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Heparin Management Protocol for Cardiopulmonary Bypass

Influences Postoperative Heparin Rebound but Not Bleeding

Glenn P. Graviee, M.D.,* Anne T. Rogers, M.B.Ch.B.,T Louise M. Dudas, R.N.,t Richard Taylor, Ph.D.,§
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A group of 63 adult patients undergoing cardiac surgical proce-
dures requiring cardiopulmonary bypass (CPB) were studied to ex-
amine the relationship between heparin doses administered and
postoperative bleeding. Patients were randomly assigned either to
receive heparin 200 U/kg and additional heparin as needed to reach
and maintain an activated clotting time (ACT) > 400 s for CPB
(group A, n = 30), or to receive heparin 400 U/kg and additional
heparin as needed to reach and maintain a whole blood heparin
concentration > 4.0 U/ml for CPB (group H, n = 33). Groups were
compared for the amount of postoperative bleeding, heparin re-
bound, homologous transfusion requirements, and standard labo-
ratory coagulation tests. In the last 33 patients studied, additional
tests of platelet aggregation and plasma levels of 8 thromboglobulin
(BTG), antithrombin III, and several markers of fibrinolysis were
measured and compared by group. The mean heparin dose was
28,000 =+ 4,800 U for group A and 57,000 =+ 10,700 U for group H
(P < 0.05 for group A vs. group H). At 8 and 24 h postoperatively,
mediastinal drainage did not differ significantly between groups
(mean 24-h drainage * SD = 901 = 414 ml in group A, 1035 =+ 501
ml in group H), nor did the incidence of transfusion with homologous
blood products. Defining heparin rebound as a >10% increase in
ACT, patients in group H had a larger incidence of postoperative
heparin rebound (26 of 31 patients [84%] vs. 16 of 30 [53%] patients
in group A, P = 0.005) and of requiring supplemental protamine
treatment for heparin rebound (8 patients in group H, I patient in
group A, P = 0.01) in the first 8 h postoperatively. Because heparin
rebound was treated with protamine only if excessive bleeding was
present, patients in group H had a greater incidence of clinically

* Associate Professor, Department of Anesthesia.

1 Assistant Professor, Department of Anesthesia.

I Research Nurse, Section on Cardiothoracic Anesthesia, Depart-
ment of Anesthesia,

§ Associate Professor, Department of Pathology.

I Assistant Professor of Biostatistics, Department of Public Health
Sciences.

** Research Associate, Department of Biochemistry.

17 Fellow, Section on Cardiothoracic Anesthesia, Department of
Anesthesia.

1% Professor and Chairman, Department of Cardiothoracic Surgery.

Received from the Departments of Anesthesia (Section on Cardio-
thoracic Anesthesia), Cardiothoracic Surgery, Biochemistry, Pathology,
and Public Health Sciences, Wake Forest University Medical Center,
Winston-Salem, North Carolina. Accepted for publication November
20, 1991. Supported in part by NIH Grant 2R44 HL 41448 BIR.
Presented in part at the annual meeting of the American Society of
Anesthesiologists, Las Vegas, Nevada, October 23, 1990.

Current affiliations: University of Arizona, Muscle Biology group,
Tucson, Arizona (RT); Department of Anesthesiology, University of
Arkansas, Little Rock, Arkansas (CWB); Department of Anesthesia,
The Johns Hopkins Hospital, Baltimore, Maryland (LJM).

Address reprint requests to Dr. Gravlee: Department of Anesthesia,
Wake Forest University Medical Center, Medical Center Boulevard,
Winston-Salem, North Carolina 27157-1009.

significant heparin rebound. Overall, the occurrence of heparin re-
bound did not significantly influence the amount of postoperative
blood loss, possibly because its occurrence was aggressively treated
whenever bleeding was excessive. Platelet aggregation response to
adenosine diphosphate and thrombin did not differ between groups
before, during, or after CPB, but collagen-mediated platelet aggre-
gation was significantly more impaired during CPB in group H (P
= 0.01). Biochemical markers of fibrinolysis suggested ongoing fi-
brinolysis during and shortly after CPB, but the degree of activation
was similar in both groups. Antithrombin III levels were significantly
less in group H (P = 0.03) during CPB rewarming. In conclusion,
the use of smaller versus larger doses of heparin for CPB did not
significantly influence postoperative blood loss or transfusion re-
quirements, although the larger doses of heparin used in group H
increased the incidence of postoperative heparin rebound. (Key
words: Anticoagulation: cardiopulmonary bypass. Fibrinolysis: car-
diopulmonary bypass. Heparin. Heparin rebound. Monitoring:
heparin. Platelet function: cardiopulmonary bypass.)

