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Abstract. D-dimer levels correlate with the extent of pulmo-
nary embolism (PE) on computed tomography pulmonary 
angiography (CTPA), but the use of D-dimer alone for 
screening and diagnosing PE remains controversial. This 
study compared the utility of plasma D-dimer levels for 
diagnosing PE with that of CTPA (gold standard). This 
was a retrospective analysis of 32 consecutive patients with 
suspected PE at the Affiliated Hospital of Yan'an University 
between OctoberC 2010 and March 2011. Blood was sampled 
before thrombolytic therapy was administered. D-dimer 
levels were measured using an automatic system. CTPA 
was used to diagnose PE and was performed within 48 h 
of blood sampling using a Siemens Somatom Sensation 64 
computed tomography (CT) scanner. ROC curve analysis was 
performed to evaluate the diagnostic utility of D-dimer levels, 
with CTPA as the gold standard. Among the 32 patients, 
CTPA identified 26 patients with PE and 6 patients without 
obvious abnormality. Using a threshold value of 1.3 µg/ml 
for D-dimer level, the diagnosis of PE was achieved with a 
sensitivity of 96.2%, specificity of 50.0%, positive predic-
tive value of 89.3%, negative predictive value of 75.0% and 
accuracy of 87.5%. D‑dimer levels were significantly higher 
in patients positive for PE on CTPA than in those negative 
for PE on CTPA (9.85±7.14 vs. 2.82±2.65 µg/ml, P=0.001). 
Based on ROC curve analysis, the optimal threshold value 
for D-dimer level in the diagnosis of PE was 1.9 µg/ml. To 
conclude, D-dimer could be a simple, fast and inexpensive 
screening method for excluding a diagnosis of PE.

Introduction

Pulmonary thromboembolism, or pulmonary embolism (PE), 
is a clinical and pathophysiological syndrome resulting from 
obstruction of a pulmonary artery or its branches by emboli 
from the venous system or right heart, causing dysfunction of 
the pulmonary circulation and respiratory system (1,2). The 
incidence of PE in the USA and Europe is 60-75 per 100,000 
persons per year (3-6). The incidence of PE is thought to be 
lower in Asia (7,8), but recent data suggest that the incidence and 
causes of PE may be similar between Chinese and Caucasian 
populations (9). Hospitalization and childbirth (i.e., the post-
partum period) increase the risk of PE (10-12). Nevertheless, 
PE is a dangerous condition (2) that leads to significant right 
heart dysfunction (13), and the 30-day all-cause mortality is 
13% (14). A major issue in the diagnosis of PE is that some 
symptoms (such as dyspnea, chest pain, cough and/or fever) 
are not specific to PE and may be obscured by symptoms 
caused by another condition (2,15-17).

At present, the main methods used for the diagnosis of PE 
are laboratory investigations and imaging. Digital subtraction 
angiography (DSA) of the pulmonary artery is considered 
the most accurate (gold standard) method for diagnosing 
PE (2,15-17). Nevertheless, DSA is an invasive technique that 
is associated with complications, cannot show emboli in the 
peripheral branches of a pulmonary artery, and cannot be 
repeated many times because of its invasiveness. Therefore, 
DSA is not the first choice method for screening or diagnosing 
PE (2,16).

Recent developments in computed tomography (CT) have 
led to multi-slice spiral CT being adopted in clinical practice 
for the diagnosis of PE, and CT is now favored over DSA (2). 
Great improvements in temporal resolution and scanning 
speed have resulted in CT pulmonary angiography (CTPA) 
now being widely used in the diagnosis of PE (18-23).

