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THE PROBLEM OF OOZING DURING SURGERY

Coroner. Winniam H. Crossy; (MC) USA

Sunrcicat, oozing describes a generalized loss
of blood from the surfaces of a wound. Tt'is
a complication of surgéry which is variable in
severity, It -may be only “a slow  leaking of
blood from’ innumierable tiny points, 4 situation
which is more annoying. than dangerous; or if
the wound is large and the hemostatic fault is
severe, ‘the vozing may be so rapid and volu-
minous”as 1o frustrate -attempts to -control ‘it
and prevent the patient's death. " Tt-is not a
rare -accident and vet .information conceriing
it is fragmentary because it is-an inconvenient
subject to study. . When it-occurs in the operat-
ing room the surgeons and anesthetists are too
busy—and rightly so~to be gathering data on
the vagaries -of “the hemostatic “mechariisms.
Yet if we turn-to experimental animals we are
confronted with the unassailable” fact of life;
dogs are different from men.  Take, for exam-
ple, the fibrinolytic reaction which ean cause
oozing “in~ both species.” Hemorrhage - severe
enough to cause shock will activate the fibrino:
Iytic system in a dog but not in man, while an
incompatible  blood transfusion’ reaction ac-
tivates fibrinolysin in man-but not in dogs.- In
spite of thesé impediments .a few -things have
been learned about vozing. It may be caused
by a'number of different things, some of which
are avoidable, others correctable and still others
completely unknown. The pathogenesis of the
reaction can often be deduced from knowledge
of hemostatic mechanisms-and what happens
when they fail, “Manipulation of the hemostitic
system 18 difficult and dangerous, and so is the
treatment of ovozing.

HEMOSTATIC SYSTEM

In order to summarize what is known about
the problem of vozing it is important to under-
stand -the hemostatic “system. - First of -all a
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distinction is- made between hemostasis “and
clotting. 'When blood vessels are opened, hemo-
stasis is the total of all réactions which take
place -to " staunch the flow “of “blood.  -One " of
these reactions is coagulation, which results in
the rapid and effective conversion of fibrinogen
into a fibrin clot. = The clot, which traps blood
serum and cells in its 'web; forms a plug in the
leaking blood vessels. But even before the clot
has ‘forined the proéess of hemostasis is ander
way. As blood flows past the wounded edges
of * the vessel “platelets " become  stuck there.
Rapidly, thousands of thein pile up, narrowing
the “orifice “through which the blood is lost.
Substanices such as serotonin -escape from the
platelets and their local vasoconstrictor effect
squeezes the vessel around the platelet plug.
In small blood " vessels this- platelet plug is
enough- to  accomplish” hemostasis.” Clotting
need not be involved..  Thus it is that the
bleeding-tinie test is normal “in some people
with incoiagulable blood. A" simple puncture
of the skin for the bleeding tinte cits only the
smaller -vessels, and even hemophiliacs or peo=
ple with a-congenital Jack of fibrinogen stop
bleeding from such a wound after a few min=
utes.  But when larger vessels are. cut it is
important ‘that the clotting systemn  function
adequately.” It 4s a-complicated reaction: thé
fibrin clot-is formed by the dction of thrombin
on fibrinogen. "Thrombin is formed from pro-
thrombin™ by the  action - of - thromboplastin.
Thromboplastinis formed by injury of tissues,
especially blood platelets but other tissues as
well.” Thus the process of clotting is a reaction
three layers deep which is touched off by an
injury- such as cutting or -damaging “a blood
vessel. - The very complexity of this reaction is
a valuable safeguard. Tt is important for blood
to clot-to prevent the loss of blood: it is also
importarit - that” blood tefrain from clotting
otherwise, - The complexity of the coagulation
system prevents blood’s clotting for trivial rea-
sons. - When small_amounts of thromboplastin
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form they are carried away by the blood and
diluted ~before the -latter reactions can go to
completion.” T small amounts of thrombin are
formed, they are neutralized by natural anti-
thrombins in the plasma. ~If small amounts of
fibrin are formed there is a fibrinolytic enzyme
in the plasma which can dissolve them.. This
is only a partial picture of -the complexity of
coagulation with'its many checks and balances.
Other ¢lotting factors are involved: -calcium;
decelering “convertin, - Stewartand  Hageman
factors: and there are other inhibitors;” Be-
cause of its complexity there are many ways in
which the system can-be upset to cause bleed-
ing and ¢lotting diseases.” Sheehy and Ramos
have recently prepared a” tabular summary of
the subject.*

One further word on complexity should be
said regarding the platelet. The mechanical
role of the platelet has already been described:
how they pile up-in-the cut blood vessel to
stop the flow of blood or slow it -down so ¢lot-
ting can-occur, It has been mentioned that
the platelet is a source of serotonin which ean
sause blood vessels to- contract; and also that
the platelet can form thromboplastin, the first
reiaction of the elotting system. - In addition to
these functions the platelet causes clot retrac-
tion ‘which squeezes out serum and toughens
the clot.. It -contains ~an “antiheparin - factor
which would tend to increase the coagulability
of blood.  ~And it “has still “other “attributes.
Several years ago Seegers enumerated eleven
different functions of the platelet, rélating them
all to hemostasis.” . With functions so many
and so-various it is -not - surprising . that “the
platelet -has an important -role i herostasis
and is often implicated in the probléem of voz-
ing during surgery.

