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The incidence of contrast-induced nephropathy (CIN) increases with the progression of
renal dysfunction. Recent reports have shown that percutaneous coronary intervention
(PCI) can be safely performed even in patients with advanced renal dysfunction by appro-
priate CIN-prevention strategies. However, data are limited regarding the occurrence
and prognostic influence of CIN in patients with advanced renal dysfunction. We exam-
ined the data obtained from 323 consecutive patients with advanced renal dysfunction
(eGFR <30 ml/min/1.73 mz) who underwent PCI at 5 hospitals. CIN was defined as a
>25% increase in baseline serum creatinine levels and/or a >0.5 mg/dl increase in abso-
lute serum creatinine levels within 72 hours after PCIL. Incidence of all-cause death and
the initiation of permanent dialysis were examined during follow-up. The prevalence of
emergency/urgent PCI was 53.3%. Intravascular ultrasound was used in 266 patients
(82.4%), and the volume of contrast used was 71.7 & 57.2 ml. CIN was observed in 31
patients (9.7%). The median follow-up duration was 656 days (interquartile range
257—1143 days). The cumulative rates of all-cause death or the initiation of permanent
dialysis, all-cause death, and the initiation of permanent dialysis were 38.1%, 25.9 %, and
18.2%, respectively, at 2 years. A comparison between patients with and without CIN
showed no significant intergroup differences in the occurrence of the aforementioned
events. In conclusion, the incidence of CIN was not high in Japanese patients with
advanced renal dysfunction in routine clinical practice. Whereas, the long-term prognosis
following PCI is observed to be poor in this studied population, and CIN did not show a

significant prognostic influence. © 2018 Elsevier Inc. All rights reserved. (Am J Cardiol

2019;123:361—-367)

Contrast-induced nephropathy (CIN), a common and
serious complication of percutaneous coronary intervention
(PCI), is associated with poor clinical outcomes. ' More-
over, it has been reported that the incidence of CIN
increases with the progression of renal dysfunction. Nota-
bly, renal dysfunction itself is also associated with
increased cardiac morbidity and mortality, particularly in
patients presenting with coronary artery disease (CAD).””’
Therefore, in patients with advanced renal dysfunction, it is
important to consider both, appropriate renal protection and
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coronary revascularization simultaneously. However, data
remain limited regarding considering this balance in clini-
cal practice. This study clarifies the long-term clinical out-
comes and prognostic influence of CIN in Japanese patients
with advanced renal dysfunction who undergo PCI.

Methods

Data were obtained from 323 consecutive patients with
advanced renal dysfunction (estimated glomerular filtration
rate [eGFR] <30 ml/min/1.73 m? before undergoing PCI),
who underwent PCI across 5 hospitals in 2011 and 2016,
and we enrolled at the first procedure during the period.
Exclusion criteria were: patients receiving dialysis, patients
who had been scheduled to initiate dialysis, and patients
receiving veno-arterial extracorporeal membrane oxygen-
ation. Data pertaining to baseline clinical, laboratory,
angiographic, and procedural characteristics as well as clin-
ical follow-up were obtained from hospital records or data-
bases at each center. This study was performed based on
the guidelines of the Declaration of Helsinki, and the
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research protocol was approved by the Ethics Committees
at all 5 centers.

PCI procedures were performed using standard interven-
tional techniques. Selection of the approach site, factors
associated with stent use and its type, mechanical support,
and other interventional devices were left to the discretion
of the operator. Nonionic contrast agents with low osmolal-
ity (iohexol, iomeprol, and iopamidol) were used for all
angiography procedures.

Serum creatinine levels were measured before perform-
ing PCI and also multiple times over 3 days post-PCI, and
the occurrence of CIN was recorded. CIN was defined as
either a 25% increase in baseline serum creatinine levels or
a 0.5 mg/dl (44 pumol/l) increase in absolute serum creati-
nine levels within 72 hours after the contrast agent had
been administered during the PCI procedure.”

The primary composite endpoint was the incidence of
all-cause death or the initiation of permanent dialysis. Other
endpoints included myocardial infarction, stroke or tran-
sient ischemic attack, and target vessel revascularization.

The eGFR was calculated using the revised Japanese
equation: eGFR (ml/min/1.73 m2)= 194 x serum creati-
nine-1.094 x age-0.287 x 0.739 (in women).” All-cause
death was defined as any death occurring after the PCI pro-
cedure. Cardiovascular death was defined as any death sec-
ondary to a cardiovascular cause. Deaths related to an
unknown cause were considered cardiac death. Shock was
defined as systolic blood pressure <80 mm Hg and/or
patients requiring treatment with inotropes at the time the
PCI was performed. Anemia was defined as a baseline
hemoglobin level <11.0 g/d1."’

