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Pulmonary embolism is considered to originate from embolization of a deep-vein thrombosis, resulting in two
manifestations of one disease: venous thrombosis. However, in up to 50% of patients with pulmonary embolism
no deep-vein thrombosis is found with ultrasonography. An explanation for this low proportion is currently lack-
ing. Other imaging modalities may increase the yield of detection of deep-vein thrombosis in the calf or in the
abdominal region. Alternatively, not all pulmonary emboli may originate from deep-vein thromboses in the
extremities. We searched for the origin of pulmonary emboli, by performing total-body magnetic resonance imag-
ing-scans to visualize thrombi. Ninety-nine patients with a first pulmonary embolism confirmed by computed
tomography underwent a magnetic resonance direct thrombus imaging-scan, a validated technique using endoge-
nous contrast. Additionally, acquired and genetic risk factors were assessed. No thrombus was found in 55
patients, whereas a thrombus was identified in 44 patients. The commonest thrombus location was the lower leg;
12 patients had isolated calf vein thrombosis and five had isolated superficial vein thrombosis. A peripheral throm-
bus was found by magnetic resonance imaging in less than half of patients with pulmonary embolism. We propose
several hypotheses to explain the absence of thrombi, such as a cardiac thrombus origin or embolization of the
whole deep-vein thrombus. The possibility that pulmonary embolism arises de novo in the lungs, due to local
inflammation-driven coagulation, needs to be considered.
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ABSTRACT

Introduction 

Since autopsy studies by Virchow in the mid 1800s, pul-
monary embolism (PE) has been thought to originate from
embolization of a deep-vein thrombosis (DVT), resulting in
two clinical manifestations of one disease: venous thrombo-
sis. However, in up to 50% of patients with PE no DVT is
found by ultrasonography or contrast venography studies.1-6

There is currently no suitable explanation for this low propor-
tion of detected thrombi. 
Compression ultrasonography (CUS) is presently the lead-

ing diagnostic modality for the diagnosis of DVT, with a sen-
sitivity of 96% and specificity of 98% for symptomatic prox-
imal DVT.7 A disadvantage of CUS is its reduced accuracy
when it comes to thrombi below the knee or pelvic thrombi.
Thrombi in the calf veins extend to proximal veins in 20-30%
of cases, and may embolize from the calves or after exten-
sion, contributing to the occurrence of PE.8 Calf veins and
pelvic veins may be an overlooked source of PE that could
explain the 20-50% of thrombi missed by CUS imaging.
Other imaging modalities may, therefore, lead to a larger
DVT yield, either in the abdominal and pelvic region, or in
the calf veins. Combined computed tomography (CT) pul-
monary angiography and CT venography has been per-
formed to search for abdominal thrombi. By extending the

scan from the lungs to the pelvis and legs, Nchimi et al. found
10% of DVT above the inguinal ligament.9

A validated, new and highly sensitive technique for detect-
ing DVT is magnetic resonance direct thrombus imaging
(MRDTI).10,11 This is a non-invasive technique that does not
require gadolinium contrast. Unlike most imaging tech-
niques, which show a thrombus as a filling defect, MRDTI
shows the thrombus itself and suppresses background sig-
nals. This method is based on the transformation of hemoglo-
bin into methemoglobin when a thrombus is formed. Using
a T1 sequence, methemoglobin in the thrombus gives a
strong signal that disappears after about 6 months. MRDTI
was found to have a sensitivity of 98% and a specificity of
96% compared to ultrasonography or venography in 101
patients with symptomatic DVT.10 Since physical accessibility
of veins plays no role in MRDTI, this method allows visuali-
zation of thrombi at all anatomical loci.
As for the anatomical origin of PE, risk factors for the