IN 1975, Bull and colleagues introduced heparin moni-
toring to cardiac surgery by describing a management
protocol based on the use of the activated clotting time
(ACT)."? They demonstrated that patients show great
variability in both the magnitude and the duration of
heparin-induced anticoagulation. After clinical use of their
recommended protocol became widespread, however,
Culliford et al. and others showed that factors other than
plasma heparin concentration, principally hypothermia
and hemodilution,>* influence the ACT during cardio-
pulmonary bypass (CPB). Because ACT prolongation
during CPB can be partially attributed to these and other
factors, some have suggested direct monitoring of blood
heparin concentration during CPB.>®

Recent debate has focused on the theoretical merits of
measuring ACT versus heparin concentration to monitor
CPB anticoagulation. In a study comparing the degree of
subclinical plasma coagulation (no visible clots) during
CPB while using ACT-based or heparin concentration—
based anticoagulation monitoring, Gravlee et al. found
that maintaining higher CPB heparin concentrations bet-
ter suppressed plasma coagulation but predisposed to in-
creased postoperative blood loss.” Since the primary pur-
pose of that study was to assess the importance of sub-
clinical plasma coagulation during CPB, the unexpected
difference observed in postoperative blood loss warranted
investigation with a larger patient population. If higher
heparin concentrations during CPB predispose to exces-
sive postoperative bleeding, then maintaining heparin-in-
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duced anticoagulation within a narrow range of ACT val-
ues or heparin concentrations might be clinically impor-
tant. The present study sought to better define optimal
heparin management by comparing ACT-based and hep-
arin concentration-based heparin monitoring in a pro-
spective, randomized investigation of 63 patients. In ad-
dition, measurements of antithrombin III (AT III), BTG,
platelet function, and fibrinolytic activity were assessed
in a subpopulation of 33 patients.

Materials and Methods

PATIENT SELECTION AND CLINICAL MANAGEMENT

Sixty-three adults undergoing cardiac surgical proce-
dures requiring CPB were studied. Preoperative testing
included coagulation screening for prothrombin time
(PT), activated partial thromboplastin time (APTT), and
platelet count. Any adult requiring CPB was considered
eligible unless any of the following exclusions applied:

1. abnormal blood coagulation by clinical history or
by preoperative laboratory screening;

2. recent therapy with drugs that might affect blood
coagulation during cardiac surgery, such as strep-
tokinase, warfarin, or heparin. Patients taking as-
pirin received Ivy (template) bleeding times pre-
operatively and were included only if the Ivy bleed-
ing time was less than 8 min;

. repeat operative cardiac procedure;

4. once enrolled in the study, patients were excluded
if postoperative mediastinal bleeding required sur-
gical reexploration and the surgeon found surgically
correctable bleeding sites.

©o

Patients were premedicated with lorazepam, morphine
sulfate, and their usual cardiac medications, and were
anesthetized using high-dose opioids (fentanyl or sufen-
tanil) supplemented with benzodiazepines and nondepo-
larizing muscle relaxants. CPB was conducted with a hol-
low-fiber membrane oxygenator (Sarns 3M, Ann Arbor,
MI) and systemic hypothermia to 25-29° C. The extra-
corporeal circuit was primed with 1300 ml lactated Ring-
er’s solution, 250 ml 5% albumin in normal saline solution,
12.5 g mannitol, and 10,000 USP units (U) of bovine
lung heparin (Upjohn, Kalamazoo, MI). Perfusion flow
rates were adjusted to maintain a mixed venous oxygen
saturation greater than 70% and mean arterial pressures
between 40 and 80 mmHg. Separation from CPB was
accomplished after patients were rewarmed to a rectal
temperature exceeding 36° C. Immediately before in-
duction of anesthesia and several times during and after
the procedure, blood samples were drawn for coagulation
studies. Blood samples were obtained via an indwelling
arterial catheter after withdrawal of 10 ml blood to clear
the sampling dead space, which was approximately 1 ml.
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EXPERIMENTAL PROTOCOL

