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Abstract

Background: N-terminal prohormone B-type natriuretic peptide (NT-proBNP) is a

significant predictor of cardiovascular and all-cause mortality in patients with chronic

heart failure (HF) without chronic kidney disease (CKD). However, it is unknown

whether variability of NT-proBNP is predictive of the outcomes of those with

advanced HF and CKD.

Methods: Intra-individual fluctuations in NT-proBNP values from baseline to

follow-up were determined to assess the prognostic value of NT-proBNP variability in

patients with cardiorenal syndrome (CRS) type 2 in a retrospective cohort of 136

patients treated for advanced HF with CKD at the First Affiliated Hospital of Jinan

University from 2012 to 2016. Patients hospitalized for CRS type 2 who underwent

follow-up examinations were eligible for study inclusion and grouped according to
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optimal cutoff values of receiver operating characteristic (ROC) curve analysis of

log10(NT-proBNP) variability. The primary outcomes were major adverse renal and

cardiac events( a composite of acute kidney disease, nonfatal myocardial infarction,

cardiac death ,stroke or maintenance hemodialysis). Secondary outcomes were

repeated hospitalization for heart failure or all cause death.

Results:

The results showed that higher NT-proBNP variability group was associated with

lower hemoglobin(p ＜ 0.01 ) and plasma serum albumin levels(p ＜ 0.02) , and

greater decline in left ventricular ejection fraction(p ＜ 0.02 ) compared with the

lower NT-proBNP variability group. At a median follow-up of 22 (interquartile range,

5–32) months, Individuals in the higher NT-proBNP variability group was associated

with a greater risk of major adverse renal and cardiac events (HR = 3.467, 95% CI =

1.463–8.215, p = 0.01). ROC analysis revealed that NT-proBNP variability rather than

average NT-proBNP level, was a better predictive biomarker of the primary outcomes

(AUC = 0.726,95% CI = 0.640–0.812) and secondary outcomes(AUC = 0.701,95%

CI = 0.611–0.791). Kaplan-Meier analysis showed that NT-proBNP variability of

≥0.272 was significantly correlated with a higher prevalence of primary and

secondary outcomes (p < 0.03). This correlation remained significant in multivariate

Cox regression models after adjustments for age, anemia, and traditional risk factors.

Conclusions: NT-proBNP variability might serve as an independent predictor for

major adverse renal and cardiac events and all-cause death in patients with CRS type

2.
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Introduction

Heart failure (HF) is a complex syndrome with typical symptoms and specific signs

caused by structural and/or functional cardiac abnormalities [1]. HF remains a major

and increasing public health concern worldwide because of the relatively high

morbidity and mortality rates [1].

HF and renal dysfunction are frequently concomitant in hospitalized patients and

interact to worsen prognosis and significantly increase the risks of prolonged

hospitalization and even death [2, 3]. Five subtypes of cardiorenal syndrome (CRS)

have been proposed to describe the complex pathophysiological disorders of both the

heart and kidney [4]. The occurrence or progression of chronic kidney disease (CKD)

in the context of a primary chronic abnormality in cardiac function is termed CRS

type 2 [4].

Despite the widespread recognition of the importance of CRS type 2, progress

toward an understanding of this syndrome has remained challenging [5]. Biomarkers

that provide insights into both cardiac and renal disorders have the potential to reveal

some of the intricacies involved in assessing heart-kidney interactions and to facilitate

overcoming these challenges.

Natriuretic peptides, including B-type natriuretic peptide (BNP) and N-terminal

prohormone B-type natriuretic peptide (NT-proBNP), are the most established

diagnostic and prognostic biomarkers of CRS type 2, and have been reported to be

strong and independent predictors of the morbidity and mortality of patients with

various cardiovascular diseases, especially HF and coronary heart disease [6-11].
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Notably, NT-proBNP is predominantly synthesized and released constitutively from

ventricular cardiac myocytes in response to increased mechanical stretching and

elevated filling pressures, and appears to be adversely affected by severe deterioration

of renal function [12]. The plasma NT-proBNP concentration reflects aspects of

cardiac and renal dysfunction, and has been identified as an independent prognostic

predictor of CHF patients with CKD [13, 14], as independently predicted by estimated

glomerular filtration rate (eGFR), age, New York Heart Association functional class,

and ejection fraction [13]. However, it is well-known that NT-proBNP has a

considerable intra-individual biological variability and disease progression may result

in substantial changes in NT-proBNP levels over time [7, 15-17]. Hence,

measurements of NT-proBNP variability could offer additional prognostic

information.

