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Abstract: Deep venous thrombosis (DVT) affecting the extremities is a common clinical problem. Prompt

imaging aids in rapid diagnosis and adequate treatment. While ultrasound (US) remains the workhorse of

detection of extremity venous thrombosis, CT and MRI are commonly used as the problem-solving tools either

to visualize the thrombosis in central veins like superior or inferior vena cava (IVC) or to test for the presence of

complications like pulmonary embolism (PE). The cross-sectional modalities also offer improved visualization

of venous collaterals. The purpose of this article is to review the established modalities used for characterization

and diagnosis of DV, and further explore promising innovations and recent advances in this field.
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Introduction

Deep venous thrombosis (DVT) is a major cause of
morbidity and mortality all over the world. It commonly
occurs in the lower extremity and is associated with life
threatening complication of pulmonary embolism (PE)
referred together as venous thrombo-embolism (VTE)
(1,2). While the precise number of people affected by
VTE is unknown, as per the latest CDC data and statistics
published in June 2015 as many as 900,000 people could be
affected (1 to 2 per 1,000) each year in the United States
and about 60,000-100,000 die of VTE, one-half have long-
term complications (post-thrombotic syndrome) and one-
third will have a recurrence within 10 years. In comparison,
upper extremity DVT has much lower incidence in the
range of 4-11% (3-5).

The main cause of DVT is stasis of the blood flow. The
common risk factors for upper and lower extremity DVT
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are trauma, malignancies and side effects of their treatment,
sepsis, past DVT or PE, inherited blood clotting disorders
(thrombophilias), hormone therapy (for birth control or
postmenopausal symptoms), pregnancy or recent delivery
and varicose veins. In addition to these, specific predisposing
factors for upper extremity DVT are the use of central
venous catheters, pacemakers and automated implant
defibrillators (6), effort thrombosis in otherwise healthy
individuals (Paget-Schroetter syndrome) and thoracic outlet
obstruction related to anatomic anomalies (7).

Clinical diagnosis of DVT is unreliable and routinely
used laboratory screening tests such as D dimer tend to have
high sensitivity but a very low specificity (8-10). Thus there
is a need for more accurate and noninvasive diagnostic tests,
not only to diagnose DV'T but also for proper localization
and monitoring during and after treatment. Imaging tests
by their virtue of readily identifying, localizing the DVT

are widely used in routine clinical care.
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The imaging of DVT has evolved over the past few
decades from conventional contrast venography (first
described in 1963) (11) and duplex sonography in 1980s
to computed tomography (CT)/magnetic resonance
venography (MR venography) and scintigraphy and the
latest molecular imaging/nanotechnology.

The purpose of this article is to review the established
modalities used for characterization and diagnosis of
DVT, and further explore promising innovations and
recent advances in this field, all of which when taken
together may have a positive impact on the diagnosis and
treatment of VTE.

Contrast venography

Historically, contrast venography was the first imaging
procedure available for diagnosing DV'T and is still
considered the gold standard with clot being identified as
a filling defect or non-opacification of the vein (12,13).
However, it is an invasive procedure that requires expertise
and large volume of intravenous contrast. This method is
also associated with a small risk of contrast reaction and
iatrogenic venous thrombosis. With advent of newer, safer
and cheaper techniques like CT venography (CTV) it is
seldom performed except when concurrent intervention is
planned.

Ultrasound (US)

US is used in evaluation of both symptomatic and
asymptomatic DVT (patients at high risk of DVT). It is
useful not only in assessing DV but can also identify other

conditions causing signs and symptoms indistinguishable
from DVT.

Compression US

Compression US has been procedure of choice for
investigation of suspected upper and lower extremity DVT
for decades (14). Other modification to this technique like
two-point compression US (15), extended compression
US (16) and complete compression US (17) are used in
different combinations at different institutions.

Venous duplex US

Lower extremity venous duplex US combines 2 components
to assess for DVT: B-mode or gray-scale imaging with
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transducer compression maneuvers and Doppler evaluation
consisting of color-flow Doppler imaging and spectral
Doppler waveform analysis. Respiratory phasicity and
cessation of flow with the valsalva maneuver offer indirect
evidence of patent abdominal and pelvic veins (18).

