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The aim of this study was to determine the ability of neutrophil lymphocyte ratio (NLR)
and platelet lymphocyte ratio (PLR) to predict the severity of illness as assessed by two
scoring systems, namely, Pediatric Logistic Organ Dysfunction-2 (PELOD-2) and
Pediatric Risk of Mortality-lll (PRISM-III) and outcome. This was a retrospective cohort
study wherein all critically ill children aged 1 month to 18 years admitted in the
pediatric intensive care unit from January 2021 to October 2022 were included.
Children with chronic systemic diseases and hematological iliness were excluded from
the study. Demographic details, diagnosis, PRISM-III-24 and PELOD-2 scores at admis-
sion, and outcome were retrieved from the hospital case records. NLR and PLR values
were compared among high and normal PRISM-IIl and PELOD-2 groups as well as among
survivors and nonsurvivors. A total of 325 patients with critical illness were included
with a mean (standard deviation) age of 7(5) years and a male: female ratio of 3:2. The
values of NLR were significantly higher among the patients with high PRISM-III (2.2 vs.
1.3, p-value =0.006) and PELOD-2 (2 vs. 1.4, p-value =0.015) groups compared with
normal. The NLR and PLR were significantly higher among the nonsurvivors compared
with the survivors (2.3 vs. 1.4, p-value =0.013, and 59.4 vs. 27.3, p-value =0.016 for
NLR and PLR, respectively). The area under the receiver operating characteristics curve
for NLR and PLR was 0.617 and 0.609, respectively. A high PLR, PRISM-III, and PELOD-2
were the factors found to be independently associated with mortality on multiple
logistic regression analysis. Patients with high NLR are associated with more severe
illness at admission. NLR and PLR are useful parameters to predict mortality.

in the judicious use of resources. Various scoring systems are
being used to help in prognostication and determination of

As the mortality and morbidity of critically ill children admit-
ted to the pediatric intensive care unit (PICU) is high, there is a
constant need for markers at admission to help in the assess-
ment of disease severity and to predict the outcome. Identify-
ing disease severity among children with critical illness helps
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disease severity. Inflammatory markers like platelet indices’
and red cell distribution width? are also being increasingly
used for the prediction of outcomes.

Complete blood counts with differential counts are com-
monly sent, inexpensive investigations in the evaluation of
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critically ill children. Inflammation causes a rise in the
neutrophils because of delay in apoptosis, demargination
of neutrophils, and stimulation of stem cells by growth
factors.? It also causes a shift in the differential count of
the leucocytes (neutrophilia and lymphopenia).* Hemo-
gram-derived parameters like neutrophil lymphocyte ratio
(NLR) and platelet lymphocyte ratio (PLR) have been studied
in inflammatory conditions and critical illness.> Similarly,
these parameters have also been used to study sepsis-related
mortality among children.® A retrospective study’ found that
high and low NLR were associated with mortality and also
the inclusion of NLR improved the predictive power of
Simplified Acute Physiology Score-II.

Pediatric Logistic Organ Dysfunction (PELOD-2) and Pedi-
atric Risk of Mortality (PRISM-III) are scoring systems com-
monly used in the PICU. While the former is a descriptive
scoring system which describes the course of illness in the
PICU, the latter is a predictive score. These scores are
calculated by taking the worst physiological and laboratory
parameters in the first 24 hours after admission. The PELOD-
2 and PRISM -l were found to have excellent discrimination
and good calibration among children admitted to our PICU.

In low-resource settings, where multiple laboratory tests
required for PRISM-III and PELOD-2 are not available, ratios
like NLR and PLR might help in the prognostication of the
disease. Although many studies have assessed the role of NLR
and PLR in the outcome, there are few studies®'? which have
evaluated the role of these parameters in assessing disease
severity. The aim of this study was to assess the predictive
efficacy of NLR and PLR in determining the severity of disease
in critically ill children as measured by PELOD-2 and PRISM-
Il and also in determining the mortality of critically ill
children.

