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Abstract

Background: It remains unclear whether contrast-induced nephropathy
(CIN) has a prognostic impact on subsequent renal dysfunction and
whether deteriorating renal function is a risk factor for CIN. This study
aimed to evaluate the occurrence of CIN in patients with pre-existing
renal dysfunction and investigate the long-term effects of worsening
renal function after coronary angiography or contrast-enhanced computed
tomography (CT). The prognostic factors of worsening renal dysfunction
were also analyzed.

Methods: This was a prospective cohort study of patients at risk for
CIN, defined as an estimated glomerular filtration rate (¢GFR) <60 mL/
min/1.73 m? on coronary angiography or eGFR <45 mL/min/1.73 m? on
contrast-enhanced CT. Serum creatinine levels and the 2-year prognosis
were evaluated. CIN was defined as an increase in serum creatinine level
by more than 0.5 mg/dL or a 25% increase from the previous value within
72 hours after contrast administration. The primary endpoint was the
proportion of patients who had serum Cr doubling or induction of dialysis
within 2 years according to CIN occurrence.

Results: Of the 410 patients, 19 patients developed CIN (8/142 patients
on coronary angiography and 11/268 patients on contrast-enhanced CT),
and 38 patients had worsened renal function (21/142 patients on coronary
angiography and 17/268 patients on contrast-enhanced CT). CIN was not
associated with worsening renal function at 2 years. Analysis by renal
function at the time of coronary angiography or contrast-enhanced CT
(i.e., e GFR >30 ml/min/1.73 m? and eGFR <1.73 m?) found no between-
group difference in the occurrence of CIN.
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filtration rate (eGFR) <60mL/min/1.73 m? on coronary
angiography eGFR <30 mL/min/1.73 m? on transvenous
contrast-enhanced CT is associated with the risk of contrast-
induced nephropathy (CIN). However, data on worsening
renal function as a long-term prognosis of CIN are limited.
The risk of acute kidney injury after contrast media
administration is also influenced by patient- and procedure-
related factors. Clinical factors that increase the risk for CIN
include pre-existing renal dysfunction, diabetes mellitus
in the setting of underlying renal impairment, advanced
congestive heart failure, intravascular volume depletion,
administration of large volumes of contrast media, and
the use of high-osmolar contrast media [1-5]. In 2018, the
Japanese Society of Nephrology, the Japanese Society of
Radiology, and the Japanese Society of Cardiology jointly
developed the “Guideline on the use of iodinated contrast
media in patients with kidney disease” [6]. The guidelines
include the definition of CIN, patient assessment, and the
occurrence of CIN on coronary angiography and contrast-
enhanced CT. The guidelines are aimed to prevent the
occurrence of contrast media-induced renal dysfunction,
standardize renal function assessment methods for patients
who use contrast media, and optimize the use of contrast
media. However, the guidelines do not clearly state the
standardization of renal function assessment after contrast
testing, evaluation of long-term effects on renal function,
and differentiation from other complications that affect renal
function, such as cholesterol crystal embolism. The impact
of contrast tests on renal function is important for patients
with chronic kidney disease. As such, the long-term decline
in renal function and development of other complications due
to contrast tests should be carefully considered. This study
aimed to evaluate the occurrence of CIN in patients with
renal dysfunction who underwent contrast media test and
treatment (coronary angiography or contrast-enhanced CT)
and the long-term effects of contrast media testing on renal
function after. Further, we examined the prognostic factors
related to worsening renal function.

Materials and Methods
Study Design and Patients

We prospectively studied the changes in renal function
after coronary angiography or contrast-enhanced computed
tomography (CT) performed between April 2014 and March
2017. Patients at risk for CIN, defined as an eGFR <60 mL/
min/1.73 m? on coronary angiography or an eGFR <45
mL/min/1.73 m? contrast-enhanced CT, were eligible. The
inclusion criterion was age at least 20 years. The exclusion
criteria were as follows: 1) allergy to contrast media, 2)
renal replacement therapy, 3) pregnancy, 4) severe liver
dysfunction, and 5) hyperthyroidism. Serum saline loading
was performed at the discretion of the attending physician
before and after administration of contrast media. Pre-
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study assessments included patient background (age, sex,
presence of diabetes, cardiovascular disease, and smoking),
examination conditions (amount of contrast medium, volume
of supplemental fluid), and history of drug use (diuretics,
RAS inhibitors). The blood tests included evaluation of renal
function before the contrast test and at 3 days, 1 month, 3
months, 1 year, and 2 years after coronary angiography or
contrast-enhanced CT.

