RESEARCH ARTICLE / Aragtirma Makalesi

Can The Neutrophil to Lymphocyte Ratio, Determined in
The Whole Blood Count, Be Used as A Mortality Marker
in Patients with Pulmonary Thromboembolism ?
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Abstract

Objective  Acute pulmonary thromboembolism (APTE) is one of the life-threatening cardiovascular diseases. Following the diagnosis, it has a broad range of severity and a wide
spectrum. Its mortality and morbidity vary depending on its clinical scope and the site of involvement. Neutrophil / lymphocyte ratio (NLR) has previously been studied
in many cardiovascular disease processes as an indicator of inflammation and marker of mortality. The aim of our study is to determine the correlation between NLR and
the 30-day mortality in APTE.

Materials 160 APTE patients who applied to the emergency department of Bagcilar Education and Research Hospital between January 2011 and June 2013 were determined
and Methods  retrospectively and hemogram parameters at the time of application were recorded. It was ensured in the selection of patients that all patients had a final diagnosis
supported by computed tomography. APTE patients; It was divided into two groups in terms of those who died (n:28) and survived (n:120) within 30 days. Low, medium
and high risk APTE patients in both groups were compared in terms of NLR. The utility of NLR as a marker of mortality was investigated in patients with pulmonary

embolism

Results  NLR was significantly higher in the deceased group (11.40 + 4.24 vs 18.33 + 9.06, p < 0.001). It had 57 % sensitivity and 89 % specificity for prediction of mortality (Area
Under Curve: 0.736, 95% CI: 0.619-0.853, p < 0.001) in patients with pulmonary embolism. In the multivariate logistic regression analysis; NLR was found to be signifant
independent predictor of the 30-day mortality (Odds: 1.132 (1.031-1.243, CI 95%), p=0.009).

Conclusion  NLR plays a strong role in determining 30-day mortality in APTE patients.

Key Words  Leukocyte Count; Pulmonary embolism; Mortality

Abstract

Amag  Akut pulmoner tromboemboli (APTE) hayat: tehdit eden kardiyovaskiiler hastaliklardan biridir. Teshisi takiben, genis bir ciddiyet aralig ve spektrumu vardir. Mortalitesi ve morbiditesi klinik
kapsamina ve tutulum yerine bagli olarak degisir. Notrofil / lenfosit orant (NLR) daha once birok kardiyovaskiiler hastalik siirecinde inflamasyon ve mortalite belirteci olarak incelenmigtir.
Calismarmizin amact, APTEde NLR ile 30 giinliik mortalite arasindaki korelasyonu belirlemektir.

Gereg ve  Ocak 2011 - Haziran 2013 tarihleri arasinda Bagcilar Egitim ve Arastirma Hastanesi acil servisine basvuran hastalardan 160 APTE hastasi retrospektif olarak saptandi ve bagvuru sirasinda
bil

Yontemler  hemogram parametreleri kaydedildi. Hasta segiminde tiim hastalarin bilgi (] ifi ile desteklenen kesin tami almast saglandi. APTE hastalars; 30 giin icinde dlen (n: 28) ve hayatta

kalan (n: 120) olarak iki gruba ayrilds. Her iki gruptaki diigiik, orta ve yiiksek riskli APTE hastalar: NLR agisindan karsilastirildi. Pulmoner emboli hastalarinda NLR nin mortalite belirteci
olarak kullanimi arastirild.

Bulgular  Olen grupta NLR anlamli olarak daha yiiksekti (11.40 + 4.24% karsi 18.33 + 9.06, p <0.001). Pulmoner emboli hastalarinda NLR; mortalite tahmini icin % 57 duyarhliga ve % 89 ézgiilliige
(Egri altindaki alan: 0.736,% 95 CI: 0.619-0.853, p <0.001) sahipti. Cok degiskenli lojistik regresyon analizinde; NLRnin 30 giinliik mortalitenin anlaml bagimsiz prediktorii oldugu bulun-
mugtur (Odds Oranz: 1.132 (1.031-1.243, GA% 95), p = 0.009).

