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A NEW 1Z:>I-FIBRINOGEN TECHNIQUE FOR DETECTION AND DEPTH LOCAL IZAI 11.<

OF POST-OPERATIVE VENOUS THPOMBOSIS.

f.uudies in patients subjected to gynecologic surgery.

1. INTRODUCTION

Deep venous thrombosis (DVT) is a serious disease because of the

risk of pulmonary embolism (PE) . Since the pioneering work of

Virshow 1846, it has been known that pulmonary embolism generally

originates from deep venous thrombosis in the legs or pelvis. Thrombi-

embolism is a common cause of death. Thus, autopsy of all patients

who died in Malmö General Hospital revealed thromboemboli in as

many as one-third (Kaj,1959 and Linell,1965). In another study

from the same hospital, 6 per cent of all deaths were shown to be

caused by PK, only one-fourth of these cases having been diagnosed

before death (Björnberg, 1962).

In a recent series of 508 carefully-performed randomized autopsies,

72 per cent of the patients had DVT and 69 per cent PE (Havig, 1977);

Eighteen per cent of these 508 autopsies had lethal PE»and the

connection between DVT and PE was also confirmed in this study.

75 per cent of cases with gross peripheral thrombosis had some form

of PE. According to the same author, the most serious form of PE

arose from DVT in the caval-ileo-femoral venous segments, but as

many as 25 per cent of the lethal cases of PE arose from DVT solely

in the veins of the calf. On the other hand, in about 80 per cent

of the cases, femoral vein thrombosis was connected with calf-vein

thrombosis, the latter being the most frequent type of DVT (80

per cent).

Venographic studies in patients have confirmed that proximal

thrombosis is rarely seen alone but is nearly always combined with

calf-vein DVT. This has led to the conclusion tha< DVT:s originate

in the veins of the calf and propagate centripetally (Nicolaides

et al ., 1971). The results of scintigraphic studies support this

conclusion (Kakkar et al . , 1969). The connection between DVT and Pi-;
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has also been confirmed by objective methods such as the I-

fibrinogen uptake test (FUT) in conjunction with lung-scintigraphy

(Browse et al., 1974) as well as by radionuclide venography (Smith

et al., 1978).

The total incidence of PE in patients with DVT as verified by

objective methods has been reported to be 18 per cent (Browse et

al., 1974), 36 per cent (Lahnborg et al., 1974) and 50 per cent

(Moreno Cabral et al., 1976). In the last study, about 50 per cent

of the cases of pulmonary embolism were "silent" and thus only

recognized on lung-scintigrams or pulmonary angiograms. However,

while the most extensive ones arose from the ileo-femoro-popliteal

venous segments, as many as one-third of them stemmed from calf or

footveins.

The true incidence of DVT as detected by FUT in patients sub-

jected to gynecologic surgery varies from 14 to 29 per cent

(Walsh et al., 1974), (Kakkar et al., 1974),(Ballard et al., 1973)

and is as high as 35 per cent in malignancy (Walsh et al., 1974).

The clinical diagnosis of fatal pulmonary embolism has been made

in 0.01 to 0.23 per cent of obstetric patients (Bauer, 1946),

(De Bakey, 1954), (Gjöres, 1956). The total mortality in pulmonary

embolism after gynecologic surgery has been found to vary between

0.01 and 0.87 per cent (Genton and Turpie, 1980).

2. METHODOLOGICAL ASPECTS

Clinical diagnosis of DVT.

The true incidence of DVT in humans is difficult to assess because

of the unreliability of clinical signs and symptoms. Despite clinical

diagnoses of DVT, 46 to 52 per cent of the patients had normal

phlebographies (Haeger, 1965), (Nicolaides et al., 1971). On the

other hand, clinical signs are often minor or absent even in ex-

tensive thrombosis. With clinical examination alone, more than half

of the DVT:s present were missed when controlled by radionuclide

methods (Kakkar et al., 1976), (Flanc et al., 1968), (Lambie et al.,

1971).



Clinical diagnosis of PE

The diagnoses of PE in patients by clinical signs only is

notoriously difficult. Thus, clinical signs of DVT were found in

only one-third of patients with PE (Sasahara et al., 1967), and

none of the symptoms and clinical findings usually present, such as

dyspnea, chest pain, coughing and tachycardia are pathognomonic for

PE ( Bell and de Mets, 1977).

Objective tests

Many objective tests to increase the accuracy in the diagnosis of

DVT and PE have been introduced. All have their advantages and dis-

advantages and so far no ideal test for DVT, i.e., a test with high

sensitivity and specificity, has been found. The diagnosis should

be obtained rapidly, be safe and be able to be performed in a

manner accetable to the patient. It should be easy to perform and

the results easy to interpret. To be used as a screening technique,

it should also be non-invasive and inexpensive. Objective tests

have shown a much higher incidence of DVT and PE than was believed

earlier, when information was obtained only from clinical examina-

tion.

