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Ozet

Amag: Tekrarlayan pulmoner tromboembolizmde derin ven trombozu (DVT) tanisini koymak énemlidir. DVT tanisinin
atlanmasi Pulmoner Emboli (PE) tedavisinde yetersizlige yol acar. Bu yiizden PE tedavisinde DVT tespiti kritik 6neme sahip-
tir. Bu galismanin amaci, Pulmoner Tromboemboli (PTE) siiphesi olan hastalarda derin ven trombozu degerlendirmesi igin
Renkli Doppler Ultrasonografi (RDUS) ve Indirekt Bilgisayarli Tomografi Venografi (IBTV) sonuglarini kargilagtirmak ve
[BTV’nin RDUSa alternatif bir metod olup olmadigini arastirmaktir.

Gereg ve Yontemler: Erciyes Universitesi Tip Fakiiltesinde Kasim 2007-Aralik 2009 tarihleri arasinda klinik degerlendirme
ile Pulmoner Emboli (PE) tanisi alan toplam 205 hasta ¢aliymaya dahil edildi. Pulmoner Bilgisayarli Tomografi Anjiyografi
(BTA) ve IBTV incelemeleri ayni seansta yapildi. Pulmoner BTA incelemesinde kullanilan kontrast maddeye ilave kontrast
madde verilmeden ii¢ dakika sonra IBTV incelemesi yapildi. Pulmoner BTA' dan sonraki iki giin igerisinde alt ekstremite
RDUS incelemesi yapildi.

Bulgular: Toplam 205 hastanin 84’iinde BTAda PE, 45’inde ise PE’si olsun yada olmasin IBTV'de DVT saptandi. 84 hastanin
34’iinde PE ve DVT ayn1 anda gozlendi. 45 hastanin 38’1 her iki yontemle de DVT tanisi ald1. Yedi hasta sadece IBTV ile alt:
hasta ise sadece RDUS ile trombiis saptandi.

Sonug: Ultrasonografi ile kiyaslandiginda Pulmoner BTA ya BT Venografinin ilave edilmesi DVT tanisinda yeterli olarak
degerlendirildi. BTA anjiografi ve Venografinin kombine kullanimi segili hastalarda daha yeterli olabilecegi diistiniilmiistiir.

Anahtar kelimeler: Pulmoner tromboemboli, Derin ven trombozu, Indirekt bilgisayarli tomografi venografi, Renkli doppler
ultrasonografi
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Abstract

Objective: The diagnosis of deep venous thrombosis (DVT) is important for recurrent pulmonary thromboembolism (PTE).
Missing the diagnosis of DVT leads to insufficiency in the treatment of Pulmonary Embolism (PE). Therefore, the detection of
DVT is being critical in the treatment of PE. The purpose of the study is to compare Color Doppler Ultrasonography (CDUS),
and Indirect Computer Tomography Venography (ICTV) results for the evaluation of deep venous thrombosis in patients
with suspected Pulmonary Thromboembolism and to investigate whether ICTV is an alternative method to CDUS.

Materials and Methods:A total of 205 patients who were diagnosed as Pulmonary Embolism (PE) by clinical evaluation
between November 2007 and December 2009 in Erciyes University Faculty of Medicine were included in the study. Pulmonary
Computed Tomography Angiography (CTA) and ICTV examinations were performed in the same session. ICTV images were
performed without further contrast material injection with three minutes delay after the beginning of the contrast injection
for Pulmonary CTA. Lower extremity CDUS examination was performed within two days after the pulmonary CTA.

Results: Of 205 patients, 84 of the BTA had PE and 45 had a DVT (PE with or without) detected in ICTV. In 34 of 84 patients,
PE and DVT were observed simultaneously. Thirty eight of 45 patients were diagnosed with DVT by both method. Thrombus
was detected in seven patients with only ICTV and six with CDUS only.

Conclusion: Compared with sonography, ICTYV, in addition to CT pulmonary angiography, is a relatively accurate method
for the evaluation of DVT. It has been considered that Combined CT angiography and venography may be more efficacious
than sonography in selected patients.

