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Abstract. - OBJECTIVE: The mean platelet
volume (MPV) can be used as an indicator of
platelet activation. However, it has been shown
that the platelet/lymphocyte ratio (PLR) can pro-
vide useful predictive information about inflam-
mation and aggregation pathways. The neu-
trophil/lymphocyte ratio (NLR) may also be help-
ful as a marker of systemic or local inflamma-
tion. The main objective of this study evaluated
to unselected critically ill patients the relation-
ship of initial MPV, NLR, and PLR with mortality,
length of hospitalization, and the risk of devel-
oping nosocomial infections in ICU patients.

PATIENTS AND METHODS: In this retrospec-
tive study, we evaluated consecutive patients at
our tertiary nine-bed ICU. One hundred seventy-
three patients who were followed up during a 1-
year period were included.

RESULTS: MPV levels were found to be higher
in patients who died in the hospital (p = 0.05). In
addition, there was a significant positive correla-
tion between expected mortality rate and MPV
among non-survivors (p = 0.009). NLR levels
were higher among non-survivors, but this dif-
ference was not statistically significant (p =
0.435). PLR levels were similar between non-sur-
vivors and survivors (p = 0.173). The initial NLR
and PLR were significantly higher in patients
with nosocomial infections. NLR and PLR had a
significant positive correlation with length of
hospitalization (p = 0.006 and p = 0.027, respec-
tively).

CONCLUSIONS: In our study, we found that
high PLR and NLR may be indicators for the de-
velopment of nosocomial infections. Moreover,
the length of hospitalization may be prolonged
in patients with high PLR and NLR.

Key Words:

Platelet/lymphocyte ratio, Neutrophil/lymphocyte
ratio, Mean platelet volume, Prognosis, Length of hos-
pitalization, Nosocomial infections.

Corresponding Author: Leyla Kutlucan, MD; e-mail: leylakutlucan@hotmail.com

Introduction

The average life expectancy is increasing with
advances in medicine. The number of patients in
the older age groups, along with age-associated
comorbidities and need for intensive care, is ris-
ing. Every year, more than 5 million patients in
the United States are being admitted to intensive
care units (ICUs); however, survival success can
be achieved only in 10-29% of these patients'.
Various causes, including sepsis, may lead to
continuing systemic inflammatory conditions
among patients in ICU. Among its many nega-
tive impacts, inflammation leads to endothelial
dysfunction. As a result of endothelial dysfunc-
tion and platelet activation and consumption, or-
gan dysfunction may occur®. Therefore, to assess
the inflammation status of patients in the ICU,
various biomarkers, such as acute phase reactants
and cytokines, are widely used routinely during
clinical practice or for scientific studies.

The mean platelet volume (MPV) may be used
as an indicator of platelet activation. Elevated
MPV is related to an increase in prothrombotic
processes’. Although the platelet volume index
can be used in the differential diagnosis of
thrombocytopenia*®, most published studies have
emphasized the relationship between systemic
inflammatory state and infectious response®®. In
ICU patients, endothelial dysfunction generated
by inflammation may cause platelet activation
and consumption in the microcirculation. There-
fore, diffuse thrombosis and multiorgan failure
may occur. MPV has been used as a marker of
mortality in the ICU in some studies. Increased
MPV was found to be a predictor of the higher
mortality rates in two of these three studies**!°.
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White blood cell count (WBC), a classical in-
flammation marker, is also used in many scoring
systems during routine daily clinical practice.
Recent studies have shown increased ratios of
WBC subsets in stress conditions such as inflam-
mation'!"'3. Therefore, we proposed the use of the
neutrophil/lymphocyte ratio (NLR) as a marker
of systemic or local inflammation. The NLR is a
marker that can be measured inexpensively and
easily with a simple complete blood count
(CBC). Increased NLR has been shown to be a
predictor of morbidity and mortality. The rela-
tionships between NLR and prognosis and mor-
tality in patients with chronic inflammatory dis-
ease, sepsis, cardiovascular, pulmonary, and neo-
plastic diseases have been reported in the litera-
ture'*?, However, evidence of the importance of
NLR among ICU patients is very limited, with
only a relationship with mortality assessed to
date'!.

