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Continuous renal replacement therapy (CRRT) is a dialysis modality used to treat patients with severe
acute kidney injury. Nevertheless, there is limited information on the predictors of weaning from CRRT.
The present study examined whether the N-terminal prohormone of brain natriuretic peptide (NT-proBNP)
can predict weaning from CRRT, based on the fact that this cardiac neurohormone is known to predict
kidney dysfunction. Plasma NT-proBNP and several other baseline parameters at the time of starting
CRRT were retrieved from 160 patients. The odds ratio (OR) for weaning from the CRRT within two weeks
was calculated using a multivariate stepwise logistic model. We calculated the cut off value predicting
weaning outcome by using the receiver operating characteristic curve and corresponding Youden index,
and then divided patients into high (n = 74) and low (n = 86) NT-proBNP groups. The high NT-proBNP
group had a lower weaning rate than the low NT-proBNP group [adjusted OR, 0.36 (0.170-0.756); P =
0.007]. We additionally found other predictors of weaning, such as sex, serum creatinine, urine output, and
the score from the Acute Physiology and Chronic Health Evaluation, but all of these were not better than
NT-proBNP in the predictability of weaning outcome. Neutrophil gelatinase-associated lipocalin, a well-
known biomarker of acute kidney injury and originating from kidney, was not related with the CRRT
weaning, which indicated the usefulness of NT-proBNP in the cases of CRRT despite originating from
heart. The present study addresses the potential of NT-proBNP as an independent predictor of weaning

from CRRT.
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Introduction

Continuous renal replacement therapy (CRRT) is one
of the dialysis modalities used to treat critically ill patients,
particularly those with severe acute kidney injury (AKI).
CRRT can easily control biochemical imbalances due to
AKI. Because of this therapeutic efficiency and the increas-
ing incidence of AKI, the use of CRRT has increased over
the past few years (Hoste and Schurgers 2008). However,
despite the wide use of CRRT, several issues, such as the
worse outcome of AKI and an increasing prevalence of
elderly patients and patients with multiple comorbidities
(Turney 1996; Bagshaw et al. 2009), result in high morbid-
ity and mortality in patients undergoing CRRT.
Furthermore, CRRT has a limitation in the context of its
economic burden to patients (Kidney Disease: Improving
Global Outcomes (KDIGO) Acute Kidney Injury Work
Group 2012). These features indicate that researchers need
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to study patients commencing CRRT to better understand
CRRT-related factors and improve their outcomes, but such
research has been relatively limited. In particular, there are
no established guidelines for the initiation of or weaning
from CRRT. This is different from the issue of mechanical
ventilation, which has been studied in many multicenter
randomized trials and for which several international con-
sensus guidelines exist (Finkel and Podoll 2009). In this
respect, further data on the use of CRRT are needed to give
relevant information to clinicians.

Natriuretic peptide is a cardiac neurohormone originat-
ing from ventricular myocytes that is released in response
to ventricular dysfunction and increased myocardial stress
(Kinnunen et al. 1993). The natriuretic peptides released
are divided into two subtypes: the biologically inert amino-
terminal fragment, called N-terminal prohormone of brain
natriuretic peptide (NT-proBNP), and the biologically
active BNP. NT-proBNP is more stable, has a longer half-
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life, and may be a better biomarker for heart failure than
BNP (Panteghini and Clerico 2004). Accordingly,
NT-proBNP has been widely investigated in the field of
heart disease (James et al. 2003; Pfister et al. 2008).
Intriguingly, NT-proBNP also has predictive value for dis-
eases of other organs, including kidney dysfunction (Colbert
et al. 2015). Its predictive value is useful for determining
both the outcomes of critically ill patients (Christenson
2008) and for the likelihood of being weaned from mechan-
ical ventilation (Determann et al. 2013). However, the rela-
tionship between NT-proBNP and the weaning from CRRT
has not been examined. We herein sought to address
whether the NT-proBNP level at the time of starting CRRT
can predict weaning from CRRT, using a prospectively
recruited cohort. Furthermore, we compared the predictive
value of NT-proBNP with that of plasma neutrophil gelatin-
ase-associated lipocalin (NGAL), which is a well-known
biomarker of AKI (Devarajan 2010).