Keywords: Pulmonary thromboembolism, Deep vein thrombosis, Indirect computer tomography Venography, Color doppler
ultrasonography
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INTRODUCTION

Pulmonary embolism (PE) is a feared complication of deep
vein thrombosis (DVT), both of which are considered dif-
ferent components of the same disease. DVT is one of the
most common preventable causes of death in hospitalized
patients (1,2). DVT and PE occur in approximately 300.000
to 600.000 patients each year in the United States, with ap-
proximately 50.000 deaths due to PE.Because of high mor-
tality and morbidity, PE is difficult to diagnose and treat(3).

Thrombi of the veins in the lower extremitiescause 90% of
PE. The primary prognostic factor in recurrent thromboem-
bolism is residual thrombi in the proximal veins(4).DVT is
often asymptomatic. Missing the diagnosis of recurrent DVT
leads to insufficiency in the treatment of PE. Therefore, the
detection of DVT is critical in the treatment of PE (5).

Nowadays, the first imaging modality in the diagnosis
of PE is accepted as Computed Tomography Angiography
(CTA). In recent years, indirect CT venography (ICTV),
which is an alternative, fast and applicable method to RDUS,
has been used in the evaluation of DVT(5). After pulmonary
CTA with ICTYV, the subdiaphragmatic deep venous system
is imaged without additional contrast material. Lower ext-
remity CDUS examination was performed within two days
after the pulmonary CTA.

The present studyaims to compare the results of ICTV
and CDUS in the diagnosis of DVT in patients with suspe-
cted PE.

MATERIALS AND METHODS

Study design and setting

The study was carried out at the Department of Radio-
logy, faculty of medicine, Erciyes University. The study was
approved by the Ethic Committee of Erciyes University
(2008/166).

Radiological examination

CTA and ICTV examinations were performed with a 16
detector CT (GE © Light Speed 16 Milwaukee, Wisconsin,
USA). In pulmonary CTA, a bolus-tracking technique was
used to provide contrast optimization in the pulmonary ar-
tery. In this technique, the first image was obtained for de-
termining the main pulmonary artery level. In the supine
position, a 100 ml nonionic contrast agent (300 mgl / ml)
was administered via the antecubital vein intraket through
an automatic syringe at a rate of 3.5 ml /s. Serial images were
taken at a low dose (40 mA) at three-second intervals.When
the contrast intensity in the pulmonary artery reached a suf-
ficient density value (100 HU), the table was brought to the
starting point and cross-sectional images were taken. The pa-
tient took a short break during this procedure. The patient’s
arms were positioned on the upper part of the head to avoid
artifact formation. Section images were taken from the lung
apex to the diaphragm level (16-25 cm) to include the up-

per-liver segments. Section thickness was 3.75 mm and res-
haped by 1.25 mm reconstruction. The pitch value was set
to 1.375: 1. X-ray dose was determined as 120 kV, 130 mA.
Collimation was 20 mm, the table speed was 27.50 mm / ro-
tation, and the scanning time was 7.2 sec. Helical scanning
was performed with 16 detectors (16x1.25).

At the end of the pulmonary CTA examination, the pa-
tient remained on the tablefor 180 seconds, and images were
obtained without any additional contrast agent. The sec-
tions included a region starting from iliac crest to distal to
the popliteal fossa. The scanning of the section images was
adjusted upward from the popliteal region. The cross-sectio-
nal distance was 4cm, and the cross-sectional thickness was
10 mm. X-ray dose was determined as 120 kV, 40 mA. The
collimation was 20 mm and the time of exposure was 11.2
sec.Axial scanning was with eight detectors(8x2.5) and the
images were transferred to the PACS (Picture Archive and
Communication System).

Pulmonary CTA was evaluated by a specialist radiologist.
The filling defect in the pulmonary artery was determined as
diagnostic criteria for PE. Hypo dense filling defect in venous
structures on ICTV was the main diagnostic criterion for
DVT. Extension of venous structures, linear density increase
in perivenular fatty tissue, staining of vein walls, and lack of
segmental staining were determined as auxiliary diagnostic
criteria for DVT.

