diagnosed by UCCR, Ucystatin-C, Scystatin-C and Screatinine were
analyzed.

4.8 Ethical consideration

The protocol was approved by the ethics committee of Chulalongkomn university and
Royal Thai Army Medical Department. This diagnostic study had only minimal risk to patients;
however informed consents were obtained in all eligible patients. The identification of the
patients was kept confidential. The patients” withdrawal from the study did not interfere with

routine care or benefit.



CHAPTER V
RESULTS

One thousand one hundred and twenty nine patients were scheduled for coronary
angiography (CAG) during study period. Two hundred and eighteen patients met study criteria

but 96 patients refused consent to enter the study.

One hundred and twenty two patients were enrolled; 119 patients completed standard
tests (Screatinine). Two patients refused to admit for 48 hours and 1 patient was dead because of
acute myocardial infarction within the first day after CAG. Screatinine of these three excluded

patients were not rising to meet the criteria of ARF.

One hundred and fifteen of 119 patients completed the index tests (UCCR) and
completed data for analysis. Three patients in non ARF group (by Screatinine criteria) were
excluded because of specimen lost. One patient in ARF group experienced congestive heart
failure and was excluded from the analysis because the rising of Screatinine may be not from

contrast nephropathy alone.

Finally, 115 patients completed data for analysis with 12 patients in ARF group and 103
patients in non ARF group. (Figure 1)
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Figure 1 A flow diagram about the method of recruitment of patients and the number of paticnis

undergoing the tests
Met criteria

n=218
i / Refused consent
\ n=9%
/ Exchuded patints

Refissed to admit 48 hr, n=2
Dead before 48 hr,n=1
Completed reference standard test; Screatinine
n=119
l
Excluded patient
CHF with ARE, n = .

Index test: UCCR,
=12
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One hundred and fifteen patients completed data for analysis; 78 (68%) patients were
male, Mean age was 68.7 + 9.9 years and mean GFR. was 47.8 + 11.1 ml/min/ 1.73m’. Baseline
mean Screatinine, Ucystatin-C and UCCR were 1.51 + 0,40 mg/dl, 0.120 + 0.206 mg/l and 0.205
+0.336 (*107) respectively. (Table 1)

Table |1 Baseline characteristics and laboratory tests before coronary angiography

Baseline variables Number (%) or Mean + SD
N (patients) 115
Male 78 (68%)
Age (years) 68.7+99
GER (ml/min/l:T3m) pllE2 o
BMI (Kg/m?) 23.6+3.4
Underlying diseases: |
Diabetes 87 (76%)
Hypertension 113 (98%)
Screatinifie (mg/dl) | 1.51 +0.40
Scystatin-C (mg/l) 1.69 + 0,91
Ucreatinine (mg/dl) 77.2+59.9
Ucystatin-C (mg/l) 0.120 + 0.206
UCCR 0.205 + 0.336 (*107)

BMI is body mass index. GFR. is glomerular filtration rate, calculated using simplified MDRD equation.

Intravenous hydration and N-acetylcysteine | were used ) for prophylaxis of contrast
nephropathy in 114 (99%) and 61 (53%) patients respectively. CAG studies were done using
iopromide (a nonionic, low-osmolar contrast media) in all patients with the mean duration of 27.6
+ 19.3 min and dosage of 76.9 + 55.2 ml. Thirty nine percent of CAG was done with coronary

intervention (balloon angioplasty and/or vascular stenting). (Table 2)
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Table 2 Coronary angiography procedure

Coronary angiography Number (%) or Mean + SD
Intravenous hydration before CAG 114 (99%)
N-acetyleysteine before CAG 61 (53%)
Low-osmolar contrast usage 115 {100%)
Duration of CAG (min) 276+193
Dose of contrast media (ml) 76.9 + 55.2

One hundred of 115 patients were frce from any complications after CAG. ARF occurred
in 12 (10.4%) patients. Two (1.7%) patients experienced congestive heart failure and 1 (0.9%)
patient had gross hematuria after the procedures. (Table 3)

Table 3 Complications after coronary angiography

Complications N (percent)
Acute renal failure 12 (10.4)
Congestive heart failure 2(L.7)
Gross hematuria 1 (0.9}
No complication 100 (87)

* Seven excluded patients from analysis: one patient was dead because of acute myocardial
infarction within the first day after CAG, one patient experienced CHF with ARF and five

patients were without aﬁy complications

GFR in ARF group, 44.6 .+ 13,0 ml/min/ 1.73m’, was slightly lower than in non ARF
group, 48.2 + 10.9 ml/min/1.73m’, Other baseline characteristic and laboratory tests in patients
with and without ARF were similar except Ucreatinine innon ARF group, 79.8 + 60.8 mg/dl, was
significantly higher than in ARF group, 55.3 + 33.3 mg/dl. (Table 4)
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Table 4 Baseline characteristics and laboratory tests in paticnts with and without ARF after CAG

Bascline variables ARF group; Mon ARF group;
MNumber (%) or Mean + SD Number (%) or Mean + SD
M (patients) 12 103
Male 8 (67%) 70 (68%)
Age (years) 66.4 + 10.6 689+ 98
GFR (ml/min/1.73m") 44.6 +13.0 482 +109
BMI (kg/m’) 250438 23.4+33

