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ABSTRACT

Purpose: This study was aimed at identifying biomarkers that could help exclude pulmonary embolism
(PE) in patients aged 65 years and older, considering age-related challenges such as atypical clinical
presentations and the presence of comorbidities.

Methods: This single-center cohort study retrospectively collected data on 28 potential markers from
patients aged 65 years and older who underwent computed tomography scans for PE diagnosis in
emergency or internal wards over a 2.5-year period.

Abbreviations: aPTT, activated partial thromboplastin time; CRP, C-reactive protein; CT, computed tomography; INR,
international normalized ratio; MPV, mean platelet volume; NOAC, non-vitamin K antagonist oral anti-coagulant; PE,
pulmonary embolism.
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Pulmonary Embolism in the Elderly

Results: The study included 157 patients after exclusions, with 35 diagnosed with PE. Patients with PE
exhibited higher D-dimer levels, lower platelet counts, and higher Padua scores. Six markers were selected
based on likelihood ratio, each with an area under the curve above 0.7 and P-value below 0.05. Multiplying
D-dimer levels with the Padua score (PaDd) improved specificity from 9% to 32% while maintaining 100%
sensitivity in identifying PE. Further refinement by incorporating activated partial thromboplastin time
(aPTT) into the Padua score multiplied by D-dimer (PaDd/aPTT) resulted in improved sensitivity and
specificity.

Conclusion: The Padua score multiplied by D-dimer is a simple yet effective tool that enhances specificity
while maintaining high sensitivity, potentially reducing computed tomography utilization in elderly
patients. Prospective, multicenter studies are needed to validate these findings and integrate them into

routine clinical practice.
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INTRODUCTION

Pulmonary embolism (PE) is a life-threatening con-
dition caused by the sudden occlusion of one or
more pulmonary arteries, usually due to a thrombus
originating from deep vein thrombosis. Prompt and
accurate diagnosis is crucial to initiate appropriate
treatment and prevent complications. However, diag-
nostic challenges in specific populations, particularly
the elderly, contribute to delays in treatment and
increased morbidity and mortality.:

The diagnostic approach for PE typically involves
clinical evaluation, imaging studies, and laboratory
tests, including D-dimer measurement, which assists
in risk stratification.! Contrast-enhanced computed
tomography (CT) remains the gold standard for PE
diagnosis. However, its use carries inherent risks,
including allergic reactions, nephrotoxicity, and
patient-related limitations such as claustrophobia.2

Pulmonary Embolism in the Elderly

Current diagnostic strategies often rely on clinical
prediction rules, such as the Wells criteria, in con-
junction with D-dimer testing, particularly in cases
with low or moderate pretest probability.3 Diag-
nosing PE in elderly patients presents specific chal-
lenges due to age-related physiological changes, co-
morbidities, and atypical clinical presentations.
Unlike younger individuals, who often report acute
dyspnea and chest pain, elderly patients may exhibit
non-specific symptoms such as confusion, fatigue,
dizziness, or a general decline in functional status.
Additionally, the presence of multiple chronic condi-
tions—such as cardiovascular disease, hypertension,
diabetes, and chronic obstructive pulmonary dis-
ease—can obscure the clinical picture, complicating
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diagnostic accuracy.4 Diagnosing PE in the oldest-
old (=85 years) is particularly complex due to mul-
tiple comorbidities, cognitive impairment, and atyp-
ical presentations.5¢ Traditional diagnostic criteria
may be less reliable in this population.”8 Established
PE assessment tools, such as the Wells and Geneva
scores, have demonstrated reduced accuracy in
elderly patients.? Furthermore, reliance of the Wells
score on the physician’s judgment compromises
standardization.1©