It has been shown that the platelet/lymphocyte
ratio (PLR) can provide more useful predictive
information than platelets or lymphocytes alone
concerning the inflammation and aggregation
pathways?!. PLR is a negative prognostic marker,
particularly for cardiovascular and malignant dis-
eases. PLR also is a new marker for hospital and
post hospital mortality due to cardiovascular dis-
eases’>?*. To the best of our knowledge, no study
to date has evaluated the relationship between
PLR and prognosis, length of hospitalization, and
the risk of developing nosocomial infections in
the ICU.

In this study, we aimed to evaluate the rela-
tionship between complete blood count parame-
ters that are inexpensive to measure during initial
evaluations (e.g., MPV, NLR, and PLR) and
mortality, length of hospitalization, and the risk
of development of nosocomial infections in ICU
patients. In this way, we tried to identify the
markers of prognosis in critically ill patients. In
addition, we assessed the predictive effect of
WBC, vitamin B12, lactate, hemoglobin (Hb),
platelets, albumin, high-sensitivity C-reactive
protein (hs-CRP), creatine kinase-MB (CK-MB),
and lactate dehydrogenase (LDH) upon admis-
sion regarding mortality.

Patients and Methods
This retrospective study was performed in a

tertiary nine-bed ICU at our Department of Inter-
nal Medicine. Unselected critically ill patients,

who were monitored for less than 2 days, were
pregnant, had received chemotherapy or im-
munosuppressive therapy, were previously diag-
nosed with hematologic malignancies or HIV,
and were younger than 18 years of age were ex-
cluded. Demographic data, first diagnoses, co-
morbidities, Acute Physiology and Chronic
Health Evaluation II (APACHE) scores, Glas-
gow Coma Scale (GCS) scores, and mortality
rates were noted on admission.

Peripheral blood samples were collected upon
admission for the evaluation of CBC; biochemi-
cal, hormonal, and serologic parameters; and
acute phase reactants. A blood sample for CBC
was collected into a tube containing ethylenedi-
aminetetraacetic acid. Hematologic parameters
were analyzed within 30 min after sample collec-
tion using a hematology analyzer (Abbott CELL-
DYN 3700; Abbott Diagnostics, Lake Forest, IL,
USA). The counts for leukocytes (103/0L), neu-
trophils (103/0L), lymphocytes (103/0L), and
platelets (103/0L) were recorded. NLR and PLR
were calculated using the results of these counts.
Hb levels (g/dL) and MPV (fL) were determined.
Hormonal and biochemical levels were assayed
using a solid-phase competitive chemilumines-
cent enzyme immunoassay, a solid-phase chemi-
luminescent immunometric assay, a colorimetric
method, and a competitive immunoassay (IM-
MULITE 2000, Siemens Healthcare Diagnostics,
Tarrytown, NY, USA; and cobas 6000 c 501,
Roche Diagnostics, Indianapolis, IN, USA). We
also noted nosocomial infections diagnosed ac-
cording to the nosocomial infection criteria as
well as hospitalization period and discharge con-
ditions.

Statistical Analysis

All data relevant to the study were analyzed
using SPSS Statistics 19 software (IBM, Ar-
monk, NY, USA). Continuous variables are ex-
pressed as mean + standard deviation, and cate-
gorical variables are presented as percentages.
The analyses were performed with the Mann-
Whitney U test, #-test, and bivariate correlation
test. The level of statistical significance was set
at p <0.05.

Ethics

The patient data were obtained from medical
records in our hospital’s registry. Ethical ap-
proval was obtained from the Ethics Committee
of our institute. The procedures followed were in
accordance with the ethical standards of the re-
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sponsible committee on human experimentation
(institutional or regional) and with the 1975 Dec-
laration of Helsinki as revised in 1983.

Results

One hundred seventy-three patients who were
hospitalized in our ICU during a 1-year period
were included in this study. Ninety (52%) of the
patients were men, and 83 (48%) were women.
The mean age of all patients was 68.6 years
(range, 20-93 year). The mean age of the female
patients was 67.9 years, and the mean age of the
male patients was 69.3 years. One hundred sixty-
four patients had, at least, one comorbidity upon
admission.

