Cli n ical Address for correspondence:
Sergio Manzano-Fernandez, PhD, MD
Division of Cardiology

Cystatin C—based CKD-EPI Equations and Artxaca, Schoa of Mecicine

N-Terminal Pro-B-Type Natriuretic Peptide Cartagens a/m G g0rz0
. . . Murcia, Spain
for Predicting Outcomes in Acutely sergosmi3@hotmil.com

Decompensated Heart Failure

Pedro ). Flores-Blanco, MD; Sergio Manzano-Fernandez, MD, PhD;

Juan I. Pérez-Calvo, MD, PhD; Francisco ). Pastor-Pérez, MD, PhD;

Francisco J. Ruiz-Ruiz, MD; Francisco ). Carrasco-Sanchez, MD;

José L. Morales-Rull, MD; Domingo Pascual-Figal, MD, PhD; Luis Galisteo-Almeda, MD;
James L. Januzzi, MD

Division of Cardiology (Flores-Blanco, Manzano-Fernandez, Pastor-Pérez, Pascual-Figal),
University Hospital Virgen de la Arrixaca, School of Medicine, University of Murcia, Murcia,
Spain; Department of Internal Medicine (Pérez-Calvo, Ruiz-Ruiz), Clinical University Hospital
Lozano Blesa, School of Medicine, University of Zaragoza, Zaragoza, Spain; Institute of Health
Research (Pérez-Calvo) and Department of Internal Medicine (Carrasco-Sanchez), Hospital Juan
Ramon Jiménez, Huelva, Spain; Department of Internal Medicine (Morales-Rull), University
Hospital Arnau de Vilanova, Lérida, Spain; Department of Clinical Biochemistry and Laboratory
(Galisteo-Almeda), Hospital Juan Ramén Jiménez, Huelva, Spain; Division of Cardiology (Januzzi),
Massachusetts General Hospital, Boston, Massachusetts

Background: In patients with acute decompensated heart failure (ADHF), both natriuretic peptides and renal
impairment predict adverse outcomes. Our aim was to evaluate the complementary prognosis role of N-terminal
pro-B-type natriuretic peptide (NT-proBNP) and the newly developed Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equations based on cystatin C (CysC) for glomerular filtration rate (GFR) estimation in
ADHF patients.

Hypothesis: Renal impairment assessed by CysC-based CKD-EPI equations and natriuretic peptides have
complementary prognostic value in ADHF patients.

Methods: The study included 613 consecutive patients presenting with ADHF. At admission, plasma levels
of NT-proBNP and CysC were determined. The GFR was estimated using CysC-based CKD-EPI equations. The
primary endpoint was death from any cause and heart failure readmission.

Results: During the median follow-up of 365 days (interquartile range, 227-441 days), 323 patients
(0.65 %patient-year) died or were readmitted for heart failure. After multivariate adjustment, estimated
GFR <60 mL/min/1.73 m? and NT-proBNP >3251pg/mL were independent predictors of adverse outcomes
(P < 0.01). The combination of GFR <60 mL/min/1.73 m? and NT-proBNP >3251pg/mL was associated with
the highest risk of adverse outcomes. Furthermore, reclassification analyses demonstrated that use of both NT-
proBNP and CysC-based CKD-EPI equations resulted inimproving the accuracy for adverse outcomes prediction.
Conclusions: In patients with ADHF, the combination of NT-proBNP with estimated GFR using CysC-based
CKD-EPI equations better predicts outcomes than either parameter alone and adds valuable complementary
prognosis information to other established risk factors.

