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Abstract: (1) Background: There are little data about the differences in clinical and echocar-
diographic characteristics between elderly (aged > 65 years) and younger patients with
acute pulmonary embolism (PE). (2) Methods: Consecutive patients diagnosed with PE
in a tertiary hospital were identified. Clinical characteristics, biomarkers and transtho-
racic echocardiography indices including right ventricular free wall longitudinal strain
(RV-FWLS) were recorded. (3) Results: Of 200 patients enrolled, 19 patients had high-risk
PE and were excluded from the study. Compared to younger patients, elderly patients with
PE had less frequently pain and typical symptoms and more often were hospitalized due
to another reason before the PE diagnosis. The elderly had higher values of D-dimer, high-
sensitivity troponin I and brain natriuretic peptide (BNP). Echocardiographic differences
were noted and the elderly had lower values of pulmonary vascular acceleration time, RV
E/A ratio and lower tricuspid annular plane systolic excursion/pulmonary artery systolic
pressure ratio. The RV-FWLS index did not show a statistically significant difference in
distribution between age groups > 65 and <65 years old. The RV diameter was similar
across all age groups. (4) Conclusions: The elderly have differences compared with younger
patients with PE regarding the mode of presentation, the values of biomarkers like D-dimer,
BNP and troponins and some echocardiographic indices of RV affection.

Keywords: pulmonary embolism; elderly; echocardiography

1. Introduction

Aging is characterized by an increasing prevalence of many conditions and dis-
eases [1,2]. Regarding thromboembolic risk, the greater the age, the higher the risk [3].
In individuals aged > 80 years, the incidence of venous thromboembolism (VTE) is
2.91-12.04/1000/year, and pulmonary embolism (PE) accounts for more than one third
of VTE cases [3]. Elderly PE patients have higher mortality and morbidity [4], common
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comorbidities (e.g., cancer, heart failure, respiratory failure and reduced mobility or immo-
bility for a variety of reasons), less specific symptoms and a higher risk of recurrence and
bleeding complications than younger patients with PE [5,6]. Besides the different mode
of presentation and the higher risk of complications, aging is associated with a greater
activation of the coagulation system and with more intense organ damage reflected in a
more significant increase in damage-related biomarkers in patients with acute PE. The age-
adjusted D-dimer cut-off value has been proposed for patients older than 50 years (higher
values for older individuals) and these higher values have higher specificity and unreduced
sensitivity in elderly and very elderly patients with PE [7]. Moreover, age-adjusted high
sensitivity troponin levels may be more useful in the risk assessment of elderly patients
with PE [8].

Published data regarding the use of transthoracic echocardiography (TTE) in elderly
patients with PE are sparse. Although right ventricular dysfunction (RV4) can be docu-
mented and used as a useful tool for risk stratification in all-comers hemodynamically
stable (non-high-risk) patients with acute PE [9], a multicenter study from Switzerland
showed that the assessment of RV4 might not have the same value in the elderly [10]. RV4
was not associated with 30-day outcomes in patients aged > 65 years in the setting of acute
PE [10]. In addition, data from the RIETE registry showed that younger age was one of the
main predictors of early TTE after PE [11]. That means that a lower percentage of elderly
patients with suspected PE underwent TTE compared with younger patients.

Experimental studies have shown that aging leads to RV free wall (RVFW) fibrosis [12].
A Chinese study of healthy volunteers has proposed age-stratified normal range values for
the right heart’s function using tissue tracking cardiac magnetic resonance imaging [13].
Although abnormal echocardiographic strain-related indices are common in patients with
PE [14], no data exist about 2-dimensional speckle tracking echocardiography in elderly
patients with PE.

We examined an unselected population with PE and investigated if there were differ-
ences in clinical, biochemical and echocardiographic characteristics (including mechanical
strain indices of RV) between elderly and younger patients with non-high risk PE.

2. Materials and Methods

The current report is part of a prospective cohort study of consecutive non-COVID-
19-related PE patients, conducted at the University Hospital of Ioannina, in Northwestern
Greece. The study was approved by the Scientific Research Committee of the Hospital and
complies with the Declaration of Helsinki. Informed consent was obtained from all patients
entered the study.