Objective tests for the diagnosis of PE

Available objective tests for the diagnosis of PE are only

briefly mentioned here, because it was not the scope of this

investigation to screen for PE. When negative ,ventilation-per-

fusion scintigraphy excludes major PE. When positive to secure the

diagnosis the results must be compared with those from a

premorbid scintigraphy or to X-ray pictures of the lung taken

both before and after the occurrence of PE. Pulmonary angiography

is the generally accepted reference method but is unfortunately nrt

free from side effects.

Objective tests for the diagnosis of DVT

There are several objective methods available to diagnose DVT:s



I. Radiological methods

1) Phlebography (X-ray contrast venography)

2) Radionuclide methods

a. Forming thrombi
123, 125

I,Fibrinogen uptake test (

Preformed thrombi

Plasmin uptake test ( Tcm)
, • i /-99T m 123T 125T 13

Steptokmase uptake test ( Tc , I, I,
TT . • i /99.T, m 123T 125T 131T,Urokmase uptake test ( Tc , I, I, I)

Venography , 99Tcm-MAA, "lc m-HAM, 99Tcm-RBC)

I)

9 9Tc m

II. Other methods

1) Pletysmography

a. Impedance pletysmography

b. Strain-gauge pletysmography

2) Ultrasound

3) Thermography

PMebography

The technique used at Malmö General Hospital was introduced by

Nyländer. With the patient sitting and the lower leg hanging down,

contrast medium is injected into a dorsal footvein. Frontal and

lateral roentgenograms of the lower leg are obtained before and

after the end of the injection. No tourniquet is used. The patient

is afterwards placed supine and the leg is raised so as to accele-

rate the flow of contrast medium into the proximal veins and

roentgenograms of these veins (Nyländer, 1967) are then taken.

The phlebographic diagnosis of acute lower leg thrombosis is

based on the following signs: 1) Non-visualisation of the deep

crural veins, 2) a collateral flow through the superficial veins,

and 3) patchy or streamline filling in the superficial veins. In

cases where the phlebitic reaction is not severe enough to raise

the subfascial pressure to a level above that of the venous pressure,

the deep crural veins are visualized and the thrombi within them

can easily be demonstrated as 4) filling defects (Brodelius etal.,1971),



The true accuracy of DVT detection by phlebographic technique is

considered to be very high (Browse, 1978). and this is the method

to which all other tests are compared. The sensitivity is highest

when an experienced interpreter uses the technique to diagnose

proximal thrombosis. On the other hand, the accuracy of the method

decreases considerably when less experienced interpreters perform

the investigations (Olsson, 1979). Furthermore, the deep femoral

vein which constitutes the main venous outflow from the thigh

can only be visualized in about 50 per cent of cases (Rabinov and

Paulin, 1972), and the internal iliac vein is even less visualized

by this technique. However, by injecting contrast medium directly

into the common femoral vein or by pertrochanteric injection of

intraosseous veins, the iliac veins can be opacified. Phlebography

also causes a number of side-effects such as pain and discomfort

in as many as 92 per cent of patients when conventional contrast

medium is used (Olsson, 1979). Due to this fact and those pre-

sented below, phlebography should not be repeated. Thrombotic

complications in phlebography has also been reported in 33 per

cent of cases when high osmolarity contrast medium is used

(Albrektson and Olsson, 197Ö). Subcutaneous extravasation of

contrast medium in the foot has also been reported. There is a

small but recognized risk in patients with coronary insuffiency and

deaths from anaphylaxis after the intravenous injection of iodina-

ted contrast: medium has been reported (Shehadi, 1966). The phlebo-

graphic technique is most valuable in diagnosing proximal venous

thrombosis, although the pelvic veins may be difficult to visua-

lize by conventional techniques. However, since phlebography is not

readily repeatable and because of its side-effects, it is not a

suitable screening method for venous thrombosis after gynecologic

surgery.
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The I-fibrinogen uptake test (FUT)

The fibrinogen uptake test came into clinical use in 1968 and has

since been used extensively. The technique depends on the incorpo-

ration of circulating I or I labelled fibrinogen into a

forming thrombus. The increased radioactivity can then be detected

at the skin by an external detector. The observation by McFarlane,



1956 and 1963 that fibrinogen could b* artificially labelled with

radioactive iodine and still behave identically to endogenous

fibrinogen was very important. Several investigators have since

verified the clinical usefulness of FIT in expectant scanning, i.e.,

when labelled fibrincgen is injected into patients at risk to

develop DVT before this happens. As to the usefulness of diagnostic

scanning, i.e., when labelled fibrinogen is injected after the

establishment of DVT, authors are not unanimous (Browse et al-,

1971), (Mavor et al., 1972), (Olsson, 1979)-Labelled fibrinogen

(3.7 MBq) is given intravenously before the thrombus eventually

forms, i.e., prior to an operation. The legs are then examined with

a scintillation detector connected either to a ratemeter or a sealer

immediately before operation and during 7-10 days postoperatively.