Sonu¢  NLR, APTE hastalarinda 30 giinliik mortalitenin belirlenmesinde giiclii bir rol oynamaktadir.

Anahtar

R Lokosit Sayisi; Pulmoner emboli; Mortalite
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INTRODUCTION
Acute pulmonary thromboembolism (APTE) is a relati-
vely common cardiovascular emergency resulting from
the occlusion of the pulmonary artery bed with throm-
bus coming from systemic veins at varying rates. Venous
thromboembolic disease is the third most common car-
diovascular disease after acute coronary syndromes and
stroke.! About a third of the patients die within the first 3
years, and about half of the patients experience long-term

dyspnea and limited functional capacity.?

A correlation between APTE and myocardial infarction
and cardiovascular conditions such as stroke was recently
reported.** The reported high risk of PTE in obese indi-
viduals, smokers and patients affected by systemic hyper-
tension or metabolic syndrome has refreshed the interest
shown in the correlation between arterial thromboembo-

lism and venous thromboembolism(VTE).

APTE is a cardiovascular disease with a current mortality
rate of 7-15%. The difficulties in its diagnosis and treat-
ment options varying according to the risk classifications
increase the prognostic importance of the disease. He-
modynamic imbalance and right ventricular dysfunction

are the most common prognostic markers.

As we know from the Virchow’s triad; inflammation, en-
dothelial injury and hypercoagulability play a role in the
formation of thrombus.® The elevation in inflammation
indicators supports the increased probability for thrombus
formation. The correlation of increased white blood cell
(WBC) count with mortality, recurrence, and comorbid
conditions has been proved.® It was emphasized in recent
years that peripheral neutrophil / lymphocyte ratio (NLR)
may be a better indicator of inflammation compared to the
WBC count.” In cases where inflammation, such as acu-
te coronary syndrome, acute inflammatory diseases and
cancer, play a significant role in the pathogenesis of the
disease, the NLR has been found to be determinant in the

prognosis and severity of these diseases. Acute pulmonary

embolism is the cornerstone of thrombotic diseases, and
its common physiopathology with atherothroboembolic
diseases has been reported. Starting from here, we investi-
gated the value of NLR in predicting the 30-day mortality
in patients diagnosed with APTE using also other prog-

nostic markers in this study.

MATERIALS AND METHODS
Patient population
160 patients who applied to the Bagcilar Education and
Research Hospital emergency department between Janu-
ary 2011 and June 2013 and were diagnosed with pulmo-
nary embolism using pulmonary computed tomographic
angiography have been taken from the registry system
with the diagnosis code 126. After applying the exclusion
criteria, 148 patients were analyzed. 28 patients died (9 in
high, 17 in medium, 2 in low risk groups) and 120 patients
survived (16 in high, 64 in medium, 40 in low risk groups)

in 30 days.

Exclusion Criteria
Patients with haematological disorders (WBC<3*103/L
or >20*103), infectious, inflammatory, autoimmune and
neoplastic disease history, and conditions that may affect
results such as immune suppressive therapy were not inc-
luded in the study. Blood results and clinical data obtained

at the time of first admission to the hospital were analysed.

Study protocol
Our study was designed as a cross-sectional, descriptive
study. Patients diagnosed with the ICD-10 code 126 were
screened from the hospital’s electronic database. Following
the pre-screening, the data of the patients with a final pul-
monary embolism diagnosis according to the computed
tomographic pulmonary angiography were reached from
the system. Required laboratory data were obtained from
the hospital’s database. Clinical data at the time of arri-
val at the hospital, demographic information, comorbid
conditions and vital findings were reached from the pa-

tient admission files. By contacting the patients or their
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first-degree relatives through the telephone system, infor-
mation was obtained regarding one-month mortality and
morbidity. Study was approved by the Bezmialem Vakif
University non-Interventional research ethics committee
with the number 3840 on 06.03.2020 and the study was
conducted in accordance with ethical principles described
by the Declaration of Helsinki.

