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Preprocedural N-Terminal Pro-Brain Natriuretic Peptide (NT-proBNP)
Is Similar to the Mehran Contrast-Induced Nephropathy (CIN) Score in
Predicting CIN Following Elective Coronary Angiography

Yong Liu, MD;* Yi-ting He, MD;* Ning Tan, MD; Ji-yan Chen, MD; Yuan-hui Liu, MD; Da-hao Yang, MD; Shui-Jin Huang, MD; Piao Ye, MD;
Hua-long Li, MD; Peng Ran, MD; Chong-yang Duan, MD; Shi-qun Chen, MS; Ying-ling Zhou, MD; Ping-Yan Chen, MS

Background—N-terminal pro-brain natriuretic peptide (NT-proBNP) has been associated with important risk factors for contrast-
induced nephropathy (CIN). However, few studies have investigated the predictive value of NT-proBNP itself. This study
investigated whether levels of preprocedural NT-proBNP could predict CIN after elective coronary angiography as effectively as the
Mehran CIN score.

Methods and Results—We retrospectively observed 2248 patients who underwent elective coronary angiography. The predictive
value of preprocedural NT-proBNP for CIN was assessed by receiver operating characteristic and multivariable logistic regression
analysis. The 50 patients (2.2%) who developed CIN had higher Mehran risk scores (9.545.1 versus 4.843.8), and higher
preprocedural levels of NT-proBNP (532047423 versus 10782548 pg/mL, P<0.001). Receiver operating characteristic analysis
revealed that NT-proBNP was not significantly different from the Mehran CIN score in predicting CIN (C=0.7657 versus C=0.7729,
P=0.8431). An NT-proBNP cutoff value of 682 pg/mL predicted CIN with 78% sensitivity and 70% specificity. Multivariable analysis
suggested that, after adjustment for other risk factors, NT-proBNP >682 pg/mL was significantly associated with CIN (odds ratio:
4.007, 95% Cl: 1.950 to 8.234; P<0.001) and risk of death (hazard ratio: 2.53; 95% Cl: 1.49 to 4.30; P=0.0006).

Conclusions—Preprocedural NT-proBNP >682 pg/mL was significantly associated with the risk of CIN and death. NT-proBNP, like
the Mehran CIN score, may be another useful and rapid screening tool for CIN and death risk assessment, identifying subjects who
need therapeutic measures to prevent CIN. (/ Am Heart Assoc. 2015;4:e001410 doi: 10.1161/JAHA.114.001410)
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C ontrast-induced nephropathy (CIN) is the third most
common cause of hospital-acquired kidney injury, which
contributes to decreased mobility and motility, prolonged
hospitalization, and increased healthcare costs.'? Identifying
patients at risk of CIN easily and accurately would allow the
administration of prophylactic interventions to those at high
risk.® Several risk-score models reflecting the cumulative risk
of several periprocedural predictors, such as the Mehran CIN

proven useful for both bedside clinical decision-making and
risk assessment.*> However, although these score models
include a multitude of qualitative risk factors, they lack
quantitative biomarkers that are associated with multiple
organ function and might serve as predictors in risk-score
models.

Thus, there is a need for a more objective identification
tool, readily available at hospital admission, before patients

score and BMC2 CIN score, have been established and have are subjected to contrast exposure during coronary
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angiography or percutaneous coronary intervention (PCI).
N-terminal pro-brain natriuretic peptide (NT-proBNP), an
easily available biomarker, is associated with advanced age,
kidney dysfunction, anemia, heart failure, and diabetes,
which are risk factors for CIN.®® Recent data suggest that
measurement of serum BNP at hospital admission may help
identify patients with ST-segment elevation myocardial
infarction who are at risk for developing CIN after primary
PCL."° In the present study, our objective was to investigate
the predictive value of objective preprocedural NT-proBNP
for CIN in patients undergoing selective coronary
angiography.