Patients were randomly assigned to one of two groups:
group A comprised 30 patients who received an initial
heparin dose of 200 U/kg and additional heparin as re-
quired to reach and maintain an ACT (Hemochron, In-
ternational Technidyne, Inc., Edison, NJ) level > 400 s
for CPB. Group H included 33 patients who received an
initial heparin dose of 400 U/kg and additional heparin
as required to reach and maintain a whole blood heparin
concentration (Hepcon, HemoTec, Inc., Englewood, CO)
greater than 4.0 U/ml for CPB. Both ACT and heparin
concentrations were measured 5 min following heparin
bolus administration and every 30 min during CPB. Prot-
amine doses were determined by measuring blood heparin
concentration and applying an algorithm based on an es-
timate of blood volume derived from the patient’s height
and weight (HemoTec, Inc.).® Before sampling arterial
blood for any post-CPB coagulation studies, complete
heparin neutralization by protamine was confirmed by
measuring ACT and heparin concentration. Heparin was
considered neutralized once the ACT had returned to
the baseline level measured after surgical incision and the
heparin concentration was less than 0.2 U/ml whole
blood.

Intraoperative blood loss was assessed by measuring
suction drainage into a canister from the time protamine
neutralization was confirmed until the sternum was closed.
After sternal closure, mediastinal blood loss via the in-
dwelling tubes was drained by suction and quantified for
the duration of the intraoperative period as well as hourly
for the first 24 h after arrival in the intensive care unit.
Heparin rebound was diagnosed if ACT increased to more
than 10% above the value obtained after heparin neu-
tralization in the operating room.® Once diagnosed, hep-
arin rebound was assessed by measuring an ACT upon
arrival in the intensive care unit and then every 2 h for
the first 8 h. Heparin rebound was treated with 25-50-
mg increments of protamine only if mediastinal drainage
was judged excessive (usually > 2 ml-kg™' +h™") by the
surgical house officer, who was blinded to the patient’s
group assignment.

The criteria for administering blood products and for
the treatment of excessive bleeding and clinical coagu-
lopathy were standardized. Red blood cells or whole blood
was administered for hematocrits less than 25% following
reinfusion of the washed, hemoconcentrated residual
contents of the oxygenator circuit and shed blood from
the surgical field. If a clinically significant coagulopathy
was considered present by the amount of oozing from the
surgical field, heparin rebound was assessed by measuring
ACT and heparin concentration. Once heparin rebound
was either excluded or treated, a blood sample for deter-
mination of platelet count, PT, APTT, and plasma fi-
brinogen and fibrin degradation products was obtained,
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after which desmopressin (1-desamino-8-D-arginine va-
sopressin) 0.3 ug/kg was administered intravenously. If
coagulopathy persisted after desmopressin, either a single-
donor platelet pheresis or 6-12 units of pooled platelet
concentrates were administered. If coagulopathy persisted
and results of the coagulation studies were not yet avail-
able, fresh frozen plasma (2—-4 units) was administered.
If laboratory results had returned, components were ad-
ministered guided by laboratory coagulation abnormali-
ties. This protocol was also applied in the postoperative
period, except that coagulopathy was then diagnosed by
mediastinal drainage exceeding 2 ml- kg™ +h™".

COAGULATION TESTING

The ACT method used 2 ml of celite-activated blood
placed in a Hemochron 400 or 800 device (International
Technidyne, Inc.). Heparin concentration was measured
by automated protamine titration (HemoTec, Inc.). PT
and APTT samples were collected in citrated tubes and
centrifuged for plasma separation, and the tests were per-
formed on an MLA Electra 700 (Medical Laboratory Au-
tomation, Pleasantville, NY) automated photooptical clot
detector (normal PT 11.0-13.4 s, normal APTT 24-31
s). Plasma fibrinogen was assayed by clottable protein
present in a diluted plasma sample to which excess throm-
bin (Dade Diagnostics, Inc., Miami, FL) was added, pro-
ducing a normal plasma fibrinogen range of 180-363 mg/
dl. Fibrin degradation products were measured on serum
by latex agglutination using particles coated with anti-
bodies to fibrinogen and fibrin degradation products
(normal concentration 0-8 pg/ml, with higher values
quantified by serial dilutions). Platelet counts were per-
formed on EDTA-anticoagulated samples with a Coulter
Counter S-plus (Coulter Electronics, Hialeah, FL) and
confirmed by phase-contrast microscopy.