Underlying diseases:

Diabetes 9 (75%) 78 (76%)
Hypertension 10 (83%) 103 (100%)
Screatinine (mg/dl) 1.63 +0.46 1.50 + 0.40
Scystatin-C (mg/1) 1.98 +1.31 1.66 + 0.86
Ucreatinine (mg/dl) 553+333 79.8 + 60.8
Ucystatin-C (mg/1) -‘.].1-27 +0.219 0.120 +0.205
UCCR 0.254 £ 0.305 (*10%) 0.199 + 0.341 (*107)
jective: Diagnostic

Diagnostic values of UCCR were analyzed using ROC curves. Level of UCCR, change
of UCCR from baseline and percent change of UCCR from baseline at 24 hours, 48 hours and

maximum value within 48 hours post CAG were analyzed comparing with Screatinine.

The best diagnostic value was obtained from the maximum value of UCCR. within 48

hours post CAG; AUC 0,630, SE0.087, 95%(C1.0.458-0.80]. (Figure 2.1-2.3.and Table 5)

The best sensitivity 92% was obtained if cut-off value of the maximum value of UCCR
within 48 hours post CAG = 0.07*10" but the specificity will be only 28%. Likelihood ratio of
this test at level of 0-0.3, 0.31-0.5, > 0.5 (* Iﬁ']] were (.73, 1.34, 1.98 respectively. (Table 6 and
Table 7)
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If cut-off point to diagnose ARF was the rising of UCCR by = 25% or > 50% from
baseline within 48 hours post CAG; sensitivity, specificity, PPV, NPV, accuracy and likelihood

ratio will be 50%, 57%, 11%, 91%, 56%, 1.17 and 50%, 65%, 14%, 92% 63%, 1.42 respectively.

Figure 2.1 ROC curves of UCCR: Level of UCCR at 24 hours, 48 hours and maximum value

within 48 hours

Source of the

Curve
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I
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0.2
0.0 T T T < T
0.0 0.2 t.4 0.6 .8 1.0

1 <« Bpecificity

Diagonal segments are produced by ties.



Figure 2.2 ROC curves of UCCR: Change of UCCR from bascline at 24 hours, 48 hours and

maximum value within 48 hours

Source of the
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ROC Curve — UCCRJif£240
= UCCRAiff480
= "MaxUCCRAiff
== Reference Line
1.0
0.8+
o
Do.6-
ol
&l
g
o 0.4
0.2
0.0 T T T T

T
0.0 0.2 0.4 (/B 0.a 1.0
1 - Specificity

Diagonal segments are produced by ties.

21

Figure 2.3 ROC curves of UCCR: Percent change of UCCR from baseline at 24 hours, 48 hours

and maximum value within 48 hours

Source of the
Curve
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Table 5 AUC of ROC curves of UCCR
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Test variables: UCCR n AUC | SE 95% Cl
Hr24 115 | .610 | .093 | .428-.792
Hr48 115 | 627 | 089 | .452-802
Maximum value of Hr24 or Hr48 115 | .630 | .087 A58-801
Hr24-Hr0 115 | .559 | .094 | .375-742
Hr48-Hr0 115 | .555 | .098 | .363-.747
Maximum value of Hr24-Hr0 or Hr48-Hr0 115 | .551 | .103 | .349-753
Hr24-Hr0 (%) 101 | .578 | .100 | .382-.774
Hr48-Hr0 (%) 101 | .527 | 094 | .343-712
Maximum value of Hr24-Hr0 (%) or Hr48-Hr0 (%) 101 534 | .105 | .329-.740

* Percent change of UCCR from baseline can be calculated in only 101 cases because some

denominator data were equal to zero.

Table 6 Sensitivity and specificity of maximum value of UCCR within 48 hours post CAG

Mamimum value of UCCR within 48 hours % Sensitivity % Specificity
>0.74% 10 17 90
>0.61*10° 25 89
>032*10° 50 82
>0.12%.10° 75 50
>0.09% 10° 83 38
>0.07*10° 92 28

Table 7 Likelihood ratio of maximum value of UCCR within 48 hours post CAG

Maximum value of UCCR ARF No ARF LR
within 48 hours {n=12) (n=103)
>0.5 (*107) 3 13 1.98
031-05 (*107) 3 19 1.34
0-03  (*107) 6 71 0.73

ARF is acute renal failure, defined as Sereatinine rising = 0.5 mg/dl or > 25% from baseline,
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ives: Di ic v

Diagnostic values of Ucystatin-C were analyzed using ROC curves. Level of Ucystatin-
C, change of Ucystatin-C from baseline and percent change of Ucystain-C from baseline at 24
hours, 48 hours and maximum value within 48 hours post CAG were analyzed comparing with

Screatinine.

