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Anatomic and clinical risk factors for pulmonary 
embolism in patients with deep venous thrombosis of 
the lower extremity
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Department of Surgery, Kyung Hee University Hospital at Gangdong, Kyung Hee University School of Medicine, Seoul, Korea

INTRODUCTION
Venous thromboembolism (VTE) is a major medical problem. 

VTE includes deep vein thrombosis (DVT) of the leg or pelvis 
and pulmonary embolism (PE). The annual incidence rates 
of VTE range from 104 to 183 per 100,000 person-years [1]. 
The incidence appears to be similar or higher among African-
Americans and lower among Asian- and Native-Americans 
[2]. In a Korean epidemiologic study, the annual incidence per 
100,000 individuals was 8.83 to 13.8 [3].

PE is common in patients with DVT. Lung scintigraphy 

and angiographic abnormalities suggesting PE have been 
reported in 40% to 50% of patients with DVT [4]. Although 
these patients had no PE-related symptoms, several studies 
reported that symptomatic PE was more frequently found 
among patients treated for DVT who had asymptomatic PE than 
in those without PE [5]. Hypotension and circulatory arrest are 
associated with acute, massive PE. 

Compression of the left common iliac vein (LCIV) by the right 
common iliac artery (RCIA) is a risk factor for development 
of lower extremity DVT (LEDVT). A causal mechanism is 
that chronic pulsation of the RCIA results in venous spur 
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formation in the LCIV. A comparison of limbs with left DVT 
to limbs without left DVT suggests that iliac vein compression 
may be associated with a higher percentage of left-sided DVT 
[6]. In contrast, the compression may prevent the thrombus 
from migrating into the pulmonary circulation. In a study of 
anatomic consideration, patients with an ipsilateral common 
iliac vein (CIV) lumen ≤4 mm had a lower risk of developing 
symptomatic PE compared with patients with a CIV lumen 
exceeding 4 mm [7]. However, anatomic and clinical risk factors 
of PE in patients with LEDVT are unclear, and were investigated 
presently. 

METHODS
A retrospective review was performed of patients with 

LEDVT with or without PE. LEDVT was diagnosed with duplex 
ultrasound (Zonare Medical Systems, Mountain View, CA, USA) 
using a 5–9 MHz linear probe in adjunct with CT of the lower 
extremities. Chest CT was utilized for the evaluation of PE. 

Patients were divided into 2 groups. Group I included patients 
with LEDVT without PE and group II included those with both 
LEDVT and PE. LEDVT included both unilateral (right or left) 
and bilateral DVT, with thrombus existing anywhere between 
calf veins and iliac veins. In group I, the absence of PE was 
confirmed by chest CT. For patients to be classified in group II, 
the existence of PE anywhere from the main trunk to periphery 
of the pulmonary artery on chest CT was necessary. 

We collected clinical risk factors including age, sex, body 
mass index (BMI), diabetes, hypertension, previous DVT, history 
of varicose vein, history of surgery, infection, pneumonia, 
coronary artery disease, chronic renal failure, and paralysis. 
Coronary artery disease was defined as the known coronary 
arterial disease on medication or history of intervention in 
coronary artery. Chronic renal failure was defined as end-stage 

renal disease on dialysis.
For evaluation of the anatomic factor, the shortest length 

between the posterior wall of the common iliac artery (CIA) and 
the anterior border of the spinal body (SB) was measured using 
the electronic caliper function featured in a picture archiving 
and communication system in the transverse view of CT scans. 
Fig. 1 shows the measurement method. The same method was 
incorporated in the case with a left-sided inferior vena cava (IVC) 
or other types of IVC abnormalities. 

For the statistical analyses, data were analyzed using the 
IBM SPSS Statistics ver. 19.0 (IBM Co., Armonk, NY, USA). 
Independent t-test, chi-square test, multiple logistic regression 
model, and receiver operating characteristics (ROCs) curve were 
used to evaluate clinical risk factors and anatomic feature. All 
P-values were considered significant if <0.05.

RESULTS
We collected the data from 114 patients with LEDVT. Fifty 

four cases did not have co-existing PE (group I), and 60 cases 
did (group II). Table 1 shows the patient demographics. The 
mean age of patients (66 females) was 62.7 ± 16.9 years (range, 
21–92 years). The mean BMI was 24.2 ± 3.9 kg/m2 and the mean 
height was 160.9 ± 9.8 cm. DVT was found in only one leg in 96 
patients (84.2%): in the right leg in 19 patients (16.7%) and in the 
left leg in 77 patients (67.5%). Bilateral DVT was observed in 18 
patients (15.8%). PE was detected in 60 patients (52.6%) on chest 
CT: in the right lung in 11 patients (18.3%), in the left lung in 8 
patients (13.3%), and in both lungs in 41 patients (68.4%).

