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Abstract

value <0.001).

with APE.
Trial registration ClinicalTrials.gov ID: NCT04237974.

Background Acute pulmonary embolism (APE) is a serious illness. Identifying prognostic factors for APE may help
in the management of those patients. This study’s objective was to evaluate the prognostic value of laboratory mark-
ers in predicting right ventricular dysfunction (RVD) and 30-day mortality in pulmonary embolism patients.

Methods Eighty patients with APE were enrolled and followed up for 30 days. Detailed echocardiography was done
to evaluate RVD. All patients were subjected to arterial blood gas analysis, complete blood count (CBC), plasma
concentration of C-reactive protein (CRP), serum D-dimer level, and serum troponin | level, and the following ratio
were calculated: neutrophil-to-lymphocytic ratio (NLR), platelet to lymphocytic ratio (PLR), red cell distribution width
(RDW), mean platelet volume (MPV), and alveolar to arterial gradient.

Results Our results analysis revealed significantly elevated levels of median NLR, PLR, CRP, D-dimer, and troponin

in both the RVD and non-survivor groups (P value <0.001). The blood markers that showed the highest predictive
ability for right ventricular dysfunction (RVD) and 30-day mortality, as determined by receiver operating charac-
teristic (ROC) analysis and logistic regression, were A-a O2 gradient, serum troponin, CRP, D-dimer, NLR, and PLR (P

Conclusion Evaluation of different serum markers including NLR, PLR, RDW, CRP, D-dimer, troponin, and A-a O, gradi-
ent is a simple and available marker for predicting right ventricular dysfunction (RVD) and 30-day mortality in patients
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Introduction

Acute pulmonary embolism (APE) is a life-threatening
disease affecting the cardiovascular and respiratory sys-
tems, which has a high rate of mortality [1, 2]. Assessing
the potential adverse outcome for a patient may influence
treatment choices [2—4].
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Aside from clinical assessments and imaging abnormal-
ities, additional biomarkers and indices can be employed
to forecast the severity and prognosis of patients with
APE. The biomarkers initially included serum troponin
and brain natriuretic peptide. These biomarkers are
employed to signify right ventricular dysfunction (RVD)
and injury to the myocardium. Other metrics to consider
are C-reactive protein (CRP), D-dimer, arterial blood
gases (ABG) values, and complete blood count (CBC)
parameters. However, these biomarkers are not exten-
sively researched or used, even though they are easily
accessible and cost-effective, especially in impoverished
countries [5-9]. The use of laboratory tests for early risk
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stratification relies on the assumption that predictive bio-
markers of disease severity might identify patients who
are more likely to experience adverse consequences. This
allows for timely recognition and intervention, ensur-
ing that limited medical resources are allocated to those
patients who would benefit the most.

It is recommended to use echocardiography as the first
imaging tool to assess RVD and rapidly initiate fibrino-
lytic therapy [10, 11]. Nevertheless, the challenges related
to reliance on operators and technical aspects have lim-
ited the application of this imaging technique for the
evaluation of the right side of the heart [12].

We aimed in this study to conduct the ability of some of
the laboratory biomarkers as predictors of right ventricu-
lar dysfunction and 30-day mortality in cases of acute PE.

Methods

We performed this study as a prospective observational
cross-sectional study. This study was conducted in the
Department of Chest Diseases and Tuberculosis at Assuit
University Hospital. The Scientific Ethics Commit-
tee of the Assuit Faculty of Medicine, Assuit University,
approved the study.

We included patients aged more than 18 years old who
presented in either the Emergency Department or Res-
piratory Intensive Care Unit (RICU) during the period
from January 2021 to November 2022 with clinical mani-
festations suggestive of massive or sub-massive APE.
The diagnosis of pulmonary embolism (PE) relies on the
patient’s clinical likelihood, laboratory tests, and Com-
puted Tomography Pulmonary Angiography (CTPA),
which is considered the most reliable method [13]. We
excluded PE patients from the study if they had one or
more of the following: hematological or coagulation dis-
orders, active infectious disease, other cardiopulmonary
disease, previous PE, taking immunosuppressive medica-
tions, taking antiplatelet and/or anticoagulant medica-
tions, blood transfusion within 3 months, chronic renal
failure, advanced liver disease.