Fammure or HEMOSTASIS

The Afailure " of “hemostasis  which results in
oozing ‘may be due to difficulty at any stage
of the process. (1) There may be a failure of
platelet plugs to.- form; this” may be "due to
abnormal platelets,-it-may be due to something
interfering with platelet function ‘or, rarely, it
may be due to -an-abnormality of the blood

(2Y There may be a failure of co-
agulation due to a'lack of one or more coagula-
tion factors or to the action of -anticoagulants.

vessels,
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(3) There-may be 4 fibrinolytic reaction which
dissolves the c¢lots after they ‘have formed.

Lack of platelets results in troublesome ooz-
ing which” can be promptly stopped by only a
few platelets: ~ A platelet count- of 20,000 per
cubic milliméter-is consistent with  good hemo-
stasis provided, of course; the plitelets are nor-
mal “and “the “count”is “done by the “direct”
method.® - Th the -days before ‘platelet trans-
fusions,  splenectomies” for “thromboeytopenia
were -done-with platelet counts below 10,000,
and it was remarked that alimost simultaneously
with elamping the splenic pedicle the oozing
would stop:** - The platelet count was already
on its way up. - Several vears ago at Walter
Reed a dramatic lesson on the valie of a few
platelets  occiirred  with “one of our “first at-
tempts “at platelet transfusions.” “The patient
was -a child ~with thrombocytopenia - whose
spleen was to be removed. ~Her platelet ¢ount
was about 1,000. A transfusion of :viable plate-
lets” was plarined to “carry “her through the
operation. The blood was “platelet rich” from
a patient whose count was more than a million:
Typing and eross-matching were done-the day
before, “and -on- the morning - of surgery - the
donér was bled ‘and - the plastic ‘bag of blood
wis carried to the operating room still -warm.
The patient ‘had alréadyv been draped and the
Hematologist working “under the drapes “had
trouble getting -the mneedle in-a vein. “While
he was working the sirgéon made his incision.
The wowid began to-ooze rather briskly; wiped
dey, it quickly filled -with“blood “again and -t
was finally packed with “a hot towel-urtil “the
transfusion was started.  Then the towel was
removed. The oozing immediately  recurréd,
but this time when the wound was wiped dry
there was no more 0ozing.

Abnormal ~ platelets  are “enicountered - in - a
variety of hematologic conditions. ~ The plate-
et count may be adequate or even-greater than
normal but the platelets themseélves dre inade-
quate for one or another of a variety of ‘rea-
sons." - Hemostasis is faulty and thére may be
oozing during or after surgery. - 'This “abnor-
malityof “platelét behavior occurs in the pur-
pura-associated with a congenital platelet in-
adequacy but more commonly it is encountered
i the “mveloproliferative - diseases “such " as
chronic “granuloevtie” leukemia, “myelofibrosis
with “mveloid “metaplasia, thrombocytosis and
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polyevthemia “vera.  An especially difficult
situation occurs in the latter disedses where the
platelet count ‘may be high.” Here the tend-
ency to ooze may be associated with a tendéncy
to thrombosis-and surgery carries a high risk.
Wasserman has emphasized the importance of
establishing control of the hematologic condi-
tion if ‘possible before surgery iy indertaken.”
Where the platelét count 'is normal or low the
problem of “oozing ‘mav -be “c¢ontrolled “tem:
porarily by - transfusions - of -viable  platelets.
Osgood, in discussing the management of pa-
tients ~with “¢chronic -~ granuloeytic leukeémia,
strongly advises that surgery be avoided when-
ever possible.®  This is-sound advice and ap-
plies equally to all of this group of diseases.
Alteration of platelets may interfere with their
function i _such a way.as to” cause vozing.
Dextran, for example;, is able to do this in some
people.  Several -vears ago-a study of -this
plasma substitute was undertaken at Walter
Reed to determiine what happened to protein
metabolism when dextran wag substituted for
a portion”of the plasma proteins. Tt was a
chronic experiment and involved the -injection
each day of dextraninto a group of volunteer
recipienits. . One of the-volunteers developed
an infected wen requiring incision and drain-
age.. Following opeiation the wound “bled all
afternocon, - This led to an"investigation of the
effects of dextran-on hemostasis which demon-
strated that the most important” alteration in:
volved the platelets.? " “Evidently the thread-
like molecules of dextran form a coating on the
platelet and prevent-its functioning properly to
plug the cut end of blood vessels. The bleed:
ing time was prolonged in"about 25 per cent of
normal volunteers who received . a liter of one
of the commercially available dextran solutions.
About 5 per cent of these volunteers had 4
prolongation . of bleeding time greater than 30
minutes. ' ¥ -~ The clinical significarice “of this
phenomenon " is obséured by several factors.
Individual “susceptibility “is one: only a few
people are véry susceptible. Dose 1is ‘another:
the concentration of dextran in plasma miist be
about 2 per eent before the bleeding time be-
comes - prolonged. - The “time interval is im-
portant: in" manyv people the  bleeding time
does not become prolonged for several hours
after- dextran “has been given. Theé platelet
count is of eritical significance.™®  Even a-mod-
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erate depression of the-plitelet goiint 1§ étivugh
to-increase susceptibility. Consider this in-a
surgical ‘context. . "During “operation a patient
develops unexpected severe bleeding, He is
given a transfusion of a large amount of stored
blood in which theére are no viablée platelets.
His platelet count is lowered by dilution with
this blood. ~ When all the stored blood in the
operating room-has been used a plasma sub-
stitute is called for, and after several units have
been infused oozing begins from all portions of
the wound.” There is a persistant and massive
loss of blood. It may be added that this is not
a- hypothetical ~construction of - a. sugical
“atastrophe:

At the present time all new plasma . substi-
tutes -are studied -for-their effects. on hernio-
stasis.  Gelatin, serum’ albumin and polyvinyl-
pyrrolidone (PVP) of those commercially avail-
able; did miot cause an important prolongation
of bleeding time when tested in volanteers:"

Rarely an abnormality “of the blood véssels
may be responsible for a tendency to bleed. 1

At the beginning - of - this-discussion it was
noted “that oozing may ‘be mild and a self-
limited phenomenon, or it may be massive and
catastrophic.” In general these two degrees of
oozing may be divided on a pathogenic basis,
Recall that small vessel hemostasis is a platelet
funetion “and “blood “coagulation need rnot be
involved. . The “milder” variety -of “oozing is
usually related  to-an inadequacy of platelet
function, Hemostasis 7 larger vessels réquires
a - funictionally “adequate  clotting - riiechanism
and ‘when “this fails “the ‘resulting oozing ‘may
be difficult to _control. ~ The failure of hemo-
stasis consequent to the action of “fibrinolysing
m-dissolving the clots already formed is a com:
parable problem.

Failure of coagulation may be die to a lack
of clotting factors or to the action of ‘coagula-
tion inhibitors.  Because the coumarin drugs
are extensively used in-the treatment of throm-
bocrmboelic” disease” “dicoumaralization” -is not
an ~uncommon - problem in the “preoperativé
management’ of “patients with “such diseases.
These -drugs reduce prothrombin activity by
inhibiting” formation of prothrombinand pro-
convertin by the liver: “Actually; in the manner
in_which  they are genérally employed they
seem to have little effect on normal hemostasis,
This iy -exemplified by the experience of one
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of the physicians -in our laboratory who-had
taken dicumarol to study its effects: . One day,
while his prothrombin activity was quite low
lie aceidently cut his hand, a severe laceration
that severed several vessels and tendons. - Be-
fore he arrived at the hospital the bleedirig had
stopped - spontaneotisly. . The effects .of " the
coumarin drugs can be antagonized qoickly by
injection of 'vitamin K, but if this substance is
used (it should be with care.™ - Patients are
given - coumarin - drugs - because they have
thromboémbolic  disease; and  a release from
the effects of the driig may be followed quickly
by -anather thrombotic episode: This -is espe-
cially ‘prone to happen after operation”when
even normal peoples’ blood is likely to be hy-
pereoagulable: -Tt-is advisable not to-attempt
to restore prothrombin activity to the 100" per
cent level,

The normal deficiency of coagulation factors,
such” as~encountered "in the various kinds of
hemophilia, is-a_more serious problem: - Usiless
these - people “are “adegiately - prepared  they
bleed during opération and continue to bleed
afterward. - The surgeon is usually -alerted by
a history ‘of ‘excessive bleeding.~ Then a diag-
nosis c¢an be made and the required plasma
factor .can be transfused into the patient, either
as blood if whole blood is needed, or ag plasma.
In preparing patieiits with classical hemophilia
it is essential that the blood orplasmi be fresh
or- the plasma freshly frozen and that the re-
placement be adequate both-in amount and
duration. - Antihemophilic: globulin has a short
life span in the ¢circulation $o it is necessary to
repeat’ the transfusion at least daily, well “into
the postoperative périod, vntil healing is ade-
quate to preclude bleeding.*¢ Rarely a patient
with - hemophilia is encounteréd -who ‘not only
lacks the essential elotting factor but alse has
developed - in inhibitor - which prevents  the
transfused material from helping him.. Ti one
such patient we were tmable; even by -what
amounted to exchange transfusions, to estiablish
adequate hémostasis: -~ Operation-in this case
had been undertaken to evacuate a hematoma
which threatenied logs -of the patient’s leg.In
this “instance the ‘patient”had ¢oncealed - hig
hemophilic background from the surgeon.

