
Practical control of 
hemostasis 

Hemostasis is a tripartite function depending on 
vascular integrity, platelet function, and coagula-
tion factors. Bleeding represents a defect in hemo-

Norig Ellison, M.D. stasis, and abnormal bleeding represents blood loss 

Philadelphia, Pennsylvania i n e X C e S S ° f w h a t C O u l d b e expected in a given 
patient at that stage in the procedure. For example, 
during cardiopulmonary bypass the hemostatic 
mechanism is essentially totally paralyzed by hep-
arin and that is to be expected. Following bypass 
termination and heparin reversal, total hemostatic 
paralysis is not to be expected and would require 
evaluation and treatment before the chest could 
safely be closed. Evaluation of abnormal bleeding 
must include an examination of all three parts of 
the hemostatic mechanism. 

This review is divided into four parts: (1) preop-
erative evaluation; (2) intraoperative period, pre-
bypass and intrabypass; (3) intraoperative period, 
bypass, and postoperative period; and (4) an ap-
proach to the bleeding patient. 

Preoperative evaluation 

T h e best method for detecting hemorrhagic dia-
thesis is a properly taken history. One of the most 
important items to be checked in the history is the 
hemostatic response to a prior surgical experience. 
With respect to any bleeding episode, the history 
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should establish severity, site, duration, 
and etiology as well as similar episodes, 
age at onset of symptoms, family his-
tory, and any related information the 
patient may think relevant. Especially 
important in the history is a detailed 
record of drug ingestion. In addition to 
asking about the use of aspirin, drug 
history should include details about oc-
cupation and exposure to toxic agents 
or ionizing radiation. The age at onset 
is an equally important clue with bleed-
ing problems starting in infancy or early 
childhood, suggestive of a congenital de-
fect. 

Physical examination may detect ev-
idence of a hemorrhagic diathesis. Pe-
techiae or prolonged bleeding following 
superficial t rauma are usually due to 
vascular or platelet abnormalities. In 
contrast, the subcutaneous bleeding 
that occurs in deficiencies of coagulation 
factors is usually an ecchymosis as op-
posed to discrete petechiae seen with 
vascular or platelet abnormalities. He-
marthrosis or deep bleeding into mus-
cles is more likely to occur with a coag-
ulation factor deficiency. 

A screening coagulation profile on 
any patient scheduled for cardiovascu-
lar surgery, or any patient whose history 
is suggestive of hemorrhagic diathesis, is 
essential. One such profile includes pro-
thrombin time (PT), activated partial 
thromboplastin time, platelet count, fi-
brinogen level, and bleeding time. In 
the operating room a baseline whole 
blood coagulation or an automated ac-
tivated coagulation time may be per-
formed. Although the yield from such a 
profile may be low, the advantage of 
not having to include a preexisting de-
fect in the differential diagnosis of a 
bleeding disorder that occurs intraoper-
atively justifies the effort. With a nega-
tive history and a normal screening co-

agulation profile this is a valid assump-
tion.1 

The first step in laboratory analysis of 
hemostasis is obtaining a blood speci-
men, which must be done with the same 
attention to detail as performing the 
actual test. Venipuncture should be ac-
curate and atraumatic to avoid intro-
ducing tissue juice. One way to insure 
this is to use a two-syringe technique in 
which the first syringe is discarded after 
2 ml is obtained; a second syringe is 
attached to the indwelling needle to 
collect the sample. An alternate ap-
proach is the use of indwelling arterial 
or central venous lines. These lines may 
contain heparin flush solutions; the fre-
quent contamination of samples of hep-
arin has prompted many laboratories to 
proscribe samples for coagulation tests 
being obtained from such lines. This 
proscription is not necessary if samples 
are collected with the same attention to 
detail as with venipuncture collection. 
It is particularly important to withdraw 
an adequate aliquot before collecting a 
sample. In an arterial line with a dead-
space of 2.0 cc between patient and 
sampling port, withdrawing 4.0 cc be-
fore collecting the sample will eliminate 
the chance of heparin contamination.2 

Additionally, the use of indwelling lines 
around which hemostasis has been se-
cured will obviate the need for veni-
puncture, with its attendant introduc-
tion of another defect in vascular integ-
rity. 

An increasing number of mechanical 
devices are available to perform coagu-
lation tests, with the end point being 
measured by electrical, magnetic, me-
chanical, or optical methods. Although 
these machines have the advantage of 
reducing human variability in a given 
test, they are more expensive except in 
large volume laboratories. However, an 
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automated activated coagulation time 
device, and a machine for measuring 
thrombin time are being used in the 
operating room with success.3'4 

Intraoperative period, prebypass and 
intrabypass 

The use of heparin to prevent blood 
from clotting on exposure to the foreign 
surface of the heart-lung machine is es-
sential. Bull et al5 clearly showed the 
value of individualizing heparin dosage 
when they demonstrated a threefold 
variation in patient sensitivity, i.e., the 
degree of prolongation of coagulation in 
response to a given dose of heparin and 
a fourfold variation in heparin decay 
rates. The administration of heparin via 
a central line, aspirating before and 
after the heparin injection, and dem-
onstrating the heparin effect with some 
coagulation parameter are recom-
mended to insure that the potentially 
lethal complication of intrabypass clot-
ting does not occur. 