Materials and Methods

A retrospective cohort study was conducted in the PICU of a
tertiary referral hospital with facilities for dialysis, transplant,
and extracorporeal membrane oxygenation. The PICU has 13
beds and is managed by a pediatric intensivist with residents
posted on rotation. The PICU receives sick children referred
from other hospitals, transfer-ins from the pediatric wards,
surgical patients requiring pre- and postoperative care, and
patients requiring infusions of high-risk medications. All
critically ill children aged 1 month to 18 years admitted in
the PICU from January 2021 to October 2022 were included in
the study. Children with chronic systemic diseases and hema-
tological illnesses, and those in whom the ratios were not
available were excluded from the study. Data regarding demo-
graphic details, diagnosis, PRISM-IIl and PELOD-2 score at
admission, laboratory investigations (total count, differential
count, and platelet count), need for ventilation, and outcome
were retrieved from hospital records and entered in a prede-
signed proforma. NLR was calculated by dividing the absolute
neutrophil count by the absolute lymphocyte count. PLR was
calculated by dividing the platelet count by the absolute
lymphocyte count. The first hemogram indices at admission
to PICU were taken to calculate the ratios.
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PELOD-2 and PRISM-III"""'2 scores are validated scores
which are used in our PICU. PELOD-2 has 10 variables
including Glasgow coma score, pupillary reaction, lactate-
mia, mean arterial pressure, creatinine, PaO2 [Fi02, PaCO2,
invasive ventilation, WBC count, and platelet count. PRISM-
Il has a total of 17 variables including systolic blood pres-
sure, heart rate, temperature, mental status, pupillary re-
sponse, acidosis, pH, PaCO ,, total CO2, Pa02, glucose,
potassium, creatinine, BUN, white blood cell count, platelet
count, and prothrombin or partial thromboplastin time. Both
are scored taking the most abnormal parameter in the first
24 hours. PELOD-2 and PRISM-III were considered to be
elevated if the values were more than 7.5 and 9.5, respec-
tively, which were the cutoffs derived from a previous
study.’?

Sample Size after Proper Justification

From literature review in a study by Karagoz et al,” it was
observed that the sensitivity of predicting mortality by NLR
was 84%. In the present study expecting similar results and to
get a precision of 95% confidence levels and 4% margin of
error, the study required a minimum of 323 subjects.

Statistical Methods

Continuous variables like age, length of PICU stay, total
leucocyte count, NLR, and PLR are expressed as mean+
standard deviation (SD) or median (interquartile range
[IQR]). Categorical values like gender are described in per-
centages. Nonparametric test was used to compare the NLR,
PLR, PELOD-2, and PRISM-III between the survivors and the
nonsurvivors and also among children who required venti-
lation as against those who did not. Receiver operating curve
with 95% confidence interval (CI) was used to assess the
ability of the ratios to differentiate between the survivors
and the nonsurvivors. The Youden index was used to deter-
mine the cutoff value for each of the two ratios. For the
purpose of analysis, the NLR, PLR, PRISM, and PELOD values
were categorized into high and low values based on the
cutoff values thus derived. Chi-square test was then used for
univariate analysis to check the association of categorical
variables (age, gender, NLR, PLR, PRISM, and PELOD) with
mortality. The factors which were found to be significant on
univariate analysis were analyzed by logistic regression
analysis to find the independent predictors of mortality.
Analysis was done using the SPSS. Inc. released 2009.
PASW statistics for windows version 18.0. Chicago. p-Value
of <0.05 was taken as significant.

Results

There were a total of 402 critically ill patients admitted to the
PICU during the study period. After excluding children with
chronic disease (n=56) and hematological illness like malig-
nancy and immune thrombocytopenia (n = 21), we had a total of
325 patients with a mean (SD) age of 7 (5) years and a male:
female ratio of 3:2. The median (IQR) length of stay was 4(3, 6)
days. The mortality rate was 14.7% (n = 48). Twenty-five percent
(n=281) patients were ventilated. The most common reason
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Table 1 Comparison of patient characteristics between high and low PELOD-2 and PRISM-3 groups

Variables High PELOD Low PELOD p-Value | High PRISM Low PRISM p-Value
Age (y)? 3(0.5, 8.7) 7(3,11.5) <0.001 | 3(1,9.7) 7 (3,12) 0.003
Gender n (%)

