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This thesis 1s based on the following papers that are quoted by

their Roman numerals:

I Thrombotic side-effects of lower-limb phlebography.

U. Albrechtsson & C.-G. Olsson

Lancet I : 723, 1976.

II Thrombosis following phlebography with ionic and non-ionic

contrast media.

U. Albrechtsson & C.-G. Olsson

Acta Radiol. (Diagn.) 20: 46, 1979.

III Thrombosis after phlebography: A comparison of two contrast

medi a.

I U. Albrechtsson & C.-G. Olsson
Cardiovasc. Radiol. 2: 9, 1979.

125

IV A modified I-fibrinogen technique for thrombus detection

in the whole leg.

C.-G. Olsson

Scand. J. Clin. Lab. Invest. 39, - , 1979.
1 oc

V A modified I-fibrinogen technique in suspected deep vein

thrombosis. A comparison with plethysmography and phlebography.

C.-G. Olsson & U. Albrechtsson

Acta Med. Scand. (in press).

VI Tcm-plasmin for rapid detection of deep vein thrombosis.

C.-G. Olsson, U. Albrechtsson, L. Darte & R.B.R. Persson

Lancet (submitted for publication).



CONTENTS Page

INTRODUCTION 1

THE CLINICAL PROBLEM 2

Autopsy studies 2

Prevalence 2

Clinical examination 3

Laboratory methods 4

DISADVANTAGES OF PHLEBOGRAPHY 6

Side-effects 6

Unreliability of phiebography 8

RADIOISOTOPE METHODS 9

FUT results 11
99Tcm-plasmin test results ll

DISCUSSION 12

CONCLUSIONS - 1

ACKNOWLEDGEMENTS 16

REFERENCES 17



INTRODUCTION

The present work started in 1974 and aimed at improving the diagnosis

of deep vein thrombosis (DVT). Various techniques have been studied,

i.e. radioisotope methods, strain gauge plethysmography, phlebography,

biochemical tests as well as clinical signs and symptoms.

Table I shows a survery of the patient material and methods used.

For more detailed information on methods and patient material, the

reader is referred to papers I-VI.

This thesis concentrates on two main subjects - the unexspected

finding of thrombotic complications after leg phlebography, and

modified radioisotope methods for detection of DVT.

Table I. Methods used an number of patients in pilot studies and
two studies of consecutive patients (CS I and II) with
suspected deep vein thrombosis.

125I-fibrinogen uptake test

99Tcm-p1asmin test

99Tcm-streptokinase test

Plethysmography

Phlebography using

meglumine metrizoate

metrizamide

Pi lot studies

~200

56

47

-

63

CS I + CS 11

301

105

-

194

161

106



THE CLINICAL PROBLEM

Deep vein thrombosis is a common condition and pulmonary embolism

(PE) is a frequent cause of death. Disappointingly, however, their

symptoms and signs are usually not specific. Thus, at the physical

examination DVT and PE are often missed or over-diagnosed (V).

Autopsy AtudleA. In 1846 Virchow reported that DVT was the cause

of PE. He found DVT in 18 of 76 autopsies (24 %) and PE in 11 of

these (14 %). Thromboembolism is a frequent cause of death also in

modern studies. McLachlin & Paterson (1951) found 34 % DVT and 19 %

PE at autopsy. Sevitt and Gallagher (1959) found DVT in 60 % and

lethal PE in 14 % at autopsy after injury. Havig (1977) found DVT

in 72 % and PE in 69 % of all autopsies. 15 % of his cases had

lethal PE and further 12 % had "serious embolism, probably contri-

buting to death".

In the series of Virchow, the femoral veins were often the

t source of embolism; in 4 cases the superficial and in 3 cases the

deep femoral vein. Recent studies also stress the role of leg veins

in PE. In the series of Pflug (1965) 78 % of lethal PE arose from

the profound or superficial femoral veins and only 6 % from calf

veins. Recently, however, Havig (1977) found that calf veins were

the only source in 25 % of lethal PE.

I ?Kz\)cJLzntz. The prevalence of DVT and PE differs markedly between

\ hospitals, probably due to difference in diagnostic facilities,

i
At the Department of Internal Medicine in Lund 12 % of the beds
were used for patients with DVT (Nov. 1975). At the emergency out-



patient ward 12 % of the "medical" patients had suspected DVT (86

out of 746 patients in April 1978).

