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Abstract: The aim of the present article was to evaluate the association
of N-terminal pro-B-type natriuretic peptide (NT-pro-BNP) with contrast-
induced nephropathy (CIN) and long-term outcomes in patients with
chronic kidney disease (CKD) and relative preserved left ventricular
function (LVF) undergoing percutaneous coronary intervention (PCI).

We prospectively enrolled 1203 consecutive patients with CKD and
preserved LVF undergoing elective PCI. The primary end point was the
development of CIN, defined as an absolute increase in serum creatinine
(SCr) >0.5mg/dL, from baseline within 48 to 72 hours after contrast
medium exposure.

CIN incidence varied from 2.2% to 5.2%. Univariate logistic analysis
showed that 1g-NT-pro-BNP was significantly associated with CIN (odds
ratio [OR] = 3.93, 95% confidence interval [CI], 2.22—-6.97, P < 0.001).
Furthermore, 1g-NT-pro-BNP remained a significant predictor of CIN
(OR=3.30, 95% CI, 1.57-6.93, P=0.002), even after adjusting for
potential confounding risk factors. These results were confirmed by using
other CIN criteria, which were defined as elevations of the SCr by 25% or
0.5 and 0.3 mg/dL from the baseline. The best cutoff value of lg-NT-pro-
BNP for detecting CIN was 2.73 pg/mL (537 pg/mL) with 73.1% sen-
sitivity and 70.0% specificity according to the receiver operating charac-
teristic (ROC) analysis (C statistic=0.754, 95% CI, 0.67-0.84,
P <0.001). In addition, NT-pro-BNP >537pg/mL (2.73 pg/mL, lg-
NT-pro-BNP) was associated with an increased risk of all-cause mortality
and composite end points during 2.5 years of follow-up.
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NT-pro-BNP >537pg/mL is independently associated with an
increased risk of CIN with different definitions and poor clinical out-
comes in patients with CKD and relative preserved L VF undergoing PCI.

(Medicine 94(13):e358)

Abbreviations: CIN = contrast-induced nephropathy, CKD =
chronic kidney disease, CM = contrast medium, eGFR = estimated
glomerular filtration rate, HF = heart failure, hs-CRP = high-
sensitivity C-reactive protein, LVEF = left ventricular ejection
fraction, LVF = left ventricular function, NT-pro-BNP = N-terminal
pro-B-type natriuretic peptide, OR = odds ratio, PCI =
percutaneous coronary intervention, ROC = receiver operating
characteristic, SCr = serum creatinine.

INTRODUCTION

ontrast-induced nephropathy (CIN) is a significant and

well-known complication in patients undergoing percuta-
neous coronary intervention (PCI)." Development of CIN after
PCI is associated with poor clinical outcomes including
increased rates of end-stage renal failure, and short- and lo-
ng-term mortality.> Except for patients with clinical heart fail-
ure (HF) or low left ventricular ejection fraction (LVEF
<40%),> CIN also occurs more frequently in patients with
chronic kidney disease (CKD) and relative preserved left
ventricular function (LVF).*® Currently, few agents have pro-
ven to be effective for treating CIN; therefore, identifying the
patients at high risks of CIN before procedure is urgent,
especially in patients with CKD and preserved LVF, as this
population receives less attention compared with patients with
clinical HF.

N-terminal pro-B-type natriuretic peptide (NT-pro-BNP)
is synthesized and secreted from the cardiac ventricular myo-
cardium, in response to increased volume or pressure overload,
or myocardial ischemia.®~® This marker is closely linked to poor
hemodynamics, and is triggered by proinflammatory cytokines
and activation of the renin—angiotensin—aldosterone system
(RAAS), and sympathetic nervous system,’ all of which play
an important role in the development of CIN.'® In addition,
plasma B-type natriuretic peptide (BNP) is useful for predicting
future cardiovascular events in patients with CKD in the general
population.!! Furthermore, NT-pro-BNP is strongly associated
with prevalent left ventricular (LV) systolic dysfunction in
CKD patients without clinical HF.'?

Consequently, NT-pro-BNP may serve as a cardiac and
renal biomarker that is potentially associated with the patho-
logical processes that lead to CIN. However, little information is

www.md-journal.com [ 1


mailto:tanning100@126.com
mailto:chenjiyandr@126.com
http://dx.doi.org/10.1097/MD.0000000000000358

Liu et al

Medicine * Volume 94, Number 13, April 2015

available regarding the predictive value of NT-pro-BNP for
CIN and long-term outcomes in patients with CKD and relative
preserved LVF undergoing PCI. We aimed to investigate
whether NT-pro-BNP is a risk factor for CIN and long-term
outcomes in these patients.

