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ABSTRACT
Objective: This study aimed to assess the accuracy of the revised BAUX score for predicting mortality among the 
major burn patients with acute kidney injury (AKI) compared with non-AKI group. The epidemiologic information 
and risk factors of AKI in major burn patients were also the point of interest.
Methods: This study was a retrospective cohort study. The medical records of 144 major burn patients admitted at 
the burns unit of Siriraj Hospital from 2010-2016 were reviewed and important data were retrieved.
Results: Age, hypertension, diabetes mellitus, severity of the burn injuries, and inhalation injuries were the factors 
related to AKI in major burn patients. The mortality rate due to AKI in burn patients was high (44.4%). The accuracy 
of the revised BAUX score in predicting the mortality among the major burn patients from our series was only 
fair (66.7%).
Conclusion: AKI affected on mortality of the major burn patients. Until the better predictor comes up, the revised 
BAUX score should be considered as a predictor of mortality in these patients.

Keywords: Acute kidney injury; acute renal failure; major burns; mortality rate; revised BAUX score (Siriraj Med J 
2019;71: 150-157)

INTRODUCTION
	 In 2016, of the 447 burn patients treated at Siriraj 
Hospital, 62 were admitted to the burns unit. The length 
of stay per case averaged 23 days, costing about US$11,000 
per admission. In addition, many hundreds of thousands 
of Thais in the wider population receive burns every year. 
This data suggests that millions of dollars are being spent 
by the government every year to pay for medical treatment 
related to burns. Better burn treatment can save money, 
but the most important objective for improving care is 
to enhance the quality of life of burn victims, which is 
priceless.
	 A systemic response after a burn injury occurs after 
at least 15% of the total body surface area is involved.1,2 

Proinflammatory cytokines are secreted and stimulate 

the body into a hypermetabolic phase in preparation 
for stress. Copious intravascular fluid leakage, the 
signature phenomenal response of endothelial cells to 
the proinflammatory cytokines, is one of the crucial 
phases that can result in edema formation in non-burned 
tissues. This can progress to burn shock if a burn patient 
receives inadequate fluid resuscitation treatment. An 
acute kidney injury in a burn victim can happen from 
many pathways, such as a poor resuscitation process 
or a hyper-response of the body to the kidney itself due 
to the secretion of pro-inflammatory cytokines. This 
condition can result in an increased mortality rate for 
burn victims, especially among major burn patients.
	 Acute kidney injury was defined by the Acute 
Dialysis Quality Initiative Group, which was founded 
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by nephrologists and intensivists. It was classified into 3 
stages: risk (R), injury (I), and failure (F). The consequences 
of this condition are divided into 2 groups: sustained loss 
of kidney function (L), and end-stage kidney disease (E). 
The 3 stages and 2 groups combine to form the acronym, 
RIFLE. The RIFLE criteria3 are used with critically-ill 
patients to form an early diagnosis of acute kidney injury 
conditions in order to decrease the mortality rate of this 
group of patients.4,5 However, the criteria are limited 
by the availability of the baseline creatinine value of a 
patient for use as part of the basic data in the criteria. 
Consequently, the Acute Kidney Injury Network criteria 
(AKIN criteria) were developed by the Acute Kidney 
Injury Network (AKIN) to provide a more accurate tool 
than the RIFLE criteria for the diagnosis of acute kidney 
injuries. The AKIN criteria classifies acute kidney injuries 
into 3 stages, based on the method of treatment.6,7 
	 It has been reported that the mortality rate of 
critically-ill patients with acute kidney injuries varies 
from 10%–100%, depending on the type of illness.8 

Another study reported a 34.9% (mean: 41.9%) mortality 
rate for burn patients with acute kidney injuries, which 
is 5–6 times higher than the mortality rate of non-AKI 
burn patients.9 Even when a sub-group of AKI patients 
in that study received renal replacement therapy (RRT) 
for the treatment of renal failure, their mortality rate was 
still very high at 80%.9

	 The revised BAUX score has been reported as the 
most accurate score for predicting mortality due to burns. 
This score’s factors are age, percentage of total body 
surface area (%TBSA) burn, and inhalation injuries.10 A 
revised BAUX score of ≥ 100 is equivalent to a prediction 
of a 100% mortality rate.

	   Revised BAUX score = Age + %TBSA + 17x

	   (x as inhalation injury: 1 = yes, 0 = no)

	 To make it more convenient to calculate the score, 
it was developed into nomogram form.11 Nevertheless, 
an acute kidney injury condition is still not one of the 
factors used to calculate the score.