Radiological imaging
Philips Brilliance 64-detector computed tomography de-
vice was used for computed tomographic pulmonary an-
giography.Intravenous contrast agent injection with multi
section tomography (Philips BRILLIANCE 64-detector)
was carried out using an automatic injector. Examinati-
ons were performed to include lungs from apex to diaph-
ragm. All patients were given 80-100 ml of the agent (350-
400/100 mg/ml non-ionic contrast agent) with a size 18 or
20 branule from the forearm vein at an injection rate of 4-5
ml/second for a total of 16-20 seconds. After starting to
inject the contrast agent, the device begins screening when
it catches the contrast agent density with the real time se-
ctions taken from the pulmonary artery level. Pitch value
was determined at 0.75-0.825, section thickness was deter-
mined at 1 mm and the obtained images were set to be re-
combined at 0.6 mm intervals. The sections were analysed
in parenchyma and mediastinum windows, and the main,
lobar, segmental and subsegmental arteries and parenchy-
ma areas were examined in the images. The diagnosis es-
tablished by the radiologist was accepted in the evaluation

of computed tomographic pulmonary angiography.

Biochemical and hematological measurements
Prior to the computed tomographic pulmonary angiog-
raphy, complete blood count, biochemical evaluation, and
cardiac markers and d-dimer measurement tests were per-
formed on patients. Samples were taken from the antecu-
bital vein into vacuum tubes (2 ml) containing ethylendi-
aminetetraacetic asid (EDTA) for the automatic complete
blood count, into serum separation tubes (10 ml) with gel

clot activator for the biochemistry and cardiac markers,

and into coagulation tubes (2 ml) containing 3.2% citrate
for the d-dimer, and samples were studied within 1 hour.
Complete blood counts were performed using Siemens
Diagnostics Advia 2120 hemogram device. Siemens Di-
agnostics Advia-1800 biochemistry analyser was used for
the biochemistry parameters. Siemens Diagnostics Ad-
via Centaur XP immunoassay analyser was used for the
analysis of Troponin I. The Vidas enzyme-linked immu-
nosorbent assay (ELISA) kits were used for the d-dimer

evaluation.

Statistical analysis
Meanztstandard deviation and median were used for con-
tinuous variables, while percentage was used for categori-
cal variables. Normal distribution was tested using a single
sample Kolmogorov-Smirnov test and skewness-kurto-
sis test. Test of the differences between two independent
groups (Unpaired t test) was used to test the difference
between the continuous variables with normal distributi-
on between patient and control groups. Mann-Whitney U
test was applied for variables not suitable for the normal
distribution. Pearson Chi square, Fisher exact probability
test and Continuity correction (Yate Correction) test were

used to test the categorical variables.

