
BRITISH MEDICAL JOURNAL 2 JUNE 1973 523

We thank Mrs. F. Rush for carrying out the copper esfimations
and Dr. P. Cooke for the statistical analysis. We are also grateful to
Dr. J. R. H. Pinkerton, Dr. C. E. Ford, and Mrs. M. Seabright for
their advice, and to A. H. Robins and Co. Ltd. for a generous donation.

Requests for reprints should be addressed to: Dr. N. M. Gregson,
Cytogenetics Unit, Department of Pathology, Salisbury General
Hospital, Salisbury, Wiltshire.

References
Bishop, 0. N. (1971). Statistics for Biology, 2nd edn., p. 64. London,

Longman.
Chang, C. C., and Tatum, H. J. (1970). Contraception, 1, 265.
Davis, H. (1971). Intrauterine Devices for Contraception. Baltimore, Williams

& Wilkins.

Elstein, M., and Ferrer, K. (1970). Journal of Reproduction and Fertility, 32,
109.

Girardi, A. J., McMichael, H. jun., and Henley, W. (1956). Virology, 2, 532.
Gregson, N. M. (1970). Lancet, 1, 84.
Hagenfeld, W. (1972). Acta Endocrinologica, 71, Suppl. 169.
Newton, J., Elias, J., and McEwan, J. (1972). Lancet, 2, 951.
Okereke, T., Sternlieb, I., Morell, A. G., and Scheinberg, I. H. (1972).

Science, 117, 358.
Robins, A. H. & Co. Ltd. (1972). Technical data for 1972.
Tietze, C., and Lewit, S. (1970). Studies in Family Planning, 55, 1.
Uzman, L. L. (1956). Laboratory Investigation, 5, 229.
Whitten, W. K. (1971). Advances in the Biosciences, 6, 129.
Whittingham, D. G. (1972). Society for Study of Reproduction, 5th Annual

Meeting, 84.
Wolfers, D. (1972). British Medical_Journal, 1, 112.
Zak, B. (1958). Clinica Chimica Acta, 3, 328.
Zipper, J., Medel, M., and Prager, R. (1969). American Journal of Obstetrics

and Gynecology, 105, 529.

Thermography in Diagnosis of
Deep Venous Thrombosis
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Summary

The possibility that subclinical increased heat ofthe limb
may be an early and reliable sign in the diagnosis of deep
venous thrombosis is being investigated using therm-
ography. Of the 35 cases studied 17 have had early deep
venous thrombosis confirmed on phlebography. Of these,
16 cases have been previously diagnosed using therm-
ography.

Introduction

Clinical signs of deep venous thrombosis occurring in the legs
are unreliable and often absent (Pilcher, 1939; Greaves, 1940;
Cosgriff, 1947; Coon and Willis, 1959; Sevitt and Gallagher,
1959; Uhland and Goldberg, 1964). The first evidence that such
thrombosis has occurred may be fatal pulmonary embolism
(Coon and Coller, 1959; Sevitt, 1962). Lambie et al. (1970),
studying 111 surgical patients considered to be at high risk,
found that almost half of the patients developed deep venous
thrombosis. Of these cases two-thirds were unsuspected clinic-
ally despite careful scrutiny, and of those diagnosed clinically
the diagnosis was falsely positive in a quarter. Kemble (1971),
emphasizing the latter point in a report on a similar study of 280
patients, found that in those in whom a clinical diagnosis was
made, in almost 40%, when subjected to further investigation,
no thrombus was found.

It appears certain that in a susceptible patient deep venous
thrombosis can occur early during enforced recumbency,
whether this be postoperative or due to a medical condition such
as myocardial infarction, or even during an operation (Flanc
et al., 1968; Negus et al., 1968; Negus et al., 1969). There may
be no clinical evidence, save perhaps the development of
pulmonary embolism. Negus (1967) showed that in cases of
massive fatal pulmonary embolism fewer than 25% are preceded
by warning signs in the legs or chest.

In a detailed postnortem study, Morrell and Dunnill (1968)
indicated that in the United Oxford Hospitals between July 1964
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and July 1965 there were 148 unnecessary and therefore, at
least in theory, preventable deaths from pulmonary embolism
in the hospital population. Owing to circumstances their study
included a low incidence of orthopaedic cases. If it had not the
figure could well have been higher.