Methods

Patients

We conducted a prospective observational study at the
Guangdong Cardiovascular Institute of Guangdong General
Hospital, Guangdong Academy of Medical Sciences, between
October 2008 and December 2012. All consecutive patients
aged >18 years who underwent coronary angiography or PCI
were eligible for enroliment. The exclusion criteria included
pregnancy, lactation, intravascular administration of a con-
trast medium within the previous 7 days or 3 days postop-
eration (n=83), cardiovascular surgery or endovascular repair
(n=382), end-stage renal disease or renal replacement (n=7),
missing preoperative or postoperative creatinine (n=61), and
malignancy (n=3). Patients undergoing emergent coronary
intervention (n=406) and others who had no preprocedural
evaluation of NT-proBNP (n=691) were also excluded. Finally,
2248 patients were analyzed in the study. The study was
approved by an institutional review committee and the
subjects gave informed consent.

Protocol

Once the patients had been admitted to the hospital,
preprocedural NT-proBNP was measured using electrochem-
iluminescence immunoassay (Roche Diagnostics, Germany).
Serum creatinine concentration was assessed in all patients,
as a part of standard clinical care, at the time of hospital
admission and daily for 3 days after contrast administration,
as well as upon hospital discharge. Estimated glomerular
filtration rate (eGFR) was evaluated using the level-modified
Modification of Diet in Renal Disease equation: 186.3 xserum
creatinine™"'**x (age in years) %?°®x1.212 (if patient was
black) x 0.742 (if patient was female).'" Coronary angiography
or PCl was performed using standard techniques.'” The
contrast type and dose were left to the discretion of the
interventional cardiologist, according to the patient’s need.
The use of adrenergic blocking agents, angiotensin-converting

enzyme inhibitors, diuretics, intra-aortic balloon pump sup-
port, or inotropic drugs was left to the discretion of the
interventional cardiologist and the physicians responsible for
the patients. Patients received intravenous normal (0.9%)
saline at a rate of 1 mL/kg per hour, 2 to 12 hours before
and 6 to 24 hours after the administration of contrast
medium. In patients with a left ventricular ejection fraction
(LVEF) <40% or overt heart failure, the hydration rate was
reduced to 0.5 mL/kg per hour.

End Point and Clinical Definitions

The primary end point of the study was the development of
CIN, defined as an increase in serum creatinine of >0.5 mg/
dL over the baseline value within 48 to 72 hours after the
administration of contrast medium.'® Additional end points
recorded during the study included major adverse clinical
events and CIN requiring renal replacement therapy. Major
adverse clinical events included death, renal replacement
therapy, target vessel revascularization, rehospitalization, and
stroke.

Statistical Analysis

Demographics and traditional risk factors were compared
between patients who developed CIN and those who did not,
and the clinical outcomes and incidence of CIN were
compared among NT-proBNP quartiles. Comparisons between
normally distributed continuous variables, expressed as
mean=+SD, were performed using 1-way analysis of variance;
non-normally distributed continuous variables, presented as
median and interquartile range, were analyzed using Kruskal—
Wallis tests. The Pearson xz or Fisher exact tests were used,
as appropriate, for categorical data, expressed as percent-
ages. Analyses of receiver operating characteristic curves
were conducted and the Youden index was used to determine
the cutoff value of NT-proBNP for predicting CIN. The area
under receiver operating characteristic curves of NT-proBNP
and Mehran CIN score for predicting CIN were compared
using the nonparametric approach of DeLong et al.' The final
model included the significant baseline characteristics. Mul-
tivariable logistic regression analysis was performed to
identify the independent risk factors for CIN. Higher NT-
proBNP group, congestive heart failure, age >75 years, eGFR
<60 mL/min per 1.73 mz, diabetes mellitus, and contrast
dose >200 mL were included in the multivariable logistic
regression analysis for CIN. Univariate analyses of mortality
were performed using a log-rank test for patients categorized
by NT-proBNP. Multivariable Cox regression analyses were
also performed. All data analyses were performed using SAS
version 9.3 (SAS Institute, Cary, NC). A 2-sided P-value <0.05
was considered significant.
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Results