Variables which were p<0.05 in univariate analyses (age,
history of cerebrovascular disease, hypotension, NLR,
monocyte count, Red cell distribution width(RDW), urea
level, Aspartate aminotransferase (AST), red blood cel-
I(RBC) count, syncope at the time of application) were
included in the multivariate analysis. Multivariate logistic
regression analysis (using the Backward stepwise method)
was used to determine the independent predictors of mor-
tality in pulmonary embolism in the course of the one-
month follow-up. ROC analysis was used to determine the
cut-off value. P value <0.05 was considered significant for
all tests. Statistical Package for the Social Sciences (SPSS
version 11.0, SPSS Inc., Chicago, IL, USA) was used.
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RESULTS Table 3.Laboratory findings at admission
The demographic, clinical and laboratory characteristics Died Survived P
of the patients are shown in tables 1, 2 and 3. The patients :fl\;lzgn (:-{Sll(g/m’ 14235712 10575325 | 0.004
were divided into two groups - those who died (28 pa-
RBC (x103/L),(mean+SD) 4.68 +0.51 4.07+0.6 0.042
tients) and those who survived (120 patients) in the period -
o i ?em"ﬁl;’g‘)“ (gr/dL), 11.35+1.58 1221£2.14 | 0083
of 30-day .There was a significant difference between the meant
. . . Platelet count (x103/L 264,[1007 243,[483 0.459
groups in terms of age, history of cerebrovascular disea- ( ) [1007) (483)
. . L . . Neutrophils (%) 81,[88] 72,(62] <0.001
se, having applied to the clinic with syncope, WBC (white
Lymphocytes (%) 9,[41] 17,[48] <0.001
blood cell count), neutrophil count, lymphocyte count, NIR 8.123] o [26] 0001
monocyte count, RBC, RDW, urea level, troponin level Monocytes (%) 5.4,126] 6.3,13] 0.023
and NLR (8,[23] vs 4,[26] p <0.001). RDW 15,09] 14,[13] 0.017
MPYV, (mean=SD) 9.131.32 8.92+1.41 0.378
Table 1. Patient’s symptoms at the time of arrival to the hospital Glucose (mg/dl) 151,[287] 119,[311] 0.273
Symptoms n(%) Urea (mg/dl) 45,[154] 37,[128] 0.008
Shortness of breath ,n(%) 133 (89.86%) Creatinine (mg/dl), 0.9140.28 0.90+0.41 0.693
(mean+SD)
Pain in chest ,n (%) 87 (58.78%)
AST (U/L) 32,[306] 25,[586] 0.042
Hemoptysis, n(%) 4(2.70%)
ALT (U/L) 24,[243] 22,[482] 0.975
Syncope / presyncope, n(%) 30 (20.27%) -
Sodium (mmol/L), 137.97+9.12 140.32+3.86 | 0.158
(mean+SD)
Table 2.Demographic characteristics and comorbid conditions Potassium(m- 4324071 4.43+0.59 0.627
mol/L),(mean+SD)
Died n: 28 Survived n: 120 P
D - dimer (ng/mL) 4113,[9158] 4606,[9468] | 0.990
Age, year (meanz SD) 74.27 +12.35 61.12+ 15.67 <0.001
Troponin I ng/mL 0.14,[4.98] 0.02,[6] 0.007
Gender (female),n(%) 17 (60.71%) 64 (53.33%) 0.535
Saturation
Gender (male),n(%) 11 (39.29%) 56 (46.66%) 0.628 02(%),(mean+SD) 88.849.1 91.2£7.9 0.132
DM,n(%) 11(39.29%) | 33(27.50%) | 0249 PO2 (mmHG) 61,(126] 68,[386] 0.201
Hypertension,n(%) 10 (35.7%) 58 (48.33%) 0.291 PCO2 (mmHG) 30,[28] 32,[29] 0.569
CAD;,n(%) 2(7.14%) 14 (11.66 %) 0.525 Mean + standard deviation, median, range (in parentheses) were used for continuous
variables.
CREn(%) 2 (7.14%) 7 (5.83%) 1.000 WBC: White bloodcell, RBC: Red blood cells, NLR: Neutrophil count / lymphocyte
CVD,n(%) 5 (17.85%) 6 (5.00%) 0.046 ratio, RDW: Red cell distribution width; MPV: Mean platelet voliime, AST: Aspartate
> aminotransferase, ALT: Alanine aminotransferase, SD: Standart Deviation
HF ,n(%) 4(14.23%) 12 (10.00%) 0.741
COPD ,n(%) 2(7.14%) 17 (14.16%) 0.529
Smokingn(%) 5 (17.65%) 3025.00% | 0.464 There was no significant difference between the groups in
Immobilization,n(%) 13 (46.42%) 26(30.00%) | 0123 terms of the right ventricular loading measured by compu-
DVT,n(%) 19 (67.85%) 52 (43.33%) 0.077 ted tomographic pulmonary angiography (table 4).
Use of alcohol,n(%) 0 (0%) 3 (2.50%) 1.000
BMI, (mean + SD) 27.39%5.12 28.17+5.46 0.414 Table 4. Short axis measurements and ratio of ventriculars in computed

Mean + standard deviation was used for continuous variables and percent-
age was used for categorical variables.

