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Objective: To assess a role of volume-to-creatinine clearance ratio (V/CrCl) and iodine dose-to-creatinine clearance ratio (I-
dose/CrCl) in predicting contrast- induced nephropathy (CIN) in diabetic patients undergoing elective cardiac catheterization
or percutaneous coronary intervention (PCI).

Background: In diabetic patients undergoing cardiac catheterization or PCI, the incidence of CIN is higher than in non-
diabetic patients. High doses of contrast media also increase the likelihood of renal dysfunction. The ratio of the volume of
contrast media to creatinine clearance (V/CrCl) and iodine dose-to-creatinine clearance (I-dose/CrCl) has been shown to
correlate with the area under the curve of contrast media concentration over time and was used to predict the occurrence of
CIN in unselected patients. No study has been conducted specifically in diabetic patients undergoing cardiac catheterization
or PCI before.

Material and Method: We conducted a prospective, single center study. The V/CrCl and I-dose/CrCIl were calculated in
diabetic patients undergoing elective cardiac catheterization or PCI. An increase in serum creatinine of > 0.5 mg/dl or > 25%
by 7 days from baseline was considered CIN. The incidence of CIN was determined. The predictive value of V/CrCl and I-
dose/CrCl for CIN were assessed using multivariable logistic regression.

Results: The total number of patients that had been enrolled in the study was 248; Male 50.8%. The overall incidence of CIN
was 5.2%. The mean age for the entire population was 65 + 9 years; the mean body mass index was 25.6 + 4.0 kg/m1; and
the mean creatinine clearance was 60.6 + 27.4 ml/min. The mean values of V/CrCl for patients with and without CIN were 3.7
+29and 2.2+ 1.7 (p = 0.041). The mean values of I-dose/CrCl for patients with and without CIN were 1.31 + 0.94 and 0.82
+0.63 (p =0.042). The receiver-operator characteristic curve analysis indicated that a V/CrCl ratio of 2.60 and I-dose/CrCl
of 0.98 were fair predictors of CIN. After adjusting for other known predictors of CIN, a V/CrCl ratio > 2.60 remained the
only significant predictor of CIN (Odds ratio 5.8; 95% confidence interval 1.7-19.4, p = 0.005)

Conclusions: 4 V/CrCl ratio > 2.60 was a significant predictor of CIN in diabetic patients undergoing elective cardiac
catheterization or PCI.
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insufficiency and is the third most common cause of
hospital-acquired renal failure®. The association of CIN

Contrast-induced nephropathy (CIN) is an
acute decline in renal function after the administration

of a contrast agent in the absence of an alternative
cause. CIN is traditionally defined as an increase in
serum creatinine of either 0.5 mg/dl or 25% from baseline
within 2-7 days after contrast exposure*®. CIN is re-
sponsible for approximately 11% of all iatrogenic renal
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and short- and long-term adverse clinical outcome is
well established®'?. Underlying renal insufficiency and
diabetes mellitus are known important risk factors for
the development of CIN!!12, The volume of contrast
media also plays an important role in CIN. Previous
studies found a dose-dependent risk and defined a
dose below which the risk for CIN appears
acceptable!'*!9, A maximum contrast medium amount
formula that takes the status of renal function into ac-
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count has therefore been developed: 5 ml/kg serum
creatinine (in milligrams per decilitre). In an RCT of
patients with CRF (Cr > 1.8 mg/dl), the application of
this formula portended a significant lower incidence of
CIN (20.7% vs. 2.3%, p<0.001)19.

Recently, a volume-to-creatinine clearance
ratio > 3.7 was shown to be a predictor of an early
abnormal increase in serum creatinine after PCI in an
unselected population'”. It should be noted, however,
that the iodine concentrations of commercially avail-
able contrast media range between 120 and 400 mg 1/
ml. The dose in grams of iodine for a certain contrast
medium volume may thus vary roughly by a factor of 4.
The use of the I- dose-to-creatinine clearance ratio has
been suggested to correct for this problem. For coro-
nary investigations, a linear correlation between the I-
dose-to-creatinine clearance ratio and the risk for CIN
and oliguria was found in a retrospective analysis!'®.
At a mean [-dose-to-creatinine clearance ratio = 1, the
regression line indicated a 10% risk of CIN.