2.1. Study Protocol and Patient Selection

The details of the study have been published elsewhere [14]. Briefly, the inclusion
criteria were the following: (a) age > 18 years and (b) documentation of thrombotic PE. For
diagnosis, results from computed tomography pulmonary angiography (CTPA) or from
high-probability perfusion lung scan in combination with a normal chest X-ray and clinical
judgement were used. Patients were admitted to the hospital due to PE (“out-of-hospital
PE”) or suffered from PE during their hospitalization for another reason in any department
of the hospital (“in-hospital PE”). Patients with COVID-19-related PE [tested positive for
severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) in the previous 30 days
or during their hospitalization for PE] were excluded. Patients that were hospitalized
in the internal care unit during PE and the high-risk patients (these with accompanying
hemodynamic instability) were also excluded (the diagnosis of PE in these patients was
based on CTPA or TTE where CTPA could not be conducted for time-saving purposes).
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A recording of a detailed medical history including demographics, past medical
conditions and surgeries, risk factors and family history for VTE or PE-related symptoms
(dyspnea, pain, hemoptysis, syncope and limb pain) was made. All the parameters included
in the Geneva and Wells score and the Pulmonary Embolism Severity Index (PESI) as well
as the electrocardiogram (ECG) at diagnosis were recorded. Body mass index [weight
(Kg)/height (m?)] and estimated glomerular filtration rate [eGFR (MDRD calculation)]
were calculated [15].

2.2. Biochemical Markers

High sensitivity cardiac Troponin-I (hs-cTnl, Beckman Coulter, Inc., Brea, CA, USA)
and D-dimer (STA-Liatest D-Di PLUS kit using STA R Max3 and STA Compact Max3
analyzers, Diagnostica Stago S.A.S., Asnieres sur Seine, France) levels were measured
during the diagnostic work-up one or more times and the reported values (pg/mL for
troponin and fibrinogen equivalent units per mL, FEU/mL for D-Dimers) were the “closest”
to the diagnosis, in time. Brain natriuretic peptide (BNP) measurement (Quidel Triage BNP
test for Beckman Coulter Access Family of Immunoassay Systems using ethylene diamine
tetraacetic acid as the anticoagulant, pg/mL) was measured in all cases (in most cases,
immediately after the diagnosis of PE). The assay’s 99th centile for cITnl is 11.6 pg/mL
for women (95% CI 8.4-18.3) and 19.8 pg/mL for men (95% CI 14.0-42.9). The expected
normal level for D-dimers is <0.5 pg/mL and for BNP < 100 pg/mL (in patients without
heart failure).

2.3. Echocardiography

Bedside TTE was performed at the time of diagnosis and in any case not later than 24 h
from that time point. The echocardiographic signs mentioned in the European Guidelines
for the diagnosis and treatment of PE as markers of RV dysfunction or pressure over-
load (RVd/po) were considered as “conventional” markers of RV 4/, [16]. These signs
include the following: abnormal enlargement of RV or RV /left ventricle basal diameter
greater than >1, McConnell sign and dyskinesia or hypokinesia of the free right ventricular
wall, abnormal movement of the intraventricular septum, “60/60 sign”, tricuspid annular
plane systolic excursion (TAPSE) < 16 mm and peak systolic velocity (S') of tricuspid
annulus < 9.5 cm/s [16-18]. Right ventricular free wall longitudinal strain (RV-FWLS) was
calculated offline using the Tom Tec 2D Cardiac Performance Image Analysis (Unterschleis-
sheim, Germany) and values > —20% were considered as abnormal [17,18]. Fractional area
change (FAC) index (the difference between the RV end-diastolic and end-systolic mea-
sured from an apical four-chamber view) [18], the ratio TAPSE/pulmonary artery systolic
pressure (TAPSE/PASP) [19], mean pulmonary arterial pressure (mPAP) and pulmonary
artery resistance (PVR) were measured when it was feasible. The Doppler evaluation of
PVR was performed using the following equation: PVR in wood units (WU) = 10 x peak
tricuspid regurgitant velocity (TRVmax in m/s)/right ventricular outflow tract (RVOT)
time-velocity integral (TVIryot) (cm) + 0.16 [20]. Mean PAP calculated from the peak veloc-
ity of the pulmonary regurgitation jet Doppler signal (PRpeak velocity) was obtained using
the following formula: mPAP = 4 x (PRpeak velocity)? + right atrial pressure (RAP) [21].