DM: Diabetesmellitus, CAD: Coronary artery disease, CRF: Chronic renal
failure, CVD: Cerebrovascular disease, HF: Heart failure, DVT: Deep vein
thrombosis, BMI: Body mass index,COPD: Cronic Obstructive Pulmonary

Disease, SD: Standart Deviation

tomography

Died Survived P
LV (mm) 46.35+7.08 47.01+5.87 0.460
RV (mm) 43.14+5.75 42.91+7.11 0.613
RV/LV 0.95+0.21 0.94+0.17 0.231

Mean + standard deviation was used for continuous variables.
LV: Left ventricular, RV: Right ventricular
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In the multivariate Cox regression analysis; age (Odds:
1.056 (1.011-1.1003, GA 95%), p=0.014), syncope at the
time of application (Odds: 3.232 (1.051-9.943, GA 95%),
p=0.04) and NLR were the independent predictors of the
30-day mortality rate (Odds: 1.132 (1.031-1.243, GA 95%),
p=0.009) (Table 5).

Table 5: Independent predictors of mortality in patients with pulmonary
embolism in the multivariate logistic regression analysis

Odds Ratio Irﬁ:rii??‘;;?) P
Age 1.056 1.011-1.103 0.014
NLR 1.132 1.031-1.243 0.009
Syncope 3.232 1.051-9.943 0.041

NLR: Neutrophil to lymphocyte ratio

A receiver operating characteristic(ROC) curve was ge-
nerated for sensitivity and specificity, and the respective
areas under the curve (AUCs) were used to investigate the
predictive value of NLR for prediction of 30-day mortality
for APTE. NLR cutoff of 7.87 predicts 30-day mortality
for APTE with a sensitivity of 57 % and a specificity of 89
%. (AUC: 0.736, 95% CI: 0.619-0.853, p < 0.001) (figure 1)

o
.
Sensitind ey
.
s A P4 NLR>7.87
/
// Sensitivity 37%
53 4 L
/ Specificity §9%
/
e T T T T T T
e = D -3 —

1 -:;:edh:ity
Figure 1: ROC analysis (AUC: 0.736, p<0.001, 95% CI
[0.619-0.853]) Neutrophil/lymphocyte ratio (NLR) cut off of
7.87 predicts 30-day mortality for acute pulmonary throm-
boembolism (APTE).

ROC receiver operating characteristic, AUC area under the

curve

When the correlation of the groups with the NLR was
analysed according to the risk classification specified in

the European Cardiology Association guide;®

i) No significant differences were found between the pa-
tients who died and survived in terms of NLR in the pa-
tient group with syncope and right ventricular dilation
and/or troponin (+). (high risk group)

ii) A significant difference was found between the patients
who died and survived in terms of NLR in the patient
group with right ventricular dilation and/or troponin (+)
without syncope. (moderate risk group)

iii) A significant difference was found between the patients
who died vs. survived in terms of NLR in the patient group
without syncope or right ventricular dilation and without

troponin (-). (low risk group) (table 6).

Table 6. The correlation of NLR with basic risk markers in complete
blood count in acute pulmonary thromboembolism

Risk markers Died Survived P
Syncope and right
. o 9 (32%) 16 (13%)
ventrlcula.r dilation and/ NLR: 5.73[22] NLR: 4.73[10] 0.014
or troponin (+)
Right ventricular
s 17 (60%) 64 (53%)
d].lathI.l and/or NLR: 8.73[20] NLR: 3.9;[21] <0.001
troponin (+)
No syncope or right
. S 2 (7%) 40 (33%)
ve.ntrlcular dlla.tlon and NLR: 9.5 + 2.1 NLR: 4.6,(26] 0.037
without troponin (-)

Mean + standard deviation, median, range (in parentheses) were used for
continuous variables, and percentage was used for categorical variables.
NLR: Neutrophil to lymphocyte ratio

DISCUSSION
NLR detected in the complete blood count at the time of
admission in patients with a final diagnosis of APTE was
investigated in our study. In the deceased group, NLR was
significantly higher. NLR was able to predict short-term
mortality independently from troponin and right ventri-
cular loading. In addition, the NLR cutoff of 7.87 predicts
30-day mortality for APTE with a sensitivity of 57 % and a
specificity of 89 %. In previous studies, NLR was reported
as a good marker in predicting 1-month mortality in acute

pulmonary embolism.”!* Even though similar results were
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obtained in our study, our results had different aspects
compared to these studies. Our study included pulmonary
embolism markers and troponin and right ventricular loa-
ding findings which are used in the risk classification, and
arrived at the conclusion that the NLR can be used as a
mortality marker in the moderate and low risk groups ins-
tead of the high risk group through pulmonary embolism
risk classification. Additionally, in one of the previous stu-
dies, the blood gas analysis mentioned in their limitations
was also included in our study and no statistically signifi-

cant differences were found.

