FIBRINOGEN UPTAKE BY THROMBI:

EFFECT OF THROMBUS AGE
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The uptake of radiolabeled fibrinogen in
canine thrombi was determined at varying times
after thrombus induction by electric current.
The greatest thrombus/blood ratio was achieved
when fibrinogen was administered 4 hr after
thrombus induction but definite thrombus fi-
brinogen uptake was still observed when the
tracer was administered up to 72 hr after throm-
bus induction. There was continued fibrinogen
accumulation despite a decrease in weight of
older thrombi suggesting that net thrombus
propagation is not necessary for labeled fibrin-
ogen uptake. Our results suggest that the fibrin-
ogen uptake test may be useful for the diagnosis
of deep vein thrombosis for several days after
the onset of thrombosis.

The fibrinogen uptake test is an accurate means
of detecting newly forming thrombi in the deep veins
of the lower extremities (/) and has been used to
define the incidence of venous thrombosis in various
high-risk patient groups (I/-3). The value of this
test in instances of established thrombosis is some-
what more controversial and has been evaluated
clinically with differing results (1,4). Further, based
on the assumption that fibrinogen would not accu-
mulate in preformed thrombi, the uptake of radio-
labeled fibrinogen has been used to estimate the age
of coronary artery thrombi in patients dying from
acute myocardial infarction (5).

In the present study, we have employed an animal
model of deep vein thrombosis to evaluate the rela-
tionship of thrombus age and labeled fibrinogen up-
take.

METHODS

Twenty-four mongrel dogs weighing 15-25 kg
were used in the studies. Deep vein thrombosis was
induced by alteration of the intima with an electric

370

current (6-8). This method is superior to those
which require surgical manipulation of the vein since
external radioactive monitoring over the site of
thrombosis may be performed subsequently without
interference from the deposition of fibrin in the
healing surgical wound. With the dog under intra-
venous sodium pentobarbital anesthesia (30 mg/kg),
an external jugular vein was exposed and incised. A
vinyl catheter, containing a stainless steel wire that
also served as an electrode, was introduced into the
jugular vein and passed under fluoroscopic control
into a femoral vein. Only the tip of the guide wire
was exposed; the remainder was enclosed in the
catheter. The wire was connected to the anode of a
variable power supply and the cathode was connected
through an ammeter to a skin clamp on the leg bear-
ing the catheter. A direct current (5 mA, 2 volts) was
applied for 1 hr. The guide wire and catheter were
then withdrawn, the jugular vein was ligated, and
the incision closed. Two dogs served as controls; the
catheter was inserted and left in place for 1 hr but
no current was applied.

Canine fibrinogen was labeled with either %I or
131] by the iodine monochloride (9,10) or enzymatic
method (10,11). The preparations contained an
average of 0.5 atoms per molecule of fibrinogen and
had an isotopic clottability, determined by the
method of Regoeczi (12), ranging from 75 to 80%.
Gel chromatography using a Sepharose-4B column
has shown that fibrinogen iodinated by either method
chromatographs as a single peak very similar to that
of authentic unlabeled fibrinogen (11,13). A typical
chromatogram is shown in Fig. 1. Labeled fibrinogen
(100 uCi; 200-600 ng) was injected intravenously
either during thrombus induction or 2, 4, 8, 24, 72,
or 96 hr after anode withdrawal.
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FIG. 1. Sepharose-4B gel chromatography of fibrinogen la-
beled by enzymatic method. Greater than 99.5% of activity is
eluted with same retention time as authentic fibrinogen with small
amount being eluted earlier and no evidence of free iodide.

External scintillation counting was performed on
a limited number of animals using a 3-cm Nal(TIl)
crystal detector with a 4.4-cm straight-bore lead col-
limator. Counts were obtained over both femoral
regions and the precordium at 1, 2, 3, and 24 hr
after fibrinogen injection. At least 2,000 total counts
were accumulated at each site. The fibrinogen uptake
in the experimental limb was calculated as follows:

(Net cpm experimental limb)
— (net cpm control limb)

(Net cpm precordium)

X 100

The animal was reanesthetized 24 hr after labeled
fibrinogen injection. A venogram was performed in
the experimental limb with 10 ml of meglumine dia-
trizoate to demonstrate the size and location of the
thrombus. The femoral vein was then exposed and
the thrombosed vein identified, ligated, and resected.
The venous segment was then opened and the throm-
bus was washed with 0.9% saline solution. A blood
sample was obtained at the time of thrombus re-
moval. The blood and thrombus were weighed and
counted in a NalI(Tl) crystal well scintillation
counter. The thrombus/blood ratio was calculated
as cpm/gm thrombus <+ cpm/gm blood.

RESULTS

Thrombi readily detectable by venography were
induced in all dogs when the current was applied.
Most of the thrombi (16/22) were partially occlu-
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sive; the remainder totally occluded the vein. The
extent of thrombotic occlusion was not related to
thrombus age. All the thrombi adhered to the vein
wall. The relationship of thrombus weight to throm-
bus age is shown in Table 1. Thrombi removed 96—
120 hr after induction were significantly smaller than
those removed between 24 and 32 hr. In the two
control dogs there were no detectable thrombi by
venography or surgical exploration.

Fibrinogen uptake into the experimental thrombi
was noted in all groups (Table 2). The greatest ac-
cumulation occurred when the labeled fibrinogen was
injected 4 hr after thrombus induction. Thereafter,
the thrombus/blood ratio declined but even at 96 hr,
two of three thrombi had greater activity per unit
weight than blood.

