CLOT OBSERYATION TEST FOR CLINICAL DIAGNOSIS

OF CLOTTING DEFECTS
Mary F. Pog, M.D.

AvutnoucH the occurrence of excessive bleed-
ing during surgery is not common, it is recog-
nized that hypofibrinogenemia may be an im-
portant factor in the hemorrhagic diathesis
which occurs in a number of pathological states.
In many of these conditions an accompanying
fbrinolysin has been reported.?

One of the most valuable and reliable tests
for fibrinogenopenia and fibrinolysis is the ob-
servation of the clot? In this condition, the
blood clot characteristically is either defective
in bulk or quality, appears soft and likely to be
ineffective physiologically and disappears from
the blood sample on standing. This disappear-
ance may require as long as four hours before
it is noted, but in clinically significant cases the
clot is likely to be dissolved within an hour.?

Fibrinolysis when first present in the blood
stream may be corrected by adequate therapy.
When the condition is allowed to progress for
any length of time, the continued release of
fibrinolysins may take place so rapidly that
treatment is of no avail. It is therefore essen-
tial to establish this diagnosis as early as
possible.?

A simple method of early diagnosis is desir-
able. We have undertaken to evaluate the use-
fulness of the clot observation test in clinical
diagnosis of hypofibrinogenemia in patients
undergoing operative procedures.

METHOD

Blood samples were drawn and clot observa-
tion tests carried out in 125 patients before
induction of anesthesia, one or more times dur-
ing operation and at the completion of the
procedure and/or in the recovery room. Pa-
tients for sampling were selected to some ex-
tent, the majority huviug conditions in which
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hemorthagic tendencies have been reported;S

i.e., operations on uterus, pancreas, lung. pros-\
tate, patients with liver disease, carcinoma,
chronic infections and those in whom multiple;
transfusions of banked blood were anticipated.
With one exception, all patients were sched-S.
uled for clective surgical procedures, In an2
additional 5 patients, hemorrhagic disorders3
were ted and pling was done for3
diagnosis, during aperation or postopcmtivcly%

The sampling procedure was as follows: (1)&
Blood sample was drawn either from vein ord
from operative site, and placed in 5 or 10 ml.g—"
centrifuge tube. (2) Time interval in whiclg
clotting takes place was noted, as well as thtg\
shape and form of clot, retraction, amount oﬁ
“fall-out” of free cells. A graduated ccntnfugea
tube was used to determine the relative pcr—g
centage of clot, free cells and serum (fig. 1)2

Figure 1, A: If there is an absence ofs
fibrinogen and/or rapid fibrinolysis, the bl
will not clot. The red cells in such a spccxmerN
will settle out to produce an even upper sur-Ln
face. B and C: If there is a decrease in thc@
amount of fibrinogen and/or defects in thtg
fibrin web due to fbrinolysis the clot may form&
but it will be of reduced volume. .The red
cells will escape from the fibrin web and willo
settle to the bottom of the tube as a high rc(i§
cell column. D and E: If there is no fibrinog
genopenia or fibrinolysis, the volume of thed
clot will be relatively grent and there will b&®
Tittle red cell “fall-out.” 2 The normal clot re=
tracts and retains the majority of the red ccllb
within the fibrin web.

Two criteria should be observed in an at-
tempt to assess the relationship between ﬁbrmo-n,
Ivtic activity and excessive operative blccdmg”

Samples should be drawn during the pcn(xF
of active bleeding, since fibrinolytic activity®
often disappears when oozing ceases, and frea
quent samples should be obtained. Because og-
the rapid fluctuations in fibrinolytic activity R
single sample may give misleading results.s =

From a technical standpoint, we found that
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Fic. 1. Clot obscrvation test. A. Afibrino-
genemia; B. Fibrinogen deficiency; C. Defective
clot from a patient with fibrinogenopenia with ab-
normal red cell “fall-out”; D. Normal clot. Note
retraction and small amount of red cells escaping
from clot; E. Normal clot with good retraction.
From “Laboratery Procedures,” Diggs, L. V.,
M.D. (Editor), Memphis, 1957, page 38.

unsatisfactory samples were obtained in the
following circumstances: specimens taken from
the extremity into which blood was being
transfused, faulty venipuncture with admixture
of tissue fluid in the blood sample, syringes or
tubes which were wet or which contained
foreign material.