Eighty-one (51 male and 30 female; 46.8%) of
all included patients died during their ICU stay,
and 92 (39 male and 52 female; 53.2%) of all in-
cluded patients were discharged to the wards.
According to the hospital admission data, the 81
patients who died were older (p < 0.001), had
lower GCS scores (p < 0.001), had a higher ex-
pected mortality rate (p < 0.001), and had higher
APACHE II scores (p < 0.001) than patients who
remained alive at the end of the study period
(Table I).

Evaluation of all the blood parameters of all ac-
cepted patients revealed that the WBC values
were significantly higher (p = 0.019) and Hb lev-
els were significantly lower (p = 0.001) among
non-survivors than among survivors (Table II).
However, the platelet counts were similar between
the two groups (p = 0.156). Although the MPV
levels were within the normal range among all pa-
tients, significantly higher MPV levels were found
among non-survivors (p < 0.05). Also, a signifi-
cant positive correlation between the expected
mortality rate and MPV was observed among non-
survivors (p = 0.009). NLR levels were higher
among the non-survivors, but this difference was

not statistically significant (p = 0.435). PLR levels
were similar between the survivors and non-sur-
vivors (p = 0.173). The vitamin B12 levels were
lower than normal in 51 patients; of these patients,
14 (27%) were non-survivors and 37 (73%) were
survivors. The mean vitamin B12 level was
twofold higher among the non-survivors than
among survivors (p = 0.001). The levels of lactate,
LDH, hs-CRP, and CK-MB were significantly
higher, and albumin was significantly lower
among non-survivors than among survivors. The
D-dimer and troponin levels were higher among
the non-survivors, but this difference was not sta-
tistically significant (Table II).

During follow-up, nosocomial infections oc-
curred in 42 patients (24.2%). When we evaluat-
ed the relationship between initial laboratory pa-
rameters and the incidence of nosocomial infec-
tion, we found that the 42 patients with nosoco-
mial infections had significantly higher levels of
thrombocytes and vitamin B12, as well as higher
NLR and PLR (p = 0.031, p = 0.050, p = 0.002,
and p = 0.009, respectively) (Table III).

At the end of follow-up, the mean ICU length
of hospitalization was 11.9 + 18.7 days for all
patients. The mean hospitalization periods were
15 £ 22.7 days and 9.2 + 13.9 days for non-sur-
vivors and survivors, respectively (p = 0.039).
NLR and PLR (p = 0.006 and p = 0.027, respec-
tively) showed significant positive correlations
with the length of hospitalization. In contrast,
Hb, WBC, PLT, MPV, and vitamin B12 levels
did not show significant correlations with the
length of hospitalization.

Discussion

In recent studies, relationships have been
demonstrated between thrombosis, aggregation,
inflammation, and CBC parameters. MPV, NLR,
and PLR calculated using CBC laboratory values

Table I. Comparison of the average age and prognostic predictors between survivors and non-survivors.

Evaluation of All patients Survivors Non-survivors
hospital admissions (n=173) (n =92) (n=81) p-value
The average age (SD) 68.6 +15.5 64.6 +17.7 732+ 11.5 <0.001
GKS (SD) 8.83x4.4 10.7 +4.2 7+4 <0.001
APACHE 1I score (SD) 252 +10.5 19.6 £ 8.7 31.5+£85 <0.001
Expected mortality rate (%) (SD) 54.8 £24.7 42.4+19.6 68.9 +22.2 <0.001

SD: Standart Deviation; GKS: Glasgow Coma Scale; APACHE II: Acute Physiology and Chronic Health Evaluation II.
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Table II. Comparison of laboratory tests between survivors and non-survivors.