All patient data were pooled in a single prespecified
structured dataset for analysis. Continuous variables have
been expressed as means =+ standard deviations or as
medians (interquartile range). Categorical variables have
been expressed as percentages. The Student’s ¢ test or the
Mann—Whitney U test was used to compare continuous
variables, and the chi-square or the Fisher exact test was
used to compare categorical variables. Cumulative event
rates were estimated using the Kaplan—Meier method, and
differences in event rate were evaluated using the log-rank
test. Multivariate Cox proportional hazard regression analy-
sis was used to determine independent predictors of pri-
mary endpoint, all-cause death, and the initiation of
permanent dialysis. Variables showing a p value <0.1 using
univariate analysis and judged to be of clinical significance
were included in the model. The results have been pre-
sented as hazard ratios (HR) with 95% confidence intervals
(CI), and p values. A two-sided p value <0.05 was consid-
ered statistically significant. All statistical analyses were
performed using the SPSS software version 18.0 (IBM,
Armonk, NY).

Results

Baseline clinical, angiographic and procedural charac-
teristics have been presented in Table 1. Among the overall
number of patients studied (n =323), 17% showed an eGFR
<15 ml/min/1.73 m?, and majority of the patients presented
with acute coronary syndrome (acute myocardial infarction
or unstable angina). The prevalence of emergency/urgent

PCI was 53%. The volume of contrast used in this study
was 72 £ 57 ml, and preoperative fluid replacement was
performed in 185 patients (57.3%).

CIN occurred in 31 patients (9.7%). A comparison of the
baseline characteristics between patients who developed
CIN and those who did not (Table 1) showed that patients
with CIN more frequently presented with shock, pulmonary
congestion, and acute myocardial infarction. No statisti-
cally significant intergroup differences were observed with
regard to age, the presence of coronary risk factors, and
renal function. Among patients who developed CIN, the
rate of emergency/urgent PCI was higher, and the use of
intra-aortic balloon pumping was more common (Table 1).
Additionally, the volume of contrast agent used was higher,
and the rate of intentional preoperative fluid replacement
was lower.

The median patient follow-up was 656 days (interquar-
tile range 257—1143 days). Kaplan—Meier curves for the
primary endpoint of all-cause death or initiation of perma-
nent dialysis, all-cause death, and the initiation of perma-
nent dialysis are presented in Figure 1, and the estimated
rates of clinical events at 2 years are summarized in
Figure 2. The cumulative rates of the primary endpoint,
death, and the initiation of dialysis were 38.1%, 25.9%, and
18.2%, respectively, at 2 years. The number of clinical
events during follow-up cumulatively counted at the time
of the latest clinical follow-up, and the details of the causes
of death are presented in Table 2. Among all 95 deaths, 63
(66.3%) were related to cardiovascular causes, primarily to
cardiac death. Noncardiovascular deaths included those
related to infection, cancer, and renal failure.

Cumulative event rates estimated for patients with and
without CIN are shown in Figure 3. There were no statisti-
cally significant intergroup differences in the occurrence of
the primary endpoint, all-cause death, and the initiation of
permanent dialysis.

Details pertaining to multivariate Cox regression analy-
ses performed for the assessment of the primary endpoint,
all-cause death, and the initiation of permanent dialysis are
shown in Tables 3, respectively. Body mass index (BMI),
eGFR <15 ml/min/1.73 m?, shock, and pulmonary conges-
tion were independent predictors of death or the initiation
of permanent dialysis (Table 3A). Age, BMI, left ventricu-
lar ejection fraction, and pulmonary congestion were
observed to be independent predictors of death (Table 3B).
Anemia and eGFR <15 ml/min/1.73 m* were independent
predictors of the initiation of permanent dialysis
(Table 3C). The development of CIN was not observed to
be associated with the incidence of the aforementioned end-
points (Table 3A-C).