D‑dimer is a fibrin degradation product generated from 
blood clot degradation by fibrinolysis (24). Blood D-dimer 
levels can be used to help diagnose thrombosis (24). Previous 
studies reported that D-dimer levels in patients with acute PE 
are increased significantly (25-27). Nevertheless, some contro-
versies still exist about the use of D-Dimer for diagnosing 
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PE, including the optimal threshold value that should be 
used and issues relating to other causes of elevated D-dimer 
levels (28,29). Some studies suggested that D-dimer could 
be used alone for PE screening, avoiding unnecessary CTPA 
scans (30,31). In addition, D-dimer levels correlate with the 
extent of PE on CTPA (32). Nevertheless, the use of D-dimer 
alone is still controversial, and additional studies are still 
necessary to determine the cut-off point of the D-dimer level 
that should be used in the diagnosis of PE. Therefore, the aim 
of the present study was to conduct a comparative analysis of 
plasma D-dimer levels and CTPA for the diagnosis of PE and 
to determine the optimal threshold for D-dimer level, using 
CTPA as the gold standard.

Materials and methods

Study design and subjects. This was a retrospective analysis 
of 32 consecutive patients with suspected PE at the Affiliated 
Hospital of Yan'an University between October 2010 and 
March 2011. This study was approved by the ethics committee 
of the Affiliated Hospital of Yan'an University. The need for 
individual consent was waived by the committee because of 
the retrospective nature of the study.

The inclusion criteria were: Symptoms of acute chest pain 
and dyspnea; and a suspected diagnosis of PE. The exclusion 
criteria were: Past history of PE; anticoagulation therapy 
received before blood sampling; known allergy to the contrast 
agent used for CTPA; hepatic or renal dysfunction; unable to 
cooperate with the examinations; and data required for the 
analysis were missing from the medical records.

Plasma D‑dimer levels. Blood sampling was done before any 
thrombolytic therapy was administerd. Plasma D-dimer levels 
were measured using a CA-7000 automatic coagulation instru-
ment (Sysmex Corporation, Kobe, Japan), and the assay was 
based on the latex agglutination test. The positivity threshold 
was 1.3 µg/ml.

CTPA. CTPA was performed after blood sampling using 
a Siemens Somatom Sensation 64 CT scanner (Siemens 
Healthineers, Erlangen, Germany); the interval between the 
two examinations was less than 48 h. Non-ionic water-soluble 
iodinated contrast agent (Ultravist 370 mgI/mg) was injected 
at a dose of 1.2-1.5 ml/kg and a rate of 3.5-4.0 ml/s using a 
Stellant D high pressure injector (Medrad Inc., Warrendake, 
PA, USA). Each patient was placed in the supine position on the 
examination bed with both arms above his/her head. Scanning 
was performed from the bottom of the lungs to the apex of the 
lungs during a single breath hold. The scanning parameters 
were: 120 kV, 85-160 mA, rotation time 0.33 sec, pitch 1.0, 
and matrix 512x512. Time-density curves were obtained for 
all patients.

Image post‑processing. Standard reconstruction of the 
original images was carried out for all included cases. The 
reconstructed images had a layer thickness of 0.6 mm and 
an interval of 0.4 mm. The mediastinal window (window 
width 350 HU, window level 50 HU), lung window (window 
width 1,200 HU, window level -500 HU) and PE window 
(window width 1,000 HU, window level 400 HU) were 

reconstructed (33). All data were transmitted to a Leonardo 
workstation (Siemens Healthineers), and 3D imaging software 
was used for post-processing, which included multiple planar 
reformation (MPR), maximum intensity projection (MIP) and 
volume rendering (VR).

Image analysis. All images were analyzed using a Leonardo 
workstation (Siemens Healthineers). The axial lung paren-
chyma, mediastinum, great cardiac vessels, inferior phrenic 
artery, posterior intercostal artery, bronchial artery and internal 
thoracic artery were observed by two experienced radiologists, 
and lesion site, shape, size, number and density were recorded. 
In the case of discrepancy, consensus was reached through 
discussion with a third party (an associate chief physician).

