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Part 1

Challenges in diagnostic
management and
imaging of deep vein
thrombosis
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ABSTRACT

Several thrombus imaging techniques for the diagnosis of venous thromboembolism
(VTE) are available. The most prevalent forms of VTE are deep vein thrombosis of the
lower extremities and pulmonary embolism. However, VTE may also occur at more
unusual sites such as deep veins of the upper extremity and the splanchnic and cerebral
veins. Currently, the imaging techniques most widely used in clinical practice are com-
pression ultrasonography and Computed Tomography Pulmonary Angiography (CTPA).
Moreover, Single Photon Emission Computed Tomography (SPECT), CT venography
(CT-V), Positron Emission Tomography (PET) and different MRI techniques, including
Magnetic Resonance Direct Thrombus Imaging (MRDTI), have been evaluated in clinical
studies. This review provides an overview of the technique, diagnostic accuracy and
potential pitfalls of these established and emerging imaging modalities for the different
sites of venous thromboembolism.
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INTRODUCTION

Over the past decades, techniques for imaging of venous thromboembolism (VTE)
have rapidly evolved. Traditionally, contrast venography was standard of reference for
diagnosing deep vein thrombosis (DVT) of the extremities and conventional invasive
pulmonary angiography for pulmonary embolism (PE)."? These techniques have been
replaced by compression ultrasonography (CUS) and Computed Tomography Pulmo-
nary Angiography (CTPA).>* To standardize the diagnostic process, imaging tests have
been implemented in diagnostic algorithms that have been proven safe and efficient in
clinical practice.?

CUS and CTPA are however not suitable for all patients with suspected VTE. CUS is,
for example, not appropriate in patients with plaster casts, for the subclavicular part
of the arm veins, or in splanchnic or cerebral veins. Moreover, the difficulty of making
a distinction between chronic residual thrombosis and acute recurrent DVT remains
challenging.®” To overcome these shortcomings, new imaging techniques have been
developed and tested, such as single-photon emission computed tomography (SPECT),
CT venography (CT-V), positron emission tomography (PET), and different magnetic
resonance imaging (MRI) techniques. In this review, we will provide an overview of
the current available and emerging imaging techniques for VTE and briefly discuss the
advantages and limitations of these modalities at different thrombus sites (DVT, PE,
Upper Extremity Deep Vein Thrombosis [UEDVT], Splanchnic Vein Thrombosis (SVT)
and Cerebral Vein Thrombosis [CVT]) (table 1). It is beyond the scope of this review to
describe diagnostic algorithms, which have been well described elsewhere,®® as well as
to consider the relative costs and cost-effectiveness of different diagnostic modalities,
either as stand-alone test or within the context of these diagnostic algorithms. However,
test availability, costs and safety are important considerations in choosing diagnostic
tests.

Ultrasonography

Technique

Ultrasonography (US) is widely accepted as the primary diagnostic procedure for the
work up of suspected DVT of the leg. Ultrasound images are created by the turnaround
time of sound waves. Using the images to directly diagnose clots has varying success
because clot echogenicity is variable and unpredictable, and a fresh clot is often an-
echoic.” With compression US(CUS), veins are compressed with the ultrasound probe.
In the absence of a DVT, gentle pressure with the probe causes the venous lumen to
collapse. The lack of compressibility of a venous segment under the ultrasound probe is
diagnostic for DVT (Fig. 1).""
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Imaging of venous thrombosis

No compression Compression

Figure 1. (A,B) A 66-year-old female patient presenting with suspected deep vein thrombosis (DVT). Com-
pression ultrasonography of the left upper leg in axial view at the level of the femoral vein showing good
compressible common femoral vein (white arrow), excluding DVT.

(C,D) A 64-year-old female patient with oesophagus carcinoma presenting with suspected DVT. Compres-
sion ultrasonography of the left upper leg in axial view at the level of the femoral vein showing incompress-
ible common femoral vein, indicating DVT. A, artery; V, vein.
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Color-coded Doppler US may serve as additional technique in the diagnosis of throm-
bosis. It provides visualization of flow, color-coded for velocity and direction. Absent
or partially absent color-coded flow is diagnostic for thrombosis.*'* Using Doppler US,
proximal vein segments in the pelvis and abdomen that are difficult to assess with CUS
may be evaluated."

