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CLINICAL PROGRESS

Deep Vein Thrombosis
In the articles below three contributors discuss recent progress in the diagnosis and medical and surgical manage-

ment of deep vein thrombosis. Mr. Norman Browse concludes that not only is phlebography the most valuable

method for diagnosis but that it may help correct management. Dr. P. T. ilute emphasizes that anticoagulants
may be ineffective in preventing pulmonary embolism from recent thrombi in the popliteal or more proximal deep

veins, and that fibrinolytic drugs are a possible alternative to surgery. Considering surgical management, Mr.

G. E. Mayor illustrates the usefulness of classifying deep vein thrombosis as peripheral or iliofemoral.

Diagnosis
NORMAN BROWSE,* M.D., F.R.C.S.

British Medical Journal, 1969, 4, 676-678

Deep vein thrombosis, often associated with pulmonary embolism,
is a common condition occurring in every type of patient-
surgical, medical, and obstetric. It is not uncommon in appar-

ently normal, active subjects, and women taking oral contra-

ceptives are particularly susceptible. A simple method of
making an accurate diagnosis in the early stages would be of
considerable clinical value and also help those engaged in the
study of methods of prophylaxis.

Clinical Examination

Once it was appreciated that pulmonary emboli came from
the leg veins, and that even large lethal emboli could occur

without any premonitory symptoms or signs in the legs, it
became recognized that deep vein thrombosis could occur

without physical signs. Even so, it is extremely difficult to

look at a pair of apparently normal legs and actively consider
the possibility that they are full of thrombus.

Physical signs depend on two distinct features of venous

thrombosis. Swelling, venous distention, and an increase in

temperature are due to a functional obstruction to the venous

return from the legs. Pain and tenderness are apparently
related to phlebitis-that is, an inflammatory response in the

vein wall. Why phlebitis occurs with some deep vein thrombi

and not with others is not known. The presence or absence
of the phlebitis is certainly not related to the extent of the

thrombosis. Thus an extensive deep vein thrombosis can occur

without physical signs if the major veins are not completely
blocked, if there are adequate collateral vessels around any
totally occluded vessels, or if there is no phlebitis in the vein

wall. At least half, probably two-thirds to four-fifths, of the

patients who get deep vein thrombosis have no physical signs.
One very important point arises from this situation; all of the

many clinical investigations of deep vein thrombosis that have

been based on physical signs for assessment are suspect, as they
will not have ascertained the true incidence of the disease. A

case could be made for saying that they are all valueless.

The above statements do not mean that physical signs when

present are valueless. J. McLachlin and his colleagues showed

by comparing physical signs with an objective means of diag-

* Reader in Surgery, St. Thomas's Hospital Medical School, London

S.E.1.

nosis-necropsy examination-that ankle oedema was a reliable

sign of underlying deep vein thrombosis in 80% of cases.1

Other physical signs such as tenderness and Homan's sign were

correct in only 50% and 8% of cases, respectively. These
findings mean that some physical signs are not only rare, but

they may be misleading. When a patient complains of pain
and tenderness in the calf a definite diagnosis of deep vein
thrombosis should not be made, as there is at least an 11 %
chance that the deep veins are normal.' It would be much
more realistic to ignore physical signs and work on the assump-

tion that one-third of all patients in hospital have thrombi in
their deep veins.
The inadequacy of clinical examination has led many workers

to search for objective means of ascertainment of the incidence
of deep vein thrombosis. The oldest and perhaps the most

accurate is extensive necropsy examination.2 This method of
course has a limited value and can only be used for clinical
studies where, for some reason or other, there is a high mortality
rate.3

Phlebography

Phlebography is the second oldest method of investigation.
First described by Dos Santos in 1938,' it was developed by
him and the Swedish school5 during the early '40s. These
workers proved phlebography to be an accurate and acceptable
technique. Unfortunately, its value was not appreciated by
clinicians and radiologists in Britain; only in the last five years

has it been used here extensively as a diagnostic aid. One of
the early problems of the technique was difficulty in recognizing
Streamline flow and poor mixing, a cause of false-positive
results. The most valuable advance in diagnostic technique
has been the use of television monitoring during the injection
of the dye. The radiologist can now watch the veins filling
and take films at the best moments rather than relying on the
older method of taking exposures at set times after the injection.
Three methods of phlebography are in common use:

