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ABSTRACT

Background: Eosinophils, a type of inflammatory cell, have been implicated in thrombosis and proposed as a prognostic marker for various atherosclerotic
cardiovascular diseases.

Aim: This study determine the value of an eosinophil count (EOSC) in predicting short-term prognosis in patients with acute pulmonary embolism (APE).

Study Design: Retrospective cohort study.

Methods: In this study, a total of 453 patients who were admitted with APE from September 2015 to July 2020 were retrospectively examined, and their admission
complete blood cell counts were measured. The optimal cut-off point for EOSC was determined using receiver operating characteristic analysis. Patients were

classified into the low EOSC (<0.45) and high EOSC (>0.45) groups. Multivariate logistic regression analysis was performed to investigate the independent association
between EOSC and early mortality (in-hospital and 30-day) outcomes in patients with APE.

Results: Throughout the hospitalization and 30-day follow-up, a total of 33 deaths (7.3%) occurred. Of the patients who survived, those who died were older and
had significantly lower EOSC (p<0.001) but significantly higher white blood cell (WBC) (p<0.001) and platelet (p=0.025) counts. Multivariate regression analyses
identified that decreased EOSC (<0.45) [odds ratio (OR): 4.518; p=0.003], increased WBC count (OR: 1.135; p=0.012), and older age (OR: 1.048; p=0.029) were
independently associated with short-term mortality.

Conclusion: A significant correlation was observed between low EOSC and elevated short-term mortality in patients with APE. Thus, blood EOSC can be used in

daily clinical practice as a novel marker that correlates with the risk stratification of patients with APE.
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INTRODUCTION

Acute pulmonary embolism (APE) is regarded as the third most
prevalent cause of mortality from cardiopulmonary disease, after
acute myocardial infarction and stroke.'? The incidence of APE is
expected to increase further owing to the enhanced sensitivity of
diagnostic imaging, population aging, and the rising prevalence of risk
factors such as obesity and cancer linked to venous thromboembolism.
Nevertheless, APE mortality rates remain a concern despite the advent
of novel diagnostic and therapeutic procedures.> Consequently, the
early identification of patients at elevated risk of mortality is critical. For
this purpose, several risk classification systems have been formulated,
including the simplified pulmonary embolism severity index (sPESI),
and these indexes comprise several parameters such as blood pressure,
echocardiographic evidence of right ventricular dysfunction (RVD),
and computed tomography pulmonary angiography.* Nevertheless,

the need for a reliable indicator that can be accurately and efficiently
measured to predict adverse outcomes remains.

Cytokines are produced during inflammation and can trigger blood
coagulation.® As our knowledge of inflammation and thrombogenesis
associated with APE advances, multiple systemic inflammatory
index models have been proposed to predict patient prognosis.®
In this context, C-reactive protein (CRP),” D-dimer?® platelet count,’
and white blood cell (WBC)" count have been identified as factors
associated with APE mortality. These markers exhibit a close
relationship between local inflammation and thrombosis within the
pulmonary artery." Eosinophils have also been implicated in various
inflammatory responses'? and in the pathogenesis of thrombosis,""
suggesting a close link with APE occurrence. Previous studies have
demonstrated that a low eosinophil count (EOSC) is significantly
correlated with poor prognosis in various cardiovascular diseases.'?'
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However, the association between eosinophils and APE remains to be
established. Therefore, this study aimed to examine EOSC’s ability to
predict the early prognosis (in-hospital or 30-day) of patients with APE.

METHODS

Study Design

This retrospective cohort study included patients with APE admitted
between September 2015 and July 2020. Eligible participants were
adults aged >18 years who presented with clinical signs suggestive
of APE, exhibited computed tomography evidence of proximal filling
defects involving at least one primary or lobar pulmonary artery, and
demonstrated RVD on transthoracic echocardiography or computed
tomography. All patients underwent computed tomography pulmonary
angiography to confirm the diagnosis of APE. Exclusion criteria: (1) age
<18 years; (2) missing EOSC data; (3) time of onset >14 days; (4) sepsis,
malignancy, chronic inflammatory conditions, active infection, and
use of immunosuppressive therapy at the time of diagnosis of APE.