DVT of the leg

The two most applied US approaches are two-point or whole-leg CUS.? With the former,
only the proximal veins in the groin and in the popliteal fossa are investigated. Main
advantages of this strategy are its simplicity, reproducibility and broad availability. Its
major limitation is the need to repeat the test within 1 week in patients with normal
findings at presentation, in order to detect extension of non-visualized distal thrombo-
sis to the proximal veins.? The advantage of a single whole-leg CUS of the entire deep
venous system is the ability to exclude or diagnose DVT in one single examination. The
disadvantages of this technique are that it is time consuming and needs experienced
operators."” Importantly, more patients are subjected to treatment after whole-leg CUS
than after two-point CUS because up to 50% of DVTs diagnosed with whole-leg CUS are
isolated calf vein thrombi, of which the relevance is uncertain.""

The two strategies were proved to have equal safety in two studies. The first was a
trial in 2098 patients with suspected DVT, of whom 1045 patients were randomized to
a repeated two-point CUS and 1053 to a single whole-leg CUS. The 3-month incidences
of symptomatic VTE in patients with a normal initial test were comparable: 0.9% (95%
confidence interval [CI] 0.3-1.8%) vs 1.2% (95% Cl 0.5-2.2%)."® In another study, 1002
patients with suspected DVT were randomized to two-point CUS or whole-leg CUS after
application of a clinical decision rule (CDR) and D-dimer test."” The 521 patients (52%)
with likely probability or abnormal D-dimer were referred for CUS. During 3-month
follow-up, the VTE incidence in patients with normal two-point or whole-leg CUS was
comparable: 2.0% vs 1.2% (P=0.69). The accuracy of use of color-coded Doppler US
only for the diagnosis of DVT has been evaluated in a meta-analysis by Goodacre et al.,
showing a sensitivity of 81.7% (95% Cl 77.4-85.5%) and a specificity of 92.7% (95% Cl
89.7-95.1%).°

Recurrent DVT of the leg

Ultrasound for the detection of suspected contralateral recurrent DVT has comparable
sensitivity (89-100%) and specificity (87-100%) compared with first suspicion of DVT,
because of the very low risk of chronic non-symptomatic thrombus remains in the
contralateral leg.*'® The diagnostic management in patients with suspected ipsilateral
recurrent DVT is more challenging because of the high prevalence of residual thrombi,
which has been estimated to be 50% at 1 year after the index diagnosis despite anti-
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coagulation treatment."” Accurate distinguishing US features of acute and chronic DVT
are lacking. Consequently, CUS is frequently inconclusive in patients with a suspected
recurrent ipsilateral DVT.?® One of the solutions for this diagnostic problem is perform-
ing a reference CUS at the end of treatment for the first DVT, to map the location and
extent of the thrombotic remains.?' Ipsilateral recurrent DVT may be diagnosed with
some certainty in case of a new non-compressible venous segment, or a pronounced
increase in vein diameter (=2-4 mm) of a previously uncompressible vein compared
with the reference CUS.?"** In clinical practice, however, this reference CUS is frequently
unavailable and interobserver agreement on measurement of residual vein diameter
has been reported to be moderate.

Pulmonary embolism
A frequently asked question is whether it is useful to perform CUS among patients
presenting with symptoms of PE to eliminate the need for CTPA when DVT can be ob-
jectivised. It has been shown that residual DVT is lacking in the majority of PE patients,
suggesting that the entire thrombus has already been embolized to the lungs.?* A pro-
spective management study in 511 patients with suspected PE demonstrated that the
sensitivity of CUS of the lower extremities for the presence of PE on CTPA was only 39%
(95% Cl 32-46%) with a specificity of 99% (95% Cl 97-100%).” In another study, it has
been shown that distal US has an even lower accuracy for predicting PE with a sensitivity
of 22% (95% Cl 17-29%) and a specificity of 94% (95% Cl 91-96%).”°

It has been suggested that US examination of the lung may also be used in the diag-
nosis of acute PE. The surface of the lung can be examined on standardized longitudinal
sections along the intercostal spaces for the presence of subpleural infarcts, which
consist of pleural-based, well-demarcated echo-poor triangular or rounded consolida-
tions.” Transthoracic ultrasonography (TUS) has been suggested to have a sensitivity of
74% and a specificity of 95% for PE.”® Also, TUS may be applied in a diagnostic strategy
including lower extremity CUS and echocardiography which may improve its sensitiv-
ity.27'29

The main drawbacks of TUS are the small amount of accessible lung areas (about 66%),
inability to well-visualize aerated lungs, and limited approach because of overlying
bony structures. Also, outcome studies are currently lacking, although the results of a
prospective study using multi-organ US as part of the diagnostic algorithm of PE are
pending(NCT02190110).