Male 29 (55.8) 164 (60.1) 0.563 | 34 (53.1) 159 (60.9) 0.256

Female 23 (44.2) 109(39.9) 30 (46.9) 102 (39.1)
Length of PICU stay’> | 4 (1,7) 4 (3,6) 0.022 | 4(2.7) 4 (3,6) 0.152
Total leucocyte 12.4(8.1,16.5) | 7.8 (5.5,13.2) | 0.001 12.2(7.2,16.4) | 8(5.4,13) 0.002
count® (10°/L)
Platelet count® (10°/L) | 141 (41.5, 365) | 50 (28, 249) 0.23 100 (40, 273) 50 (28, 257) 0.063
NLR® 2(0.9,4.8) 1.4(0.8,2.9) 0.015 | 2.2(1,5.2) 1.3(0.8,2.8) 0.006
PLR® 55(15.1,105.6) | 27.8(10.6,88.2) | 0.068 | 45.6 (14.7,110.8) | 29.2 (10.3, 88.5) | 0.099

Abbreviations: NLR, neutrophil lymphocyte ratio; PELOD, Pediatric Logistic Organ Dysfunction-2; PRISM-III, Pediatric Risk of Mortality-Ill; PICU,

pediatric intensive care unit; PLR, platelet lymphocyte ratio.
“Median (IQR).

for admission to PICU was infections (including viral hemor-
rhagic fever, sepsis) accounting for 60.6% of the total cases. This
was followed by respiratory diseases in 12.6%, neurological
diseases in 10.5%, metabolic in 8.6%, gastrointestinal in 3.7%,
and miscellaneous causes in 4%.

The patient characteristics and laboratory parameters
were compared between the high- and low-severity groups
(=Table 1). The NLR values were significantly higher in the
high PELOD-2 and PRISM-III groups. The PLR values were also
higher in the high-severity groups but were not statistically
significant. There was a positive correlation of NLR with
PELOD-2 (r=0.08, p-value=0.151) and with PRISM-III
(r=0.116, p-value=0.037) and of PLR with PELOD-2

(r=0.084, p-value=0.13) and with PRISM-3 (r=0.018,
p-value =0.75). This was, however, not statistically signifi-
cant except for the correlation between NLR and PRISM-III.

The NLR, PLR, PELOD-2, and PRISM III values were signifi-
cantly higher in the nonsurvivor group compared with
the survivors. (=Table 2) The AUC (area under the curve)
for NLR and PLR in predicting mortality was 0.617 (95% CI:
0.535-0.7) and 0.609 (95% CI: 0.521-0.696), respectively
(=Table 3; =Fig. 1). The cutoff value of NLR in predicting
mortality was 2.18 with a sensitivity of 54% and specificity of
67%. A high NLR score had a 2.2 times higher risk of mortality
(95% CI: 1.3-3.6, p=0.003). The cutoff point for PLR was 34.1
with a sensitivity of 68% and specificity of 55%. A high PLR

Table 2 Demographic characteristics of the survivors and nonsurvivors

Variable | Total (n=325) | Survivors (n=277) | Nonsurvivors (n =48) | p-Value
Age (y) n (%)

<1 56 (17.2) 37 (13.4) 19 (39.6) <0.001

1-5 86 (26.5) 72 (26) 14 (29.2)

6-10 91 (28) 85 (30.7) 6 (12.5)

10-16 92 (28.3) 83 (30) 9(18.8)
Gender n (%)

Male 193 (59.4) 163 (58.8) 30 (62.5) 0.628

Female 132 (40.6) 114 (41.2) 18 (37.5)
Length of stay® 4(3,6) 4(3,6) 2(1,4) <0.001
Total leucocyte count® (10°/L) 8.6 (5.6, 14.2) 7.9(5.4,13) 13.4(8,18) <0.001
Platelet count? (10°/L) 59 (29,266) 49(28,246) 215(49,367) 0.003
NLR? 1.29(0.83,2.48) 1.4 (0.8, 3.0) 2.3(1.2,4.4) 0.013
PLR? 1.82(0.69,10.25) 27.3(10.6,85.8) 59.4(23,120.2) 0.016
PELOD-2? 2(2,5) 2(2,4) 11 (9, 14.75) <0.001
PRISM-111? 5(5,9) 5 (4,8) 15(10,21) <0.001

Abbreviations: NLR, neutrophil lymphocyte ratio; PELOD, Pediatric Logistic Organ Dysfunction-2; PRISM-III, Pediatric Risk of Mortality-Ill; PICU,
pediatric intensive care unit; PLR, platelet lymphocyte ratio.

