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Review article

Venous thromboembolic disease
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Department of Radiology, Churchill Hospital, Old Road, Headington, Oxford OX3 7LJ, UK

Abstract. The advent of spiral CT has encouraged investigation into the diagnosis of venous
thromboembolic disease. It has also exposed the limitations of prior methods of investigation and
raised questions as to the significance of small pulmonary emboli. This article discusses this new
technique, the clinical detection of venous thromboembolic disease and possible current and future

strategies in diagnosis.

Introduction

The frequency of patients presenting with pul-
monary embolic disease (PED) associated with
deep vein thrombus (DVT), and the occurrence of
PED following propagation of calf vein thrombus,
provide confirmatory evidence that they are part
of the same disease process, venous thrombo-
embolic disease (VTED) [1, 2]. The morbidity
and mortality of untreated VTED, coupled with
difficulty in clinical diagnosis, is responsible for the
large numbers of patients referred for investigation.
The difficulty in diagnosis is confirmed by autopsy
evidence that, despite heightened clinical awareness
and the availability of new tests, there has been no
decrease in the incidence of VTED over the last
30 years [3] and that a prior embolic episode,
with organized pulmonary artery thrombus, is
present in 50% of patients dying from the disease
[4].

Difficulty in diagnosis is compounded by differ-
ences in the significance of PED in various patient
groups and the effects of different sized emboli in
these groups [5]. More than 50% of the cross-
sectional area of the pulmonary vascular bed must
be occluded before a significant change in pulmon-
ary artery pressure and cardiac output occurs in
animal studies [ 6—8]. These data, plus the known
physiological effects which follow pneumonectomy
or unilateral pulmonary artery occlusion, enable a
prediction to be made of the effect of small and
large emboli in most patients [ 9]. The patients in
whom PED is most difficult to diagnose are those
with an already compromised cardiopulmonary
reserve; it is in these patients that small, subseg-
mental emboli may have the most life-threatening
consequences and yet be difficult to confirm.
Recent reports on spiral computed tomography
and PED have raised questions as to the size of
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emboli detected both by this new technique [ 10,
117 and the “gold standard” test of pulmonary
angiography (PA) [12, 13]. The clinical signifi-
cance of small, difficult to detect, subsegmental
emboli is now one of the most important unre-
solved issues in VTED.

The importance of a correct diagnosis lies not
only in preventing further and possibly more sig-
nificant embolic disease, but also in not submitting
patients unnecessarily to the risks of anticoagulant
treatment. A broad generalization for risk of haem-
orrhage in patients treated with continuous intra-
venous or subcutaneous unfractionated heparin is
5% morbidity and 1% mortality; for treatment
with warfarin there is a 0.9% morbidity and 0.1%
mortality [ 14].

Methods of investigation
Deep vein thrombosis

The radiologist now has a well stocked arma-
mentarium for diagnosing VTED. Further help
has come from the recent development of the
D-dimer blood test and clinical risk stratification.
D-dimer, a specific degradation product of cross-
linked fibrin, should be elevated in patients with
thrombus. D-dimer may be measured in many
different ways, the different assays having different
sensitivities, specificities and turnaround time [ 15].
An elevated D-dimer level is of less value because
of low specificity; however, a low level, especially
in combination with a low clinical suspicion of
VTED, may obviate the need for further testing.
In a recent report, D-dimer measured by a whole
blood agglutination assay technique had a sensi-
tivity of 93% for proximal DVT and 70% for calf
DVT, with an overall specificity of 77% and nega-
tive predictive value of 98% for proximal DVT
[16]. Further studies are required to confirm these
findings in a more heterogeneous patient group
with co-morbid pathology.

Although there has been little progress in the
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clinical selection of patients for investigation of
PED or DVT, a recent report suggests that it is
possible to stratify patients into risk groups [17].
The presence of pre-morbid risk factors, such as
cancer and recent bedrest, in conjunction with
clinical features, such as localized tenderness along
the distribution of the deep venous system and calf
swelling, was used to divide patients into high
probability, moderate and low probability groups.
In 529 patients, this model predicted the prevalence
of DVT as 85% in the high pre-test probability
category, 33% in the moderate and 5% in the
low [17].

