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Purpose: Deep venous thrombosis (DVT) and pulmonary embolism (PE) are
considered as similar disease entities representing different clinical manifestations.
The objectives of this study were: 1) to determine the prevalence and outcome
of DVT in patients with PE; 2) to identify additional risk factors for PE-related
unfavorable outcome and 30-day all-cause mortality; and 3) to establish the
clinical importance of screening for concomitant DVT.
Materials and Methods: From January 2013 to December 2015, a total of 141
patients with confirmed PE were evaluated. The prevalence and outcome of DVT
in patients with PE was determined. Furthermore, the potential risk factors for PErelated unfavorable outcome and 30-day all-cause mortality were also analyzed.
Results: The prevalence of concomitant DVT was 45.4%. PE-related unfavorable
outcome was observed in 21.9% of all concomitant DVT, with all-cause mortality
of 21.9%. There was no significant relationship between the presence of
concomitant DVT and the development of PE-related unfavorable outcome or allcause mortality. Our results indicated that heart rate >100/min and peripheral
oxygen saturation <90% were independent predictors for PE-related unfavorable
outcome. Regarding all-cause mortality, active malignancy and hypotension or
shock were significant risk factors.
Conclusion: Our findings demonstrate that approximately half of patients with
PE possess DVT. However, this study failed to establish any clinical significance
of concomitant DVT for PE-related unfavorable outcome and all-cause mortality.
Tachycardia and hypoxemia were identified as significant predictors for PE-related
unfavorable outcome along with active malignancy and hypotension or shock as
significant risk factors of all-cause mortality.
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INTRODUCTION
Deep venous thrombosis (DVT) and pulmonary embolism
(PE) are considered as two different clinical manifestations
of a single disease. Approximately 90% of symptomatic
PEs are reported to originate from thrombus located
in the venous system of the lower extremity [1-3]. DVT
and PE also share the same risk factors including age,
immobilization, active malignancy, and history of surgery
or trauma [4]. In recent years, the concept of venous
thromboembolism (VTE) has been introduced as a result of
both DVT and PE sharing similar etiology. VTE is known as
a potential life-threatening condition with >200,000 new
cases annually reported in the United States [5]. Mortality
rates of VTE during the first 3 months in patients with
PE are in the range of 1.4% to 17.4% despite advanced
therapeutic options [6-9]. PE-related complications
including pulmonary artery hypertension (HTN) and right
heart failure are known to be the most common causes
of early mortality and medical comorbidity that cause
late death after PE [10]. VTE treatment seeks to prevent
the development of PE-related complications and the
occurrence of postthrombotic syndrome (PTS) from DVT as
well as the recurrence of VTE.
Several studies have shown that a number of patients
with s y mptomatic DV T possess silent PE whereas
asymptomatic DVT might be present in many patients with
PE [11]. However, the exact prevalence of DVT in patients
with PE and the clinical significance of concomitant DVT
are vastly unknown [12-14]. In addition, little information
is available on the differences in outcome between PE
patients with DVT and those without DVT [4].
Therefore, the objectives of this study were: 1) to
determine the prevalence and outcome of DVT in patients
with PE; 2) to identify potential risk factors for PE-related
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unfavorable outcome and 30-day all-cause mortality; and
3) to establish the clinical importance of screening for
concomitant DVT to prevent the development of PTS and
determine the effect of concomitant DVT on the outcome
of patients with PE.