MATERIALS AND METHODS

Ethics Statement

This study protocol was approved by the Guangdong
General Hospital ethics committee and the study was performed
in accordance with the Declaration of Helsinki. Written informed
consent was obtained from all patients before the procedure.

Patient and Study Design

We prospectively enrolled 1203 consecutive patients with
CKD and preserved LVF undergoing PCI at Guangdong
Cardiovascular Institute, Guangdong General Hospital, between
March 2010 and July 2012. Inclusion criteria included an
estimated glomerular filtration rate (eGFR) <90 mL/min/
1.73m?, LVEF >40%, and heart function classified as New
York Heart Association (NYHA) I/II class at clinical assess-
ment. Patients were excluded if they had a history of known
chronic HF (NYHA >II), LVEF <40%, acute coronary syn-
drome (ACS) requiring primary or rescue PCI, cardiogenic
shock, pregnancy, contrast medium (CM) allergy, CM exposure
within the previous 7 days, or treatment with nephroprotective
drugs or nephrotoxic drugs. We also excluded patients with
renal transplantation, dialysis, severe hepatic insufficiency, or
chronic respiratory problems.

Laboratory Investigations

Serum creatinine (SCr) was measured at admission and
within 48 to 72 hours after CM exposure. NT-pro-BNP was
measured using a chemoluminescent immunoassay kit (Roche
Diagnostics, Grenzach Wyhlen, Germany) at admission (prior
to PCI). We also measured blood urea nitrogen, high-sensitivity
C-reactive protein (hs-CRP), creatine kinase MB, fasting glu-
cose, electrolytes, fasting lipid profiles, albumin, and other
standard clinical parameters on the morning of the day before
the procedure. LVF was evaluated in all patients using echo-
cardiography within 24 hours before the procedure. We eval-
uated eGFR using the 4-variable Modification of Diet in Renal
Disease equation for Chinese patients.'?

PCl and Medications

PCI was performed by experienced interventional cardiol-
ogists according to standard clinical practice using standard
technique. We used nonionic, low-osmolar CM in all patients
(either Iopamiron or Ultravist, both 370 mg I/mL). In addition,
0.9% normal saline at a rate of 1 mL/kg/h was administered
intravenously approximately 12 hours before and 12 to 24 hours
after exposure to CM. The use of antiplatelet agents (aspirin/
clopidogrel), B-adrenergic blocking agents, statins, angioten-
sin-converting enzyme inhibitors, and inotropic drugs was at the
discretion of cardiologists according to clinical protocols based
on interventional guidelines.

Clinical Follow-Up for Outcomes

All patients included in the study were subject to follow-up
for >1 year. Follow-up events were carefully monitored and
recorded by trained nurses using either outpatient clinical visits
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or telephone contact with the patients or their relatives after
discharge.

The primary end point was the development of CIN,
defined as an absolute increase in SCr >0.5 mg/dL from base-
line within 48 to 72 hours after CM exposure (CINg5)."
Additional end points included other CIN criteria, which were
defined as elevations of the SCr by 25% or 0.5 mg/dL (CINg s o
25%) and 0.3mg/dL (CINg;) from the baseline,'® all-cause
mortality, and composite end points, including all-cause
mortality, renal replacement therapy, nonfatal myocardial
infarction, acute HF, target vessel revascularization, or cerebro-
vascular accident during in-hospital as well as follow-up.

Statistical Analysis

SPSS software (version 16.0; SPSS Inc, Chicago, IL) was
used for all analyses. The continuous variables are described as
the mean =+ standard deviation or median. The categorical vari-
ables are expressed as absolute values (percentages). Compari-
sons of difference between groups were performed using
Student 7 test or Wilcoxon rank sum test for continuous vari-
ables and x> or Fisher exact test for categorical variables.
Because of the skewed distribution of admission NT-pro-
BNP and hs-CRP concentrations, logarithmic transformation
was performed. Multivariate logistic regression analysis was
performed to determine if NT-pro-BNP is an independent
predictor of CIN with different definitions after adjustment
for significant clinical variables associated with CIN. The
adjusted odds ratio (OR) and 95% confidence interval (CI)
were calculated. Receiver operating characteristic (ROC) curve
analysis was conducted to determine the best cutoff value of NT-
pro-BNP for detecting composite end points and CIN especially
for CIN s, which is more sensitive because it more selectively
recognizes those patients with a higher risk of mortality and
morbidity.'*'® Differences in the area under the curve (AUC)
between NT-pro-BNP and Mehran risk score were compared
using MedCalc statistical software (MedCalc Software bvba,
version 12.7.10, Ostend, Belgium). Cox proportional hazards
regression was performed to evaluate independent predictors of
major clinical adverse events (MACESs) by adjusting for factors
that were significantly associated with clinical outcomes
(including traditional risk factors, LVEF, and NT-pro-BNP).
Survival analysis was performed using the Kaplan—Meier
method and survival differences between patients with lg-
NT-pro-BNP levels >2.73 or <2.73 pg/mL were compared
using the log-rank test. All statistical tests were 2-tailed and
statistical significance was accepted if P < 0.05.