Baseline Characteristics

A total of 2248 consecutive patients were enrolled in this
study. All underwent elective PCI or diagnostic coronary
angiography. Their average age was 63.5+10.7 years and
571 (25.4%) were female. Baseline serum creatinine was
90.2+39.1 pmol/L, and mean eGFR was 82.2+25.2 mL/
min per 1.73 m% Of the total patient population, 565
(25.2%) had diabetes, and 324 (14.6%) had congestive heart
failure.

Tables 1 and 2 show the univariate analysis of the baseline
and procedural characteristics, including the traditional risk
factors for CIN between the patients with and without CIN.
Patients who developed CIN were more likely to be older,
hypotensive, and smokers, as well as have anemia, congestive
heart failure, lower LVEF and hemoglobin values, and higher
levels of serum creatinine, uric acid, low-density lipoprotein
cholesterol, and high-sensitivity C-reactive protein values.
They presented with longer procedure durations or more
multivessel disease, and they were more frequently treated
with diuretics. Furthermore, these patients were more likely to
have a higher Mehran risk score (9.53%+5.14 versus
4.75+3.76) and higher NT-proBNP levels (532047423 versus
107842548 pg/mL). Quartiles of NT-proBNP for the present
study population were Q1 (<65 pg/mL), Q2 (65 to 247.5 pg/
mL), Q3 (247.5 to 976 pg/mL), and Q4 (=976 pg/mL).

NT-proBNP and In-Hospital Outcomes

Individuals with high preprocedural NT-proBNP concentrations
were more likely to develop CIN (Q1, Q2, Q3, Q4: 0.5%, 1.2%,
1.2%, 5.9%; P<0.001). The differences were consistent with a
different definition of CIN, including an absolute increase of
>0.3 mg/dL and/or a relative increase of >50% in serum
creatinine from baseline within 72 hours after contrast
administration (Table 3). The patients with elevated NT-
proBNP levels were more likely to have major adverse clinical
events, including overall death (0.2%, 0%, 0.2%, 1.8%;
P<0.001) and a need for renal replacement therapy (Q1,
Q2, 03, O4: 0.0%, 0.4%, 0.2%, 1.2%, P=0.023).

Multivariable Factors for Predicting CIN

Receiver operating characteristic curve analysis indicated that
a cutoff value of 682 pg/dL for NT-proBNP could predict CIN
with a sensitivity of 78% and a specificity of 70% (area under
the curve=0.766, P<0.001) (Figure 1). NT-proBNP was
not significantly different from the Mehran CIN score with
respect to predicting CIN (C=0.7657 versus C=0.7729,
P=0.8431).

Table 1. Baseline Characteristics for Patients With and
Without CIN

No CIN
CIN (n=50) (n=2198) P Value
Age, y 71.2485 63.3+£10.7 | <0.001
Age >75 years, % 19 (38.0) 281 (12.8) <0.001
Female, % 16 (32.0) 555 (25.3) 0.278
Weight, kg 60.0+8.8 64.8+10.8 | 0.002
eGFR, mL/min per 1.73 m? 55.0+£26.1 82.8+24.9 <0.001

133.7+22.8 | 130.6+19.3 | 0.259
DBP at admission, mm Hg 74.5+10.6 76.7+11.8 0.191
LVEF, % 52.6+15.5 58.8+12.6 0.009
20 (40.0%) | 304 (14.0%) | <0.001
15 (30.0%) | 894 (40.7%) | 0.128
13 (26.0%) | 552 (25.1%) | 0.889

