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IMAGING OF DEEP VENOUS THROMBOSIS

BJJ Abdullah

We will review the importance early diagnosis of deep venous thrombosis (DVT),
the various imaging modalities used and the current imaging protocol used in the diagnosis

of DVT in the different groups of patients.

Approximately 80% lower extremity DVT is confined to the calf veins and either
lyse spontaneously or organise focally with no further sequelae.! However the remaining
20% accounts for 90% of pulmonary emboli. Optimal treatment would require prevention
and early diagnosis of DVT since a mortality of 30% has been reported if pulmonary
embolism is untreated compared to 8% if properly diagnosed and treated.’

There have been numerous different imaging methods used in the diagnosis of
deep vein thrombosis (DVT). These include: -

1. VENOGRAPHY

Venography was regarded as the gold
standard in the assessment of DVT. There are
however several limitations to venography which
include the risk of contrast reactions even with
the use of non-ionic contrast medium,’ venous
endothelial injury, a 10% rate of inadequate
examinations (frequent incomplete filling of the
soleal veins),” interobserver variations (in about
10 %).° as well as the relative increased cost.

2. REAL-TIME ULTRASOUND WITH
COMPRESSION AND COLOUR DOPPLER
ULTRASOUND (CDUS)

This was initially proposed as an adjunct
to the other diagnostic tests but ultrasound
(compression and colour Doppler Studies) is now
the diagnostic test of choice’ in the vast majority
of symptomatic patients with a suspected diagnosis
of DVT. Itis also the test of choice in the high risk
patients.

Compression of a normal vein would cause
the obliteration of the lumen with apposition of

the walls and this forms the basis of this study.
However in the presence of thrombus the walls
would not appose and remain distended. This
would allow the diagnosis of thrombus even if the
thrombus was ultrasound transparent. A sensitivity
of >90% with a specificity of >97% have been
quoted in the diagnosis of thrombus in the popliteal
and femoral veins.*'’

The disadvantage of this technique is the
inability to visualise the calf vein consistently. This
limitation is of questionable relevance as there are
those who would only treat DVT in the popliteal
vein or distal to it. The other limitation frequently
quoted include the failure to compress the femoral
vein in the adductor canal or in those who are obese
but this can be overcome by using the hand to
support the posterior region of the adductor canal
prior to attempting compression.

CDUS allows direct visualisation of lumen
of the veins directly which is unlike the use of
venography which must show non-filling. It is now
the first line imaging technique in the assessment
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of venous thrombosis. In the normal vessel the
will be complete filling of the lumen with colour.
Any consistent absence of colour within the lumen
should be considered as being evidence of
thrombus. This technique has high sensitivity and
specificity (>95% and >98% respectively)."""* It
can also differentiate between occlusive and non-
occlusive thrombus which in a study by
Meyerovitz et al'* showed better recanalisation
rates with non-occlusive thrombus. There may
also be a role in the follow-up of the rates of
recanalisation to compare the different regimes
available without the need for additional contrast
medium and radiation. It is quick to perform and
is cheaper.

[t is now possible to demonstrate the flow
in normal calf veins with the same sensitivity as
above knee studies’® using CDUS. Only major
calf vein thrombus will be detected while small
non-occlusive thrombus will not.'"'® However
such small focal clots are unlikely to be of clinical
significance requiring anticoagulant therapy. In
fact such lesions may also be missed during
venography.

What about the iliac veins? They are
difficult to visualise with ultrasound. However,
iliac vein thrombosis is extremely rare and in
addition the femoral veins are invariably involved
when there is DVT involving the iliac veins.'® The
patency of the iliac veins and the inferior vena cava
can be inferred from the phasic waveform in the
external iliac vein as well as a decrease in flow
with a Valsalva manoeuvre. The presence of a
non-occlusive thrombus may result in the so-called
“normal” waveforms. The presence of right heart
failure may be another pitfall in using the Doppler
waveforms for diagnosis of DVT of iliac veins.