What constitutes the therapeutic 
range for cardiopulmonary bypass re-
mains controversial. In long-term use of 
the extracorporeal membrane oxygena-
tor for treatment of respiratory insuffi-
ciency, there is minimal introduction of 
damaged tissues or tissue juice into the 
circulation, and an activated coagula-
tion time in the range of 180 to 200 
seconds has proved to be a safe lower 
limit.3 In routine cardiopulmonary by-
pass, Bull et al6 have found that with a 
manual activated coagulation time in 
excess of 300 seconds, blood does not 
form even small clots after the conclu-
sion of bypass, and have recommended 
that level as a safe limit. 

More recently Young et al7 advocated 
keeping the automated activated coag-
ulation time above 400 seconds, using as 
their criteria the appearance of fibrin 
monomer and suggesting that monitor-
ing the appearance of fibrin monomer 

is a more sensitive microscopic method 
for activation of the coagulation process 
than looking for formation of gross clots. 
Heparin levels that prolong the acti-
vated coagulation time to >300 to 400 
seconds do not render the blood infi-
nitely incoagulable, and care must be 
taken to ensure that heparin levels re-
main sufficiently elevated throughout 
bypass. The best means of ensuring this 
is serial measurement of any of several 
coagulation parameters. 

Among the factors that may affect 
heparin requirements, the confusion of 
milligrams versus units of heparin and 
temperature are perhaps the most com-
mon. A unit of heparin is defined as the 
amount required to prolong the coagu-
lation of 1.0 cc whole blood for 3 min-
utes. Beef lung heparin contains not less 
than 140 /¿/mg and porcine mucosa hep-
arin contains not less than 120 (i/mg. 
To minimize confusion heparin doses 
should be expressed in terms of units, 
not milligrams. With respect to temper-
ature, Cohen et al4 have confirmed the 
suggestions of others that the half-life of 
heparin is prolonged with cooling and, 
in fact, with temperatures below 25 C 
heparin decay is almost totally arrested. 
For this reason doses of heparin need 
not be administered as frequently, if at 
all, during total body hypothermia. 
Equally important, with rewarming, 
heparin levels must be monitored in 
some way to ensure heparin effect. 

Intraoperative period, postbypass, and 
postoperative period 

The six "Ps" of hemostasis in patients 
following cardiopulmonary bypass in 
order of decreasing importance are pro-
lene, protamine, platelets, plasma, pres-
sure/patience. In addition, fibrinolysis, 
disseminated intravascular coagulation 
and breaks in technique are other poten-
tial causes of defective hemostasis. 

Protamine-heparin interaction. Al-
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though much of the confusion surround-
ing heparin requirements was elimi-
nated with demonstration of the need 
for individual variation of dose, prota-
mine requirements remain a confused 
and controversial area. There are two 
principal areas of confusion. The first 
area deals with the failure, when giving 
heparin:protamine formulas, to specify 
how much heparin is to be neutralized; 
the initial dose, the initial plus any sup-
plemental doses, the initial and supple-
mental plus any heparin added to the 
pump prime.8 The second area of con-
fusion is the question of the anticoagu-
lation properties of protamine. In vitro, 
protamine will retard clot formation. 
Following cardiopulmonary bypass in 
patients, Guffin et al9 have shown that 
excessive doses of protamine produce 
increased chest bottle drainage, as well 
as prolonged closure time, the latter pre-
sumably being related to the increased 
oozing seen with excess protamine. In 
vitro, protamine has been shown to im-
pair platelet aggregation in response to 
adenosine diphosphate, and this may 
explain the bleeding problems that oc-
cur after excessive doses of protamine.10 

Individualization of protamine doses is 
just as essential as individualization of 
heparin doses. Using a 1.0:1.0 heparin: 
protamine ratio based on the total dose 
of heparin administered to the patient, 
but not to the pump prime, and then 
checking for heparin effect is an effec-
tive, conservative way of neutralizing 
heparin. If heparin effect is noted, ad-
ditional protamine is administered and 
blood is again checked for heparin ef-
fect. 