The sample size was calculated using Epi-info7.
According to the results of the study [14], the percentage
of right ventricular dysfunction was 61%. Based on this
percentage and with confidence limits of 7%, the mini-
mum sample needed for the study was estimated to be 80
patients.

All patients enrolled in the trial underwent a com-
prehensive assessment of their medical history, clini-
cal examination, and standard laboratory tests. The
results were determined based on the mortality rate
within 30 days and categorized as either survivors or
non-survivors. Upon admission, venous blood samples
were promptly extracted from the patients under study
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and thereafter transported to the laboratory for analy-
sis. The samples were examined to determine the CBC,
CRP, serum D-dimer level, and serum troponin I level.
The following ratios were calculated:

 Neutrophil-to-lymphocytic ratio (NLR): it was cal-
culated by dividing the absolute neutrophil count
by the absolute lymphocytic count. The reference
range is from 1 to 2. Less than 0.7 and more than 3
are considered pathological [15].

o Platelet to lymphocytic ratio (PLR): it was calcu-
lated by dividing the absolute platelet count by the
absolute lymphocytic count. The reference range is
from 75 to 199 [16].

o Red cell distribution width (RDW): its abnormal
levels may be indicative of a range of pathological
processes such as inflammatory stress. The normal
value is from 11.5 to 14.5%.

o Mean platelet volume (MPV): MPV is a simple
marker of platelet activation, which is considered
the first step of thrombosis. The normal range is
from 8.5 to 11 fl.

Arterial blood samples were collected to determine
the partial pressure of arterial oxygen (PaO,), arterial
carbon dioxide (PaCO,), and the alveolar-arterial oxy-
gen (A-a O,) gradient equation was calculated [17].

Transthoracic echocardiography was performed
for all patients at presentation using a Philips HD 11
(Philips Ultrasound, Bothell, WA, USA) for assess-
ment of RVD. Right ventricular basal and mid diam-
eter of more than 4.2 cm and 3.5 cm respectively are
considered to be dilated. Impaired RV systolic function
detected by TAPSE (Tricuspid annular plane systolic
excursion) < 1.6 c¢cm, and Pulsed tissue Doppler peak
velocity at the annulus (S’ velocity) < 10 cm/s [18].

Statistical analysis

Data analysis was conducted by SPSS version 20.
Numerical data was assessed for normality by the Shap-
iro—Wilk test and presented by mean and standard devi-
ation or median and range. The independent Sample ¢
test/Mann—Whitney U test was used to compare the
mean/median difference between the two groups. Roc
curve analysis and univariate logistic regression analysis
were conducted to identify potential predictors for the
occurrence of RVD or mortality in patients with pulmo-
nary embolism. Significant variables were then included
in a multivariate logistic regression analysis to calculate
the adjusted odds ratio (AOR). The level of statistical
significance was set at a P value of less than 0.05.
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Results

The mean age of our patients was 51.43+16.88, 50 (62.5%)
were females and 30 (37.5%) were males. The most fre-
quent clinical presentations for pulmonary embolism
among studied patients were dyspnea (95.0%) followed
by chest pain (52.5%), hemodynamic instability (40.0%),
hemoptysis (31.3%), lower limb swelling and pain (15.0%),
cough (12.5%), and syncope (8.8%). 50% of patients
received anticoagulants, 41.2% received thrombolytics and
8.8% received catheter-directed therapy (CDT). 60 patients
(75%) were survived. and the rest of them were not.

Patients were classified into two groups: no RVD group
and RVD group according to Echocardiography. Table 1
shows the association between the outcome and RVD
among studied patients. There was a statistically signifi-
cant higher percentage of non-survivors among the RVD
group compared to the no RVD group (45.2% vs 2.6%
respectively), p value <0.001.