migration of a DVT towards the lungs are not well known
and are clearly not uniform. The most prominent differential
risk factor that has been found is the factor V Leiden muta-
tion, which causes activated protein C resistance and thereby
increases thrombotic risk. Factor V Leiden increases the inci-
dence of DVT (odds ratios ranging from 3 to 10)1,12-15 more
than that of PE (odds ratios ranging from 1 to 5),16-18 compared
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to the incidences in non-carriers of the mutation. This dif-
ferential effect of factor V Leiden has become known as
the factor V Leiden paradox, and has not been found for
other genetic risk factors for venous thrombosis.19,20 Some
acquired factors also affect the risk of DVT and PE differ-
ently, e.g., the use of oral contraceptives is associated with
a 4-fold increased risk of PE and an almost 7-fold increased
risk of DVT,19,21 while chronic obstructive pulmonary dis-
ease, asthma and pneumonia mainly increase the risk of
PE.22-24 It does not, therefore, appear justified to consider
DVT and PE as simply manifestations of one disease
(“venous thromboembolism”).
We set up the Pulmonary Embolism: Development,

Localization, And Risk factors (PEDLAR) study to deter-
mine where PE originated from, and to assess whether all
PE were accompanied by DVT. When DVT was present,
we described the anatomical location and the number of
affected veins. In order to do this, we performed total-
body magnetic resonance imaging (MRI) to visualize
thrombi from calf veins up to subclavian veins. In addi-
tion, we studied to what extent risk factors for isolated PE
differ from risk factors for PE with concomitant DVT.

Design and Methods 

The enrollment of patients into the PEDLAR study started in
November 2008 and closed in February 2011. All patients from the
Leiden University Medical Center (Leiden, the Netherlands) and
the Rijnland hospital (Leiderdorp, the Netherlands) above 18 years
with a first PE confirmed by CT pulmonary angiography were
invited to undergo a total-body MRDTI scan within 7 days after
diagnosis. Inclusion into the study in the Rijnland hospital started
1 year later, in October 2009. Approval for this study was obtained
from the Medical Ethics Committees of both centers. All partici-
pants provided written informed consent according to the Helsinki
declaration. Patients with PE were selected at the Radiology
departments of the two medical centers. The study comprised a
single visit of 1 hour to the Leiden University Medical Center
where all tests took place. 
The presence of a pacemaker was an exclusion criterion for the

study. In addition, claustrophobia and high body weight were
contraindications to undergoing MRI scanning. No strict cut-off
for body weight was applied, as the distribution of body weight
was more important than weight itself to fit into the scanner. 
A questionnaire on risk factors for venous thrombosis was filled

in by all patients. The questionnaire contained questions on family
history of venous thrombosis, recent travel, surgery, cancer, and
use of the contraceptive pill. As atrial fibrillation may give rise to
thrombus formation in the right heart, and could thereby be a pos-
sible source of PE, electrocardiograms were reviewed as well as
the medical charts. Patients were categorized as “atrial fibrillation
positive” when they had a documented history of atrial fibrilla-
tion, or when the electrocardiogram recorded at the time of diag-
nosis of PE showed atrial fibrillation, and negative in all other
cases. Blood was drawn for analysis of the factor V Leiden and
prothrombin G20210A mutations. These were determined by
polymerase chain reactions using a TaqMan assay. A detailed
description of these methods has been published previously.25

When it was not possible to draw blood, DNA was collected via a
buccal swab. 
The total-body scan was performed on a Philips 1.5 Tesla MRI

scanner (Philips Medical Systems, Best, the Netherlands), with
extended table construction. The MRDTI protocol consisted of a
T1-weighted, three-dimensional gradient-echo sequence devel-

oped by Moody and colleagues and modified to Philips equipment
by Westerbeek et al.11,26 The MRI protocol has been described
more extensively in a review on MRI of venous thrombosis.27

Pulmonary structures (including the pulmonary arteries) could not
be imaged with the MRDTI scan we used, because of the free-
breathing scanning protocol. We did not, therefore, attempt to
confirm the pulmonary emboli detected by CT pulmonary angiog-
raphy by MRI. 
We aimed to enroll 100 patients with a first PE in this obser-