This study was approved by the Non-Interventional Scientific Research
Ethics Committee of Trakya University (approval number: 06/14, date:
01.04.2024).

Data Collection and Definitions

A comprehensive set of baseline demographic and health-related data
was retrieved from the hospital’s electronic database, including patient
age, sex, heart rate, smoking history, presence of diabetes mellitus (DM),
and systolic and diastolic blood pressure. The laboratory data collected
at admission comprised hemoglobin, WBC count, platelet count, EOSC,
serum creatinine, high-sensitivity CRP (hs-CRP), troponins, and D-dimer.
All patients were followed up during their hospitalization. The primary
endpoint was short-term mortality (in-hospital and 30-day).

Transthoracic echocardiography was performed at the time of
hospitalization, and RVD and pulmonary artery systolic pressure were
determined by experienced cardiologists.

Statistical Analysis

The distribution of continuous variables was initially evaluated for
normality using the Shapiro—Wilk test, supported by visual inspection
of Q-Q plots. Variables meeting normality assumptions were
summarized as means with standard deviations and compared using
the independent-samples t-test. Non-normally distributed variables
were described as medians with interquartile ranges and assessed
using the Mann-Whitney U test. Categorical variables were presented
as counts with percentages and compared using either Pearson’s chi-
square test or Fisher’s exact test, as appropriate. The area under the
receiver operating characteristic (ROC) curve (AUC) was calculated to
determine the optimal cut-off value for EOSC, after which patients
were stratified into two groups based on this threshold. Independent
prognostic factors for in-hospital mortality were examined using logistic
regression. Variables with p<0.05 in univariate analyses were entered
into multivariate models. The results were expressed as odds ratios
(ORs) with 95% confidence intervals. Analyses were conducted using
SPSS Statistics version 21.0 (IBM Corp., Armonk, NY, USA). Statistical
significance was defined as p<0.05.
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RESULTS

Patient Characteristics

The baseline characteristics of the study participants are summarized
in Table 1. This study involved 453 patients with APE. Relative to
survivors, patients who died during hospitalization and 30-day follow-
up had significantly lower EOSC (p<0.001) but significantly higher WBC
(p<0.001) and platelet (p=0.025) counts (Figure 1). A comparative
analysis of the two groups revealed that those who died early were
older than those who survived. In terms of comorbidities and risk
factors, the non-survivor patients had a higher incidence of DM
(p=0.014) and RVD (p=0.001) and a lower incidence of active smoking
(p=0.014). Patients who met the primary endpoint also had higher
systolic pulmonary artery pressure (SPAP) and hs-CRP levels but lower
arterial oxygen saturation (Sa0,). However, the other parameters did
not differ significantly.

ROC curve analysis showed that admission EOSC had the best
predictive value for short-term mortality in the overall APE population,
with a sensitivity of 79.5% and a specificity of 72.7% (AUC=0.809,
95% Cl: 0.743-0.875; p<0.001). The optimal cut-off value for the
admission EOSC to identify short-term mortality risk in patients with
APE was 0.45 (Figure 2). Based on the optimal cut-off point for EOSC
determined using the ROC curve, patients were classified into the
low (EOSC <0.45) and high (EOSC >0.45) EOSC groups. Compared with
patients exhibiting high EOSC, those with low EOSC were older and
had significantly higher WBC and D-dimer levels but lower Sa0, and
systolic blood pressure and less active smoking. In addition, hs-CRP,
troponin values, and RVD prevalence were higher in the high EOSC
group, and the difference was borderline significant (p=0.051, 0.067,
and 0.066, respectively) (Table 2).

