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Abstract

BACKGROUND Complications like sepsis due to infection and death caur docthe treatment of major burn trauma
patients because of inflammation process. The Neutrgghifmphocyte Ratio (NLR) is believed as a prognostic nrarke
for the incidence of mortality andepsis in burns patient care. Various studies have statédNitR is quite easy,
inexpensive and efficient tool for clinical application

AIM Sto analyze the role of NLRsprognostic marker for mortality and sepsidurn patients.

METHODS A cross-sectional retrospective single-center study seaslucted between 20192021 using 222 medical
records from 245 burn patients at our Burns Unit. Demograpginiddaboratory data results were recorded, including NLR
levels on ¥ and & day of treatment. Correlation analysis of NLR levels wasied out on the incidence of mortality and
sepsis using Logistic Regression and Chi Square tests.

RESUL TS The subjects of this study were dominated by patients weittian age of 33 years old (SD +20), male (68.5%)
and average burns area of 30.22% (SD +23.3%). This study natethéhNLR on T day (cutoff of 7.97) and "Sday
(cutoff of 6.2) of treatment had a correlation with thedence of mortality and sepsis (p<0.05).

CONCLUSION Neutrophilto-Lymphocyte Ratio (NLR) can be used as a prognostic mafkaortality and sepsis in burn
patients.

Keywords: Burn; Neutrophile-Lymphocyte Ratio; Mortality; Sepsis

1. Main text
1.1. Introduction

World Health Organisation notes that there are 180,00siger yeaof the world's population caused by burns with
the majority beingn low- and middle-income countri¢s]. Burns mortality ratén America has been reportati3.1% of
all cases. This mortality rate will increase to 8.6%atient with burns areas more than 20% of Total Body Su#aee
(TBSA) [2]. Indonesian mortality ratef burns was reporteat 25.8% [3].

Many literature state that one of the causes of demtbuins is sepsis [4,5]. Sepsis can occur due to response of
inflammatory process to pathogenic bacteria infedtiah enter through open wound in burns, especially in burns over 20%
of total body surface area [6]. Neutroptotbymphocyte Ratio (NLR) is an indicator of inflammatg@socess and can be
prognostic indexn sepsis[7-11]. Since 2008, various scientific works have stated theatNtbhR valueis relatedto the
degreeof inflammatory process and mortality [12,13].
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1.2. Material and Methods

A retrospective cohort study was conducted using data fneatical records of patients who received treatment at the
Burns Unit, Dr. Soetomo General Hospital - Surabaya, Gigonesia, between 2019 and 2021. We searched for association
between NLR value on 1st day and 3rd day of treatmeit s@psis and mortality incidence during hospitalizatidns T
study was approved by ethics committee in our hospital amdsaarchers have received a certified Good Clinicaitiee
course. All data used in this study were anonymous andnaf®mn regarding patients' personal data was kept cotifilen

We collected patient medical records by consecutive satalpling according to the following inclusion criteria: an
Indonesian, men/women who were diagnosed as acute burrieated! at our center. Incomplete medical record data for
analysis will be excluded from this study. We recordedrktboy results for absolute neutrophil and absolute lymykoc
values from peripheral blood tests on 1st and 3rd ofntreat using the Sysmec XN-1000 Hematology Analyzer machine
Calculationof NLR, basedon the formula = Absolute Neutrophil Value : Absolute Lyropjte Value. Sepsis incidence
and mortality were recorded basauclinician judgement during care.

Data is processed descriptively and then calculated asimglation analysis. We use the SPSS (Statisticgr&no for
Social Science) application/computer program version 25.0 @8S Statistics for Windows, version 25.0 Armonk, NY:
IBM Corporation) to calculate. Statistical analysis usingCRé&nhd chi-square test were performed to find associations
between NLR and outcome (sepsis incidence and mortatityas been agreed this study that the significance valisg
<0.05.

This study was reviewed and approved by the Medical Ethioaimittee of Dr. Soetomo General Hospital, Surabaya,
Indonesia (Ref. No.: 0960/LOE/301.4.2/VI1/2022) following the guidsliokthe Declaration of Helsinki.

1.3. Results

Basedon the resultsof data collection from medical records for 2019 - 2084 0btained 222 data patients who had
been processed from a total of 245 patients; where medizard data of 23 other patients had been previouslydad
because the data was incomplete. Characteristics atulg subjects ranged in age from- 83 years (median 33 + 20.7
years) and the extenf burns experienced by patients was 100% TBSA (median 26 + 23.3% TBSA¥)shownin Table
1. Those variables were correlated wpthient’s mortality (p<0.05).