RESULTS

Baseline Clinical Characteristics and In-Hospital
Clinical Events

A total of 1203 consecutive patients with CKD and pre-
served LVF were analyzed (mean age 65.2 + 10.3 years; mean
lg-NT-pro-BNP 2.3 £ 0.7 pg/mL; mean eGFR 69.3 + 15.4mL/
min/1.73 m? and mean Mehran score 4.5 +3.5). Overall, CIN
was observed in 63 patients using CINgs o 250 (5.2%), 26
(4.8%) using CINg 3, and 25 (2.2%) using CINj 5. Compared
with patients with 60 < eGFR <90 mL/min/1.73 m?, the inci-
dence of CIN was more commonly observed in patients with
eGFR <60 mL/min/1.73 m? (CINos or 25%: 8.5% vs 4.1%,
CINg;: 12.0% vs 2.3%; CINgs: 5.4% vs 1.0%, all P < 0.05).

Patients with CIN were older, more likely complicated
with hypoalbuminemia, and displayed relatively lower eGFR
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and LVEF, compared with patients without CIN. Increased NT-
pro-BNP and hs-CRP levels, as well as increased Mehran CIN
risk scores, were more prevalent in patients with CIN than in
patients without CIN. However, the prevalence of hypertension,
diabetes, anemia, smoking, and CM volume did not signifi-
cantly differ between groups (Table 1).

Compared with patients without CIN, patients with CIN
exhibited a significantly higher rate of in-hospital mortality
(1.6% vs 0.2%, P =0.029), and other in-hospital complications,
such as requirement for renal replacement therapy (3.2% vs

0.2%, P <0.001), intra-aortic balloon pump (7.9% vs 0.6%,
P <0.001), and acute HF (4.8% vs 0.8%, P =0.002) (Table 2).

Role of NT-Pro-BNP in CIN

Using univariate logistic regression analysis, 1g-NT-pro-
BNP was significantly associated with CIN (CINg 5: OR =3.93,
95% CI, 2.22-6.97, P < 0.001; CINg 5 or 2500 OR=2.09, 95%
CI, 1.46-2.98, P <0.001; CINj3: OR=2.93, 95% CI, 2.00—
4.29, P <0.001). Additional significant variables included older

TABLE 1. Baseline Clinical Features in Patients With and Without CIN

Variables CIN Group (n=63) No CIN Group (n=1140) P Value
Demographics
Age, y 69.6 £10.9 65.0£10.2 <0.001
Age >70y (%) 34 (54.0) 393 (34.5) 0.002
Females (%) 19 (30.2) 279 (24.5) 0.309
Weight, kg 61.3+11.1 64.7+10.5 0.151
SBP, mm Hg 139.0+21.7 131.94+20.0 0.014
DBP, mm Hg 789+11.5 76.7+11.8 0.190
Heart rate, bpm 759+11.8 73.4+26.4 0.507
Medical history, n (%)
Smokers 7 (20.6) 95 (34.1) 0.114
Hypertension 45 (71.4) 736 (64.6) 0.266
Diabetes 16 (25.4) 265 (23.2) 0.694
Dyslipidemia 5(7.9) 164 (14.4) 0.152
Prior MI 10 (15.9) 125 (11.0) 0.230
Prior CABG 1(1.6) 12 (1.1) 0.689
eGFR <60 25 (39.7) 268 (23.5) 0.004
60 < eGFR <90 38 (60.3) 872 (76.4) 0.006
Laboratory findings
Baseline SCr, wmol/L 108.0+£36.8 99.3£29.2 0.072
Baseline eGFR 63.1+18.3 69.7+15.1 0.006
Lg-NT-pro-BNP, pg/mL 2.7£0.8 23£0.7 <0.001
Lg-hs-CRP, mg/L 0.7+£0.6 0.5+0.6 0.024
LVEF, % 58.4£9.9 61.9=+9.1 0.004
Total cholesterol, mmol/L 47+12 43+1.1 0.008
Triglyceride, mmol/L 1.6+£1.0 1.5+1.1 0.681
HbAlc, % 65+1.2 64+12 0.589
HCT, % 35.6£5.1 37.4+48 0.599
Anemia, n (%) 29 (46.0) 419 (36.8) 0.138
Serum albumin, g/L 33.8£4.38 35.5+4.2 0.003
Hypoalbuminemia, n (%) 37 (61.7) 488 (43.7) 0.006
Uric acid, pmol/L 398. 0£109.0 391.4+98.8 0.653
Medical therapy during hospitalization, n (%)
ACEI/ARB 58 (92.1) 1018 (89.3) 0.487
B-Blocker 58 (92.1) 1001 (87.8) 0.311
Calcium channel blocker 18 (28.6) 247 (21.7) 0.198
Statin 60 (95.2) 1098 (96.3) 0.661
Procedural characteristic
Contrast volume, mL 140.6 £ 71.6 128.0 £70.6 0.171
Contrast exposure time, min 78.3+48.0 70.1 £45.8 0.193
Number of diseased vessels, n 23+1.0 1.9+1.2 0.031
Number of stents, n 1.7+1.0 1.7+1.3 0.987
Mehran score 6.8£5.0 43+34 <0.001