Upper extremity deep vein thrombosis

The term Upper Extremity Deep Vein Thrombosis (UEDVT) covers thrombosis in the
veins of the upper extremity (brachial, axillary and subclavian), neck (jugular) or central
thoracic veins (brachiocephalic and superior caval). UEDVT is relatively uncommon and

23



24 | Chapter2

comprises 4% of all VTE diagnoses.** The primary limitation of CUS for UEDVT is that veins
may be inaccessible for compression due to overlying anatomical structures. Colour-
coded Doppler US may then be used to visualize intraluminal thrombi or abnormal flow
patterns. A systematic review summarized 17 studies using US for UEDVT, although the
total number of patients was limited and the methodological quality of the studies was
low because venography was not used as a reference test in all patients. The summary
estimates of sensitivity and specificity of (C)US were 97% (95% Cl 90-100%) and 96%
(95% Cl 87-100%) and for CUS combined with Doppler were 91% (95% Cl 85-97%) and
93% (95% Cl 80-100%).>' The most recent study in this systematic review included the
largest patient population (126 patients) and compared CUS combined with Doppler
to reference standard invasive contrast venography. Compared with the reference
standard, the sensitivity and specificity of (C)US were 82% (95% ClI 70-93%) and 82%
(95% Cl 72-92%) respectively. Venous incompressibility correlated well with thrombosis
(100%), but only 50% of isolated flow abnormalities were thrombosis related.>” The use
of CUS in a diagnostic algorithm starting with a CDR and D-dimer testing was recently
evaluated in a prospective management study, for an overall failure rate of 0.4% (95%
Cl 0.0-2.2%). Seven of 406 patients (1.7%) had indeterminate US-results. In six of these
seven patients, the diagnosis could be completed with repeated US after 3-5 days and
one patient required contrast venography. This algorithm can be used in standard clini-
cal practice, although external validation is needed for a higher level of evidence.”

Splanchnic vein thrombosis

Splanchic vein thrombosis (SVT) includes portal vein thrombosis (PVT), mesenterial vein
thrombosis (MVT), splenic vein thrombosis, and the Budd-Chiari syndrome (BCS). The
incidence of SVT varies from 0.5-1/million (BCS) to 0.7-2.7/100.000 (PVT, MVT).3**

For suspected MVT, Doppler US is not accurate due to overlying bowel gas and CTA
and CE-MRV should preferably be performed. Although no thorough accuracy studies
have been performed in patients with clinically suspected SVT, according to an older
study, sensitivity and specificity of Doppler US for suspected PVT was 89% and 92%
respectively.®

Computed tomography

Technique

Computed tomography involves computer-processed imaging acquired from combina-
tions of consecutive X-ray projections taken from different angles to produce cross-
sectional slices of specific areas of the scanned part of the body.
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Pulmonary embolism

CTPA is regarded the primary imaging test for diagnosing patients with suspected PE.
After the application of iodinated intravenous contrast material, CTPA enables direct
visualisation of endovascular abnormalities including luminal clots. Diagnostic criteria
for acute PE by CTPA are: (i) failure of contrast material to fill the entire lumen of an
artery (central filling defect), (ii) partial filling defect surrounded by contrast material on
a cross-sectional image, (iii) contrast material between the central filling defect and the
artery wall on an in-plane, longitudinal image, and (iv) a peripheral intraluminal filling
defect that forms an acute angle with the artery wall (Fig 2.).”

Figure 2. A 39-year-old female patient pre-
senting with dyspnoea, chest pain, and ten-
dency to collapse, leading to suspicion of
pulmonary embolism. The computed tomog-
raphy pulmonary angiography in axial orien-
tation shows a ‘saddle’ pulmonary embolus
at the pulmonary artery bifurcation (black ar-
row) and large central emboli in the left and
right main pulmonary arteries (white arrows).