Absolute Neutrophil Count on 1st day had a mean value of 147283(x 103cells/pL) from the range of 1.9413.53 x
103cells/uL. Meanwhile, the Absolute Neutrophil Count on 3mgl @as decreased to a mean value of 8.69 (+5.60 X
103cells/puL) from the range of 0.8136.22 x 103cells/uL. This decreasing was also happened toutdigimphocyte
Count on 1st day from mean value of 2.36 (£1.90 x 103cells/jth) avrange of 0.4% 13 x 103cells/uL to Absolute
Lymphocyte Counon 3rd with a mean value of 1.53 (x1.22 x 103cell/uL) from 0.8346 x 103cell/uL.

Calculation of the NLR value on 1st day produces a mean value of 9.782+8ith a range of 0.32- 57.94).
Meanwhile, the calculation of the NLR value on 3rd daydpoes mean value of 8.41 (£7.34; with a range of 0.26.61).
It appears that there is a decrease in the NLR of 1statagared to the NLR of 3rd day with a decrease differendéL(®
1st— 3rd) of -1.29 (x9.61; with a range of -41.8542.89) as shown in Table 2. Based on the dependent varfatble o
study, it was found that the mortality rate in the subjeftstudy was 27% (60 cases) and the incidence of sepsi3i¥as
(75 casesasshownin Figure 1 and Figur2.

The results of the Mann-Whitney test stated that thhaxe an association between NLR value on 1st and 3rdbdhg
incidence of mortality (p <0.05). This result becomes thssbfor us to determine the cutoff value of NLR on 1st3mdd
day using ROC curve. The optimal cutoff value for the NitR1st day is 7.97 and 3rd day is 6.2 based on ROC curve.
Through the Chi-square test, the study proved that the cuthfésy of NLR on 1st and 3rd day mentioned above were
associated with the patient's progndpis0.05)asshownin Table3.

NLR on 1st day with the value above 7.97 had an associatibrmortality in burn patients (p=0.019) with RR of 1.68;
95%Cl 1.08- 2.60 and a sensitivity-specificity value of 58.3%-54.5%. NioRBrd day with the value above 6.2 also had
an association with mortality in burn patients (p=0.024) & of 1.65; 95% Cl 1.06 2.56 and a sensitivity-specificity
value of 58.3%-58.6%. NLFon 1st day with the value above 7.97 tadassociation with the incidencf sepsisn burn
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patients (p=0.011) witRR of 1.61; 95%CI 1.11- 2.34 and a sensitivity-specificity valo&57.3%-60.5%. Whereas NLR
on 3rd day had no association with the incidence oiséps0.661).

Table 1. Subjects’ Parameters

Par ameter Age (years) Burn Area (%)
Mean 33,05 30,22
Median 33 26
SD 20,71 23,3
Minimum Value 0 1
Maximum Value 83 100
Treatment End Result n (%)
LIS Death Survive ezt
Male 40 (26,3%) 112 (73,7%) 152
Sex Female 20 (28,6%) 50 (71,4%) 70
Referal Case 32 (28,1%) 82 (71,9%) 114
Casestate o ary Case 28 (25,9%) 80 (74,1%) 108
Fire/Flame 49 (40,2%) 73 (59,8%) 122
Hot Liquid 5 (9,8%) 46 (90,2%) 51
Causal of Burns Chemical Substanc 1 (25%) 3 (75%) 4
Injury Electricity 2 (5,9%) 32 (94,1%) 34
Thermal Contact 1 (16,7%) 5 (83,3%) 6
Explosion 2 (40%) 3 (60%) 5
Grade | 0 (0%) 1 (100%) 1
Degree of Burns GradellA 3 (6,8%) 41 (93,2%) 44
injury GradellB 34 (28,3%) 86 (71,7%) 120
Grade IlI 23 (40,4%) 34 (59,6%) 57
Inhalation Yes 39 (56,5%) 30 (43,5%) 69
Trauma No 21 (13,7%) 132 (86,3%) 153
Comorbidity Yes 33 (44,6%) 41 (55,4%) 74
No 27 (18,2%) 121 (81,8%) 148
Acute Yes 26 (92,9%) 2 (7,1%) 28
Respiratory
Distress No 34 (17,5%) 160 (82,5%) 194
Syndrome
Acute Kidney  Yes 21 (77,8%) 6 (22,2%) 27
Injury No 39 (20%) 156 (80%) 195
Yes 8 (47,1%) 9 (52,9%) 17
Shock
No 52 (25,4%) 153 (74,6%) 205
Total Subject 60 (27%) 162 (73%) 222 (100%)
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Table 2. Results