The best diagnostic value was obtained from the percent change of Ucystatin-C at 24
hours post CAG from baseline; AUC 0.809, SE0.074, 95%CI 0.665-0.954. (Figure 3.1-3.3 and
Table 8)

The best semsitivity 70% was obtained if cut-off value of the percent change of
Ucystatin-C at 24 hours post CAG from baseline = 3% with the specificity of 67%. Likelihood
ratio of this test at level of < 0, 0.1-100, 101-200, > 200 % were 0.45, 0.82, 3.64, 9.10
respectively. (Table 9 and Table 10)

If cut-off point to diagnose ARF was the rising of Ucystatin-C at 24 hours post CAG
from baseline > 50%; sensitivity, specificity, PEV, NPV, accuracy and likelihood ratio will be
70%, 82%, 30%, 96%, 81% and 3.98 respectively.
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Figure 3.1 ROC curves of Ucystatin-C: Level of Ucystatin-C at 24 hours, 48 hours and maximum

value within 48 hours
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Figure 3.2 ROC curves of Ucystatin-C: Change of Ucystatin-C from baseline at 24 hours, 48

hours and maximum value within 48 hours
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Figure 3.3 ROC curves of Ucystatin-C: Percent change of Ucystatin-C from baseline at 24 hours,

48 hours and maximum value within 48 hours
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Table 8 AUC of ROC curves of Ucystatin-C

Test variables: Ucystatin-C Cases{ AUC | SE 95% CI
Hr24 115 | 645 | 098 | .453-838
* Hrd§ 115 657 | 099 A462-852
Maximum value of Hr24 or Hr48 115 633 | .101 455-.851
Hr24-Hrl) 115 73 | 071 .634-911
Hr48-Hrl) 115 J22 | 081 .562-882
Maximum value of Hr24-Hr0 or Hr48-Hr() 115 | 743 |..079 | .588-.898
Hr24-Hr0 (%) 101 809 | .074 .665-.954
Hr48-Hr0 (%) 101 696 | 087 .525-.867
Maximum value of Hr24-Hr0 (%) or Hr48-Hr (%) 101 754 | 0RO .598-911

* Percent change of Ucystatin-C from bascline can be calculated in only 101 cases because some

denominator data were equal to zero.
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Table 9 Sensitivity and specificity of the percent change of Ucystatin-C at 24 hours post CAG

from baseline

Percent change of Ucystatin-C at 24 hours from baseline (%) | % Sensitivity | % Specificity
=200 20 99
= 140 30 94
=80 ' 50 89
> 64 60 86
>50 70 82
373 7 70 67

Table 10 Likelihood ratio of the percent change of Ucystatin-C at 24 hours post CAG from

baseline
Percent change of ARF No ARF LR
Ucystatin-C at 24 hours from baseline (%) (n=10) (n=91)
> 200 3 3 9.10
101 — 200 2 5 3.64
0.1-100 2 22 0.32
<0 3 61 0.45

Another secondary objective; diagnostic values of Scystatin-c were analyzed using ROC
curves. Level of Scystatin-C, change of Scystatin-C from baseline and percent change of
Scystain-C from baseline ‘at 24 hours, 48 hours and maximum value within 48 hours post CAG

were analyzed comparing with Screatinine.

Diagnostic values of Scystatin-C were much better than UCCR and Ucystatin-C because
many studies showed that Scystatin-C was a promising marker for GFR estimation same as
Screatinine (gold standard test). (Figure 4.1-4.3 and Table 11) However the diagnostic usefulness
of Scystatin-C was not much interested in this study because Scystatin-C must be obtained from

venopuncture same as Screatinine.
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Figure 4.1 ROC curves of Scystatin-C: Level of Scystatin-C at 24 hours, 48 hours and maximum

value within 48 hours
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Figure 4.2 ROC curves of Seystatin-C: Change of Scystatin-C from baseline at 24 hours, 48 hours

and maximum value within 48 hours
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Figure 4.3 ROC curves of Scystatin-C: Percent change of Scystatin-C from baseline at 24 hours,

48 hours and maximum value within 48 hours
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Table 11 AUC of ROC curves of Scystatin-C
Test variables: Scystatin-C Cases | AUC | SE 95% ClI
Hr24 104 737 074 .592-.882
* Hr48 99 BBl A11 463-.899
Maximum value of Hr24 or Hr48 92 732 088 .559-.905
Hr24-Hrl 52 802 052 800-1.00
Hrd48-Hr0 89 81 100 585-977
Maximum value of Hr24-Hr0 or Hr48-Hrl) B3 947 ‘| J028 .894-1.00
Hr24-Hr0 (%) 92 906 A48 813- 999
Hr48-Hr (%) g9 J75 101 577-.973
Maximum value of Hr24-Hr0 (%) or Hr48-Hr0 (%) 83 840 | 027 B87-.993
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The last sccondary objective; from the above results whether Ucystatin-C can diagnose

ARF earlier than Screatinine or not in patients undergoing CAG.

The difference in proportion of patients having ARF at 24 hours and 48 hours post CAG

between diagnosed by Ucystatin-C and Screatinine was analyzed. (Table 12)

Table 12 Proportion of patients having ARF at 24 hours and 48 hours post CAG comparing

between diagnosis by Ucystatin-C and Screatinine

Diagnosis by Screatinine (gold standard)

At 24 hr At 48 hr Within 48 hr

ARF | No ARF ARF No ARF ARF No ARF
(n=4) | (n=97) | (h=9) | (n=92) | (n=10) | (n=91)

% change = 50% a3 20 6 17 7 16
Ucystatin- | ARF | Sn=75% | Sn =67% Sn=70%
Cat2dhr | <50% 1 77 2 75 i 75
Mo ARF Sp=79% Sp=82% Sp=182%

% change | >50% 3 29 6 126 7 25
Ucystatin- ARF

Cwithin | <50% 1 68 3 66 3 66

48 hr No ARF

ARF is acute renal failure, defined ag Sereatinine rising > 0.5 mg/dl or'> 25% (rom baseline.