Inhibitors  of ~coagulation such as heparin
probably have multiple ‘effects uponi the clot-
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ting systein, .but -their -main-activity _is" anti-
thrombic.2™ " Orice “again it -is important to
distingiish between interference with coagula-
tion and hemostasis. A" patient’s -coagulation
time - may be greatly “prolonged - by lieparin
without” impairing hemostasis. 1t is-this for-
tuniate  dicotomy “whichi permits _the wse ol
heparin to-prevent codgulation when extracor-
poreal -circulation is used asTan adjuvant o
operi-hedart surgery. More of this-later]  The
antienzyme effects of heparin-depend upon the
strong negative charge which the molecule car-
res and thereby it is possible to antagonize
heparin by substances sueh as” protamine and
toluidine -blue which have -a -strong positive
charge. . Naturally  occurring - anticoagulants
which cause a tendency to bleed “are rarely
encountered

Fibrinolysin (plasmin)-i§ an enzyme of the
plasma which -is ‘capabla .of proteolytic -diges-
tion of fibrin and fibrin clots.'® "It is nornially
present in the plasma ag an inert proenzyvine,
profibrinolysin, which can be activiated by cer:
tain tissue factors (“fibrinokinase™) and by bace-
terial extracts - (streptokinase) or-byv treatment
of plasma in vitro -with chloroform or even by
dilution with water.. There are also natural in-
hibitors of fibrinolysin, - Thus we have a svs:
termi~which ™ seems to approdch in complexity
the-clotting mechanism. Like “the “clotting
mechanism this fibrinolytic svstemis & valitable
protection to the organism. but it is -also dan-
geraus. One suspects that this powerful en-
zymie is confined by a -complex system of ac-
tivators and ‘inhibitors to prevent its being too
casily provoked.

Fibrinolysis may be -responsible for -a-tend-
ency to persistant bleeding not onlv when the
normal proenzyme has - beenactivated, bt
also when; as in certain- malignant “diseases,
there -develops an-abhiormal protéolvtic en-
zyme . Fven spontaneons” bleeding and “a
prirpuri¢ state iy occur in patients with cars
cinoma of the pancreas or prostate. - The dan-
ger-of “active Hbrinolysin during -opération lies
in the destruction of fibrin ¢lots. When clots
dissolve the loss-of blood is unimpeded.” Since
this s apt'to be a generalized reaction; all ves:
sels in-the wound bleed dat-once,  There-is
probably -an attempt to form néw clots, but if
the active -enzyme peisists the fibrin dissolves
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as fast as it forms.  The fibrinogen concentra-
tion falls as fibrinogen™ is consumed -arid “it is
ofteni reduced to levels which are critically low.
Normal fibrinolysin is activated by-a variety of
agents but-in-surgical situations the precipitat-
g factor “often follows ‘embolism. - The ¢o-
agulation mechanism is” provoked intravascu-
larly by escape of thromboplastic material such
as amniotic fluid 2 or by the “hemoclastic reac-
tion” which is associated, for “example, with
incompatible - blood “transfusion.®t” The treat-
ment of this ¢atastrophic¢ condition is transfu-
sion”of “fibrinogen,?2 1t is" best to use the
fibrinogen fraction rather than plasma itself
because it 1§ necéssary to ‘inject about 5 Gm.
of the active material, ‘and this would require
the administration of ‘about 2 liters of plasma.
It has been suggested thait the albumin fraction
of ruman“plasma may be of value in these
crises because the fraction ‘may contain a nat-
ural inhibitor of fibrinolysin.®® -Other inhibitors
of - proteolytic ~enzymes—such as ‘soy bean
trypsin inhibitor—have been proposed and even
tried, but without notable benefit: the complex
which these materials form with the enzyme'is
casily broken.

Multiple -defects of -hemostasis' may exist
simultaneously in ¢ertain diseases: Cirrhosis of
the-liver is one of these: ** the platelet count
may be low and the platelets somewhat abnor-
mal, prothrombin “activity ‘may be diminished
and only partly: corréctable by vitamin K, the
fibrinogen concentration may -be lower than
normal and fibrinolytic ‘activity may” be pres-
ent,” ~ Operative and - postopérative -bleeding
mayv be a serious probléem in somé of these pa-
tients who undergo “operations for porta caval
shuiit.” Since it is'a complicated problem which
may-require several kinds of “therapy—vitaniin
K, platelets; fibrinogen, whole blood=it is rec-
ommiended that each patient be given a com-
plete ‘hematologic survey prior to operation.