ABSTRACT

Introduction models of mortality in ADHF patients have included CKD
It is well known that chronic kidney disease (CKD) is alongside other traditional variables predictive of adverse
common among patients with acute decompensated heart outcome.>* The Chronic Kidney Disease Epidemiology
failure (ADHF), and it confers a higher risk for adverse Collaboration (CKD-EPI) has proposed 3 new equations
outcomes in these patients'?; indeed, important predictive to estimate glomerular filtration rate (GFR).°~7 These
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equations consider serum creatinine (SCr) concentration,
age, sex, and race of the patient (CKD-EPIgc, equation),
add cystatin C (CysC) levels (CKD-EPI¢yc equation), or
combine all of these with SCr (CKD-EPIscr.cysc equation).
Notably, we have recently demonstrated CysC-based CKD-
EPI equations to be superior to the Modification of Diet
in Renal Disease (MDRD) equation for predicting adverse
outcomes in ADHF patients®; however, no data exist on
the predictive power of CysC-based CKD-EPI equations
in combination with natriuretic peptides in this clinical
scenario.

Natriuretic peptides are cardiac peptides secreted by
the myocardium in response to myocardial stretch, such
as that which occurs in the setting of volume overload?;
results from natriuretic-peptide testing are useful for the
diagnostic evaluation of ADHF.1%! Importantly, natriuretic-
peptide testing not only provides important diagnostic
information, but it is also useful for prognosis in the setting
of ADHF.12~ Given the importance of both CysC-based
CKD-EPI equations and natriuretic peptides for predicting
risk, it is reasonable to expect that the combination of both
parameters would provide better clinical risk prediction in
this setting, but data are lacking in this regard. Accordingly,
in the present study we aim to assess whether the CysC-
based CKD-EPI equations provide additional prognosis
information to admission N-terminal pro-B-type natriuretic
peptide (NT-proBNP) levels.

Methods

The local ethics committees approved the study, and
informed consent was obtained from each patient at inclu-
sion. The study population consisted of 613 subjects admit-
ted with an established final diagnosis of ADHF (diagnosed
clinically using current guidelines)!® from 3 tertiary Span-
ish hospitals. Blood samples were collected for all patients
within 48 hours from admission, processed, and stored at
—80 °C until the study analysis. A time window of 48 hours
was considered appropriate because hemodynamic status
would still reasonably reflect decompensation. Baseline clin-
ical characteristics and hospital events were prospectively
recorded. Echocardiography was also performed on all
patients before hospital discharge. Left ventricular ejection
fraction (LVEF) was measured using the Simpson biplane
method. All patients received standard management, as rec-
ommended by contemporary guidelines.!® During the entire
hospitalization period, clinical-management decisions about
each patient were made by the cardiologist responsible, who
was unaware of the patient’s CysC concentrations.

We calculated GFR using the CysC-based CKD-EPI
equations.”~7 Determination of CysC levels was performed
using a BN ProSpec analyzer (Dade Behring GmbH, Lieder-
bach, Germany). The intra-assay and interassay coefficients
of variation for CysC were 2.5% and 2.0%, respectively.
NT-proBNP was measured by electrochemiluminescence
immunoassay using a Modular Analytics E170 analyzer
(Roche Diagnostics GmbH, Mannheim, Germany). The
intra-assay coefficient of variation for NT-proBNP was 1.8%
for 221 pg/mL and 3.1% for 4250 pg/mL.

All patients were clinically followed during a median
of 365 days. The primary clinical endpoint for this

analysis was defined as the combination of death from
any cause and/or heart failure readmission. Death was
ascertained from available medical records and death
certificates. If hospital records were ambiguous or
unavailable, National Death Records were consulted. In
patients requiring hospitalization, medical records were
carefully reviewed to further characterize the cause
of hospitalization.

Continuous variables were tested for a normal distribution
by the Kolmogorov-Smirnov test. Normally distributed
data are presented as the mean+SD and non-normally
distributed data as the median (interquartile range
[IQR]). Categorical variables are expressed as percentages.
Categorized analyses were performed according to the
presence of adverse clinical events during the follow-
up. Differences in baseline characteristics were compared
using the Student ¢ test or the Mann—Whitney U test
for continuous variables and the y?2 test for categorical
variables.

