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ABSTRACT 

Three methods of thrombosis diagnosis were compared in 97 
patients: ascending phlebography, the lS51-fibrinogen test, and 
strain gauge plethysmography. The fibrinogen test showed the 
highest frequency of thromboses and plethysmography the 
lowest. Phlebography gives a morphological diagnosis, but is 
not so reliable in muscular, superficial and deep femoral veins. 
It makes great demands on the X-ray department and is 
therefore seldom suitable as a screening method. I t  will con- 
tinue to be the reference method for the diagnosis of throm- 
bosis. The fibrinogen test measures the radioactive uptake, 
is simple and suited for screening examinations and sequential 
studies, but the risk of hepatitis must be remembered. The 
climical relevance of positive fibrinogen test is discussed. We 
believe that calf vein thrombi may grow and reach the size 
where embolization is possible. Plethysmography measures the 
funclion of the deep venous system. It can be used for screening 
examinations and sequential studies. The thrombi diagnosed 
interfere with venous function and lie proximally to the calf. 
The method is valuable in acute iliofemoral thromboses. On 
the basis of diagnostic discrepancies between fibrinogen test 
and phlebography in dextran-treated patients the possibility is 
discussed that thrombi formed in a dextran milieu may lyse 
more rapidly than other thrombi. 

INTRODUCTION 

Several studies have shown that the clinical diag- 
nosis of thrombosis is very inaccurate (8, 14, 19, 
20, 28, 31, 35, 42). Thrombotic disease is of great 
significance, especially in view of its two complica- 
tions: the acute, and frequently fatal, pulmonary 
embolus, and the chronic post-thrombotic syn- 
drome. It is therefore important to develop and test 
diagnostic methods based on objective criteria, 
which are more reliable than subjective clinical 
assessment. This is true both in practical clinical 
work and in the investigations of the incidence of 
thrombosis and in the study of different methods 
for the prophylaxis of thrombosis. Phlebography is 
an established and reliable method, but is hardly 

suitable for screening investigations of any great 
extent, nor is it often applicable to sequential 
studies in the same patient over long periods of 
time. Methods which satisfy these requirements, 
however, have been developed during recent years: 
various plethysmographic techniques (16, 17, 22, 
40, 41), the lZ51-fibrinogen test (2), and the ultra- 
sound technique (18, 33, 43). 

The purpose of this study was to compare three 
fundamentally different methods used for the 
diagnosis of thrombosis: phlebography, the lS51- 
fibrinogen test, and strain gauge plethysmography. 

MATERIAL 

Ninety-seven patients (14 men and 83 women) of average age 
72. I4 12.6 years (33-93 years), were admitted to the study. 
Sixty-four underwent a von Bahr operation for transcervical 
fracture of the femur, and 33 a McLaughlin operation for 
trochanteric fracture of the femur. These patients also formed 
part of a larger series, in which the early administration of 
dextran 70 or of dicoumarol were studied as methods for the 
prophylaxis of venous thrombosis (7). 

METHODS OF DIAGNOSIS OF THROMBOSIS 

l251-fibrinogen test 
The 12jI-fibrinogen test was carried out using the method 
described by Atkins & Hawkins (2). Radioactivity was 
measured with a mobile scintillometer containing a NaI 
crystal, a photo-amplifier and a round brass collimator of 
8 cm in diameter, connected to an impulse calculator with a 
time-clock. The day before the investigation, the thyroid 
uptake of free lZ5I was blocked by the administration of KI 
capsules by mouth. 150 mg KI was given daily for 3 weeks 
after the injection of 1251-labelled fibrinogen. On the first day 
of the examination, which was usually one of the first post- 
operative days, the patient was given 'Z51-labelled fibrinogen 
containing a specific radioactivity of about 50-100 pCi, as  
an intravenous injection. The fibrinogen was obtained from 
hepatitis-free blood donors, since in production it cannot be 
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Table I. Technically successful and unsuccessful 
examinations with the 1251-fibrinogen test and strain 
gauge plethysmography 