The count-rate over any area measured on the lower limb is normally

expressed in relation to the count-rate over the heart. If the

"percentage uptake" (Negus et al., 1968) in any area increases by

more than 10-20 per cent compared to adjacent areas,the corresponding

contralateral area or to preoperative findings in the same area,

this is suggestive of DVT (Becker, 1972), (Kakkar, 1972), (Negus et

al., 1968). Venous thrombosis is then diagnosed if the scan remains

abnormal at an examination 2-i hours later.

The reported agreement between expectant scanning and venography

is about 90 per cent in surgical patients. It is much less in ortho-

pedic patients, because of theextravascular accumulation of labelled

fibrinogen at the site of surgery which leads to scan abnormalities.

The accuracy of the method normally diminishes at the proximal thigh

because of the vicinity of the bladder and large blood vessels which

results in an increased background count-rate. For the same reasons

DVT in pelvic veins cannot be detected in a simple manner by FUT.

False positive readings occur frequently due to superficial venous

thrombosis, inflammatory reactions such ns arthritis, local trauma

with haematoma and marked oedema.Thus, these conditions should be

excluded before using the test. The number of false negative results

is very small and it is considered that the test is more accurate in

the calf th«in venography and that small accumulations of radio-

activity associated with negative venograms are thrombi which are

too small to be detected by venography (Brows*, 1978).



In diagnostic scanning, the agreement between FUT and venography

varies between 70 and 80 per cent (Olsson, 1979), (Browse et al.,

1971) one day after the injection of labelled fibrinogen. The number

of false positive results is very high, 41 per cent of cases

(Olsson, 1979).

The method is non-invasive, easy to perform and does not cause any

pain. It can therefore be repeated whenever necessary. It does not

need a skilled interpreter as is the case with phlebography. The

three most significant advantages are:

1. Its sensitivity to small calf vein thrombosis which makes it

suitable as a screening method.

2. The possibility of following the progress of a thrombus with or

without therapy.

3. The possibility of assessing whether or not a thrombus is active.

Its two main disadvantages are 1) its relative intensitivity to

thrombosis in the proximal thigh, although this has recently been

refuted (Olsson, 1979), 2) the number of false positive results even

in expectant scanning, e.g., about 20 per cent (Pollack et al., 1977)

or 29 per cent of cases (Bernstein and Nyländer, unpublished data).

Also the large number of small subclinical thrombi detected by the

method may create a problem for the clinician because the natural

course of these thrombi is still unknown. The method cannot be used

in orthopedic surgery be jse of postoperative accumulations of fibrin

in the wound.

The patient is given daily 50-200 mg potassium iodide orally for
125

3 weeks to reduce the uptake in the thyroid of I liberated when
125

the I-fibrinogen is metabolized. Like most radionuclide methods,

it should not be used with pregnant women. Breast-feeding of infants

has to be stopped for 3-4 weeks because of the high excretion of

iodine in the mother's milk and the subsequent risk of thyroid

damage in the child (Mattsson et al., to be published). There is

a risk of hepatitis, but this is very slight.

It can be concluded that the method is generally accepted in



expectant scanning and is well suited as a screening method in non-

orthopedic patients. Its use in diagnostic scanning is still under

debate.

The Tc' -plasmin uptake test

125

In this test for established thrombi I-fibrinogen is substi-

tuted for by Tcm-plasmin. The test is based on the fact that

plasminogen-plasmin has a high affinity for thrombi because of lysin

binding sites in the fibrinogen-fibrin molecule. This new radionuclide-

method has been developed recently (Persson and Darte, 1977) and

tried extensively in patients with suspected DVT (Olsson, 1979).

Its sensitivity is equal to that of FUT, but the diagnosis is ob-

tained much quicker. The specificity is not much better than that

of FUT (Olsson, 1979). Streptokinase or urokinase labelled with I

or Tcm have been tried in the diagnosis of DVT (Darte et al., 1975),

but experience with these tests is as yet limited.

Radionuclide venography

By injecting Tc 0,, Tc labelled macroaggregates of albumin

(MAA), 99Tcm labelled human albumin microLpheres (HAM) or 99Tcm

labelled red blood cells (RBC) into a foot vein and using a gamma-

camera, images of both proximal leg veins and of lung perfusion

can be obtained (Rosenthal and Grayson, 1979), (Webber et al., 1974),

(Beswick et al., 1979). Thrombosis in deep proximal veins can be

diagnosed either by dynamic criteria such as prolongation of mean

transit time or derivation of blood flow into superficial veins

(Nillius, 1978) or by using static criteria such as the adherence of

macroaggregates to the thrombus (Webber et al., 1974).