Biomarkers and Prognostic Scores Used in
Pulmonary Embolism Evaluation

D-dimer is a widely used biomarker in the evalua-
tion of PE, deep venous thrombosis and dissemi-
nated intravascular coagulation.!t However, while an
elevated D-dimer level suggests ongoing fibrinolysis,
it is not specific to thromboembolic events. Various
inflammatory and infectious conditions can also
increase D-dimer levels due to the interplay between
inflammation and coagulation.’> This lack of
specificity is particularly problematic in elderly
patients, where baseline D-dimer levels tend to be
higher, complicating its interpretation as a rule-out
test. The age-adjusted D-dimer threshold has been
proposed to improve specificity in older popula-
tions; however, its clinical utility remains debated,
with no clear consensus on its application.!3-15 Be-
yond D-dimer, other biomarkers have been explored
for their potential role in PE diagnosis and
prognostication. The neutrophil-to-lymphocyte ratio
has been identified as an indicator of systemic
inflammation and has been associated with
increased mortality risk in acute PE.¢ Similarly, the
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platelet-to-lymphocyte ratio has been studied as a
marker of inflammation and thrombogenicity, with
potential prognostic implications.7:18

The Padua Prediction Score is a validated tool
designed to assess venous thromboembolism risk in
hospitalized patients.!9 Its potential utility in out-
patient PE risk assessment remains under investiga-
tion.20

Despite extensive research, no biomarker has yet
demonstrated sufficient diagnostic accuracy to sig-
nificantly reduce reliance on imaging in this popula-
tion.2t

We conducted a literature search to identify bio-
markers and clinical scores that could improve
specificity while maintaining high sensitivity. The
literature highlighted several key findings: D-dimer
remains the most sensitive marker for PE but lacks
specificity in elderly patients. The Padua score is
widely used for venous thromboembolism risk as-
sessment but has not been fully explored for PE
diagnosis. Inflammatory markers and coagulation
parameters have been proposed as adjuncts to D-
dimer but lack consistent validation.

Based on the literature, we selected test combi-
nations that offer the best potential to improve
specificity while maintaining 100% sensitivity. As
mentioned briefly above, the Wells criteria play a
central role in guiding the clinical management of
pulmonary embolism. For example, the Padua score
x D-dimer (PaDd) score was chosen because it
integrates both clinical risk and laboratory findings.
Additional biomarkers (platelet count, activated
partial thromboplastin time [aPTT]) were included
based on their reported associations with throm-
botic risk and their potential to refine diagnostic
accuracy.

This study was aimed at evaluating the perfor-
mance of specific diagnostic indicators in identifying
elderly patients with PE. By refining risk stratifica-
tion strategies, we sought to improve diagnostic ac-
curacy and reduce unnecessary CTs in this vulner-
able population.

PATIENTS AND METHODS

This single-center retrospective study was approved
by the Institutional Review Board and conducted on
September 9, 2023, using electronic medical records
from patients hospitalized between January 1, 2021,
and June 1, 2023.
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Inclusion and Exclusion Criteria

Patients aged 65 years or older who underwent a CT
for suspected PE were included. Patients diagnosed
with sub-segmental PE on CT were considered nega-
tive for PE (Figure 1). The exclusion criteria are de-
tailed in Table 1.

Data Collection

Demographic data and laboratory results were col-
lected, including albumin, calcium, international nor-
malized ratio, prothrombin time, aPTT, mean plate-
let volume (MPV), D-dimer, C-reactive protein
(CRP), fibrinogen, neutrophils, lymphocytes, and
platelets. Blood samples were drawn within 48
hours prior to CT. If multiple measurements were
available for a patient, only the first recorded value
was used for analysis.

The Padua Prediction Score was calculated on
the first day of hospitalization in the internal medi-
cine ward. The score component for “previous
venous thromboembolism” was assigned only if it
had occurred prior to the current hospitalization.