There has been recent work!” using signal-
enhanced colour Doppler sonography in deep
venous thrombosis in the lower limbs and pelvis.
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In this study where echo enhancing contrast
medium was injected into the antecubital vein, the
number of false positives was reduced from 4
patients to 1 patient while the false negatives was
also reduced from 4 patients to 2 patients. The
authors suggest that this may have a role in
increasing the signal —to-noise ratio of deep veins
either in the pelvis or calf veins. This would also
reduce the skills required to perform Doppler
sonography and make it a more robust technique.

An additional area of uncertainty 1s that of
chronic DVT. Only 50% of DVT’s recanalise
completely after 6-12 months'®?° with the rest
showing variable degrees of recanalisation and
increased echogenicity of the walls. In addition
the spontaneous flow is reduced and even absent.
Thus in-patients with recurrent symptoms, the
demonstration of normal flow except for reduction
can be considered normal. However if there are
some of the chronic changes, then there 1s a
dilemma since this cannot be reliably differentiated
from that of acute DVT.

It must be stressed that even though DVT
is mainly confined to the lower limb. the upper
limb accounts for approximately 1-2% of DVT.
CDUS is an accurate, non-invasive imaging
modality with high sensitivity and specificity’' >
with similar diagnostic criteria. It also may be
used to determine the site of subclavian vein prior
to central venous line insertion. The limitation
however is the decreased sensitivity to subclavian
vein stenoses as these tend to lie beneath the

clavicle.
3. BSI.LABELLED FIBRINOGEN

This 1s relati’yely insensitive to thrombi
above the knee joint,  which is probably the most
important location in deciding the need for
treatment. Also the thrombus must be actively
propagating for diagnosis.
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4. THERMOGRAPHY

Limited by the difficulty in differentiating
between superficial phlebitis and other local
inflammatory diseases. There 1s aiso a wide
inconsistent range of sensitivities and specificities
(ranging from 33% -97% and 87%-62%
respecllvely)

5. IMPEDANCE PLETHYSMOGRAPHY

The Iimitations of this method are its
decreased qensmvny to diagnose non-occlusive
thrombus ° disease in the calf veins, and to define
the specific location of the thrombus which is
important to management.

SIGNIFICANCE OF CALF VEIN THROM-
BOSIS

This 1s still an area with controversy as
regards the clinical management. This stems from
two differing schools of thought. Some would
argue that thrombus in HIhIS area has no risk in
propagating proximally  unlike others who have
shown proximal propagation in up to 20%  and
therefore require anticoagulants. However DVT
predisposes patients to development of the post-
phIebiticz’pgst-thrombotic syndrome in 40%-75%
of patients.  This syndrome can cause significant
disabling pain, leg swelling and skin ulceration
all of which can clinically simulate recurrent DVT.

Even though rare, over-vigorous com-
pression of the calf veins may result in pulmonary
thrombo-embolism  and therefore this should be
avoided in the obvious cases.

IMAGING PROTOCOL FOR DIAGNOSIS
OF DVT IN THE

I. SYMPTOMATIC PATIENT.

Most centres use ultrasound (compression
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and colour Doppler) as the first line in the
management of DVT in the lower limbs. This
allows for the assessment of the femoral and
popliteal veins

As regards the calf veins, for those that
belief that thrombus in the calf veins may show
proximal propagation, the calf veins will be
examined using compression US with CDUS has
proved sensitive and specific provided that the
examination was technically adequate. However
if the examination is inadequate either a repeat
US or venography can be performed. Most centres
then confine the examination to only the posterior
tibial and common peroneal veins since the
anterior tibialg;eins are regarded as being relatively
unimportant.  This is because these vessels very
rarely contain thrombus without involvement of
the other calf veins.