Ultrasound (US) has a sensitivity of more than
90%, and almost 100% specificity in the diagnosis
of femoral and popliteal vein thrombosis, but is
less sensitive in assessing calf vein thrombosis
[18-20]. The risk in non-treatment of isolated calf
vein DVT relates to propagation, with the inherent
risk of PED if this occurs. Concerns that post-
phlebitic venous insufficiency will develop in calf
vein DVT which has not been treated with anti-
coagulation now appear to be unfounded, provided
the pre-symptomatic leg veins are normal [21].
Up to 20% of calf vein thrombus propagates into
the popliteal and femoral veins, and propagation
occurs prior to embolization [21-23]. In the con-
text of clinical risk stratification, it would therefore
seem reasonable to withhold anticoagulant treat-
ment in patients suspected of DVT if the femoral
and popliteal veins are normal and the patient has
a low pre-test probability of DVT. If the US
examination is negative in this patient group then
no further investigation or treatment is required.
However, if the pre-test probability is intermediate
or high and the US examination is negative, then
serial scanning of the popliteal fossa to look for
propagation is warranted [ 24]. Clinical confidence
in this approach may be strengthened if D-dimer
is included in the diagnostic algorithm. A low
D-dimer, low pre-test probability and a negative
US would then make the risk to the patient of
DVT insignificant. In some departments, serial US
may be logistically impractical and venography is
then an acceptable alternative.

Although currently not feasible due to inad-
equate resources, magnetic resonance (MR) ven-
ography may eventually be the radiological exam-
ination of choice. MR has the added advantages
of a high degree of accuracy in assessing the pelvic
veins and the ability to demonstrate a non-vascular
cause for pain in the calf [25]. In comparison with
contrast venography, MR venography was 100%
specific and 95% sensitive in the detection of pelvic
vein thrombosis and 100% sensitive and specific
in the detection of DVT in the thigh, while in the
calf the sensitivity was 87% with a specificity of
97% [25]. MRI may play a more significant role
in VTED when used to assess the presence of PED.
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Pulmonary embolic disease

Nuclear medicine is currently the mainstay of
diagnosis of PED. Reports from the Prospective
Investigation of Pulmonary Embolism Diagnosis
(PIOPED) have clarified the value of ventilation/
perfusion (VQ) scans in the investigation of PED
[13, 26]. The majority of patients who are referred
for VQ scanning in order to confirm or exclude
pulmonary embolism fell into the indeterminate
(intermediate) category (39%) or low probability
category (34%); only a minority had high (13%)
or normal/very low probability (14%) scans. The
positive predictive value of a high probability scan
was 91%, falling to 74% in patients with a previous
episode of PED. The value of prior clinical prob-
ability assessment was confirmed, a high clinical
pre-test probability proving correct in 68 % of cases
and a low pre-test probability correct in 91%.
Unfortunately, although not surprisingly, the pre-
test probability was non-committal in 64% of
patients. Combining clinical pre-test probabilities
and VQ scans was the most accurate means of
predicting the presence of PED; if both were high
probability then 96% of patients had PED, and if
both were low then only 4% had PED. The
contribution of nuclear medicine to the diagnosis
of PED as demonstrated by PIOPED was sum-
marised in the final sentence of the report “the
scan combined with clinical assessment permitted
a non-invasive diagnosis or exclusion of acute
pulmonary embolism for a minority of patients”
[13]. However, support for nuclear medicine in
the investigation of PED has been bolstered by
the recent Prospective Investigative Study of Acute
Pulmonary Embolism Diagnosis (PISAPED)
[27]. This has cast doubt on both the apparent
lack of accuracy of nuclear medicine in the diag-
nosis of PED as reported by PIOPED and the
need for ventilation imaging in addition to per-
fusion scintigraphy. A combination of clinical
assessment and perfusion scanning permitted the
diagnosis or exclusion of pulmonary embolism in
76% of patients with abnormal perfusion scans
and an accuracy of 97%. The authors attribute the
success of this method to a marked simplification
of perfusion scan criteria resulting in only two
categories of abnormal scan: PE + (abnormal com-
patible with PE) and PE — (abnormal not compat-
ible with PE).

Unfortunately, the picture in clinical practice
remains unclear, with the usefulness of the VQ
scan in confirming or excluding the diagnosis of
pulmonary embolism depending on the population
studied. In the outpatient setting, where the inci-
dence of prior cardiopulmonary disease is low,
chest radiographic abnormalities are unusual and
the prevalence of PED is low, a high proportion
of normal scans and fewer indeterminate scans
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would be expected, and this is the case [28]. In
contrast, in the PIOPED study 90% of VQ scans
were non-diagnostic in patients with chronic
obstructive pulmonary disease [ 13].

Despite PIOPED, many clinicians base their
decision to treat or withhold therapy on VQ scans
that fall into the intermediate or low categories,
and sometimes anticoagulate patients with low
probability or normal scans without further investi-
gation [297]. This may reflect a lack of faith in a
test giving such a wide range of likelihood of
diagnosis, perhaps compounded by inconsistencies
in methods of reporting. It has been suggested that
VQ scans are reported making use of the PIOPED
data by incorporating pre-test and test probability
odds [30], for example, “with a low pre-test prob-
ability of PE and a low probability VQ scan, the
odds of a PE are 20:1 against”. Whether this is
helpful or a cause for further clinical confusion
remains to be seen.