True ARF can be diagnosed at 24 hours post CAG by percent change of Ucystatin-C >
50% from baseline criteria in 7/10 cases and by Screatinine (gold standard) criteria in 4/10.
True ARF can be diagnosed at 48 hours post CAG by percent change of Ucystatin-C >

50% from bascline criteria in 7/10 cases and by Screatinine {gold standard) criteria in 10/10.



CHAPTER VI

DISCUSSION

Two hundred and eighteen from 1,129 patients scheduled for coronary angiography
(CAG) met study criteria but 96 patients refused consent to enter the study. The main obstacles
were the limited available bed for 48 hours admission in elective CAG and the preference to carly
discharge the patient within 24 hours if no immediate cardiac complication after CAG was
detected.

Patients with no ARF at 24 hours post CAG by Sereatinine criteria and cannot completed
48 hours data collection were excluded from the analysis because they cannot be defined as ARF
or not. And also, patients with specimens lost were excluded from the analysis from the same
reason. One patient in ARF group experienced congestive heart failure was excluded from the
analysis because the rising of Screatinine may be from congestive heart failure not from contrast
nephropathy alone and the value of Ucystatin-C was error, extremely abnormal high even more
than Seystatin-C.

Underlying renal insufficiency is a major risk factor for development of contrast-induced
ARF. Patients enrolled in this study also had other risk factors which included advanced age
(68.749.9 years), male gender (68%), diabetes mellitus (76%) and hypertension {98%). These
factors may be covariate-rather than_ independent variables. This probably accounts for reports

that fail to confirm many of these as risk factors:[20]

venti f -indu ephropath

Effective prevention of contrast-induced nephropathy includes hydration prior to the
procedure and the use of the lowest possible dose of contrast media. Intravenous hydration was
used for prophylaxis of contrast nephropathy in almost all patients, 114 (99%) cases, unless it was

contra-indicated.



Administration of N-acetyleysteine in addition to intravenous saline hydration may have
a beneficial cffect in the prevention of contrast-induced nephropathy after cardiovascular
procedures in patients with impaired renal function. Many randomized controlled trials and at
least 11 systematic reviews studied N-acetyleysteine for prevention of contrast-induced
nephropathy. These studies yield inconsistent results to warrant a conclusion on efficacy or a
recommendation for its routine use. [21-31] However many cardiologists used N-acetyleysteine to
reduce contrast-induced nephropathy before CAG because this agent is nontoxic and inexpensive.

In this study, oral N-acetylcysteine was added to conventional intravenous hydration in 63 (53%)

Decrease GFR is a major risk factor for contrast-induced nephropathy, however type and

dosage of contrast media are also important.

Low-osmolar contrast media is clearly preferred in high risk patients (e.g., renal
insufficiency, history of allergies). In the lohexol Cooperative Study; patients with renal
insufficiency alone or combined with diabetes who received diatrizoate (an ionic, monomeric,
high-osmolar contrast media) were more likely to develop renal injury than those receiving
iohexol (a nonionic, low-osmolar contrast media). [32] A meta-analysis of 45 comparative studies
showing that low-osmolar contrast media is associated with reduced nephrotoxicity compared
with high-osmolar contrast media especially in patients with preexisting renal failure. [33] In this

study, iopromide(a nonionie, low-osmelar contrast media) was used in-all patients.

Recent study of a new iso-osmolar contrast media, iodixanol (a nonionic, dimeric, iso-
osmolar contrast media) was significantly less nephrotoxic than ioxaglate (an ionic, dimeric, low-
osmolar contrast media) in patients with renal impairment undergoing coronary angiography. [34]
However, no patient in this study received iso-osmolar contrast media during CAG. The role of
osmolality may have been over-interpreted. A number of characteristics of contrast media have
been suggested as possible causes of nephrotoxicity c.g. osmolality, direct tubular toxicity and
more recently viscosity. While pathophysiology of contrast-induced nephropathy is not yet

completely understood, it most certainly involves the interplay of multiple factors leading to
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hypoxia of the outer medulla. [35] The results of the Swedish registry study which included data
on aver 57,000 patients, strongly indicated that the contrast media iodixanol, iso-osmolar contrast
media but has a high viscosity, is not better tolerated by the kidneys than contrast agents with low
osmolality and low viscosity. [36] The study results suggest the hypothesis that higher viscosity

of contrast media is associated with inferior renal tolerance.