Investigating asymptomatic patients after surgery of the hip

Nillius (1978) found with the criteria he used a sensitivity of

80 per cent and a specificity of 98 per cent. A still

higher sensitivity of 97 per cent using static criteria has

been reported (Pollack, 1977). The sensititvity is higher in the

pelvic veins (100 per cent) and in the femoral veins (96 per cent)

than in the calf veins (69 per cent) (Kakkar, 1980). A

lung scan can be obtained in the same examination as the venography.



Compared to contrast venography, pelvic veins are better visualized.

Calf vein thrombosis is, however, poorly detected. Radionuclide

venography is an invasive method, but simpler and not so painful

to the patient as contrast venography. Moreover, there is less risk

of anaphylaxis.

PIethysmography

Plethysmography is a non-invasive method of diagnosing DVT:s by

measuring the change in the volume of the calf produced be venous

congestion and the rate of emptying the calf after releasing the

congestion. While several plethysmographic techniques have been

used for the diagnosis of DVT, strain-gauge plethysmography and

impedance plethysmography have been evaluated most extensively.

Strain-gauge plethysmography was described by Hallböök and Göthlin

(1971), (Hallböök and Göthlin, 1971). Low values of venous congestive

volume (<1.8 ml/100 ml tissue) or venous emptying rate (<'4O ml/minute x

100 ml tissue) were considered to indicate thrombosis.

Impedance plethysmography introduced by Wheeler et al., (1971),

(Wheeler et al., 1972) is based on the observation that changes in

the blood volume in the calf result in changes of the electrical

impedance. Although the techniques mentioned above detect proximal

thrombosis with high precision, they are very inaccurate in detecting

calf vein thrombosis (Hallböök and Göthlin, 1971), (Wheeler et al.,

1972), (Olsson, 1979). As a rule, the specificity is much higher than

the sensitivity. In strain-gauge plethysmography, only 36% of the

distal thrombi present were found (Olsson, 1979).

Plethysmography is very poor in detecting distal thrombi and the

overall sensitivity is very low (63 per cent). Because no

type of plethysmography can detect an early calf vein thrombosis,

these tests are of no value as screening methods in the detection of

early thrombi (Bergqvist et al., 1973). However, the method is non-

invasive, cheap, easy to apply and may readily be repeated. It is not

associated with any side-effects.

Ultrasound

The Doppler ultrasound technique of detecting venous thrombosis



was first used by Strandness et al., (1972) and by Sigel et al.,

(1972) (Strandness et ai., 1972), (Sigel et al., 1972). A trans-

ducer which contains an ultrasound transmitter and a receiver is

placed over a large vein. By utilizing the Doppler shift, changes in

venous flow produced by respiration or by squeezing the calf can be

observed as changes in the frequency of the ultrasound waves re-

flected. This implies that the veins between the squeezing hand and

the transducer are patent. The interpretation of results is highly

individual and dependent on the experience of the examiner. The

method can only detect thrombi in larger veins, such as the femoral

and popliteal veins and the obstruction caused by a thrombus must

significantly occlude the vessel in order to be detected. As for

plethysmography the specificity of the method seems to be higher

than its sensitivity in experienced hands. Proximal venous thrombosis

is correctly diagnosed in about 30 per cent of the cases but the method

is insensitive to calf vein thrombosis. The main advantage of ultra-

sound is its simplicity. The apparatus is relatively cheap and the

major veins can be checked quickly. A major disadvantage is that the

technique cannot detect calf vein thrombosis, and evren extensive

thrombi in the large veins may be missed if the obstruction is only

partial.Squeezing the calf muscle may dislodge thrombi and cause

pulmonary embolism, but the risk is very small. In conclusion,

the ultrasound technique seem: suitable for the detection and follow-

up of clinically suspected thrombi in the major veins. Tt is not

suitable as a screening test for subclinical thrombosis in high

risk patients.

Thermography

Thermography as a diagnostic method for detecting DVT was introduced

by Cooke and Pilcher (1974) (Cooke and Pilcher, 1974). Using an

infrared camera, the increased heat generated by i thrombus can be

visualized. The warm areas are depicted in lighter colours than the

cold areas which are displayed as black. The increased heat is caused

by the inflammatory reaction itself and by the increased skin blood

flow (derivated flow phenomenon, Nyländer (1967) ) . Usually, when

there is a major thrombosis in the calf or thigh the entire lower limb

is seen to be warmer. The relative coolness normally observed ovt,

10



the tibia and patella is reduced. All investigators agree that it is

the total picture that gives the diagnosis and not the absolute tem-

peratures or temperature-differences between the two legs. Localized

"hot spots" of irregular appearance have been associated with DVT

in the calf. In such cases, pictures of the posterior surface of

the calf are valuable for the interpretation (Bergqvist and

Hallböök, 1976).