SBP at admission, mm Hg

Congestive heart failure

Hypertension

Diabetes mellitus

CABG 0 (0.0%) 18 (0.8%) | 0.521
Hyperlipidemia 6 (12.0%) | 321 (14.6%) | 0.606
Anemia 31 (63.3%) | 747 (34.4%) | <0.001
Prior MI 4 (8.0%) 253 (11.5%) | 0.440
Smoking 11 (22.0%) | 833 (37.9%) | 0.022

Serum creatinine, mmol/L 135.5+66.7 | 89.24+37.9 <0.001

CrCl, mL/min 43.0+19.9 72.44+26.4 | <0.001
NT-proBNP 5320+7423 | 10782548 | <0.001
Log (NT-proBNP) 7.5+1.8 5.6+1.8 <0.001
LDL-C, mmol/L 2.34£1.0 29411 0.047
CHO, mmol/L 45+1.7 43+1.5 0.516
TG, mmol/L 1.6+0.9 1.5+1.2 0.760
ALB, g/L 31.0+5.0 35.7+7.8 <0.001

High-sensitivity C-reactive
protein, mg/L

30 (81.1%) | 826 (51.9%) | <0.001

HGB, g/L 115.5422.8 | 132.5+16.0 | <0.001
Hematocrit, % 0.35+0.07 | 0.39+0.09 | <0.001
HbA1c, % 6.5+1.1 6.5+1.4 0.971
URI 4354145 3814109 0.022
Urinary PH 5.7+0.8 6.6+16.9 0.038
Mahran score 9.545.1 48+3.8 <0.001

Values are mean+SD or n (%). ALB indicates albumin; CABG, coronary artery bypass
grafting; CHO, cholesterol; CIN, contrast-induced nephropathy; CrCl, creatinine
clearance; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate;
HbA1c, hemoglobin Alc; HGB, hemoglobin; LDL-C, low-density lipoprotein cholesterol;
LVEF, left ventricular ejection fraction; MI, myocardial infarction; NT-proBNP, N-terminal
pro-brain natriuretic peptide; SBP, systolic blood pressure; TG, triglyceride; URI, uric acid.

When analyzing all of the patients, we observed a
significant positive correlation between NT-proBNP and the
patients’ age and Mehran CIN score. A significant negative
correlation was demonstrated between NT-proBNP and the
values of LVEF and hemoglobin (Figure 2).
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Table 2. Procedural Characteristics for Patients With and
Without CIN

No CIN
CIN (n=50) (n=2198) P Value

Periprocedural medications

ACEI/ARB 42 (84.0%) | 1948 (88.6%) | 0.310
[3-blocker 39 (78.0%) | 1915 (87.2%) | 0.057
CCB 9 (18.8%) 408 (18.6%) 0.977
Diuretic 18 (36.0%) | 338 (15.4%) | <0.001

Procedural variables

Number of lesions 2.53+1.19 1.93+£1.16 <0.001
Number of stents 1.83+1.20 1.564+1.30 0.162
Stent length 47.44371 38.3+34.5 0.081
Total fluoroscopy time, 81.3+47.6 68.1+45.9 0.049

min

Contrast volume, mL 132.6+£77.5 | 123.9+68.0 0.372

VCrClratio 4.044+3.73 2.02+1.70 <0.001
HVWratio, mL/kg 19.9+13.2 11.8+7.1 <0.001
Preprocedural hypotension | 4 (8.5%) 20 (0.9%) <0.001
Postprocedural IABP 7 (14.0%) 35 (1.6%) <0.001

Values are mean+SD or n (%). ACEl indicates angiotensin-converting enzyme inhibitor;
ARB, angiotensin receptor blocker; CCB, calcium channel blocker; CIN, contrast-induced
nephropathy; HVWratio, hydration volume-to-weight; IABP, intra-aortic balloon pump;
VCrClratio, volume of contrast agent-to-creatinine clearance rate.