Percentages shown in parentheses 

Total 
number of Unsuc- 
investigated Successful cessful 
legs tests tests 

lZSI-fibrinogen test 174 150 (86.2) 24 (13.8) 
Strain gauge 
plethysmography 108 86 (79.6) 22 (20.4) 

separated from the hepatitis virus (15). Initially, background 
radioactivity was recorded and then measurements were 
taken over the heart and at  eight points on both lower 
limbs, lying between the inguinal region and the medial 
melleolus. These eight points were marked so that the 
measurement was made at  the same sites at each examination. 
The radioactivity a t  each site was related to the activity over 
the heart and expressed as a percentage. When the activity 
fell in relation to the background activity, the intravenous 
injection of lZ5I-fibrinogen was repeated, and this usually 
occurred after 10-14 days. 

An increase of 15% or more in the percentage activity 
between two consecutive points was used as a diagnostic 
criterion of thrombosis. This increase had to be present for 
two or  more consecutive examinations. 

Strain gauge plethysmography 
The venous volume and the venous emptying of the lower 
leg were measured by venous occlusion plethysmography. 
A modification of Whitney’s strain gauge plethysmographic 
technique was used (24). Latex gauges filled with mercury 
were arranged around the thickest part of the calf and the 
narrowest part of the ankle, and were placed at  exactly the 
same sites at each examination. An air occlusion cuff was 
placed above the knee and measurements were carried out 

Table 11. Distribution of the three methods of diagnosis 
(Phlebography, Strain gauge plethysmography, and 
the lZ51-fibrinogen test) 

Investigation 
Number of 
patients 

lZ5I-fibrinogen test/plethysmography/ 
phlebography 25 

le51-fibrinogen test/phlebography 32 
1z51-fibrinogen test/plethysmography 6 
Phlebography/plethysmography 9 
Plethysmography 2 
le51-fibrinogen test 1 1  
Unsuccessful tests 12 

97 

with the patient supine, with the calf suspended about 20 cm 
above the level of the manubrium sterni. Both legs were 
examined at  the same time. The venous volume was 
defined as the volume increase in that part of the leg under 
the latex gauge when an occlusion pressure of 50 mm Hg 
was applied to the occlusion cuff. The venous volume was 
expressed in m1/100 ml tissue. Venous emptying was defined 
as the most rapid reduction in the volume of the calf and 
ankle after quick deflation of the pressure in the occlusive 
cuff to 0 mmHg and this was expressed in ml/min/100 ml 
tissue. The diagnostic criteria of thrombosis used were 
those proposed by Hallbook & Gothlin (23). In most cases 
the examinations were carried out together with the 1251- 
fibrinogen test, usually on alternate days until phlebography 
became possible. 

Phlebography 
Phlebography was carried out on the fractured leg only using 
a standardized ascending technique (7, 9), on an average 
15.5 3.3 days post-operatively. 

The phlebographic criteria for the dignosis of thrombosis 
were the same as those used by other authors (4, 26, 28). 

Post-mortem 
The three patients who died all underwent post-mortem 
examination. 

RESULTS 

Of the 97 original patients in the series, the examina- 
tions were technically unsatisfactory in 12, and 
these were therefore excluded. Seven of these cases 
underwent plethysmography, and 6 of the Y-  
fibrinogen test, i.e., both examinations were un- 
satisfactory in one case. Table I shows the number 
of successful and unsuccessfu1 examinations, using 
both these methods. Two patients were successfully 
examined with plethysmography alone, and eleven 
patients with lZ5I-fibrinogen alone. Two of the 
latter group died, leaving 72 patients (10 men and 
62 women) who were satisfactorily examined with 
two or more methods, and who can be used for a 
comparison of the methods. The sub-division of these 
patients into the various methods is shown in 
Table 11. 