In clinically-suspected thromboses, Cooke and Pilcher (1974)

(Cooke and Pilcher, 1974) found 98 per cent agreement betweei

thermography and phlebography. Bergqvist et al. found a diagnostic

agreement of 90 per cent (Bergqvist et al., 1977). The same authors

found a lower diagnostic agreement when thermography was used as a

screening method for postoperative DVT and, comparing it with the
125

I-fibrinogen-uptake test (FUT), the diagnostic agreement was

81 per cent and the sensitivity 62 per cent but falling

to 53 per cent in the calf. The specificity was 90 per cent

(Bergqvist and Hallböök, 1978).

In a measurement series of our own which included 149 female

patients >50 years old, consecutively operated on for uterine

prolapse, thermography was compared with FUT in every patient on

the seventh postoperative day. The total diagnostic agreement was

79 per cent. The sensitivity was 82 per cent and the specificity

78 per cent (Bernstein et al., 1979).

Of the 5 thrombi missed by thermography, 1 was superficial and

4 were small calf vein thrombi which lysed spontaneously.

Because of the high incidence of false positive results (22 per

cent of cases), we investigated another series of patients with both

preoperative and postoperative thermographies. Fifty-nine female

patients more than 50 years of age who consecutively underwent

hysterectomies were studied. The total agreement in this series

between FUT and thermography was 86 per cent and higher than in the

previous one mainly due to a higher specificity of thermo-

graphy (90 per cent). The sensitivity dropped, however,

to 63 per cent probably due to a low incidence of DVT and

a high incidence of other preoperative abnormalities in the legs,

11



which made the interpretations difficult (Bernstein and Lindell,

to be published i.

In conclusic. , there is only limited use for thermography as a post-

operative screening method and then only if the following

conditions are satisfied:

1) preoperative thermography is known and

2) the interpreter is very experienced.

The method should preferably be used to confirm thrombosis in

patients with clinically-suspected DVT and especially when radio-

nuclide methods are contraindicated, i.e., during pregnancy and while

breast-feeding of infants.

After due consideration ct the advantages and disadvantages of

the objective methods available, it was concluded that FUT would

be most suitable for screening thrombi after gynecologic surgery.

However, already at the beginning of this work, it became evident

that the existing methods had to be improved so as to become more

reliable.

The aims of the present work have therefore been

A. Methodological considerations:

a. To improve conventional FUT and

b. To develop a new technique based on FUT for depth localization

of DVT:s.

B. Clinical applications

To establish with the improved and newly developed FUT technique

the true incidence of DVT in high risk patients subjected to

gynecologic surgery, and to define risk factors for the develop-

ment of DVT such as the method of anaesthesia, duration of

surgery, age and malignancy.

To study any possible thrombo-genic effects of preoperatively-

administered oestrogen

To follow the course of postoperative DVT up to one month after

surgery.

12



3. METHODOLOGICAL STUDIES; RESULTS AND DISCUSSION

a. Improvement of traditional FUT (I).

Initially we used a light portable detector with a one mm thick

Nal(Tl) crystal 38 mm in diameter connected to a sealer for the
125

detection of the increased I-fibrinogen uptake. By using a sealer

instead of a ratemeter it became possible 1) to increase the de-

tectability, 2) to estimate the statistical uncertainty and

3) to carry out in a simple way daily controls of the sensitivity

of the equipment. The performance of the detector was investigated

in a water tank. A marked dependence with the variation in depth of

125
the water of the I-sorce was observed. At a depth of 1 cm, the

sensitivity decreased to 50 per cent of that found when a I-

point source was applied to the water surface close to the de-

tector. At a depth of 4 cm, the sensitivity dropped to 4 per cent.

The rapid drop of sensititvity with increasing depth is mainly due

to the fact that the volume from which the detector records the

radioactivity varies more markedly with distance close to the

detector than at a larger distance. This is characteristic not only

for the type of detector studied but also for many other commercially

available thrombosis detectors. From this, it is obvious that one

of the most significant disadvantages of the present equipment

is an exaggeration, of superficially-located fibrin deposits in

contrast to the rapidly-decreasing ability to detect deeply-located

thrombi. One way to solve this problem would be to increase the

distance between the detector and the skin. However, this would in

turn demand for the same administered activity, an increased counting

time unless decreased accuracy could be accepted.