Univariable Cox regression analysis was used for studying
the association between adverse clinical events and each
CysC-based CKP-EPI equations and NT-proBNP. All other
clinical and biochemical characteristics (described in
Table 1) were also evaluated in the univariable Cox
regression analysis. The independent information retained
by CysC-based CKP-EPI equations and NT-proBNP on the
2 endpoints of death from any cause and heart failure
readmission and on the combined endpoint was evaluated
in multivariable Cox regression analyses adjusted by
covariates showing P values <0.10 in univariable analyses,
as well as other factors known to be associated with worse
outcomes in this clinical scenario: age, sex, heart rate, New
York Heart Association function class, history of diabetes
mellitus, prior heart failure, chronic obstructive pulmonary
disease, LVEF, sodium, hemoglobin, and treatment with
B-blockers. Log-cumulative hazard plots, time-dependent
covariates, and Schoenfeld residuals were used to evaluate
adherence of the Cox proportional hazard assumptions.
Interaction between CysC-based CKP-EPI equations and
NT-proBNP was assessed using interaction terms in Cox
regression models.

To test the hypothesis that simultaneous assessment
of renal function and natriuretic peptides would improve
risk stratification, CysC-based CKD-EPI equations and
NT-proBNP levels were added to a model containing
clinical risk factors. Both CysC-based CKD-EPI equations
and NT-proBNP were analyzed as quantitative and
categorical variables. For categorical analyses, patients
were dichotomized to above/below median NT-proBNP
levels and above/below 60 mL/min/1.73 m?. Improvement
in predictive accuracy was evaluated by calculating the
net reclassification improvement (NRI) and integrated
discrimination improvement (IDI), as described by Pencina
etal’® and using the logistic regression method. The
cumulative incidence of death from any cause or heart failure
readmission was estimated according to the Kaplan-Meier
method, and the log-rank statistic was used for comparisons.
All P values <0.05 were accepted as statistically significant.
Statistical analysis was performed using SPSS version 15.0
(SPSS Inc., Chicago, IL).
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Table 1. Study Population Clinical Characteristics and in Accordance to the Occurrence of the Combined Endpoint

Whole Population Events No Events
Variables (N=613) (h=323) (n=290) P Value
Age,y 75+ 10 76 +9 74+ 10 <0.001
Male sex 284 (46) 157 (49) 127 (56) 0.23
SBP, mm Hg 140 (126-170) 140 (120-170) 142 (130-170) 0.14
Heart rate, bpm 90 (75—-110) 90 (75—-108) 90 (75—120) 0.66
CHF 374 (61) 235 (73) 139 (48) <o0.001
LVEF, % 52 (37-60) 50 (35-60) 54 (39—60) 0.21
LVEF >50% 430 (70) 223 (69) 207 (71) 0.54
NYHA class IlI-1V 276 (45) 173 (54) 103 (36) <0.001
Ischemic cause of HF 212 (35) 118 (37) 94 (32) 0.46
DM 312 (49) 184 (57) 128 (44) 0.002
Hypertension 499 (81) 265 (82) 234 (81) 0.67
Hyperlipidemia 255 (42) 128 (40) 127 (44) 0.45
PAD 62 (10) 39 (12) 23 (8) 0.09
AF/flutter 359 (59) 201 (62) 158 (55) 0.05
Previous stroke 91 (15) 40 (12) 51 (17) 0.50
COPD 155 (25) 92 (29) 63 (22) 0.06
Treatment at discharge
B-Blocker 351 (57) 169 (52) 182 (63) 0.03
ACEI/ARB 459 (75) 245 (76) 214 (74) 0.64
Antialdosteronic 204 (33) 115 (36) 89 (30.7) 0.28
Statin 276 (45) 148 (46) 128 (44) 0.81
Loop diuretic 530 (86) 284 (88) 246 (85) 0.37
Laboratory parameters
Hg (g/dL) 12.2+241 12.1+2.1 12.8+2.3 <0.001
SCr (mg/dL) 1.12 (0.84-1.45) 1.20 (0.90-1.66) 1.12 (0.80-1.30) <0.001
CysC (mg/L) 1.33 (1.04-1.75) 1.51 (1.12-1.98) 1.32 (0.95-1.51) <0.001
BUN, mg/dL 51 (35-71) 59 (41-84) 44 (32-58) <0.001
CKD-EPI Scr-CysC, mL/min/1.73 m? 50 (34—69) 42 (29-62) 58 (42-76) <0.001
CKD-EPI CysC, mL/min/1.73 m? 47 (33-68) 40 (28-59) 58 (39-75) <0.001
Sodium, mEq/L 138 (135-141) 138 (135-141) 139 (136-142) 0.03
NT-proBNP, pg/mL 3251 (1555-6799) 3846 (1739-7961) 2765 (1355-5645) <0.001