Each method was compared with the other two, 
and the result of the comparison is shown in Tables 
111, IV and V. Phlebography was performed on the 
fractured leg only, while the other two examina- 
tions were performed bilaterally. As a result, the 
figures given in Tables I11 and IV show the numbers 
of patients examined, while the figures in Table V 
show the number of legs examined. In this compari- 
son, which is based only on whether the examina- 
tions were positive or negative, the la5I-fibrinogen - ~ 
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Table 111. Comparison of the 125Z-fibrinogen test and 
phlebography in 57 patients 
- 

1251-fibrinogen test 

Table IV. Comparison of strain gauge plethysmo- 
graphy and phlebography in 34 patients 
Number of thromboses localised to lower leg only, shown in 
parentheses 

- Phlebography + Strain gauge plethysmography 

+ 14 4 - 7 32 

Total number of patients: 57. 
Agreement between methods in 80.7 % and disagreement in 
19.3 %. 

test and phlebography show 80.7% agreement, 
plethysmography and phlebography show 70.6 % 
agreement, and the lz5I-fibrinogen test and plethys- 
mography show 66.1 % agreement. The lZ5I-fibrino- 
gen test was more often positive than phlebography, 
while both the lZ5I-fibrinogen test and phlebography 
were more often positive than plethysmography. 

Six of the 7 patients in whom the lZ5I-fibrinogen 
test was positive and phlebography negative, were 
given prophylactic treatment against thrombosis with 
dextran 70. In addition, 1 patient treated with 
dextran (No. 2 in Table VI) showed two changes 
in activity in the lZ5I-fibrinogen test, only the 
proximal of which corresponded to the thrombosis 
detected by phlebography. In Table IV and V, in 
which the results of plethysmography are compared 
with those of the other two methods, in these 
patients showing a discrepancy between the 
methods the number receiving dextran 70 and 
dicoumarol is approximately equal. 

The results of the 1251-fibrinogen test and of 
plethysmography both indicated a thrombosis on 
the left side with obstruction of venous outflow in 
one of the deceased patients (No. 13 in Table VI). 
Autopsy revealed a thrombosis in the deep venous 
system including the femoral vein on the left side, 
and a massive pulmonary embolus which was im- 
mediately fatal. The other two deceased patients 
were examined with the 1251-fibrinogen test alone, 
with negative results, and autopsy showed no 
thrombosis or embolus. 

Table VI shows a total of 40 patients in whom 
one or more examinations showed a positive result 
which, using the criteria we adopted, indicates the 
presence of a thrombosis. This table thus includes 
all the discrepancies in Tables 111, IV and V. 

None of the methods of examination gave rise 
to any complications. 

13 -732853 

Phlebography + - 

Total number of patients: 34. 
Agreement between methods in 70.6 % and disagreement i n  
29.4 %. 

DISCUSSION 

In comparing the three methods examined here, it is 
important to recognise just what the methods do in 
fact measure, and what are their limitations. Phlebo- 
graphy shows the morphological extent of throm- 
bosis, and assessment of the passage of the contrast 
medium allows us to obtain some conception of the 
conditions of blood flow in the venous system. It is 
probable that small thromboses particularly in the 
muscular veins and superficial vessels of the lower 
leg, and in the deep femoral vein, often escape 
recognition by phlebography (1 1, 34). 