The primary diagnostic US criteria for acute DVT
remains non-compressibility of the vein with secondary
diagnostic criteria being echogenic thrombus within
the vein lumen, venous distention, complete absence of
spectral or color Doppler signal within the vein lumen,
loss of flow phasicity, and loss of response to valsalva or
augmentation (18). US can also be used to differentiate
acute from chronic thrombus. In acute thrombosis, vein is
distended by hypoechoic thrombus and shows partial or no
compressibility without collaterals (Figure I). In chronic
thrombosis, the vein is incompressible, narrow and irregular
and shows echogenic thrombus attached to the venous walls
with development of collaterals (Figure 2).

According to American College of Radiology (ACR)
guidelines and technical standards, lower extremity US
should include compression, color and spectral Doppler
sonography with assessment of phasicity and venous flow
augmentation (19,20).

Advantages of lower extremity venous Duplex US are
that it is readily available, quick, cost effective, noninvasive,
devoid of ionizing radiation, lacks need for intravenous
contrast and can be portable for critically ill patients prone
for developing DVT.

Limitations include that it is difficult and less sensitive in
patients with obesity, edema, tenderness, recent hip or knee
arthroplasty, cast, overlying bandages and immobilization
devices. It also has limitations in patients who had previous
DVT and have new symptoms shortly after the treatment.
False-positive results include extrinsic compression of a
vein by a pelvic mass or other perivascular pathology (21)
and thrombosis in the distal popliteal vein. False-negative
studies may occur in the presence of calf DVT, proximal
DVT in asymptomatic (even high-risk) patients or in the
presence of a thrombosed duplicated venous segment.

In a systematic review of accuracy of US in diagnosis of
DVT in asymptomatic patients, Kassai e al. suggested that
US was accurate in proximal veins for diagnosis of DVT
in patients hospitalized for orthopaedic surgery (11) with
lower sensitivity in other settings.

Sonographic elasticity imaging (SEI)

As described previously venous duplex US is considered
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Figure 1 Acute deep vein thrombosis on ultrasound. Gray scale ultrasound examination of left common femoral vein (CFV) demonstrates

an enlarged (arrow in A), non-compressible vein (arrow in B) with low level intraluminal echoes. Corresponding color flow and spectral

Doppler (C) suggests no flow within the vein.

TRV RT POP
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Figure 2 Chronic recanalized deep vein thrombosis on ultrasound. Gray scale ultrasound examination of the right popliteal vein

demonstrates echogenic venous wall and a compressible lumen with an eccentric linear area of echogenic material (arrow in A). Doppler

flow is noted around this linear area of echogenic material.

primary noninvasive imaging for DVT. However, this
method cannot assess the age and maturity of the thrombus
i.e., it cannot distinguish pure post thrombotic syndrome
(PTS) (which develops in 20-50% of patients after DVT)
from new development of acute DVT with or without
PTS (22). It is important to distinguish acute on chronic
DVT from PTS as the latter doesn’t require anticoagulant
therapy with highly potent fast acting anticoagulants
associated with high risk of bleeding (23). Also chronic clots
are treated with oral warfarin sodium, which has better
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safety profile than heparin.

SEI is the latest promising technique for estimating
age of the thrombus. It uses tissue deformation to assess
the tissue hardness and hence clot maturity (24,25). It has
shown promising results in animals and in a few studies
in humans. As SEI requires tissue to be deformed during
imaging, it is consistent with venous duplex US which
also requires compression. The degree of compression
required for standard strain measurements on SEI is lesser
than compression US that is beneficial for patients with
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Figure 3 Acute left superficial vein thrombosis seen on computed
venous tomography as an intraluminal filling defect with

perivenous stranding (arrow).

swollen painful legs (26-28). Thus, even if evaluation of clot
age does not work, just the use of SEI to detect thrombi
may be an improvement over the present compression US
technique.

SEI can hence be incorporated into standard duplex US
so that thrombus can be diagnosed and presumably aged
simultaneously.

SEI is in preliminary stages of investigations and there is
limited data on its ability to determine the age of DVT in
human subjects (26,29,30). It is highly operator dependent.
Another limitation is that comparison between the two
clots requires an internal standard with the same hardness
in both images, as it is difficult to know the force that was
used to deform the tissue in each case. Rubin ez 4/. used
the wall of the vein as standard but the hardness difference
estimate was conservative due to lack of another standard
reference (31). Another limitation is that it is difficult to
distinguish between subacute and chronic thrombi that are
closer in age (29).