ARF is more likely to oceur if high dose contrast media is used (> 200 ml) during CAG.
[37] Limitation of the volume of contrast media used during CAG could reduce the incidence of
nephropathy. Cigarroa RG et al showing that dosage of contrast media could be given without
impairing renal function by using this formula; 5 ml of contrast per kg of body weight (maximum
300 ml) / Screatinine (mg/dl). [38] Dose of contrast media usage is associated with duration of
procedure and coronary intervention during CAG. In this study, mean duration of CAG and
dosage of contrast media used were 27.6 + 19.3 min and 76.9 + 55.2 ml respectively. Thirty nine

percent of CAG was done with coronary intervention.

One hundred of 115 patients were free fiom any complications after CAG. ARF occurred
in 12 (10.4%) patients. In Gruberg L et al study, patients who had a baseline Screatinine > 1.8
mg/dl, underwent percutaneous coronary intervention with ioXaglate meglumine contrast-media,
37 % had an increase in Sceatinine > 25% within 48 hours or required dialysis. [3] Incidence of
ARF from contrast nephropathy in this study was lower than expected in this high risk group of
patients may be due to, firstly the use of‘iopromide (a nonionic, low-osmolar contrast media) as a
media study in all patients, secondly the more awareness of the cardiologist to prevent contrast
nephropathy by addition oral N-acetylcysteine to conventional intravenous hydration and finally
the minimal dosage of contrast was used with limited therapeutic intervention during CAG as

possible.

ARF from contrast media is typically reversible with non-oliguric being more common

than oliguric renal failure. Renal replacement therapy is rarely needed and usually only in patient
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whose baseline GFR is very low. In this study, mean urine volume per day in ARF group (808 +
200 ml) was significantly lower than in non ARF group (1,098 + 258 ml). Only one patient in
ARF group had decreased urine volume to oliguric range and no patient in ARF group needed

dialysis.

Decrease GFR is a major risk factor for contrast-induced nephropathy. Baseline GFR in
ARF group (44.6+ 13.0 ml/min/1.73m") was slightly lower than in non ARF group (48.2 + 10.9
ml/min/1.73m") corresponding with the higher level of Sereatinine and Scystatin-C in ARF group
than in non ARF group.

Baseline Uecreatinine in non ARF group was significantly higher than in ARF group.
Creatinine in urine comes from glomerular filtration and tubular secretion. Spot Ucreatinine
measurement can not be a marker of GFR estimation and the level was influenced by the
concentration or flow of the urine. Baseline Ucystatin-C and UCCR which adjusted Ucsytatin-C
with Ucreatinine were not significantly different between ARF group and non ARF group; 0.127
+0.219 VS 0.120 + 0.205 mg/1 and 0.254 + 0.305 (*10%) VS 0.199 + 0.341 (*10?) respectively.

Unit of Ucysiaiin-C and Ucrealinine were expressed in mg/l and mg/dl respectively.
UCCR, a ratio of Ueystatin-C to Ucreatinine, was very low because the correction of the two
markers to the same unit and the higher value of the numerator and the lower value of the

denominator,

. ective: Di icValues of UCCR

The best diagnostic test of UCCR to diagnose ARF was the maximum value of UCCR
within 48 hours post CAG. However the usefulness of this test was limited because the value of
AUC from ROC curve was only 0.630. The best sensitivity 92% was obtained if cut-off value of
the maximum value of UCCR. within 48 hours pust CAG = 0.07* 10" but the specificity will be

only 28%. Likelihood ratio table of this test at various levels was not good enough for clinical
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decision. If cut-off point to diagnose ARF was the rising of UCCR by = 25% or = 50% from

baseline within 48 hours post CAG; sensitivity, PPV and likelihood ratio were also very low.

In this study, UCCR was investigated as the primary diagnostic test because there were
more previous studies of UCCR. than Ucystatin-C. However all previous data of UCCR in
patients with decreased kidney function were descriptive. This is the first diagnostic study of
UCCR although the results showed that UCCR had limited diagnostic usefulness in ARF from

contrast media.

S ! biecti _E. 7. | f Ucystatin-C

Ucystatin-C not adjusted with Ucreatinine gave a better result than UCCR for diagnosis
of ARF from contrast nephropathy. The percent change of Ucystatin-C at 24 hours post CAG
from baseline represented the best diagnostic test of Ucystatin-C (AUC 0.809). An example; if the
percent change was > 50%, this test will have a sensitivity 70%, specificity of 82% and likelihood
ratio of 3.98 to diagnose ARF. There was a problem when trying to obtain a good likelihood ratio
table of this test because the incidence of ARF in this study was lower than expected, so the
numbers of ARF patients to fill at each level were limited. Likelihood ratio of this test that had

positive diagnostic impact was the percent change of greater than 100% from baseline.

Diagnostic values of Ucystatin-C seem to be better than UCCR. This finding has an
advantage to use in clinical practice because the easier measurement and less cost of Ucystatin-C

than UCCR.