Relationship between EOSC and mortality

Logistic regression analysis was performed to identify independent
predictors of in-hospital mortality. A univariate logistic regression found
the following as significant risk factors for early mortality: age, DM,
active smoking, Sa0,, EOSC <0.45, SPAP, RVD, WBC count, platelet count,
and hs-CRP. When these confounders were controlled for in multivariate
logistic regression, low EOSC (<0.45) (OR: 4.518; 95% Cl: 1.693—12.058;
p=0.003), older age (OR: 1.048; 95% Cl: 1.005-1.092; p=0.029), and
increased WBC count (OR: 1.135; 95% Cl: 1.028 to 1.253; p=0.012) were
significantly associated with short-term mortality (Table 3).

DISCUSSION

To the best of our knowledge, this study is the first to assess the
predictive value of EOSC in APE mortality. The following findings
were observed: (1) relative to surviving patients, those who died
had lower EOSC levels and higher WBC and platelet counts, and (2)
despite adjustment for potential confounders, low EOSC (<0.45) was an
independent predictor of early mortality in patients with APE.

APE is a prevalent cardiovascular disorder that has been associated
with elevated morbidity and mortality rates.” Consequently, prompt
and precise risk assessment at initial diagnosis is necessary to inform
treatment decisions and mitigate mortality. APE-induced thrombo-
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Table 1. Baseline characteristics of patients with and without in-hospital and 30-day mortality
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Variables Survivor (n=420) Non-survivor (n=33) p value
Age, years 63116 7319 <0.001
Male gender, n (%) 185 (44%) 18 (54%) 0.243
Diabetes mellitus, n (%) 43 (10%) 8 (24%) 0.014
Active smoker, n (%) 153 (36%) 5 (15%) 0.014
White blood cell count (x109/L) 10.3%3.7 15.2%5.3 <0.001
Platelet count (x109/L) 252+72 282198 0.025
Hemoglobin (g/dL) 12.4+2.1 12.1£2.1 0.294
Total cholesterol (mg/dL) 173141 15740 0.068
Low density lipoprotein cholesterol (mg/dL) 107436 100433 0.378
High density lipoprotein cholesterol (mg/dL) 36%12 33£12 0.223
Triglyceride (mg/dL) 118 (89-151) 111 (88-147) 0.784
Creatinine (mg/dL) 0.89(0.75-1.2) 1.07 (0.92-1.36) 0.105
Eosinophil count (x109/L) 1.6(0.6-2.9) 0.3(0.03-0.5) <0.001
D-dimer (mg/L) 4514(2624-7084) 5343 (2514-8725) 0.199
Peak troponin value (ng/mL) 0.8 (0.07-8.3) 2.4(0.1-4.6) 0.519
High-sensitivity C-reactive protein (mg/L) 22.7 (7.0-79.8) 46.6 (22.3-100) 0.017
Systolic blood pressure (mmHg) 116+16 111£25 0.106
Diastolic blood pressure (mmHg) 72412 68+13 0.074
Arterial oxygen saturation (%) 89.2+8.8 81.2+11.6 <0.001
Systolic pulmonary artery pressure (mmHg) 49+16 58%13 0.005
Thrombolytic therapy, n (%) 157 (37%) 14 (42%) 0.565
Right ventricular dysfunction, n (%) 258 (61%) 30 (90%) 0.001
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Figure 1. Comparison of eosinophil ratios between the two groups
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inflammation plays a vital role in the patient’s prognosis. In this
regard, several prognostic biomarkers are independent predictors for
adverse outcomes in patients with APE.®” Eosinophils are also involved
in various inflammatory responses and thrombotic processes.®'® Toor
et al."" examined the prognostic significance of EOSC in patients with
coronary artery disease, reporting that elevated preprocedural EOSC
levels were associated with enhanced outcomes within the initial 6
months following percutaneous coronary intervention. An earlier study
has shown the relevance of eosinopenia and unfavorable outcomes in
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Figure 2. ROC analyses table; cut point values and ROC curves

