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ABssTrACT

Introduction: Aspiration pneumonia is difficult to diagnose, and it has a high mortality
rate. In this study, the prognostic values of neutrophil-to-lymphocyte ratio (NLR) and platelet-
to-lymphocyte ratio (PLR) and their association with intensive care unit (ICU) admission and
mortality were investigated in patients with aspiration pneumonia.

Materials and Method: Between November 2016 and December 2018, 162 patients
aged>40 years, with no immunosuppression or malignancy, and hospitalized with a diagnosis
of aspiration pneumonia were included in this retrospective study. The patients were divided
into two groups: those with and without ICU admission. In addition, the patients were divided
into two groups: those who died and recovered. NLR and PLR ratios were compared between
groups.

Results: Among the 162 patients, 87 (54%) were male and 75 (46%) were female, 72
patients were administered to the ICU, and 28 died. NLRs in patients admitted to the ICU
(13.88+10.83) compared with those who were not admitted (10.5£10.07) and NLRs in patients
who died (14.91+£9.41) compared with those who recovered (11.4+£10.67) were significantly
high (p<0.05). There was no significant difference between the groups for PLRs (p>0.05). The
NLR cutoff value was determined as 8, and sensitivity and specificity for admission to the
ICU was 68.25% and 58.89%, respectively (AUC, 0.62), whereas sensitivity and specificity for
mortality were 67.86% and 54.48%, respectively (AUC, 0.658).

Conclusion: NLR has a prognostic value in predicting ICU admission and mortality in
patients with aspiration pneumonia.

Keywords: Aspiration pneumonia; Neutrophil; Lymphocyte; Platelet; Mortality; Intensive
care unit.

ARASTIRMA

ASPIRASYON PNOMONILi HASTALARDA
NOTROFIL LENFOSIT ORANI VE PLATELET
LENFOSIT ORANININ PROGNOZ iLE iLiSKisSi

Oz

Girig: Aspirasyon pnomonisi, tanisi zor, mortalitesi yliksek bir hastaliktir. Bu calismada,
aspirasyon pnomonili hastalarda, nétrofil lenfosit orani (NLO) ve platelet lenfosit oraninin (PLO),
yogun bakima giris ve mortalite ile iliskili prognostik degerinin incelenmesi amaclanmistir.

Gereg ve Yontem: Kasim 2016-Aralik 2018 tarihleri arasinda basvuran, 40 yas lzerinde,
immdinsiipresyonu ve malignitesi olmayan, aspirasyon pnémonisi tanisi konularak hastaneye
yatirilan 162 hasta retrospektif olarak calismaya alindi. Hastalar yogun bakima yatis ve ex
olmalarina gore iki ayri gruba ayrildi, bu gruplarda NLO ve PLO oranlari karsilastirildi.

Bulgular: 162 hastanin 87'si (%54) erkek, 75'i (%46) kadindi. 72 hasta yogun bakima
alinirken, 28 hasta 6ldi. NLO seviyeleri yogun bakima giren hastalarda (13.88+10.83),
girmeyenlere (10.5+£10.07) gore; 6len hastalarda (14.91+£9.41), 6lmeyenlere gore (11.4+£10.67)
istatistiksel olarak anlamli yiiksek saptandi (p<0.05). PLO seviyeleri acisindan, gruplar arasinda
istatistiksel olarak anlamli farklilik saptanmadi (p>0.05). NLO cut-off degeri 8 olarak saptanmis
olup, yogun bakima giris icin sensitivite ve spesifitesi %68.25 ve %58,89 (AUC:0.62); mortalite
icin sensitivite ve spesifitesi %67.86 ve %54.48 saptandi (AUC:0,658).

Sonug: Aspirasyon pnomonisi hastalarin, NLO'nin yogun bakima giris ve mortaliteyi
ongdrmede prognostik degeri oldugu saptandi.

Anahtar Sozciikler: Aspirasyon pnomonisi; Notrofil; Lenfosit; Platelet; Mortalite; Yogun
Bakim.
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INTRODUCTION