Study Design

Based on literature review and study hypotheses, the
following biomarker combinations were analyzed:

e D-dimer-to-fibrinogen ratio22
e Platelet-to-lymphocyte ratio=3
e Neutrophil-to-lymphocyte ratio23

e Immune-inflammation index: neutrophil x
platelet-to-lymphocyte ratio24

e D-dimer-to-CRP ratio?s

¢ Fibrinogen-to-CRP ratio26

¢ TFibrinogen-to-albumin ratio2”

e Platelet x D-dimer-to-lymphocyte ratio

e Padua x D-dimer (PaDd)

e D-dimer-to-aPTT ratio

e D-dimer x Padua-to-CRP ratio

e D-dimer x Padua-to-platelet (PaDd/PLT) ratio
e D-dimer x Padua-to-aPTT (PaDd/PTT) ratio

Statistical Analysis

Patients were categorized into two groups based on
CT results: PE-positive and PE-negative. Univariate
binary logistic regression was performed to identify
biomarkers associated with PE, as this method allows
for a straightforward evaluation of individual pre-
dictors. Variables with a likelihood ratio test P-value
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Excluded (n=186)
Patients 65 years or more | CT performed outside the
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(n=168) " levels (n = 6)
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Several PE (n=1)
— ]
v
% Patients included in the study
F (n=157)

Figure 1. Flow Diagram Showing Application of Study Exclusion Criteria.
CT, computed tomography; PE, pulmonary embolism.

Table 1. Patient Exclusion Criteria.

Exclusion Criteria

Inconclusive CT results (“suspicion of pulmonary embolism”)

Chronic PE

Incomplete clinical data

Underwent multiple CTs to rule out PE during hospitalization

Age-adjusted normal D-dimer levels tenfold below patient’s age *

CT performed outside of the emergency or internal medicine department within first 48 h of hospitalization
No biomarker or D-dimer blood sample acquired during the 48 hours before CT

Padua score not calculated on admission to ward?

CT, computed tomography; PE, pulmonary embolism.
* The literature has accepted this threshold for older adults. '

T Calculation of Padua score is a standard
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<0.05 were considered statistically significant. Odds
ratios and 95% confidence intervals were calculated
for significant variables.

To assess the discriminatory power of selected
variables, receiver operating characteristic curve
analysis was conducted. Variables with an area under
the curve >0.7 were considered for further analysis
(P<0.05). Specificity was evaluated at a sensitivity of
100% to ensure no PE cases were missed. The chi-
square test or Fisher’s exact test was used for P-
value calculations. All analyses were performed
using Python (Version 3.11- Python Software Foun-
dation, Wilmington, DE, USA).

RESULTS

During the study period, 618 patients aged 65 years
orolder had a CT for PE diagnosis. After application
of the exclusion criteria, a total of 157 patients were
included in the final analysis (Figure 1).

Patients were further categorized as PE-positive
or PE-negative based on their CT results. Table 2
summarizes the patient characteristics. Individuals
with PE tended to have higher D-dimer levels, lower
platelet counts, and a higher Padua score compared
to those without PE. Additionally, significant differ-
ences in coagulation factors were shown, such as in
aPTT. However, no significant differences were ob-
served in other biomarkers and inflammatory mark-
ers between the two groups.

A univariate logistic regression was performed.
Ten variables were selected based on the likelihood-
ratio test (Table 3).

Based on the univariate analysis, six variables
were identified with an area under the curve of more
than 0.7 (P<0.05) (Table 4); all of them contained
Padua or D-dimer. Figure 2 provides the receiver
operating characteristic curves for D-dimer, PaDd,
PaDd/PLT, and PaDd/aPTT.

The Padua score alone, platelets, aPTT, the
platelet-to-lymphocyte ratio, and the D-dimer-to-
platelet ratio were not retained because of the low
area under the curve. More information about these
rejected markers is provided in the supplement.

DISCUSSION

D-dimer levels are commonly interpreted with an
age-adjusted threshold (age x 10) in elderly pa-
tients.?3 Our study demonstrated that combining D-
dimer levels with the Padua score (PaDd) enhances
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the identification of PE in individuals over 65 years,
achieving 100% sensitivity and improving specificity
from 9% to 32%. Applying this approach to our co-
hort could have decreased the number of CTs from
157 to 117—a 25% reduction. D-dimer alone remains
a highly sensitive marker for PE detection, but its
low specificity often leads to overuse of imaging for
diagnostic evaluation. By combining D-dimer with
the Padua score, specificity is improved without
compromising sensitivity (Table 4). Further refine-
ment by incorporating the platelet count and aPTT—
resulting in the PaDd/PLT and PaDd/aPTT ratios—
improved sensitivity based on the Youden index
(Table A in the supplement). Among these, only the
PaDd/aPTT ratio achieved 100% sensitivity while
also improving specificity.