We hypothesized that a volume-to-creatinine
clearance ratio and I-dose-to-creatinine clearance ratio
as a predictor of CIN in diabetic patients undergoing
elective cardiac catheterization or PCI should be lower
than in unselected patients.

Material and Method
A single center, prospective study.

Patient population

Diabetic patients undergoing elective cardiac
catheterization or PCI (Percutaneous Coronary Inter-
vention) at Siriraj Hospital between April 2008 and De-
cember 2008 were enrolled. The inclusion criteria were
patients with diabetes mellitus, defined as fasting
plasma glucose more than 125 mg/dl twice or random
plasma glucose more than 200 mg/dl with symptoms,
ages between 18-80 years, men or non pregnant women.
All patients provided written informed consent. The
exclusion criterion included patients who were already
on regular dialysis. The study was approved by Siriraj’s
ethical committee, Mahidol University.

Procedures

Cardiac catheterization and PCI procedures
were performed using standard techniques.
Interventional devices were selected by the operator
during the procedure. There were four types of con-
trast media in our center which included loxaglate
(Hexabrix), loxitalamate (Telebrix), lopromide (Ultravist),
and lodixanol (Visipaque). Type and brand of contrast
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media were determined by the operator and the amount
of contrast will be collected. No formal protocol was
followed regarding intravenous fluid or acetylcystein
use. Aspirin, clopidogrel, glycoprotein IIb/II1a recep-
tor blockers, heparin, enoxaparin, beta blockers, ACEI
and statins were used at the discretion of the operator.
Serum creatinine was checked for 3 times (baseline se-
rum creatinine within 14 days before procedures, 12-24
hours after procedures and at 7 days after procedures).
Creatinine clearance was calculated using the Cockcroft-
Gault formula: Crcl (ml/min) = 140-age (years) x weight
(kgs)/72 x serum creatinine (mg/dl) {x 0.85 for female
subjects}. A volume-to-creatinine clearance ratio and I
dose-to-creatinine clearance ratio were calculated for
each patient. CIN was diagnosed using the criteria of
an increase in serum creatinine of either 0.5 mg/dl or
25% from baseline within 2-7 days after contrast expo-
sure.

Sample Size Determination

The value of volume-to-creatinine clearance
ratio and I dose-to-creatinine clearance ratio was de-
fined as mean + SD. Under the hypothesis that the
difference between the mean value of volume-to-crea-
tinine clearance ratio in CIN and no CIN group is
2.20 + 3.3, it is assumed that the incidence of CIN in
diabetic patients undergoing cardiac catheterization or
PCl is about 10%; the initial sample size is 290.

Statistical analysis

Crude incidence rate for CIN was calculated.
All quantitative data was expressed as mean + SD. All
qualitative data was expressed as frequency and per-
centage. Chi-square test and Fisher exact test were used
for comparison of qualitative data between two groups.
Unpaired t test was used for comparison of quantita-
tive data between two groups. Odds ratios and 95%
confidence intervals were calculated using logistic re-
gression. Receiver-operator characteristics analysis
was used to determine the optimal cut point for V/CrCl
and I-dose/CrCl in this population using SPSS (ver-
sion 10.0, SPSS Inc, Chicago, Illinois). Statistical sig-
nificance for all comparisons was defined as when p-
value is less than 0.05.

Results

The total number of patients that were in-
cluded in the study was 248; males 50.8%. The mean
age for the entire population was 65 + 9 years; the
mean body mass index was 25.6 + 4.0 kg/m[]; and the
mean creatinine clearance (Cockcroft-Gault formula) was
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60.6 + 27.4 ml/min. The overall incidence of CIN as
previously defined was 5.2%.The baseline characteris-
tic of the population and incidence of CIN is shown in
Table 1. There was no association between age, gen-
der, BMI, concomitant diseases and CIN. The mean
creatinine clearance in patients with and without CIN
were 61.91+27.25 ml/minand 36.43 + 18.47 ml/min (p=
0.001), respectively. The creatinine clearance 30-60 ml/
min (odds ratio 8.2; 95% confidence interval 1.01-66.9,
p = 0.049) and creatinine clearance < 30 ml/min were
significantly associated with CIN (odds ratio 21.8; 95%
confidence interval 2.3-205.3, p=0.007).