ROC: Receiver operating characteristic, AUC: Area under the curve, Cl: Confidence
interval, EOSC: Eosinophil count

patients with acute ischemic stroke.' Similarly, another retrospective
study documented that eosinopenia is a predictor of unfavorable
long-term cardiac outcomes in patients with ST-segment elevation
myocardial infarction.” In addition, a Turkish study of 1,909 patients
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Table 2. Baseline characteristics of patients stratified by the optimal cutoff point of EOSC
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Variables High EOSC (>0.45) (n=343) Low EOSC (<0.45) (n=110) p value
Age, years 6117 69112 <0.001
Male gender, n (%) 153 (44.6%) 50 (45.5%) 0.912
Diabetes mellitus, n (%) 34 (9.9%) 17 (15.5%) 0.120
Active smoker, n (%) 131 (38.2%) 27 (24.5%) 0.011
White blood cell count (x109/L) 9.8+3.2 133452 <0.001
Platelet count (x109/L) 255%75 250£74 0.569
Hemoglobin (g/dL) 125422 12.242.01 0.218
Total cholesterol (mg/dL) 174£40 166144 0.102
Low density lipoprotein cholesterol (mg/dL) 108435 102438 0.162
High density lipoprotein cholesterol (mg/dL) 36%12 34+13 0.092
Triglyceride (mg/dL) 117 (88-156) 118 (89-136) 0.810
Creatinine (mg/dL) 0.96 (0.88-1.25) 1.13(0.95-1.34) 0.122
Eosinophil count (x109/L) 2.0(1.1-3.3) 0.18 (0.08-0.2) <0.001
D-dimer (mg/L) 4211(2437-6382) 5374 (2807-9938) 0.001
Peak troponin value (ng/mL) 0.8 (0.5-6.0) 2.4(0.2-18) 0.067
High-sensitivity C-reactive protein (mg/L) 22 (7-75) 41(7-93) 0.051
Systolic blood pressure (mmHg) 117£16 112+16 0.010
Diastolic blood pressure (mmHg) 72+13 71£11 0.611
Arterial oxygen saturation (%) 90+8 84+11 <0.001
Systolic pulmonary artery pressure (mmHg) 5017 51+14 0.674
Right ventricular dysfunction, n (%) 210 (61.2%) 78 (70.9%) 0.690

EOSC: Eosinophil count

Table 3. Independent predictors for in-hospital and 30-day acute
pulmonary embolism mortality

Multivariate analysis

Variables

OR 95% Cl p value
Age 1.048 1.005-1.092 0.029
Diabetes mellitus 1.989 0.663-5.965 0.220
Active smoker 0.553 0.184-1.665 0.292
White blood cell count 1.135 1.028-1.253 0.012
Platelet count 3.538 0.530-23.618  0.192
High §en5|t|V|ty C-reactive 1,006 1.000-1.012 0.057
protein
Systolic pulmonary .o 0.980-1.041  0.531
artery pressure
Arterial oxygen 0.992 0.949-1.036 0706
saturation
nght Ver.]t”a”ar 3.350 0.810-13.849 0.095
dysfunction
EOSC <0.45 4.518 1.693-12.058 0.003

OR: Odds ratio, CI: Confidence interval, EOSC: Eosinophil count

with acute myocardial infarction found that the rates of in-hospital
mortality and major adverse cardiac events were significantly higher
among patients with low blood EOSCs than among those with high
EOSCs.™ Furthermore, a study involving 5,287 patients who underwent
coronary angiography revealed that patients with myocardial infarction
had significantly lower blood EOSCs than those without coronary artery
disease.” Sincer et al.® detected an inverse relationship between blood
EOSCs and the severity of acute coronary syndrome subgroups in
elderly patients. A more recent study revealed a significant correlation
between low eosinophil percentage and elevated mortality rates in
patients with acute type A aortic dissection.” Furthermore, blood EOSC
was identified to be associated with the calcification scores of various
arterial segments, ranging from the coronary to the iliac arteries.”
No published studies have evaluated the link between eosinophils
and APE. To our knowledge, this is the first study to demonstrate a
correlation between low EOSCs and short-term (in-hospital and 30-day)
APE mortality. Reduced circulating eosinophils were associated with a
4.5-fold increase in early mortality. Consequently, EOSC appears to be
a more reliable predictor of adverse outcomes in patients with APA as
it indicates both inflammation and thrombosis. This ROC cut-off value
can be used to extend more careful and intensive care follow-ups in
patients presenting with APE and an EOSC of <0.45. Its relationship
with the need for thrombolysis can also be examined in future studies.