The lZ5I-fibrinogen test measures the uptake of 
the iodine-labelled fibrinogen which is built into 
thrombi in the course of their formation (3). Recently 
published results also indicate that “old thrombo- 
ses” (days) may contain metabolically active tissue 
with a selective uptake of fibrinogen (11). A number 
of comparisons have been published between the 
lZ5I-fibrinogen test and phlebography, and the cor- 
relation between the two methods is good, and 

Table V. Comparison of strain gauge plethysmography 
and 1251-fibrinogen test in 31 patients 
Number of thromboses localised to lower leg only is shown 
in parentheses. Table shows number of legs examined 

lzjI-fibrinogen test 

Strain gauge plethysmography + - 

+ 
- 

Total number of patients: 3 I .  
Agreement between methods in 66.1 
33.9 %. 

and disagreement in  
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Table VI. Summary of patients in whom one of the diagnostic methods showed positive results, ix., a 
thrombosis 
Figures in column for the lZ5I-fibrinogen test refer to the point on the leg where the thrombosis is situated according to 
this method. Localisation of the points may be seen in Fig. 1. 

ATV Anterior tibial vein Fib.V Fibular vein P0.V Popliteal vein DFV Deep femoral vein 
PTV Posterior tibial vein Pe.V Peroneal vein FV Femoral vein SV Sural vein 

Max. uptake 
with Plethysrno- 
lZ5I-fib. test graphy 

X-ray locali- 
No. Age Sex Op. leg sation Right Left Right Left Comments 

1 
2 

3 
4 
5 
6 
7 
8 

9 
10 
1 1  
12 
1 3  

14 
15 
16 

17 
18 
19 
20 
21 
22 
23 

24 
25 
26 

27 

28 

29 

30 
3 1  
32 
33 

34 

35 

36 
37 
38 
39 
40 

87 
82 

86 
76 
88 
78 
87 
88 

54 
75 
89 
82 
69 

77 
84 
91 

76 
93 
76 
60 
77 
66 
59 

56 
65 
59 

80 

68 

86 

57 
80 
65 
80 

65 

77 

82 
72 
74 
66 
65 

F 
F 

F 
F 
M 
F 
F 
F 

F 
F 
M 
F 
F 

F 
F 
M 

M 
F 
F 
F 
F 
F 
F 

F 
F 
F 

F 

F 

F 

F 
F 
M 
F 

F 

F 

F 
F 
M 
F 
M 

Left 
Right 

Right 
Right 
Left 
Left 
Left 
Right 

Right 
Left 
Right 
Left 
Right 

Right 
Right 
Right 

Right 
Right 
Left 
Right 
Right 
Right 
Left 

Right 
Right 
Left 

Left 

Right 

Left 

Left 
Right 
Right 
Right 

Left 

Right 

Right 
Left 
Right 
Left 
Right 

PTV 
PFV 

PTV 
neg 
neg 
PTV, PeV 
FV 
FV 

PeV 

FibV, FV 
PeV 

neg 

- 

- 
- 
PoV, PTV, FV 
PeV, PoV 
PTV, ATV, PoV 
PeV 
neg 

neg 
FV 
PTV, PoV, FV 

neg 

neg 

SV, FV 

neg 

neg 

FV 
PTV, PeV 

PeV 

PeV 

Increasing values I .  67 neg on day for 

Increasing tendency 6. (max. 14 %). 
X-ray 6 days after last scan. Dextran 70. 
X-ray 4 days after last scan. Dextran 70. 

X-ray. Dextran 70. 

X-ray 8 days after last scan. Increased 
uptake 3. 

Mors day 14. Autopsy: massive DVT. 

Scan pos. days 12-16. Distal thrombosis. 
Scan pos. days 12, 13. Distal thrombosis. 
Scan normal last day. Plethysmography 

Scan pos. days 7-11. Distal thrombosis. 
Distally located thromboses. 

Pulmonary embolism. 

reversible slow empt. b B  

Distal thrombosis. 
Pos. plethysmography days 11, 12. Diffi- 
cult to explain. 

Scan. pos. days 4, 7. Dextran 70. 

Distal thrombosis. High uptake 1 from 

Distal thrombosis days 8-17 with tendency 

Distal thrombosis days 6-9. Scan neg on 

N o  hindrance of venous emptying. Scan 

Distal thrombosis. 
Not total occlusion. 
Distal thrombosis. 
Scan and plethysmography neg. on day 

N o  hindrance of venous emptying in deep 

Distal thrombosis. No hindrance of venous 

Distal thrombosis. Dextran 70. 
Distal thrombosis. 
Distal thrombosis. 