Today thromboembolic and atherothrombotic diseases
are among the leading causes of death in the world and in

our country.”

In the recent years, the role of biomarkers reflecting inf-
lammation and inflammatory conditions in atherothrom-
botic diseases and their association with adverse events
has been investigated in many studies. The role of inflam-
mation is investigated not only in terms of the progressi-
on of thromboembolism, and acute and chronic forms of
the disease, but also in terms of the prognosis and survi-
val rates of the disease. Markers related to inflammation
are handled in a rather wide spectrum. Some biomarkers
such as white blood cells, acute phase reactants, adhesion
molecules, and cytokines have been used to investigate the
inflammatory response in our body and to what extent it
is stimulated. The most commonly investigated marker in
this respect is C-reactive protein (CRP), which is synthe-
sized in the liver and is an acute phase reactant. The WBC
and its subtypes, which are the most basic cells of inflam-
mation, are held responsible for undesirable conditions
in cardiovascular diseases and are used as a marker of the
inflammatory condition." It was previously shown that
an increase in neutrophil levels in acute atherothrombo-
tic conditions is associated with the prevalence and short
term prognosis of myocardial damage.” In addition to the
neutrophil increase in acute coronary syndrome, lympho-

penia, which is seen due to acute stress, is a condition that

reflects acute changes in the immune system. The increase
in apoptosis with lymphocyte migration and its drainage
to the lymphatic system is effective in the lymphopenia
mechanism.'® It was also shown in previous studies that
lymphopenia is associated with the stress-related cortisol
release and is one of the early results following acute coro-

nary syndrome."”

In the recent years, an index that reflects both neutrophils
increasing according to the acute state of inflammation
and lymphopenia that takes place following acute physi-
ological stress has been used. This index, obtained by the
ratio of neutrophils and lymphocytes, has been used in
conjunction with other inflammatory markers in studies
and has been found to be a good indicator of the inflam-

matory condition.'

It has been shown that the NLR is associated with the
progress of atherosclerosis in coronary arteries, and is an
independent predictor of unsuccessful reperfusion with
CRP following undesired in-hospital conditions and pri-
mary percutaneous intervention in acute myocardial in-

farction.”

It has been reported that NLR leads to a 23% increase in
the risk of undesirable cardiovascular conditions in the
long term in a 4-year follow-up of patients with ST elevati-

on myocardial infarction.?

Venous stasis, endothelial damage, genetic and acquired
prothrombotic factors and inflammation play a role in
the formation, progress, organization or recanalization of
thrombus. Among these, the importance of inflammation
has especially gained currency in the recent years. In this
study, we identified that NLR can predict 30-day mortality
independently from acute right ventricular loading and
troponin values, which are markers of right ventricular

damage.
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Limitations of Study
Our main limitations are that our study is not a prospecti-
ve study, it is single-centred, the effect of the treatment on
the process could not be clearly analysed, and the number
of patients is limited. Since the study is retrospective, it
prevents us from regarding the correlation between NLR

and mortality as a cause and effect relationship.

CONCLUSION
NLR has a prognostic significance in complete blood cell
count for 30-day mortality in patients diagnosed with
APTE. Especially as distinct from the previous series, the
fact that the predictive value is significant in the moderate
and low risk group patients rather than the high risk group
patients in the subgroup analysis adds a different value to
our study. In this context, the role of NLR, which is widely
used in our daily practice and determined by leukocyte
count and leukocyte subgroup analysis, which is a very
simple, feasible and cheap test, should be confirmed by

prospective, larger, randomized studies.

Study was approved by the Bezmialem Vakif University
non-Interventional research ethics committee with the
number 3840 on 06.03.2020.
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