Clinical risk factors of the 2 groups are shown in Table 2. 
Diabetes and hypertension were more common in the group 
without PE (P = 0.01 and P = 0.03, respectively), while infection 
(P < 0.01) was more common in group with PE. Chronic 
renal failure (P = 0.10) and bed-ridden status (P = 0.10) were 

A B

Fig. 1. Measurement of the short-
est length between the posterior 
wall of the common iliac artery 
and anterior border of the spinal 
body: (A) 12.5 mm, (B) 4.2 mm. 
RICV, right common iliac vein; 
RCIA, right common iliac artery; 
LCIA, left common iliac artery.
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more common in the group without PE with only marginal 
significance. Other factors were similar in two groups. Multiple 
logistic regression analysis data shown in Table 3 revealed that 
infection was the only clinical risk factor for PE (10.475; 95% 
confidence interval, 1.608–68.221; P = 0.01).

Initial laboratory findings including white blood cell count, 
erythrocyte sedimentation rate, C-reactive protein, hemoglobin, 

platelets, fibrinogen, D-dimer, and antithrombin III levels were 
similar in 2 groups (Table 4). 

The mean value for the shortest length between the posterior 
wall of RCIA and anterior border of SB in group I and group II 
was 6.7 ± 3.5 mm and 11.3 ± 3.7 mm, respectively. Independent 
t-test identified that this length was significantly shorter in the 
group without PE (group I; P< 0.001). Subsequently, the length 
at which the risk of PE increases was determined using ROC 
curve analysis to be 7.63 mm (sensitivity, 90.6%; specificity, 
70.0%; positive predictive value, 77%; negative predictive value, 
87%; area under the curve=0.858) (Fig. 2).
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Table 1. Patient demographics (n = 114)

Demographics Group I  
(PE –) 

Group II  
(PE +) Total

Age (yr) 64.2 ± 18.2 61.4 ± 15.7 62.7 ± 16.9
Body mass index  
(kg/m2) 

24.0 ± 3.8 24.2 ± 3.9 24.2 ± 3.9 

Height 160.6 ± 9.4 161.1 ± 10.1 160.9 ± 9.8
Deep vein  
thrombosis 

54 (47.4) 60 (52.6) 114 (100)

    Right leg 5 (9.3) 14 (23.3) 19 (16.7)
    Left leg 45 (83.3) 32 (53.3) 77 (67.5)
    Both legs 4 (7.4) 14 (23.4) 18 (15.8)
Pulmonary embolism 
    Right lung - 11 (18.3) 11 (18.3)
    Left lung - 8 (13.3) 8 (13.3)
    Both lungs - 41 (68.4) 41 (68.4)

Values are presented as mean ± standard deviation or number (%). 
Group I, DVT without PE; group II, DVT with PE; PE, pulmonary 
embolism; DVT, deep vein thrombosis.

Table 2. Clinical risk factors

Risk factor Group I  
(PE –) 

Group II  
(PE +) P-value

No. of patients 54 (47.4) 60 (52.6)
Age (yr) 64.2 ± 18.2 61.4 ± 15.7 0.377a)

Body mass index (kg/m2) 24.0 ± 3.8 24.2 ± 3.9 0.778a)

Diabetes (no: yes) 45:9 58:2 0.016b)

Hypertension, no: yes 37:17 51:9 0.036b)

Varicose vein, no: yes 53:1 59:1 >0.999b)

Surgery, no:yes 35:19 40:20 0.835b)

Infection, no:yes 52:2 47:13 0.005b)

Pneumonia, no:yes 50:4 58:2 0.420b)

Coronary artery disease, 
no:yes 

49:5 58:2 0.253b)

Congestive heart failure, 
no:yes

50:4 58:2 0.420b)

Chronic renal failure, 
no:yes 

49:5 59:1 0.100b)

Bed-ridden status, no:yes 51:3 60:1 0.103b)

History of DVT, no:yes 29:25 33:27 0.890b)

Paralysis, no:yes 52:2 60:0 0.222b)

Values are presented as number (%), mean ± standard deviation, 
or number. 
Group I, DVT without PE; group II, DVT with PE; PE, pulmonary 
em bolism; DVT, deep vein thrombosis.
a)Independent t-test. b)Chi-square test.

Table 3. Multiple logistic regression analysis of clinical risk 
factors for pulmonary embolism

Risk factor  P-value Odd ratio 95% CI

Diabetes, no:yes 0.192 0.231 0.026–2.083
Hypertension, no:yes 0.241 0.477 0.138–1.644
Varicose vein, no:yes 0.405 0.209 0.005–8.354
Surgery, no:yes 0.950 1.042 0.285–3.814
Infection, no:yes 0.014 10.475 1.608–68.221
Pneumonia, no:yes 0.655 0.561 0.045–7.074
Congestive heart failure, 
no:yes

0.822 0.798 0.105–6.059

Chronic renal failure, 
no:yes

0.195 0.213 0.021–2.205

Bed-ridden status, no:yes 0.999 0 0
History of DVT, no:yes 0.412 1.689 0.483–5.906
Paralysis, no:yes 0.999 0 0

CI, confidence interval; DVT, deep vein thrombosis.