Regarding the PaDd/PLT marker, it has been
well established that lower platelet counts increase
the risk of PE.28.29 However, caution is required when
interpreting these findings in patients with hemato-
logic disorders, such as myelodysplastic syndromes.

Regarding the PaDd/aPTT marker, activated par-
tial thromboplastin time is a measure of the overall
adequacy of the intrinsic plasma-clotting factors.
Prolonged aPTT is associated with an increased risk
of bleeding3s? and is theoretically expected to reduce
the risk of embolism. However, some studies have
reported that a longer aPTT (within the normal
range) may, paradoxically, be a risk factor for PE.31.32
The discrepancies between these findings and our
study may be explained by differences in study
populations, as previous studies included a broader
range of patients (e.g. intensive care unit patients,
non-elderly populations) compared to our cohort.
Additionally, prolonged aPTT can be observed in
patients receiving direct non-vitamin K antagonist
oral anti-coagulants (NOACs)33 or in conditions
such as liver failure.34

Consideration of Subsegmental PE

Subsegmental PE cases were classified as negative in
our analysis.35 Observational studies suggest that
withholding anticoagulation may not significantly
impact three-month thromboembolic risk.3¢:37 Addi-
tionally, the diagnosis of subsegmental PE is subject
to substantial interobserver variability,38 making its
classification challenging. In our study, based on
Youden’s index (the threshold that maximizes the
sensitivity and specificity), applying a D-dimer
threshold of 4.18 led to classification of 50% of sub-
segmental PE cases as negative and 50% as suspect-
ed PE (Tables A and B in the supplement). When
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Table 2. Comparison of Population Characteristics, With and Without Pulmonary Embolism.

Characteristic No PE (n=122) PE (n=35) P-value
Sex, n (%)

Male 52 (43%) 12 (34%) =

Female 90 (57%) 23 (66%) -
Medications, n (%)

Aspirin 31 (25%) 15 (42%) 0.06

Clopidogrel 13 (10%) 2 (6%) 0.52

Warfarin 1 (<1%) 1 (3%) 0.39

NOAC/LMWH 9 (7%) 1 (3%) 0.45
Age (years), mean (SD) 77.3 (8.8) 79.9 (8.6) 0.10
D-dimer (pg/mL), mean (SD) 6.73 (11.72) 12.63 (13.9) 0.02
Fibrinogen (mg/dL), mean (SD) 462 (182) 429 (134) 0.25
Platelet (1000/pL), mean (SD) 261 (156) 204 (84) <0.01
Neutrophil abs (1000/pL), mean (SD) 7.30 (4.50) 7.60 (2.51) 0.60
Lymphocyte abs (1000/pL), mean (SD) 1.28 (0.76) 1.55 (1.17) 0.19
CRP (mg/dL), mean (SD) 8.10 (8.8%) 7.83 (5.96) 0.83
Albumin (g/dL), mean (SD) 3.40 (0.40) 3.30 (0.50) 0.48
Calcium (mg/dL), mean (SD) 8.7 (0.70) 8.84 (0.84) 0.34
INR, mean (SD) 1.18 (0.92) 1.07 (0.12) 0.23
PT (s), mean (SD) 11.46 (1.81) 11.23 (1.08) 0.37
aPTT (s), mean (SD) 25.9 (7.50) 23.7 (3.55) 0.02
MPV (fL), mean (SD) 8.75 (1.20) 9.20 (1.20) 0.07
Padua, mean (SD) 3.76 (2.48) 5.60 (2.10) <0.01

*The higher standard deviation of the CRP than the mean is due to very high CRP value in

some patients.