Discussion

The primary findings of the present study are: (1) The
incidence of CIN following PCI was 9.7% among Japanese
patients with advanced renal dysfunction in clinical prac-
tice; (2) The patients who developed CIN were more fre-
quently emergency/urgent cases, presented with poor
circulatory dynamics at PCI, had a higher volume of con-
trast agent, and less frequently received preoperative fluid
replacement, (3) The cumulative rates of all-cause death or
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Table 1
Patient, angiographic and procedural characteristics
Variable Overall Contrast-Induced Nephropathy p Value*
n=323
Yes (n=31) No (n =289)

Age (years) 76.6+£9.4 77.948.2 5494 0.52
Men 211 (65%) 19 (61%) 191 (66%) 0.59
Body mass index (kg/m?) 23.0+4.0 23.1+3.4 22.944.1 0.53
Hypertension 270 (84%) 28 (90%) 240 (83%) 0.30
Diabetes mellitus 181 (56%) 21 (68%) 160 (55%) 0.19
Dyslipidemia 260 (81%) 25 (81%) 233 (81%) 1.00
Current smoker 63 (20%) 6 (20%) 57 (20%) 0.96
Anemia 176 (55%) 18 (58%) 157 (54%) 0.69
eGFR<15 mL/min/1.73 m* 54 (17%) 5(16%) 49 (17%) 0.91
Prior myocardial infarction 86 (27%) 8 (26%) 78 (27%) 0.89
Prior PCI 104 (32%) 8 (26%) 96 (33%) 0.4
Prior coronary artery bypass grafting 59 (18%) 4 (13%) 55 (19%) 0.4
Prior stroke or transient ischemic attack 53 (17%) 6 (19%) 46 (16%) 0.63
Peripheral artery disease 64 (20%) 5(17%) 58 (20%) 0.66
Prior heart failure 102 (32%) 6 (19%) 96 (33%) 0.11
Left ventricular ejection fraction (%) 53+15 55+14 53+15 0.55
Serum creatinine (mg/dL) 2.46+1.16 2.35+0.98 2.48+1.18 0.77
¢GFR (mL/min/1.73 m?) 21.5+£6.0 21.745.8 21.5+£6.0 1.00
Status at PCI

Shock 40 (12%) 8 (26%) 31 (11%) 0.04

Pulmonary congestion 79 (25%) 15 (48%) 62 (22%) 0.001
Clinical presentation

STEMI or NSTEMI 111 (34%) 17 (55%) 91 (32%) 0.045

Unstable angina pectoris 83 (26%) 7 (23%) 76 (26%) 0.65

Stable or silent myocardial ischemia 129 (40%) 7 (23%) 122 (42%) 0.03
Emergency or urgent 172 (53%) 24 (77%) 145 (50%) 0.004
Multivessel coronary disease 221 (68%) 23 (74%) 197 (68%) 0.49
PCI of coronary artery

Right coronary artery 141 (44%) 14 (45%) 127 (44%) 0.90

Left main coronary artery 23 (7%) 7 (23%) 16 (6%) 0.003

Left anterior descending coronary artery 130 (40%) 14 (45%) 113 (39%) 0.51

Left circumflex coronary artery 57 18%) 4 (13%) 53 (18%) 0.45

Saphenous vein graft 6 (2%) 0(0%) 6 (2%) 0.54
Multivessel PCI 21 (7%) 3 (10%) 18 (6%) 0.33
Bare metal stent use 52 (16%) 3 (10%) 49 (17%) 0.30
Drug-eluting stent use 223 (69%) 21 (68%) 200 (69%) 0.87
Use of stent <3.0 mm 112 (35%) 8 (26%) 103 (36%) 0.27
Intravascular ultrasound 266 (82%) 22 (711%) 242 (84%) 0.08
Intra-aortic balloon pumping 59 (18%) 13 (42%) 44 (15%) <0.001
Contrast volume (mL) 72 + 57 88 + 54 70 + 57 0.02
Preoperative fluid replacement” 185 (57%) 8 (26%) 177 (61%) <0.001
Hydrocarbonate 63 (20%) 6 (19%) 57 (20%) 0.96

Data have been presented as means = SD, or as numbers (percentages).

* Comparison between patients with and without contrast-induced nephropathy.

*Preoperative fluid replacement introduced from the day of operation or previous day. Hypertension was defined as systolic/diastolic blood pressure >140/
90 mm Hg, or as having received antihypertensive drugs. Dyslipidemia was defined as low-density lipoprotein level >140 mg/dL, triglycerides level
>150 mg/dL, or high-density lipoprotein level <40 mg/dL, or as having received treatment. Anemia was defined as a baseline hemoglobin level <11.0 g/dL.
eGFR = estimated glomerular filtration rate; NSTEMI = non—ST-elevation myocardial infarction; PCI = percutaneous coronary intervention; SD = standard

deviation; STEM = ST-elevation myocardial infarction.

initiation of dialysis, all-cause death, and the initiation of
dialysis were high, and majority of deaths were attributable
to cardiac death, (4) Low BMI, baseline eGFR (<15 ml/
min/1.73 m?), shock, and pulmonary congestion served as
independent predictors of death or the initiation of perma-
nent dialysis, (5) In patients with advanced renal insuffi-
ciency, CIN did not affect the long-term prognosis (death
or initiation of permanent dialysis).