Distal thrombosis. 

beginning, Lysis? 

to lysis? 

day for X-ray. Dextran 70. 

not perfect. 

for X-ray. 

venous system. 

empt. Scan not perfect. 
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greater than 90% in several studies (27, 28, 34, 39). 
In these studies, it has not been stated when the 
phlebography was carried out in relation to the 
positive fibrinogen test, but the high degree of 
agreement suggests that the examinations were 
carried out closely together. Milne et al. (31), 
however, found only 78% agreement, and Browse 
(12) 80%. 

The 1251-fibrinogen test more often gives positive 
results than does phlebography. In the literature, a 
positive lZ5I-fibrinogen test often means deep vein 
thrombosis. According to our experience, however, 
the method is also capable of diagnosing superficial 
thrombosis. The commonest diagnostic criterion of 
thrombosis with the 1251-fibrinogen test is an increase 
of 15% or more in radioactivity compared with 
the adjacent measurement point, and which remains 
present for at least two consecutive examinations 
(10, 1 1 ,  25, 34, 45). Wood et al. (46) and Nicolaides 
et al. (37), used a 20% increase as the criterion, 
and Murray et al. (32) used 30%. If the 20% criterion 
is used in our series, the lZSI-fibrinogen group will 
contain four less patients with thrombosis. One 
of these, according to phlebography, had no 
thrombosis, while the other three had thrombosis 
demonstrable by phlebography and/or plethysmo- 
graphy. An increase of 15% or more, therefore, 
appears to be a reasonable criterion for the 
diagnosis of thrombosis. Browse et al. (11) suggest 
as an additional criterion an increase in three 
adjacent points of more than 5 Yo as compared with 
the corresponding points on the other leg. The 
application of this criterion does not alter the results 
in this series. 

The following sources of error in the lZ5I-fibrinogen 
test have been named by various authors: varices, 
haematoma, inflammatory states (34), and oedema 
(11). The effect of varices and oedema can be 
excluded if preoperative measurements are carried 
out, and this point is emphasised by Becker et al. 
(S ) ,  among others. Preoperative examinations are 
difficult to perform in patients who have sustained 
a fracture of the neck of femur, and examinations 
are, of course, not possible before trauma. Pre- 
operative examinations were not performed in this 
series, and the radioactivity at point 1 is therefore 
difficult to estimate. High values at the first examina- 
tion were not regarded as evidence of thrombosis, 
since in these cases it may have been due to 
haemorrhage at the fracture site, as well as to the 
trauma of operation. If, on the other hand, increas- 

ing activity was shown for several days postopera- 
tively, after low initial values, this was regarded 
as evidence of a proximally situated thrombosis. 
Higher values are more often seen at point 1 than 
at other sites, and Flanc et al. (19) consider this to be 
due to the proximity of the femoral artery with its 
high blood flow. 

Strain gauge plethysmography is a method for 
the quantitative assessment of the functional state 
of the deep venous system, based on measurements 
of volume changes in the lower leg (venous volume 
and venous emptying) (16, 23, 40, 41). A diagnosis 
of thrombosis made with this method implies the 
existence of a thrombosis of such an extent and 
so localised, that it restricts the venous outflow 
from the leg, and that the thrombosis is situated 
proximally to the latex gauges. 