Parameter All patients Survivors Non-survivors

(normal range) (n=173) (n =92) (n=81) p-value
WBC (3.5-10.5 x 103/uL) 152 +16.8 12.4 7.2 18.4 £ 23 0.019
Neu (1.7-7 x 103/uL) 11.7+£10.7 11.3+10.8 12.1 £10.7 0.639
Lym (0.9-2.9 x 10%/uL) 1.3+1.3 1.24 £0.75 1.25+1.82 0.982
Hb (13.5-17.5 g/dL) 10.6 +2.1 11.2+22 9.8+1.8 <0.001
Plt (150-450 x 103/uL) 205.2 + 122.6 217.6 +128.8 191.1+1144 0.156
MPV (9-13 fL) 93+12 9.1x1.7 95+1.2 0.05
Vitamin B12 (191-663 pg/mL) 550.5 £487.4 374.2+362.9 750.7 £ 533.5 <0.001
NLR 129 +12.5 12.2+12.9 13.7 £ 12.08 0.435
PLR 252.0 £201.8 232.4 +168.6 274.3 £233.1 0.173
D-dimer (0-0.5 mcg/ml) 42+179 32+4.1 54 +10.6 0.068
Lactate (0.5-1.6 mmol/L) 29+29 2+1.5 39+38 <0.001
LDH (240-480 U/L) 447.9 +409.8 383.2+292.9 521.4 +503.2 0.027
Albumin (3.5-5.2 g/dL) 2.8+0.6 3+0.6 2.6 +£0.52 <0.001
Troponin (< 0.1 ng/mL) 0.3+0.8 0.17+04 04+1.1 0.064
hs-CRP (0-5 mg/L) 206.3 +191.4 151.8 £ 164.5 268.2 £201.8 <0.001
CK-MB (< 12 U/L) 53+47.4 44.1+39.3 63.1 £53.6 0.008

WBC: White Blood Cell; Neu: Neutrophils; Lym: Lymphocytes; Hb: Hemoglobin; Plt: Platelets; MPV: Mean Platelet Vol-
ume; NLR: Neutrophil/lymphocyte Ratio; PLR: Platelet/lymphocyte Ratio; LDH: Lactate dehydrogenase; hs-CRP: high-sensi-

tivity C-reactive protein; CK-MB: Creatine kinase-MB.

are simple and inexpensive markers of these
processes. To the best of our knowledge, this
study is the first evaluation of all of these para-
meters and their possible relevance to mortality,
nosocomial infection, and length of hospitaliza-
tion among ICU patients. We researched the util-
ity of the PLR, which has been used before in pa-
tients with cardiovascular disease and malignan-
cy, as a marker of inflammation in patients in
ICU. MPV values upon ICU admission were sig-
nificantly higher among non-survivors, but no
association with mortality was shown for NLR or
PLR. In addition, non-survivors had higher
WBC, vitamin B12, lactate, LDH, hs-CRP, and
CK-MB, as well as lower of Hb and albumin lev-

els than survivors. Also, for the first time to the
best of our knowledge, we have demonstrated
that patients who developed nosocomial infec-
tions during follow-up had higher NLR and PLR
calculated on the basis of CBC values taken upon
admission. We also found a positive correlation
between NLR and PLR with the length of ICU
hospitalization.

Few studies have shown that MPV was higher
in ICU non-survivors than survivors. Gao et al'”
reported high MPV levels in patients diagnosed
with septic shock who died in the ICU. Zampieri
et al’> showed that high levels of MPV were asso-
ciated with mortality in 84 ICU patients. Zhang
et al’ reported that high MPV levels were associ-

Table Ill. Comparison of laboratory tests between patients with or without nosocomial infection.

Nosocomial infection
Parameter
(normal range) Present (n = 42) Absent (n = 131) p-value
Hb (13.5-17.5 g/dL) 104 +1.9 10.7 £2.2 0.470
WBC (3.5-10.5 x 103/uL) 15.1+£7.8 152 +18.2 0.986
Plt (150-450 x 103/uL) 2419 + 1483 196.0 + 108.3 0.031
MPV (9-13 fL) 92+1.3 93+1.2 0.650
Vitamin B12 (191-663 pg/mL) 677.9 +535.6 509.7 £465.8 0.050
NLR 18.1 £16.3 11.2+10.6 0.002
PLR 322.6 +248.7 229.4 +179.6 0.009

Hb: Hemoglobin; WBC: White Blood Cell; Plt: Platelets; MPV: Mean Platelet Volume; NLR: Neutrophil/lymphocyte ratio;

PLR: Platelet/lymphocyte ratio.
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ated with increased mortality in 443 of 1556 pa-
tients. Similarly, we have demonstrated an asso-
ciation between high MPV and mortality. Thus,
MPYV can be used as a sensitive marker for mor-
tality in patients in ICU. In contrast, there was no
significant relationship between MPV values and
nosocomial infection or length of hospitalization.
These associations were not addressed in the pre-
vious studies.