RVD patients had significantly lower PaO2, SPO2, and
higher A-a O2 gradient compared to non-RVD patients
(p value 0.001).

As regards the CBC parameters, the RVD group
showed significantly higher mean RDW (p=0.008) and

Table 1 Association between outcome and RVD among studied

patients
Variables No RVD (n=38) RVD (n=42) P value*
Outcome of the patient
= Survivors 37 (97.4%) 23 (54.8%) <0.001
m Non-survivors 1(2.6%) 19 (45.2%)

RVD right ventricular dysfunction
*P value < 0.05 is significant
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median NLR, PLR (p=<0.001) compared to the non-
RVD group. However, the median MPV did not differ
significantly between both groups.

In addition, the RVD group had considerably higher
median CRP, D dimer, and troponin levels compared to
the non-RVD group (p <0.001) (Table 2).

The most accurate serum markers able to predict
RVD were A-a O, gradient, serum troponin, CRP,
D-dimer, NLR, RDW, and PLR in order as shown in
Table 3 and Fig. 1.

Table 4 demonstrates the predictors attributed to the
occurrence of RVD by univariate logistic regression
analysis. These predictors included elevated A-a O2
gradient, increased RDW, elevated NLR, elevated PLR,
elevated CRP, increased D-dimer, and elevated tro-
ponin levels. By multivariate logistic regression analy-
sis, the only significant predictor was an increase in
the A-a O2 gradient, with an odds ratio of 1.10 and a p
value of 0.047.

Patients were classified according to 30-day mortality
into two groups: survivors and non-survivors. Table 5
shows the association between ABG, serum markers,
and mortality among studied patients. There was sta-
tistically significant lower mean PO, SPO, and higher
mean A-a O, gradient among the non-survivors. While,
there was no statistically significant difference in mean
RDW and mean MPV between survivors and non-sur-
vivors (16.57 £5.485 vs 17.59+2.48, p value=0.425),
(9.01£1.32 vs 9.68 £2.18, p value=0.102) respectively.
On the other hand, there was statistically significant
higher median NLR, and PLR among non-survivors
compared to survivors (9.15 vs 3.00, p value<0.001),
(270.00 vs 171.50, p value=0.001) respectively. In

Table 2 Association between ABG, serum markers, and occurrence of RVD

Variables No RVD (n=38) RVD (n=42) P value*
ABG

® P30, mean=SD 76.76+11.20 57.40+11.64 <0.001

= SPO,: mean+SD 95.55+2.97 89.81+4.90 <0.001

= A-a O, gradient: mean+SD 29.42+11.52 59.81+12.68 <0.001
CBC

= RDW %: mean +SD (range) 15.30+5.00 18.20+4.45 0.008

= MPV (fl): mean +SD (range) 8.92+140 941+1.73 0177

= NLR value: median (range) 2.80(0.3-10.0) 6.50 (1.2-67.0) <0.001

® PLR value: median (range) 166.50 (74-270) 248.00 (64-800) <0.001
CRP (mg/l) median (range) 4.45 (1.0-92.0) 25.00 (1.0-92.0) <0.001
D dimer(mg/l): median (range) 3.00 (0.7-26.0) 10.00 (0.7-40.0) <0.001
Troponin (ng/ml): median (range) 0.03 (0.001-1.40) 0.60 (0.03-3.50) <0.001

ABG arterial blood gas, Po, partial pressure of oxygen tension in arterial blood, Spo, oxygen saturation, A-a O, gradient alveolar-arterial oxygen gradient, CBC complete
blood count, RDW red cell distribution width, MPV mean platelet volume, FL femtoliter, NLR neutrophil-to-lymphocytic ratio, PLR platelet-to-lymphocytic ratio, CRP

C-reactive protein
Bold P value is significant

“ Independent sample t/Mann-Whitney U tests compare mean/median difference between groups, chi-square test compare proportion between groups
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Table 3 Diagnostic accuracy of A-a O, gradient and serum markers in prediction of RVD
Validity measures Diagnostic accuracy

A-a O, gradient Troponin CRP D dimer NLR RDW% PLR

(ng/ml) (mg/1) (mg/1)