Clearly, then, the early diagnosis of deep venous thrombosis
and identification of the patient at risk is mandatory if mortality
is to be reduced and the morbidity of the postphlebitic syndrome
is to be avoided. This can be obtained only by a constant aware-
ness of the condition and special investigation, otherwise we will
observe, with Pilcher (1939), that "in the majority of non-fatal
embolisms no evidence of thrombosis was found. The majority
of fatal embolisms were unexpected."

Accepting, then, that clinical signs of deep venous thrombosis
of the legs were frequently absent or misleading, that a clinically
normal leg could be the site of a life-endangering, propagating
thrombus, it appeared to us equally evident that a method of
special investigation applicable to all cases and which was non-
invasive, and therefore without risk to the patient, was an urgent
necessity. Easy and rapid application and ready repeatability
were other factors considered.
On reviewing the literature and from personal experience it

appeared to one of us (E.D.C.) that the most constant clinical
sign, present when other signs were either absent or equivocal,
was an increase in the heat of the limb and delayed cooling on
exposure, a feature emphasized by Pilcher (1939). Consideration
of the chemical activity in the limb accompanying and conse-
quent on a thrombotic episode suggests the possibility that in-
creased heat could be present but subclinical from an early stage.
Thus a means of measuring this increased heat would possibly
present a method by which deep venous thrombosis could be
detected early in its development. The developments in therm-
ography offer such a technique.

Thermographic System

Thermography shows the temperature difference on an object
in the form of a thermal picture (grey-tone thermogram)
utilizing the natural infrared radiation, which varies with the
surface temperature of the object. The thermographic system
used in this study was the AGA Thermovision system 680,
which operates in a similar fashion to a closed-circuit television,
in which a camera is coupled direct to a display unit by an inter-
connecting cable.
The camera unit consists basically of a single-element indium

antimonide detector cooled with liquid nitrogen to attain high
sensitivity in the spectral band 2-5-6 microns. A unique refrac-
tive optical system mechanically scans the object and brings the
infrared rays to a focus on the detector. This scanning principle
produces a real-time thermal picture (16 fields/sec) with good
thermal resolution-that is, better than 0 20C at 30°C-and a
spatial resolution of 1*3 milleradians ofinstantaneous field ofview
with the 100 lens as used in this study. The video signal from the
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detector is amplified and then passed via the interconnecting
cable to the display unit.
The display unit processes the video signal before it is used to

control the electron beam of a television monitor tube.
The beam sweeps over the screen in the same pattern as the
camera scans the object, producing a thermal image where
lighter parts represent areas of higher temperatures.
The television monitor tube is easily photographed and has

preset black and white levels for this purpose which can be
operated manually or automatically from the photographic
shutter. Illuniinated scales are provided for indicating control
settings when photographing.

Method ofExamination

Patients are emined in the ward. A constant ambient tempera-
ture below 20°C is obtained and all sources of draught are
excluded-for example, open windows and doors. The patient
and apparatus are surrounded by the screening curtains around
the bed. Velcro fastening on the curtains ensure that the patient
is excluded from the general ward environment and that the
curtains cannot accidentally be pushed aside.
The patient is exposed to the level of the umbilicus, remaining

so for 15 minutes before thermographic examination, the legs at
the ankles being 4-6 in (10-15 cm) apart and externally rotated.
This procedure allows the legs to obtain thermal equilibrium
with the surrounding atmosphere (Barnes, 1964).
Under such conditions the blood flows in the limb bear a

close relationship to the surface temperature. Draughts are a
source of localized cooling, while sweating and localized areas of
vasodilatation which may occur at temperatures above 200C
give anomalous results (Watson and Vasilescu, 1972).
The pubic area is covered by a sanitary towel in females or by

wearing loosely fitting disposable paper pants in either sex.
Tight-fitting briefs, which are at present commonly worn by
both sexes, are a potential source of heat conservation not only
in the pubic area but also in the thighs and should not be worn.
To prevent venous pooling in the calves the-ankles are sup-

ported on a foam rubber pad at a height sufficient to ensure that
the calves are not compressed by touching the mattress, allowing
an unobstructed venous return.

I
FIG. 2-Grey-tone thermogram in caseofcalfvein thrombosis.
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The time taken to examine one patient is about 20 minutes.
When several patients in the same ward are to be examined and
can be exposed (cooled) at the same time examination time for
each patient is consequently reduced. Examination is, of course,
non-invasive and repeatable at any time.
The thermographic system is light and highly mobile.
The position of the patient and the components of the

thermography system are shown in fig. 1.
The thigh and calves are e d separately. The grey-tone

thermographs so obtained are larger, with better definition of
the grey scale than when obtained by examining the limb as a
whole.