COAGULATION IN VIVO

The dynamic system-of -coagulation cannot
be well understood by obseérving its”behavior
only in the test tube. - Blood in a tubeis either
clotting or the coagiilation system-is held static
by “an anticoagulant. However, the clotting
system - in vivo exists ina state of -dynamic
equiilibrium.2* . All of the components are con-
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tinually changing. - Consider. the platelets for
example: their life span - is probably about 12
days and thus ‘about 8 per cent are normally
destroyed each day.  Or prothrombin: some of
the fast-acting coumarin” drugs cause the pro-
thrombin level to fall within 24 hours. ~They
do this, not by destroying -prothrombin, - but
entirely by inhibitinig its production, - This rate
of ‘fall indicates ‘how quickly that particular
globulin i§ replenished in the plasma. During
this normal replacement of clotting constituents
theére may ‘be a certain-amount of ‘interaction
between them. - The destruction of platelets is
associated with' the release of some thrombo:
plastin. -Perhaps most of it is prevented from
acting by dilution ‘and inhibition by antithrom-
boplastin, but there is some activation of pro-
thrombin- to form - thrombin. Fver in normal
blood there is to be found some thrombin pres-
entin - an inactive form combined with anti-
thrombin. In hypercoagulable ‘states such as
those associated ~with postoperativeé thrombo-
embolic accidents the amount-of this thrombin:
anitithrombin complex ~is “increased.2® This
strongly . suggests that the  hyperéoagulable
stateg are associated with an increased rite of
replacement of the clotting factors, . There is
an-increased tendency to intravascular coagula-
tion which is held in check by the natural in-
hibitors” and -other ~saféguards against intra-
vascular . clotting “such”as “autogenous -heparin
and activation of fibrinolysin. - This concept of
the .dynamic equilibriumi of the  coagulation
system is an important one for our-discussion,
because some of ‘the outstanding examples”of
oozing -during- operation” occeur” when “the " dy-
namic -equilibrium’ is” disturbed.

Heamocrastic REacTiON

“Hemoclastic - reaction” is' the name that
Widal gave to the acute syndrome which he
observed ‘when he induced a hemolvtic crisis
in patients with paroxysinal cold hemoglobinu:
ria.®” It has since been discovered that “the
syndrome is not confined to the orises of 4 sin-
gle rare disease.” It may be induced by a wide
variety of physiological ‘insults to-the circulat:
ing blood, and with only a few of them=such
as” hemolytic transfusion - reéaction—is~ hemo-
globinuria a part of the picture. Theé reaction
hasbeen studied “both in” man~and - indni-
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mals 212930 The severity of ‘the hemoclastie
reaction may vary tremendously - depending
upon the gravity of the injury and to sorie éx-
tent upon -individual susceptibility - of the pa-
tient: " In d reaction of moderate severity the
pattern may be described in two parts: the sys-
temic and the heématologic, - In-the ysteriiic
part theré is a chill followed by fever, the blood
pressuré” rises -shortlyand then falls even-to
shoek levels: There may be pain such as heéad-
ache, backache, c¢hést-pain with cotighing, ab-
dominal pain - with” borborvemy ~and  diarrhea,
even bloody  diarrhea. - The hematologie pic-
ture shows-a temporary leukapenia and in some
casés hemolysis, bit the fascinating and dan-
gerous reactions tike place in the coagulation
system. . The platelet count is reduced abruptly;
the prothrombin activity is “decreased and 5o
is fibrinogen “¢oncentration. . Yet: while all of
these -coagulation factors are decréasing, the
clotting time of the wholé blood becomies short-
ened: - At-first glance this appears paradoxical:
that increased cougilability oecurs-with a lack
of clotting factors. Actually the overall pic:
ture” is - the refloction of “an . attempt”at intra-
vaseular coagulation. ~ The platelets are injured
and “they form ~clamps “which ~become small
thrombi-and emboli. The platelet count falls
whilethe damaged platelets form  thrombo-
plastin. . The “consequent” activation of ~pro-
thrombin not only reduces residual prothrombin
activity ‘but it also shortens the ‘clotting time:
the process “of coagulation has already bégun
as an”intravascular “pheénomerion. When we
withdraw a samiple -of ‘blood and measure-its
clotting time i the tube we withess only the
end of the process and, naturally, only a ghort
time is required. Foomation of fibiin also tikes
place in vivo and ‘the fibrinogen~ level {ally.
Tliere-is probably -embolism of fibrin shreds as
well as platelet. clumps. The manifold symp-
toms—pain, cough,  diarrthea=are - probably  a
consequence of the shower of emboli; " Very
severe redactions provoked ineéxperimental ani-
mals produced fatal thromboembolic” damage
in" the hings and’ intestine.#?

This is not the énd of the hemoclastic reac-
tion: " The forces tending to cavse intravascular
coagulation are opposed by others which pre-
vent it Shortly after the onset of hemoclasia
the fibrinolytic system becomes activited, dnd
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it may become intensely active,  The clotting
time, which was shortened; gradually ‘returris
to normal and then becomes prolonged, prob-
ably the result of - a release of Jautogenous
Heparin.” -At this point, imagine such a patient
on - the operating table: His ‘platelets have
been destroved or sequestered, the fibrinolvtic
system is inteniselv active and his blood is rela-
tively “incoagulable " because of “the heparin.
Under these conditions Bleeding is likely t6 be
severe if not uncontrollable,