The blood EOSC can decrease for various reasons. Eosinophilia is often
associated with allergic diseases, helminthic infections, eosinophilic
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granulomatosis ~ with  polyarteritis  (Churg—Strauss  syndrome),
Hodgkin lymphoma, and hypereosinophilic syndrome. Certain
pharmacological agents (beta-lactam antibiotics, nitrofurantoin,
antiepileptics, and non-steroidal anti-inflammatory drugs) can cause
drug-induced eosinophilia via immune-mediated mechanisms.? In
contrast, glucocorticoids induce eosinopenia by suppressing the release
of eosinophils from the bone marrow and increasing the redistribution
of circulating cells to tissues.?' In addition, hypercortisolemic or
inflammatory conditions such as acute infections, severe stress,
Cushing’s syndrome, and sepsis are characterized by a marked decrease
in eosinophil levels.”? Therefore, quantitative assessment of EOSCs
holds clinical value as a crucial biological marker in the diagnosis of
underlying immunological, infectious, or pharmacological processes.

APE, which is related to chest pain and dyspnea, can trigger acute
stress responses that stimulate the release of glucocorticoids,
such as cortisol,® which can lead to eosinopenia via apoptosis.?
Furthermore, eosinophils are proinflammatory cells that release large
quantities of cytokines, growth factors, and chemokines, thereby
enhancing inflammatory reactions.” Our data showed a negative
correlation between EOSC and WBC count and hs-CRP levels. This
observation suggests that a severe inflammatory reaction occurs
when EOSC decreases. Multivariate regression analysis indicated
that reduced EOSC, together with older age and increased WBC,
were independent predictors of APE mortality, even after adjusting
for all possible confounding factors. The presence of cytokines and
chemokines at the site of a thrombus may lead to an accumulation
of eosinophils. This buildup could potentially reduce the number of
circulating eosinophils.?® Another study by Riegger et al.” showed
that eosinophils are present in all patients with stent thrombosis.
Moreover, the presence of aggregated eosinophils in the pulmonary
artery may contribute to the development and progression of APE by
affecting the inflammatory response and thrombosis. Eosinophils can
produce tissue factors and a procoagulant phospholipid surface. These
factors activate the prothrombinase complex, generating thrombin
and promoting fibrin formation.?® Furthermore, eosinophils interact
with platelets at the thrombus site, resulting in mutual activation.
Eosinophils migrate into the thrombi and activate platelets, leading
to platelet activation by eosinophils. Therefore, activated platelets
may contribute to thrombus formation.?® In the light of the possible
mechanisms mentioned above, we suggest that greater inflammatory
response and thrombus burden may explain the more serious clinical
condition and, ultimately, increased mortality in patients with APE.

Study Limitations

This study has several potential limitations that must be acknowledged.
First, owing to the relatively small sample size and single-center,
retrospective nature of the study, some biases are inevitable. Other
factors that could cause low or high EOSC, such as asthma, allergic
diseases, and medication use, were not considered in this study.
Moreover, the relationship between the sPESI index and EOSC in
patients with APE was not examined in this study and warrants further
investigation. Second, although elevated EOSCs were confirmed at
admission in patients with APE, the mechanisms by which eosinophils
contribute to the pathogenesis of APE remain undetermined.
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Thus, further studies are warranted to elucidate the role of eosinophils
in APE development.

CONCLUSION

Our data demonstrated that decreased EOSC is a rapid, simple, and
inexpensive tool for predicting early prognosis and is significantly
associated with increased short-term mortality in patients with APE.
Therefore, in daily clinical practice, blood EOSC can be used as a novel
marker for risk classification in patients with APE. This finding indicates
that eosinophils play a previously unreported dynamic role in the
clinical course, and further studies should investigate whether EOSCs
can serve as a guide for APE diagnosis and treatment.
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