AUC 0.945 0.944 0.870 0.869 0.843 0.818 0.731
(95% Cl) (0.870-0.983) (0.87-0.98) (0.78-0.93) (0.77-0.93) (0.74-0.92) (0.72-0.89) (0.62-0.82)
Cutoff >35 >0.07 >10.0 >33 >34 >14.7 >197.0
Accuracy % 94.0% 95.0% 83.5% 81.5% 85.0% 82.0% 75.3%
Sensitivity % 95.2% 97.6% 90.5% 97.6% 90.5% 88.1% 69.0%
Specificity % 92.1% 92.1% 76.3% 64.9% 78.9% 76.3% 81.6%
PPV % 93.0% 93.2% 80.9% 75.9% 82.6% 80.4% 80.6%
NPV % 94.6% 97.2% 87.9% 96.0% 88.2% 85.3% 70.5%
Pvalue <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

PPV positive predictive value, NPV negative predictive value, AUC area under the curve, 95% Cl 95% confidence interval, A-a O, gradient alveolar-arterial oxygen
gradient, RDW red cell distribution width, NLR neutrophil-to-lymphocytic ratio, PLR platelet-to-lymphocytic ratio, CRP C-reactive protein

Bold P value is significant
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Fig. 1 ROC curve for the ability of A-a O, gradient and serum markers to predict RVD among studied patients

addition, there was statistically significant higher
median CRP, D dimer, and troponin among non-survi-
vors, p value <0.001.

Table 6 and Fig. 2 show the diagnostic ability of ABG
and serum markers in the prediction of 30-day mortal-
ity, the most serum markers able to predict mortality

were, D- dimer, A-a gradient, serum troponin, NLR,
CRP, and PLR in order.

The significant predictors associated with 30-day
mortality by univariate logistic regression analysis were
increased A-a O, gradient, increased NLR, increased
CRP, increased D-dimer, and increased troponin level
as displayed in Table 7, but none of them were signifi-
cant by applying multivariate regression.
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Table 4 Univariate and multivariate logistic regression analysis
for predictors of RVD

Predictors Univariate Multivariate
OR (95% Cl) Pvalue AOR (95% Cl) P value
A-aO,gradient 1.17(1.10-1.24)  <0.001 1.10(1.01- 0.047
1.17)
RDW 1.32(1.09-1.59)  0.005
NLR 141(1.12-1.75)  0.002
PLR 1.01(1.01-1.02)  0.001
CPR 1.10(1.03-1.11)  <0.001
D-dimer 129(1.12-148)  <0.001
troponin 42373 (24.2— <0.001
7414.27)

OR odds ratio, AOR adjusted odds ratio, 95% Cl 95% confidence interval, PES/
pulmonary embolism severity index, RV/LV right ventricle/left ventricle, IVC
inferior vena cava reflux, PA pulmonary artery, A-a gradient alveolar-arterial
gradient, RDW red cell distribution width, NLR neutrophil-to-lymphocytic ratio,
PLR platelet-to-lymphocytic ratio, CRP C-reactive protein

Bold P value is significant

Discussion

Acute PE is a common clinical scenario and effective
risk classification and death prediction methods are
necessary to cope with different ranges of clinical care
strategies for patients with APE.

Echocardiography and MSCT angiography may not
always be accessible for assessing the prognosis of
acute PE. In addition, patients may have chronic kid-
ney disease, which is a contraindication for contrast
administration.

This study aimed to identify the capability of particu-
lar laboratory indicators to anticipate right ventricular
dysfunction and 30-day mortality in cases of APE.
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We displayed that the RVD group had a statistically sig-
nificantly higher median NLR and PLR, and mean red cell
distribution width (RDW) than the non-RVD group, but
the median mean platelet volume was not significantly
different. In addition, the non-survivors had a statistically
significantly higher median NLR, PLR, and median MPV,
but no difference in mean RDW.

