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Background: The aim of this study is to examine whether plasma N-terminal pro-B-type natriuretic
peptide (NT-proBNP) concentration could predict fluid responsiveness in septic shock patients following
fluid challenge (FC).

Methods: We reviewed prospectively collected data from 79 septic shock patients who received invasive
cardiac output (CO) monitoring following a 500 mL FC. Haemodynamics were recorded, and blood
sampling for NT-proBNP values was performed. Patients were divided into responders and non-responders
according to fluid responsiveness, which was defined as cardiac index (CI) increase >10% induced by FC.
The NT-proBNP and the CI changes were analysed using Pearson correlation. The area under the curve
(AUC) for NT-proBNP was used to test its ability to distinguish responders and non-responders. Subgroup
analyses were also explored.

Results: Among 79 patients, there were 55 responders. High NT-proBNP values were common in the
study cohort. Baseline NT-proBNP values were comparable between responders and non-responders. In
general, NT-proBNP values were not significantly correlated with CI changes after FC (r=-0.104, P=0.361).
Similarly, the NT-proBNP baseline values could not identify responders to FC with an AUC of 0.508 (95%
confidence interval, 0.369-0.647). This result was further confirmed in the subgroup analyses.
Conclusions: Baseline NT-proBNP concentration value may not serve as an indicator of fluid

responsiveness in patients with septic shock and should not be an indicator to withhold fluid loading.
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Introduction critically ill patients (4). Therefore, much attention is

being paid to the assessment of fluid responsiveness, i.e.,

Fluid resuscitation is an important component in the
management of septic shock (1,2). However, only
40-50% of patients with unstable haemodynamics
can benefit from fluid therapy (3). On the other hand,

fluid overload is associated with increased mortality in
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the response of cardiac output (CO) or stroke volume
(SV) to fluid challenge (FC). Although various methods
have been evaluated independently as predictors of fluid
responsiveness (5), FC remains the most commonly used in
clinical practice (6).
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The N-terminal pro-B-type natriuretic peptide (NT-
proBNP), a biologically inactive cleavage product of
the prohormone BNP, is synthesized and secreted from
ventricular cardiomyocytes into the blood in response to
increased myocardial stretch (7,8). Since both kinds of
BNPs (this term represents either BNP or NT-proBNP
throughout the remainder of the paper) are considerably
higher in patients with acute destabilized heart failure,
testing for BNP levels has been recognized and widely
used for routine clinical diagnostics and management
in the context of heart failure (9). For this reason, when
facing septic shock patients with high plasma BNP levels,
intensivists may also hesitate to give FC, fearing overloaded
cardiac filling and thus the absence of fluid responsiveness
state. Indeed, elevated BNP levels are frequently measured
in patients with septic shock and are considered as an
indicator of sepsis-induced myocardial dysfunction (10,11).
Recently, several studies had examined the prognostic
values of BNP levels and their potential role in guiding fluid
therapy in septic patients (12,13); however, whether BNP
levels have predictive value for fluid responsiveness in septic
shock patients remains questionable.

Several studies on the topic have been published with
conflicting results (14-17). The inclusion of different
patient populations and relatively small numbers of patients
enrolled might compromise the reliability of these results.
In addition, differences related to age, sex, renal function or
other treatment modalities have been identified to influence
plasma BNP values (14-18), thus adding to this discrepancy.

Therefore, to clarify these issues, we performed this
retrospective observational study to examine whether the
knowledge of plasma NT-proBNP concentration could
predict fluid responsiveness in septic shock patients.
Moreover, we further explored the potential confounding
effects on the diagnostic accuracy of NT-proBNP in
predicting fluid responsiveness.

Methods
Study design

This was a respective observation study using data from a
registry clinical trial focusing on the physiological changes
defining fluid responsiveness in patients with septic shock.
The clinical trial was registered at ClinicalTrial.gov
(NCT01941472). Data of some patients have been reported
in previous articles (19). The study protocol was approved
by the Ethical Committee of Peking Union Medical
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College Hospital. Informed consent was waived given the
observational nature of the study.

