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Pulmonary embolism location is associated with the
co-existence of the deep venous thrombosis

Markus A. Sane?, Jari A. Laukkanen®™°, Marit A. Granér®, Paivi L. Piirils®,
Veli-Pekka Harjola"® and Pirjo E. Mustonen®

Multiple studies have shown that in approximately half of
individuals with pulmonary embolism (PE), the deep venous
thrombosis (DVT) is not evident at the moment of PE
diagnosis. The underlying factors and the origin of PE in these
patients are not completely understood: missed DVT,
embolization of DVT in its entirety, or de-novo PE being
possible explanations. The aim of this study was to evaluate
the differences in PE patient with or without co-existing DVT.
Sixty-three consecutive PE patients were included. Whole leg
bilateral Doppler compression ultrasound was performed to all
patients. The PE location and extension,

C-reactive protein, platelet count, hemostatic markers FV, FVIII,
FXIllla, Fibrinogen, von Willebrand factor antigen,
thrombomodulin were assessed. Thorough clinical
assessment including echocardiography and pulmonary
function tests were performed upon arrival and seven months
later. The mean age of the patients was 57 years (SD 17.3) and
33 (52%) were women. Thirty-one patients (49.2%) had co-
existing DVT. The presence of DVT was associated with the
proximal location of the PE (100%), whereas none of the
patients (n =10) with exclusively peripheral PE had co-
existing DVT. The PE extension, the measured hemostatic and
inflammatory markers or the patient characteristics did not
statistically differ between patients with isolated PE and PE

Introduction

It is assumed that most of the pulmonary embolisms (PE)
originate from the thrombosis of the lower extremity
veins [1,2]. Multiple modalities have been used in the
search for co-existing thrombosis including compression
ultrasound (CUS) [3,4], contrast media lower extremity
computer tomography [5], and total-body magnetic reso-
nance direct thrombus imaging technique [6]. Regardless
of the method used the result has been the same, in
nearly half of the patients with PE there is no sign of the
thrombosis apart from pulmonary arteries.

There is indirect evidence indicating that PE is not
always a sequel of deep venous thrombosis (DVT). For
example patients with underlying lung pathology such as
asthma and chronic obstructive pulmonary disease
(COPD), present more often with PE than with DVT
[7,8]. Additionally, there is evidence that isolated PE and
PE associated with DVT have differences concerning
their prognosis and risk factors [9—11]. An example of the
former is the Leiden V paradox; heterozygote factor V
Leiden mutation is shown to be stronger risk factor for
DV'T than for PE [12,13]. Also, the thrombus lysis time
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with co-existing DVT. In roughly half of the PE patients no DVT
could be detected. The location of the PE was associated with
the presence of co-existing DVT. There were no differences in
the PE extension, hemostatic markers or in the patient
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and the fibrin clot structure, as well as the profile of
plasma hemostatic markers have been shown to differ
between patients with isolated DV'T or isolated PE
[14,15] and patients with isolated PE and PE with
DV'T [16]. Where the connection of pulmonary pathology
and isolated PE seems plausible, less is known about
the pathophysiology and background of isolated PE in
patients without these underlying conditions.

The aim of this study was to assess the prevalence of
isolated PE in consequent PE patients, from which
underlying chronic pulmonary diseases were excluded
both by medical history and comprehensive pulmonary
function tests, and compare the features of PE, such as its
location and extension, clinical findings, risk factors, and
plasma levels of hemostatic markers FV, FVIII, FXIIIa,
von Willebrand factor antigen (vWEF:Ag), fibrinogen
and C-reactive protein, in PE patients with and without
co-existing DV'T.

Methods

This prospective study consisted of 63 consecutive
prosp y
patients with acute PE diagnosed in the Emergency
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Department of Helsinki University Hospital. The
patients were enrolled between February 2003 and
August 2004. The following exclusion criteria were
applied: previous PE, preceding anticoagulation therapy,
clinically high-risk PE requiring immediate thromboly-
sis, chronic pulmonary disease requiring regular medica-
tion, for example, COPD, unstable angina pectoris, heart
failure, co-existing trauma, and terminal cancer.

The study design was approved by the Ethics Committee
of the Helsinki University Central Hospital and written
informed consent was obtained from all participants.

From this same patient cohort we have earlier published
the radiologically calculated PE mass and its association
to right ventricular function [17], and the comparison of
hemostatic markers at acute phase and 7 months later, as
well as the effect of VT'E volume on these markers [18,19].
The diagnostics of PE and radiological calculation of PE
mass have been described earlier in detail [17-19].