Renal dysfunction has been shown to be an independent
prognostic factor for morbidity and mortality in the general
population, as well as in patients with CAD, and progres-
sive renal dysfunction is associated with worsening progno-
sis.”!! Most previous studies have reported a poor natural
prognosis in patients with advanced renal dysfunction,'*"*
and cardiac death is the primary cause of death. Mortality
rates are reportedly higher in patients with advanced renal



364 The American Journal of Cardiology (www.ajconline.org)

16.5 %

A B
97 Death or Initiation of dialysis B
0.8+ 0.84
069 234 % 381 % 45.0 % 067
0.44 0.44

T T T T
0 1 2 3 0 1

Time (years)

No atrisk 323 209 127 72 323 226

Death 01

Time (years)

Initiation of dialysis

259 % 30.0 % |
9.7 % 182 % 23.7%

Time (years)

148 89 323 209 127 72

Figure 1. Kaplan-Meier curves in the overall population: All-cause death or the initiation of dialysis; all-cause death; the initiation of dialysis.

dysfunction concomitant with CAD: 15% to 30% at 1 year
and 25% to 45% at 2 years."” ' Our present study included
patients with advanced renal dysfunction who underwent
PCI and demonstrated high cumulative rates of all-cause
death or the initiation of dialysis. Although data remain
limited, the prognosis of patients with advanced renal dys-
function concomitant with CAD was demonstrated to be
still poor in Japanese patients presenting to routine clinical
practice.

The incidence of CIN after PCI is higher in patients with
renal dysfunction than in those without renal dysfunction,
and this figure becomes higher with a decline in eGFR.'*"”
Reportedly, the incidence rate was 10% to 30% among
patients with eGFR <30 ml/min/1.73 m>.'®'? In this study,
the incidence rate of CIN was 9.7%, which was lower than
that observed in previous reports. In this study, although
approximately 50% of the patients underwent emergency/
urgent procedures, the amount of contrast agent used was
lower than that described by previous reports. Moreover,
intravascular imaging was used in most cases, and appropri-
ate preoperative fluid replacement was performed as possi-
ble. Such optimized strategies utilized in routine Japanese
clinical practice might help to reduce the occurrence of
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CIN.”’ Furthermore, patients who developed CIN were
observed to have received a larger volume of contrast agent
and also showed the presence of various factors related to a
poor hemodynamic status, as previously described.”’
Several studies have reported that the development of
CIN following a PCI procedure in patients with renal dys-
function is associated with poor prognosis;”*** however,
only few studies have described this condition in patients
with advanced renal dysfunction. In this study, the occur-
rence of CIN did not affect long-term outcomes. Possible
causes that could explain this result are: (1) Background
fluctuations in serum creatinine levels were reported and
such fluctuations were greater in those with advanced renal
dysfunction, which can more frequently result in fulfilling
the definition of CIN.>*% Therefore, current criteria that
have been established to assess CIN could not accurately
assess the extent of renal damage in patients with advanced
renal dysfunction, thereby leading to a difficulty in evaluat-
ing prognosis. (2) A few studies have reported that the
prognosis was worse in patients with a severe degree of
CIN, and a significant change in serum creatinine levels
may reflect the prognosis in patients with advanced renal
dysfunction as well. > However, the incidence rate of

10.4 %

3.9 % 4.0 %

Mi Stroke or TIA TVR

Figure 2. The cumulative rates of adverse events in the overall population at 2 years. MI = myocardial infarction; TIA = transient ischemic attack; TVR =

target vessel revascularization.
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Table 2
Outcomes during the entire observation period and details regarding the cause of death
Variable Overall n =323 Contrast-Induced Nephropathy
Yes (n=31) No (n =289)
QOutcomes
Death or initiation of permanent dialysis 135 15 118
Death 95 11 82
Initiation of permanent dialysis 54 5 49
Myocardial infarction 9 2 7
Stroke or transient ischemic attack 13 0 13
Target vessel revascularization 32 2 30
Details of the cause of death n=95 n=11 n=_82
Cardiovascular death 63 (66%) 7 (64%) 54 (66%)
Cardiac 59 (62%) 7 (64%) 50 (61%)
Vascular 4 (4%) 0 4 (5%)
Noncardiovascular death 32 (34%) 4 (36%) 28 (34%)
Infection 9 (10%) 1 (9%) 8 (10%)
Cancer 7 (7%) 0 7 (9%)
Renal failure 5(5%) 3 (27%) 2 (2%)
Bleeding 3 (3%) 0 3 (4%)
Others 8 (8%) 0 8 (10%)

Values have been presented as a number, or number (%).

