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Eosinophil-to-Monocyte Ratio as a Candidate for
a Novel Prognostic Marker in Acute Pulmonary
Embolism:Isit a Consumptive Mechanism?

ABSTRACT

Background: The role of eosinophils in thrombotic processes is well known, and the prog-
nostic value of eosinophil to monocyte ratio had been determined in patients with ST
elevated myocardial infarction and acute ischemic stroke in recent studies. We aimed to
evaluate the impact of the eosinophil-to-monocyte ratio on short- and long-term all-
cause mortality in patients with pulmonary embolism, which is another clinical condition
closely related to the thrombotic pathway.

Methods: In this study, a total of 212 retrospectively evaluated patients with intermedi-
ate-high risk and high-risk pulmonary embolism who underwent catheter-directed ther-
apies with ultrasound-assisted thrombolysis or rheolytic thrombectomy (Angiojet®) and
intravenous thrombolytic treatment were included.

Results: The median Pulmonary Embolism Severity Index score was 105 (86-128; inter-
quartile range: 25-75, min-max: 35-250). The intermediate-high status and high-risk
status were noted in 83.5% and 16.5% of the patients, respectively. All of the reperfusion
strategies resulted in significant improvements in the measures of pulmonary arterial
pressure and right ventricular strain. Death wasrecorded in 42 (18.6%) patients during the
follow-up period (median 1029 days, interquartile range: 651-1358). Multiple Cox regres-
sion analysis revealed that a higher pulmonary embolism severity index score (from 85 to
128; hazard ratio=3.00; 95% Cl: 2.11-4.29; P < .001) and a lower eosinophil-to-monocyte
ratio (from 0.02 to 0.24; hazard ratio=0.56; 95% Cl: 0.34-0.98; P = .032) were 2 indepen-
dent predictors for long-term all-cause mortality. The eosinophil-to-monocyte ratio at
the admission of less than 0.03 was documented to be associated with higher mortality
(P<.001).

Conclusion: Our results revealed that a lower eosinophil-to-monocyte ratio and a higher
pulmonary embolism severity index score independently predict the long-term mortality
in patients with intermediate-high- and high-risk pulmonary embolism.

Keywords: Acute pulmonary embolism, ultrasound-assisted thrombolysis, eosinophil to
monocyte ratio, rheolytic thrombectomy, prognostic biomarkers

INTRODUCTION

Acute pulmonary embolism (PE) is a potentially fatal cardiovascular emergency
that can result in substantial morbidity and mortality, especially in the presence
of acute pressure overload, right ventricular dysfunction (RVD), and hemody-
namic instability.” The RVD and its severity can be assessed by right ventricular
to left ventricular diameter ratio (RV/LVr) on echocardiography and computed
tomography (CT). Right ventricular dysfunction predicts clinical worsening and
mortality risks within 30 days.? The pulmonary embolism severity index (PESI),
including 11 clinical and demographic variables and its simplified form (sPESI),
has been validated for initial risk assessment in PE. However, the lack of echocar-
diographic and laboratory parameters might be considered a limitation of these
risk models. Troponin | and RV/LVr > 1.0 by echocardiography and CT pulmonary
angiography have also been included in the definition of high, intermediate-high,
intermediate-low, and low-risk groups in the European Society of Cardiology/
European Respiratory Society (ESC/ERS) 2019 PE Guidelines.?
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A biomarker should predict either the progression or the risk
andseverity of thediseaseinany clinical condition. Therefore,
many different biomarkers have been used in patients with
cardiovascular diseases for diagnosis or risk stratification.*

Novel biomarkers of inflammation have also been proposed
for risk assessment in PE. The neutrophil-to-lymphocyte
ratio, lymphocyte-to-monocyte ratio, and platelet-to-lym
phocyte ratio were reported to predict mortality risk in PE
and other cardiovascular diseases.>® Another blood count
measure, namely eosinophil-to-monocyte ratio (EMR), has
been shown to be associated with adverse clinical outcomes
in acute ischemic stroke and acute myocardial infarction.
The role of eosinophils in thrombus formation and throm-
botic processes was evaluated, and high levels of eosinophils
were detected in thrombus specimens.”®

To the best of our knowledge, the prognostic impact of EMR
has not been evaluated in PE so far. Hence, in this single-
center study, we aimed to investigate whether EMR is a
predictor of all-cause mortality in PE patients at high-risk
(HR) or intermediate-high risk (IHR) status.