Statistical analysis. Continuous data were tested for a normal 
distribution using the Kolmogorov-Smirnov test. Normally 
distributed continuous data are presented as means ± standard 
deviations. Categorical data are presented as frequencies. 
Contingency tables were constructed to evaluate the accuracy 
of using the D-dimer level to diagnose PE, with CTPA as the 
gold standard. Receiver operating characteristics (ROC) curve 
analysis was carried out to validate the results. Analyses were 
carried out using SPSS v.13.0 (SPSS Inc., Chicago, IL, USA). 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Clinical characteristics of the subjects. The present study 
included 16 males and 16 females with an average age of 
58.5±16.6 years (range, 21 to 90 years). The main symptoms 
were chest pain, with or without cough, shortness of breath and 
dyspnea. Among the 32 patients, there were six patients with 
deep vein thrombosis, seven patients with a recent surgical 
history (four patients with a history of general surgery, two 
with a history of orthopedic surgery and one with a history 
of urologic surgery), two patients in the postpartum period, 
three patients with a history of coronary heart disease, and 
12 patients with a history of smoking (Table I). CTPA was 
used for the diagnosis of PE: Among the 32 patients, there 
were 26 patients with PE and six patients without obvious 
abnormality. No patients had an allergic reaction to the 
contrast agent.

Sites of PE. A total of 576 pulmonary arteries were examined 
in the 32 patients. As seen in Fig. 1, PE was most commonly 
observed in the medial, lateral, anterior and posterior basal 
segmental arteries of the right lung, the anterior, lateral and 
posterior basal segmental arteries of the left lung, and the 
dorsal segmental artery of the left lung.

Comparison of D‑dimer levels and CTPA results. Table II 
presents a comparison of the results of D-dimer level measure-
ments (with a positive result defined as a plasma D‑dimer level 
>1.3 µg/ml) and CTPA. There was no significant difference 
in the diagnosis of PE between the D-dimer test and CTPA. 
Using CTPA as the gold standard, D-dimer had a sensitivity 
of 96.2%, a specificity of 50.0%, a positive predictive value of 
89.3%, a negative predictive value of 75.0%, and an accuracy 
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of 87.5% for the diagnosis of PE. Plasma D-dimer level 
>1.3 µg/ml was defined as positive.

Comparison of plasma D‑dimer levels between patients posi‑
tive and negative for PE on CTPA. Among the 32 patients, 
there were four patients with D-dimer levels in the normal 
range (i.e., ≤1.3 µg/ml) and 28 patients whose D-dimer levels 
were >1.3 µg/ml. D‑dimer levels were significantly higher in 
patients with a positive CTPA diagnosis of PE than in patients 
negative for PE on CTPA (9.85±7.14 vs. 2.82±2.65 µg/ml, 
P=0.001; Table III).

Analysis of the correlation between the maximal 
cross‑sectional area of the obstructed blood vessel and the 
D‑dimer level. As shown in Table IV, there was no correlation 
between plasma D-dimer level and the maximal cross-sectional 
area of the obstructed blood vessel.

Methodological evaluation of D‑dimer concentration test in 
the diagnosis of PE. Based on the ROC curve analysis (Fig. 2), 
the best threshold value of D-dimer was 1.9 µg/ml for the 
diagnosis of PE, with an area under the curve (AUC) of 0.84. 
Using this threshold, the expected negative predictive value 
was the highest, at 75%.

Representative CTPA images. Representative CTPA images 
are shown in Fig. 3. In the present study, there were four 
patients without obvious change in the lung parenchyma, two 
with scar‑like changes in the lung tissues, fifteen with pulmo-
nary infarction, one with non-pulmonary infarction exudation, 
one with mosaic attenuation of the lung parenchyma, four with 
pleural effusion, and two with pericardial effusion.

Discussion

D-dimer levels correlate with the extent of PE on CTPA, but 
the use of D-dimer alone for the screening and diagnosis of 
PE is still controversial (28,29). Notably, there is a paucity of 

data regarding the utility of D-dimer for the diagnosis of PE 
in the Chinese population, and the optimal threshold value 
for Chinese individuals has yet to be established. Therefore, 
this study aimed to conduct a comparative analysis of plasma 
D-dimer levels and the results of CTPA (gold standard) in 
a cohort of Chinese patients with suspected PE. Our novel 
findings revealed that 1.9 µg/ml may be the optimal cut‑off 
value for D-dimer when screening for PE in the Chinese 
population. Furthermore, the sensitivity of the D-dimer test 
for PE was very high (approaching 100%). The results suggest 
that D-dimer could be a simple, fast and inexpensive method 
for excluding a diagnosis of PE.