Variable Definitions and Study End Points

CIN was defined as an increase in serum creatinine level
by more than 0.5 mg/dL or a 25% increase from the previous
value within 72 hours after iodine contrast administration
according to the above guideline [1]. Renal cholesterol crystal
embolism was defined as (1) cholesterol crystals on renal
biopsy or (2) presence of blue toe and rapidly progressive
renal dysfunction, reticular plaques in the lower limbs, or
eosinophilia (>500/uL). To evaluate the long-term prognosis
of renal function after the occurrence of CIN, the primary
endpoint was set as worsening renal function, defined as a
doubling of serum creatinine or initiation of dialysis at 2
years. The secondary endpoints were the presence of renal
cholesterol crystal embolism, death, and an exploratory
evaluation of risk factors related to serum creatinine doubling
or induction of dialysis at 2 years.

Statistical Analyses

Our primary analyses were based on assessing the
occurrence of CIN and the associations of CIN with outcomes
at 2 years in the overall study population, and among
subgroups by baseline renal function and comorbidities.
Th patients were stratified by comorbidities, and their
characteristics were compared using analysis of variance or
chi-square tests for categorical variables. Bonferroni analysis
was used to evaluate the significance of differences among
the groups. All statistical analyses were performed using
SPSS statistical software.

Results
Patient Characteristics

Of'the 162 patients who underwent coronary angiography,
142 patients were identified to be at risk for CIN and were
followed up for 2 years. Meanwhile, of the 283 patients
who underwent contrast-enhanced CT examination, 268
were identified to be at risk for CIN and were followed up
for 2 years. Thus, 410 patients were included in the analysis.
Among them, 19 patients (4.6%; 8/142 (5.6%) patients in
the coronary angiography group and 11/268 patients in the
contrast-enhanced CT group) developed CIN within 3 days
after the administration of contrast media. There were 38/410
(9.3%) patients who had worsening renal function at 2 years.
With respect to the long-term prognosis of CIN, 4/19 (21.1%)
patients who developed CIN had worsening of renal function
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thereafter (2 and 2 patients in the coronary angiography and
contrast-enhanced CT groups, respectively). The patient
characteristics in each group are detailed below.

Coronary Angiography Group

The mean patient age was 71.6 years, and the mean serum
creatinine and eGFR at the time of enrollment were 1.96
mg/dl and 30.1 ml/min/1.73 m?, respectively. There were
48 patients (33.8%) with diabetes mellitus, and 45 patients

Table 1: Patient Characteristics in the Coronary Angiography Group (n=142).
Data are presented as the mean or n (%).

Age (years) 71.6£12.1
Sex (M/F) 119/43
Smoking 34 (23.9)
Diabetes 48 (33.8)
Cardiovascular disease 56 (39.4)
Systolic blood pressure (mmHg) 12314
Diastolic blood pressure (mmHg) 7818
Blood urea nitrogen (mg/dl) 28.615.6
Creatinine (mg/dl) 1.96+0.71
Estimated glomerular filtration rate (ml/min/1.73m?) | 30.1+11.3
Albumin (g/dI) 3.410.4
Hemoglobin (g/dl) 13.4+2.3
Eosinophil count (/ul) 234122
Saline infusion (n(%)) 45 (31.7)
Volume of saline infused (ml) 845+235
Volume of contrast media administered (ml) 35122
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(31.7%) received serum saline infusion before and after the
examination. The mean volume of the contrast medium used
was 35 ml (Table 1). The mean serum creatinine level 3
days after angiography was 2.00+0.66 mg/dl, which was not
significantly elevated than that at baseline. After 2 years, 21
patients (14.8%) had serum Cr doubling or initiated dialysis,
but only 1 patient developed cholesterol crystal embolism.
Fifteen patients died, and eleven of them died due to
cardiovascular disease (Table 2). Analysis according to renal
function at the time of coronary angiography (eGFR >30 ml/
min/1.73 m? and eGFR of <1.73 m?) showed no significant
difference in the occurrence of CIN (Table 3A). There was
also no significant association between the occurrence of CIN
and worsening of renal function at 2 years (Table 4A). The
factors related to the worsening of renal function at 2 years
were the presence of cardiovascular disease (i.e., the presence
of myocardial infarction, angina pectoris, and chronic heart
failure) and pre-existing renal dysfunction at the time of
coronary angiography (Table 5).