Abbreviations: ACEIl, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor blocker; BUN, blood urea nitrogen; CHF,
chronic heart failure; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; COPD, chronic obstructive pulmonary disease; CysC, cystatin C; DM,
diabetes mellitus; HF, heart failure; Hg, hemoglobin; IQR, interquartile range; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type
natriuretic peptide; NYHA, New York Heart Association; PAD, peripheral artery disease; SBP, systolic blood pressure; SCr, serum creatinine.

Data are expressed as mean 4 SD, median (IQR), or n (%).
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Table 2. Cox Regression Risk Analyses for Prediction of Death From Any Cause and/or HF Readmission

Univariate

HR
CKD-EPI SCr-CysC per mL/min/1.73 m? 0.983 (0.978-0.988)
CKD-EPI SCr-CysC <60 mL/min/1.73 m? 1.974 (1.541-2.529)
CKD-EPI CysC per mL/min/1.73 m? 0.983 (0.979-0.988)
CKD-EPI CysC <60 mL/min/1.73 m? 2.043 (1.579-2.644)

NT-proBNP per 100 pg/mL 1.003 (1.002-1.004)

NT-proBNP >3251pg/mL 1.429 (1.147-1.781)
NYHA class llI-1V 1.843 (1.476-2.302)
DM 1.417 (1.136-1.768)
COPD 1.295 (1.017-1.650)
Sodium, per mEq/L 0.969 (0.947-0.992)
Hg, per g/dL 0.905 (0.862-0.950)
Prior HF 1.977 (1.317-2.970)

Heart rate, bpm 0.998 (0.995-1.002)

B-Blockers 0.814 (0.611-1.085)
LVEF <50% 0.965 (0.760-1.224)
Male sex 0.906 (0.728-1.127)
Age,y 1.026 (1.014-1.039)

Multivariate
P Value HR P Value
<0.001 0.988 (0.983-0.994) <0.001
<0.001 1.596 (1.232-2.069) <0.001
<0.001 0.987 (0.982-0.992) <0.001
<0.001 1.626 (1.241-2.131) <0.001
<0.001 1.002 (1.001-1.003) <0.001
0.001 1.310 (1.046-1.642) 0.02
<0.001 1.666 (1.328-2.090) <0.001
0.002 1.327 (1.054-1.671) 0.02
0.04 1.358 (1.062-1.738) 0.02
0.008 0.973 (0.952-0.995) 0.02
<0.001 0.947 (0.898-0.999) 0.05
0.001 = 0.08
0.40 — 0.78
0.16 = 0.65
0.77 — 0.53
0.38 - 0.17
<0.001 - 0.14

Abbreviations: CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; COPD, chronic obstructive pulmonary disease; CysC, cystatin C; DM, diabetes
mellitus; HF, heart failure; Hg, hemoglobin; HR, hazard ratio; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide;

NYHA, New York Heart Association; SCr, serum creatinine.

Adjusted for sex, age (y), heart rate (bpm), NYHA class Ill-IV, DM, prior HF, COPD, LVEF <50%, sodium (mEq/L), B-blockers, Hg (g/dL), and NT-proBNP
(pg/mL). CysC-CKD-EPI equations were tested separately and multivariable HR and P value for other variables shown from the CKD-EPI SCr-CysC

quantitative model.