(1) Inject a radiopaque dye into a vein in the dorsum of the foot
after occluding the superficial veins at the ankle with a rubber
tourniquet (ascending phlebography). With this method it is pos-
sible to visualize the calf, popliteal, superficial femoral, common

femoral, and iliac veins, The mouth of the profunda femoris vein
is displayed if the patient performs a Valsalva manceuvre.
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(2) If the major veins in the upper thigh are obstructed ascending
phlebography will not show the veins above the obstruction. The
femoral and iliac veins and vena cava can be visualized by injecting
a contrast medium directly into the femoral vein (percutaneous
femoral phlebography).

(3) An excellent demonstration of the iliac veins, particularly the
internal iliac vein, may be obtained when the common femoral vein
is blocked by injecting the dye into the medulla of the upper end
of the femur (intraosseous pertrocanteric phlebography).6
The phlebographic diagnosis of deep vein thrombosis is based

on the presence of well-defined filling defects in opacified veins,
and on finding these defects on at least two radiographs.7
Recent thrombus appears as a rounded or cylindrical filling
defect in a contrast-filled vein giving it a "ground-glass "
appearance. The thrombus is separated from the wall of the
vein by a thin white line representing contrast medium around
the thrombus. Old thrombus shows as a filling defect project-
ing directly from the wall of the vein. Non-filling of a vein
is accepted as a thrombotic occlusion only if the veins above
and below the block are displayed, together with the collateral
veins around it.

Some groups of veins cannot be displayed by phlebography.
The venous sinuses in the calf are not usually seen, a serious
deficiency, as they are a common site for deep vein thrombosis.
Fortunately thrombosis in the muscle sinuses is usually asso-

ciated with thrombus in the venae comes of the arteries of the
leg, which are easy to display. The tributaries of the profunda
femoris vein are not seen unless the superficial femoral vein
is blocked, but in my experience these vessels are not a common

site for deep vein thrombosis. The tributaries of the internal
iliac vein can be displayed only if the pertrochanteric intra-
osseous technique is used, but again in my experience pelvic
vein thrombosis is uncommon.

Despite these disadvantages phlebography probably displays
90 to 95% of existing venous thrombi, though there have been
no careful studies comparing phlebography during life and
necropsy findings. I think it is the most valuable investigation
available; not only does it confirm the diagnosis, but it also
gives a considerable amount of information on the exact site,
extent, nature, and age of the thrombus, which can be extremely
valuable when deciding on treatment. Nevertheless, unless the
investigation is done with care by an enthusiast the results are

poor. Hence research has also been carried out into other
methods for detecting deep vein thrombosis.

Labelled-fibrinogen Uptake

In 1960 J. T. Hobbs and J. W. L. Davies described the
preferential uptake of 13 I-fibrinogen into fresh thrombi in
rabbit leg veins,8 suggesting that this might form the basis of
a useful clinical technique; subsequently this suggestion was

confirmed.9 1 Subsequently the technique was satisfactorily
modified to use an isotope with a longer half life-'25I."1 12

Given intravenously 100 ,tc 1''1-fibrinogen is incorporated
as fibrin into any new thrombus that forms, and also passes

into existing thrombus. The radioactivity can be detected with
a scintillation counter. The routine of the test is to give the
labelled fibrinogen, after blocking the uptake of iodine by the
thyroid with potassium iodide, and then count the radioactivity
at fixed points down the legs. The count rates in the legs are

expressed as a percentage of the heart count. If one area

shows a count rate of more than 15 % above the adjacent areas,

or than the same area on the other leg, then deep vein
thrombosis may be confidently diagnosed. False-positive
results occur if there has been any trauma to the leg or if there
is gross oedema. Fig. 1 shows the counts in a man's legs
seven days after ureterolithotomy. The phlebogram showed a

4 in. (10 cm.) long thrombus in the posterior tibial vein of the
right leg. All workers in the field have shown over a 90%
positive correlation between the fibrinogen uptake and phlebo-
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graphy. In practice this technique shows a higher incidence
of deep vein thrombosis than phlebography because it detects
small thrombi in the calf sinuses more efficiently.
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FIG. 1.-1251-fibrinogen uptake. The radioactivity in the
legs of a 63-year-old man seven days after a utero-lithotomy.
The labelled fibrinogen has been taken up in a thrombus
in the lower right calf giving count rates 20% higher
than adjacent points and the same point on the opposite
leg. Differences of 15% or more are diagnostic of deep

vein thrombosis.

