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ABSTRACT 
Duplex ultrasonography is a safe, accurate, efficient, inexpensive, noninvasive diagnostic test for deep vein thrombosis (DVT). The 
sensitivity and specificity of this technique is comparable to venography in symptomatic patients in many studies. The diagnostic 
accuracy of this test can be further enhanced by serial studies. We report our experience with the use of this technique for study of 
180 patients with clinically suspected DVT. Only 55 (30.6%) patients were confirmed to have DVT on duplex ultrasonography which 
illustrates the inaccuracy of bedside diagnosis of this potentially life -threatening condition. Almost all our DVT patients have proxi- 
mal vein involvement, indicating that venous thrombosis usually do not cause signs or symptoms until they become large, occlusive 
and extend into the proximal veins. It is also observed in our study cohort that half of the patients with proximal vein thrombosis has 
incomplete recanalisation on follow-up study. None of them with normal study developed significant sequelae of untreated DVT, 
suggesting that it is safe to withhold treatment based on result of this non-invasive test. Duplex ultrasonography is the diagnostic 
modality of choice for suspected DVT in symptomatic patients and is an excellent substitute for conventional contrast venography. 
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INTRODUCTION 
Deep vein thrombosis (DVT) in hospitalised patients is a fairly 
common condition and has significant mortality and morbidity. 
Prompt diagnosis and treatment are needed to avoid major 
complications such as pulmonary embolism and disabling post- 
phlebitic syndrome. 

Clinical diagnosis of DVT is notoriously insensitive and 
fallibler'r. Many potentially dangerous venous thrombi are non - 
obstructive and non -inflammatory and therefore clinically 
inapparent. In addition, none of the clinical features of DVT are 
specific or unique, as they can be caused by non -thrombotic 
disorders. Therefore, objective tests to diagnose DVT are 
necessary. 

Contrast phlebography has been the gold standard for 
diagnosis of DVT, but has many significant disadvantages such 
as invasiveness and the risk of dislodging thrombi. This has 
prompted the search for non-invasive tests of comparable 
diagnostic accuracy. In recent years, alternatives explored have 
included duplex ultrasonography, plethysmography, 
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thermography and radioactive fibrinogen uptake scanning. 
Among these, duplex ultrasonography currently appears most 
promising. 

In this paper, we report our experience with the use of duplex 
ultrasonography in a large series of patients with suspected DVT 
to determine their characteristics, clinical course and 
complications. 

METHODS 
One hundred and eighty consecutive patients with clinically 
suspected DVT referred to our laboratory for ultrasonographic 
evaluation between February 1992 and March 1994 were enrolled 
into the study. Indications for referral, clinical characteristics 
and the presence of predisposing risk factors were recorded. 

Venous duplex ultrasound scanning was performed in every 
case by experienced sonographers using an ACUSON I28XP/ 
10M colour Doppler ultrasonograph which permits high - 
resolution imaging with a 5 -MHz electronically focused linear 
array transducer. This machine allows imaging of calf veins as 
small as 2-3 mm in diameter. Routine scanning by real-time B - 

Mode and colour Doppler techniques included the proximal 
femoro-popliteal veins and the three groups of deep calf veins. 

The diagnostic features (Fig 1 and 2) of DVT sought were: 
(I) direct visualisation of inlraluminal thrombus; (2) visible lack 
of compressibility of involved venous segments; (3) absence of 
spontaneous Doppler venous flow or lack of phasicity (respiratory 
variation); and (4) absence of flow augmentation during distal 
limb compression (Fig 3). In addition, Doppler colour flow 
imaging within thrombosed segments was used to assess blood 
flow and degree of occlusion. As a rule, studies were conducted 
in both supine and standing positions. All recordings were 
reported by two independent observers based on stated criteria. 

All patients with a positive ultrasonographic diagnosis of 
DVT were anticoagulated unless such treatment was 
contraindicated. Patients with negative studies were not 
anticoagulated. Follow-up was obtained in every patient either 
in the outpatient clinic or via a structured telephone interview. 