Results

The study population consisted of 613 hospitalized patients
with ADHF. The patients’ baseline characteristics are
summarized in Table 1. The median GRF was 50 mL/min/
1.73m? (IQR, 34-69mL/min/1.73m?) and 47 mL/min/
1.73m? (IQR, 33-68mL/min/1.73m?) using the CKD-
EPIscrcysc and CKD-EPIcysc  equations, respectively.
The median NT-proBNP level was 3251pg/mL (IQR,
1555-6799 pg/mL).

Over a median follow-up of 365 days (IQR, 227-441 days),
a total of 323 patients (0.65 %patient-year) suffered adverse
clinical events: 153 patients (0.31 %patient-year) died and
247 patients (0.50 %patient-year) were readmitted to hospital
owing to heart failure decompensation. As shown in Table 1,
subjects suffering events were more likely to be older and
more likely to have diabetes mellitus, previous heart failure,
and poorer functional status. Moreover, those patients
who experienced adverse events had worse renal function
parameters, lower hemoglobin and sodium concentrations,
and higher levels of NT-proBNP. They were also less
frequently on B-blockers at discharge.

Table 2 details the univariable and multivariable Cox
regression analyses for adverse clinical events. After

multivariate adjustment, CysC-based CKD-EPI equations
and NT-proBNP levels (as quantitative and categorical vari-
ables) were independent predictors of adverse outcomes.
Similar results were obtained when each endpoint was
analyzed separately (see Supporting Table 1 in the online
version of this article). A significant interaction between
CysC-based CKD-EPI equations and NT-proBNP levels was
observed regarding the risk of all clinical events (all P val-
ues <0.05). In addition, when GFR equations were entered
in a multivariate adjustment as categorical variables based
on the standard 4 categories of the National Kidney Foun-
dation, there was an independently graded increase risk in
the primary composite endpoint, and in its individual com-
ponents, with decreasing values of all GFR equations (see
Supporting Table 2 in the online version of this article).
Table 3 shows the improvement in model performance
conferred by adding NT-proBNP levels and CysC-based
CKD-EPI equations (models 2—4) to a multivariable model
adjusted for other risk factors (model 1). Moreover,
the addition of the combined NT-proBNP and CKD-EPI
equations resulted in improving the accuracy for adverse-
outcomes prediction, beyond the model based on other
risk factors: NRI: 10.3% (7.5% events correctly reclassified,

Clin. Cardiol. 38, 2, 106113 (2015)

P.). Flores-Blanco et al: CKD-EPI equations and NT-proBNP in HF
Published online in Wiley Online Library (wileyonlinelibrary.com)
DOI:10.1002/clc.22362 © 2015 Wiley Periodicals, Inc.



Table 3. Evaluating Added Predictive Ability of Adding CysC-Based CKD-EPI Equations to Other Risk Factors for Detection of Death From Any Cause and/or

HF Readmission

Model NRI P Value
Model 1 (other risk factors) — —
Model 2: model 1+ NT-proBNP (per 9.4% 0.022
pg/mL)
Model 3: model 2 + CKD-EPI SCr-CysC 16.9% <0.001?
(per mL/min/1.73 m?)
10.3% 0.007°
Model 4: model 2 + CKD-EPI CysC (per 17.5% <0.001?
mL/min/1.73 m?)
9.8% 0.008?
1.2% 0.735¢

% Events Correctly

% No Events Correctly

Reclassified Reclassified IDI P Value
—1.2% 10.6% 15% 0.0037
5.9% 11.0% 21% <0.001?
7.5% 2.8% 7% 0.004?
4.4% 13.1% 22% <0.00?
5.6% 4.2% 6% 0.001°
1.6% —0.4% 1.2% 0.110¢

Abbreviations: CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; COPD, chronic obstructive pulmonary disease; CysC, cystatin C; DM, diabetes
mellitus; HF, heart failure; Hg, hemoglobin; IDI, integrated discrimination improvement; LVEF, left ventricular ejection fraction; NRI, net reclassification
improvement; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; SCr, serum creatinine.

Model 1 (other risk factors) included sex, age (y), heart rate (bpm), NYHA class IlI-1V, DM, prior HF, COPD, LVEF, sodium (mEq/L), B-blockers, and Hg

(g/dD).