Of the 23 legs showing a negative result with 
plethysmography and a positive result with phlebo- 
graphy and/or the 1251-fibrinogen test, 20 can be 
explained by the distal situation of the thrombosis 
at the time of examinations. Despite the fact that the 
latex gauges are placed at the ankle, the possibility 
of demonstrating changes in the deep veins of the 
leg is low because of the generally well-developed 
superficial venous system in the distal part of the 
leg. Phlebography was negative (i.e., a good flow), 
in one case (No. 24), and the peak at point 3 in the 
lZSI-fibrinogen test was of short duration. Heie 
the explanation could be a minor superficial throm- 
bosis. In one case (No. 31), the radiological 
examination showed a thrombosis in the femoral 
vein which was not causing occlusion, indicating 
that the thrombus was not producing any essential 
interference with venous outflow. However, the 
lZ5I-fibrinogen test showed increasing activity at 
point 1 in this patient. Again, one case (No. 29) 
had thromboses in both the sural and the femoral 
veins on phlebography, but there was good passage 
of the contrast medium past the thrombi. 

One plethysmographic result was falsely positive 
on comparison with radiology and the 1251-fibri- 
nogen test, a discrepancy which we were unable to 
explain (No. 23). In this series, consisting of old 
patients who had undergone operation on the hip, 
there were, however, a number of technical 
difficulties in carrying out the plethysmographic exa- 
minations, a fact which may also explain the high 
incidence of unsuccessful examinations. 

Four patients were negative with lZ5I-fibrinogen 
test but showed thrombosis on phlebography. In 
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two of these (Nos. 29 and 3 9 ,  the lZ5I-fibrinogen 
test cannot be considered completely satisfactory 
from the technical viewpoint, but the discrepancy is 
nevertheless difficult to explain. Both patients 
showed a negative result with plethysmography. One 
patient (No. 3) showed a negative result with the 
1251-fibrinogen test from the beginning, but with a 
tendency to increase (maximum 14%) at point 6 on 
the loth, 13th and 14th days. The radiologically 
demonstrable thrombus was situated in the posterior 
tibia1 vein, about 15 cm distal to the knee, which 
corresponds to point 6. In the last patient (No. 8), 
phlebography was carried out as late as 8 days 
after the lZ5I-fibrinogen test was completed, and 
then showed a thrombosis in the femoral vein. On 
the last day of the lZ5I-fibrinogen test the patient 
showed an increase of more than 15% at point 3, 
and it is possible that this was the first day of the 
thrombosis. The possibility must also be considered 
that a small, older, inactive thrombus was present. 

As regards the lZ5I-fibrinogen examinations, 8 
patients (Nos. 2, 4, 5 ,  24, 28, 30, 33 and 36) show 
“false” positive results in comparison with phlebo- 
graphy. Patient No. 2 is not shown as a discrepancy 
in Table I1 since she had two localisations of 
thrombosis (points 1 and 6, 7), the proximal one of 
which agrees with the results of phlebography. 
Seven of these 8 patients had been given dextran 70 
for prophylaxis against thrombosis (Nos. 2, 4, 5 ,  
24, 28, 33 and 36). Two of these seven dextran- 
treated patients underwent phlebography 6 days 
after the end of lZ5I-fibrinogen examination in one 
case and 7 days after in the other (Nos. 2 and 4). 
Both had positive uptakes during the whole period of 
the lZ5I-fibrinogen examination. The day on which 
phlebography was carried out was the same as in 
the rest of the patients. Four of the patients treated 
with dextran (Nos. 5, 24, 28, and 33) showed 
diminishing ”5fibrinogen uptake, and the phlebo- 
graphy was negative. One patient (No. 36) showed 
a positive result with the ‘T-fibrinogen test on the 
same day that phlebography was negative. One 
patient (No. 33) showed evidence of thrombosis 
both by the lZ5I-fibrinogen test and plethysmography, 
but both of these examinations were negative on 
the day of phlebography. In 3 patients (Nos. 2, 4, 
and 5 )  plethysmography was not carried out, and in 
the other 3 (Nos. 24, 28,  and 36) it was negative, 
indicating that the thromboses were functionally 
unimportant. One patient (No. 30) who was treated 
with dicoumarol had positive lZ5I-fibrinogen test till 
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the day before phlebography. On the very day of 
phlebography the test was negative. 