Clinical examination. Since Virchow's days, many clinical signs

have been suggested as reliable in the diagnosis of DVT. In post-

operative patients, the presence of two or more leg symptoms (pain,

edema or tenderness) was found to be a safe indicator of DVT, as

demonstrated by phlebography (Hall and Clark 1971). However, most

other workers are not of the same opinion.

Despite a clinical diagnosis of DVT, normal veins were found

at phlebography in 45 %, 46 %, 28 %, 47 % and 53 % of the patients;

(Phillips 1963, Haeger 1965, Flanc et al. 1968, Nicholaides et al.

1971 and Athanasoulis 1975, respectively). The reason is of course

that many other conditions may simulate DVT.

Furthermore, clinical signs may be minor or absent, even in

extensive thrombosis. Consequently, DVT was often missed in medical

as well as surgical patients (in 67 %, 50 % and 69 %\ Negus et al.

1968, Flanc et al. 1968 and Lambie et al. 1970, respectively).

In lethal PE, clinical signs of DVT were absent before death

in 90 %, 95 % and 89 % (Coon and Coller 1959, McLachlin 1962 and

Linell 1965, respectively).

In our first consecutive patient study, several clinical signs

were evaluated with phlebography as the diagnostic reference method

(Olsson & Albrechtsson, to be published). However, it was not

I possible to find any separate sign with high reliability. Further-

more, many trusted signs were found to discriminate badly between

patients with or wihtout DVT. A few examples are given in Table II.



Table II. Presence of some clinical "signs of thrombosis" in
patients with or without DVT.

Clinical sign

Leg tenderness

Skin temperature increased

Edema

Homan's dors iflexion sign

Tender vein string

Findings at

DVT

95 %

SO %

74 1

56 %

25 %

phlebography

Not DVT

88 %

57 1

54 %

46 %

JO %

Leg tenderness, increased skin temperature and local edema were

very common in both patient groups. The symptoms may have made the

patient seek advice, irrespective of the underlying disorder.

Homan's classical dorsiflexion sign especially missed DVT with

proximal extension (the most dangerous ones), and it also showed

many falsely positive results. A tender string in the leg ("vein"

string) was palpated in 25 % of patients with DVT and in 10 % of

patients without DVT.

Laboicutoiy meXhocU. It can thus be concluded that clinical signs

are not reliable for the diagnosis of DVT. However, too little is

known about the significance of missed diagnosis and over-treatment.

How often do calf thrombi undergo spontaneous lysis, how often do

they cause chronic postthrombotic sequelae and how often do they

cause lethal PE? What does it mean that we cannot diagnose DVT in



the main venous system of the thigh, i.e. the deep femoral vein?

How common is unnecessary treatment with anticoagulant drugs and ,

how often does it cause dangerous bleeding? Can we use less potent •

drugs or even exclude drugs for the smallest calf thrombi?

To answer these questions it is not sufficient to know if DVT

is present or absent; we also have to know its extension.

Many laboratory diagnostic methods for DVT have been developed,

but only phlebography has been generally accepted. Some tests

evaluate venous function, particularly venous emptying, e.g. ultra-

sound examination and plethysmography. However, a low sensitivity

to calf thrombi was found with ultrasound (Day et al. 1976)

impedance plethysmography (Johnson & Kakkar 1974) as well as with

strain gauge plethysmography (V). Other tests are based on elevated

skin temperature, i.e. thermography (that may miss even extensive

thigh thrombi - Bergkvist et al. 1976) and temperature profile

studies (Zetterkvist et al. 1979). None of these methods have

been found reliable in a consecutive series of non-selected

| patients.

I Since accumulation of fibrinogen is an obligatory event in

thrombosis, methods using radioactively labelled fibrinogen or

fibrinolytic substances caught my interest. These methods should,

in contrast to some of the methods just mentioned, give information

not only on the presence or absence of thrombosis, but also on its

extension, which is necessary, as mentioned above. Thus, the

v diagnostic value of radioisotope tests has been assessed, using

| phlebography as the reference method. In the course of this work

' it was also found that phlebography could actually cause thrombosis.



DISADVANTAGES OF PHLFBOGRAPHY

Side.-e^ec-ta. Three types of side-effects were observed during the

present work: Discomfort during examination, "thrombotic" complica-

tions and angina pectoris.