None of drugs given before procedures were
associated with CIN. Types of contrast media used
were loxaglate (Hexabrix) in 0.4%, loxitalamate (Telebrix)
in 0.4%, lopromide (Ultravist) in 95.5% and lodixanol
(Visipaque) in 3.7% respectively. There was no differ-
ence between mean of total iodine dose in patients
with (34.26 + 16.79 g) and without CIN (41.62 +22.19 g;
p = 0.24). There was no difference between mean of
total contrast volume in patients with (95.72 +49.72 ml)
and without CIN (113.10 + 60.27 ml; p=0.31). There
was also no association between number of significant
lesions (> 70%), stent used, and total fluoroscopy time
with CIN (Table 2).

Type of procedures consisted of coronary
angiogram 42.3%, PCI 53.2% and others (Peripheral
percutaneous transluminal angioplasty) 4.4%. The over-
all procedural success rate was 99.19%. There was un-
successful procedure in two patients. One patient had
CIN 24 hours after procedure and died due to hyper-
kalemia. There was only one patient who required blood
transfusion after procedure. There was no stroke after
procedure in our study.

The mean and median values of V/CrCl for
patients with (mean 3.7 + 2.9, median 3.09) and without
(mean 2.2 + 1.7, median 1.71) CIN were each signifi-
cantly (p =0.041) different between groups. The mean
and median values of I-dose/CrCl for patients with
(mean 1.31 +0.94, median 1.14) and without (mean 0.82
+0.63, median 0.63) CIN were also significantly (p =
0.042) different between groups.

Receiver-operator characteristic curve analy-
sis showed fair discrimination between patients with
and without CIN ata V/CrCl of 2.60 and an I dose/CrCl
0f 0.98, respectively. Univariate logistic regression in-
dicated that a V/CrCl > 2.60 (odds ratio 5.5; 95% confi-
dence interval 1.6-18.6, p=0.004) and an [ dose/CrCl >
0.98 (odds ratio 4.1; 95% confidence interval 1.3-13.0, p
=0.02) were both highly significant predictors of CIN.
Nevertheless, multivariate analysis which included all

J Med Assoc Thai Vol. 93 Suppl. 1 2010

Table 1. Baseline characteristic and incidence of CIN

Factor Numbers of  Incidence
patients of CIN (%)
n=248 (%)

Clinical characteristics

Age (yrs)

<60 77 31.1 3.9
60-69 91 36.7 2.2
>70 80 323 10.0

Gender

Male 126 50.8 4

Female 122 492 6.6
Body mass index (kg/m2)

<25 119 48.0 5.0

25-29.9 97 39.1 4.1

>30 32 129 94
History of smoking

No 155 62.5 6.5

Current smoking 6 24 0

Quit 87 351 34

Hypertension 224 90.3 4.9

History of acute 96 387 52

coronary syndrome

History of congestive 62 250 8.1

heart failure

Chronic kidney disease 43 173 93

Peripheral vascular disease 20 8.1 5.0

Cerebrovascular disease 10 4.0 0

Chronic pulmonary disease 2 08 0

Creatinine clearance (ml/min)

>60 110 443 09
30-60 114 46.0 7.0
<30 24 9.7 16.7

Medication

Aspirin 238 96.0 5.5
Clopidogrel 181 73.0 44
ACEI 93 375 63
ARB 81 32.7 3.7
Beta-blocker 185 746 54
Calcium channel blocker 66 26.6 7.6
Statins 226 91.1 49
N-acetylcysteine 23 93 43
Procedural characteristics
Todine dose (g)
<36 111 448 6.3
>36 137 552 44
Contrast volume (ml)
<100 130 524 6.5
>100 118 47.6 3.7

factors that associated with CIN indicated that only a
V/CrCl > 2.60 was significantly and independently re-
lated to CIN (odds ratio 5.8; 95% confidence interval
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Table 1. Baseline characteristic and incidence of CIN (cont.)