MATERIALS AND METHODS
	 This studied was conducted with the approval of the 
Ethics Committee of Siriraj Hospital (Si 690/2016). The 
subjects were ≥ 20% total body surface area burn injury 
patients who had been admitted to the burns unit of Siriraj 
Hospital from 2010–2016. Those patients aged < 18 years 
or with a history of diagnosed chronic kidney disease 
were excluded, as were patients who had incomplete 

medical records. Of the 190 patients screened for the 
study, 46 were excluded due to having incomplete data, 
leaving 144 burn patients to be analyzed. The RIFLE and 
AKIN criterias were used to define the AKI group and to 
classify the severity of their burns. The qualitative data 
comprised of sex, underlying diseases, type of burn injury, 
with-inhalation injury, and any episode of hypotension 
in the first 24 hours post-injury (hypotension was defined 
as a systolic blood pressure of < 90 mmHg). These were 
presented as mean ± SD or median (IQR: percentile 25, 
percentile 75) and frequency (%). The continuous data 
comprised of age, length of hospital stay (days), %TBSA 
burn, length of ventilator use (days), and the volume of 
intravenous fluids for resuscitation in the first 24 hours 
post-injury and the second 24 hours post-injury; these 
were presented as frequency (%).
	 The program Statistical Package for Social Science 
(SPSS) version 18.0 was used to analyze the data. The 
independent t-test was used to analyze continuous data, 
while the Mann–Whitney test, Chi-square test and Fisher’s 
exact test were used for the categorical data. A p-value 
less than 0.05 was considered to be statistically significant.
	 Factors associated with acute kidney injury were 
presented as odds ratio (95% confidence interval). The 
p-value corresponds to the logistic regression analysis. 
The association between the revised BAUX score and 
the AKI-with-mortality rate were analyzed by logistic 
regression analysis and presented as odds ratio (OR) 
with a 95% confidence interval (95% CI). The accuracy 
of the revised BAUX score in predicting mortality in the 
AKI group of burn patients was calculated from AUC.

RESULTS
	 The demographic data are in Table 1. The majority 
of the burn patients were male (75.7%), and the mean 
age of all burn victims was 44.09 ± 18.58 years. Essential 
hypertension was the most common underlying disease, 
followed by diabetes mellitus. The average size of the 
burn injuries was 41.75%TBSA, and most injuries had 
been caused by flame burn. The AKI group was older 
than the non-AKI group (49.97 ± 20.2 vs. 39.52 ± 15.88 
years, respectively, p = 0.001). The average injury of the 
AKI group was more severe than that of the non-AKI 
group (%TBSA 55% vs. 35%, respectively, p < 0.001, 
with an incidence of > 60%TBSA 25 vs. 9, respectively, 
p < 0.001). Inhalation injuries were mostly found in 
the AKI group (27 vs. 19, respectively, p = 0.019). Most 
patients in the AKI group required ventilator support 
(80.9% vs. 30.9%, respectively, p < 0.001), and the length 
of ventilator use was longer for the AKI than the non-
AKI group (19 vs. 7 days, respectively, p = 0.001). The 
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TABLE 1. Demographic data.

        Factors	 AKI group	 Non-AKI group	 Total	 P-value
		  (n=63)	 (n=81)	 (n=144)	

Mean age (years)	 49.97 ± 20.2	 39.52 ± 15.88	 44.09 ± 18.58	 0.001*

Sex 				  
(Male:female)	 48(76.2%):15(23.8%)	 61(75.3%):20(24.7%)	 109(75.7%):35(24.3%)	

Underlying diseases				  

–	 HT	 15(23.8%)	 6(7.4%)	 21(14.6%)	 0.008*

–	 DM	 6(9.5%)	 1(1.2%)	 7(4.9%)	 0.043*

–	 DLP	 5(7.9%)	 2(2.5%)	 7(4.9%)	 0.24

–	 Coronary artery disease	 2(3.2%)	 1(1.2%)	 3(2.1%)	 0.581

–	 Gout	 0(0%)	 1(1.2%)	 1(0.7%)	 1

–	 Cirrhosis	 1(1.6%)	 0(0%)	 1(0.7%)	 0.438

–	 Asthma	 0(0%)	 3(3.7%)	 3(2.1%)	 0.257

–	 COPD	 1(1.6%)	 0(0%)	 1(0.7%)	 0.438

–	 Other eg. CVA, 	 10(15.9%)	 11(13.6%)	 21(14.6%)	 0.813
	 Parkinson disease, etc.

