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SUMMARY. Acute ladney injury 1s one of the severe complications sfler burns. The purpose of this study was o
Hentify prevalence, risk factors o the development of acute kidney injury (AR in burn patients and mortalicy,
uzing RIFLE classification: rigk (B}, mjury (1}, failure (F), koas (L1, and énd-stape kidsey disease (E). This 3.vear
retrospective aipdy was conducted in burn patients admited o the D, Soetomao Hespasl Burn Certer beiween
January 2005 and September 2020, Bum patients aged =13 vears old and diggnosed with scote kidney mjury dunmg
hospiialization wene enrolled in this study. Factors nfluencing AR and iis moriality were assessed using bivariale
and multivarite logesiie repression analysiz. Eighevenme bum patients were available @ analvsis, and 18 (2005) of
them developed AR acconding whe RIFLE chesificamen nsk in 6 33%), iofury in 7 (3% apand failune i 3 (2534),
Patients with AKI had 2 ggmificantly ogher age and %5 of TEBSA than thoss without AKI (p-ralue <(H3), Age mors
than 63 years old was dgnificantly asociared as a risk feoor w develop AKL {(R=253553, p value=0014). The
mwrtality e of patients with AK] was B34 (15 deaths froon 18 patiems), with the overall maonadity of patients
16,85, Chissquare analysis mdscsed mbalation myury, %o of TB3AL and sge as nsk ficos frmotaliy (poalue =<
(L0571, The comclusion of our stdy was that the incidence of AKL in bum: patients was relatvedy high, Otider age &
a risk factor bo develop AKL and mhalation igury, TBSA, and age were associted with mortality.

Keyvwords; A Kl burm patients, RIFLE, provalence, mortality

RESUME:La défolilance rénade afgud [DRA) 3t e des complieations graves des brithuwes, Cetie fnle a pouy
o evelier xa preévelence, Tei factewns de risqie de sa srvense 6 sa morialind, on utilvons e deoifeanon RIFLE
Rk Risguee ), Filepiry- Ldsian), F 1 allare- IEGmee), B Loss- Porte de fovreiion), B End siage- Termimalel,
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Intrmduetion

B cse nol only bocal effects bun also systemic
effects. The loca! mpoct of burms ore redness of sk,
swelling and pain.' The systemic impact of bums
decresses intravascalar volume, mefeases vagenlsr
resistance, decreases cardiac output, and leads o
schemi and metabolic acidosis. Thess systemic effects
usE] by ocour when the inisl body surface area bumed
o ineee than 200, and they caime sevene damage in
cardievascular Rincton, which is called hypovokemic
shock. Hypovolemic shock ocours due to resduced
intravascular plasms volome, which causes fuid
displacerent o non-finctional body spaces.~ The mwost
ppparrent clmical condison due to ypovolemi shock
5 damage to the kkdney filtraton system knomsn es acute
kidney injury (4K

AKD is a condition where there i3 a sudden
decrease in kidney fusction.” Hypovelemie shock
reduces renal perfusion and is followsd by reduced
glomenilar Gluation rate {(GFR). This process
redhices creatinine clearance and oliguria or decresses
uring output {uring production=20mE 12 hours).
Several studies siated that the meidence of AK] m
burn patients still varies depending onthe definition
used, Clinicians can wse several guidelines 1o define
AEL including KDIGO, AKIN and RIFLE. To
citablish the definition of AKL the Acute Dialysis
Quality  Initiaive Group mitiated the RIFLE
criteng® RIFLE criveria indicate three stages of renal
injury based on serum creatimime levels and or urine
oupEE which reflects a reduction in GFR followed
by duration and seventy of decreased weine outpal,
The RIFLE criferia consist of risk (R, injury (1] aod
faihure (F), along with two oufgdmes, loss (L) and
crid-siape kidney disease (E) RIFLE criteria have
been used in several siadies inbum setiings o define
ARand o correlae AR with hospitad ouleomes, ™

AK11s a common complication m bum patients,
with an incidence and morality of 30% and B0,
respectively. However, the incidence rate of AKI
depends on the bum population studied and the
defimtion of AKI used. HBumgrrelated to kidney
inury &re usually classificd as cardy AKL (0-3 days
after imjuryl or late AKL{(=4 days after imury), Exrly
burn AK1 15 generally coused by hypovoelemino, low
renal perfusion, direct cardiae suppression resulting
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from the release of THNF-alphs) and denatured
protein deposition. In conirast, late AKL is ofien
catsed by sepsis, multi-organ fwslure (MOF), and the
use of pephrotoxss drugs.*

