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Platelet-to-lymphocyte ratio, PELOD-2 score,
and mortality rate in pediatric sepsis
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Abstract

Background Sepsis is life-threatening organ dysfunction caused by
aregulated immune response to infection. Sepsis remains the most
common cause of death in infants and children worldwide. The
Pediatric Logistic Organ Dysfunction (PELOD-2) score, one of the
most widely used scoring systems in pediatric sepsis patients, has
been shown to be accurate in predicting mortality. The platelet-to-
lymphocyte ratio (PLR) is a new clinical indicator of inflammation
in a variety of diseases including sepsis.

Objective To investigate the relationship between PLR, PELOD-2
score, and clinical outcomes in pediatric patients with sepsis.
Methods This retrospective cohort study was conducted in the
Pediatric Intensive Care Unit (PICU), Prof R.D. Kandou Hospital,
Manado, North Sulawesi, from February to August 2020. Subjects’
PELOD-2 score and PLR were recorded once within the first 24
hours of PICU admission. We analyzed patients’ PELOD-2 score,
PLR, and mortality rate, with 95% confidence interval (CI) for
each value.

Results Of 96 children with sepsis admitted to the PICU during
the study period, 87 patients (46 boys; 52.9%) met the inclusion
criteria. In total, 50 (57.47%) patients were non-survivors. Mean
PLR values among survivors [77.54 (SD 50.08)] was significantly
lower compared to the values among non-survivors [157.13 (SD
67.38)]; as well as the PELOD-2 score in the survivors group [12
(SD 1.32)] was significantly lower than its value in the non-survi-
vors [14.65 (SD 2.09)]. Spearman’s analysis showed a moderately
positive correlation between PLR and PELOD-2 score (r=0.444;
95%CI 0.44 to 1; P<0.01). Biserial point correlation analysis
revealed a significant association between PLR and mortality rate
(rpb=0.566; P<0.0001),with elevated PLR related to an increased
risk of mortality.

Conclusion There are positive correlations between PLR,
PELOD-2 score, and mortality rate in pediatric patients with
sepsis. Higher PLR and PELOD-2 score are associated with
higher mortality. [Paediatr Indones. 2021;61:186-91 ;
DOI: 10.14238/pi61.4.2021.186-91 |.
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epsis is a life-threatening organ dysfunction

caused by a regulated immune response to

infection. Sepsis is the most common cause

of death in infants and children worldwide.!-3
I[dentification of patients at high risk of death and
anticipation of poor outcomes in the earlier phase of
disease are essential to provide adequate intervention
to patients.*

The incidence of sepsis has increased in the
last 30-40 years in both developed and developing
countries. More than 4,300 deaths per year or about
7% of total deaths in children are caused by severe
sepsis. In the United States, the incidence of severe
sepsis was 0.56 cases per 1,000 population per year,
with the highest incidence in the infant age group.’
At the Cipto Mangunkusumo Hospital PICU, Jakarta,
Indonesia, of a total 502 admitted pediatric patients,
19.3% were diagnosed with sepsis, with a mortality rate
of 54%.° Sepsis is not only a health problem, but also
a socioeconomic challenge worldwide. The impact of
sepsis on survivors can persist even after the critical
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period of illness, and an increased mortality after
discharge from the intensive care facilities is frequently
reported. Therefore, identification of septic patients
who are at risk of worse prognosis and outcome is very
important. Nevertheless, to date there are no laboratory
markers that definitively correlate with the severity and
mortality of patients with sepsis.!-3

Scoring systems to determine the prognosis and
outcomes of sepsis in pediatric patients have been
extensively studied. One of the most widely used is the
PELOD-2 score, which has been shown to be accurate
for predicting mortality in sepsis patients. However,
some parameters of the score are cumbersome,
and cannot not be conducted in resource-limited
settings.!- In recent years, some studies have reported
that platelets and lymphocytes play important roles
in the inflammatory process. Platelet-to-lymphocyte
ratio (PLR) is a newly-proposed clinical indicator
of inflammation in a variety of diseases including
sepsis. It has received attention among clinicians in
recent studies. Several studies have shown that PLR
could be used to detect and diagnose neonatal sepsis
and a high PLR value has also been associated with
higher mortality rate in sepsis. The PLR is a simple
and inexpensive parameter performed from routine
hematological testing. This parameter is as significant as
other advanced and expensive inflammatory markers,
such as interleukin (IL)-6, IL-8, IL-1pB, and TNFo..”?
Although PLR has often been used for sepsis diagnosis
and prognosis in neonates and adults,’? it has not
been widely studied in the older pediatric population.
Therefore, we aimed to investigate the relationship
between PLR, PELOD-2 score, and clinical outcomes
in pediatric patients with sepsis.

