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 Background: This study evaluated factors influencing early and late occurrence of AKI in severely burned patients and as-
sessed the relationship between time of occurrence of AKI and mortality of AKI patients.

 Material/Methods: Renal function was evaluated at 3 time points: at admission, at the critical point or middle point of hospital-
ization, and at the endpoint for which death or a discharge from the center was considered. AKI criteria were: 
decrease in GFR of less than 60 ml/min at admission, decrease in GFR of more than 75% compared to base-
line, and decrease in the daily diuresis of less than 500 ml/24 h.

 Results: At admission, 15.1% of the patients had eGFR <60 ml/min. AKI occurred in 38.5% of cases. The occurrence of 
AKI was associated with: elderly age (p<0.001), female sex (p=0.017), overweight and obesity (p=0.055); extent 
and depth of burns, respiratory failure, low protein concentration (for all p<0.001), low blood pressure (p=0.014), 
and high WBC (p=0.010). Early AKI was detected in 28% of patients. Mortality was 100% with the initial GFR 
³60, 100% with the initial GFR <60 and early deterioration of renal function, 80% with the initial GFR <60 and 
late worsening, and 60% with the initial GFR <60 and no worsening. Late AKI was observed in 10% of patients 
and mortality in this group was 79.2%. Mortality in the entire group with AKI was 88.0% versus 24.5%.

 Conclusions: The frequent occurrence of AKI, especially early, worsens the prognosis for survival. Assessment of renal func-
tion should be included in the prognostic scales for burned patients.
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Background

Treatment of severe burns is still a major multidisciplinary clin-
ical problem. Burn disease proceeds with rapid devastation of 
the body, dehydration or overhydration, multiple organ failure, 
and inflammation and is burdened with high mortality [1–5]. 
Noninflammatory acute kidney injury (AKI) is one of the most 
important complications decreasing the chances of survival 
in patients with extensive burns covering over 15–20% of the 
total body surface area (TBSA). The criteria for the diagnosis 
of AKI are still being modified. In 3–5% of patients, biochem-
ical parameters of renal damage reach life-threatening val-
ues, which requires the implementation of renal replacement 
therapy (RRT). Despite the development of increasingly effec-
tive dialysis techniques and optimization of intensive care, 
AKI requiring urgent RRT is fraught with high mortality [6–9].

On average, AKI occurs in approximately 30% of patients with 
severe burns, thereby increasing the risk of death and mor-
tality in this group to more than 80% [1,5,12,13]. This applies 
especially to patients with respiratory tract burns [1,14]. The 
pathogenesis of AKI in patients with burns is complex and 
not fully understood; therefore, it is very difficult to distin-
guish septic from non-septic AKI. It is currently unclear wheth-
er the time of occurrence of AKI is important for the survival 
of a burned patient.

The aim of the present study was to evaluate the factors in-
fluencing early and late occurrence of AKI in severely burned 
patients and to assess the relationship between the time of 
occurrence of AKI and the mortality rate.

Material and Methods

We performed a retrospective analysis of burn patients 
admitted to the Clinical Department of Burns, Plastic and 
Reconstructive Surgery, Military Institute of Medicine (MIM) 
in Warsaw and to the Centre for the Treatment of Burns (CTB) 
in Siemianowice Slaskie in 2012 and 2013. From the popula-
tion of all burn patients (947 people) we selected a group of 
severely burned patients (241 people), of which we included 
into the study 225 patients that met the established criteria of 
analysis. As the main criterion for the assignment to the group 
of severely burned patients, we established thermal burns ex-
ceeding 30% of TBSA.

The group of severely burned patients was analyzed in terms 
of time from burn to the admission to MIM or CTB, sex, age, 
BMI, burn surface area, surface of full-thickness third-degree 
skin burns, the presence of the respiratory tract burns, respi-
ratory failure, and renal function failure.

Mean arterial pressure (MAP) was calculated using the formu-
la MAP=[(2 × diastolic) + systolic]/3. In addition, we analyzed 
laboratory results taking into account morphology (number 
of erythrocytes, leukocytes, platelets, hemoglobin, and hema-
tocrit), coagulation profile (APTT and INR), and selected bio-
chemical parameters (sodium, potassium, glucose, creatinine, 
urea, total protein, and albumin). For further analysis, we used 
only those laboratory test variables which in univariate anal-
ysis affect the survival of severely burned patients: total pro-
tein, albumin, creatinine level, and leukocytosis. Due to the 
missing data we decided to analyze albumin or/and total pro-
tein as a single variable, not eliminating cases lacking both 
of these values. The results of microbiological testing of cul-
tures of wounds, bronchi, blood, and central venous access 
were also evaluated. The presence of pathogens in the blood 
culture was considered to be bacteremia.

The results of laboratory tests were collected at 3 time points: 
at admission, at the critical or middle point of hospitalization 
for which a moment of the deterioration of a patient was cho-
sen, and at the end point for which death or a discharge from 
the center was considered.

Respiratory failure in patients with respiratory tract burns 
was defined as the need for intubation or symptoms of acute 
respiratory failure confirmed by arterial blood gas analysis.