Univariate logistic regression found that NT-proBNP
>682 pg/dL was significantly associated with CIN (odds
ratio: 8.16; 95% Cl: 4.15 to 16.02, P<0.001). Multivariable
logistic regression analysis showed that BNP >682 pg/dL
was an independent predictor of CIN (odds ratio: 4.007; 95%
Cl: 1.950 to 8.234; P<0.001), even after adjustment for other
established risk factors, including congestive heart failure, age
>75 years, eGFR <60 mL/min per 1.73 m?, diabetes mell-
itus, and dose >200 mL (Table 4).

NT-proBNP and Long-Term Clinical Outcomes

We assessed the predictive value of different NT-proBNP
cutoffs (682 pg/dL). After adjusting for baseline clinical and
other procedural variables, a higher NT-proBNP group
remained an independent predictor of long-term clinical
outcomes (Figures 3 and 4); the adjusted mortality was
higher for patients with NT-proBNP >682 pg/dL (hazard ratio:
2.53; 95% Cl: 1.49 to 4.30; P=0.0006).

Discussion

The present study showed that elevation of preprocedural NT-
proBNP, an easily available biomarker, was significantly

Table 3. CIN Incidence and Clinical Outcomes According to
NT-proBNP Quartiles

NT-proBNP Quartiles
Q3
Q2 (n=562)
Qt (n=562) (247.5 Q4
(n=562) (65 to to (n=562)
(<65 pg/ | 247.5pg/ | 976 pg/ | (2976 pg/
Outcomes mL) mL) mL) mL) P Value
CIN
Scr 40 (7.1) | 41 (7.3) 45(8.0) | 74 (13.2) | <0.001
increase
>0.5 mg/
dL or
>25%, n
(%)
Scr 3 (0.5) 7(1.2) 7(1.2) | 33(.9) <0.001
increase
>0.5 mg/
dL, n (%)
Scr 9 (1.6) 18 (3.2) 22 (3.9) | 57 (10.3) | <0.001
increase
>0.3 mg/
dL, n (%)
Scr 9 (1.6) 18 (3.2) 22 (3.9) | 57 (10.3) | <0.001
increase
>0.3 mg/
dL or
>50%, n
(%)
Death, 1(0.2 0 (0.0) 1(0.2) | 10(1.8) <0.001
n (%)
Require 0 (0.0) 2 (0.4) 102 | 7(1.2 0.023
RRT,
n (%)

CIN indicates contrast-induced nephropathy; NT-proBNP, N-terminal pro-brain natriuretic
peptide; RRT, renal replacement therapy; Scr, serum creatinine.

associated with an increased risk of CIN. After adjustment
for other traditional confounders, including congestive heart
failure, a level of preprocedural NT-proBNP >682 pg/mL, the
best cutoff point, was a strong and independent predictor of
CIN and long-term death; thus, besides the Mehran CIN score,
preprocedural NT-proBNP could become another objective
and rapidly available tool for risk stratification and/or a
modifiable target for prevention in patients undergoing
coronary angiography.

NT-proBNP may be a promising and timely tool for
predicting the risk of CIN and adverse events in patients
undergoing coronary angiography. The predictive value of the
preprocedural NT-proBNP level was not significantly different
from that of the Mehran CIN score (P=0.8431), including 8
periprocedural risk factors, some of which were related to the
patients’ medical histories and were often unavailable to the
cardiologists before the procedure.* NT-proBNP, a qualitative
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Figure 1. Receiver operating characteristic curve analysis for N-
terminal pro-brain natriuretic peptide (NT-proBNP) and Mehran
scores in the prediction of contrast-induced nephropathy
(C=0.7657 vs C=0.7729; P=0.8431).