CT for VTE

Rapid technological advances in the CT scanners in the
past couple of decades have revolutionized the imaging of
DVT and PE. CT pulmonary angiography (CTPA) has
become initial modality of choice in evaluating patients
with suspected PE (32). CTV of the pelvic and lower
extremity veins after CTPA can be used for concurrent
DVT detection. This is of added value since DVT is the
most important predisposing factor for developing PE.
This single stop examination offers distinct advantages and
increases cost effectiveness (33,34).
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Indivect CTV

Combined CTPA-CTYV can depict cases of unsuspected
DVT in patients suspected of having PE with studies
claiming indirect CTV to be as accurate as US in
diagnosing DVT (35-37). Combining CTPA with CTV
has increased the sensitivity from 83% to 90% but with no
change in specificity (38).

PE has a causal relationship with DV'T and PE occurs
in 50-60% of untreated cases of DVT with mortality rate
of 25-30% (39,40). Also the prevalence of DV'T in patients
with acute PE has been reported to be 13-93% (13).
Indirect CTV is a reasonable alternative to US in critically
ill patients who have to undergo CTPA. Many studies
concurred that detection of DVT in patients with PE is
closely related to the success of the treatment, the follow
up and the mortality rate (41). CTV may demonstrate
both PE and DVT without use of additional contrast by
added delayed imaging (Figure 3). It is particularly useful in
detecting DVT in asymptomatic patients.

CTV offers definite advantage of evaluating the pelvic
veins and inferior vena cava (IVC), difficult to assess on US.
Also, other clinical conditions that simulate pain and swelling
and incidental pelvic malignancy causing extrinsic venous
compression can be detected concurrently on CTV (40).

One of the latest meta-analysis showed CTV has
sensitivity ranging from 71% to 100% and specificity
ranging from 93-100% for diagnosis of proximal DVT (42).
Additionally, in 17% of patients with DVT, CTV
delineated pelvic or abdominal thrombi, which are
difficult or impossible to assess with US (43). This possible
alternative to US is less operator-dependent and may be
particularly useful in selected situations such as DV'T in calf
veins, in very obese patients or when pelvic or abdominal
thrombus identification is desired (44).

Limitations include streak artifact from orthopaedic
implants, poor venous enhancement and errors in
interpretation due to adjacent pathology and reader
inexperience. Other drawbacks are increased amount of
contrast (approximately 150 mL of iodinated contrast)
required which is more than the amount required for
opacification of pulmonary arteries and can be of concern in
critically ill patients with underlying renal failure (45). To
improve vascular opacification use of isoosmolar contrast
agent lodixanol as opposed to nonionic monomeric contrast
Iohexol (Omnipaque 300) has been evaluated (46). It showed
modest but statistically significant increase in enhancement
(by 7 HU) and more consistent venous enhancement but a
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Figure 4 Patient with bladder carcinoma and recent onset priapism. Axial TOF sequence (A) shows lack of flow related enhancement within

IVC (white arrow) with anterior abdominal wall collaterals (yellow arrows). Coronal reformatted MIP image (B) of TOF sequence shows
flow within bilateral iliac veins with paraspinal collaterals (arrow) and non-visualization of IVC. Contrast venography image (C) shows a
lack of enhancement within IVC with thrombus filling its lumen. No contrast enhancement was seen within the thrombus on arterial phase

image (D). TOEF, time of flight; IVC, inferior vena cava.

decrease in pulmonary arterial enhancement (by 42 HU).
It is suggested that since lodixanol is expensive it can be
used in patients with marginal renal function due to its
lesser nephrotoxicity (46). To address the issue of streak
artifacts from metallic hip prosthesis Yasaka et 4/. compared
quality of helical CT images of the pelvis in patients with
metal hip prostheses reconstructed using adaptive iterative
dose reduction (AIDR) and AIDR with single-energy
metal artifact reduction (SEMAR-A). They concluded that
artifacts induced by metal hip prostheses were effectively
reduced and the depiction of most pelvic structures was
significantly improved by using SEMAR with helical
pelvic CT (47).