METHODS

In this retrospective case record follow-up study, we evalu-
ated 212 patients with a median age of 60 years [interquar-
tile range (IQR): 47.8-72; females: 55.7%] who underwent
reperfusion therapies including catheter-directed ther-
apies with ultrasound-assisted thrombolysis (USAT) or
rheolytic thrombectomy (Angiojet®) and intravenous (V)
thrombolytic treatments with the diagnosis of HR or IHR
acute PEin our tertiary cardiovascular center between 2015
and 2021.

The diagnosis of acute PE, initial risk assessment, and
management strategies was performed in accordance
with the recommendations by the ESC/ERS 2019 acute PE
Guidelines.®* Acute PE was confirmed by the presence of
thrombus located in at least 1 main or proximal lower lobe
pulmonary artery on CT imaging. Patients at intermediate-
low risk and low-risk PE whose admission blood samples are
unavailable were excluded. Patients with chronic thrombo-
embolic pulmonary hypertension, atopic status, history of
steroid use, and active infection (including parasitic infec-
tions) were also excluded from the study.

HIGHLIGHTS

e New biomarkers for risk stratification in patients with
pulmonary embolism are important and will even affect
the treatment choice.

e Eosinophil-to-monocyte ratio is an easily calculated
hematological biomarker without any additional cost
and may help in early risk stratification for pulmonary
embolism.

e Ourresultsrevealed that alower eosinophil-to-monocy
te ratio independently predicts the long-term mortality
in patients with intermediate-high- and high-risk
pulmonary embolism.
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During the coronavirus disease 2019 (COVID-19) pandemic,
nasal and oropharyngeal mucosal samples were taken
from all patients on admission, and during the in-hospital
stay in case of any suspicion. Patients with documented
COVID-19 were excluded from the study (Figure 1).

The CONSERVE 2021 statement has been published to
guide studies that started before the COVID-19 pandemic
and were completed during the COVID-19 period. The dif-
ficultiesin conducting a study during a pandemic were that
only 18 patients were enrolled in our study after March
2020, and the patients were evaluated according to this
statement.’

Chest CT pulmonary angiographic images were acquired
before and after selected treatment regimens. The 64-slice
helical CT angiography (Toshiba Aquilion 64™, Toshiba
Medical Systems Corp., Tokyo, Japan) was used and the
stored images were retrospectively evaluated. A validated
CT score for pulmonary artery (PA) occlusion proposed by
Qanadli score (QS), RV/LVr, main PA, and ascending aorta
diameters were measured from CT images.

Echocardiographic evaluation, including tricuspid annular
plane systolic excursion (TAPSE) along with tissue velocity
and estimated PA systolic pressure from the tricuspid regur-
gitant jet, was also performed before and after each treat-
ment. Lower extremity venous Doppler ultrasound reports
were also available in all patients.

Venous blood samples were collected from all patients to
performlaboratory analysisby anantecubital vein. Complete
blood count, blood glucose, blood urea nitrogen, creatinine,
and troponin-llevels were measured on an autoanalyzer. The
patients in whom eosinophil and monocyte counts could be
reached at admission were included in the study.

All-cause mortality was defined as the primary outcome.
During the follow-up, patients were followed until death
or up to January 01, 2021, as a result of the nature of retro-
spective cohort studies. All clinical data were obtained from
the digital records system of hospital and clinic visit records.
Survival status was obtained from the national health data-
base records system, clinic visits, and telephone visits.

The Institutional Ethical Committee approved the study
design (approval number: 2021.5/1-43), and signed informed
consent was obtained from all patients.

