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Abstract

Objective: B-type natriuretic peptide has shown promising results as a biomarker for acute kidney

injury in general intensive care patients. It may also indirectly reflect fluid balance of the

circulation. Among burn patients, it has been observed to indicate excessive fluid resuscitation and

organ dysfunction, although its clinical use to indicate acute kidney injury or guide fluid

resuscitation has not been validated. The aim of this study was to evaluate whether the N-terminal

pro-brain natriuretic peptide values are related to the amount of fluids given after severe burn injury

and whether it can act as a novel biomarker for acute kidney injury in these patients.

Methods: Nineteen consecutive burn patients were included. Plasma N-terminal pro-brain

natriuretic peptide was measured daily during 1 week from admission. Other variables such as

laboratory values and intravenous infusions were also recorded. The association between acute

kidney injury and N-terminal pro-brain natriuretic peptide values was analyzed with a multivariable

panel regression model, adjusted for burned total body surface area, age, body mass index, and

laboratory values.

Results: N-terminal pro-brain natriuretic peptide values varied between single patients, and even

more between the patients who developed acute kidney injury. Older age, lower body mass index,

and cumulative infusions were independently associated with higher N-terminal pro-brain

natriuretic peptide values, whereas acute kidney injury was not.

Conclutions: N-terminal pro-brain natriuretic peptide values correlated with cumulative infusions

given during the first week. The authors could not validate the role of N-terminal pro-brain

natriuretic peptide as a biomarker for acute kidney injury in burns.

Keywords: Burn injury, N-terminal pro-brain natriuretic peptide, Fluid resuscitation, Acute kidney

injury.



1. Introduction

Burn injury causes fundamental changes in hemodynamics and fluid balance by direct and

cytokine-mediated pathways. Increased capillary leakage and vaporization from burned skin results

in a decrease of the circulating blood volume, although by appropriate fluid resuscitation this

volume can be replaced. Recent evidence suggests that intravenous fluids should be administered at

least the amount of Parkland formula to avoid acute kidney injury (AKI) (1). However, excessive

fluid resuscitation has previously been associated with volume complications such as pulmonary

edema, extremity swelling, wound infections, compartment syndrome or decreased cardiac output

(1-4).

Monitoring of fluid administration has been based on clinical parameters, such as urine output,

blood pressure, tissue perfusion and more invasive hemodynamic monitoring (5). Another approach

may be to measure brain natriuretic peptide (BNP) levels. B-Type Natriuretic Peptide (BNP) is a

neuroendocrine agent released from cardiac myocytes after ventricular stretching (6). Pro-BNP is

secreted from cardiac myocytes into circulation, then enzymatically dissociated into equal

molecular amount of N-terminal proBNP (NT-proBNP) and BNP. These molecules have dissimilar

clearance and NT-proBNP has a longer half life in blood, 120 min vs. 20 min (BNP) (7,8).

BNP has a validated role in evaluation of the fluid accumulation often seen in congestive heart

failure (9,10). Elevated concentrations have been observed also in acute respiratory distress

syndrome (ARDS), possibly as an effect of right ventricular stretch (11,12).

The role of BNP or NT-proBNP in burn fluid resuscitation is not comprehensively understood and

it is not yet in routine use though some data has been published. BNP was elevated in burn patients

who developed compartment syndrome or pulmonary edema after excessive fluid resuscitation

(13,14), likewise NT-proBNP in burn patients who developed sepsis after injury (5). High BNP

three days after burn injury was associated with better outcome and a decreased need for fluid

administration after day three (15). A Swedish study found that NT-proBNP concentrations were

associated with sequential organ failure assessment (SOFA) scoring and size of the burn injury (16).

BNP has shown also promising results as a biomarker for AKI in general intensive care. Patients

with AKI had elevated BNP levels at admission, 24 hours and 48 hours after admission (17).

However studies in decompensated heart failure patients have shown opposite results in predicting

cardio-renal syndrome (18,19). Previous studies have observed, that the elimination of plasma BNP

is independent of kidney function whereas plasma NT-proBNP tends to rise with decreased

glomerular filtration rate (GFR) (20).



The aim of this study was to evaluate if the N-terminal pro-brain natriuretic peptide values are

related to the amount of fluids given after severe burn injury and if it can act as a novel biomarker

for acute kidney injury in these patients.