Methods

Participants and data collection

Data on patients commencing CRRT were obtained retrospec-
tively from a prospectively recruited cohort from a tertiary referral
center (Seoul National University Hospital). The inclusion criteria
were as follows: CRRT was needed due to severe AKI and the
patient’s age was 18 years or older. Accordingly, a total of 669
patients were enrolled at the start of CRRT between May 2010 and
September 2013. All of the patients who participated in the present
study provided informed consent and agreed to undergo the baseline
clinical and laboratory examination in adherence to the study proto-
col. Among these patients, the measurement of the NT-proBNP level
was available for 257 patients, all of whom provided written informed
consent for the donation and use of their blood in the present study.
We excluded patients who were previously diagnosed with end-stage
renal disease or who had received dialysis before enrollment (n = 97).
Consequently, 160 patients were analyzed for the present study.

Clinical parameters, such as patient age, sex, weight, cause of
AKI, dialysis dose, the need for mechanical ventilation, the use of
vasoactive drugs, and the underlying chronic kidney disease, were
recorded at the start of CRRT. The causes of AKI were divided into
sepsis, surgery, nephrotoxins, and others. Information on comorbidi-
ties was collected and was presented as the Charlson Comorbidity
Index (Charlson et al. 1987). The Acute Physiology and Chronic
Health Evaluation (APACHE) II score was calculated to quantita-
tively assess each patient’s status (Knaus et al. 1985). Blood parame-
ters such as the hemoglobin, blood urea nitrogen, creatinine, albumin,
and sodium levels were measured, and the urine output data during
the first two hours of CRRT were recorded. The target dose at the
time of initiating CRRT was determined based on each patient’s state.
The plasma NT-proBNP and NGAL levels were measured using an
electrochemiluminescence immunoassay (Cobas E 411 Analyzer,
Roche Diagnostics, Mannheim, Germany) and an enzyme-linked
immunosorbent assay (R&D Systems, Minneapolis, MN, USA),
respectively. For NT-proBNP, the maximum measurable value was
35,000 pg/mL. There were no missing data for any of the variables.
The primary outcome was weaning from CRRT within two weeks.
The reason of stopping CRRT was due to the complete or partial
recovery from AKI. All patients were followed until death or hospital

discharge.

The study protocol complied with the Declaration of Helsinki
and received full approval from the institutional review board of
Seoul National University Hospital (no. H-1412-031-631).

Statistical analysis

The data are presented as the means + standard deviations for
the continuous variables and as the proportions for the categorical
variables. The variables with non-normal distributions are expressed
as the medians [interquartile range (IQR)] based on variable distribu-
tions using histograms. The chi-squared test was used to compare
categorical variables. The comparisons between normally and non-
normally distributed continuous variables were performed using
Student’s t-test and Mann-Whitney U test, respectively. We divided
patients into high and low NT-proBNP groups, according to the best
level related with the outcome. To find the best NT-proBNP level
predicting weaning from CRRT, we used the Youden index of the
receiver operating characteristic (ROC) curve (Youden 1950).
Cumulative weaning curves were drawn using the Kaplan-Meier
method. To compare the curves between the groups, the log-rank test
was initially applied. To calculate the odds ratios (ORs) of the out-
come, the logistic regression model was used with and without adjust-
ments for the covariates. Covariates with non-normal distributions
were adjusted after dividing the patients into two groups by median
value. In the multivariate models, a backward stepwise selection
method was used to prevent co-linearity among significant predictors.
Cox proportional hazard model was also applied to calculate hazard
ratio. The discrimination of predicting the CRRT weaning between
parameters was assessed by calculating the area under the curve
(AUC) of ROC. The comparison of AUCs was tested using a method
described by DeLong et al. (1988). A value of P < 0.05 was consid-
ered significant. All analyses and calculations were performed using
the SPSS software (version 21.0, IBM Corp., Chicago, IL, USA).