Patients

Adult patients diagnosed with septic shock who required
CO monitoring during their ICU stay from September
2015 to July 2018 were studied. Septic shock was
defined according to international criteria (20). All these
patients received initial fluid resuscitation [defined as
30 mL/kg of intravenous fluid administered or a central
venous pressure (CVP) of no less than 8 mmHg was
achieved] (2,21). According to the protocol, patients with
evidence of cardiac dysfunction (i.e., acute pulmonary
oedema, acute coronary syndrome or cardiogenic shock),
age less than 18 years, known allergy to colloid fluids,
pregnancy, recent participation in another biomedical study,
a requirement for blood transfusion, and a life expectancy
less than 24 hours were excluded.

Haemodynamic monitoring

Arterial blood pressure was monitored from an arterial
line placed in a radial artery or femoral artery. CVP was
measured with a venous central catheter (CV-15854;
Arrow International, Reading, PA, USA) inserted into
the internal jugular vein. CVP and blood pressure were
measured with a transducer zeroed at the level of the
midaxillary line. Cardiac index (CI) was calculated by the
continuous thermodilution technique in patients equipped
with a pulmonary artery catheter (PAC) device (Swan
Ganz CCOmbo, Edwards Lifesciences, Irvine, CA, USA)
or a pulse-induced contour CO (PiCCO) device (Pulsion
Medical Systems, Munich, Germany). Adequate position
of the PAC was confirmed by haemodynamic waveform
analysis and chest X-ray. The CVP and all PAC-derived
haemodynamic variables were measured at end-expiration.
All the above catheters connected to the pressure transducer
and the IntelliVue Patient Monitor MP70 (Philips Medical
System, Boeblingen, Germany).

FC

The reasons for FC included sepsis-induced hypotension
[systolic blood pressure (SBP) <90 mmHg or mean arterial
pressure (MAP) <65 mmHg or the need for vasopressor
infusion] and the presence of tissue hypoperfusion (including
but not limited to oliguria, skin mottling, cool peripheries,
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altered mental status, hyperlactatemia, and an increased
requirement for catecholamines). For FC, 500 mL of 4%
gelatine [Gelofusine; B. Braun Medical (Suzhou) Company
Limited, Suzhou, China] or 0.9% normal saline were
administered over 5-10 min using a bag pressurized to
300 mmHg. The choice of infusion fluid and the decision
to stop the FC out of safety concerns of the patients were at
the discretion of the treating physicians. An increased in CI
greater than or equal to 10% after FC was defined as fluid
responsiveness.

Data collection

Data on demographics, type of infusion fluid, APACHE
IT score, underlying diseases, the number of organ
dysfunctions and clinical data concerning therapies (e.g.,
respiratory support, renal replacement therapy, inotropic
agents) were collected for all included patients. Plasma N'T-
proBNP levels and creatinine concentrations were obtained
before FC. The detectable range of N'T-proBNP concentration
is 0-35,000 pg/mL. Readings >35,000 pg/mL were recorded
as 35,000 pg/mL. We used the method of Cockeroft and
Gault to estimate glomerular filtration rate (eGFR) (22),
and an eGFR <60 mL/min is defined as impaired renal
function (23). Haemodynamic variables for analysis,
including MAP, heart rate (HR), CI, CVP, pulmonary
arterial wedge pressure (PAWP), and systemic vascular
resistance index (SVRI), were obtained before and within
10 min after FC. Absolute changes (expressed in A) and
relative changes (also expressed in %) in these variables
after FC were also calculated (24).