MATERIALS AND METHODS
From January 2013 to December 2015, a total of 177
patients with confirmed PE were enrolled in this study. All
PEs were diagnosed by computed tomography pulmonary
angiography (CTPA). All CTPAs were interpreted by two
board-certified radiologists specializing in chest imaging.
Among the 177 patients with PE, 141 patients (79.7%) were
assessed for the presence of DVT in the lower extremities
using duplex ultrasonography or lower extremity CT
venography and were evaluated retrospectively in this
study.
Based on the findings of duplex ultrasonography or
CT venography, DVT was divided into proximal DVT and
distal DVT (Fig. 1). Proximal DVT was defined as thrombus
involving the common and external iliac veins, common
femoral vein, femoral vein, and popliteal vein with or
without calf vein thrombosis. Distal DVT was diagnosed
if the thrombosis involved calf veins solely [4]. PE was
confirmed if a filling defect outlined by contrast media or
complete occlusion was seen on CTPA. Each confirmed PE
on CTPA was further evaluated for the localization of the
following vessels: main pulmonary arteries, lobar pulmonary
arteries, and segmental or subsegmental branches (Fig. 2).
Anticoagulation therapy was performed for all patients
with PE. Patients received unfractionated or low molecular
weight heparin followed by oral vitamin K antagonist
or a new oral anticoagulant (including rivaroxaban) for
at least 6 months. An international normalized ratio of
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Fig. 1. Computer tomography (CT) angiographies in patients with concomitant deep venous thrombosis (DVT). (A, B) CT
angiographic findings indicate proximal DVT, involving left common iliac vein and left femoral vein. (C) CT angiographies
show distal location of DVT, involving left posterior tibial vein.
https://doi.org/10.5758/vsi.2016.32.4.166
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2-3 was considered as sufficient therapeutic range. An
inferior vena cava filter was inserted only in patients
with contraindication for anticoagulation therapy.
Anticoagulation was initiated only after the contraindi
cation had been resolved.
Initially, patients with confirmed PE were classified into
non-DVT and concomitant DVT groups. Their demographic
features and risk factors for VTE were investigated, including
age, gender, previous history of VTE, immobilization ≥3 days,
history of surgery or trauma ≤4 weeks, active malignancy
and/or chemotherapy, HTN, diabetes mellitus, coronary artery
disease, cerebrovascular accident, dementia, underlying
pulmonary disease, and smoking status (Table 1). In addition,
the following PE-related risk factors were collected: PErelated symptoms (chest pain, dyspnea, cough, and so on),
systolic blood pressure (SBP) <100 mmHg, respiratory rate
(RR) >30/min, heart rate (HR) >100/min, and peripheral
oxygen saturation (SpO2) <90%.
PE-related clinical composite outcomes and all-cause
mortality were obtained through medical chart review
within one month post PE diagnosis. PE-related clinical
composite outcomes were divided into PE-related favorable
168
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Fig. 2. Computer tomography
(CT) angiographies in patients
with pulmonary embolism. (AD) CT angiographic findings
indicate embolic lesion of right
main pulmonary artery, right
lobar artery, left segmental
artery, and right subsegmental
artery, respectively.

outcome and PE-related unfavorable outcome. PE-related
unfavorable outcome was defined when at least one of the
following criteria was met: (1) need for cardiopulmonary
resuscitation, (2) hypotension (SBP <100 mmHg) or shock, (3)
need for invasive or non-invasive mechanical ventilation,
(4) need for inotropic agents to maintain adequate organ
perfusion and SBP ≥100 mmHg, and (5) PE-related death.
In this study, we first determined the prevalence and
outcome of DVT in patients with PE and compared the
demographic features between the non-DVT group and the
concomitant DVT group using chi-square test or Fisher’s
exact test. The presence of concomitant DVT and additional
risk factors as independent predictors for PE-related
unfavorable outcome were then analyzed. Furthermore,
30-day all-cause mortality was reviewed using univariate
analysis and multiple log istic reg ression analysis.
Multivariate analysis was used to estimate the odds ratio
(OR) for statistically significant correlation between risk
factors and PE-related unfavorable outcome or early
mortality. Statistical significance was indicated when a
P-value was less than <0.05 for all analyses carried out in
this investigation. All statistical analyses were performed
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Table 1. Comparison of demographic features between non-DVT and concomitant DVT in patients with PE
All patients
(n=141)

Non-DVT
(n=77, 54.6%)

Concomitant DVT
(n=64, 45.4%)

P-valuea

Age (y)

69.90±15.13

71.05±14.02

68.52±16.36

0.616

<50

16 (11.3)

7 (9.1)

9 (14.1)

51-69

38 (27.0)

21 (27.3)

17 (26.5)

≥70

87 (61.7)

49 (63.6)

38 (59.4)

65 (46.1)

37 (48.1)

28 (43.8)

0.610

PE-related symptoms

87 (61.7)

51 (66.2)

36 (56.3)

0.225

HR >100/min

51 (36.2)