To define the mechanism of any possible bleeding out-
come differences between groups, platelet aggregation was
measured in response to adenosine diphosphate (ADP)
concentrations of 2, 5, and 10 uM; thrombin 1 unit/mj;
and collagen concentrations of 2, 5, and 10 pg/ml in the
last 33 patients studied (15 patients in group A, 18 patients
in group H). These tests were performed on citrated sam-
ples from which platelet-rich plasma was obtained by cen-
trifugation and then tested on a luminescence aggrego-
meter (Chrono-Log Corp., Havertown, PA)at 37° C while
stirred at 1,100 rpm. Normal values for percent aggre-
gation were 50-60% for ADP 10 umM, 60-80% for throm-
bin 1 unit/ml, and 50-70% for collagen 10 ug/ml.

Assays were also performed for plasmin (total free pro-
tease), a-2-antiplasmin, plasminogen, and AT III, on the
last 33 patients studied. Fibrinolytic components were as-
sayed using enzyme-linked fibrinolytic techniques previ-
ously described (Elcatech, Inc., Winston-Salem, NC).!° AT
III was measured by a modification of the enzyme-linked
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coagulation assay (Elcatech, Inc., Winston-Salem, NC).!!
The normal activity ranges for AT III, -2 antiplasmin,
and plasminogen are 80-120%, and plasmin is normally
undetectable in plasma. BTG was also measured by ra-
dioimmunoassay (Amersham/Searle, Inc., Arlington
Heights, IL). The normal range for BTG is 0-25 ng/ml
on plasma anticoagulated with citrate.

STATISTICAL ANALYSIS

The study was designed as a two-stage trial to assess
differences in blood loss in patients randomly assigned to
lower or higher doses of heparin for GPB. Assuming stan-
dard deviations comparable to those previously reported,’
25 patients were needed in each group (13 first stage, 12
second stage) to ensure 90% power for detecting a one
standard deviation (SD) difference in 24-h blood loss at
the 5% two-sided level of significance. This design min-
imized the average of the expected sample sizes under
the null and alternative hypotheses. Because the actual
sample sizes exceeded this projection, the actual power
for detecting the specified difference was 95%. The first
statistical analysis of our primary outcome (24-h blood
loss) occurred after completing 30 patients. At that point,
24-h blood loss was higher in group H and approached
statistical significance (P = 0.13). The null hypothesis
could neither be accepted nor rejected, so the second stage
(33 patients) was initiated. The studies of platelet aggre-
gation and fibrinolytic activity were added to the second
stage. Before performing statistical analysis, plasma levels
of plasminogen, plasmin, «-2 antiplasmin, and AT III
were adjusted for hematocrit fraction. Platelet aggrega-
tion studies and BTG levels were adjusted for platelet
count before statistical analysis.

Differences between groups in pretreatment charac-
teristics were assessed using Fisher exact tests for cate-
gorical data and Wilcoxon rank-sum tests for continuous
data. Analysis of covariance was used to assess group dif-
ferences in 8- and 24-h blood loss. Changes over time in
individual parameters were assessed by repeated-measures
analysis of variance (ANOVA). When the time effect was
significant (P < 0.05), individual intragroup comparisons
with the preinduction levels were performed with linear
contrasts using the pooled estimate of the mean squared
error, with P < 0.05 considered significant. Regression
analysis (Spearman’s rank correlation) was performed to
determine if any biochemical markers or laboratory tests
were significantly associated with postoperative blood loss.
The two groups were combined for this latter analysis.