First generation single-detector-row helical CT scanners had a specificity of 90% but a
low sensitivity (70%) for acute PE.*® The introduction of multidetector-row CT scanners
has improved the visualization of segmental and subsegmental pulmonary arteries.*
CTPA studies using multidetector-row CT scanners have showed excellent sensitivity of
96 to 100% and specificity of 97 to 98%.”“**" A normal CTPA result alone can safely
exclude PE in all patients in whom CTPA is required to rule out this disease without
the need for additional US to rule out DVT.>* The main advantage of multidetector-
row CT scanners is that they are widely available. Scan times have been reduced to
4-5 seconds with 64-slice scanners.®* Another advantage of CTPA is the possibility to
detect an alternative diagnosis that may explain the patient’s complaints.**** A prospec-
tive study in 203 consecutive patients reported an alternative diagnosis in 88 patients
(43%); however, only with therapeutic consequences in 10 (4.9%).* Limitations of CTPA
include the use of iodinated contrast agent, which is a relative contraindication in pa-
tients with previous moderate-to-severe allergic reaction to iodinated contrast agents
(occurring in 0.7% of patients). Also, the use of iodinated contrast is associated with a
risk of (temporary) contrast-induced nephropathy (occurring in 8.9-12% of patients).*¥
Second, the radiation dose of a single CTPA ranges from 3 to 5 mSy, with an estimated
150 excess cancer deaths/ 1 million.*" In the last decades, the proportion of detected
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subsegmental PE with multidetector CTPA increased from 4.7% to 9.4% compared to
single- detector CT. This increased incidence of subsegmental PE with CTPA has been
associated with a lower severity of illness and lower mortality in the CTPA era.®®*’ These
peripheral intraluminal filling defects may not represent true thrombus but could be im-
aging artefacts with uncertain clinical significance. Indeed, small observational studies
have suggested that these subsegmental PEs may not need anticoagulant treatment.”
An ongoing study in which patients with symptomatic subsegmental PE and no DVT
or cancer are left untreated and followed for 3 months will provide more clarity on this
matter (NCT01455818).

CTEPH

For reasons still unknown, in some patients acute PE does not resolve completely despite
adequate anticoagulation treatment. These unresolved, chronic emboli may ultimately
lead to small-vessel arteriopathy, high pulmonary vascular resistance, pulmonary hy-
pertension and right heart failure, a rare condition called chronic thromboembolic
pulmonary hypertension (CTEPH). CTEPH is a severe disease with a poor prognosis un-
less detected in an early stage and anatomic favourable (proximal) location, allowing for
successful surgical removal of the chronic clots. Combined with right heart catheteriza-
tion which is necessary for accurate confirmation of pulmonary hypertension, selective
digital subtraction angiography (DSA) has been the traditional method for diagnosing
CTEPH and assessing its operability.”’

Currently, contrast-enhanced CTPA can be used in the diagnostic work-up of CTEPH.
Specific findings of CTEPH are dilatation of the central pulmonary arteries, the detection
of organized wall-adherent fibrotic material, intraluminal webs and bands, vessel wall
irregularities, abrupt vessel cut-offs, complete vessel occlusions and abnormal proximal-
to-distal vessel tapering (Fig. 3). Compared with DSA, the sensitivity of CTPA for the
detection of CTEPH is reported to be 95% (95% Cl 92%-97%) at the level of the main
and lobar arteries, and 88% (95% Cl 87%-90%) at the segmental level, with associated
specificities of 96% (95% Cl 94%-97%) and 89% (95% Cl 87%-91%) respectively.*” Con-
temporary CT techniques (i.e. dual-energy and 320-slice CT machines) may even further
increase the sensitivity for the segmental arteries.”*** Even so and in contrast to planar
ventilation/perfusion V/Q lung scan, operable CTEPH may not be excluded by normal
CTPA alone. Therefore, the recommended first-line imaging test in the diagnostic work-
up of suspected CTEPH is V/Q scintigraphy.”’

Single photon emission tomography (SPECT)

Pulmonary embolism

Planar V/Q scintigraphy was the first imaging test to replace invasive pulmonary an-
giography for the diagnosis of acute PE.*® Perfusion imaging involves an intravenous
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Figure 3. (A) Computed tomography-pulmonary angiography of a patient with chronic thromboembolic
pulmonary hypertension (CTEPH). Left white arrow indicates central ‘webs’ in the lower lobe artery. Right

white arrow indicates total occlusion of the left lower lobe artery.