Contrast-Enhanced CT Group

The mean patient age was 74.3 years, and the mean serum
creatinine and eGFR at enrollment were 1.72 mg/dl and 35.6
ml/min/1.73 m?, respectively. Diabetes mellitus was present
in 76 patients (28.4%), and 47 patients (17.5%) received
serum saline infusion before and after the examination. The
mean volume of the contrast medium used was 82 ml (Table
6). The serum creatinine level 3 days after contrast-enhanced
CT was 1.67£0.58 mg/dl, which was not significantly
elevated than that at baseline. At 2 years after the procedure,

Table 2: Changes in serum creatinine and outcomes at 2 years in patients undergoing coronary angiography or contrast-enhanced computed tomography.

Serum creatinine (mg/dl) CIN CCE Worsening of Death
baseline 3 days 1 month 3 months 1 year 2 years (n(%)) (n(%)) renal function (n(%))  (n/(%))
Angiography 1.96*+0.71 2.00£0.66 1.84+0.52 1.89% 0.59 2.38+1.26 2.58+1.30 8 (5.6) 1(0.7) 21 (14.8) 15 (10.6)
(n=142)
CT 1.72+£0.74 1.67+=0.58 1.36%*0.55 1.38*+0.54 1.69*0.60 1.98%+0.95 11 (4.1) 0 (0.0) 17 (6.3) 19 (7.1)
(n=268)
Abbreviations: CT, computed tomography; CIN, contrast-induced nephropathy; CCE, cholesterol crystal embolism
Table 3: Relationship between the occurrence of CIN and renal function at contrast media administration.
A) Coronary angiography. B) Contrast-enhanced computed tomography.
A) Renal function at contrast media administration (estimated glomerular filtration rate [eGFR])
n=142 p
>30 ml/min/1.73m? <30 ml/min/1.73m?
Contrast-induced o o
nephropathy (CIN) (+) 3(21%) 5 (3:5%) 0.441
CIN (-) 69 (48.6%) 65 (45.8%)
B) 268 Renal function at contrast media administration (eGFR)
n= p
>30 ml/min/1.73m? <30 ml/min/1.73m?
CIN (+ 5(1.9% 6 (2.2%
(+) (1.9%) (2.2%) 0.457
CIN (-) 146 (54.5%) 111 (41.4%)
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Table 4: Relationship between occurrence of contrast-induced nephropathy and worsening of renal function at 2 years. A) Coronary angiography. B) Contrast-
enhanced computed tomography.

A) =142 Worsening of renal function o
) )
Contrast-induced nephropathy (CIN) (+) 2 (1.4%) 6 (4.2%) 0.402
CIN (-) 19 (13.4%) 115 (81.0%) '
B) =268 Worsening of renal function P
*+) )
CIN (+) 2 (0.7%) 9 (3.4%) 0.099
CIN (-) 15 (5.6%) 242 (90.4%) ’
Table 5: Factors associated with worsening renal function after coronary angiography (n=142).
Number Worsened renal function (n,%) P
. (-) 94 9 (9.6)
Diabet 0.089
apetes +) 48 12 (25.0)
- 86 447
Cardiovascular disease ((+)) 56 17 (50.4; <0.001
I (-) 114 15 (13.2)
D 2
iuretics ) 28 6 (21.4) 0.269
- 4 16.7
Renin angiotensin system inhibitors ((+)) 28 12 512.6; 0.621
-1.5 78 1(1.3)717
Serum creatinine (mg/dl) 1.5-2.5 42 8 (19.4)5| T <0.001
2.5- 22 12 (54.5) < £
Estimated gl lar filtration rat a5 o 129 -
stimated glomerular filtration rate -
(mi/min/1.73m?) 30-45 66 6(9.1)4 1| <0.001
-30 42 14 (33.3) 11
80- 34 9 (26.5)
Age 60-80 78 7 (9.0) 0.053
-60 30 5(16.7)
-25 78 9 (11.5)
Volume of contrast media administered (ml) 25-50 44 6 (13.6) 0.112
50- 20 6 (30.0)
- 97 15 (15.5
Saline infusion ((+)) 45 6 §13.3; 0.739