Statistical Analysis

In the normality assessment of continuous variables made
with Shapiro—Wilk's test, continuous variables were pre-
sented as mean and standard deviation or median and IQR
(25t-75%). Discrete data were depicted as absolute numbers
and percentages. For comparison of variables between sur-
vivors and non-survivors, the t-test, Mann—Whitney U test,
and chi-square test were used for continuous variables and
categorical variables, respectively. To evaluate the cor-
relation between EMR and QS, we used Spearman’s rank-
order correlation and had given r-value and corresponding
P-value. Before-after variables were assessed with paired
t-test and Wilcoxon test, which were appropriate.
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Total evaluation (n=403)

Patients with pulmonary embolism diagnosis were retrospectively analyzed

Patients who fullfilled the exclusion criteria were excluded

+ Low and intermediate-low risk pulmonary embolism (95)

» The patients whose admission blood samples are
unavailable (51)

+ Chronic thromboembolic pulmonary hypertension (17)

= History of steroid use (5)

» Known atopic status (5)

« Active infection (8)

+ Covid-19 (10)

The final study sample was
considered 212 patients with
intermediate-high and high risk
pulmonary embolism

—

Group 1 USAT (n=132)

Group 2 Rheolytic
thrombectomy (n=25)

Group 3 tPA (n=58)

Figure1. Flow diagram for inclusion and exclusion criteria.

The candidate variables for mortality included focused
variables and confounding variables which have been dem-
onstrated in previous studies.®> The EMR was selected as a
focused variable and was included in the model as a continu-
ous variable. Three continuous adjustment variables were
cardiac troponin-l measurements, PESI score, and TAPSE. To
find the association between all-cause mortality and EMR,
the Cox regression model was used. Because of overfitting
risk, we only included 4 variablesin the Cox proportional haz-
ards regression model. In addition, to capture the nonlinear-
ity of continuous variables, we used a restrictive cubic spline
(3 knots). The hazard ratio represented an increase from the
25% percentile to the 75 percentile for continuous variables.
The risk of all-cause mortality with follow-up was depicted
by Kaplan—Meier curves. The survival data with maximally
selected rank statistics reduce splitting variable selection
bias and can capture non-linearity in the variables.” The
R 4.01 (R software, Vienna, Austria) was used with “rms,”
"desctool,” “survival,” and “survminer"” packages.

RESULTS

In this study, 212 patients with PE met the inclusion criteria.
Baseline characteristics and treatment strategies are sum-
marized in Table 1. Initial risk assessment revealed that IHR
and HR status were present in 83.5% and 16.5% of patients,
respectively.

The CT measures of RV/LVr, QS, PA diameters, and echocar-
diographic measures of TAPSE and pulmonary artery systolic
pressure (PAPs) estimates were significantly improved after
the reperfusion treatments including USAT, rheolytic throm-
bectomy, and IV tPA infusions (Table 2)."

The EMR, but not eosinophil count, was found to be corre-
lated with QS (r=0.360, P =.014) (Figure 2A-C). However, nei-
ther EMR nor eosinophil count was related to the PESI score
(Figures 3A and B).

Death wasrecordedin 42 (18.6 %) patients during the median
of 1029 days (IQR: 651-1358) of the follow-up period.

According to the results of univariable Cox regression anal-
ysis (Table 3), age (from 47 to 72; hazard ratio=2.19; 95%
Cl: 1.29-3.71; P = .003), malignancy (hazard ratio=2.94; 95%
Cl: 1.44-599; P = .003), chronic obstructive pulmonary dis-
ease (hazardratio=3.61;95% Cl:1.72-7.56; P < .001), heartrate
(100-122 bpm; hazard ratio=1.62; 95% Cl: 1.10-2.36; P = .013),
systolic BP (103-132 mm Hg; hazard ratio=0.57; 95% Cl: 0.40-
0.83; P=.004), hemoglobin (11.1-13.7; hazard ratio=0.60; 95%
Cl: 0.41-0.88; P = .009), oxygen saturation (85-92%; hazard
ratio=0.57; 95% ClI: 0.47-0.73; P < .001), PESI score (85 to
128; hazard ratio=2.27; 95% Cl: 1.74-2.95; P < .001), risk sta-
tus at admission (HR vs. IHR: hazard ratio=2.31; 95% Cl: 1.18-
4.52; P = .012), and EMR (0.02-0.24; hazard ratio=0.42; 95%
Cl: 0.20-0.89; P = .016) were found to be associated with all-
cause mortality.