In routine work, our equipment was found to be very reliable its

sensitivity being constant from day to day. By raising the legs

to an angle of 45 during recording, the number of false postive

diagnoses caused by varicose veins could be minimized. The overall

uncertainty of single measurements was small and the relative S.D.

varied between ±2.4% for the heart and ±5.4% for the popliteal area

(I, Table I). Daily measurements in 20 healthy patients during 7

consecutive days showed that the mean of the individual S.D.:s in

day-to-day measurements of the count rite ratios between calf and

heart was 2.0%, taking the count rate over the heart as 100%

n



(I, Table II). We thus chose to base the diagnosis of DVT ^n this

small day-to-day variation in a nor-thrombotir leg. Another reason

lor doing so was the high proportion of patients whose fibrinogen

uptakes already differed preoperativcly between the two logs due

to anatomical causes such as varicose veins. Based on the data of

table II, it was decided that an increase of 10% units in the "percentage

count rate" over the same area of the calf between preoperative

and postoperative recordings observed in measurements on two

consecutive days indicated the presence of DVT. The improvements

described lod to a considerable increase in the reliablity of the FUT.

b. The development of a new technicue for the depth localization
125

of I-fibrinogen uptake (It, III and V).

Already at the beginning of the present investigation it became

evident that although reliable, the improved FUT gave too many

false positive results as compared to phlebography. Such a high

number of false positive findings (about 20 per cent of cases)

had also been observed by other investigators (Callus, 1975),

(Pollack, 1977). The following conditions interfere with the

detection of DVT using traditional FUT: superficial venous

thrombosis, inflammatory joint diseases, inflammatory skin

diseases and marked oedema of the leg. If the depths of the

fibrin accumulations could be determined, it would be possible

to differentiate between these mainly superficial uptakes

125
and true DVT. A new method for determining the depth of the I-

fibrinogen deposits was therefore developed (II). It is based on
125

t!ie unique decay scheme of I. This radionuclide decays first

by electron capture (EC) and then by internal conversion (IC) or

-emission (v). On the average, 0.74 K X-rays are emitted per

disintegration during KG while in 1C 0.67 K X-rays are emitted as

well as 7 per cent yradiation. In about half of the disintegrations

K X-rays (E = 28 KeV) are emitted a Ismust simultaneously both after

F.C and IC or Y and with a single Nal (Tl )-detector these coincident

photons are registered as one peak with twice tht main energy

(36 keV). By taking the ratio between the coincident photons re-

gistered and the total number of photons recorded,one gets a

parameter which is very sensitive to the distance between the de-

14



tector and the source of emission (II). 41 patients with fibrin

accumulations detected by the improved FUT were Jtudied with this
125

new technique, the I-flbrinogen-sum-coincidence method (FSC) (V).

The depths of 24 suspected thrombi were measured both by phlebo-

graphy and by the FSC-method. There was very close agreement between

the depths recorded by the two methods. Sixteen thrombi whose depths

could be measured very accurately at phlebography provide a good

illustration of this (V, Table I ) . The average depth to thrombi

of the deep calf veins determined by the I-fibrinogen-sum-

coincidence method was 39±8 mi.: from the medial side of the lower

leg and 41±10 mm from the posterior side. These mean values were
125

significantly higher than those of the depth of I-activities

measured over legs free of thrombus (21+3 mm as the mean from the

medial side of the lower limb and 21+4 mm as that from the posterior

side of the lower limb) (V, Table II).Three cases of clinically-

evident superficial venous thrombosis had their fibrin deposits

located only 1, 7 and 9 mm beneath the skin surfaces. These findings

gave rise to new criteria for detecting DVT: if the excess activity

detected by conventional FUT is located deeper than 28 mm (21+2 S.D.)

from either the medial or the posterior sides of the skin surface

of the lower limb, this is suggestive of DVT. If, on the other hand,

the excess activity is located less than 14 mm (21-2 S.D.) from the

skin surface of either the medial or posterior side of the lower

limb, superficial venous thrombosis is suggested. This technique

makes it possible to enhance the reliability of conventional FUT

by reducing the number of false positive results due to superficial

venous thrombosis and other superficial fibrin accumulations.



4. CLINICAL APPLICATIONS

4.1 Material and methods

Table I. Indications for surgery in patients studied.

I. Uterine prolapse (vaginal plasthy)

II. Abdominal hysterectomies

1. Benign diseases

2. Malignant diseases

a) Without metastatic carcinoma

b) With metastatic carcinoma

Total

Number of patients

216

138

77

61

38

23

354

The distribution of the different tests used in patients with

and without DVT is shown in table II.

The total number of DVT:s was 78 and the total number of cases

of superficial thrombophlebitis was 11.