Type of burn injury				  

–	 Flame burn 	 51(81%)	 53(65.4%)	 104(72.2%)	 0.042*

–	 Scald burn	 6(9.5%)	 10(12.3%)	 16(11.1%)	 0.79

–	 Electrical burn	 5(7.9%)	 18(22.2%)	 23(16%)	 0.023*

–	 Other eg. contact hot objects.	 1(1.6%)	 0(0%)	 1(0.7%)	 0.438

%TBSA (IQR)	 55(38.5,73)	 35(25,46)	 41.75(30,60)	 <0.001*

Depth burn wound				  

–	 2nd degree (IQR)	 49(30,63)	 35(25,50)	 38(28,58)	 0.015*

–	 3rd degree (IQR)	 36.5(15,43.5)	 15(10,37.5)	 28(10,40)	 0.225

Inhalation injury	 27(42.9%)	 19(23.5%)	 46(31.9%)	 0.019*

Length of hospital	 36(17,60)	 31(20,54)	 34.5(18.5,56.5)	 0.622
stay, day (LOS) (IQR)

Ventilator used	 51(80.9%)	 25(30.9%)	 76(52.8%)	 <0.001*

Total ventilator days	 19	 7	 13	 <0.001*

(IQR)	 (10,38.5)	 (5,11)	 (7,26)	

1st 24 h fluid (mL)	 12,967	 9,656	 11,679

(IQR)	 (9,800,19,000)	 (6,630,13,982)	 (7,180,17,236)	
0.001*

1st 24 h fluid (mL/kg/%TBSA)	 4.05	 4.21	 4.07	 0.413
(IQR)	 (2.93,5.29)	 (3.07,5.45)	 (2.98,5.33)	

2nd 24 h fluid (mL)	 8,640	 5,950	 7,378.5	 <0.001*
(IQR)	 (7,100,10,513)	 (4,800,7860)	 (5,360,8,985)	

2nd 24 h fluid (mL/kg/%TBSA)	 2.44	 2.48	 2.47	 0.417
(IQR)	 (1.73,3.08)	 (1.79,3.29)	 (1.75,3.2)	

Hx of Hypotension in 1st 24 h	 16(25.4%)	 4(4.9%)	 20(13.9%)	 0.001*
(SBP < 90 mmHg)

* P-value < 0.05 Abbreviations: HT = essential hypertension; DM = diabetes mellitus; DLP = dyslipidemia; COPD = chronic obstructive 
pulmonary disease; CVA = cerebrovascular disease; IQR = interquartile range (25th percentile, 75th percentile); h = hours; %TBSA = % total 
body surface area burn; SBP = systolic blood pressure.
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AKI group required more fluid resuscitation in the first 
and second 24 hours post-injury, and also developed 
hypotension more often than the non-AKI group in the 
first 24 hours post-injury.
	 The APACHE II scores calculated for both groups 
are in Table 2. The APACHE II score for the AKI group 
was significantly higher than that for the non-AKI group 
(16.86 ± 8.16 vs. 6.49 ± 4.39, p < 0.001). Parameters for 
the two groups (such as GCS, MAP, RR, FiO2, arterial 
pH, Hct, serum HCO3 and serum creatinine) differed 
significantly.
	 A logistic regression was performed to calculate 
the odds ratio of the factors (Table 3). The odds ratio 
of patients needing to use a ventilator was very high at 
11.23. The DM and HT odds ratios were 8.42 and 3.91, 
respectively. The odds ratio for a history of hypotension 
in the first 24 hours post injury was 6.55. Extensive 
injury > 60%TBSA showed an odds ratio of 5.26, while 
inhalation injury had an odds ratio of 2.45.
	 63 patients were diagnosed with AKI (Table 4). 
The highest incidence of AKI (29) occurred with RIFLE-
Risk and AKIN stage 1; all of the patients in those two 
categories were successfully treated using conservative 

treatment with medication. A total of 13 other patients 
received renal replacement therapy; 12 of those patients 
were RIFLE-Failure, while the 13th was RIFLE-Loss; and 
all 13 were in AKIN stage 3. 
	 The incidences of mortality at 28 days and at 6 
months were significantly higher for the AKI group, 
with p <0.001 (Table 5). Revised BAUX scores were 
calculated for each group. The score for the AKI group 
(115.59 ± 27.73) was higher than that for the non-AKI 
group (82.56 ± 24.41), with p < 0.001 (a revised BAUX 
score ≥ 100 predicts 100% mortality rate10,12). The revised 
BAUX scores were also significantly higher for the dead 
patients in both groups (Table 6).
	 Both the revised BAUX scores and AKI in Table 7 
are also related to the mortality rate from multivariate 
analysis, with OR 1.04, p < 0.001 and OR 8.69, p = 0.002, 
respectively.