Mehran score: model to define CIN by Mehran et al. Anemia was defined using World Health Organization criteria: baseline hematocrit value
<39% for men and <36% for women. Hypoalbuminemia was defined as the serum albumin <35 g/L. ACEI/ARB = angiotensin-converting enzyme
inhibitor/angiotensin receptor blocker, CABG = coronary artery bypass grafting, CIN = contrast-induced nephropathy, defined as elevations of the
SCr by 25% or 0.5mg/dL from the baseline, DBP = diastolic blood pressure, eGFR = estimated glomerular filtration rate (mL/min/1.73 m?),
HbAlc=hemoglobin Alc, HCT =hematocrit, hs-CRP = high-sensitivity C-reactive protein, LVEF =left ventricular ejection fraction,
MI = myocardial infarction, NT-pro-BNP = N-terminal pro-B-type natriuretic peptide, SBP = systolic blood pressure, SCr = serum creatinine.
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TABLE 2. In-Hospital Events in Patients With and Without CIN

Variables CIN Group (n=63) No CIN Group (n=1140) P Value
Death 1 (1.6) 2 (0.2) 0.029
Renal replacement therapy 23.2) 2 (0.2) <0.001
Hypotension 5(7.9) 17 (1.5) <0.001
IABP 5(7.9) 7 (0.6) <0.001
Acute heart failure 3 (4.8) 9 (0.8) 0.002
Cerebrovascular accident 0 1(0.1) 0.814

CIN = contrast-induced nephropathy, defined as elevations of the SCr by 25% or 0.5 mg/dL from the baseline, IABP = intra-aortic balloon pump.

TABLE 3. Multivariate Logistic Analysis Associating CIN Risk Indicators

Variable CINO.S CIN0_3 CINO.S or 25%
OR 95% CI P OR 95% CI P OR 95% CI P

Lg-NT-pro-BNP 3.30 1.57-6.93 0.002 1.98 1.21-3.21 0.006 1.62 1.03-2.53 0.036
Age >70y 1.45 0.57-3.71 0.433 1.99 1.05-3.78 0.036 1.78 0.99-3.19 0.053
eGFR <60 248 0.89-6.94 0.083 3.49 1.76-6.92 <0.001 1.41 0.75-2.67 0.288
Diabetes 1.88 0.75-4.70 0.179 1.40 0.73-2.67 0.306 1.01 0.53-1.92 0.978
Hypertension 0.68 0.25-1.88 0.459 0.82 0.41-1.65 0.817 1.10 0.59-2.07 0.762
Total cholesterol 1.46 1.02-2.09 0.637 1.42 1.10-1.82 0.007 1.38 1.10-1.74 0.006
Contrast volume >100mL 0.81 0.33-1.97 0.637 1.03 0.55-1.90 0.935 1.11 0.63—-1.95 0.729
LVEF <50% 1.51 0.55-4.17 0.427 1.46 0.68-3.09 0.330 1.44 0.69-3.02 0.332

CI = confidence interval, CIN = contrast-induced nephropathy, eGFR = estimated glomerular filtration rate (mL/min/1.73m?), LVEF = left
ventricular ejection fraction, NT-pro-BNP = N-terminal pro-B-type natriuretic peptide, OR = odds ratio.

