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Abstract

Background: D-dimer is widely used in the diagnostic evaluation of suspected
pulmonary embolism (PE), but its relationship with CTPA-confirmed disease and embolic
distribution remains uncertain. Objective: To assess the diagnostic performance of D-
dimer for acute PE and its association with CTPA-defined embolic distribution. Methods:
This cross-sectional diagnostic-accuracy study included 70 adults referred for CTPA. D-
dimer was measured before anticoagulant or thrombolytic therapy. CTPA served as the
reference standard. Group comparisons, correlation analysis, and receiver operating
characteristic analysis were performed. Results: CTPA confirmed PE in 31 patients
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Radiodiagnosis, parul |82.9% accuracy. D-dimer was not significantly associated with embolic level, laterality, or
sevashram Hospital number of involved arterial levels. Conclusion: D-dimer showed moderate diagnostic

utility but limited value for estimating anatomical embolic burden.
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INTRODUCTION

Acute pulmonary embolism (PE) is a potentially life-threatening complication of venous thromboembolism (VTE) and is
often difficult to diagnose due to its non-specific clinical presentation. The current European guidelines focus on rapid risk
assessment and the use of clinical probability, laboratory testing and imaging to prevent both under-investigation and over-
investigation [1].

PE and deep-vein thrombosis are part of the same disease spectrum and remain a significant cause of cardiovascular
morbidity and mortality [2]. Common clinical features are dyspnoea, pleuritic chest pain, tachycardia, syncope and
haemodynamic instability, none of which is specific enough to make the diagnosis alone [3].

Diagnostic strategies start with the estimation of pretest probability and then proceed to the testing of D-dimer in the
appropriate patient. In patients with a low risk of venous thromboembolism, clinical prediction models can safely decrease
unnecessary imaging when used in conjunction with D-dimer [4].

Computed tomography pulmonary angiography (CTPA) is the main imaging modality used for suspected acute PE, and
allows direct visualization of pulmonary arterial filling defects [5]. The advent of multidetector CT has enhanced the
evaluation of the main, lobar, segmental and subsegmental pulmonary arteries and has made CTPA a valuable reference
test in clinical practice [6].

Although useful for diagnosis, CTPA is an x-ray procedure that uses both ionizing radiation and iodinated contrast, and
the benefit of the procedure is highly dependent on the proper selection of patients. Research comparing D-dimer exclusion
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strategies to direct CTPA referral has emphasized the importance of not ordering unnecessary imaging, especially in
patients with low clinical probability [7]. D-dimer is a degradation product of cross-linked fibrin and is a marker of
coagulation and fibrinolysis activation [8].

It is very sensitive for acute venous thromboembolism, but not very specific as levels can be elevated in a variety of other
conditions including age, malignancy, infection, inflammation, trauma, surgery, and others [9].

D-dimer is known primarily as an exclusion test, but its association with CTPA-proven PE and embolic distribution is
inconsistent. The present study was therefore conducted to compare the levels of D-dimer in patients with and without
CTPA-proven PE, to determine the relationship between D-dimer levels and embolic level, laterality and arterial
involvement, and to assess the diagnostic discrimination of D-dimer in adults referred for CTPA.

MATERIALS AND METHODS

Study design and setting

This hospital-based cross-sectional diagnostic-accuracy study was conducted in the Department of Radiodiagnosis, Parul
Institute of Medical Sciences and Research, Parul Sevashram Hospital, Vadodara, Gujarat, from December 2024 to
December 2025. Computed tomography pulmonary angiography (CTPA) was used as the reference standard for diagnosing
acute pulmonary embolism (PE).

Study participants

Adults aged >18 years who were consecutively referred for CTPA because of clinical suspicion of acute PE and provided
written informed consent were enrolled. Pregnant patients, those with known hypersensitivity to iodinated contrast, and
patients with technically inadequate or non-diagnostic CTP A examinations were excluded.

Based on an anticipated institutional referral rate of five to six eligible patients per month, the expected sample size was
60-72 participants over 12 months. A total of 70 participants were included.

Data collection and D-dimer measurement

Demographic characteristics, presenting clinical information, vital signs, and established thromboembolic risk factors—
including smoking, immobilization, recent surgery, previous deep-vein thrombosis or PE, malignancy, hormone therapy
or oral contraceptive use, trauma, and obesity—were recorded using a structured case-report form.