Table 4. Laboratory tests

Laboratory test Group I (PE –) Group II (PE +) P-valuea)

No. of patients 54 (47.4) 60 (52.6)
White blood cell 
count (x 103/μL)

8.3 ± 2.9 8.8 ± 3.6 0.474

Erythrocyte 
sedimentation rate 
(mm/hr)

24.9 ± 22.3 18.5 ± 14.0 0.158

C-reactive protein 
(mg/dL) 

2.9 ± 4.0 4.1 ± 8.0 0.421

Hemoglobin (g/dL) 11.9 ± 1.8 12.3 ± 2.2 0.442
Platelets (x 103/μL) 218.0 ± 69.8 215.3 ± 79.7 0.870
Fibrinogen (mg/dL) 340.2 ± 108.9 352.5 ± 84.2 0.756
D-dimer (μg/mL) 15.6 ± 10.6 10.6 ± 7.2 0.487
Antithrombin III (%) 88.3 ± 35.5 97.3 ± 10.4 0.695

Values are presented as number (%) or mean ± standard devia-
tion. 
Group I, DVT without PE; group II, DVT with PE; PE, pulmonary 
embolism; DVT, deep vein thrombosis.
a)Independent t-test.
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DISCUSSION
This study demonstrates that infection is associated with a 

markedly increased risk for the development of PE in patients 
with LEDVT. Although the diabetes and hypertension were 
more common in the group without PE, these factors did not 
affect PE development. The length between the posterior 
wall of RCIA and the anterior border of SB was shorter in the 
group without PE indicating a protective influence concerning 
migration of thrombus into the pulmonary circulation. 

Infection has been linked to the development of VTE [8-10]. 
Infection can have direct consequences and indirect effects, 
the latter being due to the effect on the immune system. 
The resulting inflammatory process and the coagulation and 
fibrinolytic processes share common pathways, explaining why 
infection is associated with thrombosis [8]. In addition, integrin 
β1, β2, and β3 subunits can be increased in patients with 
infectious diseases as the core proteins of venous thrombosis 
[11,12]. In our study, 15 patients had infection.

Infection was the only clinical risk factor for PE in patients 
with DVT in the present study. Acute infection is associated to 
an increase in the risk of both DVT and PE, suggesting a role 
for acute infections in triggering such events [10,13]. Indeed, 
information about the temporal event could not be obtained 
from this data. 

We analyzed pneumonia separately as a risk of PE in pa-
tients with DVT. Although patients with PE and concomitant 
pneu monia are uncommon, pneumonia is associated with an 
increased risk of PE. In one study, 36 of 794 patients (5%) had 
coexisting pneumonia [14]. In a retrospective cohort study, 724 
of 2,378 patients (30.3%) hospitalized with community acquired 
pneumonia displayed increased D-dimer levels [15].

Iliac vein compression (also known as May-Thurner synd-
rome) increases the development of DVT on ipsilateral lower 
extremity. The odds of left DVT increase by a factor of 1.68 for 
each millimeter decrease in LCIV diameter [16]. However, it 
has also been reported in a case control study that stenosis of 

the CIV may have a protective effect against embolization to 
the lungs of large DVT that develops in the lower extremities; 
unilateral DVT patients with ipsilateral CIV lumen ≤4 mm 
had a 83% lower risk of developing symptomatic PE compared 
with those with a CIV lumen exceeding 4 mm [7]. In our study, 
the cutoff value for the effect of iliac vein compression on PE 
prevention was 7.63 mm. 

Intravascular ultrasound has been suggested as the modality 
of choice for evaluation of luminal diameter of iliac vein [17-19]. 
Because of the ability to perform exact measurements of the 
venous dimensions with intravascular ultrasound, it can assist 
in the diagnosis and classification of iliac vein compression 
syndrome. However, CT imaging provides detailed anatomic 
information, making it a fast, efficient, reliable, and popular 
diagnostic tool. 

This study has several limitations. Due to the retrospective 
study design, difficulties concerning accessibility of information 
and its accuracy were encountered. In addition, the relatively 
small sample size may have limited the preciseness of the 
statistical analysis, thus reducing the generalization and immi-
nent clinical utility of the data. CT imaging to measure the 
length between CIA and SB is another limitation, since it could 
not precisely reflect the luminal diameter of the compressed 
iliac vein. Intravascular ultrasound should be used to measure 
the luminal diameter of iliac vein in further studies.

In conclusion, infection is a significant and independent risk 
factor for PE in patients with LEDVT. Longer length, especially 
more than 7.63 mm between CIA and SB, might pose a risk 
of PE in patients with LEDVT. Our results should be further 
investigated in larger prospective studies.
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