In brief, the diagnosis of the PE was confirmed with
computer tomography pulmonary angiography (CTPA)
and all scans were centrally assessed to evaluate the
location and extension of PE by two expert radiologists
blinded to other results. PE was considered to be proxi-
mal if it was located in the main, mediastinal or in the
lobar pulmonary arteries, whereas the PE was classified as
peripheral if the embolus was only in the segmental or
subsegmental arteries. The most proximal location of the
PE defined its category (proximal or peripheral).

The PE extension was evaluated with the method of
Mastora, which is a semiquantitative method in evaluating
the obstruction of the pulmonary arteries [20]. The Mas-
tora score describes the combined PE mass by calculating
the obstruction of the proximal (five mediastinal and six
lobar arteries) and peripheral pulmonary arteries (twenty
segmental arteries) using a 5-point scale. Each artery is
evaluated separately and the sum of the total obstruction is
reported in percentages both proximally and peripherally,
maximum obstruction percentage being 155%. If the PE is
only in subsegmental artery the count is 0.

Bilateral lower extremity Duplex US evaluation was
performed to all patients with standard 10 MHz linear
array probe. The protocol for the diagnosis of DV'T
included compression of the common femoral, superficial
femoral, popliteal, posterior tibial and peroneal veins.
Compression was made every 3 cm. Additionally Doppler
US was performed at the junction of common femoral and
great sapheus vein to assess the existence of more proxi-
mal venous thrombosis.

Majority of the patients (47/63,74.6%) underwent thor-
ough pulmonary testing including spirometry, pulmonary
single breath diffusing capacity for carbon monoxide and
measurement of fractional exhaled nitric oxide (FENO).
The details of pulmonary function tests have been pub-
lished earlier [21-22].

T'wenty-eight patients had received single dose of low-
molecular-weight-heparin before the CTPA due to the
high clinical suspicion of the PE. No other treatment was
given before PE diagnosis or CUS. The choice of investi-
gated hemostatic parameters, the sample collection, and
the analysis of the hemostatic markers in national refer-
ence laboratories were performed as described earlier
[17,19]. All individuals were also tested for thrombophilia.

All statistical analyses were performed with SPSS 21.0 for
Windows (SPSS Inc., Chicago, Illinois, USA). Data are
presented as means (with SD for normally distributed
continuous variables) and proportions (%). The normality
of continuous variables was checked by the Kolmogorov—
Smirnov test. Logarithmic transformation of variables
was performed, if necessary.

Independent samples 7 test was used in the analysis of the
differences between hemostatic markers in patients with
or without DVT. Cross-tabulation was used to evaluate
the significance of the DV'T effect on the location of the
embolism and the effect of thrombophilia in patients with
or without DVT. Fisher’s exact test was used to measure
the statistical significance due to the small sample size. A
P value <0.05 was considered statistically significant.

Results

The mean age of the patients was 57 years (SD 17.3) and
33 (52%) were women. Thirty-two (50%) had isolated PE.
The DV'T's were proximal in the majority of cases (25/31,
81%). There were no significant differences between PE
patients with and without co-existing DV'T" regarding to
the assessed patient characteristics and the common risk
factors for venous thrombosis (Table 1). The demo-
graphic and clinical characteristics of the patients are
presented in Table 1.

The association of the presence of DV'T and PE location
is presented in Table 2. All the patients with DVT
(7=231) had PE mass on proximal location (pulmonary
truncus, main pulmonary or lobar pulmonary arteries)
whereas none of the patients with exclusively peripheral
PE (=10, seven segmental and three subsegmental
embolies) had co-existing DVT. The association of the
DV'T and PE location is presented in Table 2.

There was no difference in semiquantitatively evaluated
total volume of PE (PE mass) between the groups
(Fig. 1). Total Mastora score was 45.2 vs. 57.8, peripheral
Mastora score 30.3 vs. 39.0 and proximal score 14.9
vs. 18.8 (P=0.13, P=0.17 and P=0.11, respectively).
There were neither any statistically significant differ-
ences in the measured hemostatic or inflammatory
markers between the two patients groups in the acute
phase (Table 3) or when they were analyzed again seven
months later (data not shown).