2.4. Statistical Analysis

In our analysis, elderly patients were considered as those with an age of >65 years.
Continuous variables were presented as mean (standard deviation) or median [interquartile
range], based on their distribution. Normality was assessed using the Kolmogorov-Smirnov
or Shapiro-Wilk test, as appropriate. Spearman’s rank correlation coefficient (Spearman’s
rho, p) was used to assess the strength and direction of the association between age, RV-
FWLS, echocardiographic parameters and echocardiography-derived hemodynamics. For
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normally distributed data, comparisons were made with an independent samples t-test if
variance homogeneity was confirmed by Levene’s test; otherwise, Welch’s t-test was used.
For non-normally distributed data, the Mann-Whitney U test was applied. Categorical
variables were presented as percentages and compared using the chi-square test or Fisher’s
exact test, as appropriate. A 2-sided p-value of <0.05 indicated statistical significance. All
analyses were conducted using SPSS V.29 (IBM Corp., New York, NY, USA).

3. Results

From September 2019 to June 2022, a total of 181 (82 women) consecutive patients
with documented, non-high risk, non-COVID-related PE were included in the study. The
baseline demographics and clinical characteristics of these patients are presented in Table 1.
The median age of the study cohort was 72 [59, 79] years, while 54.7% of patients were
male. Among the cohort, 63.5% had hypertension, 27.1% had a history of cancer, 22.1%
had diabetes mellitus and 1.7% had a history of thrombophilia. None of the patients
were pregnant and 12.7% had a history of VTE. Additionally, 51.9% of the patients were
admitted to the hospital from the emergency department (the remaining were already
hospitalized for another reason). The median eGFR was 72 (57, 88) mL/min/1.73 m?.
About half of patients (51.4%) had abnormal ECG (sinus tachycardia, atrial arrhythmias
or signs of RV affection). Differences were noted regarding baseline demographics and
clinical characteristics (Table 1).

Table 1. Baseline characteristics of the study patients.

Variable Age(:filY)ears Aginszzgf ars p Value
Age, years 54 [46, 59.5] 77 (72, 82] <0.001
Men 34 (55.7%) 65 (54.2%) 0.841
BMI, kg/m? 27.8 [24.9, 32.0] 27.7 [24.5, 31.2] 0.553
Diabetes mellitus 7 (11.5%) 33 (27.5%) 0.014
Hypertension 25 (41.0%) 90 (75.0%) <0.001
mL/rr?i(;l;Il{.,B m2 85.1[71.7, 99.56] 64 [50.5, 80.96] <0.001
Thrombophilia 3 (4.9%) 0 (0%) 0.037
Pregnancy 0 (0%) 0 (0%) N/A
Active cancer 14 (23.0%) 35 (29.2%) 0.374
Out of hospital PE 39 (63.9%) 55 (45.8%) 0.021
Active smoker 26 (42.6%) 22 (18.3%) <0.001
Anticoagulant therapy 13 (21.3%) 29 (24.2%) 0.667
Strong risk factors * 24 (39.3%) 42 (35.0%) 0.566
Moderate risk factors * 24 (39.3%) 56 (46.7%) 0.348
Weak risk factors * 13 (21.3%) 22 (18.3%) 0.632

Values are presented as 1 (%), mean (SD) or median [IQR]. BMI: body mass index; eGFR: estimated glomerular
filtration rate; PE: pulmonary embolism. * Based on the classification of the European Guidelines for the diagnosis
and treatment of pulmonary embolism [16].

Elderly patients had a higher prevalence of hypertension (p < 0.001), worse renal func-
tion (as indicated by eGFR, p < 0.001), a higher prevalence of diabetes mellitus (p = 0.014),
a lower rate of thrombophilia (p = 0.014) and they were less likely to be former or active
smokers, but especially active smokers (p < 0.001). The proportion of patients who had risk
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factors for VTE and patients already on anticoagulation therapy did not differ in all groups,
while elderly patients were more often hospitalized for another reason in the hospital
(p =0.021).

Regarding the mode of presentation, elderly patients presented less frequently with
chest pain (p = 0.004) and with a combination of symptoms (p = 0.022), and more frequently
with non-typical symptoms (p = 0.033). Forty-two (23.2%) patients were receiving treatment
with beta blockers, 42 (23.2%) were on anticoagulation therapy and 16 (8.8%) presented
with atrial fibrillation or flutter (Table 2).

Table 2. Clinical characteristics, biomarkers and atrial arrhythmias of the study patients.