2. Materials and methods

Consecutive patients treated in the Helsinki Burn Centre between March 2013 and September 2014

were enrolled with following criteria: Burn injury involved at least 20 percent of total body surface

area (TBSA%) and 15 percent in patients aged 60 years or older. The data gathered included: Age,

sex, body mass index (BMI), burned TBSA%, burn mechanism, escharotomies, The Abbreviated

Burn Severity Index (ABSI) (21), The Sequential Organ Failure Assessment (SOFA) scoring (22),

need for renal replacement therapy (RRT), duration of intensive care, and outcome. AKI was

determined according to the Acute Kidney Injury Network (AKIN) criteria (23), at least stage I

impairment (increase in serum creatinine of ≥0.3mg/dL=26.4µmol/L or increase of 1.5 from base

line within 48 h or urine output less than 0.5mL/kg x h for >6 h). Patients were divided into AKI

and non-AKI groups to investigate the individual effect of AKI to NT-proBNP values and other

variables.

The following parameters were collected during the first 48 h from admission: Plasma potassium,

sodium, glucose, arterial base excess (BE), arterial pH and mean arterial blood pressure (MAP).

Plasma C-reactive protein (CRP) concentration was recorded once a day within one week from

admission.

Infusions and urine output were recorded hourly within one week after admission. Plasma NT-

proBNP was collected every 12 h within first 48 h from admission and thereafter daily at 6-8 a.m.

within one week from admission.

Plasma NT-proBNP was analyzed by Triage®, a point-of-care device (Alere Inc., Waltham, MA,

USA). It detects NT-proBNP in the range between 5 and 5000 pg/ml by an ELISA-based

immunoassay. Quality control procedure was performed by manufacturer’s orders for each batch of

test kits.

The patients received standard burn care, which included resuscitation with Ringer lactate by

Parkland formula (4 ml kg-1 per TBSA% burned), no colloids within first 8 hours, urine output

target 0.5 ml kg-1 body weight). Early excisions were performed according our standard regime

starting 2-3 days after injury. All enrolled patients or their relatives gave informed consent to

participate in the study and the study was approved by the Research Ethics Review Board of our

institution.



Statistical analysis

Mann Whitney-U test was applied for continuous variables and chi-square test for dichotomous

variables. Friedman ANOVA was used to analyse repeated values and Wilcoxon Matched Pairs

Test was used post hoc. Probabilities of less than 0.05 were accepted as significant. A multivariable

regression analysis for panel data was used (stepwise forward) to analyze the association between

NT-proBNP and AKI, adjusting for general variables (age, sex, and body mass index, BMI), burn

related (TBSA%), and clinical variables (such as intravenous fluids, urine output, and the laboratory

variables presented above). We used maximum NT-proBNP value each day during day 1 and 2 and

the maximum value from days 3-4 and days 5-7 for the regression model. Data were analyzed with

the help of STATA (STATA v12.0, Stata Corp. LP College Station, TX, USA).

3. Results

The study included 19 patients (Table 1). All patients arrived to the Burn Centre within 10 hours

after injury. Mean age was 53.6 years (SD: 16.8, range 15 - 83), mean TBSA% was 41.3 % (SD:

17.7, range 20 - 83.5), 18 of the patients had flame injuries and one was burned by hot steam. All

patients received resuscitation fluids at least the amount of 90% of Parkland formula during the first

24 hours.

Nine patients (47.4 %) developed AKI during ICU stay and two of them (22.2 %) required RRT,

both survived. Two patients (10.5 %) died, both within 48 h after admission. They developed

progressive multiple organ failure (MOF), and both were diagnosed with AKI. Data of the

measurements and demographics by AKI and non-AKI groups are shown in Tables 1 and 2.

The overall pattern was that the NT-proBNP levels increased over time during the first week after

burn (p< 0.001, Figure 1). NT-proBNP values varied widely between single patients (Figure 2).

There were no significant differences in NT-proBNP values between AKI and non-AKI patients by

group level, however a greater variance was observed within AKI group (Figure 3). The

relationship with NT-proBNP values and plasma CRP values is presented in Figure 4. CRP level

increased over time among all patients. The multivariable regression analysis (Table 2) showed that

the adjusted difference was (mean) 72.2 pg/ml (95% CI -81.5 to 225.8) between the patients in the

two groups, and the variable AKI did not contribute significantly to the model. Older age, lower



body mass index, and cumulative infusions were independently associated with higher NT-proBNP

values.

4. Discussion

NT-proBNP and AKI

This prospective study followed plasma NT-proBNP changes in 19 consecutive burn patients within

one week after admission. AKI was not found to be an independent factor for the variation in NT-

proBNP values. Previous studies have shown, that the elimination of plasma BNP is independent of

kidney function whereas plasma NT-proBNP tends to rise with decreased glomerular filtration rate

(GFR) (20). A study of 34 general ICU patients showed that AKI patients had elevated BNP-levels

compared to non-AKI patients at admission, 24 hours and 48 hours after admission (17). Two

prospective studies of 87 and 126 patients resulted in opposite conclusions of the ability of NT-

proBNP to predict worsening of kidney function in patients, who were admitted to hospital for

acute decompensated heart failure (cardio-renal syndrome) (18,19). We observed aberrantly high

NT-proBNP values (> 800 ng/ml) in two patients (both diagnosed with AKI) on days four and five.