RESULTS 
Duplex ultrasonography found the presence of DVT in only 55 
(30.6%) of the 180 patients. One additional patient with a negative 
ultrasound study was found to have DVT on computed 
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Fig. la - Cross-sectional view of the normal right common 
femoral artery and vein. 
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Fig. lb - Cross-sectional view of the normal right common 
femoral vessels showing compressibility of the normal vein 

by transducer pressure. The normal artery is not 
compressible. 
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tomography. Of these 56 patients with a positive diagnosis 
confirmed objectively, 22 were male and 34 were female. Their 
ages ranged from 19 to 87 years (mean 56 years). The commonest 
risk factors were stroke (16.7%), malignancy (16.3%), surgery 
in the preceding 3 months (14.6%) and lower limb trauma (8.3%). 

Almost all patients (53/55, or 96.4%) with ultra- 
sonographically defined DVT had thrombosis within or proximal 
to the popliteal vein (Table I). Only 2 patients had isolated distal 
thrombosis within the tibio-peroneal veins. 

All patients were anticoagulated except for 5 who, because 
of strong contraindications to anticoagulation, underwent 
Insertion of an inferior vena caval filter. As a rule, symptomatic 
improvement occurred, but 6 patients died during therapy - 4 
from underlying malignancy, one from fatal pulmonary embolism 

Fig. 2a - Cross-sectional view of the left common femoral 
artery and vein in the same patient showing venous 

thrombosis. 
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Fig. 2h - Cross-sectional view of the left common femoral 
vein which is thrombosed, dilated and non -compressible. 
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Table I - Distribution of lower limb venous thrombi 

Site Number (%) 

Proximal only 28 (50.9) 

Proximal and distal 25 (45.5) 

Distal only 2 ( 3.6) 

Proximal location dclincd as poplitea) vein or higher 
Distai location defined as below the poplitcal vein within the tibie-peroneal system. 

because of suboptimal anticoagulation, and one from major 
gastrointestinal haemorrhage. 

Twenty patients had a repeat ultrasound scan performed l-4 
months after initial diagnosis. Half showed complete resolution 
of disease and half showed partial or no resolution (Table tl). 
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Fig. 3 - Doppler signal in a proximal vein showing normal 
augmentation when distal draining veins are squeezed. If 

an intervening venous segment is thrombosed, 
augmentation will be attenuated or absent. 
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Table II - Late findings in 20 thrombosed veins 

Findings Number (%) 

Complete resolution 10 (50.0) 

Partial resolution 5 (25.0) 

No resolution* 5 (25.0) 

*Persistent occlusion 

Table Ill - Revised diagnosis in patients with normal tests 

Diagnosis Number (%) 

Cellulitis 14 (11.3) 
Hematoma 3 ( 2.4) 
Varicose veins 3 ( 2.4) 
Phlebitis 2( 1.6) 
Muscle sprain 2( 1.6) 

Elephantiasis 1 ( 0.8) 
Viral myositis 1 ( 0.8) 
Unknown 98 (79.0) 

Of the 124 patients without laboratory confirmation of DVT, 
106 (85.5%) had resolution of symptoms and signs on follow- 
up 4 or more months after presentation. The diagnosis was revised 
in many cases (Table III). Eighteen patients (14.5%) died from 
underlying severe medical illnesses. None of the 124 patients 
without documented DVT suffered from a thromboembolic 
event. 

DISCUSSION 
Our findings agree with those of other investigators who have 
shown that only a minority of patients with clinically suspected 
DVT will have a positive diagnosis on ultrasonography. It is 

unportant to distinguish those with DVT from those without, as 
the disease carries significant morbidity and mortality and should 
be treated. Wrong diagnosis leading to unnecessary treatment 
however is inconvenient, expensive and may cause significant 
side -effects. 

Numerous studies have been performed comparing venous 

duplex ultrasonography with contrast venography for diagnosing 
DVT. These studies include real time B -mode imaging, Doppler 
velocimetry and colour flow techniques,used singly or in 
combinationt2-225. 

B -mode ultrasonography relies on direct visualisation of 
intraluminal thrombus or non -compressibility of the vein by 
transducer pressure. Lack of venous compressibility has been 
used as the sole criterion to diagnose DVT with great 
accuracyt2.9-2, n.'2. 9, '9). Its sensitivity for diagnosing lower limb 
DVT is as high as 100% for the common femoral vein, dropping 
slightly to 93% for calf veins. Overall specificity is 100% when 
compared to venography". Serial studies may enhance its 
diagnostic accuracyp9r. 