(B) Magnetic resonance pulmonary angiography (twist protocol) of a patient with CTEPH. Left white ar-
row indicates a total perfusion defect of the right middle and lower lobe, right arrow indicates a perfusion
defect of the left lower lobe.

injection of technetium labelled macro-aggregated albumin (**"Tc-MAA). These radio-
active particles are small enough to be trapped in the pulmonary capillary bed. The
ventilation scan is performed using an inhaled radiopharmaceutical to obtain a pattern
of lung ventilation. Acute PE is diagnosed in case of a V/Q mismatch: a thrombus within
a pulmonary artery results in reduced perfusion to that lung segment while the alveolar
air spaces in the same region remain relatively well aerated. Planar V/Q scintigraphy is a
two-dimensional technique: posterior, anterior, oblique and sometimes lateral views are
acquired.”* The main drawback of this technique is the high proportion of non-diagnostic
scans in 28-46% of patients.*”® This is because of areas of lung overlap and ‘shine through’
can occur between segments, which can mask perfusion defects.

SPECT represents a new era in nuclear medicine, which is based on a three-dimension-
al technique, allowing views in the transverse, coronal and sagittal planes.”® To date, no
large prospective outcome studies evaluating the safety of withholding anticoagulant
treatment in patients with normal SPECT have been performed. In a retrospective study
the accuracy of SPECT was evaluated in 2328 consecutive patients with suspected PE.
SPECT was feasible in 99% of the patients. Based on clinical decision at baseline by expert
opinion and 6-month follow-up, sensitivity was quantified as 99% and specificity as 98%.
The main drawback of this retrospective study is the lack of reference diagnostic test,
which may cause overestimation of the accuracy.”” A review on 19 studies that comprised
27 data sets including 6393 examinations from 5923 patients concluded that planar V/Q
scintigraphy was inferior to both V/Q SPECT and CTPA, with no difference between the
latter two. Area under the Curve (AUC) of the Receiver Operating Characteristic (ROC)
curves were: 0.85 (95% Cl 0.75-0.95), 0.99 (95% Cl 0.96-1.0) and 0.98 (95% Cl 0.94-1.0)
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respectively. Advantages of SPECT are the avoidance of iodinated contrast agent injec-
tions and the lower overall radiation burden (1.2-2 vs. 3-5 mSv). CTPA, however takes less
time to perform, is more cost-effective, and is more widely available. The application of
SPECT may be considered in situations where radiation dose is of concern, such as in
young female patients, although future outcome studies should be performed before
the technique can be recommended for use in day-to-day clinical practice.®®

CT venography
DVT of the leg

There are a few situations in which CUS is technically impossible to perform, such as
in patients with plaster casts. CT venography (CT-V) has the potential to fill this gap. A
meta-analysis pooled the sensitivity and specificity of 13 studies comparing CT-V with
US for the diagnosis of lower leg DVT, although most of these studies included patients
with suspected PE who -in the majority of cases- had no symptoms or clinical signs of
DVT.The summary estimate of sensitivity was 95.9% (95% Cl 93.0-97.8%) and of specific-
ity 95.2% (95% Cl 93.6-96.5%) indicating comparable diagnostic accuracy.”® One study
compared CT-V directly with invasive contrast venography in 52 patients and showed a
sensitivity of 100% (95% Cl 92-100%) and a specificity of 96% (95% Cl| 84-98%).*° Because
CUS and CT-V have comparable diagnostic accuracies, CT-V should be reserved for only
those situations in which CUS is impossible to perform.?

Upper extremity deep vein thrombosis

CT-V can also be used to detect thrombi within the jugular veins, the brachiocephalic
veins and the superior vena cava.®’ Importantly, no large studies with CT-V in patients
with arm vein thrombosis have been performed. Only one small study in 18 consecutive
patients showed a good correlation of CT-V with digital subtraction venography. All the
24 stenotic sites demonstrated with digital subtraction venography were also identified
with CT-V.%

Splanchnic vein thrombosis

Using CT, incidental cases of SVT are increasingly found. The prevalence of incidental
SVT found in a retrospective review was 1.7%.% Signs suggestive of intestinal ischemia,
such as thinning or thickening of the intestinal wall, lack of mucosal enhancement after
contrast injection, or the presence of intramural gas, may be detected (Fig. 4). To our
knowledge, accuracy studies using CT-V have not been performed in patients with clini-
cally suspected SVT.
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Figure 4. A 79-year-old female patient known with extra-ovarian cancer, presenting with heavy abdominal
pain suspected for bowel ischemia. Computed tomography in portal-venous contrast phase showing supe-
rior mesenteric vein thrombosis in axial view (arrow in A), and coronal view (arrow in B).