The one suffered from pre-existing atrial fibrillation and developed late AKI on day 14 and the

other needed RRT at early phase after arriving to the burn centre. The results of ours and all these

studies are not consistent and further research is needed to establish the dependance of NT-proBNP

levels on the various factors affecting its secretions during the early phase after burn injury.

NT-proBNP as a guiding factor for fluid resuscitation.

NT-proBNP values varied greatly between single patients, however at the group level cumulative

infusions in the first week correlated to NT-proBNP values. The association was more obvious

within non-AKI group, where overall variation of NT-proBNP values was more moderate, see

Figure 3. We didn’t see a consistent rise of NT-proBNP values related to the amount of fluids given

in acute resuscitation period (first 48h), possibly due to great variation of individual tolerance for

volume increase and simultaneous decreasing effect of capillary leakage on circulating cardiac

peptides (15,24).

In the present study patients were resuscitated with volumes higher than stated in Parkland formula,

likewise in many previously published reports of burn care (16,25). The total amount of fluids per

kg x TBSA% was less in the AKI group, possibly explained by the tendency for fluid retention.

Thus, the data in this study support NT-proBNP as a marker for the fluid accumulation during the



first week after severe burn injury. The strength of this finding is further supported by the lack of

correlation to AKI or to the inflammatory response measured as CRP.

NT-proBNP and CRP

Our study showed no relationship between NT-proBNP and CRP. The increase in CRP during the

first 3 days after burn seems to occur earlier than the increase in NT-proBNP, which can explain

that we did not found a significant association between these variables. The CRP levels increased

over time among all patients, likely by a common response on tissue destruction and systemic

inflammation associated with the burn injury (26). Contrary to our findings, a recent study on 52

burn patients showed a significant correlation between plasma CRP and NT-proBNP within the first

six days after burn injury (16).

NT-proBNP and sepsis

In another study high NT-proBNP-values were recorded in 54 burn patients with sepsis. The levels

were remarkably higher compared to patients without sepsis. NT-proBNP was also accurate to

predict sepsis during hospital stay (5). We observed the highest NT-proBNP value of 903 pg/ml in

this study in a non-septic patient. Only one patient showed sepsis, this occurred 48 hours after the

end of the study period. This septic patient showed plasma NT-proBNP levels below 150 pg/ml

during the study period, which is notably lower value than seen earlier by Paratz et al. (5). A

Finnish multi-centre study of 254 general ICU-patients with sepsis or septic shock showed that

elevated NT-proBNP values predicted mortality during hospital stay (27). In the two non-survivors,

who died within 48 hours from admission, NT-proBNP stayed at a low level. Some studies on

general ICU patients with sepsis, although with small study groups, have reported an association

between SOFA score and NT-proBNP (28,29) but our study showed no such association. Plasma

sodium, potassium or glucose had no correlation to NT-proBNP values in this study.

Other factors

Older age was significantly associated with higher NT-proBNP values, which was expected as

reference values of NT-proBNP are higher in elderly than with younger patients when NT-proBNP

is used to evaluate acute decompensated heart failure (30). This study also showed that smaller BMI

and lower arterial pH (pH only a tendency) at admission were associated with higher NT-proBNP

values. This is in agreement with previous findings, where higher BMI has been individually

associated with lower circulating BNP levels in 3389 non-cardiac patients (31). Low pH at

admission reflects hypoperfusion, which is likely associated with larger burn injuries and critical



status of the patients, although we did not find an independent association with burn size and NT-

proBNP levels like noticed in an earlier Swedish study with 52 burn patients (16).

Strengths & Limitations

Strengths of the study includes that it is prospective and done on 19 consecutive patients with

frequent samplings. The main limitation of this study is the single centre approach with a limited

sample size. Another limitations is that we did not use any objective method to measure the

ventricular stretch.

5. Conclusions

The results of this study indicated that N-terminal pro-brain natriuretic peptide reflects the amount

of cumulative infusions administered during the first week after severe burn injury, but the variation

between individuals is too large to guide fluid resuscitation.

Older age and lower body mass index, two factors known to correlate with less fluid tolerance, were

also associated with higher N-terminal pro-brain natriuretic peptide values. We could not validate

either the role of N-terminal pro-brain natriuretic peptide as an early diagnostic biomarker for AKI

in burns.
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