age, eGFR <60 mL/min/1.73 m?, LVEF <50%, and total cho- ROC analysis revealed that the AUC of the predictive

lesterol. Multivariate logistic regression analysis showed that
1g-NT-pro-BNP remained a strong significant predictor of CIN
(CINp.s: OR=3.30, 95% CI, 1.57-6.93, P=0.002; CINg s or
250 OR=1.62, 95% CI, 1.03-2.53, P=0.036; CINgs:
OR=1.98,95% CI, 1.21-3.21, P = 0.006), even after adjusting
for potential confounding risk factors. Age >70 years and eGFR
<60 mL/min/1.73 m* were also independent predictor of CIN 3
in this population (OR =1.99, 95% CI, 1.05-3.78, P=0.036;
OR=3.49, 95% CI, 1.76-6.92, respectively, P <0.001)
(Table 3).

TABLE 4. AUC of NT-Pro-BNP and Mehran Risk Score for CIN

Variable AUC 95% CI1 P Value
CINy 5 0.508
NT-pro-BNP 0.754 0.73-0.79 <0.001
Mehran risk score 0.790 0.77-0.81 <0.001
CINg 5 or 25% 0.689
NT-pro-BNP 0.634 0.61-0.66 <0.001
Mehran risk score 0.649 0.62—0.68 <0.001
CINj 3 0.351
NT-pro-BNP 0.703 0.68-0.73 <0.001
Mehran risk score 0.743 0.72-0.77 <0.001

AUC =area under the curve, CI=confidence interval, CIN=
contrast-induced nephropathy, NT-pro-BNP = N-terminal pro-B-type
natriuretic peptide.
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performance of CINj s, based on the previous risk score system
suggested by Mehran et al,'” was 0.790 (95% CI, 0.69—0.89,
P <0.001), whereas the AUC (0.754, 95% CI, 0.67-0.84,

104

Bl CiNgs |
8" - C|N0.3
O3 CINpsoros%

od [ Composite end points —

Ig-NT-pro-BNP <2.73
(n=824)

Ig-NT-pro-BNP >2.73
(n=379)

FIGURE 1. The prevalence of CIN or in hospital composite end
points in patients with Ig-NT-pro-BNP levels >2.73 or <2.73 pg/
mL. CIN = contrast-induced nephropathy, NT-pro-BNP = N-term-
inal pro-B-type natriuretic peptide.
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P <0.001) for NT-pro-BNP levels was similar to the Mehran
risk score (P =0.508). Similar results were demonstrated for
other definitions of CIN (Table 4). Moreover, NT-pro-BNP and
the Mehran risk score for composite end point display similar
good predictive value (AUC: 0.716, 95% CI, 0.64—0.80,
P <0.001; 0.754, 95% CI, 0.66—0.85, P < 0.001, respectively,
P =0.359). In addition, the best cutoff 1g-NT-pro-BNP value
for detecting CINj s was 2.73 pg/mL with 73.1% sensitivity and
70.0% specificity (Figure 2).

Compared with patients with  low-NT-pro-BNP
(<2.73pg/mL), patients with high-NT-pro-BNP (>2.73 pg/
mL) displayed significantly higher rates of CINgs (5.0% vs
0.8%, P <0.001), CINg5 or 250 (8.2% vs 3.9%, P<0.001),
CINg3 (9.0% vs 2.9%, P <0.001), and composite end points
(6.3% vs 1.9%, P <0.001) (Figure 1).

Association Between NT-Pro-BNP, CIN, and
Composite End Point

Clinical outcome during a mean of 26 months of follow-up
was available for 1063 patients (88.4%). Composite end points
occurred in 56 patients, including 42 patient deaths, 6 cases of
acute HF, 4 cases of nonfatal myocardial infarction, and 4 cases
of ischemic stroke. To identify the independent predictors of
future outcomes, multivariate Cox regression analysis was
performed with factors including age, anemia, diabetes, hyper-
tension, hyperlipidemia, smoking, hypoalbuminemia, eGFR,
multivessel diseases, and lg-NT-pro-BNP. Lg-NT-pro-BNP
>2.73pg/mL remained a significant predictor of all-cause
mortality (hazard ratio=2.76, 95% CI, 1.22-6.22, P=0.015)
(Table 5).