The results of multiple Cox regression analysis revealed
that a higher PESI score (an increase from 85 to 128) (haz-
ard ratio=2.61; 95% Cl: 1.67-4.10; P < .001) was an indepen-
dent predictor for 30-day all-cause mortality, whereas a
higher PESI (an increase from 85 to 128; hazard ratio=3.00;
95% Cl: 211-4.29; P < .001) and a lower EMR (from 0.02 to
0.24; hazard ratio=0.56; 95% Cl: 0.34-0.98; P = .032) were
independent predictors for cumulative all-cause mortality
(Table 4).

The number of patientsin our study before the COVID period
was 194, and during the COVID-19 pandemic, only 18 patients
were enrolled.

Additionally, it is not possible to evaluate if patients who
had previous PE diagnoses died after a very long time due
to COVID-19, because causality and clinical adjudication are
notinthe commit, and we also evaluate long-term mortality
from the national registry system.

The EMR valuesforthe pre-COVID periodand COVID-19 pan-
demicwere 017 £ 0.11and 0.21+ 0.27 (P = .497), respectively.

There was no difference in in-hospital mortality rates
between pre-COVID 21 (5.6%) and COVID-19 periods 21
(10.8%) (P = .703).
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Table 1. Baseline Clinical, Laboratory, and Treatment

Characteristics of 212 Patients

Overall Patients

Variables with PE (n=212)
Age, years 60 (47.8-72)
Male sex, n (%) 94 (44.3%)
Diabetes mellitus, n (%) 40 (18.9%)
Hypertension, n (%) 84 (39.6%)
Atrial fibrillation, n (%) 14 (6.6%)
Previous pulmonary embolism episode, n (%) 18 (8.5%)
Concomitant deep vein thrombosis, n (%) 123 (59.4%)
Precipitating factors

Malignancy, n (%) 22(10.4%)
Orthopedic surgery/fractures, n (%) 19 (9%)
Previous stroke history, n (%) 11(5.2%)
Long-haul traveling, n (%) 17 (8%)
Early postoperative period of major surgery, 66 (30.1%)

n (%)
Baseline vital signs
Heartrate, bpm

112 (100-122)

Systolic arterial blood pressure, mm Hg 118 (103-132)
Diastolic arterial blood pressure, mm Hg 75 (64.8-86.3)
Systemic arterial oxygen saturation, % 89 (85-92)
Baseline laboratory variables

Hemoglobin, g/dL 12.6 (11.2-13.7)

Troponin-1l, ng/mL
D-Dimer, U/mL

Eosinophil, 103/pL
Monocyte, 103/puL

Eosinophil-to-monocyte ratio

0.09 (0.04-0.22)

999 (4.85-19.5)
0.03 (0.01-0.1)

0.60 (0.50-0.80)
0.09 (0.02-0.24)

PESI score 105 (86-128)
sPESI 2(1-2)
High-risk pulmonary embolism, n (%) 35(16.5%)

Intermediate-high risk pulmonary
embolism, n (%)

Treatmentregimens
USAT

177 (83.5%)

132(62.2%)

Rheolytic thrombectomy 25 (11.8%)
tPA-duration (hour) 24 (6-24)
Systemic tPA infusion, n (%) 58 (27.3%)
Mean tPA dose (mg) 40 (25-50)

n, number; bpm, beats per minute; mm Hg, millimeters of mercury; tPA,
tissue plasminogen activator; USAT, ultrasound-assisted thrombolysis;
PESI, pulmonary embolism severity index; sPESI, simplified pulmonary
embolism severity index.