For those centres that do not have the
expertise to perform the examination of the calf
veins or who belief the calf veins are not associated
with thrombus. an initial negative examination is
followed by a repeat examination after 48 hours if
the patient is still symptomatic. This is to exclude
proximal propagation which would normally have
done so in that 48 hours. This ap goach has been
justified using outcome analysis.  This may not
be always feasible since some centres would like
to start the treatment as soon as possible.

Thus, some centres resort to venography
to solve this problem. In the ultrasound positive
cases of DVT in the femoral or popliteal veins,
the investigations stop. However in those who
have negative study a venogram is done to
visualise the calf veins.

Recent evidence shows thf:4 only the
symptomatic leg should be evaluated  since the
contra-lateral leg never contains thrombus
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immaterial of the presence or absence of thrombus
in the ipsilateral symptomatic leg.

II. ASYMPTOMATIC HIGH RISK PATIENT

The imaging protocol in this group of
patients (includes those who are at high risk of
developing DVT of the lower extremities e.g.
patients following hip or knee surgery, previous
DVT, etc.) is controversial. The major reason is
the thrombi seen in these patients are small and
non-occlusive and occurs in the distal vessels of
the calf. Colour Doppler techniques thus have
problems in detecting the thrombi and result in a
high false Qegative rate with sensitivities of less
than 40%. However others have%not found no
loss of sensitivity above the knee and that this
imaging modality may have a role. The same
protocol as used in the symptomatic group of
repeat examinations after 48 hours may be again
applied.

Venography has been considered to be the
gold standard of ip?vestigation of DVT but there
has been a study which showed that studies
considered false positive on CDUS had venograms
which were incomplete or shown to have DVT at
repeat venography.

The role of imaging in these groups may
be reduced by the use of prophylactic
administration of high molecular flaxiparine to
these high risk patients to reduce the risk of DVT.

III. PATIENT WITH PULMONARY EMBO-
LISM

Immaterial of whether the pulmonary
angiogram 1s appropriate, it is often avoided
because of the perceived risk. Ventilation
-perfusion scanning was considered the non
-invasive imaging method of detecting pulmonary
embolism. These studies may however be non
-diagnostic or may result in an indeterminate scan.
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With the advent of Spiral CT, the diagnostic work
-up has been modified. It is now possible to non
-invasively demonstrate endoluminal clots in the
second to fourth order divisions of the pulmonary
arteries. Using pulmoqary angiography as the
gold standard, Garg et al  showed that spiral CT
had a sensitivity and specificity of 67% and 100%
for patients who had indeterminate ventilation/
perfusion scans. The positive and negative
predicative values were 100% and 90%
respectively. They even suggested that spiral CT
may be useful as a primary screening technique
for pulmonary embolism. [n addition, spiral CT
can be mastered by general radiologists and not
only by the expert radiologist.

Compression ultrasound has been used by
many clinicians to confirm or exclude DVT
because of its benign nature. Studies have shown
that based on the ventilation perfusion scans, a
high probability scan has an up to 60% incidence
of DVT demonstrated on colour Doppler US while
the intermediate probability and low probability
scans have :?1355% and 26% chance of DVT
respectively. ~ Thus CDUS may therefore have
arole to play in the management of these patients
especially those with intermediate or low
probability ventilation/perfusion scans if spiral CT
1s not available.

However, angiographically proven PE
have been shown to occur in approximately 30%
of patients with normal bilateral lower limb
venography. Thus compression and CDUS cannot
be used to exclude the presence of PE.

In patients with known PE but who will
not be able to tolerate any further embolic episodes
the insertion of IVC filters 1s of requested.
However this will not be necessary in those
patients who do not have any residual thrombi in
the pelvis or lower extremity. In fact the source of
emboli may have been the upper extremity,
spermatic or ovarian veins or where the clot from



THE ASEAN JOURNAL OF RADIOLOGY

the lower extremity has completely embolized. In
this situation a compression & CDUS may be quite
useful in determining the utility of IVC filter
insertion.
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