These figures appear to speak in favour of an 
increase in the rate of disappearance of formed 
thrombi in the presence of dextran. The frequency 
of pulmonary embolism is clearly reduced when 
dextran prophylaxis is used, as shown by Bygdeman 
et al. (13) in a larger comparative series. None of 
the patients showing a discrepancy had any clinical 
signs of pulmonary embolism. A number of in- 
vestigations suggest that there is a change in the 
structure of thrombi formed in the presence of 
dextran. Thus, sodium morrhuate thrombi in rabbits, 
formed after the infusion of dextran 70, are less 
mechanically tenacious than thrombi formed in 
control animals (1). Plasma clots in dogs treated with 
dextran 75 showed a different structure from those 
in control dogs (21). In the presence of dextran, 
the fibrin coagulum formed in vitro shows a consider- 
ably coarser structure than control coagula, when 
examined with the scanning electron microscope, 
and the rate of plasminolysis of fibrin plaques 
formed in the presence of dextran is significantly 
increased (44). It is possible, therefore, that thrombi 
formed in a dextran milieu lyse more easily than do 
other thrombi. Becker & Schampi (6) compared the 
effect of dextran 70 and electrical stimulation of the 
calf muscle as methods of prophylaxis against 
thrombosis. Phlebography and the lZ5I-fibrinogen 
test were both used as diagnostic methods, and 
complete agreement was found between the two 
methods in the control and electrically stimulated 
groups, but there was a discrepancy in the dextran- 
treated group. Twenty-three legs were studied by 
both methods, and in 6 legs the 1251-fibrinogen test 
was positive, while phlebography was negative. On 
the day of phlebography, which was on average seven 
days postoperatively, the fibrinogen test had re- 
turned to normal in all cases. Kakkar et al. (27) 
noted spontaneous lysis within 72 hours in 14 out 
of 40 thromboses, positive to the lZ5I-fibrinogen test, 
in untreated postoperative patients. 

I t  may be seen from Table VI that most of the 
thromboses in this series diagnosed by the lZ5I- 
fibrinogen test and/or phlebography were situated 
distally. It is debatable to what extent distally- 
situated thromboses can be dangerous as regards 
the formation of emboli. Kakkar et al. (27) found 
that the thromboses localised in the calf which were 
diagnosed by the lZ5I-fibrinogen test were not 
associated with pulmonary embolism, but that pul- 
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Stran gauge plethpmgraphy. 
functron 

----- '25r-fibr1n0gen lest aclW' Of Fig. I .  Diagrammatic representation 
of the principles of the three methods 
and their diagnostic range. The points 
on the leg correspond to the points at 
which radioactive uptake is measured 
in the 1251-fibrinogen test. The inter- 
rupted line corresponds to point 1, 
and indicates the difficulty of inter- 
pretation of the uptake pattern at this 
point in patients who have undergone 
hip surgery. 

fibrrnogen uptake ,n the 
thrombus 

Ph,ebography Morpho,ogy 

1 2 3 4 5 6 7 8  

monary embolism did occur in four out of nine 
patients in whom thrombosis extended up to the 
popliteal and femoral veins. Only one definite 
pulmonary embolus occurred in our series, and 
this was immediately fatal (Patient No. 13). The 
peak level for thrombosis in the 1251-fibrinogen test 
occurred at points 6 and 7, in this case, but the 
patient also showed a high uptake at point 1, 
which was, however, present from the first day of the 
examination. It is impossible to say to what extent 
this high uptake was due to thrombosis or to haema- 
toma. The reduction of flow on plethysmography, 
however, is in favour of a relatively proximal locali- 
sation of the thrombus. Subsequent post-mortem 
examination showed thromboses in the deep venous 
system of the leg, including the femoral vein. 