Although venous non -compressibility is a highly sensitive 
and specific finding in symptomatic patients with suspected DVT, 
it is much less useful as a screening tool in asymptomatic post- 
operative patients at high risk of DVT, detecting only one-third 
of proximal or calf vein thrombi visible on contrast 
venographyt25r. This is probably because subclinical post- 
operative thrombi tend to be small and associated with far less 
mural and perivascular reaction. Use of colour Doppler does not 
overcome this limitation. However the clinical value of detecting 
or missing such small thrombi is unknownt221. 

In symptomatic patients however, colour Doppler imaging 
can improve the sensitivity of ultrasonography for evaluating 
smaller and more complex calf veins where B -mode imaging is 
less sensitivet9r. Furthermore, adequate compression is often 
impossible in some sites such as the distal femoral vein at the 
level of the adductor canal, just above the knee and in the calf. 
In such situations, colour Doppler can demonstrate normal blood 
flow, or otherwise, if the vein cannot be subjected to compression. 
This is especially important in post -operative DVT when most 
thrombi arise in the calf region and are non -occlusive. 

Calf vein thrombi, which when localised are associated with 
little morbidity, may however extend into poplitcal and femoral 
veinst24.25). In our study, there were few patients with proven 
isolated calf vein thrombosis (3.7%). This may be because calf 
vein thrombosis causes fewer symptoms and is thus less likely 
to present for diagnosis. Another reason is that interrogation of 
the posterior tibial, anterior tibial and peroncal veins in both legs 
is a difficult and laborious exercise, and some calf vein thrombi 
may be missed. 

None of our patients with a normal diagnostic study 
developed significant sequelae of untreated DVT on follow-up 
(4 to 33 months). This supports the reliance on the results of 
duplex ultrasonography to withhold treatment if the scan is 

negative, especially if repeatedly soot »). 

At present, duplex ultrasonography with colour Doppler 
imaging is probably the investigation of choice for the diagnosis 
of DVT provided it is performed by an experienced sonographcr. 
It is safe, accurate, accessible, reproducible, efficient and most 
importantly, noninvasive. By accurately separating patients with 
clinically important DVT from those who are at little or no risk, 
it provides an excellent triaging tool for therapy. It can also 
distinguish DVT from other confounding conditions such as 
superficial thrombophlebitis or a Baker cyst which are treated 
differently. 

Contrast venography is invasive and may be technically 
difficult. It requires considerable experience to perform and 
interpret, and may cause complications such as contrast allergy, 
superficial phleblitis or even DVT(in 4% of test patients). It is 

not suitable as a screening test. 
Besides DVT diagnosis, duplex ultrasonography may also 

be used to determine the age of the thrombus, predict the 
likelihood of normalisation, and assess the natural history of the 
disease. The most predictive ultrasound criterion for recent 
thrombosis is the venous diameter23. 2'i. Venous diameter was 
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found to be at least twice that of the diameter of the accompanying 
artery when the thrombosis was less than 1U days olden. Other 
appearances such as clot echogenicity are less reliable. 

There have been few studies assessing the natural history of 
DVT. Recanalisation occurs predominantly in the first 6 weeks 
after thrombosis, and results in return of compressibility and 
reappearance of Doppler flown'). The degree of recanalisation 
depends more on the size and extent of the thrombus than on its 

site. The likelihood of normalisation increases if the lesion was 
located in only one segment, if the pelvic veins are unaffected, 
if the affected leg is the left one, if the clot is nonocclusive, if 
there is no history of DVT, or if the symptom has been present 
for less than 24 hours before treatmentt22l. 

Despite adequate treatment, a little more than half of thrombi 
above the knee recanalise completelyt" 1. This is also observed 
in our cohort in which half the patients with proximal DVT who 
had repeat scans showed complete resolution while the rest 
showed either partial resolution or persistent occlusion. In 
addition to monitoring the evolution of the disease process, repeat 
scans within 6-12 months of the acute episode are also useful in 

providing a known baseline for comparison if DVT recurs. 

CONCLUSION 
Our study strongly supports the view that duplex ultrasonography 
with colour Doppler imaging is the new diagnostic modality of 
choice for suspected DVT in symptomatic patients. It is an 
accurate, objective, simple, rapid and reproducible noninvasive 
test for both diagnosis and follow-up of patients with DVT. When 
pretest clinical probability of disease is incorporated into the 
decision -making process, most DVT patients can be managed 
safely based on the result of this non-invasive test. It is an 
excellent substitute for conventional contrast venography. 
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