“Median (IQR).
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Table 3 Performance of NLR and PLR in predicting mortality

AUC 95% Cl p-Value Best cutoff values Sensitivity (%) Specificity (%)
NLR 0.617 0.535-0.7 0.009 2.18 54 67
PLR 0.609 0.521-0.696 0.016 34.1 68 55

Abbreviations: AUC, area under the curve; Cl, confidence interval; NLR, neutrophil lymphocyte ratio; PLR, platelet lymphocyte ration.
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Fig. 1 Receiver operating characteristic curve of NLR and PLR.

had a 2.4 times higher risk of mortality which was statisti-
cally significant (95% CI: 1.3-4.2, p=0.002).

The median (IQR) value of NLR among patients who were
ventilated was significantly higher than among those who
were not ventilated (2.5 [1.2, 7.0] and 1.2 [0.8, 2.4] p-value
<0.001). The PLR was also significantly higher among
patients who required mechanical ventilation with the me-
dian (IQR) values being 80 (34,175) and 21.2 (9.5,66.9)
p-value < 0.001, respectively (=~Table 4)

The NLR and PLR were analyzed with respect to disease
categories. The NLR and PLR were highest in patients with
neurological diseases and trauma with the mean NLR being
6.1 and 8.2 and the mean PLR being 144.6 and 165.1 among
patients with neurological diseases and trauma,, whereas
the lowest mean NLR and PLR of 1.4 and 20.3, respectively,
were observed among patients with viral hemorrhagic fever.

On univariate analysis, age, high NLR, high PLR, high
PELOD-2, and high PRISM-III were associated with mortality.
However, on multiple logistic regression analysis, high PLR,
PRISM-III, and PELOD-2 were the factors found to be inde-
pendently associated with mortality (=Table 5).

Discussion

Various scoring systems take into account a combination of
physiological variables and laboratory parameters and have
been studied for discriminatory power and calibration with
respect to outcome. These scoring systems are time-con-
suming with multiple variables. So there is a need to have a
single, inexpensive, readily available parameter which could
predict the outcome and also determine the severity of the
disease. Hemogram is one of the commonly performed
investigations which is rapid and inexpensive. Although it
has been studied with respect to outcomes in many diseases,
its correlation with disease severity as indicated by various
scoring systems has not been studied in children. This study
was conducted with the aim to evaluate the two ratios
derived from easily available laboratory parameters as pre-
dictors of disease severity and outcome in the PICU.

Table 4 The PLR and NLR among patients requiring mechanical ventilation

Mechanical ventilated Not mechanically ventilated p-Value
NLR median (IQR) 2.5(1.2,7.0) 1.2 (0.8, 2.4) <0.001
PLR median (IQR) 80 (34,175) 21.2 (9.5,66.9) <0.001
Abbreviations: IQR, interquartile range; NLR, neutrophil lymphocyte ratio; PLR, platelet lymphocyte ration.
Table 5 Multivariate analysis of factors predicting mortality
Variable Multivariate analysis OR 95% Cl p-Value
High NLR 2.2 0.7-6.7 0.157
High PLR 3.35 1.05-10.7 0.041
High PRISM-III 5.03 1.4-17.7 0.012
High PELOD-2 70.3 19.9-248.9 <0.001

Abbreviations: Cl, confidence interval; NLR, neutrophil lymphocyte ratio; OR, odds ratio; PELOD, Pediatric Logistic Organ Dysfunction-2; PRISM-III,
Pediatric Risk of Mortality-Ill; PICU, pediatric intensive care unit; PLR, platelet lymphocyte ratio.
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Patients with high scores on PRISM-III and PELOD-2 had
higher NLR values compared with those with normal scores
which was statistically significant. The PLR values were also
higher among those with high scores on the 2 scoring
systems. However, it was not statistically significant. This
implies that a high NLR can indicate the severity of illness.
Both PRISM-III and PELOD-2 have leucopenia and thrombo-
cytopenia as hematological parameters but none use the
differential count in scoring.