These findings were consistent with the studies con-
ducted by Phan et al. and Jia et al. who found NLR and
PLR were significantly higher in RVD patients than none
RVD, and elevation of PLR and NLR suggests that acute
pulmonary embolism is associated with a proinflamma-
tory state [19, 20]. In et al. found that there was a higher
mean RDW between both groups as in our study but dif-
fers from us in that he found that mean MPV was signifi-
cantly higher in the RVD group [19]. Our study was not
in agreement with Yardan et al. who reported that MPV
was higher in the RVD group and stated that platelet
activation is common in patients with acute PE and cor-
relates with RV dysfunction [20]. These differences may
be attributed to anticoagulant use, blood sampling tim-
ing, storage conditions, analytical techniques, calculation
methods, accurate reference ranges, and diagnostic cut-
offs, This lack of standardization makes data from dif-
ferent methods and analyzers hard to compare [21]. Ma
et al. concurred with our study as they found statistically
significant differences between survivors and non-sur-
vivors in NLR, and PLR and no difference between both
groups in MPV [22].

The results of our study were in line with prior find-
ings, which indicate that NLR is valuable for classifying
risks in patients with venous thromboembolism [23].
PLR has been recognized as a novel indicator of systemic

Table 5 Association between arterial blood gases (ABG), serum markers, and mortality

Variables Survivors (n=60) Non-survivors (n=20) P value*
ABG

= PO,: mean=SD 69.85+14.77 56.85+10.92 0.001

® SPO,: mean+5D 93.28+4.85 90.30+4.85 0.020

= A-a O, gradient: mean+SD 39.97+18.78 61.60+10.52 <0.001
CBC

= RDW %: mean+SD (range) 16.57£5.485 17.59+2.48 0425

= MPV (fl): mean +SD (range) 9.01£1.32 9.68+2.18 0.102

= NLR: median (range) 3.00 (0.3-57.0) 9.15 (1.3-67.0) <0.001

® PLR: median (range) 171.50 (64-800) 270.00 (130-500) 0.001
CRP (mg/1): median (range) 9.00 (1.0-92.0) 25.00 (10.0-92.0) <0.001
D dimer (mg/l): median (range) 4.00 (0.7-42.0) 11.00 (4.0-35.0) <0.001
Troponin (ng/ml): median (range) 0.04 (0.001-3.00) 0.60 (0.10-3.50) <0.001

ABG arterial blood gas, Po, partial pressure of oxygen tension, Spo, oxygen saturation, A-a gradient alveolar-arterial gradient, CBC complete blood count, RDW red cell
distribution width, MPV mean platelet volume, fl femtoliter, NLR neutrophil-to-lymphocytic ratio, PLR platelet-to-lymphocytic ratio, CRP C-reactive protein

Bold P value is significant

“ Independent sample t/Mann-Whitney U tests compare mean/median difference between groups, chi-square test compare proportion between groups
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Table 6 Diagnostic accuracy of A-a O, and gradient serum markers in the prediction of mortality
Validity measures Diagnostic accuracy
D dimer (mg/l) A-a O, gradient Troponin (ng/ml) NLR CRP (mg/1) PLR
AUC (95% Cl) 0.825 0.821 0.820 0.778 0.768 0.750
(0.72-0.90) (0.720-0.898) (0.72-0.89) (0.67-0.86) (0.66-0.86) (0.64-0.84)
Cut off >69 >35 >0.07 >43 >120 >232
Accuracy % 80.0% 81.0% 80.0% 76.0% 80.0% 76.0%
Sensitivity % 90.0% 100.0% 100.0% 80.0% 95.0% 70.0%
Specificity % 69.5% 61.7% 60.0% 71.7% 65.0% 81.7%
PPV % 50.0% 46.5% 45.0% 48.5% 47.5% 56.0%
NPV % 95.3% 100.0% 100.0% 91.5% 97.5% 89.1%
P value <0.001 <0.001 <0.001 <0.001 <0.001 0.001

PPV positive predictive value, NPV negative predictive value, AUC area under the curve, 95% Cl 95% confidence interval, CRP C-reactive protein, A-a O, gradient
alveolar-arterial oxygen, NLR neutrophil-to-lymphocytic ratio, PLR platelet-to-lymphocytic ratio

Bold P value is significant
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Fig. 2 ROC curve for the ability of A-a O, gradient and serum markers to predict mortality among studied patients

inflammation. It was found to have superior predictive
value compared to platelet count or lymphocyte count
alone in forecasting specific cardiovascular conditions
[24]. Several studies also support our findings and found
elevated NLR and PLR in non-survivors [25].