Pelvic radiation is major concern especially in young
patients whose reproductive organs are highly radiosensitive.
Protocols with reformatted discontinuous images rather
than helical acquisition have been recommended to reduce
the radiation dose (43,48). Reports show that isolated DVT
of the pelvic veins is uncommon composing 1-4% of total
cases (43,49) and limiting CTV only to the lower extremity
would reduce the radiation dose to the patient without
significantly altering the overall detection frequency of the
CT in detecting VTE (50).

To overcome these limitations, Cho e 4/. investigated
the role of low tube voltage (100 kVp) setting in CTV in
diagnosis of DVT and evaluated the feasibility of reducing
the amount of intravenously administered contrast (51).
They concluded that lower tube voltage CTV protocol
showed significantly higher venous enhancement and
contrast to noise ratio and image noise similar to the
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conventional 120 kVp protocol in spite of administering
18.6% less iodine by moderate concentration contrast
media (300 mgl/mL) instead of high concentration contrast
media (370 mgl/mL). The 100 kVp protocol had overall
better diagnostic image quality for evaluating DVT by
CTV and hence could provide higher diagnostic accuracy
for evaluation of DVT (51).

MR imaging of VTE

In 1990s many prospective clinical trials evaluated role of
MR in evaluation of VTE with interest in MR pulmonary
angiography (MRPA) and MRV of the pelvic and lower
extremity veins.

Traditionally, time of flight (TOF) techniques were
used frequently for MRV with thrombus in the IVC,
iliac and femoropopliteal veins seen with high accuracy
(Figure 4) (52). This technique is however, limited by slow
image acquisition, and flow or saturation artifacts. Contrast
enhanced MRV involves the use of the same rapid, three-
dimensional (3D) sequences that have been developed
for arteriography. The problems of TOF techniques are
overcome with contrast enhanced MRV but images require
post processing to subtract arterial signal for optimizing
image quality and improve interpretation.

MRV of the pelvic and thigh veins (Figure 5) is less
challenging than MRA as the venous flow is relatively
uniform and slower and the vessel size is greater. Also the
venous pathologies are usually more extensive requiring
lower image resolution. It can be performed with or without
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Figure 5 MR venography showing extensive thrombosis of the right common femoral (arrow in A, C) vein extending superiorly into the

right external iliac vein (arrow in B).

intravenous contrast (TOF and phase contrast techniques).
Contrast enhanced MRV has faster acquisition, better signal
to noise ratio (SNR) and greater accuracy in slow flow/
tortuous veins (53).

Studies have validated use of gradient echo (bright blood
technique) for detection of DVT supplemented by spin
echo or fast spin echo (black blood technique) as the latter
is not recommended for primary diagnosis. The source
images should be used for interpretation rather than the
reformatted images (18). Distinguishing acute from chronic
DVT is a potential advantage of MRI, with irregular wall
thickening in the presence of collaterals and diminutive
lumen suggestive of chronic DV'T (Figure 4) (54).

Initial studies used contrast venography as gold standard
and found sensitivity and/or specificity values for MRV as
high as 100% in diagnosing femoro-popliteal DVT (55-58).
However, it has performed less well than contrast
venography in assessing the calf veins.

ACR Appropriateness Criteria has recommended MRV
to be the imaging investigation of choice for evaluation
of pelvic or thigh DVT if US is non-diagnostic and as an
initial imaging investigation of choice for suspected central
vein thrombosis in the thorax (59). Isolated pelvic vein
thrombosis is uncommon accounting for 2% patients with
lower extremity DVT. MRV is the modality of choice in
detecting pelvic DVT for those situations in which pelvic
thrombus is likely i.e., pelvic trauma, post-surgical or
cryptogenic stroke or when proximal DVT is suspected
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despite negative US study (60).

Ono et al. prospectively assessed the diagnostic accuracy
of non-contrast-enhanced MRV using both flow-refocused
fresh-blood imaging (FR-FBI) and swap phase-encode
arterial double-subtraction elimination (SPADE) techniques
for detecting DV'T, as compared to using conventional
X-ray venography as the reference standard (61). The overall
sensitivities and specificities for diagnosis of DVT were
almost 100% (61). They concluded that non-contrast-
enhanced MRV using SPADE and FR-FBI is highly
accurate and reproducible for the diagnosis of DVT in
symptomatic and asymptomatic patients. The SPADE
and FR-FBI technique enabled depiction of the calf and
thrombosed veins with slow flow and/or stationary blood to
the pelvic vein and with fast flow beside the vein adjacent
to metallic implants, and without the adverse effects of MR
contrast agents. MRV using SPADE and FR-FBI appears
especially promising for both postoperative screening and
follow-up of DVT in patients undergoing major orthopedic
surgery at lower field.