Aspiration is defined as inhalation of the
oropharyngeal and gastric contents into the
larynx and lower respiratory tract. After aspiration,
different diseases develop depending on the
content of the aspirated material, amount of
aspiration, and response of host. In young
patients, aspiration pneumonitis (Mendelson's
syndrome) develops because of aspiration
of sterile gastric contents, but aspiration
pneumonia develops in elderly patients because
of aspiration of oropharyngeal material with
bacterial colonization (1). The most common risk
factors in elderly patients are impaired clearance,
decreased cough reflex, and poor oropharyngeal
secretion control (2). As the diagnostic criteria
for aspiration pneumonia cannot be clearly
established, a heterogeneous patient population
is included in studies. It is reported that 5%-15%
of community-acquired pneumonia are aspiration
pneumonia (3). In another study, the incidence of
aspiration pneumonia in patients with hospitalized
community-acquired pneumonia ranged from
8.7% to 60.1% (4). Mortality was found to be three-
fold higher in aspiration pneumonia (29.4%-11.6%)
than in other forms of pneumonia (5). White blood
cells (WBC) play an important role in the systemic
inflammatory response triggered by infection. Due
to endotoxemia, circulating neutrophils increase
and lymphocyte count decreases (6). Zahorec R. et
al. have published the first study reporting that the
neutrophil-to-lymphocyte ratio (NLR) can be used
as a marker for systemic infection (7). Another
study has determined that NLR is more effective
as an indicator of bacteremia than the classical
parameters such as WBC, neutrophil count, and
C-reactive protein (CRP) levels (8). Similarly,
the platelet-to-lymphocyte ratio (PLR) has also
been recognized as a useful marker of systemic
inflammation (9).

The present study investigated the prognostic
values of NLR and PLR and their association with
intensive care unit (ICU) admission and mortality
in patients diagnosed with aspiration pneumonia.

MATERIALS AND METHOD

Between November 2016 and December 2018, 162
patients diagnosed with aspiration pneumonia,
hospitalized at Sultan Abdulhamid Han Training
and Research Hospital, and were older than 40
years of age without immunosuppression and
malignancy, were retrospectively included in the
study. Informed consent was waived because
of the retrospective nature of the study. This
study was approved by the Ethics Committee
of the Umraniye Training and Research Hospital
(172/04.09.2019). The patients were divided into
two groups: those with and without ICU admission.
In addition, the patients were divided into two
separate groups: those who died and recovered.
The diagnosis of aspiration pneumonia was made
according to the criteria described below:

a) New emerging radiographic infiltration
suggestive of pneumonia,

b) Symptoms and signs of lower respiratory
tract infection (one major criterion: cough,
expectoration, fever>38 °C or<35.5 °C; two
minor criteria: pleuritic chest pain, dyspnea,
delirium, increased alveolar—arterial
gradient, WBC>12000/mm?3, and/or left shift
or leukopenia<3000/mm3),

c) Presence of aspiration risk factors
(confusion, swallowing reflex deterioration,
diagnostic aspiration, gastroesophageal
junction disorder, pharyngeal anatomical
abnormalities) (2).

Age, sex, WBC, neutrophils, lymphocytes,
platelets, CRP, room air saturation (SpO,),
radiological findings (single lobe, multilobar,
and accompanying pleurisy presence), length
of hospital stay, admission to the ICU during
treatment, and mortality (survival or death) data
were collected. NLR and PLR were calculated.

CRP levels were measured with full automated
immunoturbidimetric method using Archem
Diagnostics (Istanbul-Turkey) kit by Abbott
Architect C-16000 Clinical Chemistry Analyzer
(California-USA). The WBC count, neutrophil and
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lymphocyte counts were determined on BC-6800
Hematology Analyzer (Mindray Corporation,
China).

Descriptive analyses (frequency distributions,
percentage, mean, standard deviation, and 95%
confidence intervals) were used as statistical
methods in analyzing the research data. Data were
analyzed using the Chi-square test for normally
distributed data, and the Mann-Whitney U test was
used when the data was not normally distributed.
Pearson’s correlation coefficient, cutoff point,
ROC curve, and sensitivity analysis were used
to evaluate the relationships. The cutoff point
for the hospitalization period was found using
the K-means cluster method. The results were
evaluated at 95% confidence interval and p<0.05
significance level. In the analysis of the data, the
PSPP [PSPP is free software; you can redistribute
it and/or modify it under the terms of the GNU
General Public License as published by the Free
Software Foundation, either version 3 of the
license or (at your option) any later version] and
Microsoft Excel computer programs were used.

RESULTS

A total of 162 patients were included in this study.
The mean age of the patients admitted to the ICU
was 81.60+9.99 years. Among the 162 patients, 72
were admitted to the ICU during hospitalization or
treatment period and 28 died there.

Comparison of patients who were admitted
and not admitted to the ICU

The mean age of the patients who were treated
and not treated in the ICU was 82.19+8.02 and
81.13+11.34 vyears, respectively. There was no
statistically significant difference between the two
groups in terms of age (p>0.05). Overall, 370f the
87 male patients and 35 of the 75 female patients
were admitted to the ICU, and no statistically
significant difference was found between the
groups in terms of sex (p>0.05). Similarly, no
statistically ~significant difference was found
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between the groups in terms of WBC, neutrophils,
lymphocytes, platelets, PLR, and radiological
findings (p>0.05). Among 119 patients, 70 were
hypoxic at the time of admission to the hospital
and 2 of the remaining 43 non-hypoxic patients
were admitted to the ICU. Significant differences
were noted between the two groups in terms of
hypoxia (p<0.05). The mean NLR in patients who
were admitted and not admitted to the ICU was
13.83£10.83 and 10.5+£10.07, respectively, and
the difference was significant (p<0.05). The mean
CRP levels were found to be 133.94£80.15 in
patients admitted to the ICU and 102.91+63.88
in patients who were not admitted to the ICU,
and the difference between the groups was
significant (p<0.05). The length of hospital stay
was 24.25+19.92 days for patients admitted to the
ICU and 9.66+4.67 days for patients not admitted
to the ICU; this difference was also significant
(p<0.05) (Table 1).