The biological half-life of the labelled fibrinogen is only three
to four days, so that counting can continue for only six to

seven days. Hence if the effect of treatment is being followed
a booster dose of fibrinogen must be given. A second and more

important disadvantage is that the technique cannot detect
thrombi at the top of the thigh and in the iliac veins and vena

cava. At the root of the leg and in the abdomen the back-
ground count from other tissues-and above the pubis the
bladder-swamp any changes in the count rates from the veins.
The fact that the 125I-fibrinogen uptake is of doubtful value
in the upper thigh and of no value at all above the inguinal
ligament is a serious disadvantage, as the large loose thrombi
that cause lethal pulmonary emboli often arise in the common

femoral and iliac veins.

I have found the method to be particularly valuable for
research, as it provides an objective method for detecting deep
vein thrombosis, thus enabling accurate studies of treatment
and prophylaxis. It is also valuable for the diagnosis of existing
thrombosis. For example, in many patients presenting with
pain in the chest and dyspnoea the differential diagnosis lies
between pulmonary embolism or pneumonia; the detection of
peripheral venous thrombi may be of considerable help in
deciding on the correct diagnosis.

Ultrasound Techniques

When a beam of ultrasound is reflected from a moving object
its frequency is altered according to the rate at which the object
is moving, owing to the Doppler effect. The particles in blood
act as reflectors, so that the frequency of an ultrasound beam
passed through a moving column of blood is altered according
to the rate of flow. This change can be recorded on paper or

amplified into an audible signal. Because ultrasound is reflected
off any interface between substances of different densities, a

beam can be passed across a vessel, reflected off the distal wall
or particles in the blood and picked up with a receiver adjacent
to the transmitter. By using the ultrasound flowmeter to detect
flow in a major vein one can discover whether the vessel is
patent or blocked.13-'5 The commonest cause of venous

obstruction is acute thrombosis.
One method uses a 2MHz beam (Sonicaid Ltd.)5 ; the major

veins along the leg are examined by placing the ultrasonic probe
over a vein and increasing the flow by squeezing the vein up-

13 December 1969 * * a * *
 on 24 M

ay 2023 by guest. P
rotected by copyright.

http://w
w

w
.bm

j.com
/

B
r M

ed J: first published as 10.1136/bm
j.4.5684.676 on 13 D

ecem
ber 1969. D

ow
nloaded from

 

http://www.bmj.com/


678 13 December 1969 Deep Vein Thrombosis-Browse MEDICBALJOURNAL
stream to the transmitter. Fig. 2 shows the type of tracing
obtained with a complete block of the deep veins of the left leg.
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FIG. 2.-The ultrasound flowmeter record of a man with a total
left deep vein block. Squeezing the calf or thigh on the right
side increases the flow and produces an audible noise, recorded
as an upswing (A wave) on the record. Squeezing the left leg
produced no change in flow indicating a blocked vein. (Repro.
duced by kind permission of the authors, D. S. Evans and F. B.

Cockett, British Medical 7ournal, 1969, 2, 802.)

This method is quick and extremely simple and studies the
important source of major emboli-the femoral and iliac veins
and the vena cava. On the other hand, a disadvantage of the
method is that flow in large collaterals or in a very large super-
ficial vein will produce a sound similar to that produced by
flow in a patent femoral vein. These circumstances may pro-
duce a false-negative reading. Early thrombi in the femoral
vein sometimes propagate along the vein without producing
any significant obstruction, and this type of thrombus may
also be missed. Small thrombi in the calf veins, the tributaries
of the profunda vein, or the internal iliac veins cannot be
detected because they do not cause major vein obstruction.
Despite these drawbacks, however, ultrasound is a valuable and
rapid method of examining the major veins of a leg for large
occlusive thrombi.