Variable A(3e=2616)5 ag: ;22? p Value
Symptoms
No symptoms 4 (6.6%) 13 (10.8%) 0.351
Dyspnea 37 (60.7%) 69 (57.5%) 0.684
Chest pain 27 (44.3%) 28 (23.3%) 0.004
Lower limb pain 7 (11.5%) 6 (5%) 0.132
Syncope 2 (3.3%) 6 (5%) 0.719
Hemoptysis 5 (8.2%) 5 (4.2%) 0.308
Cough 4 (6.6%) 15 (12.5%) 0.218
Non-typical symptoms 4 (6.6%) 22 (18.3%) 0.033
Combination of symptoms 26 (42.6%) 31 (25.8%) 0.022
Biomarkers
(;‘;'/T;LI) 6.4 [3.5,26.4] 23.5[8.63,94.68]  <0.001
D-Dimers 292[1.19,5.94]  4.49[2.43,10.34]  <0.001
(ng/mL)
(pglmeL) 46 [22.5,123.5] 112 [58, 298] <0.001
Atrial arrhythmias
A;?j;ﬁ?gﬁ?;“ 2 (3.3%) 14 (11.7%) 0.06
Paroxysmal 2 (3.3%) 7 (5.8%) 0.720

atrial fibrillation

Values are presented as 1 (%), mean (SD) or median [IQR]. hs-Tnl: high-sensitivity troponin I; BNP: brain
natriuretic peptide.

The levels of hs-Tnl, D-Dimers and BNP (Figure 1) were also significantly higher in
the older age groups across both age comparisons (p < 0.001 for all).

In relation to the echocardiographic parameters, the proportion of patients with
conventional indices of RV pressure or volume overload was 23% and there were no
significant differences across age groups > 65 vs. <65 for any particular conventional
index of RV4,po. In 34 patients, no a detailed echocardiographic study focusing on RV-
FWLS was recorded, mainly due to a very poor image quality and/or echocardiographic
window. Age ranged from 22 to 95 years (mean age, 68.52 years; standard deviation,
14.66 years). RV-FWLS values ranged from —36.90% to —4.00% with a mean value of
—18.98% and a standard deviation of 4.89%. Age was correlated with RV-FWLS (p = 0.188,
p =0.022, indicating a decrease in its absolute value with increasing age), right atrial
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area, (p = 0.203, p = 0.011), PASP (p = 0.189, p = 0.020), pulmonary velocity acceleration
time (p = —0.365, p < 0.001; Figure 2), FAC (p = —0.168, p = 0.041), mean PAP (p = 0.480,
p =0.003), PVR (p =0.176, p = 0.045), TAPSE (p = —0.175, p = 0.030) and TAPSE /PASP
ratio (p = —0.274, p = 0.001). The rest of the examined variables did not show statistically
significant correlations with age.

300
‘ @  Ederly (> 65 years)

@® Younger (< 65 years)
All p < 0.001

‘_:I *

BNP hs-cTnl D-dimer

Figure 1. BNP (pg/mL), hs-cTnl (pg/mL) and D-dimer (ug/dL, for uniformity reasons) in younger
and elderly patients. BNP: brain natriuretic peptide; hs-cTnl: high-sensitivity cardiac troponin I.

Scatter plot of pulmonary velocity acceleration time (ms) by age (years)

200 °

Pulmonary velocity acceleration time (ms)

Age (years)

Figure 2. Correlation between age and pulmonary velocity acceleration time in milliseconds (ms)
(p = —0.365, p < 0.001).

RV-FWLS did not show a statistically significant difference in distribution between the
age groups < 65 and >65, with values of —19.75 [-21.93, —17.35] in the < 65 group and
—19 [-21.6, —16.35] in the >65 group (p = 0.184) (Table 3).

Regarding the proportion of patients with RV-FWLS > —20%, the >65 and <65 groups
had similar percentages (56% and 57%, respectively; p = 0.935) (Figure 3).

Pulmonary velocity acceleration time distributions differed significantly, with values
of 121 [111, 156] in the <65 group and 108.5 [93.75, 126] in the >65 group (p < 0.001). The RV
E/ A ratio showed a significantly different distribution in the >65 versus <65 comparison,
with values of 1.1 [0.82, 1.3] in the < 65 group and 0.93 [0.75, 1.1] in the > 65 group
(p = 0.020), while the ratio of TAPSE/PASP was lower in elderly patients (p = 0.031). For the
proportion of patients with a TAPSE /PASP ratio < 0.4, a significant difference was observed
across both age comparisons. In the <65 vs. >65 groups, 6.3% of patients aged < 65 had
values below this threshold, compared to 21.7% of those aged > 65 (p = 0.019).
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Table 3. Echocardiographic parameters and echocardiography-derived hemodynamics between age

groups > 65 and <65 in patients with non-high risk PE.