D-dimer was measured using an automated immunoturbidimetric assay. Blood sampling was performed within 24 hours
of CTPA and before initiation of anticoagulant or thrombolytic therapy. D-dimer values were analysed as continuous
measurements on the scale recorded in the study data.

CTPA acquisition and interpretation

CTPA was performed using a 16-slice multidetector CT scanner (Alexion 16, Toshiba). Non-ionic iodinated contrast
containing iohexol 350 mg iodine/mL was administered at 1.2-1.5 mL/kg through a power injector at 4 mL/s. Scanning
was performed with participants supine and their arms raised above the head during a single breath-hold, covering the lungs
from base to apex. Acquisition parameters included 120 kV, 85-160 mA, a rotation time of 0.75 seconds, and a pitch of
0.8-1.2. Images were reconstructed at 1-mm slice thickness with a 0.5-1-mm reconstruction interval.

Multiplanar reformations, maximum-intensity projections, and volume-rendered images were reviewed for pulmonary
arterial filling defects. CTPA findings were classified according to the presence or absence of PE, most-central embolus
level (main, lobar, or segmental/subsegmental), laterality, and number of arterial levels involved. Interpretive discrepancies
were resolved by radiologist consensus.

Statistical analysis

Continuous variables were summarized as mean + standard deviation and median with interquartile range, while categorical
variables were presented as n (%). Welch’s independent-samples t test was used to compare age and mean D-dimer levels
between patients with and without CTPA-confirmed PE. The Mann—Whitney U test provided a rank-based comparison of
D-dimer distributions. Categorical variables were compared using Fisher’s exact test, with odds ratios and 95% confidence
intervals reported where appropriate.

Among patients with confirmed PE, D-dimer levels were compared across the most-central embolus levels using the
Kruskal-Wallis test and between unilateral and bilateral PE using the Mann—Whitney U test. Spearman’s rank correlation
assessed the relationship between D-dimer level and the number of involved arterial levels.
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Receiver operating characteristic analysis was performed to evaluate the ability of D-dimer to discriminate CTPA-
confirmed PE. The area under the curve and its 95% confidence interval were calculated. An exploratory data-derived
threshold was identified using the maximum Youden index, with corresponding sensitivity, specificity, predictive values,
likelihood ratios, and overall accuracy. All tests were two-sided, and p<0.05 was considered statistically significant.
Analyses were performed using IBM SPSS Statistics version 25.0 and jamovi.

Ethical considerations

The study was approved by the Parul University Institutional Ethics Committee for Human Research
(PUIECHR/PIMSR/00/081734/8108; 17 December 2024). Written informed consent was obtained from every participant.
Confidentiality was maintained through anonymized data handling, and no investigation or intervention was performed
solely for research purposes.

RESULTS

Seventy patients with suspected acute pulmonary embolism were included in the analysis. The mean age was 51.50 + 12.55
years (median 52.5; range 21-89 years), and men accounted for n=41 (58.6%). CTPA confirmed pulmonary embolism in
n=31 (44.3%; 95% CI 33.2%-55.9%). Age, seX, and the assessed clinical risk factors were not significantly associated with
CTPA-confirmed pulmonary embolism (Table 1).

Table 1. Participant characteristics according to CTPA-confirmed pulmonary embolism status

Characteristic Overall PE present | PE absent | Effect/test statistic p value
(N=70) (n=31) (n=39)

Age, years 51.50+12.55 | 51.03+11.76 | 51.87 + 13.28 | Welch t=-0.28; df=67.17 0.780
Male sex 41 (58.6%) 22 (71.0%) 19 (48.7%) OR=2.57 (95% CI1 0.95-6.98) | 0.087
Smoking 21 (30.0%) 11 (35.5%) 10 (25.6%) OR=1.59 (95% CI 0.57-4.46) | 0.436
Immobilization 20 (28.6%) 11 (35.5%) 9 (23.1%) OR=1.83 (95% CI 0.64-5.22) | 0.295
Recent surgery 18 (25.7%) 9 (29.0%) 9 (23.1%) OR=1.36 (95% CI1 0.47-4.00) | 0.594
Previous DVT/PE 14 (20.0%) 6 (19.4%) 8 (20.5%) OR=0.93 (95% CI1 0.29-3.03) | 1.000
Malignancy 11 (15.7%) 6 (19.4%) 5 (12.8%) OR=1.63 (95% CI 0.45-5.95) | 0.520
Hormone therapy/OCP | 9 (12.9%) 2 (6.5%) 7 (17.9%) OR=0.32 (95% C10.06-1.64) | 0.281
use