Statistical analysis

The variables were expressed as the mean value =+ SD or
the median value along with 25-75% interquartile range
(IQR) as appropriate. The D’Agostino-Pearson omnibus
normality test was used to test for normal distribution
before further analysis. Continuous data were analysed
using Student’s #-test or paired #-test. Regarding categorical
data, Chi-Square test, Fisher’s exact tests or Mann-Whitney
test were used. Correlation between variables was assessed
using Pearson’s correlation. Because N'T-proBNP data were
not normally distributed, log NT-proBNP were used in the
correlations. Receiver operating characteristic (ROC) curves
was established for NT-ProBNP levels and changes in MAP,
HR and CVP as indicators of fluid responsiveness. Testing
the potential confounding factors of the discriminative
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performance of NT-ProBNP in fluid responsiveness, we
conducted subgroup analyses as follows: (I) NT-proBNP
levels (<25th, 25th-75th, >75th percentiles); (II) patient age
(ages <50, 50-75, and >75 years); (III) eGFR level (<60 or
>60 mL/min); (IV) type of fluid used (4% gelatine or 0.9%
normal saline); (V) sex; and (VI) haemodynamic monitor
(PAC or PiCCO). Statistical analyses were performed and
plots were generated using MedCalc Statistical Software
version 15.6.1 (Ostend, Belgium). A P value <0.05 was
considered to indicate statistical significance.

Results
Patient characteristics

A total of 79 patients were included. Demographic data are
shown in Table 1. Patients had a mean age of 59 years and a
mean APACHE II score of 25 at enrolment. Fifty-five patients
(69%) were classified as responders. The most common site
of infection was the lung, with an incidence of 67%. There
were no significant differences between the groups in terms of
fluid for FC with 4% gelatine being the most commonly used.
The median FC time was 6.4 min (5.4-8.5 min). Thirty-four
patients (43 %) died during ICU stay.

Haemodynamic characteristics

No complications were observed during FC.
Haemodynamic variables before and after FC are presented
in Table 2. All physiologic parameters were comparable
between the two groups before FC. After FC, we observed
a significant increase in CVP, HR, and PAWP in both
groups, whereas MAP, SBP, and diastolic blood pressure
(DBP) increased significantly in responders but not in non-
responders (P<0.05). For all predefined haemodynamic
variables, changes in values after FC showed very poor
discriminative performance (7able 3).

NT-ProBNP

A wide range of baseline N'T-proBNP levels was observed
(48 to >35,000 pg/mL) with a median log N'T-proBNP
of 3,019 (1,114-10,419) pg/mL for all patients. There
was no difference in median N'T-proBNP levels between
responders and non-responders (log 3,568 versus log
2,856 pg/mL; P=0.915). No significant correlation was
observed between N'T-proBNP and %CI (r=-0.104,
P=0.361) following FC for all patients or when the
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Table 1 Patient characteristics
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Characteristics Responders Non-responders P
Number of patients 55 24
Age (year) 61+16 54+19 0.12
Females, N 17 9 0.75
Body mass index (kg/m?) 1.80+0.15 1.80+0.21 0.97
APACHE Il score 24.6+6.2 27.1+5.8 0.11
Type of fluid, N 0.18
Normal saline 15 11
Gelatin 40 13
Type of patient, N 0.84
Medical 44 18
Surgical 11 6
Source of infection, N 0.83
Lung 39 14
Blood 4 2
Abdomen 3
CNS 1 1
Others 7 4
Plasma creatinine (umol/L) 127 (105.6-146) 92 (65.8-134) 0.178
CPK-MB 1.2 (0.5-3.80) 1.0 (0.5-7.3) 0.87
cTroponin | (pg/mL) 0.164 (0.055-0.631) 0.259 (0.054-3.456) 0.48
NT-ProBNP (ng/mL) 3,568 (1,140-10,419) 2,856 (1,103-10,889) 0.92
Scv0O, 68.7+1.5 68.3+1.0 0.89
Hemodynamic monitor, N 0.55
PAC 44 17
PiCCO 11 7
Type of vasopressor, N
Noradrenaline 55 24
Epinephrine 5 4 0.77
Dobutamine 2 0 0.87
Vasopressor dose (ug/kg/min)
Norepinephrine 0.94+0.84 0.91+0.70 0.88
Epinephrine 0.52+0.34 0.28+0.41 0.366
Ventilator, N 0.898
PC/NC 36 15
PS 14 6
Others 5 3
Renal replacement therapy, N 10 4 0.87
Mortality, N 28 6 0.06