PE is the third most common acute cardiovascular disease, 
after myocardial infarction and stroke. Thousands of people 
die of PE each year because they are not diagnosed and treated 
in time. If they could be treated in time, the fatality rate could 
be reduced (34). The incidence of PE is thought to be lower in 
Asia than in western countries (7,8), but recent data suggest that 
the incidence and causes of PE are similar between Chinese 
and Caucasian populations (9). A previous study showed an 
increase in the incidence of PE from the south to the north of 
China (11), similar to a trend in the incidence of stroke and 
myocardial infarction (11). This variation is probably due to 
differences in the prevalence of hypertension, dyslipidemia, 
obesity and diabetes between regions (35). In the northern 
Shaanxi Province of China, the fatality rate and misdiagnosis 
rate of PE are much higher than national levels due to cultural 
and economic constraints. Clinical symptoms and laboratory 
investigations have low sensitivity and specificity for the diag-
nosis of PE (2,15-17), and often only the detection of plasma 
D-dimer levels is used (25-27). Therefore, imaging remains a 
good method for the diagnosis of PE, but access to imaging 
systems, costs, radiation exposure and the invasiveness of angi-
ography limit their use in developing countries such as China. 
In addition, the sensitivity of CTPA is limited by respiratory 
motion artifact, overweight resulting in low signal-to-noise 
ratio, pulmonary artery catheterization artifact and artifact 
caused by uneven mixing of contrast agent in the lumen of the 
pulmonary artery. The scanning technique also has limitations 
related to the settings used for window width and position, 
superior vena cava artifact caused by the beam hardening 
phenomenon, lung window algorithm artifact and stepladder 
artifact. Anatomical factors (perivascular lymph nodes, illu-
sion of vascular bifurcation and unfilled pulmonary vein 
around the pulmonary artery) and pathological factors (mucus 
plug in the trachea, edema around the walls of blood vessels, 
localized increase in pulmonary artery resistance, pulmonary 
artery stump thrombosis, primary pulmonary artery sarcoma 
and other tumor thrombi) also affect CTPA (21). Therefore, 
even if CTPA has shown good diagnostic value for PE (18-23), 
it remains imperfect; hence, more convenient and rapid 
approaches are needed.

D-dimer is a small dimer produced by plasmin, and the 
D-dimer content of normal human plasma is very low. A 
variety of diseases associated with coagulation events can 
increase D-dimer levels, and the plasma level of D-dimer 
is increased when thromboembolism occurs (24), such as 
PE (25-27). Perrier et al (25), reported that D-dimer had 99.5% 
sensitivity and 41.0% specificity for PE when using CT or DSA 
as the gold standard. A meta-analysis by Crawford et al (26), 

Table I. Characteristics of the 32 patients with suspected PE.

Characteristics n

Deep vein thrombosis 6/32
Recent surgery 7/32
Postpartum period 2/32
Trauma 2/32
Bedridden 1/32
Chest pain 5/32
Dyspnea 1/32
Shortness of breath 13/32
Hemoptysis 2/32
Fever 2/32
Cough and expectoration 4/32
Incidental finding in abdominal CT scan 2/32

PE, pulmonary embolism; CT, computed tomography.
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showed that the estimated sensitivity of D-dimer for PE ranged 
between 80‑100%, while specificity ranged between 23‑63%. 
In addition, the diagnostic thresholds may vary among 
different populations of patients (26) and with age (36,37). 
Schutgens et al (38), found that D-dimer could be used as the 
preferred screening method for PE, since its high sensitivity 
meant that negative results could exclude PE. In the present 
study, using CTPA as the gold standard, D-dimer had 96.2% 
sensitivity, 50.0% specificity and 87.5% accuracy for the 
diagnosis of PE. The reported specificity of D-dimer has 
varied somewhat between published studies, but in general 
ranged from 23-63% in studies that used cut-off values of 
0.5-1.2 µg/ml (25,26,30). Importantly, the specificity varies 
with the D‑dimer cut‑off value chosen; for example, one study 
reported a specificity of 41% for a threshold value of 0.5 µg/ml 
and 93% for a threshold value of 4 µg/ml (25). Therefore, our 
finding of a specificity of 50% for a cut‑off value of 1.3 µg/ml 
is entirely consistent with these previous studies.

