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ABSTRACT
Background: Pulmonary Embolism (PE) represents a life-threatening medical emergency 
that, given the serious complications, requires urgent application of anticoagulant thera-
py. In addition to other factors that are taken into account when choosing a therapy for 
treatment of PE, the anatomical distribution of thrombi is also considered–whether it is a 
central, lobar, segmental or subsegmental PE. D-dimer is an intermediate product of deg-
radation of fibrin molecules and its values in the plasma are increased in the case of PE, 
but also in other diseases. Objective: To determine whether there is a difference in D-dimer 
values in subjects with different anatomical distribution of PE. Methods: The study includ-
ed 100 subjects with diagnosed PE by using MSCT and/or V/P SPECT and with measured 
values of D-dimer. Results: Out of 100 subjects, PE was not diagnosed in 37 subjects, 
while 63 subjects PE was diagnosed. All subjects with diagnosed PE were divided into 3 
groups regarding the anatomical localization of thrombus: lobar, segmental or subsegmen-
tal. Average D-dimer values were calculated for all 3 groups. Statistical analysis showed 
that there was no significant difference in D-dimer values between subjects with different 
anatomical distribution of PE. Conclusion: There is no significant difference in D-dimer val-
ues between subjects with different anatomical distribution od PE–lobar, segmental and 
subsegmental PE.
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1.	 BACKGROUND
Pulmonary embolism (PE) is a life-threatening medical emergency where 

the main pulmonary arteries and/or their lobar, segmental and subsegmental 
branches are obstructed by thrombotic masses, which leads to compromised 
blood flow. Considering the serious complications of this disease, it is neces-
sary to prescribe therapy as soon as possible, and in most cases the therapy of 
choice is anticoagulant therapy (1, 2).

Choosing the appropriate therapy for the treatment of PE is very demand-
ing and a significant number of factors must be taken into account in order to 
make the right decision that will be the most effective for the patient. In the 
process of choosing therapy, numerous factors are taken into account, such 
as the assessment of the risk of a fatal outcome, the state of liver and renal 
function, the risk of bleeding, comorbidities, the patient’s cooperation, the 
availability of therapeutic options, the existence of risk factors for the occur-
rence of PE and the anatomical distribution of PE (3, 4, 5).

Unfortunately, the clinical presentation together with anamnestic data and 
standard laboratory findings can arouse suspicion of the existence of PE, but 
they do not have sufficient sensitivity and specificity in diagnosing pulmonary 
embolism necessary for the application of anticoagulant therapy (2,6,7,8).

In subjects with clinical suspicion of PE, first step in the evaluation is mea-
suring the level of D-dimer in the blood, as this value is used to select subjects 
who will be referred for further imaging methods.

D-dimer is an intermediate product of the degradation of fibrin molecules 
and its values in the plasma are increased in the case of acute thrombosis due 
to the simultaneous activation of the coagulation and fibrinolysis processes. 
The detection of D-dimer in serum is performed through the detection of 
D-dimer antigen by using tests that bind antibodies to epitopes present on 
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D-dimer molecules and are not present on other inter-
mediate products of fibrin degradation (9).

The two imaging methods with the highest sensitivity 
and specificity, most commonly used in diagnosing PE 
and monitoring the effects of prescribed anticoagulant 
therapy, are Multislice Computed Tomography (MSCT) 
and Ventilation/Perfusion Single-Photon Emission 
Computed Tomography (V/P SPECT) (1).

Based on MSCT and/or V/P SPECT findings, the an-
atomical distribution of the pulmonary artery can be 
classified as central (in the main trunk), lobar, segmental 
and subsegmental.

2.	 OBJECTIVE
The aim of this study was to determine whether there 

is a difference in D-dimer values in subjects with differ-
ent anatomical distribution of PE.

3.	 METHODS
The prospective study conducted at the Clinical Cen-

ter University of Sarajevo included 100 consecutive 
adult subjects with preserved renal function in whom 
the competent clinician suspected the presence of PE 
and who underwent to D-dimer, MSCT and/or V/P 
SPECT examination within 48 hours.

The study did not include minors, pregnant women 
and subjects with impaired renal function (creatinine 
clearance <60 ml/min).

The subjects with clinically suspected PE and elevat-
ed D-dimer values were referred for MSCT and/or V/P 
SPECT examination of the thoracic organs. MSCT and/
or V/P SPECT examination were performed only in 
subjects with pathological D-dimer values, considering 
that the negative predictive value of D-dimer is high and 
normal D-dimer values in the blood indicate a low prob-
ability of PE, i.e. in the case of a normal D-dimer values 
it is practically possible to rule out PE.

All MSCT examinations were performed on a ma-
chine with 64 or more rows of detectors. After obtaining 
the topogram and determining the scanning field that 
covers the area of the thoracic organs from the tops to 
the bases of the lungs, a contrast series of scans com-
menced. Iodine-based contrast agent was applied with 
an automatic syringe in the amount of 80 to 100 ml, 
depending on the subject’s body weight, at a rate of 4 
mL/S. The following parameters were used for scanning: 
SMART PREP technique, breath-hold scanning in layers 
of 0.5 mm (120 kV, 250 mA, gantry rotation time 0.75 
s). If, during the analysis of the scans, the existence of 
a partial or complete defect in the contrast filling in the 
pulmonary arteries and their branches was determined, 
the examination was classified as positive for PE (11).