Glomerular filtration rate (GFR) was calculated at admission 
and at the selected point according to the simplified MDRD 
formula, based on knowledge of the creatinine level, age, and 
sex using the equation: 

eGFR=186.3 × creatinine–1.154 ×age–0.203 × (0.742 for women).

The failure of renal functions was assessed in accordance with 
the previously existing classifications (RIFLE, KDIGO, and AKIN) 
[7–10] forming the authors’ definition of AKI for the study, 
based on the analysis of the applied classifications and mod-
ified for the needs of the retrospective evaluation of routine 
clinical practice: 
– decrease in GFR of less than 60 ml/min at admission;
– decrease in GFR of more than 75% compared to baseline or
–  decrease in the daily diuresis of less than 500 ml for at least 

24 h.

The first-line AKI therapy was a conservative treatment in the 
form of fluid resuscitation. Parkland formula was adopted 
as the optimal method. Following the recommendations, we 
transfused 4 ml of fluid per 1 kg of body weight for every 1% 
of burned TBSA during the first day after injury. Fifty percent 
of fluid was administered during the first 8 h and the second 
50% during the next 16 h.
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Burn surface area was assessed using the Lund and Browder 
charts. The depth of a burn was assessed by multiple clinical in-
spection of wounds. In the case of deterioration of diuresis de-
spite proper hydration, infusions of loop diuretics (Furosemide) 
were administered. In case of an unfavorable increase of renal 
parameters (creatinine clearance, and urea), ions (refractory hy-
pernatremia), or symptoms of renal excretory failure (persis-
tent oliguria or anuria) as the principle we used a nephrologist 
consultation in the context of multidisciplinary cooperation.

The statistical analysis used descriptive statistics and chi-
square test (for 2 categorical variables), the t test and ANOVA 
(for a categorical variable and a continuous variable with nor-
mal distribution), and the Mann-Whitney and Kruskal-Wallis 
tests (for a categorical variable and a continuous variable with 
non-normal distribution). We also estimated parameters of 
the logistic regression model and the Cox proportional haz-
ards model with a time-dependent covariate. We set the lev-
el of statistical significance at a=0.05. Calculations were per-
formed using SPSS software v. 18.0.

The research was approved by the Bioethics Commission of 
the Military Institute of Medicine in Warsaw (34/WIM.2013; 
19.06.2013).

Results

The group consisted of 176 men with a mean age of 48 years 
(SD 16, range 18–90) and 49 women with a mean age of 59 
(SD 19, range 19–92) (Table 1).

The median percentage of burned TBSA was 46%, and the me-
dian percentage of severe partial thickness burns was 20%.

In 13 patients we found a superficial burn of IIa/IIb type, with 
no evidence of deep thermal injury. In 159 cases we diagnosed 
respiratory tract burns in which 46% of patients required en-
dotracheal intubation.

Most patients were accepted directly to the centers on day 1 
after the event (73%). Twenty-seven percent of patients were 
directed from other centers, usually also on day 1 after the 
event (range 0–31 days after the burn occurrence).

From the interviews at admission we obtained information 
on chronic diseases in only 32 burn patients. Seven patients 
had diabetes, 16 had a vascular event (hemorrhagic and isch-
emic stroke, myocardial infarction, ischemic heart disease, 
and chronic limb ischemia), 9 had diabetic vascular complica-
tions in the past, and 2 had previous chronic kidney disease 
(2 women: the first was age 55, eGFR at admission 48 ml/min, 
TBSA 50%, III 47%, respiratory tract burns with respiratory 

failure, after 3 days eGFR 13 ml/min, and death after 5 days; 
the second was age 73, eGFR at admission 25 ml/min, TBSA 
40%, III 31%, no respiratory tract burns with respiratory fail-
ure, after 20 days eGFR 22 ml/min, oliguria, bacteremia, and 
death after 23 days).

At admission 16.0% of the patients had eGFR <60 ml/min and 
AKI (as defined above) in the entire group occurred in 40.0% of 
cases. Renal failure occurred in 28.6% of patients with normal 
baseline eGFR. In our study, 9 burned patients underwent RRT. 
In 6 patients we administered continuous renal replacement 
therapy (CRRT), in 2 intermittent renal replacement therapy, 
and in 1 case we used both methods. In all of these patients, 
during the hospitalization we performed on average 2 dialy-
ses (range 1–10). Sixty-seven percent of the dialyzed group 
were males and the average age of dialyzed patients was 52 
years (SD 13, range 22–68). The mortality rate in this group 
was 100% and in the entire studied group mortality was 50.7%.