Data are expressed as N, median (IQR) or mean + SD. APACHE I, Acute Physiology and Chronic Health Evaluation Il; CNS, central
nervous system; CPK, creatine phosphokinase; PC, pressure control; PAC, pulmonary artery catheter; PiCCO, pulse-induced contour
cardiac output; VC, volume control; PS, pressure support.
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Table 2 Hemodynamic variables
Before FC After FC
Hemodynamic parameters
R NR R NR
SBP (mmHg) 128+19 124+11 144+29* 128+13
DBP (mmHg) 64+8.2 66+13 68+12* 68+14
MAP (mmHg) 83+8.9 87+16 91+16* 90+17
HR (b/min) 11925 116+18 11422 113+18*
CVP (mmHg) 10.8+4.2 13.5+10.9 13.3+4.2* 17.5+11.8*
Cardiac index (L/min/m?) 3.6+1.3 3.8+1.0 4.3+1.4* 3.9+1.1
SVRI (dynes-s-cm™) 1,825+847 1,718+627 1,650+913* 1,668+623
PAWP (mmHg) 13+4.9 15+4.9 17+6* 20+5.9*

*, P<0.05 for comparison between before and after volume expansion. CVP central venal pressure; DBP, diastolic blood pressure; FC, fluid
challenge; HR, heart rate; MAP, mean arterial pressure; PAWP, pulmonary arterial wedge pressure; R, response; NR, non-response; SBP,

systolic blood pressure; SVRI, systemic vascular resistance index.

Table 3 Diagnostic performance of absolute changes in parameters

Parameters N Cutoff AUC Sensitivity (%) Specificity (%)
AHR 79 -6 0.623 (0.507-0.730) 45 88
ASBP 79 -2 0.686 (0.572-0.786) 85 46
AMAP 79 6 0.661 (0.564-0.764) 53 79
ADBP 79 2 0.608 (0.492-0.716) 58 67
ACVP 79 5 0.632 (0.516-0.738) 96 30
APAWP 53 5 0.578 (0.434-0.712) 76 44

AUC, area under curve; CVP, central venal pressure; DBP, diastolic blood pressure; HR, heart rate; SBP, systolic blood pressure; MAP,

mean arterial pressure; PAWP, pulmonary arterial wedge pressure.

responders exclusively were considered (r=-0.026, P=0.851).
This result remained unchanged when ACI and NT-
proBNP (r=-0.159, P=0.161) or %SV and NT-proBNP
(r=-0.12, P=0.137) were also evaluated. In addition,
no correction was observed between N'T-ProBNP and
vasopressor requirement (r=-0.072, P=0.538).

Overall, the baseline NT-proBNP levels could not
identify responders to FC with an AUC of 0.508 (95% CI,
0.369-0.647). In the subgroup of patients with different
NT-proBNP levels (<25th, 25th-75th, >75th percentiles),
NT-proBNP was also not a good predictor of %CI after
FC with AUC values of 0.650, 0.50, and 0.523, respectively.
Among those patients <50, 50-75, and >75 years of age,
NT-proBNP had AUC values of 0.559, 0.513, and 0.667,
respectively, suggesting no further advantage in diagnostic
performance by age stratification. Similarly, NT-ProBNP

© Annals of Translational Medicine. All rights reserved.

could not differentiate CO responders and non-responders
when patients who used 4% gelatine (AUC 0.563) or
normal saline (AUC 0.60) were considered. The NT-
ProBNP levels were approximately three-fold higher
in patients with an eGFR <60 mL/min versus an eGFR
>60 mL/min. However, the NT-ProBNP levels could not
accurately predict fluid responsiveness in both groups. In
addition, poor diagnostic performance of NT-ProBNP
levels was also confirmed when gender (female: AUC 0.601;
male: AUC 0.554) or haemodynamic monitor (PAC: AUC
0.553; PiCCO: AUC 0.661) were considered (Tuble 4).