and more objective risk stratification tool compared with the
Mehran score system, may potentially help cardiologists to
identify high-risk patients (with high NT-proBNP), who may
then receive timely preventive measures. At our institute,
~80% patients who were undergoing elective coronary
angiography and who were suspected to be at risk of heart
failure also underwent NT-proBNP testing; this NT-proBNP test
is routinely performed at our facility. In addition, most of the
risk factors included in the Mehran score were associated
with elevated NT-proBNP levels in our study. Therefore, this
simple and readily available test may be a better tool for
predicting CIN than the existing Mehran CIN score system.
CIN is highly prevalent in patients with congestive heart
failure and chronic kidney disease (CKD) undergoing coronary
interventions.'>""” One study showed that LVEF <40% was
significantly associated with CIN (odds ratio: 4.52; 95% Cl:
1.30 to 15.71; P=0.02) in patients without congestive heart
failure.'® Another study conducted in Denmark showed that
using a heart failure diagnosis requiring elevated NT-proBNP
reduces the prevalence of heart failure with preserved
ejection fraction and results in a survival rate similar to that
of heart failure with reduced ejection fraction; the finding
supported the use of NT-proBNP for the selection of high-risk
patients having heart failure with preserved ejection fraction
in future interventional clinical trials.' In 1 recent study, NT-
proBNP also had strong associations with left ventricular
systolic dysfunction,?® even in patients without clinical heart
failure; the study evaluated the cross-sectional associations of
NT-proBNP with cardiac structural and functional abnormal-

Age(years)

CrCl

LVEF

[w)

log(BNP)

T T T
10 15 20

Mehran

Figure 2. Correlation between N-terminal pro-
brain natriuretic peptide (BNP) and age (A),
creatinine clearance (CrCl) (B), left ventricular
ejection fraction (LVEF) (C), and Mehran con-
trast-induced nephropathy score (D).
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Table 4. Univariate and Multivariable Logistic Regression Analysis

Univariate Logistic Multivariate

Regression Logistic Regression
Risk Factors OR 95% Cl P Value OR 95% Cl P Value
NT-proBNP >682 pg/mL 8.156 4.151 to 16.022 0.000 4.007 1.950 to 8.234 0.0002
Age >75 years 4182 2.331 to 7.503 0.000 1.932 1.039 to 3.591 0.0373
eGFR <60 mL/min per 1.73 m? 10.428 4.871 to 22.325 0.000 5121 2.272 t0 11.540 0.0001
Congestive heart failure 4101 2.299 to 7.315 0.000 1.918 1.035 to 3.556 0.0386
Diabetes mellitus 1.046 0.552 to 1.983 0.889 0.816 0.421 to 1.583 0.5483
Dose >200 mL 1.274 0.647 to0 2.510 0.483 1.233 0.611 to 2.485 0.5588

eGFR indicates estimated glomerular filtration rate; NT-proBNP, N-terminal pro-brain natriuretic peptide; OR, odds ratio.

ities in patients with CKD (n=3232). NT-proBNP significantly
reclassified participants’ likelihood of having left ventricular
systolic dysfunction (net reclassification improvement 0.28,
95% Cl: 0.27 to 0.30; P<0.001). In addition, point-of-care
tests are available in which BNP concentrations are available
within 20 minutes, making it a potentially useful candidate for
early prognostication. Therefore, preprocedural NT-proBNP
may be a more objective and rapidly available tool for the
estimation of the risk of worsening renal function after
coronary angiography.

Measurement of NT-proBNP on admission has been a
routine procedure for patients with suspected coronary heart
disease who are to undergo coronary angiography. Natriuretic
peptides are a family of hormones synthesized in myocytes
and secreted increasingly in response to the elevation of any

0.15 =
—— BNP>682
—— BNP=682

01 - Log Rank P <0.001

Cumulative Hazard

0.05 —

0 T T T

0 1 2 3 4
Years Since Index Procedure
Number of patients at risk
BNP > 682 1228 1217 M 618
BNP <682 547 525 312 160
Years Since Index Procedure 1 2 3 4

Figure 3. Cumulative mortality for patients according to the
cutoff value for N-terminal pro-brain natriuretic peptide (BNP)
(682 ng/mL).