Results

Baseline characteristics

The baseline characteristics of the patients are shown
in Table 1. For the 160 subjects, the mean age was 64
years. All of the subjects were of Asian descent.
Approximately half of the patients received CRRT because
of sepsis. The patients were weaned from CRRT after a
median period of four days (IQR, 3-8 days).

Relationship between NT-proBNP and weaning from CRRT

Fig. 1 shows the histogram for the NT-proBNP at the
time of starting CRRT. Forty-three patients (26.9%) had
NT-proBNP levels > 35,000 pg/mL. Based on this skewed
distribution, we divided the patients into high and low
NT-proBNP groups. The dividing point (15,767 pg/mL)
was calculated using the Youden’s index (Fig. 2). The base-
line characteristics of the high and low NT-proBNP groups
are shown in the Table 1. The two groups had similar base-
line characteristics including the severity of illness and
NGAL level. With regard to the outcome, the length of
hospital stay was not different between the two groups: 11
days (IQR, 3-31 days) in the low level group and 10 days
(IQR, 3-27 days) in the high level group; P = 0.857.
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Table 1. Baseline characteristics of study subjects.

NT-proBNP level

Total Low group High group
(n=160) (n=286) (n=174) r

Age (years) 64.1+15.42 63.5+15.19 64.8 +15.75 0.576
Male sex (%) 59.4 60.5 58.1 0.762
Body weight (kg) 63.1+11.39 63.4+11.80 62.7+10.96 0.729
Septic acute kidney injury (%) 53.1 58.1 47.3 0.171
Use of vasoactive drugs (%) 78.8 76.7 81.1 0.504
Chronic kidney disease (%) 44 .4 43.0 459 0.711
Charlson Comorbidity Index 2.8+1.97 2.6+2.04 3.0+1.88 0.155
APACHE II score 29.3 +8.78 29.2+9.76 29.5+7.54 0.859
Hemoglobin (g/dL) 9.7+2.11 9.8+£2.29 9.6+ 1.90 0.598
Blood urea nitrogen (mg/dL)* 54 (35.5-82.0) 53 (40.0-82.0) 57 (32.0-83.3) 0.902
Creatinine (mg/dL)* 2.9(1.91-3.81) 2.9 (1.89-3.78) 3.1(2.02-3.92) 0.542
Albumin (g/dL) 2.6+0.52 2.6 +0.59 2.6+0.42 0.781
Sodium (mmol/L) 135.5+7.76 135.8+6.79 135.1+£8.78 0.563
Urine output (mL/2 hours)* 20 (0-70) 20 (0-56) 25 (4-80) 0.331
Target dose (%) 0.262

< 40 mL/kg/hour 75.6 72.1 79.7

> 40 mL/kg/hour 24.4 27.9 20.3

NGAL (ng/mL)* 453.5 (256.3-858.6)
Duration of weaning CRRT

(days)*

4(3-8)

441.4 (239.1-850.3)

465.9 (260.3-895.9)  0.493

4 (2-6) 5(3-9) 0.022

*Data are expressed as the median (interquartile range) when the distribution of data was skewed.
Target doses at the time of initiating CRRT were established based on the patients’ clinical states.
NT-proBNP, N-terminal prohormone of brain natriuretic peptide; APACHE, Acute Physiology and
Chronic Health Evaluation; NGAL, neutrophil gelatinase-associated lipocalin; CRRT, continuous

renal replacement therapy.

Additionally, the two groups had similar in-hospital mortal-
ity rates: the OR in the high vs. low group was 1.42 (0.707-
2.866) (P =0.322).