26 (33.8)

25 (39.1)

0.515

9 (6.4)

4 (5.2)

5 (7.8)

0.732

41 (29.1)

21 (27.3)

20 (31.3)

0.605

Demographic features

Male

0.647

PE-related risk factors

Respiration rate >30/min
SpO2 <90%
Risk factor for VTE
History of VTE

15 (10.6)

6 (7.8)

9 (14.1)

0.229

Immobilization ≥3 days

61 (43.3)

29 (37.7)

32 (50.0)

0.141

History of surgery or trauma ≤4 weeks

21 (14.9)

11 (14.3)

10 (15.6)

0.824

Active malignancy and/or chemotherapy

39 (27.7)

20 (26.0)

19 (29.7)

0.624

HTN

80 (56.7)

42 (54.5)

38 (59.4)

0.564

DM

44 (31.2)

29 (37.7)

15 (23.4)

0.070

CAD

Comorbidities

10 (7.1)

7 (9.1)

3 (4.7)

0.348

Chronic kidney disease

5 (3.5)

3 (3.9)

2 (3.1)

1.000

Congestive heart failure

12 (8.5)

8 (10.4)

4 (6.3)

0.547

CVA

30 (21.3)

16 (20.8)

14 (21.9)

0.874

Dementia

10 (7.1)

3 (3.9)

7 (10.9)

0.185

Underlying pulmonary disease

52 (36.9)

28 (36.4)

24 (37.5)

0.889

Smoking

11 (7.8)

7 (9.1)

4 (6.3)

0.754

Main & lobar arteries

86 (61.0)

42 (54.5)

44 (68.8)

Segmental & subsegmental arteries

55 (39.0)

35 (63.6)

20 (36.4)

Location of PE

Anticoagulation treatment

0.085

122 (86.5)

67 (87.0)

55 (85.9)

0.852

PE-related unfavorable outcome

25 (17.7)

11 (14.3)

14 (21.9)

0.240

30-day all-cause mortality

28 (19.9)

14 (18.2)

14 (21.9)

0.584

Values are presented as mean±standard deviation or number (%).
DVT, deep venous thrombosis; PE, pulmonary embolism; HR, heart rate; SpO2, peripheral oxygen saturation; VTE, venous thromboem
bolism; HTN, hypertension; DM, diabetes mellitus; CAD, coronary artery disease; CVA, cerebrovascular accident.
a
Chi-square test or Fisher’s exact test.

using PASW Statistics ver. 18.0 software (IBM Co., Armonk,
NY USA).

RESULTS
1) Prevalence, outcome, and demographic features
In this study, the overall prevalence rate of DVT in
patients with PE was 45.4% (64 patients). Among the total
of 141 PE patients, 55 (39.0%) had proximal DVT. PE-
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related unfavorable outcomes were observed in 25 (17.7%)
patients, with 30-day all-cause mortality found in 28
(19.9%) of the 141 PE patients.
Demographic characteristics between the non-DVT
group and the concomitant DVT group of patients with
PE did not show any statistically significant differences
(Table 1). The presence of concomitant DVT or proximal
DVT demonstrated slightly more proximally localized PE
(68.8% in concomitant DVT, 65.5% in proximal DVT) (Table
1). However, such difference was not statistically significant
169
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according to the presence or the location of DVT (P=0.085,
P=0.385, respectively).

2) Concomitant DVT and unfavorable outcome
Of the 141 PE patients, 25 (17.7%) patients had PErelated unfavorable outcome. Of the 64 concomitant DVT
patients, 14 (21.9%) had PE-related unfavorable outcome.
In addition, in 102 PE patients without active malignancy
and/or chemotherapy, 18 (17.6%) showed unfavorable
outcome. Potential risk factors including the presence
of concomitant DVT were tested by univariate analysis.
Results are shown in Table 2. HR >100/min, RR >30/min,
and SpO2 <90% were found to be statistically significant
risk factors for PE-related unfavorable outcome (P=0.001,
P=0.009, and P=0.001, respectively). However, there was no

statistically significant relationship between the presence
of concomitant DVT and the development of PE-related
unfavorable outcome (P=0.240). There was no significant
relationship between the location of PE and unfavorable
outcome (P=0.734). Moreover, the presence of pulmonary
symptoms at the diagnosis of PE did not significantly
affect the development of PE-related unfavorable outcome
(P=0.847). Several potential risk factors identified in
univariate analysis were subjected to multivariate analysis.
Results are also shown in Table 2. HR >100/min (OR, 5.19;
95% confidence interval [CI], 1.521-17.713; P=0.009) and
SpO2 <90% (OR, 3.51; 95% CI, 1.072-11.513; P=0.038) were
found to be statistically significant independent predictors
for PE-related unfavorable outcome.

