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Effect of Laterality and Location of Deep Vein Thrombosis 
on Pulmonary Embolism Occurrence
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Abstract
Background: Pulmonary Embolism (PE) is a major cause of morbidity and mortality associated with 
Deep Vein Thrombosis (DVT). The aim of this study was to investigate the relationship between the 
anatomical location of thrombi in the lower extremities and the development of PE.

Materials and Methods: We collected and analyzed the data of patients diagnosed with DVT of the 
lower extremities between 2006 and 2015 if their Computed Tomography (CT) data was available 
for the identification of PE. We evaluated the relationship between the laterality and proximity of 
thrombi location, and the location of PE. The frequency and rate of PE based on the matched DVT 
were analyzed.

Results: CT images were available for 388/452 patients with DVT. After excluding 32 cases of 
bilateral involvement, 356 cases were included for analysis in this study. The ratio of left to right 
leg DVT was 232:124. PEs developed in 121 (52%) patients with left-sided DVT and in 78 (63%) 
patients with right-sided DVT (P=0.052). PEs that affected main pulmonary arteries developed in 
36 (16%) patients with left leg DVT and 30 (24%) patients with right leg DVT (P=0.045). The most 
frequent site of PE development was the left iliac vein (59/199, 29.6%). According to the affected 
anatomical segment of the leg by DVT, patients with DVT in the right femoral vein (50/78, 64.1%; 
P=0.016) had the highest rates of PE occurrence. Moreover, the most frequent site of thrombi in 
cases with main pulmonary artery involvement was the right femoral vein (23, 32%) (P=0.000).

Conclusion: The incidence of left-sided lower extremity DVT was approximately twice that of right-
sided DVT. However, the PE develops more frequently in patients with right-sided DVT than in 
those with left-sided DVT. Therefore, it is recommended to pay more attention to the development 
of PE in cases with right-sided DVT of the lower extremity.
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Introduction
Deep Vein Thrombosis (DVT) is a cause of significant morbidity and mortality associated with 

Pulmonary Embolism (PE) or post-thrombotic syndrome. Decades ago, the mainstay of treatment 
for acute DVT was anticoagulation with heparin and warfarin [1], and the laterality or extent of 
DVT was not consideration in the choice of treatment modality. Owing to evidence from recent 
studies, the treatment paradigm of DVTs is deviating from standard anticoagulation. The use of 
catheter-directed thrombolytic therapy and mechanical thrombectomy can diminish the early 
problem of leg edema and pain, and may reduce the development of long-term post-thrombotic 
sequelae in iliofemoral DVT patients [2,3]. Endovascular treatments have a specific therapeutic role 
in the management of iliofemoral DVT, which affects patients with underlying pathologies, such 
as iliac vein compression syndrome, also known as May-Thurner syndrome [4-6]. May-Thurner 
syndrome is three to eight times more frequent on the left side than on the right side [7,8], and 
accounts for approximately 50% to 60% of left-sided iliofemoral DVT cases [9,10]. This condition 
is considered one of the main contributors to the left-sided predominance of DVT in the lower 
extremity [11-13]; thus, correction of the mechanical compression is often required in patients with 
left-sided DVT in order to reduce the risk of recurrent DVT and post-thrombotic syndrome [14]. In 
addition, catheter-directed thrombolysis, which has a significantly increased risk of major bleeding 
events [15], is indicated for proximal DVT. Therefore, the laterality or proximal extent of DVT is a 



Sang Jun Park, et al., Clinics in Surgery - Vascular Surgery

Remedy Publications LLC., | http://clinicsinsurgery.com/ 2020 | Volume 5 | Article 29272

matter of consideration before establishing a treatment plan.

Massive PEs cause DVT-related mortality [16]. Moreover, acute 
PE that is not detected and treated promptly is associated with a 
high mortality rate [17]. Several assessment tools, such as the Wells 
score and revised Geneva score, can be used to confirm suspected 
DVT and PE [18,19]. However, only a few studies have addressed 
the association between the laterality or the location of DVT and 
the probability of PE occurrence. We postulated that the risk of PE 
occurrence is relatively low in patients with right sided DVT because 
left sided DVT is more often associated with iliac vein compression, 
which may prevent embolization of the thrombus. Therefore, the 
present study aimed to clarify the anatomical distribution of DVT 
and assess the probability of PE occurrence based on the distribution 
of DVT.