Pain or other discomfort during phlebography was reported by

92 % of patients, examined with conventional contrast medium (III;

Table III). If a new, low osmolar contrast medium (metrizamide)

was used, some symptoms disappeared but due to e,g. puncture pain

several patients still found the examination very unpleasant

(Table III).

Table III. Subjective complaints at examination with various methods.

"My worst
experience"

"Never again"

"Near fainting",
or fainted

Other
inconvenience

No complaints

Clinical
examination

0

0

17

83

100 %

125I-FUT
and
99Tcm-
plasmin

0

0

6

94

100 %

Plethys-
mography

1

0

6

93

100 %

Phlebography

conven- low
tional osmolar
medium medium

14 8

12 10

66 59

8 23

100 % 100 %



Thrombotic complications to phlebography have been described as

rare (e.g. Williams 1973). During the present work, however, many

patients complained of leg symptoms arising after phlebography (I, j

II, III). Within a few days the symptoms (usually pain and edema) >
125ascended in the calf, in pace with a pathological uptake of I-

fibrinogen. If the first phlebography had showed normal veins, we

tried to perform rephlebography in such patients. The second

examination usually showed DVT. The incidence of ^ostphlebography

thrombosis after use of conventional contrast medium was estimated

to 33 % in a preliminary communication (I) and to 48 % in a final

report (III). High complication rates have also been reported by

other authors (Cranley 1975, Bettmann & Paulin 1977 and Ritchie et

al. 1977).

The noxious effect of phlebography was thought to be due to the

high osmolality of the contrast medium. This idea was inspired from

the findings of Aimer et al. (1973) who reported extensive damage

to rat aortic epithelium after use of conventional contrast media,

while only minor effects were seen after low osmolar metrizamide.

Therefore, we compared metrizamide and the conventional meglumine

metrizoate in a randomized study (II). A significant difference

was found in favour of metrizamide. Thus no postphlebography thrombi

could be demonstrated after the use of metrizamide. This finding was

furhter substantiated in an extensive, non-randomized study (III).

It seems likely that the thrombosis after contrast phlebography

is secondary to an intimal inflammatory reaction. It is conceivable

that such a reaction may cause an abnormal FUT, but in the majority

of cases, a thrombotic process appears responsible for the increased

uptake of fibrinogen.



Two patients complained of chest pain during the phlebography

and they were given nitroglycerin. In one of them, serum transferase

activity (ASAT) was transiently elevated, suggesting myocardial

infarction. A third patient with known coronary heart disease felt

sick and got diarrhoea after injection of the contrast medium. A*ter

two days of repeated attacks of angina, the patient suddently died

during an intensive attack of chest pain. At autopsy, the cause of

death was found to be myocardial infarction. There is no proof that

phlebography caused the myocardial infarction. Nevertheless, the

risks of phlebography in patients with coronary insufficiency

should be recognized. In such patients, the diagnosis of DVT might

preferably be based on less painful tests, and the greater risk of

"unnecessary" treatment should be accepted.

UwieLLahiJUAy o^ phle.bogna.phy. The deep femoral vein constitutes

the m&ln ve.wu& &y*tm o& the. thigh, but it can usually not be

investigated by phlebography. Venous cusps are locaMsed close to

the entrance into the common femoral vein, preventing the escape of

contrast medium into the deep vein. In most autopsy studies only a

short, proximal part of the deep femoral vein is examined. Thus,

the true prevalence of thrombi, confined to that vein, is difficult

to estimate. In the series of Virchow (1846) that proportion was

17 % (3 of 18 cases). In the series of Sevitt and Gallagher (1959)

a schematic drawing of "typical cases" shows such thrombi in 7 of

34 legs (21 %). In the present clinical work, 18 patients with

normal phlebography had localized symptoms and pathological

accumulation of radioactivity in the thigh region. Lung scanning
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was performed in the last two of those 18 patients, showing signs

of PE in both. If all 18 patients had DVT in the deep femoral vein,

they would represent 14 % of all patients with DVT in the present

study. It should be stressed that these patients appear as "false

positives" in the radioisotope tests. The true specificity of these

tests may therefore be higher than reported (V, VI).

Furthermore, in the foot and calf region, the routine report on

phlebography missed 25 % of the thrombi, seen at the independent

review (V). This is likely due to the fart that many veins in the

foot and calf intermingle on the same film. The results were

somewhat better when the report was given by radiologists with

special training in angiology.