Variable Ag?nj 65 Ag((:j 65 Age < 65 Age > 65 p Value
RV-FWLS, % 50 7 [—21_.91??,'715;.35] [—21?61,9;0106.35] 0.184
RA area, cm? 54 102 (1. 51’3195_98] [1;3"?158'7] 0.132
PASP, mmHg 49 102 [21?:139] [23%?:17] 0.136

PVAT, ms 51 98 [11},2}56] [941,01926] <0.001
IVCT TD], s 48 87 [0'1%"15'1 5] [0.0g.,l(}.l 4] 0.192
RVE/A 41 68 [ 0.18.,1? 3] [ 0-%"95’ 1] 0.020
RVE/ef 34 65 [4.051',162.29] [3.5?3',62.95] 0359
FAC, % 50 99 [374’ 65()] [3; 248] 0.197
RV 4-ch mid-dimension, cm 53 103 2.92 (0.50) 2.91 (0.63) 0.959
RV 4-ch long-dimension, cm 53 102 7.08 (0.76) 7.03 (0.83) 0.719
mean PAP, mmHg 7 30 [7,131] [ 41/93 4] 0.092
PVR, WU . 87 [1.111',5 29.07] [1.31,.624.116] 0.233
acce{z):t(i)lf,nci; /s> 44 8 [3;056] [3;054] 0.694
TAPSE, cm 53 101 2.21 (0.40) 2.10 (0.46) 0.157
TAPSE/PASP, mm/mmHg 48 92 [0-5%,88-95] [0. 4(;"6&95] 0.031

Values are presented as mean (SD) or median [IQR]. RV: right ventricle; FWLS: free wall longitudinal strain; RA:
right atria; PASP: pulmonary artery systolic pressure; PVAT: pulmonary artery acceleration time; IVCT: isovolumic
contraction time; TDI: tissue doppler imaging; FAC: fractional area change; ch: chamber; PAP: pulmonary artery
pressure; PVR: pulmonary artery resistance; WU: Wood units; TAPSE: tricuspid annular plane systolic excursion.

60
50
40
30
%
20
10
0

RV-FWLS >= -20%

 Age >= 65

p=0.019

TAPSE/PASP <0.4

Figure 3. Proportion of patients (>65 and <65 years) with RV-FWLS > —20% TAPSE/PASP < 0.4.
RV-FWLS: right ventricular free wall longitudinal strain; TAPSE: tricuspid annular plane systolic

excursion; PASP: pulmonary artery systolic pressure.
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4. Discussion

In this observational study, we investigated the differences in clinical, biochemical and
primarily echocardiographic characteristics between elderly and younger patients with non-
high risk, non-COVID-19-related PE. The main finding of this study was that the elderly had
differences compared with younger patients with PE regarding the mode of presentation,
the values of biomarkers like D-dimer, BNP and troponins and some echocardiographic
indices of RVy,p,. Differences were noted regarding RV E/A ratio, pulmonary artery
acceleration time distribution and TAPSE /PASP ratio. The RV-FWLS index did not show a
statistically significant difference in distribution between age groups < 65 and >65.

The elderly population is at an increased risk for PE compared to younger patients.
Punucollu et al. reported that the elderly may have an atypical presentation of PE. Syncope
happened in about one in five elderly (>65 years) patients with PE and was more common
in this age group compared with younger patients. Furthermore, cancer was the most
common risk factor in the above-mentioned patient’s group of age [22]. In our study,
syncope was not a common symptom, and the proportion of the patients with syncope or
cancer did not differ between age groups. The proportion of patients with out-of-hospital
PE was smaller in patients aged > 65 years. The latter may explain that pain was present
in fewer elderly patients (possibly due to taking analgesics during hospitalization for
other reasons).

In the current study, the median BNP value was 2.5 times higher in the elderly popula-
tion. Previous studies have shown that BNP levels may be 3 times higher in the elderly
population without PE, especially in patients with renal dysfunction and left ventricular
hypertrophy [23]. In our elderly population, eGFR was lower and hypertension was a more
frequent comorbidity. Similarly, the elderly had higher hs-cTnl and D-dimer levels. The
median hs-cTnl level was above the 99th percentile, and the median D-dimer levels were
10 times higher than the cut-off value of 0.5 ug/mL [24]. Regarding troponin, we have
previously shown that myocardial injury in elderly patients with severe renal impairment
is a malignant condition [25].