Comparison of patients who died and
recovered

The mean ages of the patients who died was
82.04+9.11 years and of those who did not die
was 81.51+10.19 years. There were no significant
differences between the groups in terms of age
(p>0.05). Overall, 10 of the 87 male patients
and 18 of the 75 female patients died. There
was a statistically significant difference between
the two groups in terms of sex (p<0.05). No
statistically significant difference was found
between the groups in terms of WBC, neutrophils,
lymphocytes, PLR, CRP, and radiological findings
(p>0.05). Among 119 patients who were hypoxic
upon admission, 28 died; none of the remaining
43 non-hypoxic patients upon admission died, and
the difference between the groups was significant
(p<0.05). Themeanplatelet countwas 206.22+100.1
in the mortality group and 248.55+£91.39 in the
survival group, and the difference was significant
(p<0.05). The mean NLR was 14.91+£9.41 in the
mortality groups and 11.4+10.67 in the survival
group, and the difference between the groups was
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Table 1. Clinical baseline characteristics and infection markers in subgroups of patients admitted and not admitted to the ICU.

- . . No ICU admission ICU admission
Clinical characteristics (n=90) (n=72) P
Male 50 (55.56%) 37 (51.39%)
Sex 0.59
Female 40 (44.44%) 35 (48.61%)
Hypoxia 49 (54.44%) 70 (97.22%)
SpO, 0.0001
Normal 41 (45.56%) 2 (2.78%)
Multilobar 56 (62.22%) 35 (48.61%)
o Multilobar + PE 25 (27.78%) 33 (45.83%)
Radiologic
findings 0.097
J Single Lobe 5 (5.56%) 3 (4.17%)
Single Lobe o o
+ PE 4 (4.44%) 1(1.39%)
Age (year) 81.13£11.34 82.19+8.02 0.503
WBC (x 103/uL) 11.58+5.26 12.7+£5.65 0.192
Platelet 238.97+87.74 244.06+101.86 0.734
Neutrophils 9.6+5.1 10.8+5.18 0.140
Lymphocytes 1.29+0.84 111+0.72 0.135
NLR 10.5+£10.07 1388+10.83 0.042
PLR 246.86+185.32 308.89+246.9 0.079
CRP 102.91+£63.88 133.94+80.15 0.007
Hospital LOS (days) 9.66+4.67 24.25+19.92 0.0001

Note: Data are presented as mean+Standard deviation (SD)

Abbreviations: PE, pleural effusion; WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; CRP, C-reactive protein;
LOS, length of stay.

significant (p<0.05). The length of hospital stay
was 32.14+26.98 days in patients who died and
12.8+8.8 days in patients who recovered, and this
difference was significant (p<0.05) (Table 2).

There was a significant positive correlation
between CRP and NLR (r=0.18; p<0.05). There was
no statistically significant relationship between
CRP and PLR (r=-0.03; p>0.05) (Table 3, Figure 1).
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Table 2. Clinical baseline characteristics and infection markers in patients who died and recovered.

Clinical characteristics Recovered (n=134) Died (n=28) P
Male 77 (57.46%) 10 (35.71%)
Sex 0.036
Female 57 (42.54%) 18 (64.29%)
Hypoxia 91 (67.91%) 28 (100%)
SpO, 0.0001
Normal 43 (32.09%) 0 (0%)
Multilobar 78 (58.21%) 13 (46.43%)
) ) Multilobar + PE 45 (33.58%) 13 (46.43%)
Radiologic 0.62
findings Single lobe 7 (5.22%) 1(3.57%) '
oingle lobe + 4 (2.99%) 1(3.57%)
Age (years) 81.51«£10.19 82.04x9.11 0.68
WBC (x 10%/pL) 11.79+5.28 13.44+6.13 0.27
Platelet 248.55+91.39 206.22+100.1 0.04
Neutrophils 9.85+5.05 11.5+5.51 0.15
Lymphocytes 1.25+0.82 1.02+0.64 0.13
NLR 11.4+10.67 14.91£9.41 0.009
PLR 276.1+222.43 266.46+188.19 0.80
CRP 112.92+72.1 134.79+75.83 0.14
Hospital LOS (days) 12.8+8.8 32.14+26.98 00001

Note: Data are presented as mean+Standard deviation (SD)

Abbreviations: PE, pleural effusion; WBC, white blood cell count; NLR, neutrophil-to-lymphocyte ratio;

protein; LOS, length of stay.