Cerebral vein thrombosis

The cerebral venous system consists of the deep venous system, the dural venous si-
nuses and the superficial venous system. For the diagnosis of cerebral vein thrombosis
(CVT), MRI in combination with contrast enhanced- magnetic resonance venography
(CE-MRYV) is considered to be the gold standard. CT-V may be a good alternative because
of its more widespread availability and shorter imaging time.®* A further advantage is
the possibility to rule out other acute cerebral disorders such as cerebral infarcts or hem-
orrhages. A non-enhanced CT scan may show the thrombus as a hyperintense signal in
one of the cerebral veins (‘dense clot sign’). A thrombosed cortical vein can be seen as a
linear or cord-like density (‘cord sign’).% The ‘empty delta sign’ can be detected in 30% of
patients with thrombosis of the superior sagittal sinus.”’ This sign consists of a triangular
area of enhancement (due to venous collateral circulation surrounding the thrombosed
sinus) with a low-attenuating center, which is the thrombosed sinus. More often, in 60-
80% of patients with CVT, CT shows only indirect signs of CVT such as brain edema and
venous infarction.®® CT-V has been directly compared to CE-MRV in three small studies.
The largest study included 50 patients with suspected CVT and reported a sensitivity of
75-100% and a specificity of 82-100%, depending on thrombus site.®*”' An example of
CVT is shown in Fig. 5.

MRI
Technique

With MRI, a magnetic field and pulses of radiowave energy are used to create images of
the body.
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Figure 5. A 32-year-old female with systemic lupus erythematosus and history of pulmonary embolism
presenting with 1-week duration of headache. (A,C) Three-dimensional T1-weighted magnetic resonance
angiography after gadolinium administration. TE 4.59 ms, TR 9.79 ms, slice thickness 1.2 mm. (B, D) Com-
puted tomography-angiography with iodinated contrast. (B )Axial view. (D) Sagittal view. Filling defect is
present in the occipital region of the superior sagittal sinus, representing sagittal sinus thrombosis (arrows)
at initial MRI diagnosis (A and C). One week after treatment most of the thrombus has resolved, note re-
sidual thrombosis on CT (B and D).

DVT of the leg

Different specific MRI techniques can be used to visualize DVT of the leg. The most de-
scribed techniques are phase-contrast venography and Time of flight (TOF) venography,
which can be used to visualize flow within vessels, without the need of contrast mate-
|'72

rial.”* Phase-contrast venography is based on using the change in phase shifts of the

flowing protons in the region of interest to create an image. Phase-contrast venography
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was used to study 100 patients with a suspected upper or lower extremity DVT, with
contrast venography as reference standard. The sensitivity was 90% and the specificity
100%.”> With TOF imaging, a high repetition time is used (high rate of radiofrequency
pulses) favouring the inflow effect of blood.”® This technique was tested in 43 patients
with clinical suspicion of DVT. Compared with contrast venography, the sensitivity was
100% and the specificity 94%.”* Both techniques, however, are rarely used because of
the long imaging time.

CE-MRV uses a gadolinium based contrast agent. The use of contrast agents increases
the vascular signal by shortening the T1 relaxation time. For the so-called indirect ap-
proach, gadolinium-based contrast agent is administered via the antecubital vein and
imaging is performed when contrast arrives at the tissue level of interest.”* Direct CE-
MRV uses a diluted contrast agent that is injected upstream on the side of the affected
extremity. This technique resembles conventional venography and can visualize the full
deep and superficial venous system. The most important pitfalls of CE-MRV are, first,
the dark intraluminal filling defect that may be masked by the bright signal of blood
surrounding the thrombus and, second, insufficient dilution of contrast agent that can
induce a T2 shortening effect that can simulate a thrombus.”® A meta-analysis of 14 MR
diagnostic accuracy studies including TOF, phase contrast and CE-MRV techniques re-
ported a summary estimate sensitivity of 91.5% (95% Cl 87.5-94.5%) with an interstudy
range of 0 to 100%, and a specificity of 94.8% (95% Cl 92.6-96.5%) with an inter-study
range of 43 to 100%.”° The large heterogeneity between the studies was caused by
major differences in the applied MRI techniques. Of note, management studies using
MR(-venography) as first-line test in the diagnostic management of suspected DVT have
not been published so far. Hence, recommendations on its use cannot be made.