Studies about the role of echocardiography in the setting of PE in elderly populations
have shown conflicting results. Some investigators have reported that RV dysfunction
in elderly patients with PE (i.e., RV dilation, RV end-systolic area, RV hypokinesia) is
correlated with the extent of PE [26]. Osken et al. showed that markers indicating RV
dysfunction, such as RV dilatation, TAPSE < 16 mm and S velocity < 10 cm/s, were more
common in the older population with PE, while increased RV end-diastolic basal diameter
and TAPSE < 16 mm were associated with increased mortality in this population [27]. In
contrast to these studies, other evidence suggests that there is no association between
RV dysfunction and clinical outcomes in elderly patients with PE [10,28]. On the other
hand, studies focusing on younger populations with non-high-risk PE have found that RV
dysfunction has prognostic value for risk stratification and short-term mortality, especially
when combined with myocardial injury markers [29,30]. In our study, pulmonary vascular
acceleration time, RV E/A and TAPSE /PASP ratio were differed in elderly patients. Strain
indices can assess myocardial deformation and detect subclinical myocardial damage at
early stages, proven valuable for both left and right ventricular diseases [31,32]. Recently,
our group demonstrated that RV-FWLS is the most abnormal echocardiographic marker
in patients with PE [14]. Trivedi et al., in their retrospective study of 84 patients with PE
and 66 healthy controls, showed that combining RV size and function measurements with
RV-FWLS also had an important discriminative power (AUC 0.921, SE 0.024) for PE patients
compared to models that did not include RV-FWLS [33]. Ramberg et al. demonstrated
that the basal and mid segments of the free wall are more affected in acute PE, suggest-
ing that their evaluation is essential in the emergency departments [34]. Alongside the
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impaired free wall longitudinal strain, septal segments may also be affected in PE [35,36].
Wilinski et al. noted an alteration specifically in the mid-segment of the free wall, with
better reliability and reproductivity, which could be explained by the more pronounced
mechanical movement of the basal part of the RVFW [37]. The midventricular RV systolic
strain rate can also be used to diagnose acute cor pulmonale with 83.3% sensitivity and
78.6% specificity at a cutoff of —12.2%, while it can enable the differentiation between acute
and chronic forms of the disease [38].

Longitudinal strain of the RV may contribute to prognostication in PE patients.
Dahhan et al. demonstrated an association between RVFWS, the RV Tei index and 30-day
mortality when added to clinical parameters [39]. Similarly, Lee et al. showed that RV-
FWLS was the best prognostic imaging index for the prediction of in-hospital mortality
in patients with acute non-high-risk PE in a multivariate analysis after the adjustment of
confounding factors (OR 1.20, 95% CI 1.07-1.35, p = 0.002) [40]. According to the study of
Batur G. K et al., the patients with acute PE who died during follow-up at one year after
the episode had a lower RV-FWLS in diagnosis than those who survived [13.6 £ 3.6 (—%)
and 18.4 £ 4.6 (—%), respectively, p < 0.001] [41]. In the current study, RV-FWLS values did
not differ between the two groups. Moreover, the elderly group had the same proportion
of patients with >—20% RV-FWLS compared with the younger group. However, there was
not a group of patients with suspected PE but another final diagnosis to examine the speci-
ficity and sensitivity of the index. Studies with a larger population would add information
about other echocardiographic indices or a combination of indices (e.g., RV-FWLS and
pulmonary artery acceleration time or TAPSE/PASP) in elderly patients with PE. The use
of novel markers may be especially beneficial for elderly patients, in whom the presence
of comorbidities can complicate the diagnosis, resulting in a delay in therapy and worse
outcomes [42].

Limitations

The study has some limitations. Firstly, this was an observational single center study,
and the findings may not be generalizable to broader populations. Secondly, the number
of patients was relatively small. Thirdly, unmeasured variables may have influenced the
outcomes. Fourthly, no causal inferences can be made given the study design. Lastly, no
control group (patients with suspected PE and an other final diagnosis) existed.

5. Conclusions

In summary, elderly patients with PE differ in the mode of presentation compared to
younger patients and they have higher levels of troponin, D-dimer and BNP. The elderly
have a lower pulmonary vascular acceleration time, RV E/A ratio and TAPSE/PASP ratio.
Further studies are needed in order to clarify if these differences could be a valuable tool in
detecting, stratifying and predicting the echocardiographic deterioration of RV or clinical
outcomes in elderly patients with non-high-risk PE.
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