Discussion

Our study showed that high NT-proBNP levels were widely
found in patients with septic shock. There was no significant
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Table 4 Summary of stratified analyses of pooled potential influent factors
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Stratified analysis N

Median (IQR)

AUC

Basal NT-proBNP

Total 79

<1,100 19

1,100-10,334 40

>10,334 20
Age (year)

<50 19

50-75 48

>75 12
Type of fluid

Gelatin 53

Normal saline 23

eGFR (mL/min/1.73m?
<60 45
>60 34

Haemodynamic monitor

PAC 61

PiCCO 18
Gender

Female 26

Male 53

3,019 (1,115-10,418)
664 (234-970)
2,856 (1,261-5,471)

28,670 (17,895-35,000)

3,607 (868-8,404)
3,342 (1,119-17,895)
3,399 (1,310-8,483)

3,607 (1,030-1,0881)
1,578 (1,051-8,658)

1,834 (683-4,513)
5,500 (1,476-12,735)

2,614 (1,082-12,029)
4,059 (1,489-9,356)

2,796 (1,138-21,059)
3,568 (1,025-9,445)

0.508 (0.393-0.622)
0.650 (0.241-1.000)

0.50 (0.292-0.708)
0.523 (0.198-0.848)

0.559 (0.405-0.714)
0.513 (0.302-0.725)
0.667 (0.348-0.986)

0.563 (0.374-0.753)
0.60 (0.367-0.839)

0.582 (0.378-0.787)
0.593 (0.382-0.804)

0.553 (0.421-0.681)
0.661 (0.406-0.864)

0.601 (0.392-0.786)
0.554 (0.411-0.690)

AUC, area under curve; Cl, cardiac index; IQR, interquartile range; PAC, pulmonary artery catheter; PiCCO, pulse-induced contour cardiac

output; eGFR, estimated glomerular filtration rate.

correlation between N'T-proBNP level and CI change after
FC for all the patients or when only the responders were
considered. Similarly, the knowledge of NT-proBNP level
could not accurately predict fluid responsiveness in such
patient populations. This result was confirmed by further
subgroup analyses.

Despite initial fluid resuscitation, the studied population
remained severely shocked. These patients had a mean
arterial lactate level of 4.7-5.1 mmol/L and a mean ScvO,
of 68% and were supported by a high dose of vasopressors
(e.g., norepinephrine 0.93 pg/kg/min) at inclusion. We
found the median N'T-proBNP level was considerably
elevated (3,019 pg/mL) in our study cohort, which agreed
with some previous literature (14,25).

Several studies have evaluated the diagnostic value
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of NT-proBNP or BNP levels in predicting fluid
responsiveness (14-16). In contrast to our findings,
Hartemink er al. reported that baseline NT-proBNP levels
inversely correlated to the increase in CI after FC (r=-0.57,
P=0.032), and a high NT-proBNP (53,467 pg/mL) was
a better predictor of fluid nonresponsiveness in sepsis
(AUC =0.75, P=0.049) (14). However, only 18 septic
patients were included in that study, whereas we included
79 patients focusing exclusively on septic shock. Therefore,
their patients had relatively lower APACHE 1I scores
compared with that of our study (12 vs. 26), which might
contribute to the difference. Moreover, patients included in
that study (14) received intravenous fluids for an average of
1,500 mL during FC, a larger volume than that of currently
recommended (500 mL) (24). Remarkably, fluid loading
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was performed with a maximum of 200 mL of infused
volume per 10 min in that study (14), leading to a longer
FC time (approximately 90 min), which might affect the
proportion of volume infused remaining in the intravascular
compartment at the end of FC, especially in septic patients
with vascular hyperpermeability. In another study, Muller
et al. suggested that BNP did not accurately predict
fluid responsiveness in patients with acute circulatory
failure (15). However, in that study, 24% (8/33) of the
patient population suffered from causes other than sepsis
and reported a lower baseline BNP concentration value
in responders. The latter might explain why most non-
septic shock patients (7/8, 88%) were responders because
NT-proBNP plasma levels have been repeatedly shown
to be higher in patients with sepsis than those without
sepsis (14,26,27). The volume of FC used in that study
was 250 or 500 mL, and different doses of fluids used for
FC can modify the proportions of responders in study
populations (28). In addition, ScvO, <70% was defined as a
criterion for FC in that study (15). However, the presence
of ScvO, >70% does not exclude fluid responsiveness in
critically ill septic patients (29). In a study of 23 septic
and septic shock patients, Pirracchio et 4l. also reported
no correlation between baseline BNP levels and fluid
responsiveness (16). In addition, nine of the 11 patients with
baseline BNP >1,000 pg/mL were fluid responders. Similar
findings were also observed in our study, and 53% (32/60)
of patients with NT-proBNP >1,100 ng/mL showed a
response to FC.