abs, absolute; aPTT, activated partial thromboplastin time; CRP, C-reactive protein; INR,
international normalized ratio; LMWH, low-molecular-weight heparin; MPV, mean platelet
volume; NOAC, non-vitamin K antagonist oral anticoagulant; PE, pulmonary embolism; PT,

prothrombin time; SD, standard deviation.

using PaDd/aPTT (threshold 13.34), 75% were clas-
sified as negative, whereas with application of PaDd/
PLT (threshold 1.3), all were classified as suspected
PE. Ensuring 100% sensitivity required lowering D-
dimer PaDd/aPTT and PaDd/PLT thresholds (Table
4). This adjustment resulted in all subsegmental PE
cases being categorized as suspected PE, except for
one case when using the PaDd/aPTT ratio. When
optimized for sensitivity, this classification approach
identified nearly all subsegmental PE cases, support-
ing the robustness of our methodological approach.
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Role of Inflammatory and Alternative
Biomarkers

Incorporating common inflammatory markers did
not significantly improve the diagnostic accuracy of
D-dimer in our study (supplement). The D-dimer/
CRP ratio, previously suggested for distinguishing
pneumonia from PE,2¢ did not enhance specificity as
shown by Berwick et al.39 Similarly, the immune-
inflammation index, while of potential prognostic
interest,25 lacked diagnostic utility in our cohort.
Kara et al. showed that the D-dimer/fibrinogen ratio
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Table 3. Selection of Variables by Logistic Regression.

Variable \ LRT \ LRT P-value OR (95% CI)

Padua 14.0 <0.01 1.34 (1.14-1.58)
D-dimer 5.2 0.02 1.03 (1.00-1.06)
Platelet 5.9 0.02 0.995 (0.99-1.00)
aPTT 6.0 0.01 0.88 (0.78-0.98)
D-dimer/aPTT 8.9 <0.01 1.12 (1.03-1.20)
D-dimer/platelets 4.45 0.03 1.02 (0.99-1.06)
PLR 8.6 <0.01 0.68 (0.49-0.92)
PaDd 11.8 <0.01 1.01 (1.00-1.02)
PaDd/aPTT 18.1 <0.01 1.03 (1.02-1.05)
PaDd/platelets 8.4 <0.01 1.09 (1.01-1.19)

aPTT, activated partial thromboplastin time; Cl, confidence
interval; LRT, likelihood ratio test; OR, odds ratio; PaDd, Padua x
D-dimer; PLR, platelet-to-lymphocyte ratio.

Table 4. Cut-off Independent Variables for
PE Prediction with 100% Sensitivity.

Variable ‘ Cutoff ‘ Specificity ‘ P-value ‘ PPV ‘
D-dimer >1.23 0.09 <0.01 0.23
D-dimer/aPTT >0.67 0.16 <0.01 0.25
D-dimer/platelets >0.85 0.16 <0.01 0.29
PaDd >5.93 0.32 <0.01 0.29
PaDd/platelets >0.25 0.32 <0.01 0.30
PaDd/aPTT >2.49 0.35 <0.01 0.31

aPTT, activated partial thromboplastin time; PaDd, Padua x D-
dimer; PLR, platelet-to-lymphocyte ratio; PPV, positive predictive

value.

exhibited higher specificity but lower sensitivity,2?
but in our study this marker did not reach statistical
significance. Neutrophil-to-lymphocyte and platelet-
to-lymphocyte ratios, which have been associated
with deep vein thrombosis23 and cerebral vein
thrombosis,4° were not significantly correlated with
PE risk in our study. However, these markers may
still hold prognostic relevance.4t Platelet count
approached statistical significance, aligning with
studies suggesting a decrease in platelet levels
preceding PE.29 Although meta-analyses support an
association between higher mean platelet volume
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and acute PE,42 our study found limited utility for
this marker, potentially due to the older population
and heterogeneity in mean platelet volume deter-
minants.43 Calcium levels, while prognostically sig-
nificant in PE,44 did not demonstrate clear diag-
nostic utility. Likewise, international normalized
ratio was not predictive of PE in warfarin-treated
patients,45 though it retains prognostic value.46