Therefore, the aim of the present was to determine whether the dynamic changes

in NT-proBNP levels could serve as a biomarker of risk stratification and prognosis of

patients with CRS type 2.

Methods

Study population and data collection

The study cohort consisted of 136 patients diagnosed with CRS type 2 at the

Department of Cardiovascular of the First Affiliated Hospital of Jinan University

between 2012 and 2016. The 2019 American Heart Association definition of CRS

type 2 was used as the major screening criteria. The diagnosis of patients with
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suspected CRS type 2 was confirmed on a case-by-case basis by reference to the

hospital electronic medical record system. Patients with stage 5 CKD requiring

chronic dialysis, kidney transplantation, HF following cardiac surgery, and/or

multi-organ failure were excluded from analysis. Patients with no records of plasma

NT-proBNP concentrations before admission or during hospitalization were also

excluded.The selection of study participants is described in Fig. 1.

A structured medical history was taken for each patient. The following data were

extracted from the hospital database: age, sex, body height and weight, heart rate,

systolic and diastolic blood pressure (SBP and DBP, respectively), previous history of

hypertension, cerebrovascular disease, chronic obstructive pulmonary disease

(COPD), liver disease, atrial fibrillation (AF), diabetes mellitus, hospitalization due to

myocardial infarction, maintenance hemodialysis, and all-cause mortality.

The mean values of three measurements of SBP and DBP were used for analysis.

The diagnosis of chronic HF was based on medical history, symptoms, physical

examination findings, imaging studies, and biomarkers (NT-proBNP). Medical history

included coronary heart disease and hypertension. Symptoms and clinical findings

included dyspnea, fatigue, edema, chest pain, persistent cough or wheezing with pink

blood-tinged phlegm, elevated jugular venous pressure, and wet rales in the lung.

Chest X-rays were used to assess the degree of pulmonary congestion and to exclude

pneumonia and other causes of symptoms. Echocardiography was performed to

measure the ejection fraction for classification of HF. A plasma NT-proBNP
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concentration of > 300 pg/mL was considered elevated. CKD was defined as an eGFR

range of 15 to 60 mL/min/1.73 m2.

Patients were followed monthly. NT-proBNP levels were obtained from laboratory test reports

during hospitalization and at least two post-baseline measurements were included for analysis.

Participants were assigned to one of two groups based on log10(NT-proBNP) variability: (1) low

log10(NT-proBNP) variability (<0.27) or (2) high log10(NT-proBNP) variability (≥0.27). The

primary outcomes were major adverse renal and cardiac events( a composite of acute

kidney disease, nonfatal myocardial infarction, cardiac death ,stroke or maintenance

hemodialysis). Secondary outcomes were repeated hospitalization for heart failure or

all cause death.

NT-proBNP variability

The NT-proBNP levels was logarithmically transformed to meet the

multinormality assumption. NT-proBNP variability was defined as average absolute

difference between each Log10( NT-proBNP) and the mean during the period of

hospitalization.

Laboratory parameters (i.e., hemoglobin, serum albumin, serum creatinine, and

NT-proBNP) were measured in the Central Clinical Laboratory of the First Affiliated

Hospital of Jinan University. All measurements were subject to routine quality

controls in accordance with the laws of the People’s Republic of China. eGFR was

estimated using the Modification of Diet in Renal Disease Study equation as follows:

eGFR = 175 × (serum creatinine)-1.154 × (age)-0.203 × 0.742 (female).
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Statistical analysis

Continuous variables are expressed as the mean ± standard deviation or the median

and interquartile ranges, while categorical variables are presented as percentages or

frequencies. NT-proBNP levels are presented as categorical variables or as continuous

variables after natural logarithmic transformation. For univariate analysis, normally

distributed values were compared between the two groups using the Student’s t-test,

while non-normally distributed values were compared using the Mann-Whitney test.

The Pearson χ2 test and Kruskal-Wallis test were applied for analyses of nominal and

ordinal variables, respectively. Primary outcome-free survival curves were

constructed with the Kaplan-Meier method and differences between the two groups

were evaluated with the log-rank test. The associations between NT-proBNP

variability and the primary endpoints were evaluated using the multivariate Cox

proportional hazard regression model adjusted for baseline characteristics. Although a

probability (p) value of <0.05 was considered significant for all inferential statistics, a

p value threshold of ≤0.2 was used for univariate analysis for inclusion of putative

risk factors into the multivariate model. All data analyses were performed using IBM

SPSS Statistics for Windows, version 19.0. (IBM Corporation, Armonk, NY, USA).