Should excessive bleeding, which is 
not due to obvious inadequate surgical 
hemostasis, occur later in the closure, or 
postoperatively, blood should again be 
checked for heparin effect. Heparin re-
bound, which is defined as the recur-
rence of heparin effect in blood after 
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laboratory-demonstrated adequate neu-
tralization with protamine, has been de-
scribed up to 24 hours after heparin 
neutralization, and is especially likely to 
occur in the first 4 to 6 hours after 
neutralization.11 Although the occur-
rence of heparin rebound is probably a 
relatively rare event in the usual clinical 
setting, the diagnosis is easily made by 
means of an activated coagulation time 
and a protamine titration; and specific, 
simple treatment with protamine is 
readily available. 

Platelets. A consistent finding in stud-
ies of hemostasis has been a decrease in 
the platelet count during cardiopulmo-
nary bypass. The major portion of this 
decrease occurs during the first 2 to 5 
minutes of bypass, and has been shown 
to be associated with a decrease in plate-
let adhesiveness.12 This thrombocyto-
penia, which is the most dramatic and 
consistent change in hemostasis associ-
ated with cardiopulmonary bypass, may 
in part be due to hemodilution. How-
ever, platelet aggregation on foreign sur-
faces (mechanical equipment), platelet 
sequestration, and /o r platelet destruc-
tion may also be factors contributing to 
the drop.13 '14 

In addition to the reduction in plate-
let counts, studies in some patients have 
shown a change in platelet function. 
Bachmann et al,15 in a prospective study 
of hemostasis and extracorporeal circu-
lation found inadequate surgical hemo-
stasis to be the principal cause of exces-
sive bleeding. In those cases where there 
was a generalized hemostatic defect, 
they frequently found a qualitative 
platelet function defect, which did not 
correlate with bypass duration, drop in 
platelet count, or concentration of cir-
culating fibrin split products.16 

The management of patients in 
whom platelet quantity or quality may 
be contributing to excessive bleeding 
postbypass requires the administration 
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of platelet concentrates. However, the 
routine use of this blood product follow-
ing open heart surgery is both unneces-
sary and wasteful of a blood component 
in short supply.17 In patients who have 
platelet counts less than 50,000 to 
70,000, and in whom there is excessive 
bleeding, the use of platelet transfusion 
to raise the count is indicated. Although 
the increment in platelet count per unit 
of platelets infused is extremely variable, 
an increase of 5,000 to 10,000 platelets/ 
mm for each unit of platelet concen-
trate infused is a reasonable estimate. 
Platelets stored at 22 C have been re-
ported to survive longer after transfu-
sion. However, platelets stored at 22 C 
do not function as well for the first few 
hours after infusion and, therefore, 
platelets stored at 4 C would appear to 
be indicated to treat patients who are 
bleeding due to a qualitative or quan-
titative platelet defect.18 

Plasma. Fresh frozen plasma is one 
blood product which, because of its long 
shelf life, is in abundant supply and 
often used. However, the need for fresh 
frozen plasma on a routine basis has 
never been demonstrated. 

Fibrinogen, fibrinolysis, and dissem-
inated intravascular coagulation. Fi-
brinogen levels usually decrease to some 
degree during bypass, and this decrease 
is associated with an increase in fibrin 
split products. Together with the afore-
mentioned decrease in platelets, this 
triad would suggest that at least limited 
disseminated intravascular coagulation 
occurs, which may be due to inadequate 
heparinization, inadequate perfusion, or 
other causes. Other potential causes for 
this triad include (1) hemodilution with 
nonblood product primes, (2) mechani-
cal destruction of platelets and clotting 
factors by the oxygenators and pumps, 
and (3) effects related to a primary fi-

brinolysis associated with cardiopulmo-
nary bypass. 

Many studies have demonstrated an 
increase in fibrinolytic activity in asso-
ciation with extracorporeal circulation, 
though not necessarily associated with 
pathologic bleeding, and some investi-
gators have advocated the regular use of 
epsilon aminocapoic acid in these cases 
on the basis that primary fibrinolysis 
routinely occurs.19 If the case is one of 
primary fibrinolysis, then the use of ep-
silon aminocapoic acid is logical. How-
ever, if the case is one of secondary 
fibrinolysis, then the use of epsilon ami-
nocapoic acid may result in a throm-
boembolic catastrophe.20 Since the in-
cidence of primary fibrinolysis is low, 
and that associated with extracorporeal 
circulation is infrequently associated 
with excessive bleeding, withholding ep-
silon aminocapoic acid therapy is both 
logical and conservative.1 

Breaks in technique. The diagnosis of 
a break in technique may present a 
particularly difficult diagnostic problem 
in the first of what can become a series 
of cases. Diligent investigation may be 
necessary to identify the problem. 
Brooks and Bahnson21 reported an "ep-
idemic of hemorrhage following cardio-
pulmonary bypass" in which six consec-
utive patients averaged 2852 cc blood 
loss versus an average of 562 cc for 
patients before and after the epidemic. 
The epidemic ceased abruptly when 
soaking in 20% sodium hydroxide- was 
added to the technique of cleaning a 
reusable pump oxygenator. Although 
unable to identify precisely the cause of 
the outbreak, they suggested that con-
tamination with a sterile pyrogenic plas-
minogen activator may have been the 
cause. Examples of other breaks in tech-
nique include the use of the wrong con-
centration of heparin, and the wrong 
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conversion factor for milligrams of hep-
arin to units of heparin. 