Descriptive Neutr ophil Neutr ophil Lymphocyte | Lymphocyte | NLR 1% day | NLR 3" day
Statistics 1% day 3 day 1% day 3 day
Mean 14,21 8,69 2,36 1,53 9,70 8,41
Median 13,43 7,54 1,65 1,12 7,18 5,81
SD 7,63 5,60 1,90 1,22 8,62 7,34
Minimum 1,94 0,81 0,41 0,19 0,32 0,26
Maximum 43,53 36,22 13 8,46 57,94 50,61

Table 3. Chi Square test of NLR

Cutoff Sensitivity Specifity Sign. (p) 0
NLR Value (%) (%) R £t
On Mortality
Cutoff value based on previous study by: Hu et al., 2020°
NLR 1%tday 14 31,7 79,6 0,078 -
NLR 3 day 7.5 50 62,3 0,097 -
Cutoff value based on thisstudy
NLR 1%tday 7,97 58,3% 54,5% 0,019 1,68 1,08-2,60
NLR 39day 6,2 58,3% 58,6% 0,024 1,65 1,06-2,56
On Sepsis|ncident
Cutoff value based on this study
NLR 1%tday 7,97 57,3% 60,5% 0,011 1,61 1,11-2,34

NLR 3“day 6,2 48% 55,1% 0,661 -

1.4. Discussion

Burns cause severe tissue injury that can trigger hypermietginotesses and immune response that require fast and
effective treatment to reduce the risk of mortality. Adaag to the cause, burns most often occurs due to fire anttiel
current [14,15]. Ibara et al. said that the most commoreaafuisurns was due to flames in both developed and denglopi
countries [16]. Another study, according to Mclnnes in 20Hndéls was the most common cause of burns followed by hot
liquids as the second rank [17]. We also found that aultrevas not much different from the study of burns atstirae
hospitalin the previous period [18].

Our study subjects were dominated by male patients (68.47%) mwilvexage age of 33 years. In line with previous
studies at the same location, dominant patients remaiadel 431 (64.8%) of a total of 665 patients [19]. According to
Wardhana et al. during period 2013-2017, it recorded 465 paliems were male out of a total of 709 patients (65.59%)
with an age range of 16-35 years. In Australia & New Zehlar2009- 2015, experts reported that average age of burn
patients was around 41-80 years with the majority wde petients, with mortality ratio of male : female wag:1 [17].
Based on the data above, the characteristics of thectubf this study also are not much different from studfeburns in
other places both abroad and within the couf2oy.

Lymphocyteto-Neutrophil Ratio (NLR) has been known as a marker of imitation. NLR is relatively easy and
inexpensive to apply clinically. NLR itself has been usedarious medical cases such as: sepsis, cardiovascséasdi
ARDS and malignancy as a marker of inflammatory preeesThis inflammatory process can describe the patiesit'sf
falling into a stateof sepsisMODS and then death [21-25]. Various studies have recently teeied outby expertsto
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determine the role of NLR in predicting the incidencesepsis and mortality, especially in cases of burns. MLR
considered more applicable, easy and simple to use igpdeyelife because it only requires a complete periphecaldbl
count. Research by Fuss et al. said that high NLR vaiaesbe found in patients with sepsis. There was a differen
NLR of approximately +3 points between groups of burn patieftts sepsis compared to those without sepsis (18.22 vs
15.75; p<0.05). NLR cabe usedasa toolto identify the riskof sepsign the early phase [26]. Furthermore, NLR ¢z
oneof the parameters usday various modelgo predict mortalityin burn patientsasin the study by Park J.Het al. in
2022 [27].

Hu et al. stated that the NLR cutoff value as a prediatonortality in burn patients on the first day was 14 Hvat
sensitivity of 37%, a specificity of 79.6%, and a p=0.078) andhenthird day, it was 7.5 (with a sensitivity of 50% |,
specificity 62.3%, and value p=0.097) [5]. Those cutoff values t¢dmapplied to burn patients in our center because of
insufficient association in mortality (p>0.05). We used ouRNlalue cutoff by statistical calculation via ROC curviisT
study recorded a cut off value of the NLR on 1st day of @®IFNLR on 3rd day of 6.2 as a predictor of mortalityrides
studiesin the world state that there are still doubtsdetermining the exact cutoff value be usedin assessing the
prognosis of critical patients. The NLR cutoff valuehndét range of 4.36 23.8 reported in various studies can still be a
limit to the NLR valudor assessing the prognosiscritical patients [25].