Perhaps some caution should be exercised while squeezing
the leg to produce the increase in flow, as young thrombi are
known to be very loose and friable; theoretically a thrombus
might be broken free if the leg is squeezed too vigorously.
When the absence of flow suggests an occlusion of a major

vein a phlebogram must still be performed because possibly
the occlusion is old and not due to fresh, loose thrombosis.
Before proceeding to any form of treatment more detailed
information is needed concerning the nature and extent of the
thrombus.

Selection of Tests

Phlebography is undoubtedly the most accurate technique;
it is essential before any surgical treatment and is important
and helpful before deciding on medical treatment, such as
thrombolysis.

'2I-fibrinogen is a very accurate technique for detecting
thrombus below the upper thigh, but there is a delay of 6-24
hours after giving the fibrinogen before the count rates are of
diagnostic value. However, the results from using this method
may be available earlier if phlebography cannot be carried out
immediately, and the whole technique can be carried out by
a technician. I use the method extensively for confirming the
diagnosis of calf vein thrombosis and no longer treat any
patient solely on the basis of a clinical diagnosis, because some
patients with pain and tenderness in the calf do not have
venous thrombosis. Once the diagnosis is made, daily leg
scans will show whether the thrombosis is progressing or
regressing, thus providing an objective assessment of the effec-
tiveness of treatment.
The ultrasound flowmeter is the simplest of the screening

methods but is applicable only to the major veins.
My current policy is to divide patients with deep vein

thrombosis into two groups: those with pulmonary embolism
and those without. If the patient has had an embolus I order
an emergency phlebogram to obtain the maximum information
as soon as possible so that further emboli can be prevented.'6
I approach the patient with a suspected deep vein thrombosis,
but no pulmonary embolus, with both the ultrasound flow-
meter and a syringe of labelled fibrinogen. If the flowmeter
shows the large veins to be clear I give the fibrinogen, scan the
legs the following day, and then begin treatment if the diag-
nosis is confirmed. The legs are observed daily with the
scintillation counter, and if in spite of treatment there is any
extension of the thrombus I order a phlebogram. If the flow-
meter shows a major vein block phlebography is carried out
immediately in case the obstructing thrombus is fresh and
loose and amenable to thrombectomy.

I believe that these three techniques, which any hospital can
undertake, enable us to treat deep vein thrombosis in a logical
and objective manner. They should also eventually produce
a tremendous increase in our knowledge and understanding of
the aetiology, natural history, and treatment of this common
but very serious disease.

Medical Management
P. T. FLUTE,* M.D., M.R.C.PATH.

Pritish Medical Journal, 1969, 4, 678-680

To understand the action of anticoagulants and fibrinolytic
drugs the whole process of thrombosis must be viewed as the
end result of the opposing action of two forces, one leading
-to the deposition and the other to the removal of fibrin.
Disorders of blood flow and of the vein walls, platelet adhesion
.and aggregation, and blood coagulation contribute to the
deposition of fibrin. The fibrinolytic enzymes and cells of the
-reticulo-endothelial system contribute to its removal. Hence,
-paying attention to any one of these variables may be valuable
-in prophylaxis.

Once formed, fibrin may dissolve completely under the

-influence of the fibrinolytic enzymes or become organized with

permanent damage to the veins. The true incidence of spon-
taneous thrombolysis is not yet known, but it has been found
in a surprisingly high proportion of patients early in the post-
operative period.17

Anticoagulants restrict the further deposition of fibrin but
have no direct action on an established thrombus. Nevertheless,
they may so limit its extension that they improve the chance
of spontaneous thrombolysis. In assessing this objective methods
must be used to measure thrombi, for recovery from clinical
signs and symptoms often follows the opening of new collaterals
while the thrombus remains intact.
The fibrinolytic drugs have a direct thrombolytic effect,

which is achieved either by activating the fibrinolytic enzyme
system or by -an independent proteolysis of fibrin.>* Reader in Haematology, King's College Hospital Medical School,

Lcndon S.E.5.
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