chamber wall stress.?"?? Consequently, as the inactive
metabolite of BNP, NT-proBNP has diagnostic and prognostic
capabilities across a variety of conditions involving heart
dysfunction. Elevated NT-proBNP levels have been shown to
be a powerful predictor of short-term and long-term out-
comes.?* % In the general population, elevated NT-proBNP
levels predict poor outcomes in both asymptomatic and
dyspneic subjects, irrespective of renal function.?””?® CKD
itself also amplifies the cardiovascular risk.?’ Even medical
care supported by heart failure treatment that is guided by
BNP/NT-proBNP as an adjunct to standard clinical manage-
ment is superior to standard care.*° Therefore, recent clinical
practice guidelines recommended NT-proBNP for guiding
heart failure management.*’

In the present study, the data suggested that elevation of
preprocedural NT-proBNP was also an independent risk factor
for CIN in patients undergoing selected cardiac catheteriza-
tion. One recent study,'® a substudy of the HORIZONS-AMI
trial, focused on the correlation between BNP and the risk of
CIN in patients with acute ST-segment elevation myocardial
infarction (odds ratio: 1.29, 95% Cl: 1.10 to 1.51; P<0.001);

Factors Hazard Ratios for 2-Year Death HR (95% Cl) P
BNP > 682 —_— 2.53(1.49,4.30) <0.001
Age>T75y _— 2.02(1.20,3.40) 0.008
CHF S 1.16 (0.67,1.99) 0603
CKD 2.48 (1.40,4.38) 0.002
DM S B 1.15(0.70,1.91) 0577
Dose ] 1.00 (1.00,1.00)  0.689
Anemia 1.72(1.04,284) 0034
Hypotension 1.16 (0.28,4.91) 0.839
1ABP — 1.37(0.53,3.53) 0.521

T T

0 1 6

Figure 4. Hazard ratios for patients’ 2-year death according to
the cutoff value for BNP (682 ng/mL). BNP indicates N-terminal
pro-brain natriuretic peptide; CHF, congestive heart failure; CKD,
chronic kidney disease; DM, diabetes mellitus; HR, hazard ratio;
IABP, intra-aortic balloon pump.
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however, BNP and serial creatinine levels suitable for
complete measurement were only available in 979 of the
3602 patients enrolled (27.2%) and were not sufficient to
determine an optimal BNP cutoff concentration for the
prediction of CIN. Another study indicated that preoperative
BNP level is associated with postoperative acute kidney injury
in high-risk patients undergoing cardiac surgery. BNP was
linearly associated with the risk of at least mild acute kidney
injury, whereas for evaluating severe acute kidney injury, a
risk threshold was observed above the intermediate levels of
BNP.32 Our results are in accordance with the observations of
a recent study, showing that patients with acute heart failure
who develop acute kidney injury within 48 hours after
admission have significantly higher initial BNP concentrations.
According to our findings, an NT-proBNP level >682 pg/mL
was a strong and independent predictor of CKD patients
presenting with acute onset or worsening of symptoms; in
contrast, the optimal cutoff value of NT-proBNP for diagnosing
heart failure in unselected patients is 300 pg/mL.%' Because
all the subjects presented with renal dysfunction, the cutoff
value of NT-proBNP for predicting CIN was strikingly higher
than that for diagnosing heart failure.