Methods

This retrospective cohort study was conducted at
Prof R.D. Kandou Hospital, Manado, North Sulawesi,
from February to August 2020 and approved by the
local Ethics Committee. Children aged between 1
month and 18 years who were hospitalized in the
PICU were included in the study. Subjects’ parents
provided informed consent. Patients were excluded
from the study if they had other pre-existing comorbid
diseases or conditions such as malignancy, autoimmune
disease, chronic kidney disease, trauma, post-operative

conditions, obesity, malnutrition, or any parental
refusal of treatment. Subjects’ demographic data and
laboratory findings were collected. Mortality was also
recorded as the study outcome. Complete blood count
measurements were retrieved for the calculation of
PLR. The PELOD-2 score was used to evaluate organ
dysfunction, which included five main components:
neurologic (Glasgow Coma Scale and papillary
reaction), cardiovascular (serum lactate and mean
arterial pressure), renal (serum creatinine), respiratory
(PaO,, PaCO, and need for invasive ventilation), and
hematologic (leucocyte count and platelet count). The
PELOD-2 score cut-off value used was 11. The score
was recorded once within the first 24 hours of PICU
admission.

Numerical data are presented in mean, standard
deviation, and median, while categorical data are
presented in numbers and percentages. Biserial point
correlation was used to analyze for a possible association
between PLR and mortality rate; simple logistic
regression was used to analyze PLR and mortality risk.
Spearman’s tho analysis was used to analyze PELOD-2
score and PLR. Analyses were performed with SPSS 25
(IBM) software.

Results

There were 96 pediatric patients with a diagnosis of
sepsis admitted to the PICU during the study period.
The characteristics of subjects are shown in Table 1.
The mean PELOD-2 score was 13.22 (SD 2.08) and
the mean PLR value was 111.39 (SD 69.97). A total of
87 children met the inclusion criteria, of whom 46 were
boys (52.9%). Nine patients were excluded because of
malnutrition (2 patients), post-operative condition (4
patients), acute lymphoblastic leukemia (1 patient),
and parental treatment refusal (2 patients) (Figure 1).

Fifty patients (57.47%) were non-survivors.
Mean PLR in survivors group was significantly lower
compared to the non-survivors [77.54 (SD50.08) ws.
157.13 (67.38), respectively; P=0,00). In addition,
PELOD-2 scores among the survivors were significantly
lower compared to non-survivors (12 vs. 14.15;
P=0.00) (Table 2).

Spearman’s analysis revealed a statistically
significant moderate correlation between PLR and
PELOD-2 score (r=0.444; 95%CI 0.44 to 1; P<0.01)
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Children with sepsis admitted to the PICU from February to August 2020
(N=96)

i

Consecutive sampling

Nine were excluded:

e 2 malnutrition

e 4 post-operative

e 1ALL

e 2 parental refusal of treatment]

A4

Included eligible subjects
(N=87)

Figure 1. Study flow chart

Table 1. Characteristics of study subjects

Characteristics (N=87)
Age, months
Survivors
Mean (SD) 50 (43.36)

Median (range )
Non-survivors
Mean (SD)
Median (range)
Gender, n (%)
Male
Female
Hemoglobin level , g/dL
Mean (SD)
Median (range)
Leukocyte count, /mms3
Mean (SD)
Median (range)
Platelet count, /mm3
Mean (SD)
Median (range)

Absolute lymphocyte count, /mm3

Mean (SD)
Median (range)

Platelet-to-lymphocyte ratio (PLR)

Mean (SD)
Median (range)
PELOD-2 score
Mean (SD)
Median (range)
Length of stay, days
Mean (SD)
Median (range)

39.50 (1-192)

59.42 (76.24)
26 (1-211)

46 (52.9)
41 (47.1)

11.001 (2.37)
10.80 (6.7-19.2)

20,254.02 (8,810)
19,400 (3,100 — 43,200)

398,724 (191,222)

356,000 (28,000-944,000)

4,833.45 (3,525)
4,112 (350-19,886)

111.39 (69.97)
110.07 (11.01-368.57)

13.22 (2.08)
13 (11-20)

6.7 (3.86)
6 (2-19)
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(Table 3). Furthermore, biserial point correlation
analysis revealed a significant association between PLR
and mortality rate (rpb=0.566; P<0.0001). Simple
regression logistic showed an association between
PLR and mortality risk in septic patients (P<0.0001).
Elevated PLR was related to an increased risk of
mortality.