Materials and Methods
Patients

We collected the data of patients diagnosed with DVT of the 
lower extremities from 2006 to 2015 at a single tertiary hospital 
and enrolled those with Computed Tomography (CT) images 
available to identify PE into this study. DVT diagnosis was made by 
checking the venous compressibility test and luminal color filling on 
Doppler ultrasound and measuring the serum D-dimer level; levels 
less than 0.5 μg/dl were not considered chronic thrombi and were 
excluded from the study. Consistent diagnostic criteria were used 
throughout the study period. For cases diagnosed with DVT, if there 
was no contraindication, such as allergies to contrast media or renal 
dysfunction, CT was performed to check for pulmonary embolism. 
When the diagnosis was made, blood samples were obtained to test 
for thrombophilia and anticoagulation was performed immediately. 
According to the treatment policy of our hospital, thrombolysis, 
stent, and Inferior Vena Cava (IVC) filter were applied in patients 
who were indicative of that treatment.

We excluded cases of bilateral DVT from the analysis of laterality. 
The location of DVT was classified as right/left and iliac/femoral/
popliteal/calf according to the most proximal location of the thrombi 
(Figure 1). We classified the PE according to its involved arteries: 
Main, lobar, segmental, or subsegmental artery. We investigated the 
correlation between the laterality or the location of DVT and PE. 
Among the cases of left iliac vein thrombosis, we defined “left iliac 
vein compression” as the left iliac vein being compressed between the 
right iliac artery and the 5th vertebral body and the shortest distance 
from the right iliac artery to the 5th vertebral body being less than 1 
mm in a CT coronal section.

Procedure
We employed a uniform protocol for CT pulmonary arteriography 

and indirect venography. We used a 256 multi-detector scanner 
(Brilliance iCT, Philips Healthcare, Cleveland, OH, USA) for CT. The 
CT pulmonary arteriography technique involved the administration 
of 100 ml of iodinated contrast (Iomeron, Braco, Milan, Italy) 
followed by 50 ml of normal saline at 3 ml/sec via a cannula within 
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 caudocranial direction (100 mAs, 
120 kVP with automated Zaxis 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 contrast bolus. Indirect CT venography imaging was performed 

180 sec after the completion of intravenous contrast injection 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 mAs, 120 kV) with a 
5-mm collimated slice.

Data analysis
Continuous variables were compared using the Student t-test, 

while categorical variables, including the correlation between DVT 
and PE, were assessed using the χ2 test or Fisher’s 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 was considered 
statistically significant.

Ethical consideration
This study was approved by our Institutional Review Board (IRB) 

(IRB number: UUH-2020-03-053) and complies with principle of the 
Declaration of Helsinki. The requirement for informed consent was 
waived by our IRB due to the observational nature of study.

Results
In the analyzed period, we identified 452 patients with DVT, of 

which CT scans were available for 388 patients. After excluding 32 
cases of bilateral involvement, 356 cases were included for the final 
analysis. The mean age of patients was 63.5 ± 15.6 years (Range: 12 to 
98 years), and 191 of the patients (53.7%) were women. There were 
232 cases of left-sided DVT (65.2%) and 124 cases of right-sided 
DVT (34.8%). The clinical characteristics of patients with DVT are 
summarized in Table 1. The duration of anticoagulation was a year for 
unprovoked DVT patients and 6 months for provoked DVT patients, 
after the causes were removed. Catheter-Directed Thrombolysis 
(CDT) was performed on 13 limbs, 10 cases of them had stents 
inserted into the iliac veins. Surgical thrombectomy was performed 
in 6 cases with phlegmasia cerulea dolens. IVC filters were inserted 
in 77 cases, including all CDT cases, and 75 of them were successfully 
removed. For the remaining 2 cases, the IVC filter was maintained 
without removal due to the patients' condition. None of the patients 
exhibited clinical symptoms or signs suggestive of pulmonary 
embolism or right heart failure. A hypercoagulable status was found 
in 40 (11.2%) patients: 33 (14.2%) in left-sided DVT and 7 (5.6%) 
in right-sided DVT (P=0.009). The most frequent type was protein 
S deficiency, which was found in 34 (9.6%) patients: 25 (12.1%) in 
left-sided DVT and 6 (4.8%) in right-sided DVT. Antiphospholipid 