ROC Curve
10 10 Fr
Ir'J g o
0.8- ' 0.8
> 0.6 .06
= i =
= ¢ == |g-NT-pro-BNP S 4
o) (o] 7 = |g-NT-pro-BNP
& 0.4+ Mehran risk score 0 0.44 genP
Mehran risk score
l‘)
0.2+ 0.24 J‘
CINo s j‘ 7 CINg 3
0.0 |’  T T T T 0.04= T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
A 1-specificity B 1-specificity
10 10 | e
0.8+ 0.8+ J--' ' -
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oz f 024
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FIGURE 2. The ROC curve for NT-pro-BNP and Mehran risk score in order to predict (A) CINg_s, (B) CINg 3, or (C) CINg 5 or 259 as well as
(D) composite end point. CIN = contrast-induced nephropathy, NT-pro-BNP = N-terminal pro-B-type natriuretic peptide, ROC = receiver

operating characteristic.
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TABLE 5. Multivariate Cox Analysis: Independent Predictors
of All-Cause Mortality

Variable HR 95% CI P Value
Lg-NT-pro-BNP >2.73pg/mL  2.76  1.22-6.22 0.015
Age >70y 1.84  0.92-3.68 0.087
eGFR <60 mL/min/1.73 m? 277  1.33-5.77 0.006
LVEF <50% 1.27  0.57-2.85 0.561
Anemia 1.12  0.89-1.40 0.326
Diabetes 2.18  1.13-4.19 0.020
Hypertension 0.70  0.34-1.45 0.335
Hyperlipidemia 0.18  0.03-1.34 0.094
Smoking 0.74  0.35-1.57 0.435
Hypoalbuminemia 092  0.44-1.94 0.825
Multivessel diseases .52 0.78-2.97 0.218

CI=confidence interval, eGFR = estimated glomerular filtration
rate, LVEF = left ventricular ejection fraction, NT-pro-BNP = N-term-
inal pro-B-type natriuretic peptide.

Based on the Kaplan—Meier analysis, clinical outcomes,
including all-cause mortality and composite end points, were
significantly worse in patients with 1g-NT-pro-BNP >2.73 pg/
mL compared with those in patients with 1g-NT-pro-BNP
<2.73 pg/mL (both P <0.001) (Figure 3). For patients with
60 < eGFR <90 mL/min/1.73m?, outcome was significantly
worse in patients with 1g-NT-pro-BNP >2.73 pg/mL compared
with that in patients with 1g-NT-pro-BNP <2.73 pg/mL (cumu-
lative rate of mortality 3.3% vs 1.2%, P = 0.029; Figure 4). For
patients with eGFR <60 mL/min/1.73 m2, Kaplan—Meier
analysis also indicated a significantly worse prognosis in sub-
jects with 1g-NT-pro-BNP >2.73 pg/mL compared with that in
patients with lg-NT-pro-BNP <2.73 pg/mL (cumulative rate of
mortality 13.6% vs 3.4%, P =0.029; Figure 4).

Both CIN definitions were related to all-cause mortality
evaluations at follow-up. Patients who developed CINj 5 dis-
played a higher rate of all-cause mortality compared with those
who did not (cumulative rate of mortality 19.2% vs 3.2%,

124 Mortality

= Ig-NT-pro-BNP >2.73 pg/mL
Ig-NT-pro-BNP <2.73 pg/ml
Log-Rank P < 0.001

Cumulative rate of Mortality (%)

24 36 48
Time, mo

Cumulative rate of Composite end point (%)

P <0.001) or those who developed CINg s o 250, and CINg3
(Figure 5).

DISCUSSION

The present study indicates that measurement of NT-
pro-BNP at admission is associated with the development of
various definitions of CIN, and poor in-hospital and long-term
outcomes in patients with CKD and relative preserved LVF
undergoing PCI. Moreover, NT-pro-BNP >537pg/mL is a
significantly good predictor of CIN and composite end points
during follow-up.

Patients with CKD but without clinical HF will often be
considered as patients at low risk of CIN and be ignored to some
degree in clinical practice; for example, the appropriate use of
fluids for these patients without clinical HF might be over-
looked. However, such patients are also at high risk of CIN and
poor outcomes after PCI. Koo et al* indicated that CIN occurred
in 7.8% of patients with LVEF >40% and mean of eGFR
74.5 +20.5mL/min/1.73 m>. In addition, Pyxaras et al® demon-
strated that the CIN incidence was up to 15% in patients with
LVEF >40% and CKD, which was defined as an eGFR
<60mL/min/1.73 m?. Therefore, there is a need to identify
asymptomatic or minimally symptomatic patients (NYHA I/
II class) with preserved LVEF and CKD who are at risk for CIN.