As can be seen from table II, both FUT and thermography were

used as screening methods, the latter, however, only for 50 per
125

cent of the patients. Phlebography and the I-fibrinogen-sum-

coincidence method were used to confirm the diagnosis when indications

of DVT were found in traditional FUT. We have tried to facilitate
125the use of the I-fibrinogen-sum-coincidence method by developing a

mobile bedside equipment which will soon come into regular use.
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Table II. Number of patients investigated by various methods.

Number of article Diagnosis FUT Thermo- Phlebo- FSC
graphy graphy

II

III

IV

Patients with DVT

Patients wthcut
DVT

Patients with DVT

Patients without
DVT

Patients with DVT

Patients without
DVT

Patients with DVT

Patients without
DVT

Patients with DVT

Patients without
DVT

7

29

9

0

47

229

28

148

65

289

3

0

5

0

24

125

21

116

30

178

7

0

9

0

32

0

19

1

45

1

0

0

9

0

24

0

12

0

37

4

Total patients
with DVT 65 30 45 37

Total patients
without DVT 289 173

4.2 Results and discussion

a. Incidence of DVT and risk factors (III).

Of 276 consecutive patients more than 50 years old subjected to

gynecologic surgery and investigated with the objective tests listed

in table II, 51 patients had a total of 61 thrombi in their legs. (HI)
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Four patients had only superficial venous thrombosis while 47 patients

(17 per cent of cases) had DVT. As can be seen in figure 1 (III),

10 per cent of the thrombi were located in the femoral and/or pop-

liteal veins, 20 per cent in tibial of fibular veins, 60 per cent

in calf muscle veins and 10 per cent in superficial veins. Eight

patients had multiple thrombi.

As shown in figure 2 (III), the separation in depth between super-

ficial venous thrombi (< 14mm) and deep venous thrombi (>28 mm) in 11

patients investigated with the I-fibrinogen-sum-coincidence method

was good. Phlebographic controls showed a close agreement between

the two methods of determining the depths of thrombi.

The total incidence of DVT was 17 per cent. Table II (III) shows

that patients undergoing hysterectomies for benign diseases had the

lowest rate of DVT (11 per cent) whereas those with hysterectomies

for malignant diseases had the highest (36 per cent). Patients

operated on for uterine prolapse had an intermediate DVT frequency

(15 per cent). There was no difference between the incidence of

DVT in patients with epidurals and those who had general anesthesia. The

duration of surgery was not a significant factor in this study. The rather

low incidence of DVT in patients operated for uterine prolapse in

spite of advanced age did not indicate any untoward effect of the

leg-bearers used in these patients. Advanced age, malignancy and pre-

operative oestrogen treatment were the three dominating risk factors

for the development of DVT. For patients receiving prophylaxis with

dextran 70 (46 patients) or dihydroergotamin (DHE) (40 patients),

the incidence of DVT was 20 per cent and 23 per cent respectively.

These figures do not indicate any effect of the prophylaxis given

and, for ethical reasons and against the background of earlier

studies, we did not carry out control studies with placebo. However,

for dextran 70, it is known that the rate of DVT as detected by

FUT may be quite high, although these "dextran thrombi" lyse more

readily and are therefore not liable to cause any dangerous PE. The

low incidence of PE clinically detected during the time in the

ward ("• 1 per cent) with no mortality did not change after we reviewed

the patients' records several months after surgery.

We conclude t'-at the low incidence of PF, in patients with asympto-

18



matic DVT detected by postoperative screening observed in this study

may be ascribed to the combined effects of prophylaxis with dextran

70 or dihydroergotamin and early treatment with full dose heparin.

Our incidence of PE is fully comparable with that of a group of

high risk patients receiving postoperative anticoagulant prophylaxis

(Skinner and Salzman, 1967).

b. Influence of oestrogens (IV)

In female patients more than 50 years of age operated on for uterine

prolapse, the postoperative rate of DVT increased five-fold (to 50 per

cent) following preoperative administration of synthetic oestrogens.

Ethinyl-oestradiol was administered either as 50 ug daily for three

weeks before surgery or as 200 Ug daily fcr 12 days before operation.

The resulting frequency of DVT was the same in the two groups. It

thus seems as if the duration of preoperative adminstration of oestro-

gen is as important as the dosage. It is suggested that surgery and

administration of ethinyl-oestradiol might have synergistically

depressed the fibrinolytic defence system against thrombosis. It is

known that ethinyl-oestradiol depresses the activator activity in the

vessel walls (Åstedt, 1971). Hence, oestrogens should not be given

preoperatively to such patients and, if administered as oral contra-

ceptives or to mitigate climacteric inconvenience, they should be

discontinued before surgery.

c. Course of postoperative DVT (V).