Clinical characteristics N=388, (%)

Mean age, year (range) 64 (12~98)

Female 201 (52)

Immobilization 96 (25)

Surgery related 78 (20)

Malignancy related 69 (18)

Trauma related 27 (7)

Thrombophilia 93 (24)

Oral contraceptive 5 (1)

IVC filter insertion 77 (20)

Invasive treatmenta 19 (5)

Table 1: Clinical characteristics of patients with deep vein thrombosis.

IVC: Inferior Vena Cava
aCatheter directed thrombolysis with/without stent or surgical thrombectomy
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syndrome was observed in 7 patients (2.0%) (5 in right-sided DVT 
and 2 in left-sided DVT), and antithrombin IIII deficiency was found 
in 1 left-sided DVT patient (0.4%).

The incidence of PE according to the laterality of the DVT is 
summarized in (Table 2). A PE was detected in 199 (55.9%) of the 
356 cases of DVT. PE developed in 78 (62.9%) patients with right-
sided DVT and in 121 (52.2%) with left-sided DVT (P=0.057). The 
incidences of PEs according to the proximal extent of the DVT are 
summarized in Table 3. The most frequent site of PE development 
among all of the venous segments was the left iliac vein (59/199, 
29.6%). The incidence of PE involving the main pulmonary artery 
was significantly lower in left-sided DVT (36 cases, 15.5%) than in 
right-sided DVT (30 cases, 24.2%) (P=0.001). When analyzed by the 
anatomical segment of the leg affected by DVT, PE occurred most 
frequently in the right femoral vein (50/78, 64.1%) (P=0.016). In 
addition, DVTs of the right femoral vein had the highest rate of main 
pulmonary artery involvement (23 cases, 32%) (P=0.000).

Iliac vein compression syndrome was observed in 63 of 131 cases 
of left-sided iliac vein thrombosis (48.1%). Among the left iliac vein 
cases, PE occurred more frequently among patients without iliac vein 
compression syndrome (36 cases, 52.9%) than in those with iliac vein 
compression (23 cases, 37.1%) (P=0.043). Furthermore, PE involving 
the main pulmonary artery also occurred more frequently in patients 
without iliac vein compression syndrome (12 cases, 17.6%) than in 
those with iliac vein compression (2 cases, 3.2%) (P=0.007).

Discussion
The most important 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, but the laterality or location 
of DVT responsible for producing a PE requires elucidation [20]. The 
mainstay of treatment for DVT has traditionally been anticoagulants; 
as such the laterality or location of DVT was not an important 
determining factor for its treatment [21]. We planned this study to 
clarify whether we should pay more attention to the development 
of PE in right-sided DVT patients, as it is less associated with iliac 
vein compression syndrome. Our study showed a predominance of 
left-sided DVT, similar to a previous study [20]. The incidence of 
left-sided DVT was about twice that of right-sided DVT; likewise the 
incidence of PE was also more frequent in the left side over the right, 
and about a half of the left-sided DVTs were caused by an anatomical 
variant of iliac vein compression syndrome. In our observational 
study, left-sided DVTs were accompanied by a lower rate of PE than 
right. Additionally, in cases of PE involving the main pulmonary 
artery, the rate of left-sided DVT was significantly lower than that of 
the right. In the DVT location analysis, the left iliac vein was the most 

Pulmonary embolism Laterality of DVT (%)

Artery level (score) Left Right P-value

None (0) 111 (48) 46 (37)

Subsegmental (1) 35 (15) 14 (11)

Segmental (2) 29 (13) 19 (15)

Lobar (3) 21 (9) 15 (12)

Main (4) 36 (16) 30 (24)

Subtotal of PE 121 (52) 78 (63) 0.052

Total 232 (100) 124 (100)

Mean PE score 1.3 1.8 0.012

Table 2: Pulmonary Embolism (PE) and PE score according to laterality.