HD was performed as a conventional treatment every day or 
every second day using bicarbonate buffer. In the study we 

N
Studied 
group

Sex: (%)

 Males 176 78.2%

 Females 49 21.8%

Age (mean ±SD) 225 50.3±17.0

TBSA% (median, 25-75 percentile) 225
46% 

(35–61%)

III% (median, 25-75 percentile) 225
20% 

(6–40%)

Superficial burns (%) 225 5.8%

Respiratory tract burn (%) 225 70.7%

Endotracheal intubation (%) 225 39.1%

Diseases in the medical history (%)

 Diabetes 7 3.1%

 Vascular events 16 7.1%

 Diabetic vascular complications 9 4.0%

 Chronic kidney disease 2 0.9%

Admission after one day since the 
injury (%)

222 22.1%

Admission from other centres (%) 225 26.7%

eGFR at admission <60 (%) 225 16.0%

Table 1. Characteristics of the studied group (n=239).
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performed 1 to 11 (4 on average) treatments in individual pa-
tients, 40 procedures in total. Total time of hemodialyses was 
119 h, with an average of 11.9 h for each patient. HD treat-
ments lasted from 2.5 to 3.25 h (2.93 h on average). Blood flow 
was between 150 and 260 ml (average of about 190 ml/min). 
We used dialyzers made of highly biocompatible polysulfone 
membranes ranging from 1.3 to 1.7 m2 adapted to the size and 
weight of the patients. Heparinization was used in the form 
of low-molecular-weight heparin (Fragmin at doses from 1250 
to 2500 IU) except for 4 patients presenting clinical signs of 

bleeding diathesis. The potassium concentration in the dialy-
sis liquid concentrate varied from 1.0 to 4.0 mmol/L and was 
adjusted according to the actual kalemia (Table 1).

CVVHDF was performed in a system of 2 successive 3-day treat-
ments using Prismaflex equipment. HDF dose was constant at 
35 ml/kg body weight/h of treatment. Due to the accompany-
ing coagulation disorders, anticoagulation with the use of ci-
trates was performed. Ultrafiltration ranged from 50 to 75 ml/h.

Characteristics at admission N=100%

AKI

p-value*Yes
(n=135)

No
(n=90)

Age (mean ±SD) 225 45.7±15.0 57.2±17.6 <0.001**

Sex (%) Male 49 44.9% 55.1%
0.015

Female 176 64.2% 35.8%

TBSA% (median; 25–75 percentile) 225 40; 32–54 57; 40–79 <0.001***

III% (median; 25–75 percentile) 225 10; 4–22 34; 16–64 <0.001***

Respiratory tract burns (%) No 66 66.7% 33.3%
0.188

Yes 159 57.2% 42.8%

Respiratory failure (%) No 123 78.0% 22.0%
<0.001

Yes 101 37.6% 62.4%

BMI (%) <20.0 kg/m2 16 81.3% 18.8%

0.024
20.0–25.0 kg/m2 87 69.0% 31.0%

25.0–30.0 kg/m2 70 51.4% 48.6%

³30.0 kg/m2 41 51.2% 48.8%

Day of admission since the event (%) 0 173 60.7% 39.3%
0.482

1 and more 49 55.1% 44.9%

Hematocrit (%) ≤45.9% 128 60.2% 39.8%
0.805

>45.9% 94 58.5% 41.5%

WBC (%) 3.0–14.9×109/l 96 67.7% 32.3%
0.029

>14.9×109/l 126 53.2% 46.8%

Protein or albumin (%) <6.00 lub <3.50 g/dL 125 50.4% 49.6%

0.001³6.0 and ³3.5 g/dL 54 79.6% 20.4%

No data 46 63.0% 37.0%

MAP (%) <70 mmHg 39 43.6% 56.4%

0.03870–109 mmHg 141 63.1% 36.9%

>109 mmHg 37 70.3% 29.7%

Table 2. The occurrence of AKI in severely burned patients depending on the parameters assessed at admission.

* In chi-square test, unless otherwise stated; ** in Student’s t-test; *** in Mann-Whitney test.
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 Odds ratio p-value
95% confidence interval 

for odds ratio

Age 1.081 <0.001 1.050; 1.113

III% 1.042 0.001 1.018; 1.067

Respiratory failure
No ref.

<0.001
–

Yes 5.250 2.156; 12.784

Protein or albumin

<6.00 or <3.50 g/dL 4.517

0.003

1.501; 13.599

³6.0 and ³3.5 g/dL ref. –

No data 1.010 0.254; 4.008

BMI
<25.0 kg/m2 ref.

<0.001
–

³25.0 kg/m2 4.589 2.014; 10.454

Table 3.  The occurrence of AKI in severely burned patients depending on the parameters assessed at admission – multivariate 
analysis.

eGFR at admission

p-value*

³60 <60

No
deterio-
ration

(n=135,
100%)

Deterio-
ration

0-6 days
(n=31,
100%)

Deterio-
ration

7+ days
(n=23,
100%)

No
deterio-
ration
(n=10,
100%)

Deterio-
ration

0-6 days
(n=14,
100%)

Deterio-
ration

7+ days
(n=10,
100%)

Age (mean ±SD) 45.7±15.0 52.6±16.9 55.6±16.9 55.3±20.3 64.3±20.2 63.9±10.8 <0.001**

Sex (%)
Female 16.3% 19.4% 34.8% 20.0% 35.7% 50.0%

0.041
Male 83.7% 80.6% 65.2% 80.0% 64.3% 50.0%

TBSA% (median; 25–75 percentile) 40; 32–54 65; 50–90 45; 40–60 55;35–77 78;64–90 39;34–53 <0.001***