125
By using the I-fibrinogen-sum-coincidence technique, the course

of thrombi cculd be followed for up to one month after surgery. The

thrombi could be caracterized according to their elimination rates and

to their maximum net-activities on the 7th postoperative day. High

maximum net-activities >2 kBq (0.5Zo of the injected activity) and

low elimination rates were associated with major DVT:s and PE:s.

Low maximum net activities <800 Bq (0.2%o of the injected activity)

were associated with total lysis of the thrombi within one month.

There was a highly significant correlation between the maximum net-

activities of postoperative thrombi and their respective ratios of

thrombosis
— (figure 2, V ) .

. ,„

T . blood'
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The relation between these two parameters could be described by

a pjwer function (.for discussion see V ) . Many attempts to classify

thrombi according to the amount or" radioactivity they contain which

can be detected at the limb-surface have already been rr.ade. In one

of these studies (Wolf and Hume, 1974), a positive correlation was

found between the phlebographic size of thrombi and the total excess

radioactivity detected over the c.iir. In this study, however, no

correction was made for the depth >t the radioactivity r.or was the

further course of the thrombi studied by these authors. From the

results of our study, it seems to be possible to predict the severity

and future course of a postoperative DVT by determining its r.aximu-

net-activity and half-life ratio.

5. GENERAL SUMMARY AND CONCLUSIONS

For the detection of DVT by FUT, it is important to use equipment

which offers the possibility of continous monitoring of its sensitivity.

In the present study, we have found a light portable detector with .1

very thin Nal(Tl) crystal connected to a sealer to be reliable. Sv

using this detector, we obtained a very small standard deviation in

day-to-day measurements in normal legs. It thus became possible to

make the diagnosis of DVT more accurate. Using the improved technique,

the increase in the "percentage count rate" necessary to indicate a

DVT could be reduced from 20 to 10 per cent. The only disadvantage

with the detector used was an exaggeration of superficially-located

fibrin deposits and consequently an underestimation of deeply-

located thrombi.

125
For this reason, the l-fibrinogen-sum-coincidence method (FSC)

was developed. The new technique enables determination of the depths

of thrombi and an exact differentation between superficial thrombo-

phlebitis and true DVT. The new FSC-test thus eliminates one of the main

disadvantages which has hitherto limited the use of the original FUT.

In fact, the accuracy of the combined methods (FUT/FSC) might even be

superior to phlebography in diagnosing small calf vein thrombi.

It is concluded that some important factors increase the risk of

developing DVT in patients subjected to gynaecologic surgery, namely

20



advanced age, malignant disease, and preoperative oestrogen treatment.

On the other hand, neither the method of anesthesia (general or

epidural) nor the the duration of operation had any significant in-

fluence on the incidence of DVT. The use of leg bearers in patients

operated upon for uterine prolapse was not accompanied by any in-

creased frequency of DVT.

The five-fold increase in the rate of DVT observed after preopera-

tive treatment with synthetic oestrogens argues for a recommendation

to avoid che preoperative adminstration of such drugs.

With the new technique, it might be possible to identify patients

at risk to develop manifest PE, since in our three cases of serious

PE, all had positive leg scans with very characteristic radioactive

features (high maximum net activity and a slow elimination rate of

this activity). However, a much greater number of patients have to

be screened for PE before any definite conclusions can be drawn. The

elimination rate of a thrombus can be followed postoperatively lor

up to one month and this permits a continous evaluation of the course

of a thrombus. Thus, the need for phlebography will presumably be

reduced in the future.

The following measures are proposed so as to prevent DVT and PE:

1. Women on oestrogen treatment should have this discontinued for

one month before elective surgery.

2. All patients more than 40 years of age in whom laparotomy is

performed should receive prophylactic treatment and should be

monitored for the development of UVT by FUT.

3. Patients operated upon for malignancy as well as patients with a

previous history of DVT should, irrespective of age, also receive

prophylaxis and be screened by the FUT.
125

4. When the FUT results are suggestive of DVT, the I-fibrinogen-

sum-coincidence method (FSC) should be performed to confirm

the diagnosis and assess the risk of PE.

As routine prophylaxis, either dextrar. 70 or low-dose-heparin

according to Kakkar could be used, but neither of these drugs is

21



100 per cent effective. Patients who, in spite of this prophylaxis,

show evidence of DVT by FUT/FSC should be treated by full dose

heparin. Which of the small subclinical DVT:s detected by the ori-

ginal FUT should b'i treated, is still under discussion. It is our

opinion that calf-vein thrombi checked by FSC and with a maximum

net-activity of more than 2 kBq should be treated because in our

study pulmonary emboli were associated with such thrombi. If such

DVT:s are not treated, they must be very thoroughly followed by

the FSC-method during the first month after surgery. It is concluded

that the results and suggestions outlined here will consistently

minimize the risk for the development of PE.
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