Lower extremity CDUS examination was performed wit-
hin two days after the pulmonary CTA. The sonographic exa-
mination was performed with Toshiba Aplio CDUS devices.
All CDUS examinations were evaluated by a radiologist who
was unaware of the results of the ICTV. The Transducer was
selected depending on the examined areaand the severity of
edema in the patient’s leg.A 3.75 MHz convex probe was used
in the pelvic region, and a 7.5 MHz linear probe was used
in the thigh and leg. A sonographic examination was per-
formed from the distal segment of the inferior vena cava to
the level of the popliteal vein trifurcation. The main femoral
vein, the large saphenous vein junction, the proximal, midd-
le and distal superficial femoral vein, the deep femoral vein,
and the popliteal vein were routinely examined.

Evaluation of DVT with CDUS was performed in two
stages. First, the gray structure of the veins was evaluated
for wall structure, intra-lumen echogenicity, vessel diame-
ter, response to compression, and diameter changes with
respiration. Vein compressibility was evaluated mainly by
transverse images. Any abnormal condition observed in the
transverse plane was confirmed by images in the longitudinal
plane. Doppler signals and response to augmentation were
also investigated in the longitudinal plane. The second eva-
luation stage of DVT evaluated color fillings and flow forms.
The presence of thrombus in CDUS, absence of flow in ve-
nous structures, decreased calibration, no compression, and
no response to augmentation were the diagnostic criteria for
DVT. In the presence of DVT, thrombus localization, throm-
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bus age, extension, recanalization and the presence of col-
lateral structures were also evaluated. According to the last
diagnosis, the efficacy of ICTV and CDUS in the diagnosis
of DVT and whether they had superiorities or deficiencies
compared to each other were investigated.

Inclusion and Exclusion Criteria

Exclusion criteria were patients with renal failure, pa-
tients with contrast agent allergy, pregnancy status, and preg-
nancy suspicion.The Wells Criteria is the most widely used
and accepted method for optimizing DVT detection and cost
in high-risk patients (6).

Statistical Analysis

All statistical data of the patients included in the study
were evaluated with SPSS 11.0 Windows program (SPSS Inc.
Chicago, Illinois). The McNemar’s test was used to evaluate
the difference between the two methods. The compatibility
between the two methods was evaluated using the Kappa
test. The sensitivity and specificity values of ICTV and CDUS
findings and diagnostic criteria in ICTV were calculated. The
level of significance was taken as 0.05.

RESULTS

The study included 205 patients; 84 (40.9%) had PE, 45
(24.8%) had DVT on ICTV. Thirty-four had DVT, and only
50 had PE. Of these 84 patients with PE, isolated DVT was
detected in 11 of 45 patients (Table 1).

Of the 45 patients who had DVT on ICTYV, 38 had DVT
on CDUS. Thirty-eight patients were diagnosed as DVT in
both ICTV and CDUS. Seven patients with normal CDUS
were diagnosed with DVT on ICTYV, while six patients with
normal DVT were diagnosed with DVT (Table 2). PE was
detected in CTA in two patients who were diagnosed as DVT
by CDUS, although they were not observed on ICTV. PE was
present in all six patients diagnosed with DVT on ICTYV, alt-
hough they were not observed in CDUS. DVT was diagnosed
in 38 of 84 PE patients by both imaging methods.No DVT
was detected in both IBTV and RDUS in 149 patients (Table
2).

Of the six patients diagnosed with DVT alone, four had
no embolism, and two had embolism (Table 2). The results of
ICTV and CDUS were compared. There was no statistically
significant difference between the two methods (p = 0.97).
The compatibility of both methods was found to be signifi-
cant (p = 0.01).

There were 34 patients with PE and DVT. Three of these
patients had bilateral DVT and bilateral PE. Two of these pa-

tients were diagnosed by ICTV, and one of them was diagno-
sed by CDUS (Table 3).

The main diagnostic criterion in ICTV was the intra-
luminal filling defect, and all criteria, including diameter
increase, wall enhancement, and perivenular inflammation,
were compared with RDUS (Table 4). Sensitivity, specificity,
positive predictive value and negative predictive values were
determined.