vational study. We assessed the anatomic location of the DVT,
the number of affected veins per patient, and whether the affect-
ed veins were proximal or distal. Calf vein thrombosis was
included in the analysis, and superficial vein thrombosis was
documented separately from DVT. Superficial vein thrombosis
was often seen in tortuous varicose veins, and thrombus length
was not, therefore, measurable. To achieve a clear overall inter-
pretation of the localization of thrombi on MRI, we subdivided
the relevant veins into seven segments, which were independent
of the side of the thrombosis. The first segment was abdominal,
and included the inferior vena cava and the pelvic veins or any
other abdominal veins. The second segment was the upper leg,
including the common femoral vein, the superficial femoral vein,
the profunda femoris vein, and the popliteal vein. The third seg-
ment included the calf veins and, as mentioned previously, deep
and superficial veins were assessed separately. Occlusion in
these three segments could be present in isolation or in combi-
nation, i.e., a combination of the abdominal segment and the
upper leg, abdominal veins and calf veins, all leg veins (upper
and lower leg), and finally the abdominal, upper and lower leg
veins together. The magnetic resonance images were scored by
consensus of two radiologists (AŠ and CJvR) who both had more
than 3 years of experience with magnetic resonance angiogra-
phy. During the scoring process both radiologists were blinded
to the DVT status according to CUS. The prevalence of acquired
and genetic risk factors in PE patients with and without con-
comitant DVT was calculated in percentages, with a correspon-
ding 95% confidence interval (CI).

Results

From November 2008 to February 2011 we enrolled 102
PE patients into the study. Figure 1 shows the flowchart of
the study by medical center. The majority of participants
(n=80, 78%) came from the Leiden University Medical
Center, whereas 22 (22%) came from the Rijnland hospi-
tal. Participation in the Leiden University Medical Center
was 40% and in the Rijnland hospital 31%. All MRI scans
took place at the Leiden University Medical Center. Of the
102 patients who were enrolled, 99 successfully complet-
ed the MRI. MRI was not completed in three cases due to
claustrophobia, a waist circumference too large to fit in
the scanner, and a technical problem. The patients’ charac-
teristics are shown in Table 1. The median age of the
patients was 54 (range, 18-84) years. There were more
male than female participants in the study, 61% versus
39%, respectively. Of the study participants, 13 had
undergone an ultrasound examination of the legs on clini-
cal request. Of these, 10 patients were found to have con-
comitant DVT.
Table 2 shows the localization of thrombi in all PE

patients. No thrombus was found in 55 (56%) patients,
whereas a thrombus was located in 44 (44%) patients. We
found no thrombi in the arms or upper extremity veins.
The sides of the body where thrombi were found on MRI
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were not equally distributed: most were found on the left
side (61%), 30% were on the right side, and in 9% of cases
bilateral thrombi were found. Most patients with throm-
bosis had two or more veins affected (25 out of 44, 57%).
Nineteen of the 44 patients (43%) had only one occluded
vein. The predefined venous segments for the anatomical
localization of thrombi are shown in Figure 2 (indepen-
dently of the side of the DVT). We found that 16 patients
(36%) with MRI detected thrombosis had occlusions in
both the upper and lower leg. The most common origin
was the lower leg; 12 of the 44 patients (27%) had isolated
deep calf vein thrombosis, and five (11%) presented with
isolated superficial vein thrombosis confined to the calf.
Abdominal thrombi were rare (3 patients, 7%).
We assessed common acquired and genetic risk factors in

all participants (Table 3). Overall, 21% of the patients were
aged over 65 years. One in four patients had an active
malignancy at the time of PE diagnosis. A similar percent-
age was found for recent surgery. These risk factors were
equally present in PE patients with and without a DVT on
MRI. Minor leg injuries were present more often in patients
with DVT than in those without DVT, in 11% and 5%
respectively. One or more immobilization risk factors (i.e.,
bed-rest of more than 4 days in the preceding 8 weeks, air
travel lasting more than 8 hours, travel by car or train for
longer than 4 hours) were present in 27% of patients with
DVT, and in 41% of patients without DVT. Regarding the
two genetic risk factors that were assessed in this study, we
found a higher prevalence of factor V Leiden in patients

with DVT on MRI (14%) than in those without DVT (7%).
The prevalences of the prothrombin (G20210A) mutation
did not differ much, i.e., 4% in PE patients without DVT
and 2% in those with DVT.  

