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INTRODUCTION

Deep vein thrombosis (DVT) can cause significant mor-
bidity and mortality associated with pulmonary embolism 
(PE) or post-thrombotic syndrome (PTS). Earlier ago, the 
mainstay of treatment for acute DVT was anticoagulation 

therapy with heparin and warfarin [1], and the laterality or 
extent of DVT was not a consideration in the selection of 
the treatment modality [1,2]. Although standard anticoagu-
lation therapy is the mainstay of treatment, the use of cath-
eter-directed thrombolytic therapy (CDT) and percutaneous 
mechanical thrombectomy can decrease the early problem 
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of leg edema and pain and might reduce the development 
of long-term post-thrombotic sequelae of iliofemoral (IF) 
DVT [2,3]. 

May–Thurner syndrome is three-to-eight times more 
frequent on the left side than on the right [4,5] and ac-
counts for approximately 50%-60% of the cases of left IF 
DVT [6,7]. This condition is considered as one of the main 
contributors to the left-sided predominance of DVT in the 
lower extremity [8-10]; thus, correction of the mechanical 
compression is often necessary for patients with left-sided 
DVT to reduce the risk of recurrent DVT and PTS [11]. CDT 
is indicated only for extensive proximal DVT because of the 
increased risk of major bleeding events [12]. Therefore, the 
laterality or proximal extent of DVT needs to be considered 
before establishing a treatment plan. 

Massive PEs associated with DVT can lead to mortality 
[13]. Acute PE that is not detected and treated promptly 
is associated with a high rate of mortality [14]. Several as-
sessment tools, such as the Wells score and revised Geneva 
score, can be used to confirm suspected DVT and PE [15,16]. 
However, only a few studies have addressed the association 
between the laterality or the location of DVT and the prob-
ability of occurrence of PE. We postulated that the risk of 
occurrence of PE is relatively higher in patients with right-
sided DVT because left-sided DVT is more frequently as-
sociated with iliac vein compression, which might prevent 
embolization of the thrombus. Therefore, the present study 
aimed to determine the anatomical distribution of DVT and 
the probability of occurrence of PE based on the distribu-
tion of DVT. 

MATERIALS AND METHODS

1) Patients

We collected the data of patients diagnosed with DVT of 
the lower extremities from 2006 to 2015 at a single tertiary 
hospital, and subjects whose computed tomography (CT) 
images were available for the detection of PE were included 
in the study. The cases were extracted from our own reg-
istry data. The diagnosis of DVT was made by checking the 
venous compressibility and luminal color filling on Doppler 
ultrasonography and measuring the serum D-dimer level; 
levels less than 0.5 μg/dL were considered as indicators of 
chronic thrombi and were excluded from the study. For cas-
es diagnosed with DVT, CT was performed to check for PE 
if there was no contraindication, such as allergy to the con-
trast medium or renal dysfunction. Following the diagnosis, 
blood samples were obtained to test for thrombophilia, and 
anticoagulation therapy was administered immediately. In 
line with the treatment policy of our hospital, thrombolysis, 

stent placement, and inferior vena cava filter were applied 
in patients in whom this treatment was indicated. The in-
dications for thrombolysis with or without iliac vein stent 
were proximal vein thrombosis above the inguinal ligament, 
age less than 60 years, and duration since the onset of 
symptoms less than 2 weeks.

Bilateral DVTs were excluded from the analysis of later-
ality. The location of DVT was classified as right/left and 
iliac/femoral/popliteal/calf according to the most proximal 
location of the thrombi. PE was classified according to the 
involved arteries: main, lobar, segmental, or subsegmental 
artery (Fig. 1). The correlation between the laterality and 
the location of DVT and PE was investigated. Compression 
of the left iliac vein was defined as the left iliac vein being 
compressed between the right iliac artery and the 5th ver-
tebral body, confirmed by CT. 