Pressure/patience. Reduction in 
pressure to decrease bleeding is a well-
accepted technique. Equally important 
is the avoidance of hypertension with its 
threat of stressing vascular suture lines 
with possible catastrophic results. 

A definite cause for excessive bleeding 
may not be identified. Patience in the 
management of these cases, and the ad-
ministration of appropriate fluids and 
blood components in adequate volumes 
occasionally may be necessary for many 
hours to achieve a favorable outcome. 

Prolene (inadequate surgical hemo-
stasis). If a patient has been adequately 
heparinized during bypass to prevent 
consumption of coagulation factors and 
platelets necessary for hemostasis post-
bypass, if the heparin has been ade-
quately neutralized with protamine as 
measured by a protamine titration, and 
if a repeat coagulogram is normal in the 
face of continued excessive bleeding, 
reexploration with the anticipation of 
finding a break in vascular integrity is 
indicated.15 The possibility of inade-
quate surgical hemostasis must not be 
ignored even when there are other rea-
sons for abnormal hemostasis. It should 
be emphasized that in surgical bleeding 
clots do form and may plug the chest 
tubes, leading to a hidden blood loss 

greatly in excess of the measured loss. 
However, even when coagulation test 
results are normal, it is not rare to fail 
to discover a discrete bleeding vessel on 
reexploration even in the presence of 
moderate bleeding. 

Summary. Adequate preoperative 
evaluation, heparin administration with 
demonstration of its effect before and 
throughout bypass, protamine neutrali-
zation of heparin postbypass, and metic-
ulous surgical hemostasis will prevent 
most cases of excessive bleeding. How-
ever, when excessive bleeding does occur 
despite these precautions, several tests 
will facilitate rapid evaluation and 
guide to therapy ( Table). 

These tests can be performed quickly 
and reliably. The whole blood coagula-
tion time can be readily performed in 
the operating room or intensive care 
unit while blood is being transported to 
the laboratory for other tests. No elab-
orate equipment or special reagents are 
necessary for whole blood coagulation 
time, which can yield meaningful results 
if properly performed. The clot can then 
be observed for retraction (a rough mea-
sure of platelët function) or lysis. Care 
must be taken not to confuse the disso-
lution after vigorous shaking of à weak, 
friable clot due to hypofibrinogenemia 
from true fibrinolysis. A fibrinogen level 
obviously assists in making this distinc-

Table. Tests to evaluate excessive bleeding 
Test Comment 

Whole-blood coagulation time or 
activated coagulation time 

Fibrinogen level 
Prothrombin time 

Activated partial thromboplastin 
time 

Platelet count 
Bleeding time 

Can be done in operating room; observe for clot retraction and 
lysis 

Depressed in disseminated intravascular coagulation 
Prolonged in hepatic disease; vitamin K deficiency, coumarin 

anticoagulation, disseminated intravascular coagulation 
Prolonged in Factors V and VIII déficiences (massive transfu-

sion), the hemophilias, or in the presence of heparin 

Platelet function 
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tion, and forms part of the triad of 
screening tests for disseminated intra-
vasculature coagulation (along with the 
prothrombin time and platelet count). 
In addition to its value in screening for 
disseminated intravascular coagulation, 
the prothrombin time is of value in 
diagnosing hepatic disease, vitamin K 
deficiency, or small doses of coumarin. 
The activated partial thromboplastin 
time and prothrombin time will be ab-
normal with higher doses of coumarin. 
Similarly, the activated partial throm-
boplastin time will be prolonged with 
small doses of heparin, and both the 
prothrombin time and activated partial 
thromboplastin time will be prolonged 
with higher doses of heparin. The bleed-
ing time is especially valuable in these 
instances where the quality rather than 
the quantity of platelets is in question. 

As with any laboratory determina-
tion, serial tests are of value in making 
a diagnosis and in assessing the response 
to therapy. This is especially true when 
initial screening test results were ob-
tained preoperatively to serve as base-
line values. Goal-directed therapy is de-
pendent on accurate diagnosis. With the 
development of specific factor concen-
trates eliminating the need for a shotgun 
approach with fresh frozen plasma, and 
the danger of volume overload, the need 
for a specific diagnosis is essential. With 
the tests available today, such a specific 
diagnosis is almost always possible. 
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