NT-pro-BNP is a well-established predictor of short- and
long-term outcomes (regardless of LV systolic function) in
numerous clinical conditions, including stable coronary artery
disease,'™® ACS,""?° and essential hypertension.?! Recently,
NT-pro-BNP was demonstrated to be a valuable biomarker
for assessing prognosis in patients with CKD (with or without
HF) and even the general population.'"'*?>%* Our findings
supplement these observations by demonstrating that NT-pro-
BNP, especially NT-pro-BNP >537 pg/mL, retains independent
predictive value for CIN in patients with CKD and preserved
LVF, even after adjusting for potential confounding factors. The
NT-pro-BNP predictive accuracy for CIN as defined by various
definitions in our study (CINj 5: AUC =0.754,95% CI1=0.73—
0.79, P<0.001) was similar to that reported in recent study
about investigating NT-pro-BNP for early prediction of acute
kidney injury (AKI) in community-acquired pneumonia.®*
Furthermore, the predictive value of NT-pro-BNP for CIN is

Composite end point

181
= lg-NT-pro-BNP >2.73 pg/mL
Ig-NT-pro-BNP <2.73 pg/mL
Log-Rank P <0.001
124
6-
0 l T T 1
0 12 24 36 48
Time, mo

FIGURE 3. Cumulative rate of all-cause mortality or composite end points in patients with Ig-NT-pro-BNP levels >2.73 or <2.73 pg/mL.

NT-pro-BNP = N-terminal pro-B-type natriuretic peptide.
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FIGURE 4. Cumulative rate of all-cause mortality between patients with Ig-NT-pro-BNP levels >2.73 or <2.73 pg/mL, and among
subgroups with eGFR <60 mL/min/1.73m? or 60 < eGFR <90 mL/min/1.73 m?. eGFR =estimated glomerular filtration rate, NT-pro-

BNP = N-terminal pro-B-type natriuretic peptide.

similar to the classic Mehran CIN score (P = 0.508). However,
Mehran risk score includes many procedural factors, such as the
type and volume of CM, and are not convenient in clinical
practice and could not be used to evaluate the risk of CIN before
PCI. NT-pro-BNP, as a simple and sensitive marker, is readily
obtainable before the procedure, and may be important and
useful for clinicians to rapidly evaluate individual patient risk
for developing CIN before PCI.

In 2 previous studies on patients presenting with ST-
segment elevation myocardial infarction (STEMI), the authors
reported that BNP measurements at admission enhanced the
identification of patients at risk for developing CIN after
PCL?>?® In another study of patients undergoing elective
cardiac surgery, preoperative BNP marginally improved classi-
fication for risk of AKIL.?” More recently, Moltrasio et al
analyzed the relationship between BNP and risk of AKI defined
by Risk, Injury, Failure, Loss, and End-stage kidney disease
(RIFLE) classification in patients with ACS. They found that
BNP was associated with AKI as well as its severity in patients

CINg 5

N
o
]

204

— with CIN
without CIN

Log-Rank P=0.001

Cumulative rate of Mortality vmv (%)
o

Cumulative rate of Mortality (%)

CINg 5

with ACS.?® However, these studies reported BNP instead of
NT-pro-BNP levels. NT-pro-BNP levels may have analytical
advantages over BNP, given the enhanced stability due to a
longer half-life, which allows for increased accumulation and
potentially greater sensitivity for detecting more subtle struc-
tural and functional changes.?® In addition, they did not report
the effects of BNP on long-term outcomes (except 6-month
mortality),®> but our study provided additional information
regarding the effects of NT-pro-BNP on long-term mortality
in patients with CKD and preserved LVF. Moreover, previous
studies almost included STEMI or non-STEMI patients. In fact,
SCr changes in these patients were mainly the result of acute
hemodynamic impairment rather than a direct effect of CIN.*°
However, we focus our main investigation of NT-pro-BNP and
CIN in patients with relative preserved LVF to limit the
confounding effect of patients with renal impairment secondary
to hypotension possibly associated with reduced LVF. Accord-
ingly, the underlying comorbidities and exposure to CM may
play a major role in the development of CIN in our study.

CINOAS or 25%

= with CIN
- without CIN

= with CIN
without CIN

Log-Rank P =0.001 Log-Rank P =0.016

Cumulative rate of Mortality (%)

Time, mo

T
24
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T
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FIGURE 5. Cumulative rate of all-cause mortality between patients with CIN and without CIN, and among subgroups with CINg 5, CINg 3,

or CINg 5 or 250. CIN=contrast-induced nephropathy.
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Although the pathophysiological mechanism of high NT-
pro-BNP and CIN remains ill-defined and poorly understood,
multiple important mechanisms may be involved. Previous
studies reported that anemia is an independent predictor for
elevated NT-pro-BNP via downregulation of NT-pro-BNP
clearance receptors adapted to hypoxia caused by anemia.
Our study also demonstrated that anemia and low serum
hemoglobin are more prevalent in patients with high NT-pro-
BNP. Reduced serum hemoglobin can decrease the oxygen-
carrying capacity of blood.>!* CM could increase the oxygen
affinity of hemoglobin and decrease oxygen delivery to the
renal tissues, especially in patients with anemia, resulting in
renal medullary hypoxia and CIN aggravation. Therefore,
anemia is associated with CIN and may influence the relation-
ship between NT-pro-BNP and CIN. However, the relationship
should be interpreted with caution, because we found that
patients with anemia had relatively lower LVEF than patients
without anemia (60.9 £9.3 vs 62.2 +9.1, P=0.027). Even if it
shows small differences, it might also influence the incidence
of CIN.