Results

Demographic characteristics

Of the 136 patients, 67 (49.3%) and 69 (50.7%) were assigned to the low and high

NT-proBNP variability groups, respectively. The baseline characteristics of the
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patients across the two groups are shown in Table 1. The distributions of the

log10(NT-proBNP) and log10(NT-proBNP) variability values are presented in Fig. 2.

The mean baseline log10(NT-proBNP) value of the patients was 3.48 ± 0.59. The

median time between the first and last measurements of NT-proBNP was 22 months.

The median number of NT-proBNP assay measurements was 5 (range, 3–32). The

median log10(NT-proBNP) variability value (as measured by average successive

variability) was 0.281. The mean log10(NT-proBNP) variability value of the patients

was 0.28 ± 0.12. Statistically, there were no significant differences between the two

groups in terms of age, sex, body mass index, serum creatinine, SBP, DBP, eGFR,

NT-proBNP, hypertension, cerebrovascular disease, diabetes, COPD, liver disease, AF,

New York Heart Association (NYHA) classification ≥ III, and the use of

angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, or

percutaneous coronary intervention (PCI). The baseline concentrations of hemoglobin

and albumin were significantly lower in patients with a NT-proBNP variability value

of ≥ 0.27 (p = 0.01 and < 0.02, respectively). Correspondingly, patients with high

NT-proBNP variability had a lower left ventricular ejection fraction (p = 0.02).

Correlations between NT-proBNP variability and the outcomes

Over a median follow-up period of 22 (interquartile range = 14–36) months, there

were50 (36.8%) major adverse renal and cardiac events occurred and 60 cases of

incident repeated hospitalization for heart failure or all cause death.The incidence of

the primary outcomes significantly increased in the higher NT-proBNP variability
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group compared with lower group as shown in table 2.

The predictive value of NT-proBNP variability in regards to the primary and

secondary endpoint of this study was calculated by the area under the receiver

operating characteristic curve (ROC-AUC), as shown in Fig3,5. Compared with

average NT-proBNP level, NT-proBNP variability had reasonable accuracy as a

predictor of the primary outcomes (AUC = 0.726; 95% CI = 0.640–0.812)and

secondary outcomes (AUC = 0.701; 95% CI = 0.611–0.791).

Kaplan-Meier analysis was used to assess differences in the occurrence of the

primary and secondary outcomes until the follow-up based on NT-proBNP variability

values of < 0.272 and ≥ 0.272. A NT-proBNP variability value of ≥ 0.272 was

significantly associated with a higher prevalence of the major adverse renal and

cardiac events and secondary endpoints until the follow-up (log-rank Mantel-Cox test;

p﹤0.03, see Fig 4,6).

Multivariate Cox regression models were used to identify independent

associations between NT-proBNP variability and elevated risks for the primary

outcomes (Table 3). Model A used age, anemia, hypertension, diabetes mellitus, left

ventricular ejection fraction (LVEF), hypoproteinemia, and baseline eGFR and PCI as

covariates (χ2 = 25.3, p = 0.001). The addition of log10(NT-proBNP) variability as a

continuous variable to the same covariates as used in model A improved the overall

strength of model B (χ2 = 29.2, p = 0.001). In model C, NT-proBNP variability was

applied as a categorical variable to the same covariates as used in model A

(NT-proBNP variability ≥ 0.27 OR < 0.27), which resulted in a similar model strength
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as Model B (χ2 = 27.1, p = 0.001).

Discussion

The key finding of this study include the following: first, higher fluctuations in

NT-proBNP levels of patients with CRS type 2 was associated with greater risks for

the major adverse outcomes of acute kidney disease, nonfatal myocardial infarction,

cardiac death ,stroke ,maintenance hemodialysis, repeated hospitalization for heart

failure and all cause death. second, ROC analysis demonstrated that NT-proBNP

variability , rather than average NT-proBNP level,was highly predictive of the major

adverse renal and cardiac events, repeated hospitalization for heart failure or all cause

death, with an optimal cutoff of ≥ 0.272. The results of Kaplan-Meier analysis found

that patients with NT-proBNP variability of ≥ 0.272 were at a significantly greater risk

of the adverse outcomes. Multivariate Cox regression models demonstrated that this

correlation was independent from other important risk factors. Taken together, these

results confirmed independent associations between NT-proBNP variability and the

occurrence of major adverse renal and cardiac events, repeated hospitalization for

heart failure and all cause death.