The concomitant DVT was diagnosed in 118 patients, and the
inclusion of acute deep vein thrombosis (DVT) into the model
in Cox regression multiple analysis did not change the hazard
ratio of EMR for 30-day and long-term mortality. The 30-day
hazard ratios were 0.74 (Cl: 0.26-197, P = .212) and 0.73 (Cl:
0.27-1.95, P = 195) with and without the inclusion of the DVT
into the model. The long-term hazard ratio for EMR was 0.55
(CI: 0.32-0.97,P=.032) and 0.56 (Cl: 0.34-0.98, P =.031) with or
without the inclusion of the DVT into the model.

s 720

Table 2. Change of the RV/LVr, Qanadliscore, TAPSE, and
Pulmonary Artery Systolic Pressure in 3 Treatment Groups
(USAT, Rheolytic-Thrombectomy, and Intravenous t-PA)

Mean

Before After Change,

Therapy Therapy 95% CI P
USAT group, n=132
RV/LV ratio 1.22+019 091+012 0.31 <.001
TAPSE (cm) 1.78+0.38 2.33+0.39 -0.55 <.001
Qanadliscore 23.4+59 79+5.2 15.6 <.001
PAPs 552+119 36.6+96 18.9 <.001
Rheolytic thrombectomy group, n=25
RV/LV ratio 1.27+ 014 092+013 0.35 <.001
TAPSE (cm) 1.79+0.35 2.2+0.49 -0.41 <.001
Qanadliscore 25.4+57 12.6+72 12.8 <.001
PAPs 56.6 +13.1 37+11.3 19.5 <.001
tPA group, n=58
RV/LVr 1.23+0.2 093+014 0.30 <.001
TAPSE (cm) 1.75+0.44 2.27+0.37 -0.52 <.001
Qanadliscore 22.6+72 8.2+51 14.4 <.001
PAPs 53.2+129 33.6+95 19.6 <.001

USAT, ultrasound-assisted thrombolysis; TAPSE, tricuspid annular pla-
nary excursion; PAPs, pulmonary artery systolic pressure; RV, right ven-
tricle; LV, left ventricle; RV/LVr, right ventricle-to-left ventricle ratio.

The maximally selected rank statistics revealed the value of
0.03 at admission as an optimal cut-off for EMR in predicting
the survival probability (Figure 2A). Kaplan—Meier survival
estimates demonstrated that low versus high EMR at base-
line assessment did not discriminate 30-day all-cause mor-
tality, but it was associated with higher long-term all-cause
mortality (log-rank test P <.001) (Figure 2B).

DISCUSSION

The EMR, calculated asasimple ratio between eosinophiland
monocyte, has been evaluated as an inflammatory response
biomarker in various cardiovascular clinical scenarios except
for PE. To the best of our knowledge, this study is the first to
evaluate EMR for long-term outcomes in patients with IHR
and HR PE, and our results revealed that an EMR less than
0.03 independently predicted a higher cumulative all-cause
mortality during the median of 1029 days (IQR: 651-1358) of
the follow-up period. Moreover, a higher PESI score inde-
pendently predicted both 30-day and long-term all-cause
mortality.

Therole of inflammationin the pathogenesis of cardiovascu-
lar clinical conditionsis well-known and studies have focused
mainly on neutrophil-derived biomarkers for seeking addi-
tional clinical benefit and early treatment or intervention in
patients with atherothrombotic cardiovascular diseases.™

White blood cells are the principal cells affected by inflam-
mation and are considered to be responsible for undesirable
situations in patients with cardiovascular diseases.™"”

Monocytes are pro-inflammatory cells and play an impor-
tant role in inflammation, an immune-mediated process,
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Eosinophile/monocyte ratio vs Qanadli score
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Figure 2. (A) Association between eosinophil-to-monocyte ratio and pulmonary embolism severity index (PESI) score. (B)

Association between eosinophil amount and PESI score. (C) Association between eosinophil-to-monocyte ratio and Qanadli
score.

by binding to adhesion molecules expressed on the dam-
aged vascular endothelium and other different mechanisms
in cardiovascular diseases.’2° Recent studies have provided
new evidence for the complexity of macrophage phenotypes
found in the myocardium.?