III% (median; 25–75 percentile) 10; 4–22 44; 30–80 20; 10–30 33;13–54 58;40–73 23;6–33 <0.001***

Respiratory 
tract burns (%)

No 32.6% 16.1% 39.1% 40.0% 0.0% 30.0%
0.028

Yes 67.4% 83.9% 60.9% 60.0% 100.0% 70.0%

Respiratory 
failure (%)

No 71.6% 19.4% 47,8% 60.0% 0.0% 30.0%
<0.001

Yes 28.4% 80.6% 52.2% 40.0% 100.0% 70.0%

BMI (%)
<25.0 kg/m2 56.2% 50.0% 38.1% 20.0% 23.1% 30.0%

0.035
³25.0 kg/m2 43.8% 50.0% 61.9% 80.0% 76.9% 70.0%

Day of 
admission since 
the event (%)

0 79.5% 90.3% 69.6% 50.0% 85.7% 50.0%
0.020

1 and more 20.5% 9.7% 30.4% 50.0% 14.3% 50.0%

Hematocrit (%)
£45.9% 58.3% 58.1% 60.9% 50.0% 57.1% 50.0%

0.987
>45.9% 41.7% 41.9% 39.1% 50.0% 42.9% 50.0%

WBC (%)
3.0–14.9×109/l 49.2% 29.0% 56.5% 40.0% 0.0% 40.0%

0.001
>14.99×109/l 50.8% 71.0% 43.5% 60.0% 100.0% 60.0%

Protein or 
albumin (%)

<6.00 or <3.50 g/dL 59.4% 82.6% 76.2% 90.0% 100.0% 90.0%
0.015

³6.0 and ³3.5 g/dL 40.6% 17.4% 23.8% 10.0% 0.0% 10.0%

MAP (%)

<70 mmHg 12.9% 46.4% 13.6% 10.0% 23.1% 20.0%

0.05670–109 mmHg 67.4% 42.9% 72.7% 70.0% 69.7% 70.0%

>109 mmHg 19.7% 10.7% 13.6% 20.0% 7.7% 10.0%

Bacteremia (%)
No 83.7% 100.0% 52.2% 80.0% 100.0% 60.0%

<0.001
Yes 16.3% 0.0% 47.8% 20.0% 0.0% 40.0%

Dialysis (%)
No 100.0% 90.3% 81.8% 100.0% 91.7% 90.0%

<0.001
Yes 0.0% 9.7% 18.2% 0.0% 8.3% 10.0%

Table 4. Analysis of the time of AKI occurrence depending on the variables assessed at admission and during hospitalization.

* In Fisher test, unless otherwise stated; ** in analysis of variance; *** in Kruskal-Wallis test
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The data collected at admission were subjected to univariate 
analysis to determine the parameters influencing the occur-
rence of AKI in a group of severely burned patients. Parameters 
significantly influencing AKI at admission (p<0.05) were: age, 
burn surface area, deep burn surface area, respiratory failure 
co-existing with respiratory tract burns, and low protein level 
and/or albumin. Further variables predisposing to the occur-
rence of AKI were low mean arterial pressure (MAP), female 
sex, overweight or obesity (p=0.024), and leukocytosis above 
14.9×10×/1. Days elapsed from the burn event to admission 
to the MIM or CTB proved to have no statistical significance 
as a parameter influencing the occurrence of AKI (Table 2).

Next, we analyzed the results by stepwise logistic regression 
with AKI as the outcome variable and predictors in Table 2 
(p<0.1). Statistically significant association with the occurrence 
of renal failure in the studied group of severely burned pa-
tients showed (Table 3): age (OR=1.081, p<0.001), full-thickness 
body surface area burns (OR=1.042, p=0.001), respiratory tract 
burns and co-existing respiratory failure (OR=5.250, p<0.001), 
low protein and/or albumin levels (OR=4.517, p=0.003), and 
obesity or overweight (OR=4.589, p<0.001).

Due to the heterogeneity of the AKI group, we analyzed in de-
tail the time of occurrence and changes in renal function dur-
ing hospitalization (Table 4).

In the entire group, early AKI, defined as having been diag-
nosed by the end of the sixth day since the event, was detect-
ed in 20% of patients and late AKI in 15% of the entire group.

Older age, a large burned body surface area, extensive deep 
injury, the presence of respiratory failure with co-existing re-
spiratory tract burns, low protein and/or albumin level, high 
WBC, and low MAP clearly predisposed to an early form of 
AKI. Variables predicting late occurrence of renal failure were 
bacteremia, protein disorders, late admission to the center, 
and older age. The occurrence of AKI after 7 days was an in-
dication for renal replacement therapy more often than earli-
er occurrence of AKI.

Eighty-eight percent of burned patients with diagnosed AKI died 
while in patients without AKI mortality was 25.9% (p<0.001). 
The relative risk of death depending on AKI was 3.353 (95% 
confidence interval 2.502; 4.494).

Figure 1.  The incidence of deaths (per 100) 
by eGFR at admission and time of 
deterioration of renal function during 
hospitalization.