Another emerging MRI technique is Magnetic Resonance Direct Thrombus Imaging
(MRDTI). MRDTI is based on the oxygenation of haemoglobin when blood clots, which
results in the formation of methemoglobin. This acts as an endogenous contrast agent
and appears as high signal when imaged using a T1-weighted MRI sequence (Fig. 6).”
The MRDTI scan technique has been tested in several studies. A prospective study
performed MRDTI scans in 101 patients with suspected DVT in whom the diagnosis
was already proven or rejected by venography results. This resulted in an excellent
diagnostic accuracy with a sensitivity of 97-100% and a specificity of 100% with good

interobserver variability (k statistic 0.89-0.98).”®

The high signal disappears completely
after six months.”® This characteristic is valuable in the diagnosis of recurrent ipsilateral
DVT since it makes the distinction between residual thrombi and an acute recurrent
DVT. In a recent study, it has been shown that MRDTI accurately differentiates patients
with CUS-confirmed recurrent ipsilateral DVT and asymptomatic residual intravascular
clots.® Therefore, MRDTI can likely be used as a single and conclusive diagnostic test

in case of suspected recurrent ipsilateral DVT. A prospective, multicenter management
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Figure 6. A 76-year-old female patient
presenting with suspected ipsilateral
recurrent deep vein thrombosis. Mag-
netic resonance direct thrombus imaging
(MRDTI) showing high-signal intensity in
the superficial femoral vein and popliteal
vein of the right leg, indicating recurrent
DVT (arrow).

study aiming to study 305 patients with suspected ipsilateral recurrent DVT managed
based on the result of MRDTI only is under way(NCT02262052).

In the last years, new target specific contrast agents have been developed allowing for
the use of selective molecular MRI. Targets examined for contrast imaging are fibrin and
a2-antiplasmin. Animal models have been developed for fibrin-binding gadolinium-
labelled peptides.?"® These have been tested in a phase 2 trial and were been shown
to be applicable in humans without any adverse effects.® Larger prospective studies in
humans are however needed.

Pulmonary embolism

Magnetic Resonance Pulmonary Angiography (MR-PA) is an attractive method for the
diagnosis of PE because it avoids the use of ionizing radiation. With MR-PA, intravenous
gadolinium is used, which can shorten the T1 signal of blood producing brightimages of
blood. A partially occlusive intraluminal filling defect or complete arterial occlusion with
termination of the column of contrast material is diagnostic for PE.

Two large accuracy studies have been performed with MR-PA. The PIOPED Il study was
a prospective multicentre study that applied MR-PA in 371 patients with suspected PE.®*
The percentage of technically inadequate images was high with a mean of 25%. With
CTPA as reference method, the sensitivity and specificity of the remaining technically
adequate scans was 78% and 99% respectively. When technically adequate venography
was included (52% had technically inadequate results), the sensitivity and specificity
increased to 92% and 96%, respectively.*’ The second study was the IRM-EP study, in
which 274 patients underwent both CTPA and MR-PA. A total of 30% had inconclusive
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MRI results due to artefacts, poor opacification on angiographic sequences or the pres-
ence of isolated perfusion abnormalities. Sensitivity and specificity in the remaining
patients varied between 79- 85% and 99-100% between the two readers.* In an attempt
to improve the sensitivity of MR-PA, a study is currently investigating the accuracy of MR
in combination with lower extremity CUS(NCT02059551).

CTEPH

Because of its better safety profile compared with invasive digital subtraction angiog-
raphy (DSA) and CTPA, the accuracy MR-PA has been investigated in patients with sus-
pected CTEPH. As with acute PE, small studies have shown that MR-PA of the pulmonary
vasculature is still inferior to DSA and CTPA from the level of the segmental arteries, with
a sensitivity of 83% and a specificity of 99% compared with CTPA.% The current role of
MR-PA in the work-up of CTEPH patients can be complimentary to DSA and/or CTPA, and
used according to local experience in the CTEPH referral centers.”'

Upper extremity deep vein thrombosis

The different MRI techniques that are used in the diagnosis of DVT can also be used for
imaging of the upper extremity veins. In one study including 44 patients with suspected
UE-DVT, TOF and CE-MRV were compared to contrast venography. The sensitivity of TOF
was 71% (95% Cl 29-96%) with a specificity of 89% (95% Cl 52-100%). For CE-MRYV, the
sensitivity was 50% (95% Cl 12-88%) with a specificity of 80% (95% Cl 44-97%).”” Both
tests, thus, lack the accuracy to be of value in clinical practice.