Discussion

We performed a total-body MRI scan in 99 patients with
PE and could not detect a peripheral thrombus in more
than half of these patients. We had expected to detect
thrombi in the majority of cases, and a substantial number
in the abdominal or pelvic region where CUS cannot read-
ily detect thrombi. In the following section we present dif-
ferent potential explanations for these surprising findings,
some of which we can reject.

Explanation 1: the magnetic resonance direct 
thrombus imaging technique is not sensitive enough 
to detect all deep vein thromboses
Two earlier studies have showed that the sensitivity and

specificity of the MRDTI technique are superb for acute
DVT of the leg, being between 95-98% and 96-100%,
respectively.11,28 The first study compared MRDTI with a
reference standard of venography and CUS or venography
alone;28 the second study used CUS as the gold standard
for imaging of DVT.11 Our study was not performed to cal-
culate sensitivity and specificity estimates of the MRDTI
scanning technique. We did not, therefore, perform ultra-
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Figure 1. Study patients. Flowchart of patients with pulmonary embolism from the Rijnland Hospital and the Leiden University Medical Center
(LUMC).
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sound examinations on all patients by protocol. However,
in the 13 patients who did undergo CUS as part of their
clinical diagnostic work-up, ten were found by this tech-
nique to have DVT. The MRI showed a venous thrombus
in nine of these ten patients (i.e., a sensitivity of 90%). The
DVT that was missed was a (deep) calf vein thrombosis of
the left leg. However, even if we accept that not all DVT
were detected by MRDTI scanning, this explanation is
unlikely to account for 56% of missing thrombi.

Explanation 2: Pulmonary emboli without deep-vein
thrombosis detected by magnetic resonance imaging
are due to “therapeutic embolization”
This explanation for the lack of identification of DVT on

MRI in patients with PE is that a thrombus had been pres-
ent but was completely dislodged to the pulmonary arter-
ies at the time of scanning. This theory seems unlikely as
an explanation for all of the missing DVT, as it is not sup-
ported by data from post-mortem studies. These studies
showed that only part of the clot (usually the free-floating
tail) breaks off and embolizes.29-31 Furthermore, if this the-
ory were to be true, one would expect that a longer time
between the diagnosis of PE and MRI scanning would be
related to a lower chance of finding a thrombus. We per-
formed a logistic regression analysis to address this issue,
using the presence or absence of DVT as an outcome and
the number of days between PE diagnosis and MRI scan as
a continuous covariable. Our data showed no association
between identification of a DVT and the number of days
between diagnosis and MRI, with an odds ratio of 0.99
(95% CI 0.81-1.21). 

Explanation 3: Pulmonary embolism has a cardiac origin
Case reports describing PE due to right atrial thrombi in

patients with atrial fibrillation led us to consider this as an
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Table 1. Baseline characteristics of all PE patients. 
PE patients                                                                    N=99

Age (median, range in years)                                              54 (18-84)
Sex
Male                                                                                          60 (61%)
Female                                                                                     39 (39%)
Body mass index (median, range in kg/m2)                      26 (16-39)
Hospital of origin
Rijnland Hospital                                                                   22 (22%)
Leiden University Medical Center                                    77 (78%)
In-hospital patients at time of diagnosis                           20 (20%)
Duration of complaints (median, range in days)             2 (0-105)
Clinical ultrasound performed                                             13 (13%)
DVT on ultrasound                                                                10 (77%)
No DVT on ultrasound                                                           3 (23%)

Table 2. Localization of thrombi in PE patients with a DVT on MRI.
PE patients N= 99

No thrombus on MRI 55 (56%)
Thrombus present on MRI 44 (44%)
Right leg DVT 13 (30%)
Left leg DVT 27 (61%)
Bilateral DVT 4 (9%)
1 vein 19 (43%)
2 veins 12 (27%)
3 veins 3 (7%)
4 veins 4 (9%)
5 veins 4 (9%)
6 or more veins 2 (5%)