Table 1. Results of IBTV and Pulmonary CTA

CTA PE (+) PE(-) Total
ICTV n% n % n%
DVT(+) 34 (16.6) 11 (5.4) 45 (22)
DVT(-) 50 (24.4) 110 (53.6) 160 (78)
Total 84 (41) 121 (59) 205

Table 2. Results of ICTV and CDUSG

CDUS (+) CDUS (-) Total
Parameter n% n% n%
ICTV (+) 38 (18.6) 7(3.4) 45 (22)
ICTV (-) 6(2.9) 154 (75.1) 160 (78)
Total 44 (21.5) 161 (78.5) 205
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Table 3. PE and DVT relationship

Right PE Left PE Bilateral PE
Right DVT 7 2 8
Left DVT 3 2 9
Bilateral DVT - - 3

Table 4. Defect (D) + Wall enhancement (WE) + Diameter increase (DI) + Perivenular inflammation (PI) Relationship

with DVT

icTv/CDUS DVT (+) DVT (-) Total Sensitivity:20.45 %
D +WE + PI+ DI (+) 9 0 9 Specificity: 100%

D +WE + PI+ DI (-) 35 161 196 PPD: 100%

Total 44 161 295 NPD: 82.14%

Figure 1. A 76-year-old male patient presented to the emergency department with respiratory distress.

A:In CTA, filling defects in both main pulmonary arteries consistent with embolism extending to the distal branches in shape are observed.
B:CTV shows increased diameter in the left popliteal vein, filling defects consistent with thrombus, and diameter increase.

C,D:CDUS has a hyperechoic appearance consistent with thrombus.
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DISCUSSION

Because of DVT asymptomatic course, recurrent DVT can
lead to inadequate treatment of PE and may cause a life-thre-
atening situation if DVT cannot be diagnosed (7). The most
commonly used invasive test for adiagnosis of PE is V-P
scintigraphy.DVT is detected in 90% of patients with ahigh
probability of V-P scintigraphy. However, more than 70% of
patients have a low or moderate probability in V-P scintig-
raphy. Therefore, other imaging methods are needed (8,9).

Although pulmonary CTA is not an invasive method like
Conventional Pulmonary Angiography, it shows the presen-
ce of embolism directly. Furthermore, we can evaluate adja-
cent structures such aslung parenchyma, mediastinum, pleu-
ral and chest wall by pulmonary CTA. Another advantage of
the pulmonary CTA is that it can beused to evaluate patients’
response to treatment (10). In addition, shorter screening
time prevents respiratory artifacts.Under the guidance of
these advances, CTA has become a routine imaging modality
to assess pulmonary vascularity in suspected PE (11).

Conventional venography has been used for the diagnosis
of DVT for many years and still has a significant role in the
evaluation of calf veins. Since it reveals the anatomical struc-
ture of the venous system, it is acceptedas the gold standard.
However, the disadvantage of this method is that it is inva-
sive, expensive, experiential, and requires contrast material.
After the examination, complications such as phlebitis, aller-
gic reaction, and DV'T may develop (12).

Indirect CT venography, as in conventional venography;,
contrast material is injected from the dorsal vein in the foot
and evaluated with axial sections. Baldt et al.investigated the
effectiveness of direct CT venography in the diagnosis of
lower extremity DVT and found that the sensitivity of direct
CT venography was 100%, and specificity was 96% compared
to conventional venography (13). However, direct CT venog-
raphy requires contrast media and is not routinely applied in
practice (14).