Trauma 18 (25.7%) 7 (22.6%) 11 (28.2%) OR=0.74 (95% CI 0.25-2.22) | 0.784
Obesity 8 (11.4%) 4 (12.9%) 4 (10.3%) OR=1.30 (95% CI1 0.30-5.66) | 1.000

Data are n (%) or mean + SD. Percentages in the PE-present and PE-absent columns are column percentages. Odds ratios
compare the listed characteristic with its absence; male sex is compared with female sex. Welch’s t test was used for age
and Fisher’s exact test for categorical variables. CI, confidence interval; CTPA, computed tomography pulmonary
angiography; DVT, deep-vein thrombosis; OCP, oral contraceptive pill; OR, odds ratio; PE, pulmonary embolism.

CTPA distribution

Among the 31 patients with CTPA-confirmed pulmonary embolism, the most-central embolus level was lobar in n=12
(38.7%), segmental/subsegmental in n=12 (38.7%), and the main pulmonary artery in n=7 (22.6%). When all involved
arterial levels were considered, lobar branches were affected in n=19 (61.3%) and segmental/subsegmental branches in
n=16 (51.6%). Emboli were bilateral in n=20 (64.5%) and involved a single arterial level in n=22 (71.0%) (Table 2).

Table 2. Anatomical distribution of pulmonary embolism on CTPA
Imaging domain Category n (%)
Most-central embolus level Main pulmonary artery 7 (22.6%)
Most-central embolus level Lobar 12 (38.7%)

Most-central embolus level

Segmental/subsegmental

12 (38.7%)

Any arterial involvement*

Main pulmonary artery

7 (22.6%)

Any arterial involvement*

Lobar branches

19 (61.3%)

Any arterial involvement*

Segmental/subsegmental branches

16 (51.6%)

Number of arterial levels involved

One

22 (71.0%)

Number of arterial levels involved | Two 7 (22.6%)
Number of arterial levels involved | Three 2 (6.5%)
Laterality Unilateral 11 (35.5%)
Laterality Bilateral 20 (64.5%)
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Percentages use the 31 participants with CTPA-confirmed pulmonary embolism as the denominator. *Arterial involvement
categories are non-exclusive; percentages therefore do not sum to 100%. CTPA, computed tomography pulmonary
angiography.

D-dimer and CTPA-confirmed pulmonary embolism

D-dimer levels were higher in patients with CTPA-confirmed pulmonary embolism than in those without pulmonary
embolism (7084.58 + 4196.99 vs 3790.49 + 2339.82; mean difference 3294.09, 95% CI 1598.14-4990.04; Welch’s
t=3.913, p<0.001). The rank-based comparison was concordant (Mann-Whitney U=881.5, p=0.001) (Table 3; Figure 1).

Table 3. Comparison of D-dimer levels by CTPA-confirmed pulmonary embolism status

Measure PE present | PE absent | Effect estimate Test statistic p value
(n=31) (n=39)
Mean + SD | 7084.58 + | 3790.49 * | Mean difference | Welch t=3.913; | <0.001
4196.99 2339.82 3294.09 df=44.51
(95% Cl 1598.14-
4990.04)
Median 9360 (1970.0- | 3490 (3360.0- | — Mann-Whitney 0.001
(IQR) 9657.5) 3620.0) U=881.5
Range 336-12810 200-9380 — — —

D-dimer values are presented on the measurement scale recorded in the study dataset. Cl, confidence interval; CTPA,
computed tomography pulmonary angiography; IQR, interquartile range; PE, pulmonary embolism; SD, standard
deviation.
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Figure 1. Distribution of D-dimer levels according to CTPA-confirmed pulmonary embolism status. Boxes show the
median and interquartile range, whiskers extend to 1.5 times the interquartile range, and points represent individual
participants.