DVT: Deep Vein Thrombosis

Pulmonary embolism n (%) and mean PE score P-value

Location None Sub Seg Lobar Main PE total PE score

Iliac 72 (55) 20 (15) 15 (11) 10 (8) 14 (11) 59 (45) 1.0

Femoral 22 (37) 7 (12) 8 (14) 6 (10) 16 (27) 37 (63) 1.8 0.023a

Popliteal 8 (40) 3 (15) 2 (10) 3 (15) 4 (20) 12 (60) 1.6

Calf 9 (41) 5 (23) 4 (18) 2 (9) 2 (9) 13 (60) 1.2

Left total 111 35 29 21 36 121 0.103b

Right total 46 14 19 15 30 78 0.252c

Iliac 12 (48) 2 (8) 4 (16) 3 (12) 4 (16) 5 (50) 1.4

Femoral 21 (30) 9 (13) 9 (13) 9 (13) 23 (32) 50 (70) 2.1 0.003d

Popliteal 8 (44) 2 (11) 4 (22) 2 (11) 2 (11) 10 (56) 1.3

Calf 5 (50) 1 (10) 2 (20) 1 (10) 1 (10) 5 (50) 1.2 0.001e

Table 3: Pulmonary embolism and PE score according to location of DVT.

PE: Pulmonary Embolism; DVT: Deep Vein Thrombosis; Sub: Subsegmental artery; Seg: Segmental artery
a t-test of mean PE score in right side, b χ2 test of frequency of PE in left DVT location, c χ2  test of frequency of PE in right DVT location, d t-test of mean PE score in left 
side, e χ2 test of frequency of the main PE in DVT location (femoral vein was most frequent)

Figure 1: Classification of pulmonary embolism (PE). PE was classified by 
the location of emboli in the CT scan. (a) Main, (b) lobar, (c) segmental and 
(d) subsegmental PE.
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frequent site of DVT, but the rate of PE development was higher in 
the right femoral vein. In cases of PE in the main pulmonary artery, 
the right femoral vein was the most frequent site of origin with the 
highest rate among the locations of lower extremity DVT, rather than 
the iliac vein. Our combined findings suggest that right-sided DVT 
results in more PEs than left, despite the relatively low incidence. At 
the same time, patients with left iliac vein compression syndrome 
had a lower PE rate and fewer PE in the main pulmonary artery than 
those with non-iliac vein compression. Therefore, it can be assumed 
that the reason for the higher rate of PE in the right side is related to 
its lower incidence of underlying pathology compared with left-sided 
DVT. Though the exact mechanism is unclear, left iliac compression, 
which is often associated with ipsilateral venous thrombosis, seems to 
play a protective role for PE.

While some papers have reported the left-sided predominance or 
anatomical distribution of DVT, reports concerning the incidence of 
PE related to the laterality and anatomical location of DVT are scarce. 
As far as we know, this study is the first quantitative analysis of the 
incidence of PE according to the laterality and anatomical location 
of DVT. From our results, it is reasonable to pay more attention to 
right-sided DVTs than to the left with regard to the possibility of PE, 
especially for DVTs located in the right femoral vein.

There were some limitations of our study. First, this study is 
limited by its non-randomized, observational nature. Second, we did 
not analyze the previous known risk factors of PE; thereby 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 needed to further 
direct patient treatment modalities.

Conclusion
The incidence of left sided DVT was about twice that of the 

right sided DVT in the lower extremities. However, PE develops 
more frequently from right-sided DVTs than from left-sided DVTs. 
Therefore, we recommend paying more attention to PE development 
in cases with right-sided DVTs of the lower extremity.
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