The volume (mass) of PE in patients with and without co-
existing DV'T expressed by Mastora score is presented in
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Table 1

The demographic and clinical characteristics of the patients

Differences in PE patients with or without DVT Sane et al. 3

PE with co-existing DVT (n=31)

PE without co-existing DVT (n=32) P

Age (years) [SD]

Gender, male/female

BMI (kg/m?) [SD]

Previous DVT, n (%)

Hormone replacement therapy or oral contraception, n (%)

Preceding immobilization, yes/no

Current smoking (%)

Chronic pulmonary disease®

Fractional exhaled nitric oxide (ppb) (FENO)

Echocardiographic sign of right ventricular dysfunction on admission, n (%)
Symptoms duration (<1 week or >1 week), yes/no

Thrombofilia (all thrombophilia cases were heterozygous for factor V variant), n

57.3 [17.1] 55.7 [17.6] 0.7
18/13 19/13 0.1
29.7 [5.4] 29.3 [5.6] 0.7
4(12.9) 3(9.4) 0.7
6 (19.4) 9 (28.1) 0.5
13/18 19/13 0.2
5 (16) 5 (16) 0.9

0 0
24.2 [36.3] (n=24) 16.5 [9.9] (n=23) 0.3
18 (58) 14 (44) 0.3
13/18 9/23 0.1
4 1 0.3

DVT, deep venous thrombosis; FENO, fractional exhaled nitric oxide; PE, pulmonary embolism. ®The clinical data of pulmonary disease requiring regular medication was
exclusion criteria. Additionally majority of the patients (75%) underwent thorough pulmonary testing including spirometry and diffusion capacity measurements. There were

neither signs of parenchymal pulmonary disease in CT scan.

Fig. 1. Hemostatic and inflammatory markers in patients
with or without co-existing DVT on acute phase are
presented on Table 3.

Discussion

In our population of 63 consecutive PE patients without
underlying lung pathology, isolated PE was as common as
PE with DVT. PEs with DVT were more proximal than
isolated PEs. None of the ten patients with exclusively
peripheral PE (PE only in segmental or subsegmental
arteries) had DV'T. There were no statistically significant
differences in patient characteristics or analyzed hemo-
static and inflammatory markers between groups with
DVT-associated and isolated PE. Interestingly, the total
mass of PE was similar in both groups.

The share of isolated PEs (32/63, 50%) in our study is in
line with several previous reports showing the absence of
lower extremity DV'T in 40-56% of newly diagnosed PE
patients [3-6]. Isolated PE has probably multiple differ-
ent etiologies or explanations. We hypothesized that if at
least part of isolated PEs would be a different entity,
characterized by in situ thrombus formation and triggered
by local pulmonary vasculature reactive state, it would be
more often peripheral than PE with concomitant DVT.
Previously it has been shown, that patients with under-
lying thoracic pathology, such as asthma or COPD, pres-
ent more often with PE than with DVT [7,8]. For
example, in a study of Dutch asthma outpatient clinic,
the incidence of PE in severe asthma was more than five-
fold, and in mild-moderate asthma two-fold higher than
in the general population, whereas asthma was not asso-
ciated with the DVT [8]. The over presentation of PE in

Table 2 The association of the DVT and PE location

Co-existing Proximal and Exclusively Total

DVT peripheral PE peripheral PE (%) P=0.001
Yes (%) 31 (49.2) 0 (0) 31 (49.2)

No (%) 22 (34.9) 10 (15.9) 32 (50.2)

Total (%) 53 (84.1) 10 (15.9) 63 (100)

DVT, deep venous thrombosis; PE, pulmonary embolism.
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asthma and COPD has been hypothesized to be linked
to local vascular inflammation [23]. In our population,
previously diagnosed chronic pulmonary disecase was an
exclusion criteria and pulmonary function tests showed
no signs of undiagnosed chronic lung pathology. The
pulmonary airways were evaluated even by measuring
FENO which is a good surrogate marker for cosinofilic
inflammation in the airways [24]. The FENO values were
similar in two patient groups and also the average FENO
levels were within the normal range of healthy adults

[24].

In our study population, PE with co-existing DVT was
more centrally located. All the patients with DVT
(n=231) had proximal PE. None of the patients with
exclusively peripheral PE (#=10) had co-existing
DVT. Similar results have been reported previously in
few PE patient cohorts. In two relatively small studies by
Velmahos and Van Gent (#z =46 and » =31) it was shown
that among trauma patients with PE and co-existing
DVT, 60-70% of the PEs were proximal whereas only
7-29% of the exclusively peripheral PE patients had co-
existing DVT [5,25].