Table 2. Prevalence and risk factors for PE-related unfavorable outcome in patients with pulmonary embolism
Risk factor
Age (y)
<50
51–69
≥70
Male

Unfavorable outcome
(n=25, 17.7%)

Univariatea
P-value

P-value

95% CI

71.0±12.5

0.304

0.338

0.267-4.058

0.816

0.352

0.513-6.524

0.734

0.993

0.303-3.265

1 (4.0)
9 (36.0)
15 (60.0)
11 (44.0)

Location of PE
Main & lobar arteries

Multivariateb

16 (64.0)

Segmental & subsegmental arteries
PE-related symptoms

15 (60.0)

0.847

0.586

0.198-2.499

DVT

14 (56.0)

0.240

0.318

0.594-4.961

13 (52.0)

0.331

0.860

0.261-3.069

History of surgery or trauma ≤4 weeks

5 (20.0)

0.429

0.827

0.256-5.489

Active malignancy and/or chemotherapy

7 (28.0)

0.967

0.995

0.295-3.410

HTN

14 (56.0)

0.935

0.429

0.181-2.067

DM

8 (32.0)

0.925

0.915

0.307-3.739

CAD

2 (8.0)

1.000

0.795

0.147-12.200

Congestive heart failure

3 (12.0)

0.446

0.987

0.155-6.667

Cerebrovascular disease

6 (24.0)

0.714

0.647

0.161-3.113

Proximal
Immobilization ≥3 days

9 (36.0)

10 (40.0)

Comorbidities

Underlying pulmonary disease

10 (40.0)

0.721

0.597

0.211-2.443

Smoking

2 (8.0)

1.000

0.623

0.239-10.947

HR >100/min

17 (68.0)

0.001

0.009

1.521-17.713

RR >30/min

5 (20.0)

0.009

0.176

0.544-28.150

SpO2 <90%

14 (56.0)

0.001

0.038

1.072-11.513

Anticoagulation treatment

19 (76.0)

0.089

0.169

0.077-1.569

Values are presented as mean±standard deviation or number (%).
PE, pulmonary embolism; CI, confidence interval; DVT, deep venous thrombosis; HTN, hypertension; DM, diabetes mellitus; CAD, coronary
artery disease; HR, heart rate; RR, respiratory rate; SpO2, peripheral oxygen saturation.
a
Chi-square test or Fisher’s exact test, blogistic regression model.
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3) Concomitant DVT and all-cause mortality
Overall, 28 of all PE patients (19.9%) and 14 (21.9%) of
64 patients with concomitant DVT died within 30 days
after being diagnosed with PE. There was no statistically
significant difference in 30-day all-cause mortality (18.2%
vs. 21.9%, P=0.584) between patients with DVT and those
without DVT. Among 39 PE patients with active malignancy
and/or chemotherapy, 30-day all-cause mortality occurred
in 18 patients (46.2%). However, in 102 PE patients without
active malignancy and/or chemotherapy, only 10 (9.8%)
patients showed early mortality. In univariate analysis,
patients with active malignancy and/or chemotherapy
(P=0.001) and hypotension or shock (P=0.007) were
significant risk factors for 30-day all-cause mortality after
PE diagnosis (Table 3). Multivariate analyses also showed
that active malignancy and/or chemotherapy (OR, 28.87;
95% CI, 6.564-126.950; P=0.001) and hypotension or shock

(OR, 11.40; 95% CI, 1.581-82.201; P=0.016) were statistically
significant risk factors for 30-day all-cause mortality (Table
3). Interestingly, both univariate and multivariate analysis
undertaken in this study indicated that PE patients with
active malignancy and/or chemotherapy had significantly
poorer prognosis compared to those without active
malignancy and/or chemotherapy (30-day mortality: 46.2%
vs. 9.8%, P=0.001). However, despite the fact that patients
who required inotropic agents showed higher mortality rate
compared to those who did not require such agents (36.4%,
4 of 11 patients vs. 18.5%, 24 of 130 patients), there was no
statistical significance between the two by univariate and
multivariate analyses (P=0.229, P=0.607, respectively).