DISCUSSION
	 In the past, AKI in burns was considered to be 
caused by hypovolemia resulting from inadequate 
volume resuscitation in the first 24 hours, post injury.13,14 

Historically, Parkland’s formula was used to determine 

TABLE 2. APACHE II scores.

	 Factors	 AKI group	 Non-AKI group	 Total	 P-value
		  (n=63)	 (n=81)	 (n=144)	

APACHE II score	 16.86 ± 8.16	 6.49 ± 4.39	 11.03 ± 8.14	 <0.001*

–	 GCS 	 10.87 ± 2.72	 13.89 ± 2.09	 12.57 ± 2.81	 <0.001*

–	 BT (*C)	 37.92 ± 0.84	 37.89 ± 0.64	 37.9 ± 0.74	 0.833

–	 MAP (mmHg)	 86.35 ± 11.39	 90.8 ± 10.5	 88.85 ± 11.08	 0.016*

–	 HR (beat/min)	 131.43 ± 126.17	 107.64 ± 16.28	 118.05 ± 84.79	 0.095

–	 RR (per min)	 21.84 ± 4.86	 20.17 ± 2.08	 20.9 ± 3.66	 0.013*

–	 FiO2	 0.5 ± 0.2	 0.42 ± 0.09	 0.45 ± 0.15	 0.004*

–	 PaO2 (mmHg)	 134.07 ± 80.28	 116.43 ± 52.36	 124.15 ± 66.37	 0.134

–	 Arterial pH	 7.32 ± 0.11	 7.38 ± 0.05	 7.34 ± 0.1	 0.048*

–	 Serum HCO3 (mmol/L)	 19.87 ± 5.01	 23.9 ± 3.75	 22.14 ± 4.78	 <0.001*

–	 Na (mmol/L)	 134.54 ± 25.03	 137.85 ± 4.14	 136.4 ± 16.85	 0.303

–	 K (mmol/L)	 4.21 ± 0.76	 4.09 ± 0.59	 4.14 ± 0.67	 0.28

–	 Serum Cr (mg/dL)	 2.01 ± 1.58	 0.77 ± 0.25	 1.31 ± 1.23	 <0.001*

–	 Hct (%)	 35.93 ± 11.19	 40.71 ± 8.6	 38.62 ± 10.06	 0.006*

–	 WBC (cells/mm3) (IQR)	 14,110	 10,920	 11,645	
0.232

		  (5,960, 21,860)	 (6,800, 16,010)	 (6,560, 18,025)

Data is presented as mean ± SD, *p-value < 0.05. Abbreviations: APACHE II = Acute Physiology and Chronic Health Evaluation version 
II; GCS = Glasgow Coma Score; BT = body temperature; MAP = mean arterial pressure; HR = heart rate, RR = respiratory rate, IQR = 
interquartile range (25th percentile, 75th percentile)
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TABLE 3. Associated factors for AKI.

          Factor	 Univariate Crude OR 	 P-value	 Factor	 Univariate Crude OR	 P-value
		  (95%CI) 			   (95%CI)	

Age	 1.03 (1.01, 1.05)	 0.001*	 APACHE II score	 1.29 (1.18, 1.41)	 <0.001*

HT		  3.91 (1.31, 13.05)	 0.008*	 GCS	 0.64 (0.55, 0.74)	 <0.001*

DM		 8.42 (0.97, 392.01)	 0.043*	 BT	 1.05 (0.67, 1.65)	 0.832

Electrical Injury 	 0.3 (0.08, 0.92)	 0.023*	 MAP	 0.96 (0.93, 0.99)	 0.019*

Total %TBSA injury	 1.04 (1.02, 1.06)	 <0.001*	 HR	 1.03 (1.01, 1.06)	 0.004*

–	 <20%TBSA	 1 (0, 1)	 0.438	 RR	 1.15 (1.03, 1.28)	 0.011*

–	 20%–40%TBSA	 0.24 (0.11, 0.5)	 <0.001*	 FiO2	 56.26             	 0.006*

					     (3.18, 995.95)