The reasons for the strong association between elevated
preprocedural NT-proBNP levels and a higher risk of CIN were
not clear; however, the potential mechanisms by which high
BNP concentrations are associated with CIN may include the
following. First, elevated BNP concentrations are also related
to other risk factors, which are themselves directly associated
with the development of CIN, such as worse heart and renal
dysfunction, advanced age, and diabetes mellitus. Higher
levels of NT-proBNP were significantly associated with a
higher risk of developing end-stage renal disease in diabetic
patients with CKD after adjustment for other risk factors.®?
Second, the elevated NT-proBNP in patients with CKD may be
due to decreased renal clearance, or decreased renal
responsiveness to BNP. Since previous studies found that
plasma concentrations of NT-proBNP increase as GFR
declines in patients with or without apparent cardiac
dysfunction,®* 3¢ the decreased clearance ability of NT-
proBNP due to impaired renal function may play an important
role. Elevated NT-proBNP concentrations may reflect cardiac
involvement in patients with CKD, especially those undergoing
catheterization. Third, BNP, the source of NT-proBNP, reduces
the effects of catecholamines, and potentiates the generation
of nitric oxide, which in turn is a known inhibitor of myocardial
contractility, thereby possibly resulting in systemic vasodila-
tion and renal hypoperfusion.3”-38

CIN is regarded as a specific subtype of cardiorenal
syndrome type 1, which is defined as worsening renal function
attributed to acute heart dysfunction that may exacerbate the
condition of both cardiac and renal impairment.?*% It is
associated with increased cardiovascular mortality and

morbidity, increased stroke risk, longer hospitalization, and a
higher readmission rate. Although there is growing recognition
of the frequency of cardiorenal syndrome, its underlying
pathophysiology is not yet well understood. There is no doubt
that renal hypoperfusion and passive congestion can play
important roles. Vascular factors such as nitric oxide, prosta-
glandin, natriuretic peptides, and endothelin may modulate
renal perfusion independently of cardiac hemodynamics.*'
Recently, researchers have focused on the role of inflammatory
markers as links between cardiovascular and kidney disease.
The natriuretic peptides are established biomarkers in heart
failure and, since elevated natriuretic peptide levels can be
caused by renal dysfunction as well as congestive heart failure,
they probably also reflect renal injury.*®*%%3 Thus, natriuretic
peptides are emerging as pleiotropic biomarkers that are useful
in the settings of both cardiac and renal dysfunction and have
the potential to serve as a valuable diagnostic tool in the
diagnosis of type 1 cardiorenal syndrome.41 Moreover, BNP has
been shown to cause natriuresis and diuresis in animals,
healthy men, and patients with congestive heart failure.***°
Recombinant human BNP significantly reduced the incidence of
CIN, reduced serum creatinine, and improved eGFR in a
population of patients with congestive heart failure and ST-
elevation myocardial infarction.*® The hormone may be espe-
cially beneficial in patients with acute myocardial infarction
complicated by congestive heart failure, because of its
inhibitory effect on the neuroendocrine system*’ and its
diuretic and natriuretic action.

The cutoff value of NT-proBNP, 682 pg/mL in the present
study, may provide guidance for carrying out fluid manage-
ment, as do the 35% or 40% limits for LVEF. It may be
reasonable to limit the hydration speed and volume, or even
to consider the use of diuretics, in patients with NT-proBNP
>682 pg/mL who are undergoing cardiac catheterization.
Patients with very high levels of NT-proBNP may become
optimal target subjects for receiving therapeutic measures to
prevent CIN in future randomized trials.

Limitations

The present study had several limitations. It was a single-
center, observational study without long-term follow-up for
the systematic measurement of creatinine concentrations,
such as at 3 months or 1 year. Patients undergoing primary
PCl were excluded because they lacked preprocedural
NT-proBNP measurements; this might have caused selection
bias. Variations in the measurement times may have led
to missed peak levels of creatinine after the procedure.
Failure to perform systematic measurements at optimal
times for determining peak creatinine concentrations may
have led to an underestimation of the true incidence of
CIN.
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Conclusions

Besides the Mehran CIN score, measurement of serum NT-
proBNP at hospital admission may also help identify patients
who are at high risk for developing CIN after cardiac
catheterization. The data may provide a modifiable target
for therapeutic measures to prevent CIN in future randomized
trials, where patients with NT-proBNP >682 pg/mL may be
the optimal target subjects.
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