The diagnostic value of Scystain-C was much better than UCCR and Ucystatin-C
because Scystatin-C was considered as one of the serum markers for GFR estimation same as
Screatinine. However diagnostic usefiiness of Scystatin-C was not much interested in this study
because Scystatin-C must be obtained from venopuncture and further analysis found that it can

not diagnosed ARF earlier than standard Screatinine,
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Secondary objectives: whether Ucystatin-C can diagnose AFR carlicr than Screatining

From the above diagnostic results; diagnostic values of Ucystatin-C scem to be better and
more clinical usefulness than UCCR and Scystatin-C. Ucystatin-C was then investigated, whether
it can diagnose ARF earlier than Screatinine or not. ARF diagnosed by change of Ucystatin-C >
50% from baseline criteria was maximum at 24 hours post CAG (sensitivity of 75%) and was not
increased at 48 hours post CAG (sensitivity of 70%) but specificity was slightly increased.
Contrary to Ucystatin-C, all true ARF diagnosed within 48 hours post CAG had been diagnosed

at 24 hours post CAG by Screatinine criteria (gold standard test) in only 40% of cases.

Di & ] E-u. € . C

There are many previous studies show that various renal tubular enzyme markers
increased after tubular damage. Most of these studies are descriptive and no diagnostic study has
ever done especially for urine eystatin C which under normal condition does not enter the final

excreted urine to any significant degree.

This is the first study evaluated diagnostic value of urine cystatin C in contrast
nephropathy. The aim of this diagnostic study is to find a good screening test for diagnosis of
ARF using urine cystatin C, however sensitivity of UCCR or Ueystatin-C at the acceptable high
value had a low likelihaod ratio. In conclusion, this study showed that although urine cystatin C
increased early within 24 hours after CAG but the diagnostic impact for ARF was limited.

This diagnostic study was done in ARF from contrast nephropathy in high risk adult
patients undergoing coronary angiography. UCCR and Ueystatin-C showed 'a limited usefulness
for diagnosis of ARF. The diagnostic impact of these markers for other tynes of renal injury such
as prolonged aminoglycoside usage in normal GFR patients is not known and may be further

studied.



CHAPTER VII
CONCLUSION AND IMPLICATION

Conclusion: Urine cystatin C increases early after radio-contrast media exposurc
however urine cystatin C and urinary cystatin C to creatinine ratio (UCCR) have only fair

usefulness for diagnosis of acute renal failure in patients undergoing coronary angiography.

Implication: Many elective CAG patients without immediate cardiologic complication
will be early discharged within 24 hours after procedures. They may develop ARF unnoticed and
its complication will increase both short and long-term morbidity and mortality. This study
showed that urine cystatin € increased early after radio-contrast exposure. For clinical
application; if no or only modest rising of urine cystatin C at 24 hour post CAG from baseline,
likelihood to have ARF from contrast nephropathy will be low and patient may be early
discharged as appropriated. However if the rising of urine cystatin C at 24 hour post CAG from
baseline is very high, the likelihood ratio and specificity of this test will also be very high. The
patient should be further admitted to repeat serum creatinine from the blood test at 48 hours post
CAG to see whether ARF occur or not. Although this test had limited diagnostic usefulness, it
may be more useful in easily bruised or obese patients which daily repetitive venopunctures for

serum creatinine are difficult, painful and inconvenient.



References

[1] Brady HR, Clarkson MR, Licberthal W. Acute renal failure. In: Brenner BM, editor. Brenner
& Rector's The Kidney. Tth ed. Philadelphia: Saunders; 2004, p. 1215-92.

[2] Levy EM, Viscoli CM, Horwitz RI. The effect of acute renal failure on mortality. A cohort
analysis, JAMA 1996; 275(19):1489-94.

[3] Gruberg L, Mintz GS, Mehran R et al. The prognostic implications of further renal function
deterioration within 48 h of interventional coronary procedures in patients with pre-
existent chronic renal insufficiency. ] Am Coll Cardiol 2000; 36(5):1542-8.

[4] Rihal CS, Textor SC, Grill DE et al. Incidence and prognostic importance of acute renal
failure after percutaneous coronary intervention. Circulation 2002; 105(19):2259-64.

[5] Rickli H, Benou K, Ammann P et al. Time course of serial cystatin C levels in comparison
with serum creatinine after application of radiocontrast media. Clin Nephrol 2004,
61(2):98-102.

[6] Hellerstein S, Berenbom M, Erwin P, Wilson N, DiMaggio S. The ratio of urinary cystatin C
to urinary creatinine for detecting decreased GFR. Pediatr Nephrol 2004; 19(5):521-5.

[7] Uchida K, Gotoh A. Measurement of cystatin-C and creatinine in urine. Clin Chim Acta 2002;
323(1-2):121-8.

[8] Herget-Rosenthal S, Poppen D, Husing J et al. Prognostic value of tubular proteinuria and
enzymuria in nonoliguric acute tubular necrosis. Clin Chem 2004; 50(3):552-8.

[9] Mehran R, Aymong ED, Nikolsky E et al. A simple risk score for prediction of contrast-
induced nephropathy after percutaneous coronary intervention: development and initial
validation. T Am Coll Cardiol 2004; 44(7):1393-9.

[10] Dhamidharka VR, Kwon C, Stevens G. Serum cystatin C is superior to serum creatinine as a
marker of kidney function: a meta=analysis. AmJ Kidney Dis 2002; 40(2):221-6.

[11] Galteau MM, Guyon M, Gueguen R, Siest G. Determination of serum cystatin C: biological
variation and reference values. Clin Chem Lab Med 2001; 39(9):850-7.