According to n meta-analysis study by Folkestad
et al,, the rigk foctors for AKI in burn patients are
old age, chronic hvpenension, diabetes mellius, a
high percentnge of TBSA, a high score of ARSI
{Abbreviated Bum Severity Index ), a high score of
APACHE (Acuie Physiology And Chronic Health
Exalumtion 1 scores, and SOFA (Segquential Organ
Fatlure Assessment) score. The presence of
inhalation rawma, thabdomyalvsis, surgery, sepsis,
and use of mechameal venlilators were alse reported
as sk faciors to developing AKL m bum patients, ™
Lo far, there 15 no study in Indonesia regarding the
prevalesce and risk factors for AKL in bum paticnis.
Therefare, hased on this background, the parpose of
our study 15 o identify the prevalence and nsk
{actors aftecting the incidence and mortality of AKI
amirg burn paticats using RIFLE  critenia in
Fdopesion populations, A good understanding of the
ingiderce and nisk factors for AKI in burn patients
can help climoans and phermacisis provide
appropeiate  management  therapy 1o prevent
e bidity dmd mertalicy,

MMalerials and met hods

Pafient selaciion

Thisstady wis anannbdic rerospacaye ohaenvational
udy using medical records of bum patients who
were admined wohe D Soeromo Hospiisl Bam
Center, Sursbaya-Indonssis between January 2013
and September 20200 This sudy ok place from
September to December 2000, Inclusion criferns
were burn patbents mred =1 7 years ofd and diagnosed
with acuie kidney injury on admission or duning
Irepicalization ard completed by the examination of
ereatinine senam kevel, blood ures nitrogen, or urime
outpul, Exclusion crifers were patients whio hod a
history of kidney discase and heart failure and if they
arreved m our bum center mrofE than 72 howrs after
burns. In this shady, we used the RIFLE ériteria o
determing the definmtions for AKI m bum paticnis
during their bospital sty as shown m Table |, These
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Tabibe T - RIFLE triterw for AKT clipsificaion
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criteria state that an increase in serum creatinine levels
up b0 50% or moee above the baseline is determined
& AKL Serum creatmme level on admisson was used
o6 o beseling. In this study, we also divided bum
patents with AR into early- (=3 days) and late-onset
AKI =4 davs). Bageline serum credinine level was
defined first on admassion or the earliest available
serifl creatinine level in the first 5 dayve after burns.
The lowest creatiming level at the me of simission
wis used as the baseling for ereatining,

Fhiver ammalvsis

Demographic  data  including  age,  sex,
percentage of fofal body surface area, cause of
burns, length of stay, and mortality were reeonied
and presented as percentnges in each group (Talde 1.

Tabde 1 - Dopopraphee deta of bum popess
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We also observed Iaboraiory  data inchading
creatimime serum, blood urea nifrogen {BUNS on
sdmiszion and during hospialization. Chaamntity dats
were represented as menn = S Siatistical analveis
to analyze differences between groups (AK] vs, non
AKI group) was done using the independent t-tess
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Tor coiredate "o of THEA and albumin kevel we nsed
the Pearson correl dion test Funbermore, biviria
and multivanate logistic regression wers used o
predice iskfaciors for AKIL and mostalicy. We used
SPES 2000 to comduct all statistical analysis, P-value
< 05 was considered statistally sigmfiant.

Resnlis

In this study, we found several complications
among burn paticnts with AKL as shown in Teble I
Among |EAKI burm patients, & (33%) patienis
were early AKL ond 12 (66%) potienis were Inte
onsel AKL

Talde ITT - Comphicstions amodg bom patimls with AKT
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The correlation berween percentage of THSA
and albumin level among bum panents with AKI
i5 shown i Fig. |, The mean alburmin level of bum
paticnis with AKL was 2 58+ 0.33 gl

e 4 -
B -
1...,
=
-

e - [ rinn
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By Pearson correlation, i was found that r = -
1632, p value = 0.008. It showed that the higher the
il body surface area, the wer (e albumim fevel
We alsn dvided the serum cregtmme and BUN [evel
among bum patents with AKI between survivors and
mod-survivors on admission, as slown in Table A7
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The association between inhalation imjury, age,
sex, porcenid@Ee of THSA, pade of burns and cause
of arre and the development AR in bum patients by
bivorinte analysis { Chi-squarg) 5 shown in Talle V.