1, p <0.001; £, p <0.01

Table 6: Patient characteristics in the contrast-enhanced computed tomography
group (n=268).
Data are presented as the mean or n (%).

Age (years) 74.3+11.1

Sex (M/F) 177/109

Smoking 48(17.9)

Diabetes 76(28.4)
Cardiovascular disease 42(15.7)
Systolic blood pressure (mmHg) 132412

Diastolic blood pressure (mmHg) 8218

Blood urea nitrogen (mg/dl) 20.5+5.6
creatinine (mg/dl) 1.72+0.74
Estimated glomerular filtration rate (ml/in/1.73m?) 35.648.8
Albumin (g/dI) 3.3:0.4
Hemoglobin (g/dl) 11.8+1.8
Eosinophil count (/ul) 379165
Saline infusion (n(%)) 47(17.5)
Volume of saline infused (ml) 568+40
Volume of contrast media administered (ml) 82+34

17 patients had serum Cr doubling or initiated dialysis, but no
patient had cholesterol crystal embolism. Nineteen patients
died, and most deaths were due to malignancy or infection
(Table 2). Analysis by renal function at the time of contrast-
enhanced CT (i.e., eGFR >30 ml/min/1.73 m? and eGFR
<1.73 m?) showed no difference in the occurrence of CIN
(Table 3B). There was no significant association between the
occurrence of CIN and the 2-year prognosis of renal function,
similar in the coronary angiography group (Table 4B). The
factors associated with the 2-year prognosis of renal function
were age and diabetes mellitus, in addition to pre-existing
renal dysfunction (Table 7).

Discussion

In the past, it was considered that the use of contrast
media had a risk of worsening renal function. However, in the
present study, CIN is not a prognostic risk factor for the long-
term of chronic kidney disease after coronary angiography or
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Table 7: Factors correlated with renal function deterioration in the contrast-enhanced CT group (n=268).

©)
*)
©)
*)
©)

Diabetes

Cardiovascular disease

Diuretics
*)
Renin angiotensin system inhibitor ((;))
-1.5
Serum creatinine
(mg/dl) 1.5-25
2.5-
Estimated glomerular filtration rate 30-45
(ml/min/1.73m2) -30
-80
Age 60-80
60-
-50
Volume of contrast media administered (ml) 50-100
100-

Saline infusion

1, p <0.001; 1, p <0.01; *, p<0.05

contrast-enhanced CT. Pre-existing renal dysfunction is also
not a risk factor for CIN, even if the eGFR is <30 ml/min/1.73
m?. Contrast-induced acute kidney injury is characterized by
a decrease in renal function that occurs within 3 days after
the intravascular administration of an iodinated contrast
material. After contrast media exposure, vasoconstriction
leads to intense, but transient reduction in renal blood flow,
direct toxicity to the renal tubular epithelium, and tubular
obstruction by protein precipitates [7]. It is generally believed
that arteriography is associated with a higher risk of contrast-
induced acute kidney injury than venography (e.g., contrast-
enhanced CT) owing to the delivery of a more concentrated
contrast material to the kidneys with angiography and
the higher overall risk profile of patients requiring such
procedures [8]. The 2012 Japanese guidelines on the use of
contrast media initially stipulated that a contrast-enhanced
CT scan was associated with a risk of CIN in patients with
eGFR <45 ml/min/1.73 m?. However, the revised guidelines
in 2018 lowered the risk level to eGFR <30 ml/min/1.73 m?
[6]. Several studies have also reported that there is no risk
of CIN even in patients with eGFR <30 ml/min/1.73 m? [9-
12]. Meanwhile, the risk of CIN remains high in coronary
angiography. In this study, the risk of CIN was not significantly
related to renal function at the time of angiography, even in
patients with eGFR <30 ml/min/1.73 m?. There was also no
risk of CIN in contrast-enhanced CT scan in patients with
eGFR <30 ml/min/1.73 m? Recent studies have suggested
that the risk of acute kidney injury due to contrast material is