–	 41%–60%TBSA	 1.33 (0.6, 2.93)	 0.462	 PaO2	 1 (1, 1.01)	 0.123

–	 >60%TBSA	 5.26 (2.09, 14)	 <0.001*	 Arterial pH	 0 (0, 1.07)	 0.052

Type of burn injury			   Serum HCO3	 0.81 (0.74, 0.88)	 <0.001*

–	 2nd degree	 1.02 (1.01, 1.04)	 0.01*	 Na	 0.99 (0.96, 1.01)	 0.294

–	 3rd degree	 1.03 (0.99, 1.08)	 0.134	 K	 1.32 (0.8, 2.17)	 0.28

Inhalation Injury	 2.45 (1.13, 5.35)	 0.019*	 Cr	 195.62              	 <0.001*

					     (26, 1471.65)	

Ventilator used	 11.23 (4.71, 27.65)	 <0.001*	 Hct	 0.95 (0.92, 0.99)	 0.005*

Event of hypotension in	 6.55 (1.93, 28.2)	 0.001*	 WBC	 1 (1, 1)	 0.083

1st 24 h (SBP<90 mmHg)

*P-value < 0.05 Abbreviations: HT = essential hypertension; DM = diabetes mellitus; %TBSA = % total body surface area burn; h = hours; 
SBP = systolic blood pressure; GCS = Glasgow Coma Score; BT = body temperature; MAP = mean arterial pressure; HR = heart rate;  
RR = respiratory rate; Cr = serum creatinine; Hct = hematocrit; WBC = white blood cell 

TABLE 4. Type of AKI (total AKI group = 63 patients).

RIFLE	 Incidence	 AKIN	 Incidence	 Dead in 28 days	 Dead in 6 months

Risk 	 29 (46%)	 Stage 1	 29 (46%)	 3 (16.7%)	 6 (21.4%)

Injury	 21 (33.3%)	 Stage 2	 21 (33.3%)	 8 (44.4%)	 12 (42.9%)

Failure	 12 (19%)	 Stage 3	 13 (20.6%)	 7 (38.9%)	 10 (35.7%)

Loss	 1 (1.59%)		
Total	 18	 28

ESKD	 0				  

Abbreviations: RIFLE = Risk-Injury-Failure-Loss of Kidney Function-End-stage Kidney Disease; AKIN =Acute Kidney Injury Network; 
ESKD = end stage kidney disease
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	 Total	 AKI group			   Non-AKI group		  P-value
	 (n=144)	 (n=63)			 

97.01 ± 30.61	 115.59 ± 27.73			   82.56 ± 24.41		  <0.001*

		  Dead	 Survive	 P-value	 Dead	 Survive	 P-value
		  (n=28)	 (n=35)		  (n=3)	 (n=78)	

Revised BAUX score	 127.23 ± 27.72	 106.27 ± 24.31	 0.002*	 125.33 ± 44.06	 80.91 ± 22.23	 0.036*

the fluid resuscitation volume required daily. However, 
this standard formula was often found to calculate more 
fluid than patients needed in practice. The current trend 
is to use the same formula to estimate the fluid volume, 
but then to adjust the fluid rate every 2 hours, based on 
the patient’s clinical response. This technique better 
balances the fluid needs of the patient, thereby ensuring 
that there is adequate fluid resuscitation. The trend to 
keep a dryer status has been proven to decrease the 
incidence of acute complications such as compartment 
syndrome, both in the extremities and abdomen.15,16 

	 Late complications such as infection, which is the 
biggest killer for late death burns, have been reported 
to relate to the hyper-resuscitation volume that had 
been given.17 Even in the case of patients who received 
adequate fluid resuscitation, AKI can still happen from 
other pathways. For example, the direct-injury effect of 

pro-inflammatory cytokines acts on the stress response 
pathway, which stimulates the Renin-angiotensin-system 
(RAS); the RAS hormones then enhance the kidney’s 
vascular tone, which boosts its glomerular filtration rate. 
Moreover, sometimes cytokines themselves can create a 
direct injury to the kidneys and the myocardial muscle; 
this worsens the perfusion to the kidney, which results 
in additional and indirect kidney damage.13 
	 The stress response to burn injuries in the elderly 
is not the same as that for younger people.18 Due to the 
elderly’s poor body reserves resulting from the aging 
process, they are prone to develop more complications 
after burn injuries, such as AKI, as found in the study 
by Wu et al.,19 and our study. Essential hypertension 
and diabetes mellitus are diseases that affect systemic 
vascular quality. The poor quality vessels affect end-organ 
perfusion of the heart and kidney. Low renal perfusion, 

TABLE 5. Mortality rates for both groups.