The ideal MRV technique for DVT would be rapid,
highly accurate without need of intravenous contrast
administration.

Balanced steady state free precession (SSFP) MRV may
be unique in that it satisfies all of these criteria and can
be readily performed on 1.5 T systems. Lindquist ez a/.
found that in comparison with US, balanced- SSFP MRV
had a sensitivity of 94.7% and specificity of 100% (62). As

Cardiovasc Diagn Ther 2016;6(6):493-507
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compared to US, the scanning time is less (20 vs. 7-10 min
for the SSFP-MRV) and can be useful in patients with
painful swollen legs in whom US is exceedingly painful and
technically challenging. Absence of contrast administration
decreases cost substantially and eliminates the risk of
nephrogenic systemic fibrosis and is comparable to contrast
enhanced MRV. The major limitation of this technique
is susceptibility artifact and can’t be used in patients with
orthopedic hardware (62).

Fraser er al. described venous enhanced subtracted peak
arterial venography (VESPA), a technique of contrast
enhanced MRV for diagnosis of femoral and iliac DVT (63). In
this technique, contrast material is injected into a peripheral
vein and serial image volume measurements are acquired.
Subtraction of an early arterial phase measurement from a
late arterial-venous equilibrium phase measurement yields
a selective venous angiogram. This technique used double
subtraction algorithm in which two early and two delayed
measurements are used which increases venous signal
compared to the single subtraction.

Advantages include that it allows rapid and complete
visualization of the venous anatomy, especially the tortuous
vessels such as collaterals and is not impaired by motion
artifacts. Although subtraction and other artifacts can be
seen, it usually leads to nondiagnostic rather than false
positive studies and source images can help with correct
diagnosis (64). As it helps in visualization of bilateral
femoral and iliac venous systems simultaneously, the
reporting time is reduced. Contrast enhancement of the
vessel wall in cases of acute thrombosis but not in chronic
thrombosis was observed in all cases which potentially can
be useful to differentiate acute from chronic thrombosis in
recurrent cases. Its limitation is that the use of contrast adds
to the cost.

With contrast enhanced MRV unpredictable arrival
of gadolinium based contrast in the more distal veins
confounded by the very short transit time due to rapid
redistribution into the extracellular fluid space led to
development of “blood pool” contrast agent for calf veins
imaging (65,66).

Li et al. (66) prospectively evaluated the use of a dual-
contrast mechanism in conjunction with an iron oxide blood
pool contrast agent, ferumoxytol, to depict DVT. Three
techniques, including precontrast 2D TOF, ferumoxytol-
enhanced bright-blood imaging, and ferumoxytol-enhanced
dark-blood imaging, were applied focusing on its T'1 as well
as T2 relaxivity.

Bright-blood imaging is best for showing the overall
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anatomy of the venous system and for demonstrating
venous occlusion. Dark-blood imaging is best for showing
the extent of a thrombus and for detecting thrombi that are
incompletely or not surrounded by blood (e.g., small calf
thrombi) (66).

Stable blood pool enhancement improves the SNR
and longer imaging window allows to perform multiple
sequences with no loss of image quality or diagnostic
accuracy (66).

Less information is available for MRI as a screening
modality in asymptomatic patients. It has been suggested
that silent lower extremity DVT may be demonstrated
with MRI. The advantages it offers are high tissue contrast
without ionizing radiation especially in pelvic DVT in
young patients as the reproductive organs are in scanning
field. It is particularly useful in evaluating ovarian vein
thrombosis/puerperal ovarian vein thrombosis where US
is technically difficult and CT not recommended (67). It
helps in identification of anatomical variants like duplicated
veins which are not uncommonly thrombosed (pitfall with
USG and venography) and identify alternative cause for
clinical signs and symptoms which are highly nonspecific in

DVT (58,68).