Factor Numbers of Incidence
patients of CIN (%)
n=248 (%)

Number of significant lesions (> 70%)

0 38 153 53
1 33 133 6.1
2 22 89 45
3 33 133 9.1
4 29 11.7 34
>5 93 37.5 43
Stent used 139 56.0 5.0
Total fluoroscopy time (minutes)
<10 102 41.1 64
10-30 112 452 43
> 30 34 13.7 45

Table 2. Univarate association of factors with CIN

Factor Odds  95% p-value
Ratio confidence
interval
Age > 70 yrs 2.7 0.7-10.7 0.15
Female 1.7 0.5-5.3 0.37
Body mass index > 30 kg/m? 1.9 0.5-83 0.37
History of congestive 1.9 0.6-6.2 0.26
heart failure
Chronic kidney disease 22 0.7-7.6 0.20
Creatinine clearance 7.0 1.01-66.9 0.049
30-60 ml/min
Creatinine clearance 16.7 2.3-205.3 0.007
<30 ml/min
Aspirin 1.3 0.1-22.6 0.99
ACEI 1.5 0.54.5 0.51
ARB 0.6 0.2-23 0.45
Beta-blocker 1.1 0.3-43 0.84
Calcium channel blocker 1.8  0.6-5.7 0.33
Statins 0.5 0.1-2.5 0.40
N-acetylcysteine 0.81 0.1-6.5 0.84
Iodine dose >36 g 0.7 0.2-2.1 0.70
Contrast volume > 100 ml 0.6 0.2-1.8 0.49
Procedural failure 19.5  1.1-331.1 0.04
V/CrCl1>2.60 5.5 1.6-18.6  0.004
I dose/CrC1>0.98 4.1 13-13.0 0.02

1.7-19.4,p=0.005).
Discussion

The crude incidence of CIN in diabetic pa-
tients undergoing elective cardiac catheterization or

S32

PCI in our center was 5.2%.This may be underestimated
because we could not measure serum creatinine every
day after the procedure.

A contrast volume limit of 5 ml/kg divided by
serum creatinine has been proposed as a way to pre-
dict CIN in unselected patients receiving contrast me-
dia"®. This formula was applied retrospectively in
16,592 patients undergoing cardiac catheterization to
determine its utility in predicting the risk of
postprocedural dialysis. Patients who received a vol-
ume of contrast in excess of 5 ml/kg/serum creatinine
were 6-fold more likely to develop nephropathy requir-
ing dialysis"?. In our study we showed that the V/CrCl
at>2.60 was a strong predictor of CIN in diabetic pa-
tients undergoing elective cardiac catheterization or
PCI. Because V/CrCl corresponds closely to the area
under the blood contrast media concentration versus
time curve, this index should more closely predict the
safety profile of contrast media, particularly with re-
spect to CIN, than the absolute volume of contrast
alone. Compared to the previous study by Laskey
et al'” which found that a V/CrCl > 3.7 was a signifi-
cant and dependent predictor of an early abnormal in-
crease in serum creatinine after PCI in unselected pa-
tient population, our study confirmed that a cutoff point
was lower in high risk diabetic patients. Although the I
dose/CrCl in our study did not show the predictive
value after multivariate analysis, this may be because
95.5% of the contrast media used in our lab was
Iopromide (Ultravist). Thus after calculation of iodine
dose, there was a smaller difference than that of the
contrast volume.

We did not intend to test the sensitivity and
specificity of a V/CrCl > 2.60 to predict the occurrence
of CIN because we believed that at present there is lack
of a gold standard in diagnosis of CIN. Nevertheless,
we interpreted that a V/CrCl > 2.60 was associated with
a 5.5 times increase in the incidence of CIN. This cutoff
value multiplied by patient’s CrCl can be used to calcu-
late the maximum volume of contrast media allowed to
be used safely in diabetic patients undergoing elective
cardiac catheterization or PCI.

Limitations

Limitations of our study consisted of having
only a single center, non-randomized study, operator
bias in the choice of contrast media and the lack of
long term clinical outcome after the procedures.

Additional studies of the utility of this ratio in
other populations such as in those with chronic kid-
ney disease, LV dysfunction, emergency PCI, as well
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as long term clinical outcomes studies after procedures,
would be informative and useful.

Conclusion

In summary, we have shown that V/CrCl ratio
is a useful and independent predictor of CIN in dia-
betic patient undergoing elective cardiac catheteriza-
tion or PCI. This index may be applied prospectively to
calculate the maximum volume of contrast media that
can be given without CIN. But the cutoff value may be
different in other populations depend on those popu-
lations’ risk factors.
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