Hu argues that the first day NLR has a significant effectnortality (p<0.005). A high initial NLR value is an initial
inflammatory response of the body and a condition rieguftom the hypermetabolism that occurs. Most of abate-
subacute mortality in burn cases is caused by infectipsissend MODS; so it is necessary to establish asa&apgssile
with clinical parameters, laboratory tests, bloodwétexamination and various sepsis marker scores. Inféatlmrns can
increase the risk of death by 51% through the process aif dagure (MODS). Second and third degree burns will provide
living space for bacteria to colonize and proliferaténie wound. This will trigger the septic process and iseréae risk of
mortality in burn patients [19]. In the study by Qiu etial2021 stated that the NLR on 3rd day can also be used as
predictor of mortality in burn patients up to a period ofiags after trauma [24]. This was also conveyed by Setiatan e
that NLR on 3rd day was significantly related to thetality of burn patients with an Odds Ratio of 13.91 (95% CI .77
109.47) [28].

The NLR value also can be marker for sepsis risk accuradhshah et al. argues that increasing NLR value is more
significant for septic condition than other laborateajues such as Procalcitonin, C-Reactive Protein, Latés, Serum
Lactate, Neutrophilia and Lymphocytopenia [23,29,30]. It lbarseen in this study, through the chi square statististl te
that NLR value on 1st day can be used as a predictapsissincidence with a sensitivity of 57.3% and a spegifimiit
60.5%. However, NLR value on 3rd day cannot be used as aqgstagmarker of sepsis during hospitalization in burn
patients basedn the subject of this study (p>0.05).

Sepsis occurs due to activation of the immune respongesigely and results in disruption of the circulatorgtesn.
Escalation of pro-inflammatory cytokines level will geate complex physiological process disorders of the hodythe
patient will fall into aMODS condition. In addition, anti-inflammatory cytokines, that also inseawill suppress
lymphocyte levels due to apoptosis. Neutrophil level witk€ase in response to microbial infection; and lymyteoevel
will decrease due to immunosuppression as described on. Btitase will explain the increase in NLR values in septic
patients. Neutrophil level usually does not decrease diractsepsis because the apoptotic process in neutroghitsoc
lately. The chaos of the body's immune system witigothe patient into a MODS condition and can eventuditty NLR
was also reported by Qu et al to be used as a biomarkéefdiagnosis of bloodstream infections by gram-pasitivam-
negative bacteria and fungal infection (with an NLR cutoff vaifi8.09, p<0.05; sensitivity of 75.3% and specificity of
93.6%). Infection with these pathogenic germs will triggeaimfinatory processsdescribed above [25,31-33].

A meta-analysis by Huang Z. et al. in 2019 stated that blid be a prognostic biomarker in sepsis patients. Batien
with high NLR levels will have a poor prognosis althotigis study was not carried out in burns only. In some casels, s
as cachectic condition, it will cause a false negaititepretation of neutrophil values to predict the incime of sepsis.
Neutrophils may not increase in these condition ewergh the patient is in a septic condition. While the valfie
lymphocytes can also decrease along with the inflammaiagess. An assessment using both parameters simultgneous
through NLR value is considered to be more reliable thargusnly neutrophils or lymphocytes level alone. It was als
reported that in world's population, normal NLR values (1.6%) te be stable in young and healthy adult populations; such
asin extensive studieg Belgium and South Korea. The mean NLR values for thke raad femke sexes were also
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considered not much different (1.6& men and 1.68or women). This concludes that the NLR value of 1c@h be
considered as a reference numibdnealthy adultén the world's population [25].

In addition, NLRis also reportedo be usedas a predictor riskof Acute Kidney Injury (AKI) during the treatmewf
burn patients. Inflammatory processes that occur can &fféreey function. Kidney injury, as part of MODS, catfect the
final outcome of treatment. Hemodynamic changes in patients due to the inflammatory process that occurseiffiotim
of rapid transfer of fluid into the interstitial spacdlwmnake the patient in hypovolemic state. This hypovolemnilacause
kidney injury. Providing rapid and excessive fluid resasicih may also aggravate kidney function due to decreased
renal perfusion. By knowing the inflammatory process titaurs through the calculation of the NLR value, thrican
can predict the risk of acute kidney injury in burn paseKim et al. reported that NLR can be used as aqtoedif kidney
injury with an Odds Ratiaf 1.094 (95%CI 1.064- 1.125, p<0.001) [11].

1.5. Conclusion

Neutrophilto-Lymphocyte Ratio (NLRpn 1t dayof treatment with a cutoff 7.97 and NLdd 3¢ day of treatment with
a cutoff of 6.2may be usedas prognostic markeri burn patientg1% day NLRasmortality and sepsis predictors arfél 3
day NLR as mortality predictor only). Several confounding factors still need to be noticed like patient’s burn area and age
because those factors maginterfere the results.
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