ResuLTs

Records were kept of the number and source
of the specimen, time drawn, conditions under
which sampling was done, time of beginning
and completion of clot and a description of the
clot. Samples were retained and read at in-
tervals up to four hours or more.

In table 1 are shown the results of the clot
observation tests. Of the 125 patients in
whom clot observation tests were performed,
approximately one in five exhibited abnormal
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clots and an additional 25 per cent showedS
some abnormality as indicated by moderateS.
fall-out of red cells. More than one-half (50::2_
per cent) showed normal clots. No bleeding®
tendencies were observed in the normal or subs
normal groups (81 per cent). Excessive bleed3
ing was encountered ‘in two patients of theZ
group of 23 who exhibited abnormal clots2
One of these was a patient undergoing n'gbé
lobectomy. During the immediate postoperal?
tive period 400 ml. of blood was lost in thee'
thoracotomy drainage bottle. Bleeding sub3
sided without treatment. In the second pag:{
tient, excessive bleeding occurred during transg
urethral resection of the prostate. No definit@
therapy was required other than replacemenf3
of the 900 ml. estimated blood loss. )
Observation of the clot was used as a tesg
for fibrinogen deficiency in an additional five
patients who exhibited excessive bleeding dmug
ing or after operation. Two of these patients
had emergency Cesarean sections for obstetricah’
complications. It is now the usual pmccdurﬁ
to perform serial clot observation tests on al
patients .with suspected abruptio placentad
Bleeding was reported in two patients in th
recovery room following transurethral resectiody
of the prostate. Blood samples were drawi
immediately for clot observation tests. Th&
first of these two occurred prior to this study®
In the second case, serial clot observation testS

indicated that the defect continued throu
the third postoperative day. The fifth patiend
had-a bone graft of the femur performed fag
nonunion of a fracture. This individual &
hibited bleeding in the early postoperative

period. Clot observation tests were abnorm:
and signs of hemoglobinuria became cvidcng
o

@

TABLE 1 -g_

RescLTs oF Cror OnservaTroN TESTS o

<

Ty gy | Bhoracie Genernl Urolizy | Gymecolory | Orthopedics Totsl 3

(=]

Abnormal 1 3 5 5 7 2 o I
Subnormal 1 1 13 G 10 [} M w
Normal 3 4 20 30 14 0 7 §
Total 5 8 a8 41 31 2 125 S
-8

N

S

Abugrmal: soft elot, marked fall-out of red cells,

Submormal: formed clot, poor retrmction, moderate fall-out,

Normal: good retraction, minimal fall-out.
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Recheck of the blood administered during the
operation revealed incompatibility.

Discussion

The recogntion that multiple clotting defects
may be a dangerous complication of anesthetic
and operative procedures has increased study
of this phenomenon. In general, the liver
damage produced by discase, hypoxia, and an-
esthesia increases the danger of hemorrhage
and this is further increased by the effects of
stress of preoperative preparation and the
operative procedure. Transfusion reactions
and allergic responses to drugs increase the
possibility of hemorrhage. One must be alert
to the importance of traces of bleeding, unex-
phined rise in body temperature, and other
signs.> The change most frequently associated
with excessive oozing during operative pro-
cedures was hypofibrinogenemia.l 4

The clot observation test has proved to be
a rapid and practical means for the carly recog-
nition of the hypofibrinogenic state.3 ¢ This
simple test involves the withdrawal of 5 ml. of
the patient’s blood into a clean dry tube and
observing it at frequent intervals for clot forma-
tion and stability. Normal blood will clot
within 8-12 minutes and the clot will remain
intact for at least 24 hours. In cases of fibrino-
gen deficiency, the blood may not clot, or if
it does, may undergo partial or complete dis-
solution within 30-60 minutes, - In the event
of the latter finding, hypofibrinogenemia and
the likely presence of fibrinolytic activity are
indicated.