Figure 2. Anatomical distribution of
thrombi on MRI. Division into seven
venous segments with thrombosis in all
patients with pulmonary embolism, with a
deep-vein thrombosis on magnetic reso-
nance images (N=44).
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alternative origin of PE.32,33 In a recent case-control study
based on ICD discharge codes in the Danish National
Patient Registry, heart disease was shown to be a risk fac-
tor for PE without concomitant DVT, with an over 40-fold
increased risk in the first 3 months after myocardial infarc-
tion or heart failure.34 For DVT with or without PE, this
risk was increased 10- to 20-fold. The risk was more pro-
nounced for right-sided heart disease, suggesting a direct
relation with the thrombus in the pulmonary arteries.
Two previous studies also showed that patients with atrial
fibrillation, mitral valve stenosis or dilated cardiomyopa-
thy are at increased risk of developing isolated PE. The
authors concluded that heart diseases could be a source of
PE, due to the development of right-sided cardiac throm-
bi.35,36 In our study, in the group of PE patients without
DVT on MRI, there were no patients with documented
heart failure. Two out of 55 patients had atrial fibrillation
(4%). The absence of heart failure and the low proportion
of atrial fibrillation make it unlikely that cardiac thrombi
could explain the absence of DVT in over half of the PE
patients. 

Explanation 4: Pulmonary embolism originates from
local thrombus formation in the lungs
From an alternative etiological point of view, PE may be

a local phenomenon, starting in the pulmonary arteries. It
has been hypothesized previously that central PE could be
caused by DVT while peripheral, smaller PE could be
caused by local inflammatory reactions in the pulmonary
arteries.31 The idea of PE due to local inflammatory
processes was described in two studies performed in trau-
ma patients.31,37 Autonomic dysfunction is one of the con-
sequences of trauma and may lead to adrenergia and
inflammation that together promote coagulation. Hypoxia
may also stimulate the endothelium.31,37 Yun et al. conclud-
ed that embolic disorders such as PE may represent asyn-
chronous systemic phenomena rather than a clot migra-
tion process, when adrenergia and inflammation are pres-
ent.38 In addition, chronic obstructive pulmonary disease
and asthma may cause local clots, as persistent low-level
systemic inflammation is present in these patients.22,24
Data from a nested case-control study showed a 3.6-fold
increased risk of PE in patients with mild chronic obstruc-
tive pulmonary disease, and a 7.5-fold increased risk of PE
among those with severe chronic obstructive pulmonary
disease. No increased risk was found for DVT.22 We
recently found that pneumonia increased the risk of PE in
the MEGA study, with an odds ratio of 8.1 (95% CI 6.2-
10.6). For DVT alone, the odds ratio was 3.0 (95% CI 2.2-
4.0).23
Inflammation affects coagulation through different

mechanisms: via tissue factor-mediated thrombin genera-
tion, and via the impairment of anticoagulant pathways,
the protein C system in particular.39 In asthma patients
impaired fibrinolysis has been described. Protease-activat-
ed receptors have been pointed out as the molecular link
between coagulation and allergic inflammation in asth-
ma.24 In addition, coagulation can be further enhanced by
the complement system, which is activated during inflam-
mation. One might speculate that local inflammation of
the vessel wall leads to thrombus formation. 
Another argument that supports the possibility of local

PE is that of recurrent events. If DVT and PE are manifes-
tations of the same disease, the anatomical location of
recurrence would be expected to be independent of the

location of the first event. However, PE patients are more
likely to develop another PE when a recurrence occurs,
while patients with DVT have DVT as the recurrent event
more often than expected.40 In addition, patients with iso-
lated PE are less likely to experience a recurrent event than
DVT patients, confirming that isolated PE may be a differ-
ent entity.41
In this study, calf veins were frequently affected in

patients with PE (12 patients with thrombi in deep veins
and 5 with thrombi in superficial calf veins). Although
similar findings have been published previously,5,42-44 oth-
ers have stated that distal thrombi are not relevant as a
starting point for PE.45,46 Of note, from our data we cannot
determine whether a more proximal thrombus had also
been present in patients with calf vein DVT and
embolized to the lungs, nor can we estimate the risk of
embolization of calf vein thromboses. We found thrombi
in the abdominal vein segment in only three out of 44
patients (7%). 
We compared our findings to those of other studies that