The exact D-dimer threshold for the diagnosis of PE is still 
controversial (28,29). Indeed, as stated above, a meta-analysis 

showed that the diagnostic thresholds may vary among 
populations of patients (26). Our center defines high D‑dimer 
levels as >1.3 µg/ml, but the ROC curve analysis suggested 
that 1.9 µg/ml was the optimal threshold for the diagnosis of 
PE in our patient sample. The determination of an optimal 
threshold value (1.9 µg/ml) that was lower than the average 
plasma D-dimer level in patients negative for PE on CTPA 
(2.82±2.65 µg/ml) reflects the wide range of D‑dimer levels 
measured both in patients positive for PE on CTPA and those 
negative for PE on CTPA (as is evident from the standard 
deviations for both groups). For example, although only one of 
the 26 patients positive for PE on CTPA had a D-dimer level 
≤1.3 µg/ml, three of the six patients (50%) negative for PE on 
CTPA had a D-dimer level >1.3 µg/ml (Table II). There are, of 
course, many reasons why patients negative for PE on CTPA 
might have an elevated D-dimer level, including the presence 
of other medical conditions (such as deep vein thrombosis, 
malignancy, sepsis, acute coronary syndrome, acute aortic 
syndrome, trauma, recent surgery and pregnancy) (39) and 
the failure of CTPA to detect PE in segmental branches 

Figure 1. Number of pulmonary embolisms. (A) Right lung. (B) Left lung. R: Right main pulmonary artery; RA: Superior lobar artery of the right lung; 
RB: Middle lobar artery of the right lung; RC: Inferior lobar artery of the right lung; R1: Apical segmental artery of the superior lobe of the right lung; R2: 
Anterior segmental artery of the superior lobe of the right lung; R3: Posterior segmental artery of the superior lobe of the right lung; R4: Medial segmental 
artery of middle lobe of the right lung; R5: Lateral segmental artery of the middle lobe of the right lung; R6: Dorsal artery of the inferior lobe of the right 
lung; R7: Medial basal segmental artery of the inferior lobe of the right lung; R8: Anterior basal segmental artery of the inferior lobe of the right lung; R9: 
Lateral basal segmental artery of the inferior lobe of the right lung; R10: Posterior basal segmental artery of the inferior lobe of the right lung; L: Left main 
pulmonary artery; LA: Superior lobar artery of the left lung; LC: Inferior lobar artery of the left lung; L1: Apicoposterior segmental artery of the left lung; L2: 
Anterior segmental artery of the left lung; L3: Superior lingular segmental artery of the left lung; L4: Inferior lingular segmental artery of the left lung; L5: 
Dorsal segmental artery of the left lung; L6: anterior basal segmental artery of the left lung; L7: Lateral basal segmental artery of the left lung; L8: posterior 
basal segmental artery of the left lung.
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(i.e., a false negative CTPA diagnosis). Notably, deep vein 
thrombosis, recent surgery, recent pregnancy and a history of 
coronary heart disease were reported in some of the patients 
in the present study. ROC curve analysis identifies the optimal 
threshold based on the Youden index, thus the optimal cut‑off 
point is where the sum of the sensitivity and specificity is 
maximal. It so happens that this threshold in our cohort is 
1.9 µg/ml. The existence of numerous causes of elevated 
D‑dimer levels likely underlies the low specificity of D‑dimer 
for PE.

A previous study showed that D-dimer levels correlate 
with the extent of PE on CTPA (32). In the present study, no 
correlation was observed between the maximal surface area 
of the embolized artery and D-dimer level. This discrepancy 
could be due to the methods used to assess the extent of PE.