We compared the Kaplan-Meier curves of the weaning
rates between the high and low NT-proBNP groups (Fig.
3A). As aresult, patients with low NT-proBNP levels were
more likely to be weaned from CRRT than those with high
levels (P = 0.002). Subsequently, we constructed logistic
regression models to determine whether NT-proBNP signif-
icantly predicts the weaning from CRRT under the effects
of other covariates (Table 2). In the univariate model, four
parameters, including the NT-proBNP, use of vasoactive
drugs, APACHE score, and urine output, were found to be
significant predictors of weaning. After adjusting for
covariates, the NT-proBNP, APACHE score, and urine out-
put were still related with weaning from CRRT. The patient
sex and creatinine level were additionally found to be sig-
nificant predictors. In particular, the high NT-proBNP
group had a 63% lower chance of weaning than the low

NT-proBNP group. Although the weaning was determined
at different timeframes, the predictability of NT-proBNP
remained significant: adjusted ORs were 0.43 (0.194-0.949)
and 0.46 (0.217-0.983) for 1 and 3 weeks, respectively (all
Ps < 0.05). When Cox proportional hazard model was
applied, the adjusted hazard ratio of the weaning was 0.45
(0.266-0.752) (P = 0.002), which confirms the results from
our initial analysis. However, the NGAL level was not
related with the weaning from CRRT in either the univari-
ate or multivariate model, as shown in Fig. 3B.

Based on these results, we compared the area under
the ROC curves for predicting CRRT weaning between sig-
nificant continuous parameters (Table 3). The AUC of
NT-proBNP was calculated as 0.579 (0.489-0.669); this
value did not differ from the AUCs of other parameters,
such as serum creatinine, urine output, and APACHE II
score (all Ps > 0.5). The best model for predicting CRRT
weaning was one that included NT-proBNP in addition to
serum creatinine, urine output, and APACHE II score.
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Fig. 1. A histogram of the NT-proBNP levels.
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Fig. 2. Receiver operating characteristic curve depending on
the value of NT-proBNP. The arrow indicates the best
cut-off level for predicting weaning from continuous re-
nal replacement therapy.

We further compared the survival rates between the
weaning and non-weaning groups. As shown in Fig. 4, the
survival rates were significantly different between two
groups (P < 0.001). Hazard ratio of mortality was 15.96
(9.361-27.221) in the non-weaning group compared with
the weaning group (P < 0.001).

Sensitivity analysis
The present weaning outcome might have been
affected by the patients’ mortality itself, as follows: if a

case having a high weaning possibility died before wean-
ing, the weaning predictability would have been altered.
Accordingly, we conducted a sensitivity analysis that
included only the surviving patients after weaning (n = 78).
As a result, the high NT-proBNP group had a lower likeli-
hood of weaning from CRRT than the low group: OR, 0.27
(0.081-0.884); P = 0.031. A multivariate logistic model
showed that only two parameters, the NT-proBNP level and
sex, were significant predictors: the OR of the high vs. low
NT-proBNP groups was 0.20 (0.057-0.727) and the OR of
females vs. males was 5.20 (1.236-21.903).

NT-proBNP is secreted from myocytes (Kinnunen et
al. 1993). Thus, the NT-proBNP levels mainly reflect heart
function (James et al. 2003; Pfister et al. 2008) even though
relationships with other organ functions also exist (Medina
et al. 2011; Colbert et al. 2015). Accordingly, heart func-
tion can affect the relationship between the NT-proBNP
level and weaning outcome. To avoid the interaction of the
heart function, we reviewed the echocardiographic data on
the ejection fractions, all of which were examined at the
time of starting CRRT (n = 130), and we additionally
adjusted for the ejection fraction in the logistic models.
The ejection fraction (49.0% = 14.67%) in the high
NT-proBNP group was lower than that in the low group
(57.1% £ 11.86%) (P =0.001). When we included the ejec-
tion fraction in the multivariate model shown in Table 2, the
NT-proBNP remained significant: the OR of the high vs.
low groups was 0.36 (0.162-0.783) (P = 0.010). However,
the ejection fraction was not related with the predictability
of the weaning outcome.

Discussion

CRRT is an important treatment option, particularly
for patients with a shutdown of kidney function. Despite
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Fig. 3. Kaplan-Meier curves for the weaning outcome in the high and low level groups. (A), NT-proBNP; (B), NGAL.