This study highlighted the clinical value of com-
bining D-dimer with the Padua score (PaDd) to en-
hance PE diagnosis in elderly patients. By improving
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Figure 2. Receiver Operating Characteristic (ROC) Curves of D-dimer, PaDd, PaDd/PLT, and PaDd/aPTT.
aPTT, activated partial thromboplastin time; AUC, area under the curve; PaDd, Padua x D-dimer; PLT, platelets.

specificity while maintaining 100% sensitivity, this
approach significantly reduces unnecessary CT scans,
optimizing resource utilization and minimizing pa-
tient exposure to radiation. Further refinement by
incorporating aPTT (PaDd/aPTT) to preserve 100%
sensitivity further improved diagnostic accuracy,
though caution is needed in patients with hemato-
logic or coagulation disorders. Our findings also
underscore the challenges in diagnosing PE in older
populations, where conventional clinical scores are
less reliable. While inflammatory and alternative
biomarkers showed limited diagnostic utility, plate-
let count trends aligned with prior research on
thrombotic risk. The classification of subsegmental
PE remains a debated issue, but our approach en-
sures near-complete detection when prioritizing
sensitivity. Overall, these results support the inte-
gration of PaDd-based strategies into clinical prac-
tice to refine PE diagnosis in elderly patients and
reduce reliance on imaging. Given the high volume
of daily CTs, this reduction is meaningful in terms of
resource allocation and patient safety.
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STUDY LIMITATIONS

This study had several limitations. The conventional
D-dimer threshold adjustment (age x 10) is widely
accepted, 3 but our cohort’s minimum D-dimer level
in PE-positive cases was 1.23, potentially excluding
some patients (e.g. a 70-year-old with a D-dimer of
0.8 pg/mL). The Padua score was designed for
thrombosis risk assessment rather than PE diag-
nosis, and its emphasis on reduced mobility may
contribute to misclassification.47 Although no pa-
tients with a Padua score of 0 had PE in our study,
such cases are theoretically possible. Our small sam-
ple size limits generalizability, and complete case
analysis resulted in exclusion of a significant propor-
tion of subjects. Anticoagulant use is another impor-
tant confounding factor. Some patients in our cohort
were already on NOAC:s for atrial fibrillation or prior
venous thromboembolism, potentially lowering PE
risk. Additionally, NOACs may influence aPTT val-
ues,33 which could affect biomarker performance.
Other factors such as acute infections, malignancies,
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and renal disease were not systematically controlled.
Finally, as a single-center, retrospective study, our
findings require prospective multicenter validation
to confirm generalizability.

FUTURE DIRECTIONS

Future research should focus on refining patient
selection for CT by integrating clinical scores and
laboratory markers, as demonstrated in this study.
The Geneva Risk Score for Venous Thromboembo-
lism48 and inflammatory markers such as ferritin
and interleukins warrant further investigation. Giv-
en the interplay between thrombosis and immune
pathways, the role of B lymphocytes and neutrophil
extracellular traps should be explored.49 Including
drug history (antiplatelets, NOACs) and simple im-
aging modalities (X-ray, ultrasound) may further
enhance risk stratification.

One practical application of these findings could
involve an algorithmic approach to PE diagnosis by
stratifying patients into three categories: high risk
(requiring immediate CT), low risk (CT not needed),
and intermediate risk (potential wait-and-see
strategy). In hemodynamically stable patients with-
out contraindications to anticoagulation, an empiri-
cal treatment strategy—initiating anticoagulation
while addressing other causes of dyspnea (e.g. pul-
monary edema, COPD exacerbation) and reassess-
ing after 2—3 days—may optimize CT utilization.
However, prospective validation of this strategy is
required.

CONCLUSION

Biomarkers play a crucial role in reducing unneces-
sary imaging. The Padua score multiplied by D-dimer
(PaDd) is a simple yet effective tool that enhances
specificity while maintaining 100% sensitivity, ulti-
mately reducing CT utilization in elderly patients.
Prospective, multicenter studies are needed to vali-
date these findings and integrate them into routine
clinical practice.
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