Flanc et al. (19) discuss the significance of high 
radioactive counts of short duration in the calf, and 
are of the opinion that they are due either to accumu- 
lations of blood in soleal sinusoids or to small 
thromboses which are rapidly dealt with by the 
patient's own fibrinolytic system. Nicolaides et al. 
(35 and 36) consider that thromboses form in the 
sinusoids of the soleus and then may propagate 
proximally. Maurer et al. (29) found a similar 
extension in seven out of 44 thromboses in the 
calf, in a group of patients with myocardial infarc- 
tion, one thrombus extending up to the femoral vein. 

Mavor et al. (30), in a study of 122 patients with 
early thromboembolic disease, diagnosed by ileo- 
femoral phlebography and lung scanning with 1311- 

labelled macroaggregate of human serum albumin, 
found negative results to the lZ5I-fibrinogen test in 
80 %. However, the radio-active fibrinogen was 
only injected when the diagnosis of pulmonary 

' embolus or of occlusive venous thrombosis had 

been made. To provide an answer to the question 
of the clinical relevance of thromboses diagnosesd 
with the 1251-fibrinogen test, a large-scale prospec- 
tive investigation would be necessary, in the course 
of which assessment of the incidence of pulmonary 
embolism and of the post-thrombotic syndrome 
would be made after the lapse of a certain period of 
time. Thromboses diagnosed by plethysmography 
are probably more dangerous from both these 
viewpoints. The only patients in this series who 
suffered a pulmonary embolus had had the 
thrombosis diagnosed by plethysmography. This 
patient also showed appearances in the lZ5I-fibrinogen 
test typical of thrombosis. 

This comparison between three different tech- 
niques for the diagnosis of thrombosis shows that 
all three methods are useful, but that each has its 
specific value and limitations. Phlebography is a 
reliable diagnostic method, but often gives incom- 
plete filling of muscular veins and of the deep 
femoral vein. The techniques is refined, and its 
interpretation demands experience. To use this 
technique widely in the diagnosis of thrombosis 
places great demands on the X-ray diagnostic depart- 
ment. It is true that we used the method for the 
diagnosis of thrombosis in studies of prophylaxis 
against thrombosis (7, 9), but it cannot be regarded 
as a screening method. It can usually only be used 
for an isolated examination in the presence of 
very particular indications, in the same patient over 
a period of time. 

The lZ5I-fibrinogen test is easy to use and is a 
reliable method. It is highly snitable for screening 
examinations involving large numbers of patients and 
for sequential studies on the same patient. Its main 
sphere of usefulness is in the diagnosis of recent 
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thrombi which take up fibrinogen, and therefore 
the method should be of particular value in pro- 
spective studies. Moreover its reliability is con- 
siderably reduced when diagnosing older thrombi. 
The dose of radiation which is used is low, and 
should not be harmful even for young patients. 
With a careful choice of fibrinogen donors, it should 
be possible to keep the incidence of hepatitis at a 
very low level. The clinical relevance of the throm- 
boses revealed by the la51-fibrinogen test is a matter 
for debate. 

Plethysmography, like the la5I-fibrinogen test, is 
highly suitable for screening examinations and for 
the serial investigations of deep venous function in 
any one patient. It is a bloodless procedure, and 
without any discomfort to the patient, and further- 
more requires no preparatory treatment. With 
this method it is possible to detect thromboses of 
sufficient magnitude to reduce venous volume (either 
by the thrombosis itself or by venous stasis), and to 
reduce venous flow. This condition is satisfied mainly 
by thrombosis in the ileo-femoral veins, and is 
commonly associated with complications. However, 
the method is not reliable in the diagnosis of minor 
muscular vein thromboses or superficial throm- 
boses, or those that lie distally in the lower leg. 
Plethysmography is an excellent technique for 
the diagnosis of thromboses of acute onset in 
the deep venous system. 

The spheres of usefulness of the three methods are 
shown diagramatically in Fig. 1. 
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