CTPA has been proposed as a first‑line investigation for 
the diagnosis of PE. MPR, MIP, VR and other post-processing 
techniques are widely recognized as a valid alternative to the 
DSA gold standard (40). The present study found that CTPA 
had notable advantages in the diagnosis of PE. Indeed, CTPA 
is able to visually display the number, location, size, shape and 

other characteristics of the emboli as well as show changes 
in the lung tissues after embolization. Moreover, for cases 
without embolism, it is possible to obtain valuable information 
about the clinical condition of the lungs and the presence of 
macroangiopathy, which can explain the clinical symptoms 
and signs. On the other hand, the detection of D-dimer is 
convenient, rapid and inexpensive, making it a good PE 
screening tool (41). Nevertheless, because of its low speci-
ficity (26), it cannot be used to make a definitive diagnosis of 
PE. A previous study had reported that the plasma D-dimer 
level was closely related to the position and size of the embo-
lism (42). In addition, although CTPA could easily detect 
emboli in the main pulmonary artery, it could miss emboli in 
segmental branches, whereas the D-dimer level was elevated 
in both cases (42). Therefore, we believe that the combination 
of CTPA and D-dimer can effectively improve the accuracy of 
PE diagnosis and reduce the rate of misdiagnosis.

Certainly, there were some limitations. The sample size 
was small and the number of patients with negative CTPA 
was small. In addition, because most patients suffered from 
shortness of breath and dyspnea, ECG-gated CTPA was not 
performed, and observation of the pulmonary artery near the 
heart was affected by the heartbeat. Moreover, X-ray expo-
sure during CTPA scanning is an important issue, and future 
studies should focus on avoiding high radiation doses. Also, 

Figure 2. ROC curve analysis of the utility of plasma D-dimer level in the 
diagnosis of PE. PE, pulmonary embolism.

Figure 3. (A) Lung window showing that the field transmittance of the two 
lungs was uneven. (B) Embolism in the superior segmental artery of the 
posterior lobe of the right lung; scar‑like changes can be seen in the right 
upper lung. (C) Oblique axis MPR image showing complete embolization of 
the lateral basal segmental artery of the left lower lung and distal infarcted 
lung tissue. MPR, multiple planar reformation.

Table II. Comparison of D-dimer levels and the diagnostic 
results of CTPA.

 CTPA
 -------------------------------------------------------------------------
D-dimer + - Total

+ 25 3 28
-   1 3   4
Total 26 6 32

CTPA, computed tomography pulmonary angiography.

Table IV. Analysis of the correlation between the maximal 
cross-sectional area of the obstructed blood vessel and the 
plasma D-dimer level.

 Mean ± standard deviation r P

S (mm2) 1.00±0.47 0.17 0.435
D-dimer (µg/ml) 10.16±6.61

S, maximal cross-sectional area of the obstructed blood vessel. 

Table III. Differences in plasma D-dimer levels between 
patients with positive and negative CTPA findings.

CTPA n D-dimer (µg/ml) P

Positive 26 9.85±7.14 0.001
Negative   6 2.82±2.65 

CTPA, computed tomography pulmonary angiography.
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DSA was not performed to confirm the cases of PE. Finally, the 
study was retrospective in design, so may have been prone to 
selection bias and information bias; it also cannot be excluded 
that unknown confounders influenced our results. However, 
it should be noted that information regarding D-dimer level 
and the diagnostic results of CTPA could be reliably obtained 
from the medical records, hence information bias was likely 
minimal. Furthermore, a retrospective design is often used a 
first step in the determination of optimal cut‑off values for a 
biomarker (43). Additional studies are needed to confirm the 
optimal cut-off value and validate the use of D-dimer levels in 
the diagnosis of PE in the Chinese population.

In conclusion, measurement of plasma D-dimer level 
could be a simple, fast and inexpensive method for excluding 
a diagnosis of PE. Detection of plasma D-dimer levels could 
avoid unnecessary CTPA examinations and facilitate the early 
instigation of treatment for PE, thus improving the prognosis 
of patients.
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