100
90
80
70
60
50
40
30
20
10

0 No 0–6 days
Deterioration of renal function during hospitalization

eGFR at admission ≥60

25.9

78.3

60.0

80.0

100.0 100.0

eGFR at admission <60

7+ days No 0–6 days 7+ days

Hazard ratio p-value
95% confidence interval for hazard 

ratio

Age 1.017 0.007 1.005; 1.030

TBSA% 1.009 0.311 0.991; 1.027

III% 1.020 0.003 1.007; 1.034

Respiratory tract burns
No Ref.

0.029
–

Yes 1.877 1.067; 3.302

AKI*
No Ref.

<0.001
–

Yes 8.224 5.259; 12.862

Table 5. Analysis of survival depending on the occurrence of AKI after eliminating the effect of selected variables predictive for death.

* Time-dependent variable.
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The highest mortality was observed in patients with early de-
terioration of renal function, with both normal baseline renal 
parameters and reduced eGFR at admission (p<0.001, Figure 1).

The risk of death due to the occurrence of AKI (treated as an 
independent variable, but depending on time) was 8.224 in 
the Cox model adjusted for age, TBSA%, burned surface area 
III%, and respiratory tract burns (Table 5).

Discussion

Recent studies have shown a huge increase in the number of 
AKI in the United States, also requiring dialyses in patients 
with AKI for various reasons, with a doubled number of di-
alyzed and dying patients [17]. More frequent occurrence of 
the problem results from the prolonged life of patients and in-
creased survival in numerous severe cases [16].

The definition of AKI has been evolving for several years. 
RIFLE criteria recognize AKI to a lesser extent than KDIGO 
guidelines, and AKIN detect AKI better than RIFLE classifica-
tion [8–11,16,18,19]. KDIGO introduced criteria to systematize 
the definition of AKI but also increased the number diagno-
ses [10]. In the present study we used our own criteria which 
resulted from the analysis of the employed methods and al-
low for evaluation of routine clinical practice (see Methods).

AKI in burned patients can take 2 forms: early and late. The 
early AKI occurs in the first few days to a week after the injury 
and results from insufficient filling of the vascular bed caused 
by a rapid loss of fluid through the damaged skin and respi-
ratory system. The other reason for the occurrence of the ear-
ly AKI is a patient’s severe condition, with hypotension. These 
results are also presented in our work. The incidence of AKI 
was reduced by implementing standard fluid resuscitation [3]. 
In our work, the early occurrence of AKI was dependent on 
the burn surface area, respiratory tract burns and respirato-
ry failure, hypotension, and hypoproteinemia. Transfusion of 
large fluid volumes, mainly crystalloids, reaching several liters 
per day in the initial period of treatment, can largely prevent 
hypovolemia and early renal complications [3]. The late AKI is 
characteristic for the weeks following the injury and is main-
ly due to septic complications and nephrotoxicity of the drugs 
used [2]. We proved in our work that the early occurrence of 
AKI had the worst prognosis, especially if observed at the time 
of admission (Figure 1). Mosier et al., in a study of 221 patients 
evaluated by RIFLE classification every 24 h, demonstrated that 
early development of AKI in patients with severe burns was as-
sociated with multiple organ failure and increased mortality. 
AKI developed in 28% of patients, of which 29% developed re-
nal dysfunction by RIFLE classification [14]. We obtained simi-
lar results using the proposed classification of AKI assessment.

Numerous studies confirm the high incidence of AKI in severe-
ly burned patients [13]. In our study we found AKI in as many 
as 40% of patients, and the occurrence of AKI worsened the 
prognosis (mortality of patients with AKI is up to 88.0%, but 
without AKI it is 25.9%).

What factors contribute to the development of AKI in severely 
burned patients? In our work we demonstrated the influence 
of age, negative effects of female sex, a larger surface area 
and depth of burns, respiratory failure, high BMI, high WBC, 
low total protein and/or albumin levels, and low blood pres-
sure. Sex of the patients and blood pressure values were ir-
relevant when using stepwise logistic regression (see Results). 
Many works confirm our results [1–3,15,20–22], although there 
is no information that higher BMI is unfavorable. The negative 
effect of high BMI can be explained by high catabolism rate 
and difficulties in wound healing.

Influence of burned surface area, deep burns, age, and re-
spiratory tract burns on the prognosis of burned patients is 
well documented and used in prognostic scales. Renal func-
tion is taken into account as one of the factors affecting mor-
tality of burned patients only in the scales generally used in 
Intensive Care Units based on the APACHE II system. FLAME 
and BEAMS scales are examples of the scales used in patients 
with burns [23,24]. None of the scales directly takes into ac-
count the strong relationship between the occurrence of re-
nal failure and increased risk of death, which is shown in our 
analysis. In our work, deaths in patients with AKI are related 
to the time of its occurrence, and patients with early AKI have 
a much higher mortality rate (Figure 1).

In a very interesting work, Schneider et al. examined which 
factors cause kidney damage at different times in a group of 
220 patients with burns [25]. Early renal failure developed in 
22.2% of the patients, late renal failure developed in 17.7%, 
and 7.2% had progressive renal failure. Patients in the third 
group were older, had more comorbidities, and worse survival.