In the past, eosinophils were thought to only be related to
parasiticinfections and allergies. Butrecent studies revealed
that pro-inflammatory and cytotoxic granules could induce
destructive properties of eosinophils.?? Therefore, the role
of these cells in thrombosis and eosinophil-related vascular
toxicity has attracted increasing attentioninrecent years.

Eosinophils migrate to the inflammatory areas and modulate
immune responses through an array of mechanisms. Besides
the inflammatory role, eosinophils are also considered to
induce endothelial damage and exposure of endothelial
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cells to the tissue factor, which enhances thrombotic activ-
ity via platelet activation and aggregation. Eosinophils are
activated by platelets and gathered in human thrombi and
atherosclerotic plaques; they further promote thrombus for-
mation by the release of eosinophil peroxidase, platelet acti-
vation factor, and some other proteins.?*2*

The acute and marked decrease in eosinophil counts and
percentages in peripheral blood in patients with acute coro-
nary syndrome as compared to patients with stable angina
and abundant eosinophil percentage in thrombus specimens
extracted from occluded coronary arteries seem to be due
to activation, accumulation, and capture of these cells into
the fresh clot resulting in a possible “consumptive eosino-
penia." Hence, EMR could be a simple, useful, and inexpen-
sive marker for risk stratification for PE. In a case report by
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Figure 3. (A and B) Difference between survival probabilities regarding high eosinophil-to-monocyte ratio (EMR) or low-EMR

(cut-off: 0.03) during the follow-up.
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Table 3. Univariate Cox Proportional Regression Analysis for Predicting Long-Term Mortality

Variables Crude Hazard Ratio Cl P
Age (years; from 47 to 72) 219 1.29-3.71 .003
Sex (male reference n %) 0.61 0.33-113 112
Diabetes mellitus 0.72 0.30-1.72 474
Atrial fibrillation 1.48 0.53-414 .455
Malignancy 294 1.44-599 .003
COPD 3.61 1.72-7.56 <.001
Heartrate (beat per minute; from 100 to 122) 1.62 110-2.36 .013
Systolic BP (mm Hg; from 103 to 132) 0.57 0.40-0.83 .004
Oxygen saturation (%; from 85 to 92) 0.59 0.47-0.73 <.001
PESI score (from 85 to 128) 2.27 1.74-295 <.001
Creatinine (mg/dL; from 0.7 to 1.1) 0.82 0.47-1.42 .483
Risk-status (intermediate-high reference) 2.31 118-4.52 .012
Qanadliscore (from 20 to 28) 115 0.77-1.72 484
RV/LVr 096 0.92-1.02 297
Main PA/aorta diameter ratio (from 0.80 to 0.99) 113 0.68-1.89 .631
TAPSE (cm; from 1.5 to 2) 0.80 0.54-118 266
St (cm/s; from 9 to 12) 112 0.62-2.02 .701
Troponin (ng/mL; from 0.04 to 0.22) 0.94 0.86-1.03 174
Hemoglobin (g/dL; from 11.1to 13.7) 0.60 0.41-0.88 .009
Eosinophil (from 0.01to 0.10210%/pL) 0.77 0.43-1.35 .425
Monocyte (from 0.5 to 0.8 103/pL) 1.02 0.51-2.07 172
Eosinophil-to-monocyte ratio (from 0.02 to 0.24) 0.42 0.20-0.89 .016

n, number; mm Hg, millimeters of mercury; COPD, chronic obstructive pulmonary disease; BP, blood pressure; TAPSE, tricuspid annular planary
systolic excursion; PA, pulmonary artery; RV, right ventricle; LV, left ventricle; RV/LVr, right ventricle-to-left ventricle ratio; St, systolic motion;

PESI, pulmonary embolism severity index.