2) CT imaging

A uniform protocol was followed for CT pulmonary ar-
teriography and indirect venography using a 256 multi-
detector scanner (Brilliance iCT; Philips Healthcare, Cleve-
land, OH, USA). The CT pulmonary arteriography technique 
involved the administration of 100 mL of iodinated contrast 
(Iomeron; Bracco, Milano, Italy) followed by 50 mL of nor-
mal saline at the rate of 3 mL/sec through a cannula in the 
arm using an automated injector. The patients were placed 
in the supine position, and a helical CT scan of the thorax 
was performed during maximal inspiration in a caudocra-
nial direction (100 mA, 120 kV with automated Z-axis dose 
modulation) with 1.5-mm axial image reconstruction. For 
image acquisition, scanning of the thorax was scheduled 
and performed immediately after the injection of the con-
trast bolus. Indirect CT venography imaging was performed 
180 sec after the completion of intravenous contrast injec-
tion, and images pertaining to the region extending from 
the iliac crests to the tibial plateaus were obtained. Non-
contiguous axial scanning was performed in a craniocaudal 
direction (150 mA, 120 kV) with a 5-mm collimated slice. 
The CT was evaluated by two radiologists, and the values 
used in this study were reviewed by two vascular surgeons 
and recorded based on their consensus.

PE score was calculated to quantify the severity of PE; 4, 
3, 2, and 1 points were assigned for PE in the main pulmo-
nary trunk or artery, lobar arteries, segmental arteries, and 
subsegmental arteries, respectively (Fig. 1).

3) Data analysis

Continuous variables (such as PE scores) were compared 
using the Student t-test or Mann–Whitney U-test, while 
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categorical variables, including the correlation between DVT 
and PE, were assessed using the χ2 test or Fisher exact test 
as appropriate. Descriptive statistical values are presented as 
means with standard deviations. SPSS ver. 21.0 (IBM corp., 
Armonk, NY, USA) was used for all statistical calculations. All 
P<0.05 were considered statistically significant. 

4) Ethical considerations

This study was approved by the Institutional Review 
Board of Ulsan University Hospital (IRB number: UUH-
2020-03-053) and complied with the principles of the Dec-
laration of Helsinki. The requirement for informed consent 
was waived due to the observational nature of the study.

RESULTS

During the study period, we identified 452 patients with 
DVT, the CT scans of 388 of whom were available. After ex-
cluding 32 cases with bilateral involvement, 356 cases were 
included in the final analysis. The mean age of the patients 
was 63.5±15.6 years (range, 12-98 years), and 191 patients 
(53.7%) were female. There were 232 cases with left-sided 
DVT (65.2%) and 124 cases with right-sided DVT (34.8%). 
The clinical characteristics of patients with DVT are sum-
marized in Table 1. The duration of anticoagulation therapy 

was one year for patients with unprovoked DVT and 6 
months for those with provoked DVT. CDT was performed 
in 13 limbs, and iliac stenting was performed in 10 cases. 
Surgical thrombectomy was performed in 6 cases with 
phlegmasia cerulea dolens. No patient exhibited clinical 
symptoms or signs suggestive of massive PE or right heart 
failure. The location of DVT is summarized in Table 2.

The incidence of PE according to the DVT laterality is 

Table 1. Clinical characteristics of patients with deep vein 
thrombosis (n=356)

Clinical characteristic Number

Age (y) 64 (12-98)

Sex, female 191 (53.7)

Immobilization 96 (27.0)

Surgery related 78 (21.9)

Malignancy related 69 (19.4)

Trauma related 27 (7.6)

Thrombophilia 93 (26.1)

Oral contraceptive 5 (1.4)

Inferior vena cava filter insertion 77 (21.6)

Invasive treatmenta 19 (5.3)

Values are presented as mean (range) or number (%).
aCatheter directed thrombolysis with/without stent or surgical 
thrombectomy.
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C D