Many kinids of ‘material introduced into ‘the
blood stream can evoke the hemoclastic reac-
tion. . Particulate matter such as finely-ground
quartz,” peptone, killed  bacteria “are sorme of
the things which” hive been used -experimen-
tally. As - complication of “human surgery
incompatible blood “triinsfusions are probably
the comimonest canse of hemaclastic reactions.
We have also seen it in-patients with abdom:
inal-'wounds where there is massive contanyina:
tion of ‘the peritoneunm.® . The open-end-lym-
phatics which normally Serve to keep the peri-
toneurm “clean, pick up anddeliver into -the
bload an - overwhelming amotmt of “bactéria
and “other - matter. - In “obstetrical - patients
amniotic - fluid embolism catises 4 similar cata-
strophiic” disturbanee of “hemostasis.  Presuim-
abily; the foreign materials behave as thrombos
plastin to start- the cvele of platelet clumping
or “blood “coagulation, -or-both.Tujiry of the
lung is capable of initiating the same sort of
reaction. The devastating hemorrhage which
may coimplicate pulionary surgery has been
studied. by Soulier.®  During these operations
there appears to be someé activation of Rbrino-
vsin even when thé hemoclistic feaction is not
evoked, which suggests” that manipulation” of
the - Tung mny liberate “fibrinckinase.” this in
addition to thromboplastin:

The ~appearanice of a hemoclastic reaction
during”operation is usually .accompanied by a
deterioration of the patient’s circulation. The
blood: pressure falls and at the same time 0oz
ing beging: Thé loss of blood ‘may be-serious
enough-to contribute to the circulatory instabil-
ity: . On the “other “hand, the fall in pressure
may - be ssuflicient to- prevenit bleeding.” The
concurrence” of ‘oozing and hypotension should
suggest the possibility “of “a hemoelastic reac:
tion and the situation should: be sarveyed im-
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mediately. Tt is advisable to discontinue all
mfusions and transfusions until it can be ascer-
tained whether or not they are involved. In
case “of -an incompatible transtusion reaction
the oozing blood may demonstrate granularity
due to clumping of “incompitible ved -cells.
This may be seen better by picking aip some of
the blood .on the flat- of a-scalpel blade. ~The
bleedingis difficult to" control. - Mechanical
hemostasis by clamping -is “usually ineffectual,
but packing ‘and pressure may ‘partially “stop
the bleeding. ~The intravenous injection - of
fibrinogen solution is the best means we have

of ‘counteracting the fibrinolysin,

In addition to controlling the bleeding; treat-
ment of the hemoclastic reaction requives; first
of “all; “stabilization of the circulatory system.
Blood transfusion is indicated even though the
causeof the réaction was an _incompatible
reaction. " Also, there ave - some
things ‘to_aveid. . Dextran should not be used
becavise of [its -effécts on hemostagis. - Anti-
histamines are of no value; they are uselul ‘in
urticarial transhusion rédetions but not in the
incompatible reactions.” Il liemoglobinuria-is
a part-of the reaction do a0l give sodium bi-
arbonate, soditin Tactate “or -any Usubstanee
containing sodium: it doés not assist-the kidney
to excréte hemoglobin, and if real insulliciency
develops the sodivim adds to the patieit’s phys-

transfusion

iological embarrassment.

Br.oon TRANSFUSIONS

Blood transfusion is related to oozing in ways
other than by iiicompatible reactions.  Modern
surgical techniques have required several mod-
ifications of the ordinary use of ‘blood transfu-
sions and - these -are likely, for one reason or
another, to ¢ause ~disturbances of "hemostasis.
Massive -blood transfusions are sometimes re-
quired as an adjuvant to extensive surgery.®®
35-58 7 “When - multiple ~transfusions_are “given
-apidly the platelet count falls.  The patient’s
blood “iay be repliced by stored blood in
which-thére are no viable platelets. But this
is riot the only Tactor. Even thé use of fresh
blood -with viable platelets is accompanied by
some Jowering -of the platelet - count.*  Only
rarely- does the count -fall ‘enough to “permit
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bleeding, and in cases-of serious bleeding one
suspocts that a hemoclastic redction has somie-
how been provoked. " In Korea, where massive
transfusions of fairly-old -blood were used, the
surgeons encountered a mild or moderate ooz~
ing after about twenty pints of blaod had been
given.®® At this time the platelet county were
ot sevously reduced, and platelet function in
The bleeding time was
The oozing was more
The
hemostatic fault=whatever it ‘may have been
due to-awas promptly self-limited:

The citrate used “as the “anticoagulant -in
stored blood is often mentioned “as a possible
cause of ‘bleeding when large transfusions ave

vitro was satisfactory.
moderately prolonged.
a cause ‘of winovance than of concern.

given rapidly. Professor Soulier once encoun-
tered a patient who diring operation wias given
gitch o transtusion and developed generalized
bleeding. The patienit’s blood was found to be
incoagulable due to-lack of Honized “ealcium—
a result-of the citrate infused . However, this
is -4 rarety. . Other citrate effects such ag pro-
Iongation of “ST Tinteival in the electrocardio-
gram or _hypotension would appear-before the
cialeium level ‘Became low “enough to prevent
coagulation..” In some of the Korean wounded
A persistant hypotension was corrected by ad-
ministration of -caleium gluconate, It has been
caleulated that eitrated blood ‘must be given a
normal adult at a steady rate of-500 to 600 ml.
per five minutes in ovder to approach undesir-
ible levels -of citrate "in the plasma.* - There
arc certain conditions -under which  citrate-
induced hypocaleemnia may be a problem: 10,41
(1Y the patient with liver disease who cannot
metabolize the citrate rapidly; (2) the young
infart whose ability - to metabolize citrate- is
simnilarly dmpaired; (3} clamping the aortain
the thorax or high in the abdomen; (4) hypo-
thermia: - (5) anuria which prevents excretion of
citvite, and (6) 1se of citrated blood for-extra-
corporeal ciréulation; when the machine is at-
tached to the circulatory system there may be
an abrupt drop of ionized calcium in the pa-
tient’s blood.** The administration” of caleium
chloride solution has been recommended: a10
per cent solution giverninitravenously slowly up
to 1O -ml.#0
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ExtracorprorieAr  CIRCULATION AND
HyproTHERMIA