	 Factors	 AKI group	 Non-AKI group	 Total	 P-value
		  (n=63)	 (n=81)	 (n=144)	

Mortality at 28 days	 18 (28.6%)	 2 (2.5%)	 20 (13.9%)	 <0.001*
post injury

Mortality at 6 months	 28 (44.4%)	 3 (3.7%)	 31 (21.5%)	 <0.001*
post injury

*P-value < 0.05

TABLE 6. The revised BAUX scores for each group.

TABLE 7. The relationship of the revised BAUX scores and AKI with the mortality rate.

Data presented as mean ± SD, *p-value < 0.05

	                                      Univariate analysis		                                     Multivariate analysis

	 Crude OR	 P-value	 Adjusted OR	 P-value
	 (95%CI)		  (95%CI)	

Revised BAUX	 1.06 (1.03, 1.08)	 <0.001*	 1.04 (1.02, 1.06)	 <0.001*

AKI	 20.8 (5.93, 73.01)	 <0.001*	 8.69 (2.23, 33.84)	 0.002*

*P-value < 0.05, CI = confidence interval
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especially in a stressed condition, creates further damage 
to kidneys, which results in the acute kidney injury 
condition. 
	 Most patients in this series received their injuries 
from flame burns, thus sharing a common etiology with 
burn victims in other countries all around the world. 
However, in the present study, the AKI condition was 
found to be more common for the electrical-injury 
group than had been reported in other studies. This may 
be explained by the fact that this kind of injury causes 
more severe damage to the tissue than a flame injury, 
and it can develop the rhabdomyolysis condition, which 
burdens the kidneys and makes them prone to further 
injury. Pro-inflammatory cytokines play a major role 
in the systemic response of the body after major burn 
injuries. AKI occurs more frequently when patients 
have larger areas of burn injury. The severity of the 
body’s systemic response to a burn injury is related to 
the inflammatory cytokine level, which varies with how 
large the injured area is.20 Second-degree burns play a 
significant role in the development of AKI complications. 
This may be explained by the level of cytokines that are 
stimulated and secreted. Most of these are triggered by 
second-degree burns of the skin21, which create more 
hemodynamic changes from fluid shifts than from third 
degree wounds, in which all cells are dead.22,23 
	 In this study, the presence of inhalation injuries, 
ventilator use, episodes of hypotension in the first 24 
hours, and arterial pH were related to AKI, which was 
also found in the study by Schneider et al.24 The AKI 
group had a longer average hospital stay and more 
complications, consistent with other studies.9,13,14,19,23 
Moreover, the mortality in the AKI group in our study 
was 44.4%, which is in the range of 4%–90% from other 
studies.13,14,23

	 The average fluid resuscitation volume in the AKI 
group was larger than that for the non-AKI group, 
although after calculating the volume per kg per %TBSA, 
the difference proved to be non-significant. Currently, 
there is no valid, fixed formula available for calculating 
resuscitation fluids for all types of burn patients. The best 
thing that we can do is to closely monitor and titrate the 
fluid rate based on a patient’s hemodynamic status to 
reach the optimum and adequate resuscitation endpoint. 
During the first 24 hours, the resuscitation-fluid rate 
for both groups was about 4 mL/kg/%TBSA, calculated 
using Parkland’s formula; the need for fluid decreased 
by a half during the second 24-hour period.
	 The data in Table 2 shows that APACHE II is a 
good scoring system for evaluating the severity of a burn 
injury with a coexistent AKI condition. The AKI group 