Fig. 1. Classification of pul-
monary embolism (PE). PE was 
classified based on the location 
of the emboli observed on the 
computed tomography scan. (A) 
Main, (B) lobar, (C) segmental 
and (D) subsegmental PE. Black 
and white arrows indicate PEs.
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summarized in Table 3. PE was detected in 199 (55.9%) 
of the 356 patients with DVT. PE developed in 78 (62.9%) 
patients with right-sided DVT and in 121 (52.2%) with 
left-sided DVT (P=0.052). The incidence of PE according 
to the proximal extent of the DVT is summarized in Table 
4. The site of DVT most commonly associated with the 

development of PE was the left iliac vein (59/199, 29.6%). 
The incidence of PE involving the main pulmonary artery 
was significantly lower in those with left-sided DVT (36 

Table 2. The laterality and location of deep vein thrombosis 
(DVT)

Location of DVT Left side (n=232) Right side (n=124)

Iliac vein 131 (56.5) 25 (20.2)

Femoral vein 59 (25.4) 71 (57.3)

Popliteal vein 20 (8.6) 18 (14.5)

Calf vein 22 (9.5) 10 (8.1)

Values are presented as number (%).

Table 3. Pulmonary embolism (PE) and PE score according 
to the laterality of DVT

Artery involved
with PE (score)

Laterality of DVT
P-value

Left side (n=232) Right side (n=124)

None (0) 111 (47.8) 46 (37.1) -

Subsegmental (1) 35 (15.1) 14 (11.3) -

Segmental (2) 29 (12.5) 19 (15.3) -

Lobar (3) 21 (9.1) 15 (12.1) -

Main (4) 36 (15.5) 30 (24.2) 0.045

Cases with PE 121 (52.2) 78 (62.9) 0.052

Median PE score 1 (0-2.0) 2 (0-3.0) 0.012

Values are presented as number (%) or median (interquartile range).
DVT, deep vein thrombosis; -, not available. 

Table 4. Pulmonary embolism (PE) and PE score according 
to location of DVT

PE
Location of DVT

Iliac Femoral Popliteal Calf

PE score

   Left 0 (0-2) 2 (0-4) 1 (0-3) 1 (0-2)

   Right 1 (0-3) 2 (0-4) 1 (0-2.25) 0.5 (0-2.25)

   P-valuea 0.320 0.342 0.654 0.889

PE

   Subsegmental

      Left 20 (15.3) 7 (11.9) 3 (15.0) 5 (22.7)

      Right 2 (8.0) 9 (12.7) 2 (11.1) 1 (10.0)

   Segmental

      Left 15 (11.5) 8 (13.6) 2 (10.0) 4 (18.2)

      Right 4 (16.0) 9 (12.7) 4 (22.2) 2 (20.0)

   Lobar

      Left 10 (7.6) 6 (10.2) 3 (15.0) 2 (9.1)

      Right 3 (12.0) 9 (12.7) 2 (11.1) 1 (10.0)

   Main

      Left 14 (10.7) 16 (27.1) 4 (20.0) 2 (9.1)

      Right 4 (16.0) 23 (32.4) 2 (11.1) 1 (10.0)

      P-valueb 0.279 0.747 0.586 0.576

Values are presented as median (interquartile range) or number (%).
DVT, deep vein thrombosis.
aMann–Whitney U-test between left and right DVT. bLinear-by-
linear association.

Popliteal

Femoral

Iliac

Calf

Pulmonary embolism

Left Right Left Right Left Right Left Right Left Right

None Subsegment Segment Lobar Main

Fig. 2. Mosaic plot of pulmo-
nary embolism, laterality, and 
proximal extent of deep vein 
thrombosis (DVT). Embolism 
of the main pulmonary artery 
developed more frequently in 
patients with DVT of the right 
femoral vein.
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cases, 15.5%) than in those with right-sided DVT (30 cases, 
24.2%; P=0.045). When analyzed by the anatomical seg-
ment of the affected leg, PE occurred most frequently after 
DVT in the right femoral vein (50/71; P=0.016). In addition, 
DVT of the right femoral vein had the highest rate of main 
pulmonary artery embolism (23 cases, 32%; P<0.001). The 
median PE score was the highest in the right femoral veins 
(2.0, range 0-4).