Discussion

Sepsis is a condition characterized by an uncontrolled
systemic inflammatory response followed by increased
vascular permeability and plasma protein leakage
induced by inflammatory mediators, potentially
leading to hypotension, shock, multiorgan dysfunction
syndrome (MODS), and even death. Sepsis remains
a major cause of morbidity and mortality in critically
ill patients. Plasma leakage due to endothelial barrier
dysfunction in sepsis creates severe microcirculation
failure, resulting in tissue hypoperfusion. This condition
leads to organ dysfunction and death.h1112

In sepsis, platelets and leukocytes play an important
role in inflammation. Platelets and neutrophils interact
during inflammation, with reactions occurring on
the endothelial surface.!? Platelets directly activate
neutrophils and monocytes to migrate to the site
of tissue destruction (chemotaxis). Furthermore,
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Table 2. The PLR value and PELOD-2 score among subjects

Outcomes
Parameter P value
Survivors (n=37) Non-survivors (n=50)
Platelet count, /mms3
Mean (SD) 349,020 (187,116) 465,892 (177,844) 0.00
Median (range) 334,000 (28,000-944,000) 408,000 (129,000-774,000)
Lymphocyte count, /mm3
Mean (SD) 5,936 (4,149) 3,343 (1,516) 0.00
Median (range) 4,774.5 (1,271-19,886)\ 3,080 (350-6,348)
PLR
Mean (SD) 77.54 (50.08) 157.13 (67.38) 0.00
Median (range) 66.24 (11.01-236.45) 152.59 (11.57-368.57)
PELOD-2 score
Mean 12 (1.32) 14.65 (2.09) 0.00
Median (range) 12 (4.5-7.9) 15 (5.2-9.3)

Table 3. Correlation between PLR value and PELOD-2 score

Spearman’s rho PLR PELOD-2 P value
PLR 1 0.444* <0.01
PELOD-2 score 0.444* 1

*Correlation was significant at the 0.01 level (2-tailed)

platelets also indirectly activate the interaction
between neutrophils and monocytes, through several
mechanisms, including triggering of neutrophil TREM-1,
which leads to various pro-inflammatory responses.!4
Lymphocytes can act as anti-inflammatory stimuli,
through production of lymphocyte apoptotic products.
An excess of apoptotic lymphocytes contributes to
immunosuppression in sepsis, usually leading to septic
shock, then progressing into a state of immune paralysis
before death.!>16

Recent studies showed that platelets and
lymphocytes have an important role in inflammation
during sepsis. This study is the first conducted in
children to determine the relationship between PLR,
PELOD-2 score, and septic outcomes. We found more
boys diagnosed with sepsis in the PICU than girls
(52.9% ws. 47.1%, respectively), similar to a previous
study (54.8% wvs. 46.2, respectively).!” Previous studies
reported that this finding is related to sex hormones,
as male sex hormone tends to suppress the immune
response in sepsis, while the female sex hormone has
a natural protective effect against inflammation.!819

In our study, there was a moderate positive
correlation between PLR and mortality rate (rpb=0.566;
P<0.0001). Mean PLR was significantly higher in

non-survivors than in survivors (157.12 vs. 77.53,

respectively). Comparable findings were also reported
by a study which found the usefulness of neutrophil-to-
lymphocyte ratio (NLR) and PLR to predict early onset
sepsis in neonates. There was a positive relationship
between NLR and PLR for determining sepsis group,
with NLR of 6.76 and PLR cut-off point of 94.05 for
predicting neonatal sepsis (97.4% sensitivity and 100%
specificity).8

The PLR was significantly lower in adult sepsis
survivors than non-survivors (111 vs. 209, respectively;
P< 0.001).!1” Another study also reported that PLR
could be used as a predictor of mortality in PICU
patients, with higher PLR related to increased risk of
clinical deterioration and mortality. They also found
PELOD-2 score >20 could predict 72.2% of mortality,
and high PLR could predict 77.8% mortality cases.?®In
our study, mean PLR value [77.54 (SD 50.08) vs. 157.13
(67.38); P=0.00] and PELOD-2 score [12 (1.32) ws.
14.65 (SD 2.09); P=0.00 were significantly different
between survivors and non-survivors. Another study
reported that the percentage of patients with PELOD-2
score >7 was significantly higher in non-survivors
compared to survivors (96% wvs. 3.6%, respectively;
OR=649).2! We found a statistically significant
moderate correlation between PLR and PELOD-2 score
(r=0.444; 95%CI 0.44 to 1;P<0.01).

The PLR is an important marker of inflammation
that has been widely studied in various diseases and
settings. A high PLR value indicates a more severe
inflammatory process. More severe inflammation
could lead to clinical deterioration, worse prognosis,
and death.”®22-26 Various studies had assessed PLR
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in septic patients, but the majority were conducted in
adult populations. Very few studies were conducted in
pediatric or neonatal populations, and many of them
only assessed the usefulness of PLR in critically ill
patients. Our findings may assist clinicians, particularly
those who work in the PICU to predict prognosis and
outcomes of critically ill patients with sepsis. The PLR
is an easy and inexpensive clinical predictor, which can
be used even in resource-limited settings.

The major limitations of our study were that it was
retrospective and single-centered. The retrospective
nature of this study also limited the temporal
relationship between PLR and mortality, whereas the
PLR value was only based on a single hematologic
testing, and not a serial one. Further studies with larger
and multi-center sampling are needed. In conclusion,
there is a positive correlation between PLR value,
PELOD-2 score, and mortality rate in pediatric patients
with sepsis. Higher PLR and PELOD-2 score are
associated with higher mortality.
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