In the analysis by Classification and Regression Tree (CART), as 
many as 33 different variables, including clinical and pharma-
cological parameters, were used. In the method used, the oc-
currence of late AKI could have been predicted with 80% con-
fidence, accuracy verified on less amount of data (their own 
research) was 73% (25). We did not analyze the occurrence of 
progressive renal failure after AKI. However, we confirmed a 
higher incidence of AKI in elderly patients, and the prognosis 
for survival of these patients is poor (see Results).

The work by Noshad showed the occurrence of AKI in up to 
75% of patients with severe burns. The most important fac-
tors favoring the occurrence of AKI were sepsis, burned sur-
face area, length of hospitalization, and nephrotoxic drugs. 
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Concomitant diabetes, heart failure, and other kidney dis-
eases were important as well [26]. A study by Steinvall et al. 
showed that the depth of burns increases the incidence of AKI 
by 2.25-fold [20]. In our work, bacteremia, which favored the 
development of late AKI, was associated with intubation of 
patients (data not shown).

Bagshaw et al. reported a very high incidence of AKI (in almost 
80% of patients) using the RIFLE criteria [22]. A study by Yang 
et al. showed that AKI developed in 81 patients out of 304 pa-
tients with burn surface area greater than 10%. Respiratory 
tract burns, catheter-related infections, and sepsis favored the 
development of AKI [15]. Patients with severe burns (more than 
30% of body TBSA) and co-existing proteinuria have a high 
risk of developing AKI [27]. Coca et al. reported that AKI oc-
curred in 26.6% of patients, also using RIFLE classification [1].

The RIFLE classification has been used most frequently to eval-
uate the occurrence of AKI in patients with severe burns [8]. 
The usefulness of the RIFLE classification was observed in a 
study by Palmieri et al., which demonstrated a high percent-
age of patients with AKI with severe burns. The severity of 
burns (area and depth), sepsis, surgeries performed, the cu-
mulative amount of administered fluids, and the use of neph-
rotoxic drugs were confirmed as factors contributory to AKI. 
The study was conducted in 60 patients [21].

Brusselaers et al. examined the incidence of AKI in burn patients 
based on 57 articles. AKI occurred in more than one-quarter of 
the patients (average mortality of these patients was 34.9%) 
and in 3% AKI required renal replacement therapy, which had 
an 80% mortality rate. AKI increased mortality in burned pa-
tients [5]. In the work by Noshad, AKI occurred in 75% of pa-
tients [26]. In our study, all 10 patients treated with RRT died.

In the study by Steinvall et al., 24% of patients (31 of 127) 
with burned surface area of more than 20% developed AKI. In 
the entire group, mortality was 14% and in patients with AKI 
the mortality rate was 83%, similarly to our results. In 55% of 
cases, AKI occurred within the first 7 days and disappeared in 
all surviving patients. Respiratory failure and sepsis were ob-
served in all patients before the occurrence of AKI, and sys-
temic inflammatory response syndrome (SIRS) intensified AKI 
in 48% [20]. In our study, the incidence of AKI was 38.5% and 
the mortality rate in the entire group was 49%; as we have 
shown, the mortality rate of patients with AKI was nearly 4 
times higher than in patients without AKI (88.0% vs. 24.5%).

Patients with AKI (using RIFLE classification) have a higher 
mortality, greater need for mechanical ventilation, longer stays 
in the ICU, and longer hospitalizations. Mortality increases 
with age, TBSA of burns, and damage to the respiratory tract 
(as in our study). The usefulness of the RIFLE classification 

is confirmed in predicting the mortality rate in patients with 
moderate AKI [1,17,27,28].

Mortality of patients with burns is high and does not change 
despite the improvement in intensive care [17]. Our study con-
firms the relationship between mortality rate and burned sur-
face area, its depth, and occurrence of AKI. These events coex-
ist, particularly in patients with early AKI (Table 5). AKI is a very 
common phase in development of multiple organ failure in se-
verely burned patients [13]. Rhabdomyolysis can be significant 
in the development and course of AKI in burned patients [29], 
but this aspect was not examined in the present study.

Our study demonstrates that late AKI, unlike early AKI, is more 
common in the presence of bacteriemia. Early AKI is associ-
ated with larger and deeper burns, lower average blood pres-
sure, and respiratory failure resulting from bronchial burns. 
Higher BMI favored the development of AKI in both early and 
late periods. In our work, bacteriemia was associated with in-
tubation of burned patients, and patients with late AKI were 
dialyzed more frequently.

AKI treatment in burn patients is very difficult. In the ICU at the 
hospital, where early RRT was implemented in a group of 234 
patients, RIFLE classification showed that 76.9% of patients had 
renal failure, 85% had mechanical ventilation, mean creatinine 
level was 331 umol/L, patients had oliguria, and mean diuresis 
was 265 ml (maximum 860 ml/d) [22]. Seventy-four percent of 
patients on RRT had no classic indications for the implementa-
tion of the method. Early implementation in a patient in relative-
ly good condition was associated with better survival, indicating 
that time of implementation can modify the survival of patients. 
However, most studies show poor results of RRT [11,18,20,36]. 
In our study, RRT was ineffective. The early implementation of 
CVVHD in burn patients is recommended in patients with acute 
lung injury (ALI) as the standard of care. The implementation of 
this method reduced the mortality on day 28 and hospital mor-
tality, in contrast with the results of other studies [19].