Mechanism of Fibrinogen Depletion. The
possible mechanism for the initiation of fibrino-
gen depletion includes: % (1) defective for-
mation of fibrinogen by the liver, (2) increase
in fibrinogen consumption due to activation of
intra-vascular clotting, and (3) destruction or
digestion of fibrinogen by fibrinolytic or proteo-
Iytic enzymes circulating in the blood stream.

Reviews of the present concepts of the
fbrinolytic enzyme systems can be found in
a number of publications. 311 The terminol-
ogy of these lytic systems is not standardized.
To briefly summarize current thinking, the
proteolytic enzyme system is a complicated
system consisting of proenzyme(s), activators,
active cnzyme(s), inhibitors and substrates.
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In plasma there exists a balance with delicate
equilibrium between the active enzyme, plas-
min, and its inhibitor, antiplasmin. The pre-
cursor of plasmin is termed plasminogen. Ang
of this sy may occur in patho-*
logical conditions resulting in severe blcedmga
if The 1 which ac-Z
tivate the fibrinolytic enzyme are not clearly 2
understood. This enzyme system may be nc-ﬁ
tivated by a number of agents, including bodyN
tissues. Tissues, particularly the lung, ulems,<
pancreas, and prostate are said to contain ac-3
tivators which may be released into the cir-i
culation during operative trauma. - Sh'ess,o
shock and hypoxia can activate ﬁbnnolysm,g
and may play a role in operative patients.S
\Vhile fibrinolysin is usually thought of as act-§
ing only on fibrinogen and fbrin, it must bem
remembered that it is a general proteolytics
enzyme, and may destroy other cu‘culnlmgg
blood clotting factors. Therefore, mulhp]egn
clotting deficiencies may result from the ac-3
tivation of the fibrinolytic enzyme.1. 412

Clinical Conditions, The clinical c'mdmons
Ieading to the presence of fibrinogen defect i in-B
clude the following: =% (1) obstetrical com-§
plications: premature scparation of the pla-}
centa; prolonged retention of a dead fetus;N
amniotic fluid embolism; toxemia of pregnancy
and related syndromes; and induced abortion;g
(2) major operative procedures on the pros-S
tate, lungs or pancreas; (3) major pathologicg
conditions: hepatic malignancy, stress or hy—
poxia; (4) hemorrhagic or burn shock, and (5)—\
transfusion reaction: massive transfusions orU‘
transfusion of incompatible blood.

Acquired hypofibrinogenemia is erquentlyO
an obstetrical complication. The most pmbo
able cause is intravascular clotting followmgo
the entrance of thromboplastic material inte®
the circulation with the resultant increase inS
fibrinogen consumption. Since decidual and2
placental tissues contain thrombaoplastin, ‘it lé‘é
conceivable that the clotting mechanism m1yw
be activated intravascularly and fibrinogen mayS
be deposited as fibrin emboli.  Such a deposi-g;
tion of fibrin must be followed by an activation=
of fibrinolytic enzyme system, Furthcrmorcg
the enzyme can contribute to the ﬁbnnogo:'n,\J
depletion by hydrolysis of the fibrinogen nsc-lfN
In addition, it has been demonstrated that lhc
myometrium of the preg uterus ¢

3
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potent activators of this. enzyme system which
can be demonstrated even during normal
delivery.”

Abnormal bleeding during and following
prostatic operations has been attributed to
fibrinolysis.  Fibrinolysis occurs primarily in
these. cases in which the venous sinuses are
opened by the operative procedure®  Pros-
tatic tissue is an activator of the fibrinolytic
system and in addition contains a fbrinolytic
system of its own. The process may be due
entirely to the intravascular release of prostatic
proteolytic enzyme or may be due to intra-
vascular release of enzyme activators from the
prostate triggering the plasmin system.