showed significantly higher APACHE II scores than 
the non-AKI group (p <0.001). As for the parameters 
of APACHE II, it was found that GCS, MAP, RR, FiO2, 
arterial pH, serum HCO3, Hct and serum creatinine 
differed significantly between the AKI and non-AKI 
groups. 
	 Most of the AKI patients were RIFLE-R and 
AKIN stage I, which can be treated conservatively with 
medication. A total of 13 patients in RIFLE-F, RIFLE-L 
and AKIN stage 3 received renal replacement therapy 
(RRT) treatment. Even though effective RRT treatment 
was initiated in these groups, the mortality rates were 
still high (38% for RIFLE-I and AKIN stage 2, 58.3% 
for RIFLE-L, and 53.8% for AKIN stage 3). Detection at 
an earlier stage may help to decrease patient morbidity 
from the necessary intervention treatment (RRT) and 
may lessen mortality.
	 From a multivariate analysis of the revised BAUX 
score and AKI with the mortality rate, we found that 
both factors relate with mortality rate with a statistically 
significant adjusted OR. This means that both factors 
heavily affect the mortality rate. Consequently, the AKI 
factor should be considered in order to improve the 
accuracy of the calculation formula used to predict burn 
mortality rates.
	 Using the revised BAUX score cut-off at 100 for 
prediction of mortality in the AKI group (Osler T et al. 
defined a score ≥ 100 as a prediction of a 100% mortality 
rate10) as shown  in Fig 1, the sensitivity is 83.9%, with 
61.9% specificity. The positive predictive value is 37.7%, 
and the negative predictive value is 93.3%. The accuracy 
is 66.7%.
	 At 66.7%, the accuracy of the revised BAUX score 
to predict the mortality rate in our study was quite low 
compared with other studies.24,25 The accuracy of the 
calculated score may have been impacted by the fact 
that nearly half of our study population (43.7%) were 
in the AKI group.
	 This study had added another supporting evidence 
that AKI is one of the important factors in predicting the 
outcome of the burn patients. The total number of the 
patients and the fact that nearly half of the population 
has developed AKI might be the main factor which 
using BAUX score in predicting mortality rate was not 
as accurate as shown the previous studies.
	 AKI is one of the significant conditions that increase 
the mortality rate of major burn patients. The future 
calculation scoring system should recognize it as an 
important factor affecting mortality. The revised BAUX 
score is not accurate enough to use to predict mortality 
of major burn patients with AKI.

Chinaroonchai et al.



Volume 71, No.2: 2019 Siriraj Medical Journalwww.smj.si.mahidol.ac.th 157

Original Article SMJ

ACKNOWLEDGMENTS
	 This research project was supported by the Faculty 
of Medicine Siriraj Hospital, Mahidol University (Grant 
Number: [IO] R016031018). We thank Mr.Tanut 
Sornmanapong for facilitating the research coordinative 
process.
Conflicts of interest: It is hereby declared that there are 
no conflicts of interest.

REFERENCES
1.	 Kao CC, Gamer WL. Acute burns. Plast Reconstr Surg 2000; 
	 105:2482-92.
2.	 Kramer GC. Pathophysiology of burn shock and burn edema.  
	 In: Herndon DN. Total burn care. 4th ed. Edinburgh; New  
	 York: Saunders Elsevier; 2012.p.103-13.
3.	 Bellow R, Ronco C, Kellum JA, Mehta RL, Palevsky P, Acute  
	 Dialysis Quality Initiative workgroup. Acute renal failure –  
	 definition, outcome measures, animal models, International  
	 Consensus Conference of the Acute Dialysis Quality Initiative  
	 (ADQI) Group. Crit Care 2004;8:R204-12.
4.	 Abosaif NY, Tolba YA, Heap M, Russell J, El Nahas AM. The  
	 outcome of acute renal failure in the intensive care unit according  
	 to RIFLE: Medel application, sensitivity, and predictability.  
	 Am J Kidney Dis 2005;46:1038-48.
5.	 Uchino S, Bellow R, Goldsmith D, Bates S, Ronco C. An  
	 assessment of the RIFLE criteria for acute renal failure in  
	 hospitalized patients. Brit Care Med 2006;34:1913-17. 
6.	 Molitoris BA, Levin A, Warnock DG, Joannidis M, Mehta RL,  
	 Kellum JA, et al. Acute Kidney Injury Network Working Group.  
	 Improving outcomes of acute kidney injury: report of an  