Other studies [37–39] indicate that there are no benefits of 
hemofiltration compared to intermittent hemodialysis in the 
treatment of AKI in burn patients. Therapeutic plasma exchange 
(TPE) may be effective in the treatment of burn shock, as dem-
onstrated by a study of 40 patients [40]. Gille et al. demonstrat-
ed that citrate anticoagulation is a safe and effective method 
to treat severe burn patients who have bleeding risk, electro-
lyte disturbances, and acid-base imbalance [41].

Our work confirms that the occurrence of AKI, especially early, in 
patients with severe burns decreases patient survival. Our clas-
sification used to assess the incidence of AKI is useful. The oc-
currence of AKI should be included in the classifications used to 
assess the severity and prognosis in patients with severe burns.
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Conclusions

1.  AKI is a common problem in severely burned patients. It is 
favored by older age, female sex, overweight and obesity, 
extent and depth of burns, respiratory tract burns with re-
spiratory failure, low protein and/or albumin concentration, 
low-medium blood pressure, and high WBC at admission.

2.  The occurrence of AKI, especially early, worsened the prog-
nosis for survival in our study.

3.  Assessment of renal function is a valuable prognostic fac-
tor and should be included in the prognostic scales used in 
burn patients.

References:

 1. Coca SC, Bauling P, Schifftner T et al: Contribution of acute kidney injury 
toward morbidity and mortality in burns: A contemporary analysis. Am J 
Kidney Dis, 2007;49(4): 517–23

 2. Kim GH, Oh KH, Yoon JW et al: Impact of burn size and initial serum al-
bumin level on acute renal failure occurring in major burn. Am J Nephrol, 
2004; 23: 55–60

 3. Holm C, Horbrant F, von Donnersmarck GH, Muhlbauer W: Acute renal fail-
ure in severely burned patients. Burns, 1999; 25: 171–78

 4. Colpaert K, Hoste EA: Acute kidney injury in burns: A story of volume and 
inflammation. Crit Care, 2008; 12(6): 192

 5. Brusselaers N, Monstrey S, Colpaert K et al: Outcome of acute kidney inju-
ry in severe burns: a systematic review and meta-analysis. Intensive Care 
Med, 2010; 36(6): 915–25

 6. Klimm W, Smoszna J, Surowiecka-Pastewka A et al: Renal replacement ther-
apy as part of complex treatment of excessive burns in the data of Military 
Institute of Medicine. Lekarz Wojskowy, 2015;92 [in press]

 7. Bellomo R, Ronco C, Kellum J et al: Acute renal failure-definition, outcome 
measures, animal models, fluid therapy and information technology needs: 
The Second International Consensus Conference of the Acute Dialysis Quality 
Initiative(ADQI) Group. Critical Care, 2004; 8: R204–12

 8. Chung KK, Steward IJ, Gisler C et al: The acute kidney injury network(AKIN) 
criteria applied in burns. J Burn Care Res, 2012; 33(4): 483–90

 9. Mechta RL, Kellum JA, Shah SV et al: Acute Kidney Injury Network: Report 
of initiative to improve outcome in acute kidney injury. Critical Care, 2007; 
11: R31

 10. Kellum JA, Lameire N: Diagnosis, evaluation, and management of acute 
kidney injury; a KDIGO summary (part 1). Critical Care, 2013; 17: 204

 11. The VA/NIH Acute Renal Failure Trial Network. Intensity of renal support in 
critically ill patients with acute renal injury. N Engl J Med, 2008; 359: 7–20

 12. Kidney Disease: Improving Global Outcomes (KDIGO). Kidney Int Supp, 
2012; 2: 19

 13. Davies MP, Evans J, McGonigle RJ: The dialysis debate: acute renal failure 
in burns patients. Burns, 1994; 20(1): 71–73

 14. Mosier MJ, Pham TM, Klein MB et al: Early acute kidney injury predicts pro-
gressive renal dysfunction and higher mortality in severely burned adults. 
J Burn Care Res, 2010; 31(1): 83–89

 15. Yang HT, Yim H, Cho YS et al: Assessment of biochemical markers in the 
early post-burn period for predicting acute kidney injury and mortality in 
patients with major burn injury: Comparison of serum creatinine, serum 
cystatin-C, plasma and urine neutrophil gelatinase-associated lipocalin. Crit 
Care, 2014; 18(4): R151

 16. Siew ED, Davenport A: The growt of acute kidney injury: A rising tide or 
just closer attention to detail? Kidney Int, 2015; 87(1): 46–61

 17. Hsu RK, McCulloch CE, Adams Dudley R et al: Temporal changes in inci-
dence of dialysis – requiring AKI. J Am Soc Nephrol, 2013; 24: 37–42

 18. Smith OM, Wald R, Adhikari NK, Pope K et al: Standart versus accelerat-
ed initiation of renal replacement therapy in acute kidney injury (STARRT-
AKI): Study protocol for a randomized controlled trial. Trials, 2013; 14: 320