V/P SPECT examinations were performed according 
to a one-day standardized protocol recommended by 
the European Association of Nuclear Medicine (8). As 
the first part of the examination, ventilation tomography 
was performed with previous inhalation of Technegas. 
Immediately after the completed ventilation tomogra-
phy, perfusion tomography was performed, after the 
application of Tc-99m-MAA. Acquisition–Ventilation: 

30-50 MBq of Technegas; Acquisition–Perfusion: 100-
120MBq 99mTc MAA. A wide-field gamma camera 
with a low-energy, high-resolution collimator with the 
following parameters was used for acquisition: matrix 
size 64 x 64, 128 projections/360°; duration: 10 sec/
frame-V; 5sec/frame P. The analysis of V/P SPECT find-
ings was performed according to the interpretation cri-
teria of the European Association of Nuclear Medicine 
(5). The examination was classified as positive for PE if 
at least one segmental perfusion defect or two subseg-
mental perfusion defects were observed, while at the 
same time ventilation was preserved in the same region/
regions–“mismatch”.

Subjects with PE confirmed by at least one of the im-
aging methods (MSCT and V/P SPECT) were classified 
as positive for the presence of PE.

Based on the location of thrombus in main pulmonary 
arteries and/or their lobar, segmental and subsegmen-
tal branches on MSCT examination and/or location of 
the mismatch, the anatomical distribution of pulmonary 
embolism was classified as PE involving the main pul-
monary artery trunk (central) or lobar artery or segmen-
tal or subsegmental. In the case of mixed distribution of 
PE, we took into account the more central anatomical 
distribution.

D-dimer values were measured on a Siemens BCSXP 
device (Siemens Healthneers) using the Innovance D-di-
mer calibrator CA-600 System. D-dimer values higher 
than 0.55 (mg/L) were considered pathological (refer-
ence interval: 0.00 – 0.55 mg/L).

For statistical analysis of the results the Microsoft Ex-
cel 365 (Microsoft Corporation, Redmond, Washington, 
USA) and IBM SPSS ver. 26.0 (IBM, Armonk, New York, 
USA) software was used. The significance level α = 0.05 
was chosen, and p values lower than this were consid-
ered statistically significant.

The results consisted partly of nominal variables and 
partly of ordinal variables. However, most of the collect-
ed data belong to the group of continuous variables. The 
median (x̃) was used as a measure of their central ten-
dency, and the interquartile range (ΔQ) was used as a 
measure of dispersion, given that the distribution does 
not follow a normal distribution.

The Mann-Whitney U test was used to compare 
groups of independent data that do not follow a normal 
distribution.

4.	 RESULTS
A total of 100 clinically suspected PE subjects based 

on pathological values of D-dimer who undergone to 
MSCT and V/P SPECT imaging studies were included 
in the study.

Out of the total number of subjects, 45 were male and 
55 were female. The number of male subjects did not 
differ significantly from the number of female subjects 
(binomial test, p = 0.368).

The median age of the subjects was 60 years (ΔQ = 
26), with no significant differences between men and 
women (Mann-Whitney U test, p = 0.521).
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Of the total number of subjects included in the study 
(n = 100), 37 of them were not diagnosed with PE, while 
63 subjects were diagnosed with PE and underwent an-
ticoagulant treatment (Figure 1).

All subjects with diagnosed PE were divided into 3 
groups: a group of subjects with confirmed lobar PE, 
a group of subjects with confirmed segmental PE and 
a group of subjects with confirmed subsegmental PE, 
based on the finding of imaging methods. In our study 
we didn’t have patients with PE in main pulmonary ar-
tery. Average D-dimer values were calculated for all 3 
groups (Table 1).

Through subsequent analysis of D-dimer values in the 
subjects included in the study, we observed that there is 
no significant difference in D-dimer values among pa-
tients with lobar, segmental and subsegmental pulmo-
nary embolism (Mann-Whitney U test).

5.	 DISCUSSION
All subjects included in our study had elevated D-di-

mer values. One of the basic clinical criteria for sus-
pecting PE and inclusion in the study, in addition to 
symptomatology, was elevated D-dimer values. The sen-
sitivity of D dimer for diagnosing PE is 96.4%, while the 
negative predictive value is 99.6% (12, 13, 14), i.e. normal 
D-dimer values practically exclude the possibility of PE.

Based on subsequent analysis of D-dimer values in 
subjects included in the study, we observed that there is 
no significant difference in D-dimer values between sub-
jects with different anatomical distribution od PE (lobar, 
segmental and subsegmental PE). This result is in accor-
dance with the results of small number of researchers 
who didn’t find the correlation between plasma levels of 
D-dimer and between the location of thrombus (15). On 
the other hand, the majority of researchers have found 
a strong correlation between plasma  d-dimer concen-

tration and embolus location; furthermore, their data 
indicate that the accuracy of d-dimer measurement to 
exclude PE depends strongly on embolus location (16, 
17, 18). 

The discrepancy between our results and data from the 
literature can be explained by the relatively small num-
ber of subjects included in the study, as well as by the 
fact that D-dimer values can be elevated in numerous 
other conditions (deep venous trombosis, disseminated 
intravascular coagulation (DIC), acute aortic dissection, 
aortic aneurysm, peripheral arterial disease, coronary 
artery disease, acute myocardial infarction, stroke, ma-
lignant diseases, inflammation, bleeding, trauma, sur-
gical procedures and necrosis), not only in pulmonary 
embolism.

6.	 CONCLUSION
Based on analysis of D-dimer values in subjects with 

different anatomical location of thrombus, we observed 
that there is no significant difference in D-dimer values 
between subjects with different anatomical distribution 
od PE–lobar, segmental and subsegmental PE.
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