Talse ¥ « Brvagiale maly s Lo ielaied s develupang AK]

Vel o Frler R
tekiison pean 25 i LR ST
(§ O Bt R ik B
Agri e ek Simi AW | S
(e sl bamsiguic 01) 034 AT Bkl
Cais o1 By s s aEE R
El!l P R ] 03l T

Bovariare amalvsis  showed  only  inhalation
trauma, pereentnge of THEAS ond age with p value
less than (25, Te associate the risk factors for de-
veloping AKI in bum patients, we used multivariate
logistie regression, as shown in Falde VY

Table ¥l - Bek {actors fior developing AK] b smsdtivarate logsne
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Weused RDC analysis so predsct wheiher a combi=
natiom of mlisiison irmuma, TRSA percentsge, ond e
bed to AKI m burn patients. Area under curve (AT
was 7454 with p value = [L000, as shown o Frg. 2

ROC Curwe
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Fig. 2 - B0 purve

Wi couldn't use multiveriote logistic regression
to determing the risk factoes for moetality in burm pa-
enis with AR die 1o some varizhles being constant
sad to the small number of patients, Therefors, we
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imed bivariate analysis to analvee fgk factoes for
porality, as shown in Tabde VI

Tade V11 = Biverise anohass associnied wish moriel gy

il mb A Fusles 1%,
b i LB wdiad ] T
LE (L ] i L L RN ]
Hypoolbmmmsls L8 o LECLE T
THSA = LETH] [ 2 B

i1 [T 1a] b i
Dhiscussion

Ot of the B9 burn patienis, 15 were diagnosead
with AR In s study, we found that age and THSA
in bum paticnts with AK] was significontly grester
than in bum patients withoot AKL Cur study was
admmilar toa atudy by Emami et al, who also feund
that the percentage of TBSA in bum patienis in the
AE] group was more significant tham in the non-AKE]
group.” In burns with high THSA, skin layer and
Blood vessel damage will be even more significant,
[nereasing  vascular  permeability and  shifiing
imtravascular fluid to extravascular, resulting in
mypovolemia. Hypovolemia induces oliguria cardier
after bums. Sodium retention in collagen fibers and
darmge o the sodivm=potassion pamp dlso
parcipate in causmg penerzlized edema 15 foid
resuscitation is ool carmed ol adequatedy, renal
Ivpoprerfusion will necur, leading wo azdemia or pre-
revil AKL On the other hard, the excessive fuid
resuscitnton during the olipuns phase decreases the
Pasma teaecity, which alse causes renal edama and
is followed by acute kidney mjury.

I o study, we used serum crestinime level and
BUN rather than eutput urine produciion. Serum cre-
atinine is directly proportional to body muscle mass
and inversely refated o glomerular filtrtion Since
body muscle mass i vsuelly consiont, scram crewh-
mne kevels ore gencrally a rehable indicoor of GER.
I cach mmultiple, the senim creatinime level represanis
A Al decrease in GFR. Alloogh decreased urine
volume is ofien used as a physiologscal morker in
bum patients and widely usad in clinical practice, it
is not sensitive. The measurenvent of urine outgpt pro-
duction based on the difference between glomirular
filtration rate and tubular reabsorpiion makes & pos-
=ibde for patients with @' renal injury bo still have nor-
mal urine producticn, particulardy in the early stages
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of fenal injurs ' A study by Emaini et al., who and-
Ivzed bicmarkers that can be used 10 predict AR in
hum patienis, stated that senam creatinine and BLN
levels had good predictive values marked by AUC of
(LT3R and 0,707, respectively. Furthermore, anmomg
serum sreatining, BUMN and albumin, oaly BUN
marker was significantly sssociated with ARl oceour-
rence, ! Measamment of wrse output o define AKI
has limitations, Urive outpiot can sigm fcanily change
by theadmimsiration of diaretics to enhance urine
flow and this s oot considered @0 the RIFLE
clazzificaton. In addition, urine oulpat can anly e
medsured in patients using bladder catheter. common
m KCLI patients but not frequent in non 10U patienss,"