PLR, platelet-to-lymphocyte ratio; CRP, C-reactive

Table 3. .Correlations of the NLR and PLR with CRP

NLR PLR

r 0.176* -0.031

CRP 0.025 0.695
N 162 162

*Pearson’s correlation

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; CRP, C-reactive protein; N, number.
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Figure 1. Correlations of the NLR and PLR with CRP.
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Distinguishing the characteristic of NLR values according to the patient’s ICU admission and mortality
status was investigated through the ROC curve. NLR was found to be a significant distinctive variable
(AUC =0.66 and AUC =0.62) (Figure 2).

mortality ICU admission

Figure 2. ROC curves of the NLR ICU admission (a) and for predicting mortality (b).
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NLR cutoff values were calculated with ROC curve. The NLR cutoff was 8 for both patients admitted to
the ICU and those who died (Table 4).

Table 4. Prognostic accuracy of the NLR.

NLR Cutoff Sensitivity | Specificity | PPV NPV AUC
ICU admission 8 68.25 58.89 53.75 72.6 0.62 0.009
Mortality 8 67.86 54.48 23.75 89.02 0.658 0.009

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; ICU, intensive care unit; PPV, positive predictive value; NPV, negative predictive value; AUC, area under

the curve.

The NLR and PLR of patients hospitalized for>10 days and patients hospitalized for<10 days were

compared. There was no significant difference in terms of NLR and PLR (p>0.05) (Table 5).

Table 5. Prognostic accuracy of the NLR and PLR for predicting the length of hospital stay

Hospital LOS < 10 days > 10 days P
NLR 12.48+11.12 11.65+10.1 0.72
PLR 269.27+215.29 278.26+218.28 0.93

Abbreviations: LOS, length of stay; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.

DISCUSSION

The diagnosis of aspiration pneumonia is difficult
because it can be confused with other types of
pneumonia and it has a high mortality (10, 11).
CRP, WBC, and neutrophil counts are still the most
commonly used infection markers (12). Although
procalcitonin,  proadrenomedullin  (proADM),
urokinase-type plasminogen activator receptor
(suPAR), and several cytokines have been studied
as new infection markers, they are costly and have
not yet been widely used (13, 14). The advantage
of NLR and PLR is that they are calculated using
the parameters in the whole blood count, which
are currently used and are more cost-effective.
NLR was first mentioned in 1985 by Varenko [uS et
al. (15). NLR and PLR have been used as prognostic
parameters in predicting mortality in  many
oncological diseases as well as in cardiovascular
and autoimmune diseases (15-19).
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In this study, we investigated the prognostic
value of NLR and PLR in aspiration pneumonia. To
the best of our knowledge, this is the first study
to evaluate NLR and PLR in aspiration pneumonia.
Lee JH et al. have reported that NLR and PLR
have prognostic importance for predicting ICU
admission in patients with pneumonia (20).
Yoon NB et al. have found that NLR can support
tuberculosis when the cutoff value is lower than
7 in the differentiation of patients with bacterial
community-acquired pneumonia and tuberculosis
(21). De Jager PC et al. have found that the
prognostic value for predicting hospitalization,
ICU admission, and mortality was higher for of
NLR than for other infection parameters in patients
with pneumonia admitted to the emergency room
(6). In the same study, the NLR cutoff value was
determined to be 10, which was higher in patients
who were hospitalized for>10 days (6).
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In our study, the NLR cutoff value was 8§;
sensitivity and specificity for ICU admission were
68.25% and 58.89%, respectively (AUC, 0.62);
sensitivity and specificity for mortality were
67.86% and 54.48%, respectively (AUC, 0.658), and
the difference was significant (p<0.05). However,
NLR did not have significant prognostic value in
predicting the length of hospital stay in our study
(p>0.05).

Yao C et al. have reported that both NLR and
PLR have a prognostic role in chronic obstructive
pulmonary disease acute exacerbation mortality
(22). In the same study, a linear correlation was
found between NLR and CRP, but no correlation
was found between PLR and CRP (22).

In our study, NLR was significant in predicting
mortality in aspiration pneumonia, whereas PLR
had no prognostic significance in predicting both
ICU admission and mortality. Similarly, a linear
correlation was found between NLR and CRP,
whereas no linear correlation was found between
PLR and CRP. In our study, PLR was higher in
patients admitted to the ICU than in those who
were not admitted, but the difference was not
significant (p=0.079). On the other hand, PLR was
higher in the survival group than the mortality
group. In addition, the platelet counts were
significantly lower in the mortality group than the
survival group.
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