The NLR and PLR have been compared in children in PICU?
as well as in diseases like severe pneumonia'# and sepsis.? In
the sepsis study,® NLR was found to be significantly higher in
the group with sepsis and also among the deceased septic
children. The AUC for NLR in sepsis was 0.72. A high NLR had a
4.2 times higher risk of mortality. Another study'* done in
children with severe pneumonia also had similar results with
a high NLR in the deceased group with AUC of 0.798 with the
sensitivity of 56.25% and specificity of 89.83%. A study’
which compared different inflammatory markers found
NLR to have the best predictive ability in mortality among
adult patients in an intensive care unit (AUC: 0.609 p-value
<0.001). They found that a very low and high NLR were
associated with higher mortality rates compared with medi-
um NLR. Our study also showed a statistically significant
difference in the NLR among the survivors and nonsurvivors
in critical illness with AUC of 0.617. However, our cutoff
values for NLR were lower than those of other studies.®'#
This implies that although NLR is higher among nonsurvi-
vors, the cutoff value may need to be defined by multicentric
studies for each population. The catecholamine'” and corti-
sol'® released during stress cause an increase in the neu-
trophils and a simultaneous decrease in lymphocytes. This
change in the differential count occurs much faster than
leukocytosis and bandemia which take longer to occur.'” This
makes the NLR a useful tool as an early marker of critical
illness.

The PLR was found to be higher among nonsurvivors in
patients admitted to PICU with AUC of 0.75 for mortality.® It
was also higher in deceased patients with severe pneumonia'*
with AUC of 0.781 with the sensitivity of 90.63% and the
specificity of 55.93%. However, there was no significant differ-
ence in PLR among children with and without sepsis.® We also
found similar results with PLR being higher among nonsurvi-
vors compared with survivors. However, the PLR cutoff in our
study was lower than in other studies probably due to a
predominance of viral hemorrhagic fever cases which had
thrombocytopenia. Platelets have been found to play an im-
portant role in immunomodulatory and inflammatory pro-
cesses.'® This is mediated by the release of inflammatory
cytokines and its interaction with bacteria as well as with
neutrophils, NK cells, macrophages, and T lymphocytes.'®20

The predictive power of both ratios was not very high in
our study. However, when the ratios were converted into
categorical variables and analyzed as risk factors for mortal-
ity, we found PLR, PRISM-III, and PELOD-2 to be independent
predictors of prognosis among critically ill children. Multi-
variate logistic regression analysis in another study in severe
pneumonia'® showed NLR, PLR, APACHE I score, and lactate

to be independent risk factors for poor prognosis. In our
study NLR was not found to have a good correlation with
disease severity, and the odd’s ratio of PLR was much less
than that of PRISM-III and PELOD-2 inferring that PRISM-III
and PELOD-2 are better indicators of disease severity. How-
ever, in settings where getting the biochemistry tests and
blood gases required to score PRISM-III and PELOD-2 is
difficult, the NLR and PLR may be used to assess disease
severity.

The strength of the study is the large sample size. There
are few limitations in our study. First, it is a single centric
retrospective study. Second, noninfective conditions were
not excluded in our analysis which could act as confounding
factors. Also, prior medications received at referring hospi-
tals might have influenced the ratios at admission. Further
prospective multicentric studies with serial NLR and PLR
monitoring would give a better understanding of its utility in
pediatric critical illness. Also, a study on the ability of these
ratios in the precritical phase in predicting patients who
might need intensive care can provide useful information in
guiding physicians/pediatricians in primary care centers on
the need for referral to higher centers.

Conclusions

The NLR may be used to indicate the severity of illness,
especially in settings where access to laboratory investiga-
tions required to score PRISM-III and PELOD-2 is limited .
NLR and PLR can be used to predict the risk of mortality in
critically ill children.
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