Splanchnic vein thrombosis

For the diagnosis of SVT, CE-MRV is not the imaging test of choice because motion
artefacts limit its accuracy. Even so, in a small case series of 36 patients with portal
hypertension, CE-MRV was as accurate as DSA for the diagnosis of thrombosis of the
portal, splenic or superior mesenteric veins, with the definite diagnosis confirmed in 22
patients by surgical validation or by means of consensus with the combined reading of
the CE-MRV and DSA images in the remaining 14 patients. This resulted in a sensitivity
and specificity of 100% and 98% respectively.®® CE-MRV may, therefore, be a valuable
diagnostic alternative in the (near) future in case of suspected abdominal or pelvic vein
thrombosis, if these findings are confirmed in external cohorts.

Cerebral vein thrombosis

For thrombosis of the cerebral veins and sinuses, the diagnostic test of first choice is
MRI'in combination with magnetic resonance venography, although never reliably com-
pared with angiography.®® The thrombosed veins will appear isointense on T1-weighted
images in the first five days, while the T2-weighted images are hypointense. After this
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period both T1 and T2 weighted images show increased signals at the thrombosis site.
The combination with absence flow on flow magnetic resonance venography is diag-
nostic for thrombosis, although false-positive results due to artefacts may occur.*#*®° A
recent study investigated the use of Magnetic Resonance Black-Blood Thrombus Imag-
ing (MRBTI). This technique has similarities with the MRDTI technique, because it can
assess the thrombus directly instead of visualization of the reduction of venous flow as
result of the thrombus. MRBTI uses a T1 variable flip angle turbo spin-echo technique to
nullify the intrinsic blood, leading to a hyperintense signal of the thrombus. MRBTI was
performed in 23 patients with proven CVT and 24 patients with negative CVT according
to conventional imaging techniques (MRI and CT-V). The sensitivity was 97.4% with a
specificity of 99.3%.”"

No studies have evaluated MRDTI in the diagnostic management of unusual vein
thrombosis. Only one study reported that when applying total-body MRDTI for detect-
ing the origin of acute PE in 99 patients, thrombi in superficial and abdominal veins were
detected in five and three patients respectively.”

Positron Emission Tomography

Technique

The principle of PET with F-18 fluoro-2- desoxy-D-glucose (FDG) is based on accu-
mulation of FDG, which occurs among other in activated leukocytes. Inflammation is
linked with thrombus formation, due to accumulation of inflammatory cells within the
thrombus and surrounding area.”” This inflammation mechanism with associated FDG
accumulation optionally enables imaging of VT with PET.

Deep vein thrombosis

In a study of 12 patients with proximal DVT, FDG PET/CT was accurate in detecting the
thrombus, with a sensitivity and specificity of 87.5% and 100% respectively.” Although
a recent published study including 62 patients with CUS-proved DVT confirmed the
detectable higher metabolic activity in DVT, the optimal diagnostic cut-off is unknown
and the reported sensitivity and specificity was much lower with values of 31% (95 %
Cl 24-39%) and 88% (81-92%) respectively.” As with MRDTI, the positive signal of FDG
PET decreases over time after initiation of anticoagulant treatment. The proposed ability
to differentiate acute from chronic clots in the leg veins may suggest a potential role of
FDG-PET in the diagnostic workup of patients with suspected recurrent ipsilateral DVT.”®
Of note, its feasibility in clinical practice has to be evaluated, taking into account the
necessary fasting period of 6 hours and the >1 hour waiting time after isotope adminis-
tration before scanning.”
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Pulmonary embolism

Several case-reports and retrospective studies have described incidental PE on FDG PET/
CT images, mostly observed in cancer patients.”® Preliminary results of a prospective
observational study indicated disappointing accuracy of FDG/PET: only two of six PE
patients showed notable FDG accumulation.”® The study is recently completed, but
results are not published yet (NCT01466426).

CONCLUSIONS

Today’s main used thrombus imaging techniques -CUS and CTPA- are highly accurate
and widely applied. Disadvantages of these two techniques nonetheless remain, leaving
room for development of new imaging techniques for tomorrow’s use. Currently, most
of the emerging imaging modalities lack full validation and thus cannot (yet) be recom-
mended for standard use in daily practice.
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