Nowadays, conventional venography has been replaced
by CDUS for the evaluation of the lower extremity venous
system. CDUS, which is the first choice imaging method for
the diagnosis of venous thrombosis due to its non-invasive,
reproducible, easy tolerability, and low cost to the patient. The
sensitivity of CDUS in femoro-popliteal venous thrombosis
was 89-100%; specificity was 99-100%; the positive accuracy
rate was 97%,and the negative accuracy rate was reported as
94%. There are many studies showing that CDUS is not suf-
ficient in the diagnosis of calf and pelvic region DVT (13).
Therefore, CDUS is accepted as a clinical standard method,
although it is not a gold standard. There are some limitations
of CDUS, which is considered a clinical standard. These limi-
tations are obesity, soft-tissue edema, and suboptimal image
quality. CDUS cannot be performed on immobilized patients
such as cast, who are difficult to position; there is no acoustic
window forthese reasons. Moreover, CDUS is inadequate to
detect pelvic and abdominal thrombi (15).

Isolated DVT in the pelvic region is rare, with a thrombus
of 0.5% to 4% (5,16). In their study with 61 patients, Taffoni
et al. reported no isolated pelvic thrombus (17). It has been
reported in the literature that thrombus in these regions is a
risk factor for recurrent pulmonary embolism (18). Cham et
al. reported that pelvic DVT was 11-30% and isolated DVT
was 1% in PE (five In their study of 541 patients with suspe-
cted PE). They reported that all pelvic DVT affected other
lower extremity veins, but one patient had isolated DVT in
BMI (5). Goodman et al. have shown that isolated pelvic th-
rombi were only 1%-4% of patients with DVT (19). In the
105 series of PIOPED II, it was reported that only three pa-
tients (3%) had isolated pelvic thrombi (20).

Indirect CTV applications were first introduced in 1998
by Loud et al. (2). Pulmonary arteries for the diagnosis of
PE and deep venous system for the diagnosis of DVT can be
monitored with a single imaging method with a single bolus
contrast agent application. Many studies in the literature su-
ggest that the addition of CTV in addition to CTA increases
the diagnosis of VTE (2,5,21). Although it is a noninvasive
and fast method that does not require additional contrast
media, ICTV has some disadvantages. Firstly, different pro-
tocols are used technically, and parameters such as section
thickness, section spacing, scanning shape (helical or axial)
have not been standardized yet.

Venous return is delayed in cases such as severe heart
fajlure and atherosclerotic vascular disease. Delay of ve-
nous return may result in flow artifacts due to the mixing
of non-opacified blood with opacified blood, and inadequ-
ate venous opacification may lead to false-negative results
(22,23). Another disadvantage of the method is the radiation
dose received in ICTV. The effective radiation dose in ICTV
is 7.05 mSv (2.3-11.8), depending on the different protocols.
The effective radiation dose of ICT'V is 5.2 mSv for the pelvis
and 0.6 mSv for the lower extremity (24).

High radiation dose in ICTV depends mainly on the ima-
ging of the pelvic region. Kalva et al. reported that only two
patients detected venous thrombus in the pelvic region in a
study involving 2074 patients related to the radiation dose
taken on the ICTV and therefore screening the pelvic regi-
on to reduce the dose of radiation causing the limitation on
the ICTV was not very important (16).Load et al. stated that
IVC and iliac veins can be shown by ICTV as an advantage to
CDUS. They found abdominal and pelvic thrombosis in 12%
and pelvic thrombus in 4% of patients. In the same study,
they reported that they reduced the radiation dose by using a
5 cm interval. The use of a 5 cm interval reduces the radiation
dose by 80%, but thrombus can not detect in 40% (2).

CDUS is not effective in the diagnosis of DVT in patients
with lower extremity gypsum, severe edema, obesity and in-
tubation, and in areas where technical deficiencies such as
pelvic and adductor regions are present. ICTV is not effecti-
ve in detecting thrombus in patients with metallic implants.
The addition of ICTV to pulmonary CTA can provide VTE
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diagnosis quickly and effectively with a single examination
method. Filling defect alone is effective in detecting throm-
bus, and the addition of other diagnostic criteria does not
increase its efficacy.

In conclusion, in this study, ICTV and CDUS were found
to have statistically equal sensitivity and sensitivity in the di-
agnosis of lower extremity DVT in patients with suspected
PE. ICTV can be used as an effective diagnostic method, es-
pecially in cases of severe edema in the lower extremities and
the regio of pelvic and adductor where CDUS is limited.
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