Table 4. Multiple Cox Proportional Regression Analysis to
Predict 30-Day and Long-Term All-Cause Mortality

Adjusted
Variable Hazard Ratio Cl P
30-day all-cause mortality
PESI score (from 85 2.61 1.67-4.10 <.001
to 128)
TAPSE (cm; from 1.5 1.42 0.81-2.50 213
to2)
Troponin (ng/mL; 0.86 0.68-1.08 172
from 0.04 to 0.22)
EMR (from 0.02 to 0.73 0.27-1.95 196
0.24)
Long-term all-cause mortality
PESI (from 85 to 128) 3.00 211-4.29 <.001
TAPSE (cm; from 1.5 1.40 092-21 14
to2)
Troponin (ng/mL; 0.95 0.91-1.01 145
from 0.04 to 0.22)
EMR (from 0.02 to 0.56 0.34-0.98 .032
0.24)

TAPSE, tricuspid annular planary excursion; PESI, pulmonary embolism
severity index; EMR, eosinophil-to-monocyte ratio.

Qiao et al® it was reported that the migration of eosinophils
to the extra-vascular area might explain the eosinopenia in
peripheral blood.

e 722

The QS measured on CT pulmonary angiography has been
used to assess clot burden, and some studies have indicated
that QS correlates with risk stratification and prognosis in
PE.??” In our study; the EMR, but not eosinophil count, was
found to be correlated with QS and our results may reflect
the role of eosinophil migration in the thrombus specimens.

Riegger et al*® demonstrated that neutrophils are pres-
ent in thrombus samples, reflecting the important role of
inflammation in-stent thrombosis, and eosinophils are also
detected in all types of stent thrombus specimens. Notably,
when compared to those thrombus cases detected in the
first myocardial infarction, in patients with very late stent
thrombosis, there was a significantly higher number of
eosinophils.®

Although blood eosinophil counts decline, large numbers of
eosinophils are detected in thrombus specimens and dam-
aged tissue in the acute period of myocardial infarction, and
low blood eosinophil counts have been documented to be
associated with adverse outcomes.?

A lower EMR was associated with higher 30-day and long-
term mortality in patients with acute ST-elevated myocar-
dial infarction, and a low EMR was independently correlated
with poor outcomes in patients with acute ischemic stroke.

Our results appear to be consistent with this hypothesis. The
EMR was found to be correlated with pulmonary arterial
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obstruction as quantitated by QS, and more interestingly, in
addition to the independent association between a higher
PESI score, and 30-day and long-term all-cause mortality
risk, a low EMR independently predicted long-term cumula-
tive all-cause mortality. However, this association seemed
to be independent of the concomitant DVT at the initial
assessment.

Study Limitations

Our study has several limitations. First, it was a single-cen-
ter study performed in a tertiary referral institution for
PE. Second, due to the observational nature of the study,
some treatment bias may exist. The treatment success for
3 reperfusion strategies was clinically relevant and statisti-
cally significant. The impact of EMR on reperfusion success
might provide mechanistic insights into the importance of
this measure in acute phase treatments of PE. Third, due to
the nature of regression analysis, unmeasured confound-
ers may still exist. Because of overfitting, we did not include
malignancy as a separate variable in the multiple models.
Although a higher PESI was associated with a higher mortal-
ity risk for 30-day and long-term periods, the impact of low
EMR on 30-day mortality remained less clear. Further studies
investigating the complexrelationship between EMR and pro-
inflammatory markers are needed to determine the value
of EMR in this setting. The study covers both the pre-COVID
period and the COVID-19 pandemic. During the COVID-19
pandemic, nasal and oropharyngeal mucosal samples were
taken from all patients on admission, and during the in-hos-
pital stay in case of any suspicion. Patients with documented
COVID 19 were excluded from the study. The mechanisms
and prognoses of PE during the COVID-19 period and before
it might be different. Although patients with active infection
(including parasitic infections) and a known history of atopic
conditions or allergies were excluded, the possibility of any
other clinical condition affecting eosinophil count may be a
limitation of this study.

CONCLUSION

Our study revealed that a lower EMR independently pre-
dicted cumulative long-term all-cause mortality in patients
with PE at IHR and HR. The cut-off value of 0.03 for EMR
at admission was found to discriminate long-term survival
whereas a higher PESI score predicted both 30-day and long-
term mortality.
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