The advent of neural networks may produce
consistency of interpretation and reporting in the
future [31]. Neural networks are computer
programs designed to imitate the human brain.
They consist of non-linear computing elements
organized in several multiconnected layers. The
strengths of these connections vary, depending
upon the input to the computer and its value in
enabling a correct diagnosis during programming.
The computer will enable either a correct diagnosis
or “best guess” to be given in the same way as
practising radiologists. VQ scanning lends itself to
assessment by neural nets due to the limited data
required for input. In some settings neural net-
works have outperformed experienced observers in
the interpretation of VQ scans [32].

Until recently, there has been general agreement
that patients with intermediate or low probability
VQ scans should undergo pulmonary angiography.
Despite morbidity rates as low as 1-5% and
mortality rates of only 0.1-0.5% [33], PA is
seldom performed as a means of further investiga-
ting patients with “non-diagnostic” VQ scans. The
failure to perform PA in such circumstances may
in fact be appropriate, a recent report suggesting
that serial leg ultrasound or impedance plethys-
mography (IPG) is a safe means of investigation
for patients with non-diagnostic scans and normal
cardiopulmonary reserve [ 24]. Hull et al prospec-
tively investigated 1564 consecutive patients
referred for investigation of PED. Only 12 (1.9%)
of 627 patients with normal cardiopulmonary func-
tion and non-diagnostic VQ scans, with no evi-
dence of proximal vein thrombosis on serial IPG
(although US would now be a better test [ 22, 347]),
developed VTED on follow-up when anticoagul-
ation was withheld. Fight of 145 patients (5.5%)
with high probability scans treated with anticoag-
ulation had further episodes of VTED on follow-
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up. The exclusion of patients with abnormal cardio-
pulmonary reserve from the study confirms the
need for a non-invasive test in such patients, and
in those with an abnormal chest radiograph,
resulting in considerable interest in the use of spiral
CT and MR [35-37].

The recent development of CT scanners capable
of fast data acquisition and volume datasets has
encouraged research into the value of CT in the
investigation of PED. The initial optimism about
sensitivity and specificity has been tempered by
more careful analysis of its limitations and reasons
for error. All reports stress the need for meticulous
scanning technique, with the possible requirement
of a test bolus of contrast medium to optimize
scan start times, and scanning in a cranio-caudal
direction to ensure adequate opacification of upper
lobe arteries and avoid partial opacification of
pulmonary veins. Knowledge of hilar anatomy and
intersegmental nodal sites, with reformatting in
cases of doubt, all improve diagnostic accuracy
[38]. For details of scanning technique the reader
is referred to a recent review [ 39].

Spiral CT demonstrates thromboemboli in main,
lobar and segmental (4th order) vessels with a
sensitivity and specificity of more than 90%
[40, 417]. The accuracy of diagnosis falls if reliance
is placed on the detection of emboli in subsegmen-
tal vessels. The reported number of patients pre-
senting with isolated subsegmental emboli ranges
from 0 to 36% [10, 11, 42, 437, and up to 75% of
these emboli may not be detected by spiral CT
scanning [10]. Before discarding spiral CT, the
failure to detect subsegmental emboli must be
taken in the context of the reliability of the previous
“gold standard” test of PA in their detection, the
presence of segmental or larger thrombus being
detected in more than 90% and subsegmental
emboli in only 66% of cases [ 13]. Isotope studies
may be similarly assessed, with the PIOPED data
revealing more than 90% reader agreement for
high probability and normal VQ scans but only
70% and 75% agreement on low and intermediate
probability scans, respectively [13]. The signifi-
cance of smaller subsegmental emboli has become
an important issue, particularly in view of the
unchanging mortality from PED and the evidence
of a prior embolic event at post-mortem. If it is
assumed that subsegmental emboli may give rise
to indeterminate or low probability scintigrams,
then the study of Hull et al [24] suggests that
provided there is no evidence of a thrombus within
the proximal deep veins on serial testing then the
inability to detect such emboli in patients without
cardiopulmonary compromise may be unimport-
ant. However, the importance of such emboli in
patients with diminished cardiopulmonary reserve
remains to be determined.