Previous studies have demonstrated that NT-proBNP can be used as a biomarker

for the diagnosis, prognosis, risk stratification, and therapeutic effect assessment of

patients with HF [18,19]. In patients without CKD, NT-proBNP is a major

independent prognostic factor for HF. In addition, several studies that investigated the

relationship between circulating NT-proBNP concentrations and mortality risk
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reported that for every 500-ng/mL increase in baseline NT-proBNP levels, there is a

corresponding 3.8% relative increase in the risk of death after adjustment for other

traditional risk factors [20]. Among patients with baseline NT-proBNP levels greater

than the median value, there was a two-fold increase in the risk of cardiovascular and

all-cause mortality as compared with those with baseline levels less than the median

value [21]. A dramatic decrease in NT-proBNP levels by at least 30% has been shown

to significantly decrease the risks of hospital readmission and death [22]. As such,

NT-proBNP-guided treatment of HF is an important intervention. The results of the

Christchurch New Zealand pilot trial suggested that NT-proBNP-guided treatment of

HF reduced the incidence of total cardiovascular events (death, hospitalization, and

HF decompensation) and delayed the time to a first event as compared with intensive

clinically guided therapy [23]. However, larger trials, such as the STARBRITE,

TIME-CHF, and PRIMA studies, failed to show a clear advantage of NT-BNP-guided

therapy [24-26]. The generalizability of these trial results has, however, been called

into question because of the usual exclusion of patients with renal failure. The results

of the present study showed that a NT-proBNP variability value of ≥ 0.272 was a

strong and independent risk factor for the adverse outcomes after adjusting for age,

anemia, hypertension, diabetes mellitus, LVEF, hypoproteinemia, and baseline eGFR

and PCI, in accordance with the findings of previous studies. Hence, the results of the

current study may have relevant clinical implications. Calculation of a threshold using

the NT-proBNP variability ROC curve for adverse outcomes resulted in a cut-off

value for NT-proBNP variability of ≥ 0.272 to identify patients at risk for CHF with
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CKD, which might be extremely important information for clinical management.

Although maintaining stable NT-proBNP levels over time is recommended, the usual

pattern is that NT-proBNP concentrations decrease and then increase. However, it

remains controversial whether such fluctuations affect the prognosis of CHF with

CKD. Here, a review of the data of 136 patients with CRS type 2 found that high

NT-proBNP variability was associated with a significant increase in the risk of major

adverse renal and cardiac events, repeated hospitalization for heart failure and all

cause death.

The results of this study showed that NT-proBNP variability might serve as a

pre-interventional highly predictive biomarker for adverse outcomes (acute kidney

disease, nonfatal myocardial infarction, cardiac death ,stroke or maintenance

hemodialysis). Patients at high risk for adverse outcomes based on NT-proBNP

variability before intervention may need a much closer follow-up, as compared to low

risk patients. Repeated NT-proBNP measurements seem to be very meaningful for

CRS type 2 patients, thus clinicians may need to pay more attention to such patients

with high NT-proBNP variability.

There may be potential limitations to this study when interpreting these findings.

First, this study was based on data from a single center and the sample size was

relatively small. Hence, further studies of multicenter data are needed to enhance the

validity of these results. Second, this study was retrospective and the reasons for the

dropping-out of some patients were missing, which could lead to biased results. Third,

other biomarkers, such as serum troponins and cystatin C, which are considered to
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predict outcomes, were not assessed in this study. Therefore, future studies should

also include more traditional biomarkers.

In conclusion, NT-proBNP variability was an important prognostic marker of

patients with CRS type 2. High NT-proBNP variability was strongly predictive of a

worse outcome and provided an independent prognostic value beyond that of relevant

risk factors, including eGFR. However, further investigations are needed to validate

the additional benefits of evaluating NT-proBNP variability for the prediction of

long-term adverse outcomes in patients with CRS type 2.
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Fig. 1. Flow diagram of included and excluded patients in the study.