RADIOISOTOPE METHODS

As early as 1951, radioisotopes were injected in foot veins to study

i the blood flow (Jönsson, Payiing-Wright). In some patients with DVT

> a retarded flow was found in the leg. Later on, images were obtained

of proximal leg veins and of lung perfusion, using a scintillation

camera ("radionuclide venography", Rosenthail 1966, 1971). The

method was useful to study incidence of proximal DVT and PE after

hip surgery (Nil 1ius 1978).

The break-through of radioisotope methods came afcer three

j important findings: (1) that labelled fibrinogen accumulates

| progressively in experimental thrombi (Hobbs & Davies 1960);
j 125

(2) that I-fibrinogen was convenient for detection of human DVT

(Atkins & Hawkins 1965); (3) that deposition of 125I-fibrinogen
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correlates weil with postoperative DVT, demonstrated at phlebography

(Flanc et al. 1968, Negus et al. 1968). - Since then the I-

fibrinogen uptake test (FUT) has beer, extensively used in studies

on incidence and prophylaxis of DVT, e.g. after operation and in

various medical conditions such as myocardial infarction. In these

studies, fibrinogen was injected be^o^ie the start of thrombus

formation.

In established DVT, however, fibrinogen is injected a^tvi the

start of thrombus formation and its uptake may be slow and small.

Consequently, the FUT was seldom used for such thrombi until new

criteria were introduced by Browse et al. (1971). In their series,

; however, the FUT detected only 71 % of DVT, verified at phlebography.

I A low sensitivity was found at the distal calf, the knee and the

proximal thigh.

Furthermore, the FUT *lso lacks specificity. Thus fibrinogen

accumulates in many conditions, that simulate thrombosis (e.g. in

; hematoma and various inflammatory processes). Consequently, the

test was not accepted in routine medicine.

During the work to modify the FUT, I tried to obtain a high

sensitivity throughout the leg (IV). The modified technique implies

steps to empty the veins more effectively, to obtain a high count

rate at each measuring point, to perform foot measurements and to

measure from the popliteal fossa in the knee region. Furthermore,
125early measurements were made, at one hour after injection of I-

t

| fibrinogen, in addition to conventional measurements after one and

j two days.

To ascertain the clinical value of the test, it has to be
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compared with phlebography in a strictly defined serirr. of pn

Because clinical signs are unreliable, they should not be us uti ' '

exclude patients- Consequently, every patient with even a minor

suspicion of DVT was included in the comparison.

FUT KeAulti [V). The modified FUT detected 62 % of all thrombi after

one hour, 71 % after one day and 98 % after two days. Thrombi with

proximal extension were early detected: 82 % after one hour and

100 % after one day. However, falsely positive results were found

in patients without DVT; 52 % after two days.

Consequently, the modified FUT seems to be the first radioisotope

technique that reliably can exclude established DVT in the leg.

However, there is an inconvenient delay of one day for exclusion of

proximal thrombi and of two days for calf and foot thrombi.

qq -yj

Tc -ptcamln tut fiteaJ!M> [VI). In the hope to obtain a rapid

method the labell ing of f i b r ino ly t i c substances has been t r i ed .

Tcm-streptokinase and Tcm-urokinase missed many thrombi (Darte

et a l . 1975, Weir et a l . 1976) but 99Tcm-plasmin could be used in

patients with established DVT (VI) . Thus, 94 % of a l l patients with

DVT were correctly diagnosed at measurements 5 and 30 minutes after

injection of Tcm-plasmin. Falsely positive results were found in

43 % of patients without DVT ( in extensive hematoma and in

inflammatory processes). There is no need to block the thyroid

gland before injection of Tcm-plasmin. In addition Tcm-plasmin

can be used for gamma camera studies of deeper lying thrombi e.g.

in the abdomen. So far we have not explored this possibi l i ty

systematically.
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Thus, the Tcm-p1asmin test is useful as a rapid, sensitive

screening test in established DVT. After a positive test, however,

further examination with phiebography is often advisable.

DISCUSSION

Unexpected in the present work were the frequent complications to

phlebography (I, II, III). This referencp method is used to dlagno&e.

or exclude thrombosis, but it may in fact often ccmte. the disease

and maybe, also aggravate it.

Postphlebography thrombosis may obscure the result in many

studies on the diagnosis, prophylaxis or treatment of DVT. For

example, a proper evaluation of the FUT was not possible until

after the second part of the present work, when phlebography was

postponed for two days (and then performed with low osmolar

metrizamide that was not found to cause DVT). Furthermore, it

cannot be excluded that conventional contrast media might accelerate

I ; the growth of existing thrombi, thereby reducing the effect of

therapy.