Local inflammatory state, endothelial dysfunction and
prothrombotic tendency might predispose to in situ
formed isolated PE [26]. We found no significant differ-
ences in the analyzed hemostatic or inflammatory mar-
kers between the patients with isolated PE or PE with co-
existing DVT. It is unlikely, however, that these markers
measured from systemic venous circulation during acute
PE with concomitant acute large-scale systemic upregu-
lation of thrombotic and inflammatory mechanisms,
could adduce signs of local inflammation and procoagu-
lant potential. Either, no statistical differences was found
in these markers in stable phase 7 months later. Contra-
dictory to this, a previous study showed, that in stable
phase after the anticoagulation was withdrawn, fibrinogen
levels, endogenous thrombin potential was significantly
higher, and smoking prevalence lower in patients with
isolated PE when compared to PE with DVT [16]. The
size of the study population in the Zabczyk ez al. [16]
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Fig. 1

40

Mastora score (0-155)

® Proximal score
@ Peripheral score
@ Total score

I Proximal score

I Peripheral score
I Total score

No

Yes

Co-existing DVT during PE diagnosis

The volume (mass) of PE in patients with and without co-existing DVT expressed by Mastora score.

study was nearly threefold compared to our study and it
might have more power to detect the statistically signifi-
cant findings.

In addition to in-situ thrombosis, also other explanations
for isolated PE exist. In patients with isolated PE, distal
lower extremity DV'T's might have been missed due to
the limitations of CUS examination. The sensitivity of
the whole leg Duplex US to detect proximal and distal
DVT is 94 and 64%, respectively [27]. Theoretically,
embolism originating from small distal veins could as well
end up into smaller peripheral pulmonary arteries. How-
ever, the distal DVT's are considered not to embolize as
often as proximal ones [28] and although CUS examina-
tion misses 40% of them we consider unlikely that missed
distal DV'T's could explain that none of the patients with
exclusively peripheral PE had co-existing DVT. Other
undetected DV'T locations are possible, too. The ability
of Duplex US to detect pelvic vein thrombosis is

Table 3 Haemostatic and inflammatory markers in patients with or
without co-existing DVT on acute phase

Hemostatic or PE with PE without

inflammatory marker co-existing DVT co-existing DVT P
FV % 106 [22.4] 115 [21.6] 0.1
FVIII % 165 [566.7] 170 [565.9] 0.7
FXllla % 82.4 [18.8] 92.5 [29.1] 0.1
VWF:Ag (IU/ml) 2.73 [1.44] 2.58 [0.97] 0.6
C-reactive protein (mg/l) 33.3 [39.1] 39.3 [29.4] 0.5
Thrombomodulin (ng/ml) 36.7 [12.6] 36.4 [12.9] 0.9
Fibrinogen (g/I) 4.4 [1.5] 41 [1.3] 0.4

Data are presented as mean [SD]. DVT, deep venous thrombosis; PE, pulmonary
embolism.

uncertain. T'o enhance the sensitivity to detect iliac vein
thrombosis, we used the Doppler waveform analysis [29].
We did not investigate the upper extremities. However,
the prevalence of primary upper extremity DV'T is rare,
around two cases per 100 000 person per year [30], and the
most common causes of upper extremity DVT are among
exclusion criteria of the study. Rare cardiac origin for
isolated PE, [31] is also most unlikely since all patients
underwent CTPA and also echocardiography as
described earlier [17] without signs of right ventricle
thrombus. Consequently, we consider that missed DV'T's
are an unlikely explanation for the 50% share of the
isolated PEs.

One possible explanation of isolated PE, although
unknown in its prevalence, might be the embolization
of DVT in its entirely. Previous publications suggest that
the free floating tail embolizes rather than the whole
thrombus [32-34]. Moreover, it is unlikely that cases of
entirely dislodged DVTs would end up more often in
peripheral than in proximal pulmonary arteries.

Despite the limitations of US examination, the main
limitation of our study is the relatively small patient
cohort. However, the patient population was well char-
acterized, profoundly investigated, and prospectively
followed for 7 months. This allowed us to evaluate, that
is, both the hemostatic parameters and pulmonary func-
tion tests also in the stable phase. It should be noted that
the laboratory testing of serial hemostatic markers is
costly and burdensome explaining the limited number
of patients.
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In conclusion, we found that half of the PEs were
isolated, even in the absence of any inflammatory lung
disease. Isolated PE affected less often large pulmonary
arteries, although its semiquantitatively assessed volume
was not different form the PE associated with DV'T. All
of the exclusively peripheral PEs were isolated PEs.
Peripheral in-situ pulmonary artery thrombosis is histo-
pathologically evident in lung diseases like pulmonary
hypertension [35] and acute respiratory distress syndrome
[36], but to which extent it occurs in patients without
underlying lung conditions, remains unclear. Further
studies are needed to clarify the etiology of isolated
PE in a population without lung pathology.
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