Extracorporeal circulation; involving “dialysis
machines -or _pump-oxygenators, requires the
use of “supplemental blood to fill ‘the  equip-
ment, it requires the use of heparin to prevent
coagulation and it subjects the circulating blood
to a severe and -unnatural trauma*” The
platelet count is .depressed by -dilation” and
physical damage: - All of these factors would
seem to summate tothe detriment of the hemo-
static system, yet oozing i not a problem un:
less the situation is further complicated.  Pa-
tients with" severe uremia, for example, have
a predisposition to bleeding which s not well
understood.** . Hemostasis in- sufgical patients
with uremia is often difficult,*s yet hepariniza-
tion and the “insult incident to hemodialysis
does niot appear to make the bleeding worse,
On' the ‘other hand, establishment of ditresis
does  not immediately correct the bleeding
tendency. The pathogenesis of this inclination
toooze and measures to correct it are unknown,
Congenital malformation of the heart with ¢o-
incidernit . polyveythemia is -ancther symptom
complex -in -which a bleeding tendency may
complicate operation” and. the useé of extracor-
poreal circulation.®% +7 . These patients exhibit
acombination of thrombocytopenia-and fibrino:
genopenia in the presence of a high Hematoerit,
so there is a-faulty clot retraction: some have
a - diminished -~ prothrombin - activity “as - well.
When these abnormalities are complicated at
operation by the use of heparin, hypothérmia
and large transfusions, a tendency to coze may
be encountered.”” The-problem is more serious
in adolescent and adult patients than i chil-
dren. It is recommended that these patients
be transfused - at operation ‘with fresh -blood
containing viable platelets. -~ After hypothermia
their wounds should not be closed until the
blood  pressure and body temperature have
been restored in order to observe and “corréct
bleeding which 'may have been miasked by the
hypotension.

Hypothermia is another adjuvant of surgery
whicli is capable of disturbing the hemostatic
system. . Deep hvpothermia~ (207°C) in dogs
is -accompaiied by -a lowered platelet” count
and oozing during operation.*® The oozing is

Anesthesiology
Sept.~Oct,; 1959

not” ~copious because blood circulates” very
slowly “at that temperature: Upon rewarming
the .animal “the platelets, which “have  been
sequestered in -the liver and ‘spleen; reappear
in the blood.*®  These changes have not been
observed in human surgical patients when the
bady temperature is reduced to" 28-30"C.,5
but certain faults -of - the ¢lotting  mechanism
have been observed in-hvpothermic ¢hildren,
These changes réverted “to wnorinal after the
body temperature was taised.” "When the tech:
niiques” for “hypothermia” are improved  lower
body temperatures” will become feasible -and
the - “platelet “problem” “inthe " hypothermic
human will require further study.

PREVENTION AND TREATMENT OF Oozing

Preparation for -operation "is important - to
prevent operative and postoperative -oézing in
patients in-whom it is possible to anticipate
such complicition. Where thére is a lack of
a clotting factor, as there is in hemophilia ‘and
similar diseases, arrangernents must be made for
adequate replacement therapy during and after
operation. ' - With™ thrombocytopenia,  plate-
let transfusions. or transfusions of fresh; plate:
let-rich blood should” be “availables=5¢ ¢ ig
Important to” realize that at the present time
there are -no” platelet substitutes of ‘value -and
stored or dried platelets may be slightly worse
than nothing “at all:5 " There are certain’ dig-
ases which- are often associated with multiple
faults “of “the “hemostatic mechanisni: polvey-
themic heart disedse and cirrhosis of the liver,
both- disciissed earlier, are examples. - Trouble
should be anticipated and prépared for by-a
thorotigh preoperative - evaluation of - the pi-
tient’s - hemotologic status “and correction  of
such deficiencies as can bé ectrected, - Where
the possibility of a fibrinolvtic reaction exists—
as in pulmonary “surgery, abruptio  placenta
with -amniotic fluid embolism, cancer of “the
pancreas—adequate — amounts  of = fibrinogen
should be on- hand; stored in"a refrigerator in
the -operating “rooi or the delivery “room.
Fibrinogen ~for intravenous injection - is~ po-
tentially infectious so that 20 to 25 per cent of
patients who receive it develop clinical hepati-
tis. . Therefore, such” fibrinogen preparations
should not be used without due regard for the
tisk involved.. Prophylaetic administration is
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unjustified.. Serious, unexpected ‘or accidental
compromising “of thé hemostatic mechanism “is
almost always associated with deterioration of
the patient’s ‘general eondition; ~ The reaction
is usually a shocking one; and depending upon
the depth of anesthesia there may be - other
evidence of distress: shivering, incontinence, or
opisthotonus. - While appropriate measures are
taken to “stop ‘the bleeding and stabilize the
circulation, as discussed earlier, one must also
obtain and preserve materials to documeént the
reaction” and the diagnosis: samples of “infu-
sions which were ‘administered to the patient,
specimens of blood for eross-matehing, ¢oagu-
lation studies; blood counts and plasma hemo-
globin. - The urine should alse be saved.