Magnetic resonance direct thrombus imaging (MRDTI)

About 20% to 40% of patients will present with suspected
recurrent DVT within 5 years of first episode (69). For
these patients, accurate diagnosis of recurrent DVT is
of particular importance, because patients with proven
recurrent DVT are, depending on their risk profile, often
subjected to indefinite anticoagulant treatment with its
associated bleeding risks (70). Conversely, if they are
left untreated, they are at risk for potentially fatal PE
and development PTS (71). US has limited usefulness
in detection of recurrent DVT and the most promising
alternative is MRDTT based on assessment of shortening
T'1 signal. It is highly accurate for first DV'T (64,72).

Tan et al. performed a prospective multicenter study
to determine the sensitivity of MRDTT for the diagnosis
of acute recurrent ipsilateral DVT, by comparing
MRDTT scans of patients with established acute recurrent
symptomatic ipsilateral DVT with MRDTT scans of
patients with compression US proven residual thrombosis
without suspected acute recurrent disease (73).

The sensitivity of MRDTT was 95% and specificity was
100% (73,74). MRDTT is an accurate and reproducible
method for distinguishing acute ipsilateral recurrent DVT

Cardiovasc Diagn Ther 2016;6(6):493-507



500

from at least 6-month-old chronic residual thrombi in
the leg veins when recurrence is not suspected clinically,
suggesting a high diagnostic accuracy of MRDTT for the
diagnosis of acute proximal ipsilateral recurrent thrombosis
when applied as a first- or second-line imaging test in the
diagnostic work-up.

Advantages include that it can be performed on 1.5 T
system commonly available, it is rapid as full examination
of both legs can be completed in less than 5 min, it has no
radiation and it has high interobserver agreement and is
operator independent.

Limitations include that acute DVT can be missed in
very early stages when the compression US may still detect
incompletely compressible vein (74) as it needs certain
amount of time for transformation of haemoglobin into
sufficient amount of methemoglobin to cause T'1 shortening
mandatory for detection.

Recently, Phinikaridou ez /. (75) used magnetic transfer
(MT) and diffusion-weighted imaging (DWI) MRI to
visualize and detect the thrombus protein composition,
thereby allowing staging of the DVT. It demonstrated
encouraging sensitivity and specificity for the identification
of intermediate aged thrombi and hence estimate the age of
thrombus (76).

Currently, MR is less popular than CT for evaluation
of acute VTE because of technical limitations including
assessment of the calf veins, higher costs, limited
availability, claustrophobic environment and other logistical
considerations. At present, MRI should be considered when
there is a strong clinical suspicion of pelvic DVT, and in
young women requiring investigation for PE with abnormal
chest X-ray precluding a V/Q scan (55).

Scintigraphy

In the 1980s radionuclide venography using Tc 99m
pertechnetate was first performed for diagnosing DVT (77).
Various tracers used previously like Tc 99m labeled
macroaggregated albumin (MAA), Tc 99m labeled red
blood cell (RBC), and T'c 99m human serum albumin (HSA)
blood pool venography and in vitro labeled In 111 platelet
scintigraphy have shown limited utility (78).

Tc 99m recombinant tissue plasminogen activator
imaging (Tc 99m-rt-PA) has high sensitivity and specificity
for detection of symptomatic and asymptomatic DVT
and could distinguish fresh from old thrombus which
was difficult with US (79). Technetium Tc¢ 99m-apcitide
scintigraphy in another scintigraphy technique that has
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potential utility in suspected recurrent DVT differentiating
old from acute thrombus but depends on the training and
experience of the interpreters (80).

Role of other advanced imaging techniques like
photoacoustic imaging (81), biotechnology/nanotechnology
is being investigated (82,83) in diagnosing and estimating
age and monitoring treatment of DVT (84).

Role of 18F-FDG PET/CT in evaluation of the DV'T has
been explored. In one of the first prospective studies, Rondina
et al. showed that 18F-FDG PET/CT is a sensitive tool
in detecting acute proximal symptomatic DV'T (sensitivity
of 87.5% and specificity of 100%). They also showed that
metabolic activity in thrombosed vein segments decreases
with time DVT onset, suggesting that 18F-FDG PET/CT
may have utility in assessing the age of the thrombus (85).