assessed thrombi above the level of the inguinal ligament,
in which imaging of DVT was performed either with CT
venography or with magnetic resonance angiography and
found inconsistent results. Nchimi and colleagues imaged
PE by CT pulmonary angiography followed several min-
utes later by CT venography for assessment of DVT. The
study population had a mean age of 61 years (range 19-
100 years). Out of 272 PE patients, 200 were found to have
concomitant DVT (74%). Thrombi above the level of the
inguinal ligament were found in 10% of patients with PE,
similar to our findings.9 In addition, isolated below-knee
thrombi were found in more than half of PE patients, and
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Table 3. Acquired and genetic risk factors in PE patients presenting
with or without a thrombus on MRI.
Risk factors Thrombus present No thrombus

on MRI on MRI
N= 44 N= 55

n (%; 95% CI) n (%; 95% CI)

Age >65 years 9 (20; 11-35%) 12 (22; 13-34%)
Malignancy
History 4 (9; 4-21%) 6 (11; 5-22%)
Active 10 (23; 13-37%) 13 (24; 14-36%)
Surgery in past 8 weeks 9 (20; 11-35%) 13 (24; 14-36%)
Minor leg injuries in past 4 weeks 5 (11; 5-24%) 3 (5; 2-15%)
Positive family history of VTE 11 (25; 15-39%) 10 (18; 10-30%)
Bedrest of >4 days in past 8 weeks 7 (16; 8-29%) 15 (27; 17-40%)
Air travel of >8 h in past 8 weeks 3 (7; 2-18%) 3 (5; 2-15%)
Travel of >4 h by car/train 4 (9; 4-21%) 9 (16; 9-28%)
in the past 8 weeks 
Any immobilization factor 12 (27; 16-42%) 22 (40; 28-53%)
Women using contraceptive pill 4/17 (24; 10-47%) 7/22 (32; 16-53%)

Genetic risk factors N= 44 N= 54

Factor V Leiden mutation
Heterozygous 6 (14; 6-27%) 3 (6; 2-15%)
Homozygous - 1 (2; 0-10%)
Prothrombin mutation
Heterozygous 1 (2; 0-12%) 2 (4; 1-13%)
Homozygous - -

VTE: venous thromboembolism.
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the authors concluded that CT venography should be per-
formed including the calves down to the level of the ankle.
Velmahos et al. performed combined CT pulmonary
angiography and CT venography in 46 trauma patients
with PE. The mean age of this series of patients was 56
years. Only seven out of the 46 (15%) patients had a con-
comitant DVT, of which one was in the abdominal dis-
trict.31
Stern et al. assessed DVT using magnetic resonance

angiography in 24 PE patients with negative CUS findings
(mean age 49 years; range 18-83). Of these patients seven
were found to have pelvic DVT (29%) and 17 had no con-
comitant DVT. However, these results cannot be com-
pared directly to our findings due to different study meth-
ods, as we did not select patients with a negative CUS, but
only with PE proven by CT pulmonary angiography.47
Of the risk factors we analyzed, the most notable finding

was that the factor V Leiden mutation was present more
often (14%) in PE patients with a concomitant DVT than
in patients with PE alone (7%). This confirms previous
findings, which showed that regarding the factor V Leiden
prevalence, patients with both PE and DVT resemble DVT
patients more than patients with isolated PE.13 As for minor
leg injuries, it seems plausible that patients with an injury
of the leg are likely to develop DVT locally, part of which
could embolize later.19 Patients with isolated PE did indeed
have a lower prevalence (5%) of minor leg injuries than
patients with concomitant DVT (11%). A limitation to this
study is that numbers were small for assessment of differ-
ences in risk factors between patients with and without
DVT. Our results do, therefore, have to be interpreted care-
fully and need to be replicated in larger studies.
In summary, in this etiological study we aimed to locate

the origin of PE and thereby increase the yield of DVT that

were otherwise missed on CUS examinations. We found
DVT in less than half of all PE patients using a total-body
MRI technique, and proposed several hypotheses to
explain the absence of DVT in the majority of patients.
Limited sensitivity of MRDTI, complete embolization of
the DVT, or a clot of cardiac origin could not sufficiently
explain the absence of thrombi. We, therefore, postulate
that in some cases PE may arise de novo in the lungs, which
could be a new explanation for the origin of PE without
concomitant DVT. 
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