 19. Chung KK, Lundy JB, Matson JR et al: Continuous venovenous hemodiafil-
tration in severely burned patients with acute kidney injury: A cohort study. 
Crit Care, 2009; 3(3); R62

 20. Steinvall I, Bak Z, Sjoberg F: Acute kidney injury is common, parallels organ 
dysfunction or failure, and carries appreciable mortality in patients with ma-
jor burns: A prospective exploratory cohort study. Crit Care, 2008; 12(5): R124

 21. Palmieri T, Lavrentieva A, Greenhalgh DG: Acute kidney injury in critically 
ill burn patients. Risk factor of progression and impact of mortality. Burns, 
2010; 36: 205–11

 22. Bagshaw SM, Wald R, Barton J et al: Clinical factors associated with inflam-
mation of renal replacement therapy in critically ill patients with acute kid-
ney injury – a prospective multicenter observational study. J Clin Care, 2012; 
27(3): 268–75

 23. Gomez M, Wong DT, Stewart TE et al: The FLAMES score accurately pre-
dicts mortality risk in burn patients. J Trauma, 2008; 65(3): 636–45

 24. Moore EC1, Pilcher DV, Bailey MJ et al: The Burns Evaluation and Mortality 
Study (BEAMS): Predicting deaths in Australian and new Zealand burn pa-
tients admitted to intensive care with burns. J Trauma Acute Care Surg, 
2013; 75(2): 298–303

 25. Schneider DF, Dobrowolsky A, Shakir IA et al: Predicting acute kidney inju-
ry among burn patients in 21st century: A CART analysis. J Burn Care Res, 
2012; 33(2): 242–51

 26. Noshad H: Frequency and prognosis of acute kidney injury in burned pa-
tients. Saudi J Kidney Dis 2014; 25: 423–24

 27. Hu JH, Meng XC, Han J et al: Relation between proteinuria and acute kid-
ney injury in patients with severe burns. Crit Care, 2012; 16(5): R172

 28. McGwin G, George RL, Cross JM, Rue LW: Improving the ability to predict 
mortality among burn patients. Burns, 2008; 34: 320–27

 29. Steward IJ, Cotant CL, Tilley MA et al: Association of rhabdomyolysis with 
renal outcomes and mortality in burns patients. J Burn Care Res, 2013; 
34(3): 318–25

 30. Siew ED, Ware LB, Bian A et al: Distinct injury markers for the early detec-
tion and prognosis f incident acute renal injury in critically ill adults with 
preserved kidney function Kidney Int, 2013; 84(4): 786–94

 31. Yavuz S, Anarat A, Acarturk S et al: Neutrophil gelatinase associated lipo-
calin as an indicator of acute kidney injury and inflammation in burned 
children. Burns, 2014; 40(4); 648–54

 32. Parikh T, Han G: Variation in performance of kidney injury biomarkers due 
to cause of acute renal injury. Am J Kidney Dis, 2013; 629(6): 1023–26

 33. McCulloch PA, Shaw A, Haase M et al: Diagnosis of acute kidney Injury us-
ing functional and injury biomarkers: Workgroup Statement from the Tenth 
Acute Dialysis Quality Initiative Consensus Conference Contrib. Nephrol, 
2013; 182: 13–29

 34. Cai X, Long Z, Lin L et al: Serm cystatin C is early biomarker for assessment 
of renal function in burn patients. Clin Chem Lab Med, 2012; 50(4): 667–71

 35. Hond DY, Lee JH, Park SO et al: Plasma neutrophil gelatinase-associated li-
pocalin as early biomarker for acute kidney injury in burn patients. J Burn 
Care Res, 2013; 34(6): e326–32

 36. RENAL Replacement Therapy Study Investigators, Bellomo R, Cass A, Cole 
L et al: Intensity of continuous renal-replacment therapy in critically ill pa-
tients. N Eng J Med, 2009; 361: 1627–38

 37. Friedrich JO, Wald R, Bagshaw SM et al: Hemofiltration compared to he-
modialysis for acute kidney injury: Systematic review and meta-analysis. 
Crit Care, 2012; 16(4): R146–58

 38. Prescott GJ, Metcalfe W, Baharani J et al: A prospective national study of 
acute renal failure treated with RRT: Incidence, aetiology and outcomes 
Nephrol Dial Transplant, 2007; 22: 2513–19

 39. RESCUE(Randomized Controlled Evaluation on Hemofiltration in Adult Burn 
Patients With Septic Shock and Acute Renal Failure) trial. http://clinicaltri-
als.gov/show/NCT01213914

 40. Nelf FP, Allman JM, Holmes JH: The use of therapeutic plasma exchange 
(TPE) in the setting of refractory burn shock. Burns, 2010; 36(3): 372–78

 41. Gille J, Sablotzki A, Malcharek M et al: Regional citrate anticoagulation for 
continuous renal replacement therapy in severe burns – a retrospective 
analysis of protocol-guided approach. Burns, 2014; 40(8): 1593–601

3763
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Witkowski W. et al.: 
Early and late acute kidney injury in severely burned patients
© Med Sci Monit, 2016; 22: 3755-3763

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