There are numerous studies trying to evaluate the
role of FDG-PET/CT in differentiating bland thrombus
from tumor thrombus (Figure 6) (86-88). Though no
larger studies are available due to rarity of tumor thrombi,
they concluded that FDG-PET/CT is a powerful tool in
differentiating bland thrombus from tumor thrombus. Also
as FDG-PET/CT is routinely used in oncology, it can be
useful in early detection if unsuspected/occult thrombi.
Sharma et al. concluded that contrast enhanced FDG PET-
CT is more suited for this purpose as it provides the best
anatomic details of thrombus morphology and functional
information (87).

FDG-PET/CT using molecular agents also appears very
promising in detecting thrombosis anywhere in the body
and probably differentiate acute from chronic thrombi and
hence eliminate risk of unnecessary treatment. Also accurate
quantification may help in monitoring treatment. Most of
these agents are under trial and will hopefully come into
routine use in clinical diagnostic imaging of this potentially
fatal disease (89).

Upper extremity DVT

Upper extremity DVT is a thrombus in the radial, ulnar,
brachial, axillary, subclavian veins, internal jugular and
brachiocephalic veins and is uncommon accounting for less
than 3% of total cases of DVT (14). However, the rate of
PE at 12% is essentially the same (90). Secondary upper
extremity DVTs are typically associated with indwelling
catheters, pacemakers, and hypercoagulable states and are
more common than primary upper extremity DVTs, also
known as Paget-Schroetter syndrome or effort thrombosis,
related to anatomical compression of vascular structures.

Cardiovasc Diagn Ther 2016;6(6):493-507
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Figure 6 Tumor thrombus. A patient with hepatocellular carcinoma shows a thrombus within IVC showing arterial enhancement (A) with

washout on delayed phase (B) similar to the mass in the segment 7 of liver. Another patient with a large RCC arising from right kidney (C)

shows a tumor thrombus in right renal vein (D,E; arrows) that shows FDG uptake on PET image (F).

PSS is form of venous thoracic outlet syndrome caused
by compression of the subclavian vein at the level of
costoclavicular space between the first rib, subclavius muscle
and clavicle and causing spontaneous axillosubclavian
thrombosis (Figure 7) (91). It has an incidence of 1-2 per
100,000 with average age at diagnosis being 30 years (92,93).

While US is still an initial test in diagnosing upper
extremity DVT, it has limitations due to anatomical
restrictions of clavicle. This makes it less reliable in
thrombus detection in central portions of the subclavian
vein, brachiocephalic veins and superior vena cava (Figure §)
with duplex scanning having sensitivity and specificity as
low as 78% and 82% respectively (94). The multimodality
imaging used for lower extremity DVT can be used for
upper extremity DVT imaging as well (7). But all the
noninvasive modalities have limitations and conventional
catheter venography is still reference standard if the
clinical suspicion for thrombosis is high as it is not only
diagnostic but can also augment initial treatment by
infusion of thrombolytic agent or pharmacomechanical
thrombolysis (93). However, in patients with primary upper
extremity DV'T/venous thoracic outlet syndrome, cross
sectional imaging is mandatory to delineate the abnormal
anatomy, determine the structures compressed, identify
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fixed focal subclavian vein stenosis at the site of dynamic
compression and expanded venous collaterals, exclude other
causes of compression. Imaging is performed with the arm
adducted and abducted (external rotation) to elicit positional
vascular narrowing, as it affects surgical management by
identifying the precise location of the vascular compression.
Due to this while performing CT the total contrast is given
in two boluses with IV cannula in the unaffected arm. For
MR imaging of vascular thoracic outlet syndrome, single
dose of intravascular blood pool agent (gadofesveset) or split
dose of extracellular gadolinium based agent is administered
intravenously via unaffected arm. Like CT, imaging is
performed with the arm in adducted and abducted (external
rotation). Catheter angiography still is useful in initial
management in patients with acute symptoms or known
thrombosis and also in postoperative patients to evaluate
for residual/recurrent thrombosis (91). The advantages and
disadvantages of the various modalities used for imaging

DVT have been summarized (Tuble 1).
Conclusions

The incidence of DVT is increasing, not just in the lower
extremity but also in upper extremity, where malignancy

Cardiovasc Diagn Ther 2016;6(6):493-507
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Figure 7 Paget-Schroetter syndrome. Longitudinal ultrasound image (A) along right axillary vein shows slightly echogenic thrombus with
lack of color flow. Axial TOF image (B) shows absence of flow related enhancement in axillary vein (arrow). Corresponding axial T2W SE
image (C) shows loss of signal void within axillary vein. Post contrast axial (D) and coronal MRV images (E,F) are showing filling defects
within axillary and subclavian veins. TOF, time of flight.