Hypofibrinogenemia is occasionally observed
after pulmonary surgery.®*  An investigation
of fibrinolysis following thoracic surgery in
comparison with general surgery demonstrated
a significant increase in lysis within two hours
in thoracic patients compared with a minimum
increase_in general surgery patients'* The
higher percentage of thoracic patients showing
lysis can be correlated with the high concen-
tration of tissue activator of plasminogen which
has been demostrated in the lung. Surgical
manipulation of the lung could cause a release
of the activator into the bloed stream causing
an increase conversion of plasminogen to plas-
min with a resulting increase in fibrinolysis.
As a factor t di kY
8,12,15 the lack of fibrinogen has been noted
with leukemia, carcinoma of thé stomach and
Tung and in cases of carcinoma of the prostate
with 1 t In carci of the prostate,
an actual fibrinolysin is elaborated by the car-
cinoma cells themselves.

The coagulation defect that is observed after
hemolytic transfusion reactions and after giv-
ing massive amounts of blood may be essen-
tially the same as the bleeding state encoun-
tered in other hypofibrinogenic states.3 1% 1%
18,15,18 A in the latter, activity of circulating
fibrinolysins is- an fmportant factor. These
enzymes, normally present in the blood in an
inactive form, are activated by a series of
events of which shock, hypoxia, trauma and
even bleeding itself may be listed: The bleed-
ing tendency in hemolytic reactions is due
probably to insidious - intravascular clotting
brought” about by the liberation of a powerful
clotting agent, erythrocytin, from the hemalized
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erythrocytes. As a result, hemostatic efficiency3
is impaired by utilization of all available fbrino3
gen and activation of profibrinolysin or fibrino-g
lysin. A bleeding condition may develop fromp
the transfusion of a large amount of blood evens
when it is compatible. Bank blood is likely to3
be low in certain of the coagulation factorsZ
With the transfusion of large amounts of such2
blood it has been postulated that the recipient’s)
coagulation factors may be diluted to the hem®
orthagic range.t¢ g
Treaiment. ‘The first step in treatment of
hypofibrinogenic states consists of the adminisg
tration of adequate amounts of fibrinogen.? %35
10,20 There is no present knowledge of thg
correct dosage. The usual recommendation ig
to administer 2-3 units of fibrinogen and td}
repeat in thirty minutes if oozing does not disg
appear. The clot observation test also is recg
ommended for estimating the amount of fibringg
gén therapy necessary to restore normal blood:
coagulation. By withdrawing venous bloog:
before therapy is started and at intervals dur®’
ing the course of treatment and saving eacﬁ
clot for observation, a continuous record OE
progress and response of the patient to therapy
is provided. Since the active enzyme is rapidly
destroyed and if sufficient fibrinogen is giver
to cantrol the hemorthage for a short period of
time, the process may then be reversed as thg
patient’s own protective mechanisms start lé
resynthesize the various factors involved, e
fibrinogen, inhibitors and profibrinolysin. &
If fibrinogen is not available, blood transfux
sions are indicated. The freshest blood avail
able should be used. In the absence of blood
or fibrinogen, blood plasma is indicated. IS
Proteolytic inhibitors such as toluidine blug
and klot are said to be effective in the proph§
lactic prevention of fibrinolysis.3 More r¢”
cently, the intravenous administration of 2
emulsion has been reported to inhibit circula@
ing fibrinolysins.® Cortisone also is said
prevent the activation of fibrinolytic enzymes®
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Clot observation tests were performed mé
tincly in 125 patients to assess the relationshf}
between fibrinolytic activity and excessive suf;
gical bleeding. Twenty-three of the 125 pg
tients - sampled exhibited abnormal clots antt
in two of these patients bleeding was’ trouble-
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some. In 5 other patients in whom bleeding
tendencies were evident, clot observations tests
were performed for diagnosis. The blood
either did not clot or formed soft unstable
clots with abnormal retraction. Failure of
freshly drawn venous blood to clot or to form
a normal sized stable clot is believed sufficient
evidence to conclude that a clinically significant
defect of clotting mechanism is present.

The pathogenetic mechanism of clotting de-
fects in various clinical conditions is discussed.
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