External monitoring was performed in four dogs.
Fibrinogen was injected either during thrombus in-
duction (two dogs), 4 hr later (one dog), or 8 hr
later (one dog). The fibrinogen uptake percentage
determined by external monitoring rose progressively
with time after fibrinogen injection and at 24 hr
ranged from 30 to 35%. The thrombus/blood ratios
in all four of these dogs exceeded 5.3.

TABLE 1. THROMBUS WEIGHTS

Weight (mg)
Thrombus age
(hr) n Range Mean s.d.
24-32 13 16-678 219 172
48 3 34-236 149 104
96 3 86-114 100 14°
120 3 64-96 76 17°

* Significantly different compared with 24-32 hr group at
p < 0.05.

TABLE 2. THROMBUS ACCUMULATION OF
LABELED FIBRINOGEN

Time of fibrinogen  Thrombus

Thrombus/blood
injection after age (hr) ratiot
thrombus induction  at time of
(hr) removal n Mean Range
0° 24 3 71 53 - 8.0
2 26 3 9.4 8.4 104
4 28 4 23.0 20.0- 26.0
8 32 3 7.2 57 - 8.2
24 48 3 4.6 43 - 50
72 96 3 4.0 21 - 6.2
96 120 3 23 0.62- 44
* Labeled fibrinogen injected during thrombus induction.
1 Results expressed as cpm/gm thrombus -~ cpm/gm
blood.
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DISCUSSION

Our results show that the greatest thrombus ac-
cumulation of radioiodinated fibrinogen occurs when
fibrinogen is injected 4 hr after thrombus induction.
Some accumulation of activity is seen through 96 hr
but is more variable at later times. There have been
few experimental investigations of the duration of
fibrinogen uptake in evolving thrombi. By externally
monitoring the uptake of '?I-labeled human fibrino-
gen in induced canine venous thrombi, Martin, et al
(14) demonstrated fibrinogen incorporation into
thrombi up to 24 hr after their formation. Hackel,
et al (/5) found no thrombus accumulation of la-
beled fibrinogen injected 10-14 days after experi-
mental induction.

The growth of experimental thrombi has been
investigated by several workers. Zweifler (16) noted
that thrombi removed immediately after induction
by electric current were more fragile and smaller than
those removed at 4 days. He did not study thrombus
growth during the intervening time period. Bradham
(17) noted that thrombi in dogs were slightly smaller
at 6 hr than at 24 hr after induction. He found no
further increase in thrombus size after 24 hr and at
10 days the thrombi had decreased in size. Our re-
sults are similar. Of thrombi removed 24-120 hr
after thrombus induction, those removed at 32 hr
were the largest and thereafter thrombus weight de-
creased.

We have previously observed thrombus/blood ra-
tios of approximately 8 when fibrinogen labeled by
the iodine monochloride method was injected just
prior to thrombus induction (70). This result is
similar to that obtained in the current study when
fibrinogen was injected during thrombus induction.
Since labeled fibrinogen is initially rapidly cleared
from the circulation due to its equilibration in the
extravascular space (/8), the greatest thrombus up-
take would be anticipated if the labeled fibrinogen
were injected when the thrombus was most actively
propagating. Under the conditions of these experi-
ments, less thrombus fibrinogen accumulation would
occur if thrombus propagation were less active dur-
ing the 24-hr interval between tracer injection and
thrombus removal. Our study suggests that fibrinogen
uptake does continue for at least as long as 96 hr
after thrombosis. This delayed fibrinogen uptake
most likely reflects continued fibrin deposition in
the thrombi. However, the observation that older
thrombi are smaller suggests that active fibrinolysis
also occurred during the period of observation.

External monitoring was performed in only four
dogs but in each case the thrombus was easily de-
tected. On the basis of these results and those from
a previous study (/0), we would expect that a
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thrombus/blood ratio of at least 3 is necessary for
the thrombus to be detectable by external monitoring.
Therefore, a positive fibrinogen uptake test could
be expected if the fibrinogen were injected up to
72 hr after the onset of thrombosis. Some thrombi
might also be detectable 96 hr after thrombosis. The
detectability would also depend on the size of the
thrombus and the radioactivity in the surrounding
tissues.

Our results also suggest that radioiodinated fibrin-
ogen should be used cautiously as a method of deter-
mining thrombus age. Erhardt, et al (5) found ac-
tivity in the coronary artery thrombi of seven patients
who died of myocardial infarction and had received
labeled fibrinogen. They suggested that the throm-
bosis might be a secondary event in myocardial
infarction since when the thrombi were serially sec-
tioned, activity was distributed throughout the throm-
bus in each of six patients who had received fibrino-
gen within 15 hr of the onset of symptoms. In the
remaining patient, fibrinogen was injected 47 hr
after his symptoms began and only the ends of the
thrombus showed fibrinogen accumulation. Our re-
sults, demonstrating that accumulation of labeled
fibrinogen can continue for at least 96 hr after throm-
bosis, suggest that their conclusions may be invalid.
The uptake they demonstrated may reflect continued
deposition of labeled fibrinogen within a primary
coronary arterial thrombus.

Whether our results are applicable to human sub-
jects with deep vein thrombosis is uncertain. How-
ever, the experimental thrombi produced by electric
current are histologically similar to human thrombi
and may involve similar pathogenetic mechanisms
(8,19,20). Furthermore, thrombi produced by elec-
tric current resemble human deep vein thrombi in
their natural history (21). There is also clinical evi-
dence to suggest that fibrinogen uptake will occur
in established deep vein thrombi (/) and thus, ex-
tension of our findings to the clinical situation seems
justified.
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