RIFLE criteria were first nsed to define and
clagsify AKI in bum puteents by Coca ot al., who
repeied that ARL incidence wias 27 with & mortal ity
rate af 60%0, " In our study, the iIncidence rie of doute
kidrey injury in burn paticnts was 20.2% with RIFLE
criteria a first diagnosed as AKL msk in b (33000, in-
jury i 7 (350 ), andeailure in 3 (28%). Our finding
was consistent with a study By Chung et al., who re-
ported that the prevalence of AKI in burn paticnts
uzing the RIFLE criteria was 24%0." Sanchez e1 al.
also reporied thal outl of 165 aiieal burned panients,
320149 3% ) developed AK] using RIFLE criterin, sk
it G patients (6P mjuny in 1D (67 %) wnd Lailure
in LI (6770 A loaver seatification of RIFLE by
Eancher et ol compared o our study, because total
patients for each classification was divided by total
mmber of burned pagents (a=1653." A difforent 1e-
sl was reported by Palmieri et al, in severe bum pa-
tents: the incidence rate of ARD was 53.3% with the
RIFLE category: risk {281 %), myury { 14.8%), and
faihue (33.3% ) This study's resalis differed from
those reported by Falmien and colleagues, becanse
they used the maximum RIFLE volue when potrents
were diagnosed with AKL Conversely, m our study
win could not observe the maxinum RIFLE crteria
because some patients died dunng seven dayvs of Taos-
patalization and wi couldn’t find seram creatinine
data.'” A recent meis-analysis based on studics
utilering the RIFLE seratification (risk, injury, failure,
logs of function, end-stage renal diseasze)™ or the
defindion by Acute Kidney Injpary Metwodk (AKIN 'Y
or the defnition of Kidney Disease: Improving
Clobal Ohitcomesd (KDIGO)"" reported that the

FAT

prevalence of acute kidnev injury amodng bim
peablents ademiined v inlensive care ringes from M-
46%. The sk of death was 11 times higher in bum
paticots with AKI than in bum paticnis without AKL
Studies comparing diagnostic criterin for AKT in
erifically il patiemts using three criterm, KGO,
ARKIN and RIFLE were conducted by Loo and
collcagues, AR meidence rates using the KDIGO,
AKIN amd BIFLE criteria were 51%, 38.4% and
46 9%, respectively, Moreover, 1t was found that there
was no difference in cases of mortaliy bebween
EDIGO amd RIFLE, but there were sgnificant
difterences between KDIGU and AKIN

In our study, fifty percent of burmn patients with
AR also had sepsis. The bemodynamuie effect on
sepsid mey decrease the glonerular filiestion rate as
arterial vasodifation due o wperegulation of s
eytokmes inggers nitmie oxide (NO) smthes:s mblood
vessels, and  finally  leads o septic  shock.
Furthermore, efftrent arieriolar vagsodilation ocows m
Safly sepses o peralsient nenal vissoeonstoction due
to activation of the sympsthetic ervous system, the
renin-angiotensin-nkosterone system, e releass of
vasopressan and endothelin alzo couses a decrease in
the glomendar Ohrmon mie, Sepsss cm rigger
endothelial damage, and produces microvascular
thrembosis, reactive activation of oxygen species 4s
well &s adhesion and miprataon of leukocytes that can
dhvmage renal tubulargeils that tigper AKL™ Sepsis
his heen reported 4= a sk factor for the development
of AKLm eritically ill paticunis, and 35-50% of kidney
ijury in the 101 was associated with sepsis * Bum
ptignts with AKI hadd o high ingdence of sepsis and
sepsis was significantly associated with mortality
A

Hypoalbuminemi is often found in critical pa-
trents, especially in bums. Bums produce hypermeta-
boalic and hypercatabolic responses depending on the
extent and depth of the bum ™ Bums of more than
% THSAcause excessive Muad Ioss, thereby mdi-
ing shock and incremsing vascular permeabslity, nmd
decrezsing plasma albumin levels from womnd exo-
dation. Hypoalbuminemia alsy increases complica-
thois of extravascular Nuad shifting, such &5 ederms,
abnormal wound healimg ind sepsis susceptibilinye *4
Wiz found a significant negative comelation between
percentage of TBEA and albumin level. Our study