FG. 1-Components of thermography system.

Fig. 2 illustrates grey-tone thermography in calf vein throm-
bosis and fig. 3 grey-tone thermography when the popliteal
segment is involved. Figs. 2 and 3 are of the same case. The
phlebogram illustrates the popliteal involvement.

Grey-tone thermography presents little difficulty in interpre-
tation and diagnosis of deep venous thrombosis when the legs
are clinically normal, especially if the thermogram has been

3--Grey-tone thermogram and phlebogram showing popliteal thrombosisFIG.
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previously normal. The clinical abnormalities which may cause
confusion are dilated varices which do not empty easily on
raising the limb, local inflammation, and local trauma. In fact,
dilated varices cause little confusion. They are easily detectable
clinically, and the "hot spots" shown on the thermogram
correspond accurately to their anatomical sites, and the picture
is unlike that produced by deep venous thrombosis.

Local inflammatory lesions are obvious clinically and produce
a well-circumscribed "hot spot" on the thermogram quite unlike
the thermographic appearance of deep venous thrombosis.

Local trauma is again often obvious clinically. Nonetheless,
the thermographic patterns produced by deep venous throm-
bosis and trauma may be similar. In our experience the pattern
of local trauma is maxmal on the first thermogram and quickly
returns to normal, while the reverse is true of deep venous
thrombosis on serial thermography.

Further cooling of the limb by a fan or aerosol spray may
prove helpful in diagnosis. Normal limb or limbs, the seat of any
of the conditions mentioned above, cool more rapidly and return
to their original heat more slowly than when deep venous
thrombosis is present. Conversely we have not yet encountered
any condition which when "artificial" cooling is used cools less
rapidly or returns to the original temperature more quickly than
deep venous thrombosis.

It is arguable that as with x-ray pictures the interpretation of
a grey-tone thermogram may not be entirely objective; that the
significance of thermographic patterns may differ between
observers. The introduction of the thermoprofile adaptor has
overcome this difficulty. By means of this device a graphic
profile of the temperature across the legs at any level may be
obtained, making the method entirely objective (figs. 4 a and
4 b).

Isotherms either in colour or black and white (grey scale) are
also obtainable, but our view is that they are no more valuable

than grey-tone thermographs, are expensive on film, especially
if colour is used, and are time-consuming.

Scope of Present Investigation

Our purpose is the evaluation of thermography in the diagnosis
of deep venous thrombosis of the legs after hip surgery. Phlebo-
graphy is used to confirm or refute the thermographic diagnosis.
Phlebography is performed as soon as possible after it is con-
sidered that a thermogram is abnormal and that such abnor-
mality is diagnostic of deep venous thrombosis. Only by this
means can it be shown with certainty at what stage of the disease
thermography becomes positive. Patients whose serial thermo-
grams remain negative have phlebography on the 10th to 14th
postoperative day, the phlebographic criteria of diagnosis being
as laid down by Lea Thomas (1971). Hip surgery was chosen
because we have a known incidence of 60% of deep venous
thrombosis complicating all operations involving the hip.
These figures are common experience.

Results

To date 35 cases have been studied. The overall incidence of
deep venous thrombosis has been 17 cases proved phlebo-
graphically. Of these, 16 cases had been previously diagnosed
using thermography. In all of these the thrombi were in an early
stage of development. Conversely all cases save one judged to be
negative on thermographic investigation have been negative on
phlebography. Clinical signs have been absent in those cases
diagnosed by thermography and have not been present until
two or three days later at the earliest; in most cases they re-
mained absent.
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PIG. 4Ha) Normal thermoprofile. (b) lihermoprofile showing
raised temperature in right calf.

Comment

It is conceivable that a small clot which may not be detected
by thermography may either undergo spontaneous lysis or
embolize and therefore would not be detected by subsequent
phlebography. In either case undetected clot lysis is postulated.
It is our definite impression that lysis may be a prerequisite of
positive thermography and that the one false negative result in
this series occurred because this clot was not undergoing lysis.
With one exception all the clots in this series were below the

inguinal ligament. Though it is not possible to draw conclusions
it should be indicated that this was a case of external iliac throm-
bosis and was detected thermographically.