Number (n) Worsening renal function, n (%) p

192 7 (3.6)

<0.001
76 10 (13.2)
226 11(4.7)

0.125
42 6 (14.3)
234 13 (5.6)

0.127
34 4(11.8)
192 11 (5.7)

0.529
76 6 (7.9)
186 0(0.0) :I
55 8(145) - t :|T <0.001
27 9(33.3)
211 6 (2.8)

<0.001
57 11 (19.3)
34 7 (20.6) :I
176 7 (4.0) ¢:| * 0.002
58 3(5.2)
16 2 (12.5)
212 10 (4.7) 0.132
40 5(12.5)
221 13 (5.9)

0.56
47 4 (8.5)

overestimated [13-17]. The rate of CIN in the present study is
lower (5.6% for arterial contrast and 4.1% for venous contrast)
than in previous studies despite that we included only patients
with pre-existing renal dysfunction. Contrast media-induced
renal dysfunction in both coronary angiography and contrast-
enhanced CT is a risk factor for long-term renal dysfunction.
However, this study found that the occurrence of CIN was
not significantly related to pre-existing renal dysfunction
on either coronary angiography or contrast-enhanced CT.
Furthermore, even if CIN occurs, it is not associated with the
long-term prognosis of renal function. These findings support
that there is a reconsideration of “renalism,” in which patients
are discouraged from having contrast studies because of fear
of developing CIN, even though these studies are necessary.
However, pre-existing chronic kidney disease is the strongest
patient-related risk factor for long-term renal prognosis,
regardless of the occurrence of CIN. We also found that in
coronary angiography, a history of cardiovascular disease
was associated with long-term renal prognosis. Most patients
with cardiovascular disease undergo coronary angiography.
Therefore, cardiac function assessment of prior to coronary
angiography is extremely important. In this study, saline
administration before and after angiography or the amount of
contrast media used did not lower the risk of CIN, but this may
be due to the small sample size. Only one case of cholesterol
crystal embolism was found on coronary angiography in
the current study. Cholesterol crystal embolism causes
systemic organ embolism due to the dissemination of
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cholesterol crystals caused by the continuous disintegration
of atherosclerotic foci in the walls of large vessels such as the
aorta. Thus, it has poor prognosis. The general population has
an approximately 0.06% In probability of cholesterol crystal
embolism after cardiac catheterization [18]. The subjects
of the present study were patients with pre-existing renal
dysfunction, and the percentage of occurrence of cholesterol
crystal embolism in this study cannot be simply compared
with that of previous reports. A recent approach to coronary
angiography is mainly the radial artery, and the occurrence
of cholesterol crystal embolism is expected to be lower than
that in the past. However, when renal function deteriorates
after coronary angiography, it is necessary to pay attention
not only to changes in serum creatinine, but also to the
eosinophil count and lower limb symptoms. This study has
some limitations. First, the sample size was small, and thus,
the study findings may have limited generalizability. Second,
this was a single-center study, limiting the external validity
of the findings. Third, it was not possible to accurately
determine whether the preoperative administration of serum
saline was ineffective because the use of serum saline was
randomly assigned by the attending physician’s judgment. A
larger clinical study is needed in the future.

Conclusion

CIN is not a risk factor of long-term renal prognosis
after coronary angiography or contrast-enhanced CT scans.
Pre-existing renal dysfunction does not increase the risk of
CIN, even in patients with an eGFR <30 ml/min/1.73 m?
These findings will provide a help that patients with kidney
disease who need contrast-enhanced testing should be tested
appropriately.
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