	 initiative. Nat Clin Pract Nephrol 2007;3:439-42.
7.	 Mehta RL, Vellum Ja, Shah SV, Molitoris BA, Ronco C, Warnock  
	 DG, et al. Acute Kidney Injury Network. Acute Kidney Injury  
	 Network: report of an initiative to improve outcomes in acute  
	 kidney injury. Crit Care 2007;11:R31.
8.	 Hoste EA, Schurgers M. Epidermiology of acute kidney injury:  
	 How big is the problem? Crit Care Med.2008;36:S146-51.
9.	 Brusselaers N, Monstrey S, Colpaert K, Decruyenaere J, Blot SI,  
	 Hoste EA. Outcome of acute kidney injury in severe burns: a  
	 systematic review and meta-analysis. Intensive Care Med  
	 2010;36:915-25.
10.	 Osler T, Glance LG, Hosmer DW. Simplified estimates of the  
	 probability of death after burn injuries: extending and updating  
	 the baux score. J Trauma 2010;68:690-7.
11.	 Williams DJ, Walker JD. A nomogram for calculation of the  
	 Revised Baux Score. Burns 2015;41:85-90.
12.	 Woods JF, Quinlan CS, Shelley OP. Predicting Mortality in  
	 Severe Burns – What Is the Score?: Evaluation and Comparison  
	 of 4 Mortality Prediction Scores in an Irish Population. Plast  
	 Reconstr Surg Glob Open 2016;4:e606.
13.	 Emara SS, Alzaylai AA. Renal failure in burn patients: a review.  
	 Ann Burns Fire Disasters 2013;26:12-15.
14.	 Ibrahim AE, Sarhane KA, Fagan SP, Goverman J. Renal dysfunction  
	 in burns: a review. Ann Burns Fire Disasters 2013;26:16-25.
15.	 Cartotto R, Zhou A. Fluid creep: the pendulum hasn’t swung  
	 back yet! J Burn Care Res 2010;31:551-8.
16.	 Strang SG, Van Lieshout EM, Breederveld RS, Van Waes OJ.  
	 A systematic review on intra-abdominal pressure in severely  
	 burned patients. Burns 2014;40:9-16.
17.	 Klein MB, Hayden D, Elson C, Nathens AB, Gamelli RL,  
	 Gibran NS, et al. The association between fluid administration  
	 and outcome following major burn: a multicenter study. Ann  
	 Surg 2007;245:622-8.
18.	 Jeschke MG, Patsouris D, Stanojcic M, Abdullahi A, Rehou S,  
	 Pinto R, et al. Pathophysiologic Response to Burns in the  
	 Elderly. EBioMedicine 2015;2:1536-48.
19.	 Wu G, Xiao Y, Wang C, Hong X, Sun Y, Ma B, et al. Risk  
	 Factors for Acute Kidney Injury in Patients With Burn Injury: A  
	 Meta-Analysis and Systematic Review. J Burn Care Res 2017;
	 38:271-82.
20.	 Sood RF, Gibran NS, Arnoldo BD, Gamelli RL, Herndon DN,  
	 Tompkins RG, et al. Early leukocyte gene expression associated  
	 with age, burn size, and inhalation injury in severely burned  
	 adults. J Trauma Acute Care Surg 2016;80:250-7.
21.	 Sakallioglu AE, Basaran O, Karakayali H, Ozdemir BH, Yucel  
	 M, Arat Z, et al. Interactions of systemic immune response  
	 and local wound healing in different burn depths: an experimental  
	 study on rats. J Burn Care Res 2006;27:357-66.
22.	 Farina JA, Jr., Rosique MJ, Rosique RG. Curbing inflammation  
	 in burn patients. Int J Inflam 2013;2013:715645.
23.	 Schneider DF, Dobrowolsky A, Shakir IA, Sinacore JM, Mosier  
	 MJ, Gamelli RL. Predicting acute kidney injury among burn  
	 patients in the 21st century: a classification and regression tree  
	 analysis. J Burn Care Res 2012;33:242-51.
24.	 Pantet O, Faouzi M, Brusselaers N, Vernay A, Berger MM.  
	 Comparison of mortality prediction models and validation  
	 of SAPS II in critically ill burns patients. Ann Burns Fire  
	 Disasters 2016;29:123-9.
25.	 Salehi SH, As’adi K, Abbaszadeh-Kasbi A, Isfeedvajani MS,  
	 Khodaei N. Comparison of six outcome prediction models in  
	 an adult burn population in a developing country. Ann Burns  
	 Fire Disasters 2017;30:13-17.

Fig 1. AUC of revised BAUX score at cut off value of 100.

	 Sensitivity  	 83.9%

	 Specificity 	 61.9%

	 PPV 	 37.7%

	 NPV 	 93.3%

	 Accuracy 	 66.7%