D-dimer and embolic distribution

Within the pulmonary embolism-positive group, D-dimer levels did not differ significantly by the most-central embolus
level (Kruskal-Wallis H=2.748, p=0.253) or laterality (Mann-Whitney U=91.5, p=0.457). D-dimer also showed no
significant correlation with the number of involved arterial levels (Spearman rs=0.157, p=0.400) (Table 4).
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Table 4. Association between D-dimer levels and CTPA-defined embolic distribution among PE-positive
participants

CTPA feature D-dimer summary, median (IQR) Test statistic p value
Most-central embolus | Main: n=7, 9685 (9395-9905) | Kruskal-Wallis H=2.748 0.253
level Lobar: n=12, 9320 (537.5-9522.2)
Segmental/subsegmental: n=12, 9300 (2655-
9457.5)
Laterality Bilateral:  n=20, 9310 (2658.8-9522.2) | Mann-Whitney U=91.5 0.457
Unilateral: n=11, 9380 (4930-9835)
Number of arterial | Correlation between D-dimer level and number | Spearman rank | 0.400
levels involved of involved arterial levels (1-3) correlation=0.157

Analyses were restricted to the 31 participants with CTPA-confirmed pulmonary embolism. D-dimer values are presented
on the measurement scale recorded in the study dataset. CTPA, computed tomography pulmonary angiography; IQR,
interquartile range; PE, pulmonary embolism.

Discrimination of CTPA-confirmed pulmonary embolism

ROC analysis demonstrated moderate discrimination of CTPA-confirmed pulmonary embolism by D-dimer, with an AUC
of 0.729 (95% CI: 0.584-0.874; p=.002). The maximum Youden index identified a data-derived cutoff of >9,210 study-
recorded units, providing 64.5% sensitivity, 97.4% specificity, 95.2% positive predictive value, 77.6% negative predictive
value, and 82.9% overall accuracy. (Figure2)
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Figure 2. Receiver operating characteristic curve showing the diagnostic performance of D-dimer for identifying CTPA-

confirmed pulmonary embolism. The area under the curve was 0.729 (95% CI: 0.584-0.874; p=.002), indicating moderate
discriminatory ability. The diagonal line represents no discrimination.
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DISCUSSION

In this diagnostic-accuracy study performed in a hospital setting, CTPA was used to confirm the diagnosis of acute
pulmonary embolism in 31 of 70 patients (44.3%). Patients with PE had significantly elevated D-dimer levels compared to
those without PE, and moderate discrimination was achieved with ROC analysis (AUC 0.729).

The exploratory threshold of >9,210 study-recorded units had a high specificity (97.4%) and positive predictive value
(95.2%), but a low sensitivity (64.5%).

There was no significant correlation between D-dimer and the most central level of embolus, laterality or the number of
arterial levels involved. The results of this study indicate that D-dimer should be used in conjunction with clinical
evaluation and CTPA and not as a diagnostic or anatomical severity marker.

The high CTPA positivity rate in our cohort probably reflects selective referral of patients with substantial clinical
suspicion. In the Christopher study, van Belle et al. prospectively evaluated 3,306 patients using a dichotomized Wells
rule, D-dimer testing, and CT.

In patients with an “unlikely” clinical probability and a normal D-dimer, PE was excluded without imaging and the three-
month thromboembolic event rate after a negative diagnostic strategy was low. They showed that the structured pathway
was most useful when used in conjunction with formal pretest-probability assessment, and not as a standalone test, for the
use of D-dimer [10].

This principle was extended by the ADJUST-PE study. In patients with non-high clinical probability, Righini et al.
prospectively validated an age-adjusted D-dimer threshold. In patients >75 years of age, age adjustment raised the number
of patients in whom PE could be excluded from 6.4% to 29.7% without any additional false-negative events.

These results differ from our data-derived high threshold, which maximized specificity instead of exclusion sensitivity.
Our threshold was chosen from a small number of participants (70) and was not associated with clinical probability or age,
so should not be considered a rule-out threshold [11].

The use of probability-adapted strategies has also minimized unnecessary CTPA. PE was diagnosed at baseline in 13% of
the 3,465 evaluable patients in the prospective YEARS study. In untreated patients in whom PE was initially ruled out,
0.61% developed symptomatic venous thromboembolism in three months.

The YEARS algorithm did not require CTPA in 48% of patients, whereas the Wells rule and a fixed threshold of 500
ng/mL required CTPA in 34%. These results highlight the need for different thresholds for D-dimer depending on clinical
probability, while our study evaluated biomarker discrimination after patients were referred for CTPA [12].