[12] Erlandsen EJ, Randers E, Kristensen JH. Reference intervals for serum cystatin C and serum
creatinine in adults. Clin Chem Lab Med 1998; 36(6):393-7.

(13] Finney H, Newman DJ, Gruber W, Merle P, Price CP. initial evaluation of cystatin C
measurement by particle-enhanced immunonephelometry on the Behring nephelometer

systems (BNA, BN II). Clin Chem 1997; 43(6 Pt 1):1016-22.



38

[14] Mussap M, Ruzzante N, Varagnolo M, Plebani M. Quantitative automated particle-enhanced
immunonephelometric assay for the routinary measurement of human cystatin C. Clin
Chem Lab Med 1998; 36(11):859-65,

[15] Erlandsen EJ, Randers E, Kristensen JH. Evaluation of the Dade Behring N Latex Cystatin C
assay on the Dade Behring Nephelometer Il System. Scand J Clin Lab Invest 1999,
59(1):1-8.

[16] Herget-Rosenthal S, Feldkamp T, Volbracht L, Kribben A. Measurement of urinary cystatin
C by particle-enhanced nephelometric immunoassay: precision, interferences, stability
and reference range. Ann Clin Biochem 2004; 41(Pt 2):111-8.

[17] K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, classification,
and stratification. Am _ J _ Kidney Dis 2002; 39(2 Suppl 1):S1-266.
Notes: CORPORATE NAME: National Kidney Foundation.

[18] Coresh I, Astor BC, Greene T, Eknoyan G, Levey AS. Prevalence of chronic kidney disease
and decreased kidney function in the adult US population: Third Mational Health and
Nutrition Examination Survey. AmJ Kidney Dis 2003; 41(1):1-12.

[19] Maeder M, Klein M, Fehr T, Rickli H. Contrast nephropathy: review focusing on prevention.
] Am Coll Cardiol 2004; 44(9):1763-71.

[20] Mayer B, Robert EC. Radiocontrast media-induced acute renal failure. In: Robert WS, editor.

the Kidne i . 7th ed. Philadelphia: LWW; 2001, p. 1212.

[21] Zagler A, Azadpour M, Mercado C, Hennekens CH. N-acetylcysteine and contrast-induced
nephropathy: a meta-analysis of 13 randomized trials. Am Heart J 2006;151(1):140-5.

[22] Liu R, Nair D, Ix J, Moore DH, Bent S. N-acetylcysteine for the prevention of contrast-
induced nephropathy.; A systematic -review and -meta-analysis. J Gen Intern Med
2005;20(2):193-200.

(23] Duong MH; MacKenzie TA; Malenka DJ: N-acetylcysteine prophylaxis significantly reduces
the risk of radiocontrast-induced nephropathy: comprehensive meta-analysis. Catheter
Cardiovasc Interv 2005:64(4):471-9,

[24] Mallamothu BK, Shojania KG, Saint S et al. Is acetylcysteine effective in preventing
contrast-related nephropathy? A meta-analysis. Am_J Med 2004;117(12):938-47.

[25] Misra D, Leibowitz K, Gowda RM, Shapiro M, Khan IA. Role of N-acetylcysteine in
prevention of contrast-induced nephropathy after cardiovascular procedures: a meta-

analysis. Clin Cardiol 2004;27(11):607-10.



19

[26] Bagshaw SM, Ghali WA. Acetylcysteine for prevention of contrast-induced nephropathy
after intravascular angiography: a systematic review and meta-analysis. BMC Med
2004;2:38.

[27] Pannu N, Manns B, Lee H, Tonelli M. Systematic review of the impact of N-acetyleysteine
on contrast nephropathy. Kidney Int 2004;65(4):1366-74.

[28] Kshirsagar AV, Poole C, Mottl A er al. N-acetylcysteine for the prevention of radiocontrast
induced nephropathy: a meta-analysis of prospective controlled trials. ] Am Soc Nephrol
2004;15(3):761-9.

[29] Alonso A, Lau J, Jaber BL, Weintraub A, Samak MJ. Prevention of radiocontrast
nephropathy with N-acetyleysteine in patienis with chronic kidney disease: a meta-
analysis of randomized, controlled trials. Am J Kidrey Dis 2004;43(1):1-9.

[30] Isenbarger DW, Kent SM, O'Malley PG. Meta-analysis of randomized clinical trials on the
usefulness of acetyleysteine for prevention of contrast nephropathy. Am I Cardiol
2003;92(12):1454-8,

[31] Birck R, Krzossok S, Markowetz F, Schnulle P, van der Woude FJ, Braun C. Acetylcysteine
for prevention of contrast nephropathy: meta-analysis. Lancet 2003;362(9384):598-603.

[32] Rudnick MR, Goldfarb 8, Wexler L et al. Nephrotoxicity of ionic and nonionic contrast
media in 1196 patients: a randomized trial. The Iohexol Cooperative Study. Kidney Int
1995;47(1):254-61.

(33] Barrett BJ, Carlisle EJ. Metaanalysis of the relative nephrotoxicity of high- and low-
osmolality iodinated contrast media. Radiology 1993;188(1):171-8.