DISCUSSION
In recent years, there has been an understanding that DVT
and PE are similar disease entities presenting different clinical

Table 3. Prevalence and risk factors for 30-day all-cause mortality in patients with PE
Risk factor
Age (y)

30-day all-cause mortality
(n=28, 19.9%)

Univariatea
P-value

P-value

95% CI

69.2±12.6

0.638

0.728

0.182-9.966

0.644

0.832

0.357-3.598

0.183

0.172

0.698-7.422

<50

2 (7.1)

51-69

9 (32.1)

≥70

17 (60.7)

Male

14 (50.0)

Location of PE
Main & lobar arteries

14 (50.0)

Segmental & subsegmental arteries

14 (50.0)

Multivariateb

DVT

14 (50.0)

0.584

0.873

0.351-3.425

Immobilization ≥3 days

12 (42.9)

0.961

0.467

0.444-5.866

Active malignancy and/or chemotherapy

18 (64.3)

0.001

0.001

5.047-61.320

14 (50.0)

0.421

0.408

0.175-2.033
0.229-2.879

Comorbidities
HTN
DM

9 (32.1)

0.905

0.747

CAD

2 (7.1)

1.000

0.823

0.070-8.298

Congestive heart failure

3 (10.7)

0.705

0.654

0.223-10.925

Cerebrovascular disease

5 (17.9)

0.621

0.362

0.103-2.287

Dementia

1 (3.6)

0.687

0.363

0.013-4.863

Smoking

2 (7.1)

1.000

0.740

0.214-8.730

HR >100/min

11 (39.3)

0.702

0.788

0.338-4.188

7 (25.0)

0.596

0.127

0.066-1.403
0.080-1.762

SpO2 <90 mmHg
Anticoagulation treatment

22 (78.6)

0.169

0.214

Hypotension or shock

9 (32.1)

0.007

0.005

2.117-69.706

Need for inotropics

4 (14.3)

0.229

0.651

0.210-12.164

Values are presented as mean±standard deviation or number (%).
PE, pulmonary embolism; CI, confidence interval; DVT, deep venous thrombosis; HTN, hypertension; DM, diabetes mellitus; CAD, coronary
artery disease; HR, heart rate; SpO2, peripheral oxygen saturation.
a
Chi-square test or Fisher’s exact test, blogistic regression model.
https://doi.org/10.5758/vsi.2016.32.4.166
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manifestations. However, few studies have investigated
the overall prevalence of DVT in patients with PE. Several
previous reports have shown a relatively high prevalence
of concomitant DVT, ranging from 10% to 93% in various
studies with differing methodologies [15-21]. Recently,
Yamaki et al. [4] have reported that 58.1% of patients with
PE have concomitant DVT with proximal DVT being found
in 30% of these patients. Girard et al. [22] have stated
that 60% of patients with CTPA-proven symptomatic PE
possess concomitant DVT. In this study, we found that the
prevalence of concomitant DVT among PE patients was
45.5% (64 of all 141 PE patients), while proximal DVT was
shown in 39% (55) of all PE patients. Our results suggest
that screening for DVT in patients with PE is necessary to
prevent the development of PTS because approximately
half of all patients with PE might have concomitant DVT.
Unfortunately, different studies have revealed contra
diction and conflict in data concerning the clinical signifi
cance of concomitant DVT in the outcome of patients with
PE. The International Cooperative Pulmonary Embolism
Registry (ICOPER) study has reported that there is no
association between concomitant DVT among PE patients
and all-cause mortality [6]. In contrast, Wicki et al. [23]
have demonstrated that patients with concomitant DVT
have higher risk of death compared to patients without
DVT. Furthermore, a recent meta-analysis has indicated
that the presence of DVT in patients with acute PE is
significantly associated with an increased risk of 30day mortality [24]. In order to evaluate the clinical signi
ficance of DVT in patients with PE, we investigated PErelated clinical composite outcomes and 30-day allcause mortality in this study and compared PE-related
outcome and early mortality between non-DVT group and
concomitant DVT group. Our results showed that 17.7%
of all PE patients had PE-related unfavorable outcome,
while 21.9% of concomitant DVT patients had unfavorable
outcome. There was no statistically significant relationship
between concomitant DVT and unfavorable outcome in
patients with PE (P=0.240). In addition, 30-day all-cause
mortality occurred in 19.9% of all PE patients and 21.9%
of all concomitant DVT patients. However, the presence of
concomitant DVT did not result in statistically significant
difference in 30-day all-cause mortality for patients with
PE (P=0.584). In summary, this study demonstrated that
the presence of concomitant DVT did not affect PE-related
unfavorable outcome or early mortality in patients with PE.
Furthermore, additional clinical risk factors for PErelated clinical outcome and all-cause mortality in patients
with PE were determined in this study. Our multivariate
analyses showed that HR >100/min (P=0.009) and SpO2
<90% (P=0.038) were significant risk factors for PE-related
172