Similar to static markers of cardiac preload, such as
CVP and PAWP (30), NT-proBNP shows poor prediction
of fluid responsiveness in the present study. This finding
can be explained by several factors. First, elevated BNP
levels are not exclusively determined by severely impaired
myocardial function due to sepsis (10,11) but may be due
to several potential confounders, including stimulation
of lipopolysaccharide (31), sepsis-induced biventricular
dilatation (14,29), over-secretion of proinflammatory
cytokines (27), vasoactive and inotropic drugs (32), renal
failure (18), and sepsis-associated acute lung injury (33).
Therefore, the lack of specificity of NT-proBNP as a marker
of cardiac failure in the presence of septic shock makes
it impossible to accurately predict fluid responsiveness.
Second, N'T-proBNP may not be a clinically useful non-
invasive marker of cardiac filling pressures in critically ill
patients. In a study of 49 septic shock patients, Tung ez a/.
compared BNP values and parameters obtained by right
heart catheterization and found no correlation between
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BNP levels and PCWP (34). Similar findings were also
found in other studies (25,35) or the current study. Third,
sepsis-induced reversible myocardial dysfunction may not
necessarily lead to decreased volume per stroke. Among 34
patients with severe sepsis and septic shock, Charpentier
et al. reported that elevated BNP levels were also observed
in patients with a fractional area contraction >50% (10).
In addition, an increase in end-diastolic volume due to
adequate fluid resuscitation or high doses of catecholamine
infusions can compensate for this reduction. Finally, in
addition to acting as preload, fluid administered during FC
can decrease afterload by fluid-induced haemodilution. In
the study by Monge Garcia et al., the authors performed
FC in 81 septic shock patients and evaluated the SV/
CO using Doppler transoesophageal echocardiography
and found a 10% decrease in the SVR following FC in
responders (36). This phenomenon was also observed in our
study. Therefore, if afterload is decreased by haemodilution
due to fluid administration, the CO may increase despite
the low left ventricular function.

Another important finding is that stratified analysis of
several influencing factors did not significantly improve
the predictive accuracy of N'T-proBNP, which supported
the robustness of our main outcome. Noteworthy, some
subgroups (i.e., age, glomerular filtration) are grouped on
the basis of data from patients with heart failure (37), which
is due to the current lack of guidance on how NT-proBNP
values are adjusted for these confounders in septic shock.
Thus, whether these values are equally applicable to septic
shock requires further research.

Our study acknowledges some limitations. First, NT-
proBNP level measurement after FC was not performed;
thus, the effect of FC on NT-proBNP levels was
unavailable. However, previous studies have shown that
NT-proBNP levels remain unchanged after FC (14).
Notably, a delayed increase in N'T-proBNP after FC has
been reported in healthy volunteers or patients with heart
failure (38,39). However, regarding septic patients, the
appropriate NT-proBNP monitoring time after FC is
unclear. Second, the included patients were administered
500 mL of 4% gelatine or 0.9% normal saline during FC.
Theoretically, up to two to three times as much crystalloid
as colloid may be required to maintain intravascular volume
given differences in intravascular half-life. However, we
assessed fluid responsiveness immediately after an average
of 6 min of FC compared with 30 min in previous studies
(14,15). Therefore, a large proportion of the volume might
still remain in the intravascular compartment in such a
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short time, causing less difference between both liquids
in our study. Third, we did not investigate the effects of
other potential confounders, such as dose of vasopressor,
underlying disease, and fluid balance, all of which may play
a role in NT-proBNP concentration.

Conclusions

High N'T-proBNP levels were commonly found in patients
with septic shock. However, we should not use baseline
NT-proBNP levels as the only indicator to withhold FC
but rather as a precaution to fluid resuscitation.
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