NLR has been investigated as a marker for
prognosis in a limited number of studies of ICU
patients. In an observational cohort study, Salcic-
cioli et al' identified a positive correlation be-
tween NLR and mortality among consecutive
critically ill patients, but no such association was
found for patients with sepsis. High levels of
NLR were attributed to high risk of in-hospital
and 6-month mortality in one prospective study
that included 373 patients in an Emergency De-
partment''. NLR was shown to be a more useful
indicator than WBC or CRP for the prediction of
acute renal failure in 118 patients with severe
sepsis®. Although NLR values among ICU non-
survivors were high in our study, this finding
was not statistically significant. We found no
study in the literature in which researchers as-
sessed the relationship between NLR upon ad-
mission with nosocomial infections or length of
hospitalization. We found that NLR upon admis-
sion was significantly higher in patients diag-
nosed with nosocomial infections and those who
had increased length of hospitalization.

PLR is now commonly used as a marker for
aggregation and inflammation pathways in pa-
tients with coronary artery disease®*?*. PLR is al-
so used as a marker for other inflammatory con-
ditions such as malignancies and liver and kid-
ney diseases that are associated with high mortal-
ity rates®>?%. Kundi et al*® reported a relationship
between mortality and high PLR in patients with
acute pulmonary emboli; however, they did not
assess PLR as a marker to show any relationship
between mortality, length of hospitalization, or
the risk of developing nosocomial infections in
patients in ICU. In our research, PLR was 274.3
among non-survivors and 232.2 among sur-
vivors. Although this difference was not statisti-
cally significant, non-survivors had higher PLR
values than survivors. We think that PLR and its
connection with mortality can be better evaluated
if a larger group of patients is studied.

Another important result of our study is that
vitamin B12 level was twofold higher in non-
survivors. Renal failure, cancer, and liver fail-

ure may result in increased vitamin B12 lev-
els**32, Numerous mechanisms are used to ex-
plain this rise of vitamin B12 levels. The most
accepted one is pathologic changes in the liver
and myeloid cells that lead to the accumulation
of vitamin B12. Researchers in two studies re-
ported conflicting results regarding mortality
and vitamin B12 levels. Sviri et al*® reported
that the mortality risk increased with of vitamin
B12 levels, particularly in patients with chronic
disease. In contrast, Callaghan et al** did not
find any connection between high vitamin B12
levels and mortality. They proposed the use of
liver function tests instead of vitamin B12 lev-
els to predict mortality. Our results correlate
with the first study conducted by Sviri. Al-
though 95% of patients in our study had a
chronic disease, the follow-up to evaluate in-
creases in vitamin B12 levels may be important
among ICU patients. In addition, our results
point to elevated vitamin B12 levels as a risk
factor for the development of nosocomial infec-
tions. We could not find any similar study on
this topic in our search of the literature.

Conclusions

Hemoglobin, WBC, and MPV are important
parameters to predict prognosis in critically ill
patients, but the measurement of PLR and NLR
for prognosis is not clearly defined. According to
our results, we found that high PLR, NLR, and
vitamin B12 levels may be indicators for the de-
velopment of nosocomial infections. Also, hospi-
talization may be prolonged in patients with high
PLR and NLR. These parameters can be assessed
as cut-off points for future research. These sim-
ple parameters that are inexpensive to measure
can help physicians in decision-making about
ICU patients’ prognosis, length of hospitaliza-
tion, and risk of developing nosocomial infec-
tions.

Notes

The results of this study were presented in part at the VI®
International Eurasian Hematology Congress, Antalya,
Turkey (October 13, 2015).
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