Wi safatilar o the study by Baonos et al, who neperted
that severe hypoalburminemia (< 2 gLy m 20% of
hurn patients was significantly correlated with in-
creased TEBEA (p=00001)." A study by Aguavo et al.
stated that in burn patients who died, albumin levels
were significontly lower [ L3g/dl) than in bum pa-
tients who survived (2. 82d1). Lower slbumin levels
wore signficanty associated with higher TBESA i
burms patients who died (49 7% ) than in survivars
(14, 7%

In our stdy, 33% bom patients - with AKI
developed carly AKL A study by Ho et al. stared that
. % of bum patients with THSA more than 20%%
developed carly AKI within seven davs after burns,
CHder ape and resiscitation with high dases of vaamin
C oF ascorbic avid were significantly assodoted with
the enset of early AKL™ High doses of vitamin C are
often used n burns for fluid resuscrintion because it
has a high antioxkdant effect and 15 strongly suspected
b prevent capillary leakage ™ One ofthe mechanizms
ot can explain the development of carly AKI due w
the use ofhigh doses of vitnmin £ is the formation of
calale crvstals, which are 0 metabolie of ascorbic
ac il that 2eftles o the renal tubuiles. Another study by
Buchener ¢f al, reported it AKI froem oxalane
nephmopathy  ocowmred  in burn  patients: who
sdministered high doses of vitanin O for bum
resusetlaton. ™ Fortunately, in oor shady, some of the
bum patients wenz given infavenous vieamin C for
bum resuscitation

We found in o study that only obder age moree
than ol years old was significantly & risk factor
mssocinbed with AR in bun pmtients by mulitvanate
logistc regression. Bum patients over 60 years old
were 25 tines more likely to develop ARI than those
less than 840 vears old, A sudy by Rakkolainen e al,
sdso reported that mge dper 10y mercase) was one of
the risk factors for AKI (OR 1.ED, CI95% [37-
2377 Another meta-analyais atudy ndicates that old
e was o of the independent variabbes thal was
significantly associsted with AKI in bum patisnts,'®
In this study, we found that 89% ol bum patients with
AKIbad a THSA greater than 20%, with 2 significant
mortality rate (B3.3%) comparad o burm patients
withoui AKT (20%4), p-value < 005, This stady
indicates thet the presence of AKL thams  the
prognosis of hospitalized bum patients. A shudy by
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Ernimi ef al. scated that the morality mee ol bum
paatlents with AR was 76.9%." Signifbcat moraliy
in bum patients with AKI compared to non AKT was
alse observed by Sanchez et al." A retrospective study
sttiedd that in severe burn patients i TRSA >4,
the motalny mte wis BEM, " Ancther study by Chung
et al. stated that percentase of TBSA was significanthy
associated with momality (OR 10435, p value=000067,
CI5% 103107y m burn patients. with AKI
compared  t¢  those  withowt AKL  In three
classifications of BIFLE cricnia, RIFLE-imury (OR
298, povilue=0028, C195% 1.12-7.90) and RIFLE-
failure R 6,73, p value=<D,0], C1 95% 2.79-
16,251 were independently sssocinbed with morality,
while RIFLE-nsk was not. The area wnder ROC curve
for mwoality durmng heepitalimtion sceording o the
RIFLE eriteria was 0838 compared o the AKIN
eritenim, which was EETT {p=0.0007)%
There were some limitations of our study. First, be-
cause our study was a single-center refepspective,
sne aspects were nob Blly wranen in the medical
records of bum patients becanse of the incomplete-
ness of data collected. Second, the definition of AK]
weas deeemined mamby by the creatinine level, bt in
st coses we did not Tind creatmine kvel before the
injury. We used thegreatinine level on admission as
the baseline. Third, the nunber of burm pstients wih
AR who dhed was too small and some pammeters
were constant mnd we could not analyee the faciors
associated with death by multvariate anslvsis.

Conclusion

The incidence of AR in owr study was relatively
lagh. Our studgemonstrated that ofder age ~60 years
old was & misk factor thad was significomtly associicd
with the occurrence of AKL Mortmlty rate in burn pa-
tienes with AKI was significantly higher comparsd 1o
mont AKL Inhalation oy, %5 of TBSA {=31%
TBSA) snd ages (=60 vears) were nssocinted with
moctality in burn patients with AKL Clinscizns and
pharmacists shoold elaboeate on this (o anticipate the
occurrence of AKE among Burm patents, especially
those in older age, Further studies sire nesded with a
larger spmple size fo evaluaie ofher parnmeiers infu-
encing the occurdence of AKI as well 22 mortality.
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