Iliac vein compression was observed in 63/131 cases 
(48.1%) with left iliac vein thrombosis. Among those with 
DVTs in the left iliac vein, PE occurred more frequently 
among patients without iliac vein compression (36 cases, 
52.9%) than in those with iliac vein compression (23 cases, 
36.5%; P=0.043). Furthermore, PE involving the main pul-
monary artery also occurred more frequently in patients 
without iliac vein compression (12 cases, 17.6%) than in 
those with iliac vein compression (2 cases, 3.2%; P=0.007). 

DISCUSSION

The primary concern in the treatment of acute DVT is 
the prevention of PE, in particular, fatal PE. DVTs of the 
lower extremity are a prevalent and major cause of PE; 
however, the laterality or location of DVT associated with 
the development of PE requires elucidation. This study 
showed a predominance of left-sided DVT, which was simi-
lar to the results of a previous study [17]. The incidence of 
left-sided DVT was about twice that of right-sided DVT; 
similarly, the incidence of PE was also more frequent on 
the left side over the right, and about 50% of the left-
sided DVTs were caused by an anatomical variant of iliac 
vein compression (63/131). In this observational study, left-
sided DVTs were associated with a lower rate of PE than the 
right-sided DVTs. Additionally, in cases of PE involving the 
main pulmonary artery, the incidence of left-sided DVT was 
significantly lower than that of right-sided DVT. Analysis 
of the DVT location showed that the left iliac vein was the 
most frequent site of DVT; however, the rate of develop-
ment of PE was higher in cases with DVT of the right femo-
ral vein. In cases of PE in the main pulmonary artery, the 
right femoral vein was the most frequent site of origin (Fig. 
2). These findings suggest that right-sided DVT has a higher 
frequency of causing PEs than the left-sided DVT, despite 
its relatively low incidence. Moreover, patients with left iliac 
vein compression syndrome had a lower overall rate of PE 
and a lower rate of PE in the main pulmonary artery than 
in those without iliac vein compression. Therefore, it can be 
assumed that the reason for the higher incidence of PE in 
patients with right-sided DVT is the underlying pathophysi-
ology of the left-sided DVT. These results are similar to the 
results of previous studies, which showed that the rate of 

symptomatic PE in patients with left-side DVT is lower than 
that in those with right-sided DVT [15]. This can be partially 
explained by the protective effect of iliac vein compression 
against massive PE [18]. 

While some researchers have reported the left-sided pre-
dominance or anatomical distribution of DVT, reports about 
the incidence of PE related to the laterality and anatomical 
location of DVT are scarce. Some studies showed that iliac 
vein compression has a protective effect against PE [18,19]. 
However, to the best of our knowledge, this study is the 
first quantitative analysis of the incidence of PE according 
to the laterality and anatomical location of DVT. Our results 
indicate that patients with right-sided DVTs require more 
careful observation for the possible occurrence of main pul-
monary artery PE. In our study, the incidence of PE (18.6%) 
in cases with calf vein thrombosis was relatively higher than 
that in other studies (0%-6.2%) [20]. We believe that this is 
due to the difference in the method of diagnosis of PE, CT 
pulmonary arteriography or ventilation/perfusion scan. 

There were some limitations in this study. First, the non-
randomized observational nature of this study has inherent 
selection bias because we only included patients who un-
derwent a CT scan. Second, we did not analyze the previ-
ously known risk factors of PE; hence, the risk factors might 
be skewed. Finally, the underlying causes of the DVT, such 
as hypercoagulability or malignancy related to the PE, were 
not included in our analysis. Future studies investigating 
the incidence of PE based on the underlying causes of DVT 
are necessary to direct the further treatment modalities. 

CONCLUSION

The incidence of left-sided leg DVT was about two times 
higher than that of right-sided DVT. However, PE of the 
main pulmonary trunks is more frequent in patients with 
right-sided DVTs. Hence, careful observation is necessary 
for patients with right-sided DVTs considering the possibil-
ity of main pulmonary artery PE.
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