Fig. 2. Distributions of log10(NT-proBNP) and log10(NT-proBNP) variability values.

Fig. 3. ROC curve of the Log10(NT-proBNP) variability and mean

Log10(NT-proBNP) as test variable and primary outcome.

Fig. 4. Kaplan-Meier curves comparing freedom from primary outcomes vs.

log10(NT-proBNP) variability in patients with CRS type 2.

Fig. 5. ROC curve of log10(NT-proBNP) variability and mean Log10(NT-proBNP) as

a test variable and secondary outcomes.

Fig. 6. Kaplan-Meier curves comparing freedom from Secondary outcomes vs.

log10(NT-proBNP) variability in patients with CRS type 2.

Table 1. Baseline clinical characteristics according to NT-proBNP variability

Characteristics NT-proBNP variability

<0.27 (n = 67)

NT-proBNP variability

≥0.27(n = 69)

p

Age (years) 74.3±11.7 75.9±9.9 0.387

Males, n (%) 36(52.2) 31(44.9) 0.394

BMI (kg/m2) 23.0±3.3 23.2±3.2 0.57

Hypertension, n (%) 51(73.9) 55(79.7) 0.42

Cerebrovascular disease, n

(%)

16(23.2) 9(13.0) 0.12

Diabetes, n (%) 24(38.1) 32(50..8) 0.15

COPD, n (%) 10(14.5) 14(20.3) 0.37

AF, n (%) 21(33.3 ) 29(42.0) 0.16
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NYHA ≥III, n (%) 58(84.1 ) 56(81.1 ) 0.65

LVEF (%) 52.5±10.7 48.2±10.2 0.02

Creatinine (mg/dL) 1.66±0.73 1.60±0.77 0.63

eGFR (mL/min/1.73 m2) 43.9±14.3 44.6±12.6 0.76

SBP (mmHg) 133.8±29.8 133.5±23.0 0.95

DBP (mmHg) 76.1±18.0 75.7±14.6 0.89

Hb (g/L) 123.8±20.9 112.6±26.6 <0.01

Alb (g/l) 37.7±4.5 35.8±4.7 <0.02

ACEI or ARB, n (%) 56( 81.2) 55( 79.7) 0.83

β-Blocker, n (%) 53( 76.6) 52( 75.4) 0.89

spironolactone, n (%) 54( 78.2) 50( 72.5) 0.43

Loop diuretic, n (%) 60( 86.9) 57( 85.1) 0.42

PCI, n (%) 24( 34.7) 27( 39.1) 0.59

NT-proBNP (pg/mL) 3678(1535,7650) 3035( 1515,6669) 0.46

Log10(NT-proBNP) 3.48±0.61 3.47±0.57 0.94

Notes: Continuous variables (age, BMI, LVEF, creatinine, eGFR, SBP, DBP, Hb, Alb,
log10(NT-proBNP), and NT-proBNP) are expressed as the mean (±SD) or median
(interquartile range), and categorical variables (men, hypertension, diabetes,
cerebrovascular disease, COPD, liver disease, AF, cancer, NYHA ≥ III, ACEI or ARB,
β-blockers, spironolactone, loop diuretic, and PCI) are expressed as counts and
percentages.

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation;
Alb, albumin; ARB, angiotensin II receptor blockers; BMI, body mass index; COPD,
chronic obstructive pulmonary disease; DBP, diastolic blood pressure; eGFR,
estimated glomerular filtration rate; Hb, hemoglobin; LVEF, left ventricular ejection
fraction; NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York
Heart Association (classification); PCI, percutaneous coronary intervention; SBP,
systolic blood pressure.

Table 2. the number and incidence of primary outcome and second outcome

NT-proBNP variability Low (n= 67) High(n= 69) P
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primary outcome 19(28.4%) 33(47.8%) 0.02

Acute kidney disease 6(8.9%) 9(13.0%) 0.45

Nonfatal myocardial infarction 7(10.4%) 6(8.7%) 0.75

Cardiac death 2(3.0%) 11(15.9%) 0.01

Stroke 2(3.0%) 3(4.3%) 1.0

Dialysis 4(6.0%) 8(11.6%) 0.25

Secondary outcome 24(35.8%) 47(68.1%) 0.001

Repeated hospitalization for heart failure 16(23.9%) 29(42.0%) 0.02

All cause death 8(11.9%) 18(26.1%) 0.03

Table 3. Multivariate Cox regression analysis of the association between

log10(NT-proBNP) variability and the primary outcomes. Model A: age, anemia,

hypertension, diabetes mellitus, LVEF, hypoproteinemia, baseline eGFR and PCI.