One should be careful about the fluids and
electrolytes administered “at this time.  Anuivia
diie to lower nephron nephvosis is a commoii
sequel in the patients who siirvive this sericis
reaction.” hidiseriminate infusion of witer and
sodium is to be avoided.  Alkalinizing the urine
is ‘of nmo value in hemoglobinuria, and large
volumes of water will not induce a divresis in
such damaged kidneys.

Tar Fururg

Future studies “on the problem of oozing
during surgery will involve more investigation
of hemostasis actually conducted during opera-
tions where oozing is likely to develop.®s Thev
will “include careful evaluation of new  pro-
cedures such as deep hypothermia, mentioned
above, which may injure the hemostatic “sys-
tem.” New therapeutic agents used i surgical
patients should be investigated before thev ireé
assumed “to be free of harmful effects on
hemostasis. A good example of this is the-in-
vestigation of - intravenous - lipids - which " has
demonstrated -that -these materials may cause
profound changes both in mien 5 and in dogs."
Even those materials which we usé with more
assurance . occasionally produce 4 tremendous
reaction “in_apparently normal people, as de
Nicola®  found when -he used an Américan
dextran. ~ His object had been to study pro-
longation-of the bleeding time; but the infusion
precipitated a profound  fibrinolytic reaction.
Improved mearis of ‘treating the erises of bleed:
ing will becorne” available to the surgeon and
the anesthetist. . One of the most valuable will
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be ‘prolongation of the storage life of blood
platelets so that large amounts could be trans:
fused as needed. There is as yet no indica-
tion that freezing platelets may prove a feasible
means of storage.  The paradoxical reaction” of
a bleeding state which: results from hyperco-
agulability "hds been- discussed above. " Treat-
ment of these conditions by means of anticoag:
ulants seers a further parados,” but theré is
evidence to suggest that such- therapy may
prevent severe damage,®t 80

With végard to any studies  of “hemostasis
which may be proposed or any claims which
may be advanced one is well advised fo-main-
tain -a position of conservatism regarding tweo
points: (1) The extrapolation of animal studies
into the human situdtion. . While the $tructureé
of “the  Hemostatic - systems is” fundamentally
the same, the behavior is likely to vary. (2)
The use of “clotting agents” to treat bleeding-
states. Over the “past 30 -vears dozens of
substances have come and gone.. Tissue jiices;
vegetiable extracts; platelet powder, ¢hemicals,
dves, hormones and marrow, all at one time
or_another have been suggested as the treat:
ment for bleeding, but none Has Tived up to
its billing. Some day we may find a good,
all-purpose hemostatié agent, but when we “do
a healthy scepticism will not interfere with’its
usetulness.

SUMMARY

Oozing at operation reflects an - inadequacy
of the hemostatic svstermn which mav-be due to
many -causes. Where Jit -occurs - accidently—
not as-a specific deficiency as in hemophilia or
with a metabolic disease such as nremia it is
usually self-limited. . Tt-is not alwavs a serious
or life-thréatening event, 567 it is best to detor-
mine the severity of the reaction” before at-
teripting heroic measures for treatmient of the
patient,

When- it7is known that the patient has - a
lack of some coagulation factor such as plitelets
or antihersophilic ‘globulin, adequate réplace-
ment should be accomplished prior to surgery.
Patients who have diseases such as cirrhosis or
polyeythemia should be evaluated carefully so
that the magnitude "of the risk s understood
and the patients prepared as well as possible.
Well-controlled “anticoagulation, as with  dicii:
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mirol,
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is niot of itsell a serious threat to ade:

quate hemostasis, ‘anid one should consider the
risk “of “thromboembolic” disease before hasten-

ing  tocorrect” the  prothrombin activity in
surgical patients.

Certain operative -aiid auxiliary procedures
(extracorporeal cireulition,

deep hivpothermia)

frequently invalve cunngh altération of Tiemo:

static “elements to canse vozing.

This usually

does riot represent-a serfous fault of henmostasis,

Dangerous,

massive oozing - is almost dni-

formly attended v abrupt deterioration of the
patient’s. general condition with- development
of shoek or instability of the circulatory svstem:
Corrective measures must be prompt and ap-

propriate,

At the same time provision should

bemade for diagnostic procedures and baseline
studies in-order to support the patient better
duaring the périod of recovery.
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