Table 2. Predictability of weaning from continuous renal replacement therapy.

Univariate Multivariate

Variables OR (95% CI) P OR (95% CI) P
Age (per 1 year) 0.99 (0.971-1.011) 0.382

Male sex (vs. female) 0.56 (0.292-1.063) 0.076 0.36 (0.165-0.772) 0.009
Body weight (per 1 kg) 0.99 (0.958-1.014) 0.315

Septic acute kidney injury (vs. others) 0.86 (0.454-1.618) 0.634

Use of vasoactive drugs (vs. none) 0.36 (0.167-0.788) 0.010

Chronic kidney disease (vs. none) 1.24 (0.656-2.350) 0.506

Charlson Comorbidity Index (per 1 score) 0.92 (0.778-1.081) 0.301

APACHE II score (per 1 score) 0.92 (0.880-0.963)  <0.001 0.91 (0.862-0.956)  <0.001
Hemoglobin (per 1 g/dL) 1.01 (0.872-1.177) 0.865

High blood urea nitrogen (vs. low) 1.12 (0.595-2.118) 0.720

High creatinine (vs. low) 1.79 (0.941-3.396) 0.076 3.15 (1.447-6.871) 0.004
Albumin (per 1 g/dL) 1.50 (0.804-2.808) 0.202

Sodium (per 1 mmol/L) 1.00 (0.960-1.042) 0.992

High NGAL (vs. low) 0.95 (0.503-1.790) 0.871

High urine output (vs. low) 2.32(1.209-4.434) 0.011 2.78 (1.324-5.857) 0.007
Target dose of > 40 mL/kg/hour (vs. <40) 1.45 (0.698-3.003) 0.320

High NT-proBNP (vs. low) 0.46 (0.241-0.893) 0.021 0.37(0.178-0.787) 0.010

The ranges of categorized covariates are as follows (units are skipped): blood urea nitrogen, 8 to
53 (low) vs. 54 to 157 (high); creatinine, 0.57 to 2.92 (low) vs. 2.96 to 17.36 (high); NGAL, 11.3
to 450.6 (low) vs. 456.3 to 8,459.0 (high); urine output, 0 to 20 (low) vs. 25 to 750 (high); target
dose of dialysis, 20 to 40 vs. 50 to 100; and NT-proBNP, 14.4 to 15,680.0 (low) vs. 15,767.0 to

> 35,000.0 (high).

OR, odds ratio; CI, confidence interval; APACHE, Acute Physiology and Chronic Health Evalua-
tion; NGAL, neutrophil gelatinase-associated lipocalin; NT-proBNP, N-terminal prohormone of

brain natriuretic peptide.

CRRT’s necessity in clinical practice, weaning-related fac-
tors for CRRT have not been thoroughly studied. With this
regard, the present study has clinical implications for the
following issues. First, the present data are the first report
of the relationship between the NT-proBNP level at the start
of CRRT and the weaning outcome. Second, this relation-

ship was not affected by other outcomes such as length of
hospital stay and mortality. Third, neither NGAL (a well-
known biomarker of AKI) nor heart function (showing a
similar trend to NT-proBNP in patients with heart disease)
predicted the weaning from CRRT.

Many parameters for the weaning from mechanical
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Table 3. Area under the receiver operating characteristic curves for predicting wean-
ing from continuous renal replacement therapy.

NT-proBNP

Serum creatinine

Urine output

APACHE II score
CrtUO+APACHE
NT-proBNP+Cr+UO+APACHE

AUC (95% CI) P
0.579 (0.489-0.669) Reference
0.589 (0.498-0.681) 0.875
0.634 (0.549-0.720) 0.393
0.663 (0.580-0.746) 0.163
0.680 (0.598-0.762) 0.092
0.701 (0.619-0.782) 0.007

NT-proBNP, N-terminal prohormone of brain natriuretic peptide; APACHE, Acute
Physiology and Chronic Health Evaluation; Cr, creatinine; UO, urine output.
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Fig. 4. Survival curves from the weaning and non-weaning groups from the continuous
renal replacement therapy. Black, weaning group; Gray, non-weaning group.