[34] Jo SH, Youn TJ, Koo BK et al. Renal toxicity evaluation and comparison between visipague
(iodixanol) and hexabrix (ioxaglate) in patients with renal insufficiency undergoing
coronary angiography: the RECOVER study: a randomized controlled trial. I Am Coll
Cardiol 2006;48(5):924-30.

[35] Perrsson PB, Hansell P, Liss P. Pathophysiology of contrast medium-induced nephropathy.
Kidney Int 2005;68:14-22,

[36] Liss P, Persson PB, Hansell P, Lagerqvist B. Renal failure in 57,925 patients undergoing
coronary procedures using iso-osmolar or low-osmolar contrast media. Kidney [nt
2006;70:1811-7.

[37) Rich MW, Crecelius CA. Incidence, risk factors, and clinical course of acutc renal

insufficiency after cardiac catheterization in patients 70 years of age or older. A



prospeetive study. Arch Intern Med 1990;150(6):1237-42.
[38] Cigarroa RG, Lange RA, Williams RH, Hillis LD. Dosing of contrast material to prevent
contrast nephropathy in patients with renal discase. Am J Med 1989;86(6 Pt 1):649-52.

AONUUINYUINNS )
ANRINITNINENAY



AONUUINYUINNS )
ANRINTUNINEAE



APPENDIX A

Study protocol

Baseline characteristics (At ward)
History: age, gender, underlying diseases,
Physical examination: body weight, height

Lab: Screatinine, Scystatin-C, Ucreatinine, Ucystatin-C

Y

Coronary angiography (At Cardiac Catheterization Unit)

24" hr post coronary angiography (At ward)
Clinical: urine output per day

Lab: Screatinine, Scystatin-C, Ucreatinine, Ucystatin-C

Y

48" hr post coronary angiography (At ward)
Clinical: urine output per day :

Lab: Screatinine, Scystatin-C, Ucreatinine, Ucystatin-C

42
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APPENDIX B

Patient Information Sheets
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APPENDIX C

Conrsent Form
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APPENDIX D

CRF-1-

Patient number

Diagnosis of acute renal failure by urinary cystatin C to creatinine ratio

in patients undergoing coronary angiography

CASE RECORD FORM

Principle investigator

Name Dr.Amnart Chaiprasert

Address - Nephrology Unit
Department of Internal Medicine
Phramongkutklao Hospital, Bangkok
Thailand

Telephone + 662-354-76900 Ext. 93310
+ 661-447-9984
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CRF-2-

Patient number

Assessment date

d d m m y vy

Eligible criteria

Inclusion criteria No Yes

-age = |8 years

- chonic kidney disease stage 3 =4 (GFR of 15 — 59 ml/min/1.73m")*

- scheduled for coronary angiography and/or angioplasty

o} B 1 K ¥ M
et | e | e |

- agree to participate in the study with informed consent

Exclusion criteria No Yes

- with organ transplantation

- methylprednisolone, cyclosporin A, cimetidine or trimethoprim usage

= | = | p—
] | ] | ed

- prior radiocontrast study within 1 week

Conclusion No Yes

- patient fulfills all inclusion criteria and none of exclusion criteria [ ] [ ]

*Simplified MDED equation :GFR, in ml/min/1.73m’ = 186.3 x ((Screatinine) exp[-1.154]) x

(Age exp[-0.203]) x (0.742:f female); where exp 15 the exponential.




CRF-3-

Patient number

Assessment date

d d m m y vy

48

_]monﬂls

/é..

Underlying h ll )
Screatinine o e lmga
Swamuui ‘VlEI‘Uiﬂ'ﬁ

EIAEN ﬂ‘JﬂLﬂJ‘Vij’J‘VI R
Ui L

Ueystatin-C I
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CRF-4-

Patient number

Coronary angiography [/ [/ ]
d d m m y ¥

24" hr post coronary angiography

urine output per day L " e _] ml

Screatinine [ ] mga
Seystatin-C R
Ucreatinine , oo e
Ucystatin-C 2 e

48" hr post corondry angiography

urine output per day [~anplq tlan
Screatininé o o o] mpa
Seystatin-C [ Jme
Ucreatinine [ ] mga

Ucystatin-C [_ o __] mg/l



Name
Address

Date of Birth
Sex
Mationality
Marital Status
Education

1985-1991

1994-1997

1998-2000
2003
Work
1991-1994
1997-1998
2000-2001
Since 2001
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VITAE

Lt.Col. Amnart Chaiprasert

639 Sivalee2 Rangsit-Nakhonnayok52 Thanyaburi Pathumthani 12130 Thailand
19" May 1968

Male

Thai

Married

Doctor of Medicine, Faculty of Medicine, Siriraj Hospital,

Mahidol University, Bangkok Thailand

Diplomate Thai Board of Internal Medicine, Phramongkutklao Hospital,
Bangkok Thailand

Diplomate of Mephrology, Phramonglutklao Hospital, Bangkok Thailand
Diplomate Thai Board of Family Medicine

Promyothee Fori, Prachinburi Thailand

Suppasitthiprasong Fort Hospital, Ubonrachathani Thailand

Suranaree Fort Hospital, Nakhonrachasema Thailand

Dhvision of Nephrology, Department of Medicine, Phramongkutklao Hospital,
Bangkok Thailand
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