In addition, both the activation of RAAS and sympathetic
nervous system involved in the development of CIN are known
to stimulate NT-pro-BNP. The increased activity of the RAAS
in patients with CKD and even in the very early, clinically
asymptomatic stages of chronic HF may influence NT-pro-BNP
concentrations, because RAAS increases the level of circulating
vasoconstrictive neurohormones (including catecholamines
and angiotensin II), and elevates systemic vascular resistance.
NT-pro-BNP can be induced by these neurohormones in cardiac
myocytes and counteract water and sodium retention caused by
activated RAAS. Thus, high NT-pro-BNP concentration
reflects the high degree of activated RAAS, and may be
responsible for systemic vasodilation and renal hypoperfusion,
which in turn potentiates CIN.

Furthermore, NT-pro-BNP is found to be increased in a
model of systemic inflammation in healthy men with normal
HF.** Proinflammatory cytokines, such as interleukin-1 or 6,
and Tumor necrosis factor-a, induce NT-pro-BNP secretion
from cultured myocytes in vitro.”** Moreover, Lazzeri et al
reported that NT-pro-BNP is correlated with CRP-determined
inflammation. High hs-CRP is also concomitant with high NT-
pro-BNP levels in patients, which is consistent with the result of
present study.®>> Our recent study showed that hs-CRP, as a
marker of systemic inflammation, is strongly associated with
CIN.?>%37 Thus, NT-pro-BNP levels appear to reflect the extent
of systemic inflammation, which is an important contributor to
CIN pathogenesis.

Neutrophil gelatinase-associated lipocain (NGAL), a
marker of acute renotubular damage, is a powerful predictor
of early CIN.*® A recent study reported that patients with high
levels of NT-pro-BNP also display high NGAL levels and are
more prone to develop AKIL>? It can be speculated that high
NT-pro-BNP levels may be associated with CIN through these
mechanisms.

In addition, we demonstrated that patients with CIN dis-
played worse long-term outcomes. Patients who developed
CINp s had a higher risk of hard clinical end points, which is
consistent with recent studies.'*'® The results of our multi-
variate analysis demonstrated that elevated NT-pro-BNP is
strongly associated with higher prevalence of all-cause
mortality, even after adjustment for possible confounding fac-
tors, in patients with CKD and preserved LVF. In addition, this
might be the first study to confirm the best cutoff value of NT-
pro-BNP to estimate the risk of CIN with different definitions

8 | www.md-journal.com

and all-cause mortality. Therefore, careful risk stratification by
using NT-pro-BNP levels could identify patients who would
benefit the most from specific treatment strategies and make it
possible to avoid overtreating low-risk patients with limited
available resources.

STUDY LIMITATIONS

There are several limitations to this study. First, this is a
prospective, observational study that was conducted in a single
center. Validation of the NT-pro BNP cutoff to predict CIN is
required in other cohorts or at other centers. Second, our study
population was limited to CKD patients with preserved LVF;
therefore, the conclusions cannot be extended to patients with-
out CKD or with CKD and decreased LVF. Third, due to
variations in time measurement, we may have missed peak
SCr values that occurred after the procedure. In addition, we did
not measure cystatin C, which is the more sensitive biomarker
that increases faster than SCr after CIN. Thus, the true incidence
of CIN may have been underestimated. Fourth, SCr levels were
not systematically measured during the follow-up period.

CONCLUSIONS

Our results demonstrate that NT-pro-BNP, as a simple and
sensitive marker, is readily obtainable before the procedure, and
displays a good predictive power for various definitions of CIN
beyond traditional risk factors and poor clinical outcomes in
CKD patients with preserved LVF undergoing PCI. Patients
with NT-pro-BNP >537pg/mL have a significantly higher
probability of developing CIN or death during the follow-up.
Future studies are warranted to determine whether treatment
strategies guided by NT-pro-BNP levels could reduce CIN and
MACE in this patient population treated with PCI.
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