9As compared with Model 1. ?As compared with Model 2. As compared with Model 3.

2.8% no events correctly reclassified, P=0.007) and IDI:
7% (P=0.004) for the model including CKD-EPIscr.cysc
equation; and NRI: 9.8% (5.6% events correctly reclassified,
4.2% no events correctly reclassified, P = 0.008) and IDI: 6%
(P=0.001) for the score including CKD-EPI¢ysc equation.
(See Supporting Tables 3 and 4 in the online version of this
article, which show the results of separate reclassification
analyses for each of the study endpoints.)

Finally, Kaplan-Meier survival analyses also showed the
complementary prognosis value of CysC-based CKD-EPI
equations and NT-proBNP levels for the prediction of mortal-
ity and/or heart failure readmission. As detailed in Figures 1
and 2, the combination of GFR <60 mL/min/1.73m? and
NT-proBNP >3251 pg/mL was associated with the highest
risk of adverse outcomes, and it remains unchanged after
stratified for LVEF status (log rank test P < 0.001).

Discussion

In the present study, we found both CysC-based CKD-EPI
equations and NT-proBNP to be independent predictors
of worse outcomes in patients with ADHF. Notably, the
combination of both parameters was superior for identifying
patients at highest risk for adverse outcomes and added
complementary prognostic information to each other, as
well as to other established clinical risk factors. To the best
of our knowledge, this is the first study to describe the
complementary prognostic value of the CysC-based CKD-
EPI equations and NT-proBNP among patients with ADHF.
These findings highlight the importance of the cardiorenal
interaction in determining clinical outcomes in ADHF.

The interaction between heart and kidney disease has
been an area of considerable interest in recent years.
The term “cardiorenal syndrome” has been proposed to
outline the interplay between cardiac and renal function,
and in the setting of ADHF, acute kidney injury is referred

to as cardiorenal syndrome type 1.7 Some degree of
renal impairment is present in >50% of patients with
ADHF, and moderate to severe impairment is observed in
30% of such patients.’¥=22 In the Acute Decompensated
Heart Failure National Registry (ADHERE registry), a
SCr >2mg/dL was found in 21% of patients.” Apart
from this, renal dysfunction is one of the most important
independent risk factors for morbidity, mortality, and length
of hospitalization in patients with ADHF.?* Though renal
dysfunction may occur consequent to more aggressive care
(and in this setting is not typically associated with worse
prognosis), 226 worsening renal function in the presence of
severe congestion, reflected by an elevated NT-proBNP, is
more likely indicative of undertreatment and higher risk.2’

Reliable identification of renal dysfunction is a key issue
in identifying patients at risk of poor prognosis, although
there is still some debate about which is the best way to
evaluate kidney function in this setting. Glomerular filtration
rate is considered the best overall index of kidney function.
As the gold-standard measurement of GFR using inulin
or iothalamate clearance is not feasible in every patient,
simpler methods have been developed to estimate GFR.
The MDRD equation is commonly used and has widespread
acceptance.?8730 However, this creatinine-based equation is
inaccurate, especially at higher GFR.31=33 A new CKD-EPI
equation was developed to increase accuracy, especially at
higher GFR.>~7 A validation study showed that this new
equation could reclassify more accurately and have less
bias between estimated and measured GFR.°~7 Recently,
data from a Korean registry confirmed a better performance
of CKD-EPI as compared with MDRD in clinical-outcome
prediction in ADHF.?* Moreover, estimated GFR based on
serum CysC using CKD-EPI equations has been recently
published for use with standardized CysC and creatinine
values.?® CysC, a cysteine protease that is produced by all
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Figure 1. Kaplan-Meier survival curves for death from any cause and heart failure readmission as a function of GFR estimated using CKD-EPI¢ysc equation
and NT-proBNP in the whole study population and in patients with depressed or preserved LVEF. Abbreviations: CKD-EPI, Chronic Kidney Disease
Epidemiology Collaboration; CysC, cystatin C; GFR, glomerular filtration rate; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type

natriuretic peptide.