Model B: same covariates as model A plus log10(NT-proBNP) variability. Model C:

same covariates as model A plus log10(NT-proBNP) variability as a categorical

variable (≥0.27 and <0.27).

Model A χ2 = 25.337 p = 0.001 B S.E. Wald Sig. Exp(B)

95% CI for Exp(B)

Lower Upper

Age, years 0.016 0.016 0.949 0.330 1.016 0.984 1.048

Anemia (no, yes) -0.359 0.312 1.322 0.250 0.699 0.379 1.288

Hypertension (no, yes) -0.199 0.301 0.438 0.509 0.819 0.454 1.478

diabetes mellitus (no, yes)

LVEF (%)

0.335

0.012

0.301

0.013

1.240

0.938

0.266

0.333

1.397

1.012

0.775 2.519

0.987 1.038

Hypoproteinemia (no, yes) 0.869 0.390 4.974 0.026 2.384 1.111 5.115

Baseline eGFR, mL/min/1.73 m2 -0.019 0.013 2.342 0.126 0.981 0.957 1.005

PCI (no, yes) -0.962 0.294 10.675 0.001 0.382 0.215 0.681
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Fig1

Model B χ2 = 29.217 p = 0.001 B S.E. Wald Sig. Exp(B)

95% CI for Exp(B)

Lower Upper

Log10(NT-proBNP) variability 0.660 0.320 4.262 0.039 1.935 1.034 3.622

Age, years 0.020 0.016 1.588 0.208 1.020 0.989 1.052

Anemia (no, yes) -0.359 0.315 1.292 0.255 0.699 0.377 1.298

Hypertension (no, yes) -0.172 0.301 0.328 0.568 0.842 0.467 1.518

diabetes mellitus (no, yes)

LVEF (%)

0.425

0.017

0.305

0.013

1.930

1.759

0.166

0.185

1.530

1.017

0.841 2.783

0.992 1.044

Hypoproteinemia (no, yes) 0.667 0.400 2.773 0.096 1.948 0.889 4.270

Baseline eGFR, mL/min/1.73 m2 -0.019 0.013 2.399 0.126 0.980 0.955 1.005

PCI (no, yes) -0.924 0.299 9.575 0.002 0.392 0.225 0.711

Model C χ2 = 27.057 p = 0.001 B S.E. Wald Sig. Exp(B)

95% CI for Exp(B)

Lower Upper

Log10(NT-proBNP) variability（≥

0.27 OR <0.27）

1.243 0.440 7.982 0.01 3.467 1.463 8.215

Age, years 0.019 0.016 1.406 0.236 1.019 0.988 1.058

Anemia (no, yes) -0.355 0.315 1.269 0.265 0.702 0.378 1.306

Hypertension (no, yes) -0.183 0.301 0.369 0.543 0.833 0.464 1.508

diabetes mellitus (no, yes)

LVEF (%)

0.335

0.018

0.301

0.013

1.240

1.823

0.266

0.177

1.397

1.018

0.775 2.519

0.992 1.044

Hypoproteinemia (no, yes) 0.709 0.401 3.136 0.077 2.033 0.927 4.459

Baseline eGFR, mL/min/1.73 m2 -0.020 0.014 2.432 0.119 0.980 0.956 1.007

PCI (no, yes) -0.940 0.294 9.955 0.002 0.391 0.219 0.701
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Fig2

Fig3
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Fig4
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Fig5

Fig6



Figures

Figure 1

Flow diagram of included and excluded patients in the study.



Figure 2

Distributions of log10(NT-proBNP) and log10(NT-proBNP) variability values.



Figure 3

ROC curve of the Log10(NT-proBNP) variability and mean Log10(NT-proBNP) as test variable and primary
outcome.



Figure 4

Kaplan-Meier curves comparing freedom from primary outcomes vs. log10(NT-proBNP) variability in
patients with CRS type 2.



Figure 5

ROC curve of log10(NT-proBNP) variability and mean Log10(NT-proBNP) as a test variable and secondary
outcomes.



Figure 6

Kaplan-Meier curves comparing freedom from Secondary outcomes vs. log10(NT-proBNP) variability in
patients with CRS type 2.