Moreover, phlebography is often distinctly painful and may

provoke angina pectoris in patents with coronary h?art disease.

Only 87 % of the patients could be examined with phlebography,

while all patients could be examined with radioisotope tests. I

Radioisotope tests of the type used in the present study were

\ almost painless.

i Today, there is no single method, ideal for the diagnosis of

DVT; two or more methods have to be combined. Therefore, further
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studies have to be performed to give information on the best policy

for a rapid, safe and accurate diagnosis. Attempts must be made to

obtain reliable information from the clinical examination. By com-

bining various signs and symptoms a diagnostic index may be

developed. Such work is in progress. Further development of sensi-

tive biochemical cu>*ay& (e.g. 3-thromboglobulin test, Ludlam et al.

1975, Olsson et al., to be published) might be helpful, but such

tests are not yet available in clinical work. Better possibilities

for the diagnosis of thrombi in the dutp ^moxal vtin are also

needed since this vein cannot usually be demonstrated on phlebography.

Radioisotope tests should be reliable even in this region, but this

must be further evaluated. Moreover, the diagnostic efficiency of

radioisotope tests in the abdominal nzgion has to be investigated.
QQ m

Finally, in the Tc -plasmin test, a better understanding of

underlying mechanisms is desirable. Autotiadiogiapluc itudi&b on

thrombi are in progress to find the place(s), where radioactivity

accumulates.

' Despite the gaps in present knowledge, -the fallowing policy is

recommended for the evaluation of patients with suspected DVT:

# A harmless screening procedure should be performed initially,

i.e. the FUT or, better, the 99Tcm-plasmin test.

# With a normal test result, no further examination is needed.

After a positive test phlebography is performed, if a firm

diagnosis is required for the therapeutic decision. A low
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osmolar contrast medium should then be used. - In patients with

coronary heart disease, however, phlebography should preferably j

be avoided. ;

i

This policy has some advantages. First of all, the thrombotic side-

effects of phlebography are avoided or considerably reduced.

Moreover, it restricts the use of phlebography that is expensive,

painful and sometimes unreliable, not only in the thigh (the deep

femoral vein) but also in the calf, where the routine report on

phlebography may miss 25 % of DVT. The main drawbacks of the

suggested policy are overdiagnosis when a radioisotope test is

combined with the clinical examination, as well as missed diagnosis

when phlebography is used to exclude Di/T.

CONCLUSIONS

1. Separate clinical signs on thrombosis are unreliable. Thus,

other ways are necessary to obtain a correct diagnosis of deep

vein thrombosis (DVT).

2. Phlebography excellently depicts many veins (and thrombi) in

the leg. It seems to have a very high specificity and a

moderately high sensitivity in routine work. Despite serious

drawbacks {sea Conclusions 3 and 4) its unique qualities still

make phlebography indispensable as a tool in clinical work and

a diagnostic reference method in scientific studies.
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3. Phlebography was unpleasant and, mere important, it caused

thrombosis by itself, possibly in as much as 48 % of patients

with non-thrombotic veins. This is probably due to the high

osmolality of conventional contrast media (about 1.45 Osm/kg)

since a low osmolar contrast medium (metrizamide, 0.46 Osm/kg)

did not cause thrombotic complications.

4. Postphlebography thrombosis may obscure the results in many

studies on thrombosis - in diagnosis, in prophylaxis and in

therapy.

5. The routine report on phlebography missed 25 % of DVT in foot

and calf veins, seen at the final independent review. Phlebo-

graphy cannot exclude DVT in the deep femoral vein (the main

venous system of the thigh).

6. Strain gauge plethysmography showed low sensitivity and low

specificity. It cannot be recommended as a screening test in

suspected DVT.

7. Two radioisotope tests showed high sensitivity to DVT - the

modified 25I-fibrinogen uptake test (FUT) and the 9 9Tc m-

plasmin test. Both tests had a low specificity, probably due

to accumulation of fibrinogen in hematoma and inflammatory

processes. In some patients, however, the pathological

accumulation of radioactivity may represent thrombi in the

deep femoral veins, missed by the reference method.
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8. The Tc -plasmin test provides some advantages over FUT - a

quick result (within one hour), a lower radiation dose and

perhaps a lower rate of false positive results.
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