ventilation have been revealed, ranging from the patient’s
baseline characteristics to ventilator-related issues (Thille et
al. 2013). In particular, some studies have focused on the
role of NT-proBNP in the weaning from mechanical venti-
lation (Determann et al. 2013; Zhang et al. 2014). In con-
trast to efforts in the field of mechanical ventilation, few
studies have been conducted regarding the CRRT weaning
(Uchino et al. 2009; Heise et al. 2012). A previous obser-
vational study has found that both the urine output and
serum creatinine level at the time of CRRT discontinuation
were associated with a low risk of repeat CRRT (Uchino et
al. 2009). Another observational study has revealed that
previous CRRT cycles, the Sequential Organ Failure
Assessment score, and urine output after cessation of CRRT
affected the outcome of CRRT-free interval (Heise et al.
2012). These studies focused on the factors observed dur-
ing CRRT or at the end of CRRT, not at the initiation of
CRRT. The present study sought to address the predictors
at the time of starting CRRT, and found that the NT-proBNP

level was significant, in addition to previously known fac-
tors, including the urine output and severity of illness. We
suggest that assessing these factors at the beginning of
CRRT may provide more relevant information to clinicians
than assessments made at other times.

The relationship between the NT-proBNP level and
weaning from CRRT can potentially be explained by fol-
lowing mechanisms. Due to its origin, a high NT-proBNP
level is associated with fluid overload (Paniagua et al.
2010). This issue is critical because fluid overload is a
direct target of CRRT and also affects the outcome and effi-
ciency of CRRT (Pannu and Gibney 2005; Vaara et al.
2012). Second, the high NT-proBNP level reflects cardiac
dysfunction (James et al. 2003; Pfister et al. 2008), which
may affect the weaning outcome because cardiac recovery
leads to the early recovery of kidney function (Cruz 2013).
However, our analysis showed that the effect of NT-proBNP
on the weaning outcome was independent of and greater
than that of cardiac functions. This suggests that the



NT-proBNP and CRRT

NT-proBNP level may be a composite marker of the dys-
function of several organs. In particular, NT-proBNP is
related with the kidney function (Colbert et al. 2015).
However, the predictability of NT-proBNP in the present
study remained significant irrespective of kidney function,
such as urine output. All of these issues support the prog-
nostic importance of NT-proBNP for the weaning from
CRRT.

NGAL is a representative biomarker for early AKI,
and thus, several studies have examined the prognostic
value of NGAL in patients with AKI (Devarajan 2010; van
Deursen et al. 2014). However, the present study did not
find any relationship between NGAL and weaning from
CRRT. This may be because we enrolled only patients with
severe AKI, which led to a skewed distribution in the con-
text of kidney function. Although we did not assess other
biomarkers of AKI, such as kidney injury molecule-1 or
N-acetyl-f-D-glucosaminidase, certain procedures or clini-
cal status (i.e., status of CRRT) require clinicians to con-
sider several factors not originating from kidney, and a
notable example may be the NT-proBNP.

Although the present data are informative, this study
has some limitations. First, the study design involved
observing correlations, and this precluded us from drawing
conclusions based on causality. However, the main aim of
the present study was to determine the relationship itself.
Thus, the current design does not significantly hamper this
aim. Second, we did not retrieve important variables (e.g.,
the weaning method and the change of each parameter),
which could affect the overall outcome. Third, the single
center design requires that the data be validated in other
cohorts. Despite this limitation, it is meaningful that the
present results can form a basis for later studies focusing
the role of NT-proBNP or the weaning-related factors for
CRRT.

Data on the CRRT-related factors, including weaning,
have been under-evaluated. This issue should be much
evaluated because successful weaning affects the patient’s
outcome including survival. In this regard, it may be a
great concern that NT-proBNP is a weaning-related factor.
Future follow-up studies are needed to support the present
findings and to address additional issues related with CRRT,
all of which can eventually improve the clinical outcomes
of CRRT.
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