We are fortunate in having Miss S. A. Bowcock as research
assistant. We are indebted to her for her skill in the use of a new
technique and for her understanding of the problems involved in
this investigation. Generous financial support is being given by
Kabi Pharmaceuticals Ltd., whose managing director, Mr. A. M.
Nicholls, has contributed unstintingly with time and constructive
criticisim. The thermographic system is on loan from the manu-
facturer. The advice of their sales engineer, Mr. B. McQueen
Smith, has been invaluable. We wish to record our appreciation
of Mr. V. Griffiths and Mr. J. Silver, radiographers, for help with
the phlebographs and of the record keeping of Mrs. Y. Haseldine.
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MEDICAL MEMORANDA

Cardiac Standstill due to Digoxin
Poisoning Successfully Treated
with Atrial Pacing

D. L. CITRIN, K. O'MALLEY, W. S. HILLIS

British Medical ournal, 1973, 2, 526-527

Atrioventricular (A.V.) block due to digoxin toxicity is well
recognized, but sinus arrest or sinoatrial block leading to atrial
standstill may also occur (Bernstein et al, 1965). We report
a case of self-poisoning with digoxin where complete atrial
and ventricular standstill occurred, and electrical pacing was
required for 72 hours after ingestion of the drug.

Case Report

A 64-year-old man was found to be hypertensive in 1970. He
also had ischaemic heart disease with congestive cardiac failure
and renal failure (creanine clearance 40 ml/mno). He was treated
with digoxin 0-25 mg/day, frusemide 120 mg/day, slow K 600 mg
three times a day, and methyldopa 250 mg four times a day. He
was admitted to Glasgow Royal Infirmary as an emergency in
July 1972 after taking an unknown quantity of these drugs.
On examination he was drowsy, confused, and had severe

diarrhoea. The initial pulse was 48/min and regular. Blood pressure
was 200/120 mm Hg. Examiation was otherwise unremarkale.
Investigations at this time showed plasma sodium 142 mEq/l.
potassium 8-0 mEq/l., chloride 107 mEq/1., and urea 42 mg/100
ml. E.C.G. showed sinus bradycardia with pronounced S-T and T
wave changes (fig. 1). Despite intravenous atropine the heart rate
dropped to 25/min and he developed Cheyne-Stokes breathing
and became deeply unconscious. A transvenous pacmaker was
therefore passed to the apex of the right ventricle and satisfry
pacing at 80/min was achieved.
The initial hyperkalaemia was treated with soluble insulin and

glucose and did not recur, the serum potassium two hours after
admission being 6-1 mEq/l. and 36 hours later 5.0 mEq/l.
Although the patient became hypotensive (90 mm Hg systolic),
with the maintenance of the ventricular rate by the pacaker
peripheral perfusion was fairly satisfactory and a diuresis was
established and maintained with mannitol and later with frusemide.
Owing to the patient's restless state the ventricular pacemaker

was dislodged about four hours after insertion but the catheter
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tip came to rest in a position high in the right atrium allowing
successful atrial pacing for the next 72 hours. During this period
a variety of conduction disturbances were noted: atrial stand-
still with complete ventricular standstill; atrial standstill with a
very slow junctional escape rhythm unresponsive to atropine;
atrial pacemaker with pronounced first degree A.V. block (P-R
interval 0-48 sec), with transient improvement in atrioventricular
-conduction following short periods of asystole produced by switch-
ing off the pamaker (fig. 2); atrial pacemaker with type I
second degree A.V. block (Wenckebach) (fig. 3); and a junctional
escape rhythm responsive to atropine (fig. 4). Neither ventricular
ectopics nor ventricular tachyarrhythmias were seen.

PIG. 1-Lead II, continuous record, on admission shows sinus bradycardia
and pronounced S-T and T wave changes (plasma digoxin 10-2 ng/ml).

FiG. 2-Lead II (5 p.m., day 3). Continuous record which shows atrial
pacing with pronounced legheigof P-R interval and asystole when
pcmerswitched off. Atransientiprovement in atrioventricular
codcinoccurred after the asystolic period (plasma digoxin 4-5 ng/ml).

Almost complete cessation of spontaneous cardiac activity per-
sisted for oer 48 hours, until a slow junctonal rhythm
responsive to the positive chronotropic effect of atropine was re-
corded some 50 hours after ingestion of the drug. After a further
24 hours sinus rhythm was restored and pacing discontinued.
Recovery thereafter was uneventful and the patient was discharged
after physical and psychiatric rehabilitation.
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