unfavorable outcome. Souza et al. have also reported
that SpO2 <90% is one of the most accurate predictors
of unfavorable outcome [25]. However, the present
study revealed that there was no statistically significant
relationship between pre-exiting comorbidities, including
cardiovascular and respiratory system, and PE-related
unfavorable outcome. Our results indicated that tachycardia
and hypoxemia at the time of diagnosis of PE were
potential risk factors for PE-related unfavorable outcome.
In addition, our univariate and multivariate analyses
showed that patients with active malignancy and/or
chemotherapy (P=0.001) and hypotension or shock (P=0.016)
were significant risk factors for 30-day all-cause mortality
in patients with PE. Consequently, this study showed that
the presence of active malignancy and cardiovascular
compromise at the point of PE diagnosis might indicate
poor prognosis for patients with PE.
This study has a number of potential limitations. Its major
limitation is its retrospective study design for investigating
the prevalence and clinical significance of DVT in patients
with PE. Although this study used consistent diagnostic
methods and treatment strategies for PE patients, the
assessment of concomitant DVT was determined with two
different diagnostic modalities (duplex ultrasonography
and CT venography). In this study, a relatively lower rate
of prevalence of DVT in patients with PE might be due
to the use of two different methods for the diagnosis of
concomitant DVT, although it has been reported that CT
venography and duplex ultrasonography have similar
accuracies in detecting DVT [26]. Another limitation of this
study was the small number of patients with PE evaluated.
This might have resulted in a high rate of PE-related
unfavorable outcome and 30-day all-cause mortality in
patients with PE. The lack of sample patients might have
also resulted in the failure to establish clinical significances
of concomitant DVT for the development of PE-related
unfavorable outcome and early mortality. In addition, this
study did not investigate biomarkers, such as D-dimer
or serum lactate level, as additional independent risk
factors for PE-related unfavorable outcome or 30-day allcause mortality. Consequently, only clinical risk factors as
potential predictors for PE-related unfavorable outcome
and early mortality could be subjected to univariate and
multivariate analyses.

CONCLUSION
In conclusion, our results revealed that approximately
half of patients with PE possessed concomitant DVT.
Therefore, our present study supports that the screening
test for concomitant DVT is needed by all patients with
www.vsijournal.org
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confirmed PE.
Our results also demonstrated that 17.7% (25 of 141)
of all PE patients and 21.9% (14 of 64) of patients with
concomitant DVT had PE-related unfavorable outcome.
Moreover, 30-day all-cause mortality rate was 19.9% in
patients with PE and 21.9% in patients with concomitant
DVT. However, this study failed to establish any clinical
significance of concomitant DVT in the development of PE-

related unfavorable outcome or early mortality. Based on
our analysis for additional clinical risk factors, tachycardia
and peripheral hypoxemia were identified as significant
predictors for PE-related unfavorable outcome. In addition,
active malignancy and/or chemotherapy and hypotension
or shock were found to be significant risk factors for 30day all-cause mortality in PE patients.
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