Our results exhibited statistically significant higher
median C-reactive protein (CRP), D-dimer, and tro-
ponin in RVD and non-survivors groups. These results
were in accordance with studies performed by Abul
et al. and Keller et al. [7, 26]. These results contradicted

the findings of Ohigashi et al., who observed no sta-
tistically significant disparity in the average levels of
CRP, D-dimer, and troponin between the groups with
and without RVD. They also concluded that BNP was
a more dependable indicator of RVD and a complex
course in patients with PE compared to other factors
[27]. But Ohigashi et al. findings had many limita-
tions, as they included only 50 patients retrospectively,
and blood samples were withdrawn within 24 h of
admission.
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Table 7 Univariate logistic regression analysis for predictors of
30 day-mortality

Predictors Univariate

OR (95% Cl) P value
Age 0.86 (0.97-1.03) 0.860
A-a O, gradient 1.07 (1.03-1.11) <0.001
NLR 1.05 (1.02-1.09) 0.004
PLR 1.00 (0.99-1.00) 0.240
CPR 1.02 (1.01-1.05) <0.001
D-dimer 1.08 (1.03-1.14) 0.004
Troponin 474 (1.42-15.77) 0.011

OR odds ratio, AOR adjusted odds ratio, 95% Cl 95% confidence interval,
A-a gradient alveolar-arterial gradient, RDW red cell distribution width, NLR
neutrophil-to-lymphocytic ratio, PLR platelet-to-lymphocytic ratio, CRP
C-reactive protein

Bold P value is significant

CRP levels are raised in cases of acute PE due to
inflammatory reactions with subsequent pleural effusion
development and hemorrhagic necrosis of pulmonary
infarction [28].

In regard to the diagnostic accuracy of ABG and
serum markers in the prediction of RVD and 30-day
mortality, the most blood markers capable of predict-
ing RVD were A-a O, gradient, serum troponin, CRP,
D-dimer, NLR, RDW, and PLR in order. In the study
conducted by Jia et al., they found that NLR is more
sensitive than troponin and D-dimer in predicting RVD
with AUC=0.803 which was not in agreement with our
findings [29]. Ohigashi et al. declared that troponin,
D-dimer, and CRP have high accuracy in predicting
RVD with the area under the curve (0.703, 0.562, and
0.536 respectively) [27].

Roc curve of troponin in predicting RVD and 30-day
mortality (at the cutoff point >0.07 ng/ml). This was con-
sistent with Henzler et al. who found the cutoff point of
troponin 0.07 ng/ml with the area under the curve 0.70
[30]. Other studies found that the cutoff value of tro-
ponin in predicting RVD was 0.01 ng/ml which was dif-
ferent from our findings but agreed with us in that it has
higher accuracy in predicting RVD [26, 31].

Limitations

There are some discrepancies between our findings
and those from previous studies, and because of the
different cut-off points, we suggest carrying out more
research using a larger sample size of patients. Also, this
will allow for a more thorough investigation into the
causal relationship between various blood markers and
the adverse outcomes caused by pulmonary embolism.
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Detection of RVD was assessed using TAPSE and
pulsed tissue Doppler peak velocity at the TV annulus
(S’ velocity), and there are some other novel methods
such as fractional area change and RV strain that have
higher sensitivity in detecting RV dysfunction.

Conclusion

Evaluation of different serum markers including NLR,
PLR, RDW, CRP, D-dimer, troponin, and A-a O, gradi-
ent is a simple and available marker for predicting right
ventricular dysfunction (RVD) and 30-day mortality in
patients with APE.
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