nucleated cells and is freely filtered at the glomerulus and
not secreted from the tubules, may offer some advantages
over creatinine because it seems to be less influenced by
non-GFR determinants and probably detects renal damage
earlier than creatinine.?®3” We recently demonstrated in
a population of ADHF patients that CysC-based CKD-EPI
equations more accurately predicted the risk of mortality
and/or heart failure hospitalization, especially in those
patients with more preserved GFR.8

In this analysis we demonstrate that CysC-based CKD-
EPI equations provide additional prognostic information
to NT-proBNP. Notably, although NT-proBNP and CKD-
EPI equations were each significantly related to adverse
events, the approach of combining the 2 measures led
to our finding that the combination was a superior tool
for identifying patients with ADHF at highest risk for
poor outcomes. Interestingly, as detailed in Figures 1
and 2, the combination of GFR <60mL/min/1.73m? and
NT-proBNP >3251 pg/mL was associated with the highest

risk of adverse outcomes, and it remains unchanged after
stratified for LVEF status. In contrast to our study, most
prior analyses?’#8=40 exploring the interaction between
renal-function parameters and natriuretic peptides for
prognostication in ADHF have used SCr and the MDRD
equation. For example, in a subanalysis of 720 patients
presenting with ADHF, both a GFR <60 mL/min/1.73 m?
using the MDRD equation and a NT-proBNP level above the
median (4647 pg/mL) predicted a poor outcome.?” Similar
to our findings, these investigators identified that it was
the combination of both that carried the greatest risk.
Furthermore, the absence of either feature resulted in a
short-term outcome similar to that of patients with a GFR
>60mL/min/1.73m? and a NT-proBNP level below the
median. The superior prognostic impact of NT-proBNP
in patients with impaired renal function further supports
the importance of this marker in those with CKD and
contradicts the incorrect notion that NT-proBNP cannot
be applied in those with renal failure. We now expand on
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Depressed LVEF

Cumulative Survival %

A CKD-EP! SCr-CysC >60 miimin/m2 and NT-proBNP <3251 pg/mL.
20  B.CKD-EPI SCr-CysC <60 mUmin/m2 or NT-proBNP >3251 pg/mL.
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A CKD-EPI SCr-CysC >60 mUmin/m2 and NT-proBNP <3251 pg/mL
20{  B.CKD-EPI SCr-CysC <60 mUmin/m2 or NT-proBNP >3251 pg/mL.
A CKD-EPI SCr-CysC <60 mUmin/m2 and NT-proBNP >3251 pg/mL.
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180 360
No. at Risk Follow up (days)

A 104 80 60

B 172 105 85
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Figure 2. Kaplan-Meier survival curves for death from any cause or heart failure readmission as a function of GFR calculated using CKD-EPlsc.cysc equation
and NT-proBNP in the whole study population and in patients with depressed or preserved LVEF. Abbreviations: CKD-EPI, Chronic Kidney Disease
Epidemiology Collaboration; CysC, cystatin C; GFR, glomerular filtration rate; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type

natriuretic peptide; SCr, serum creatinine.

prior results by including the more accurate estimators of
GFR (CysC-based CKD-EPI equations) in our combined
risk-stratification approach.

Study Limitations

This analysis does have some limitations. The lack of direct
measure of GFR represents the main limitation, especially
because the new estimated GFR equations have not been
completely validated in the ADHF setting. In addition, given
that patients involved in this study represent a quite elderly
Caucasian population that does not account for a wide spec-
trum of patients with ADHF across the age continuum and
African Americans patients, our findings should be repli-
cated in different populations and extended to more diverse
settings before making specific recommendations for use in
clinical practice. Furthermore, we did not have serial renal-
function measurements during follow-up or a separate group
of patients with which to externally validate our results.

Conclusion

In patients with ADHF, the combination of NT-proBNP
with CysC-based CKD-EPI equations better predicts
outcomes than either parameter alone and adds valuable
complementary prognostic information to other established
risk factors.
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