Likewise, Kearon et al. assessed the PEGeD strategy, with a D-dimer threshold of < 1,000 ng/mL in patients with low
clinical pretest probability and < 500 ng/mL in those with moderate clinical pretest probability. The strategy was safe and
avoided imaging and anticoagulation in appropriately selected outpatients and reduced the use of chest imaging compared
to conventional fixed-threshold strategies.

This is a stark contrast to our exploratory threshold sensitivity of 64.5%, which further supports the notion that a highly
specific threshold may be useful to identify patients at risk for PE, but should not be used as a safe alternative to validated
exclusion pathways [13].

However, our finding of a significantly elevated D-dimer in PE-positive patients is consistent with studies of quantitative
D-dimer levels. Hochuli et al. reported that higher concentrations were correlated with a higher median pulmonary arterial
clot score (11 vs. 5) and a higher percentage of patients with extensive obstruction scores >10 (53% vs. 16%).

Main pulmonary artery thrombi were also more common above this D-dimer level (37% vs. 9%). Our D-dimer levels, on
the other hand, were not significantly different between central embolus level or laterality.

This difference could be due to the smaller number of PE-positive patients, the lack of formal assessment of obstruction
scores, the differences in the assays, and the skewing of many values towards the upper end of the recorded distribution
[14].

A moderate but statistically significant correlation between D-dimer and CTPA clot burden (r=0.36) was also reported by
Jeebun et al. Their study also correlated radiological severity with selected clinical and biomarker variables, indicating that
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D-dimer might be a marker of the overall thrombotic burden, but not sufficiently specific for anatomical localization. Our
correlation with the number of involved arterial levels was less strong and non-significant (rs=0.157), suggesting that
simple counts of involved levels may not be as accurate as validated obstruction indices [15] in reflecting the volume of
thrombus.

Ji et al. compared D-dimer with radiological severity, measured by the Mastora obstruction score, and found a positive
correlation between D-dimer concentration, clot burden, and right ventricular dysfunction on CTPA. Their results suggest
that quantitative obstruction scoring can show associations that are not detected if PE is scored only as main, lobar or
segmental.

The lack of such a relationship in our cohort should not therefore be interpreted as evidence that D-dimer is unrelated to
thrombus burden, but rather that D-dimer did not differentiate the relatively broad anatomical categories used in the present
analysis [16].

Similarly, Geissenberger et al. showed that increased D-dimer levels correlated with established clinical, laboratory and
radiological markers of the severity of acute PE, but were not reliable predictors of long-term outcome. Their analysis
points to an important difference between diagnostic presence, anatomical burden, haemodynamic severity and prognosis.
We studied the first two domains, and found moderate diagnostic discrimination, but no clear anatomical gradient, and did
not evaluate outcomes like right ventricular dysfunction, treatment escalation, recurrence, or mortality [17].

The moderate AUC seen in our cohort is clinically plausible as D-dimer is a marker of fibrin formation and degradation,
and not specific to pulmonary arterial thrombosis. The high overlap of the PE-positive and PE-negative distributions may
be due to other reasons for increased D-dimer in patients referred for imaging.

Other patients with anatomically small or older emboli may have lower levels, however. The high positive predictive value
at the exploratory threshold was also affected by the high prevalence of PE (44.3%) and would likely be lower in lower
prevalence settings.

This study has several strengths. D-dimer sampling was done within 24 hours of CTPA and prior to anticoagulant or
thrombolytic therapy, all examinations were analyzed with a standardized multidetector protocol, and both distributional
and ROC analyses were conducted. The study also explored if D-dimer was a marker of embolic location and extent beyond
the presence of PE.

This study had few limitations also. The single-centre sample was small, with only 31 PE-positive patients, reducing power
for subgroup comparisons. The study did not incorporate a validated pretest-probability score into the diagnostic-accuracy
analysis, and the D-dimer measurement units require explicit clarification before publication.

The data-derived threshold was selected and evaluated in the same cohort and is therefore susceptible to optimism and
should not be recommended clinically without external validation. Embolic burden was classified by anatomical level and
laterality rather than a validated obstruction score, while age-adjusted thresholds, right ventricular findings, clinical
severity, and follow-up outcomes were not evaluated.

CONCLUSION

D-dimer levels were significantly higher in patients with CTPA-confirmed pulmonary embolism and showed moderate
diagnostic discrimination. However, the limited sensitivity of the exploratory threshold and the absence of a consistent
association with embolic distribution indicate that D-dimer should complement, rather than replace, clinical assessment
and CTPA.
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