CIN itself was low in this study; therefore, it might be diffi-
cult to examine the influence of CIN on long-term out-
comes. (3) Although clinically, CIN is observed to
significantly affect patients with normal-to-mild renal dys-
function, the influence of CIN might become less signifi-
cant in patients with advanced renal dysfunction in whom
the overall prognosis is very poor. Thus, the definition and
clinical significance of CIN in patients with advanced renal
dysfunction may need to be re-evaluated.

Multivariate analysis performed in this study showed
that the initiation of dialysis in patients with advanced renal
dysfunction was determined in baseline renal function, and
CIN was not associated with the initiation of dialysis.
Moreover, in this group of patients, the occurrence of car-
diac death was more common than the need for the initia-
tion of dialysis. Of note, reportedly coronary angiography/
interventions are frequently avoided in patients with
advanced renal dysfunction because clinicians divert their

A B
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attention to and prioritize the avoidance of the administra-
tion of the contrast agent, which may result in poor out-
comes.”®*” Our findings however suggest that if necessary,
clinicians should not hesitate to proceed with an angiogra-
phy/intervention in patients with advanced renal
dysfunction.

There are several limitations in this study. First, despite
of a multicenter study, this was a retrospective observa-
tional study, and our findings may have excluded causal
inferences. Second, some important data such as presence
of proteinuria were lacking. In addition, differences in CIN
prevention strategies used across different centers including
PCT strategies and timing of initiation of dialysis cannot be
ignored. Third, patients in this study were limited to those
who underwent PCI. Therefore, we could not compare the
outcomes with patients who did not undergo PCI. Fourth,
the study population was relatively small, especially in CIN

group.
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Figure 3. Kaplan-Meier curves in the patients with and without CIN: All-cause death or the initiation of dialysis; all-cause death; the initiation of dialysis.

CIN = contrast-induced nephropathy.
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Table 3
Cox regression analysis to assess the predictors
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A. Death or the initiation of permanent dialysis

Variable Multivariate analysis

HR 95% CI p Value
Age (years) 1.01 0.99—1.03 0.36
Men 1.36 0.89—-2.09 0.16
Body mass index 0.92 0.87—0.97 0.003
Dyslipidemia 0.91 0.58—1.44 0.69
Anemia 1.39 0.94-2.05 0.10
eGFR<15 mL/min/1.73 m? (vs. 15<eGFR<30) 3.02 1.97—-4.63 <0.001
Left ventricular ejection fraction 1.00 0.98—1.01 0.50
Shock 1.97 1.04-3.71 0.04
Pulmonary congestion 1.93 1.26—2.97 0.003
Acute myocardial infarction 1.03 0.67—1.57 0.91
Intra-aortic balloon pumping 0.80 0.46—1.38 0.43
Contrast-induced nephropathy 0.79 0.41—-1.55 0.50
B. Death
Variable Multivariate analysis

HR 95% CI p Value
Age 1.05 1.02—1.08 0.003
Body mass index 0.90 0.84—-0.96 0.002
Hypertension 0.84 0.49—-1.43 0.51
Dyslipidemia 0.99 0.58—1.67 0.96
Anemia 1.20 0.75—-1.92 0.44
Left ventricular ejection fraction 0.98 0.97—0.996 0.01
Shock 1.25 0.61-2.56 0.54
Pulmonary congestion 1.94 1.15-3.28 0.01
Acute myocardial infarction 1.54 0.94-2.53 0.09
Intra-aortic balloon pumping 1.26 0.69—-2.29 0.46
Contrast-induced nephropathy 0.50 0.21-1.18 0.11
C. Initiation of permanent dialysis
Variable Multivariate analysis

HR 95% CI p Value
Age 0.98 0.96—1.01 0.26
Men 1.99 0.99—-4.02 0.05
Diabetes 1.53 0.82—2.85 0.18
Anemia 2.13 1.14-3.98 0.02
eGFR <15 mL/min/1.73 m? (vs. 15< eGFR<30) 7.20 4.03—-12.87 <0.001
Peripheral artery disease 1.41 0.77-2.59 0.27
Contrast-induced nephropathy 1.38 0.53—3.63 0.51

The multivariate model includes variables showing a p value <0.1 using univariate analysis and judged to be of clinical significance.
Acute myocardial infarction = ST-segment elevation myocardial infarction or non-ST-segment elevation myocardial infarction.
CI = confidence interval; eGFR = estimated glomerular filtration rate; HR = hazard ratio.
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