Although not infallible in the detection of
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emboli, spiral CT has the additional advantage of
assessing the pulmonary parenchyma as well as
the vasculature of the lung. The importance of this
factor was confirmed by a study in which 24 of 42
patients with non-diagnostic VQ scans had abnor-
malities other than PED which were likely to
account for the patient’s VQ scan defects [41].
The evidence from this study, coupled with the
obvious inherent advantages of spiral CT in
patients with an abnormal chest radiography, and
the failure of VQ scanning in patients with compro-
mised cardiorespiratory reserve, may in future lead
most radiologists and clinicians to use spiral CT
in these patient groups.

MRI has also been used as a research tool in
the investigation of PED. Difficulties for MRI to
overcome before it is of clinical value in PED
include cardiac and respiratory motion, and diffi-
culty in differentiating slow flow from thrombus.
In addition, there are practical limitations such as
the difficulty of placing very ill patients in MR
scanners. Nevertheless, many of the difficulties with
MRI may be offset by using different pulse
sequences, slice thicknesses, imaging planes perpen-
dicular to each other and cardiac gating.

Blood may give rise to a range of signal intensit-
ies in cardiac gated MR studies. With a spin echo
(SE) sequence, flowing blood ideally produces little
signal and appears dark (black blood). However,
inflowing blood with previously unexcited protons
may produce high signal at the entry slice(s). With
gradient echo (GE) sequences, flowing blood pro-
duces high signal (white blood), but loss of signal
may occur in areas of turbulence and non-uniform
flow. Non-thrombosed blood may in either
sequence produce signal expected from areas of
thrombus [44]. The use of sequences in different
planes and double SE acquisition often allows
discrimination of thrombus from slow flow. Pre-
saturation pulses in SE imaging may remove signal
artefact at the entry slice(s). Ultrafast gradient echo
techniques with intravenous gadolinium enable
single breath-hold MRI of the pulmonary arteries,
or imaging during gentle respiration [45, 46].

MRI has been compared with nuclear medicine
studies and pulmonary angiography [ 46—48]. MRI
appears reliable in the detection of emboli larger
than 3 mm in size and down to the level of segmen-
tal vessels, and has a similar sensitivity but signifi-
cantly greater specificity when compared with VQ
scanning as a screening test [48].

The true value of MR pulmonary angiography
will only be demonstrated when MR is more
readily available and suitable for the majority of
patients investigated for PE, i.e. those who are ill
and have tachypnoea. Once these problems are
overcome, the ability to assess both the pulmonary
arteries and the venous system of the pelvis and
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legs may result in MRI being the first line investi-
gation in future.

D-dimer appears to have a useful role to play
in suspected PE as well as in the investigation of
DVT [49]. Again, due to low specificity, the
potential value of this test is in exclusion of PE
rather than in establishing the diagnosis of PE. In
an outpatient setting, a normal plasma D-dimer
concentration allowed the exclusion of PE in 29%
of patients suspected of having PE. Withholding
anticoagulation from these patients was associated
with only a 1% risk of thromboembolic compli-
cations during a 3 month follow-up [49].

Conclusion

The past, present and future practices of investi-
gating patients with suspected pulmonary emboli
now seem to be very different. Current recommen-
dations must take into account local availability
of equipment and expertise. In the majority of
centres, pulmonary angiography is effectively dis-
counted from venous thromboembolic disease
investigation and management. Currently, most
patients suspected of having pulmonary embolic
disease will undergo VQ scanning and may have
a sufficiently diagnostic study to enable a treatment
decision to be made. In patients with normal
cardiopulmonary reserve, if the VQ scan is non-
diagnostic, the patients should undergo serial ultra-
sound examinations of their femoral and popliteal
veins. If serial US is impractical for purely logistic
reasons, venography may be substituted. Patients
suspected of having PED with an abnormal chest
radiograph  or significant cardiopulmonary
compromise could have spiral CT as their first
investigation with US examination of their leg
veins if negative. However, before spiral CT is
included wholeheartedly in the diagnostic algor-
ithm, its accuracy should be tested in multicentre
controlled trials, looking particularly at outcome
in untreated patients with negative CT scans
[50-527. As spiral CT becomes more readily avail-
able and if future reports confirm its usefulness in
PED, the value of isotope studies may be further
questioned. It is conceivable that, in all but those
patients with a low clinical pre-test probability for
PED, spiral CT will become the first line of
investigation.

In the distant future, patients may forego VQ
scanning and spiral CT and move straight to MRL
When MRI of the thorax is negative or equivocal,
then they will undergo MRI of the pelvic and leg
veins. Those patients not suitable for MRI will
probably undergo spiral CT of the chest and, if
this is negative, imaging of their leg veins. The role
of D-dimer now and in the future is less clear in
PED, with D-dimer possibly being used as an
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adjunct to VQ scans, particularly in helping decide
on the requirement for further imaging.
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