Figure 8 A 44-year-old male with history of alveolar rhabdomyosarcoma with SVC syndrome. Axial image from CT angiography done
with left arm injection (A) shows a stenotic SVC with lack of contrast enhancement. There is retrograde contrast filling of azygous vein with
anterior chest wall, mediastinum and paraspinal collaterals (yellow arrows). Venous phase image shows a non-enhancing thrombus in SVC
(B). Coronal MIP images (C,D) shows collateral flow through azygous (vellow arrow), mediastinal (white arrow) and chest wall (red arrow)
collaterals. The DSA image (E) with simultaneous injection into right brachiocephalic vein and right atrium show occlusion of SVC with
collateral flow through azygous vein (arrow). SVC is stenotic with good collateral flow suggesting chronic occlusion.
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Table 1 The advantages and disadvantages of the various modalities used for imaging deep vein thrombosis

Modality Advantages Disadvantages
Contrast Gold standard (12) Invasive
venography . . . e
Intervention can be performed in the same setting Radiation
Expertise required
Large volume of intravenous contrast (risk of contrast
reaction) (12,13)
latrogenic venous thrombosis (12)
Ultrasound Readily available Operator dependent
Quick Difficult and less sensitive in patients with obesity,
edema, tenderness, recent surgery, overlying bandages
and cast
Cost effective Limitations in patient with new symptoms shortly after
treatment
Noninvasive False positive in patient with compression of vein by
pelvic mass or perivascular pathology (21)
Devoid of ionizing radiation False negative in patient with calf DVT or thrombosed
. duplicated venous segment (21)
Lack of intravenous contrast
Can be portable
Can be used to estimate the age of the thrombus (SEI) (24,25)
Computed Less operator dependent, Better speed and spatial resolution Invasive
tomography . . . .
Useful in obese patients Pelvic radiation (43)
Evaluate pelvic veins and IVC, difficult on ultrasound (44) Intravenous contrast cannot be used in patients with
renal failure and contrast allergy (45)
Detect clinical conditions simulating pain and swelling (40) Streak artifacts from orthopaedic implants (47)
Incidental pelvic malignancy causing extrinsic venous
compression (40)
Can be combined with CTPA to detect pulmonary
thromboembolism (32)
MRI No radiation Expensive
Evaluate pelvic veins and IVC (60) Time consuming
Non-contrast techniques available for patients with contrast Limited availability
allergy and renal failure (61,62)
Can be used to estimate the age of the thrombus (MRDTI) Cannot be performed in patients with MR incompatible
(64,72) cardiac devices, aneurysm clips, recent surgery (62)
Requires expertise for interpretation
Scintigraphy ~ May be useful in estimating the age of the thrombus (79,80) Limited data available

May be useful in differentiating bland from tumor thrombus
(86-88)

Expensive
Limited availability

Radiation

DVT, deep vein thrombosis; IVC, inferior vena cava; CTPA, computed tomography pulmonary angiography.
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and central venous catheters are the major precipitating
factors. While US still has advantages, it has various
limitations and in such cases advanced imaging techniques
such as MRI, should be considered. CTV, while sensitive,
can be incorporated into CTPA in suspected PE but has the
disadvantage of radiating sensitive pelvic organs especially
in young patients. MRI will almost likely feature more
commonly in DVT evaluation in the near future with new
“blood pool” contrast agents allowing a comprehensive
examination for PE and DVT in the same scan. Although
advanced imaging techniques in nanotechnology/
biotechnology, molecular imaging and PET are also being
investigated, these may not replace the established first
line modalities in diagnosis, but may be useful as adjuncts
in patients who are not good candidates for structural
imaging like renal disease patients with contraindication for
intravenous contrast. Most of these agents are under trial
and will hopefully come into routine use in diagnosing this
potentially fatal disease.
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