Results

Two patients in group H were excluded from statistical
analysis because surgical bleeding was discovered at me-
diastinal reexploration, leaving 31 patients in group H
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and 30 patients in group A. Table 1 shows demographic
characteristics of the two patient groups. None of the dif-
ferences was statistically significant except those directly
related to the study design (mean CPB ACT heparin con-
centration, total heparin dose, and protamine dose). Table
2 compares the amount of blood loss, homologous trans-
fusion requirements, and the results of traditional coag-
ulation screening tests by group. Between laboratory con-
firmation of heparin neutralization and sternal closure,
intraoperative blood loss collected by suction was always
less than 50 ml, so this quantity was not subjected to sta-
tistical analysis. Differences in chest drainage and in ho-
mologous blood product administration were not signif-
icant. Group H had significantly longer PT and APTT
after heparin neutralization. Twenty-four hours after
surgery, the PT and APTT were normal in group H,
leaving no significant difference in coagulation studies
between the groups. Aside from this, the only change in
these parameters occurring during the first postoperative
day was that fibrinogen levels increased to a mean of ap-
proximately 340 mg/dl in both groups.

Figure 1 shows the platelet functional parameters and
plasma BTG levels over time for each group. Platelet ag-
gregation in response to adenosine diphosphate was often
below normal before anesthetic induction, although
platelet responses to thrombin and collagen were normal
at that time. Over the course of surgery and the first post-
operative day, ADP-induced aggregation changed little

TABLE 1. Selected Descriptive Statistics

Group A Group H
(n = 30) (n =381
Age (yr) 60 =11 58 +14
Weight (kg) 79 *£18 | 77 £16
Sex (% male) 81 67
Operation (number of procedures)
CABG 23 24
Valve repair or replacement 4 5
CABG plus valve, LV aneurysm,
or AICD 3 1
Interruption of bundle of Kent 1
Chronic medications (% taking) :
Calcium blocker 68 73
Nitrates 74 57
B-adrenergic blocker 42 40
Duration of CPB (min) 108 *+41 (121 =+ 37
Baseline ACT (s) 135 +14 [134 =+ 14
Mean CPB ACT (s) 499 58 748 +193%
Mean CPB heparin concentration
(U/ml) 3.2% 03] 43x 0.3*
Total heparin dose (U X 10%) 280 +£48 (570 107*
Protamine dose (mg)} 193 x£55 |256 =+ 61*

Mean + SD where appropriate.

CABG = coronary artery bypass grafts; LV = left ventricular; AICD
= automated implantable converter/defibrillator; CPB = cardiopul-
monary bypass; ACT = activated clotting time; U = USP units.

* P < 0.05, compared to group A.

 Excludes protamine administered postoperatively for heparin re-
bound.
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TABLE 2. Hematologic Comparisons Following CPB

Group A Group H
(n = 80) (n = 381) P
8-h chest drainage (ml) [511 =230 673 +£322 |0.75
24-h chest drainage (ml) |901 +414 |1035 *=501 |0.24
Homologous RBCs or
WB given* 13 16 0.45
Homologous platelets or
FFP given* 4 8 0.21
PT (s) 145+ 0.9 15.2 & 1.3(0.02
APTT (s) 298+ 5.0( 43.6+ 31.2(0.0002
ACT (s) 129 =+ 13 131 + 25 |0.87
Fibrinogen (mg/dl) 185 =+ 48 192 + 73 10.62
Platelet count (X10%/pl) [ 145 =+ 56 143 + 33 |0.82
Median FDP titer} 8-32 8-32 0.71

Mean * SD where appropriate. Laboratory values were taken im-
mediately after laboratory confirmation of heparin neutralization fol-
lowing CPB. PT = prothrombin time; APTT = activated partial
thromboplastin time; ACT = activated clotting time; FDP = fibrin
degradation products.

* Number of patients receiving product.

1 8-32 represents positive latex agglutination in the 1/8-1/32 di-
lution range.

and never differed significantly from the preinduction
values in either group. Thrombin-induced platelet ag-
gregation was obliterated in both groups during antico-
agulation for CPB but returned to normal after protamine
was given. Collagen-induced platelet aggregation was
more impaired in group H than in group A during CPB,
with this difference reaching significance during rewarm-
ing. After protamine, collagen-induced platelet aggre-
gation was less impaired in both groups, and returned to
normal 24 h after surgery. BTG levels increased from
slightly to markedly elevated in both groups, peaking
during CPB rewarming and after protamine. During CPB
rewarming, group H had significantly higher BTG levels
than did group A. Figure 1 also plots platelet counts over
time; these did not differ between groups at any mea-
surement interval.

Figure 2 plots markers of the fibrinolytic pathway over
time by group. Plasmin levels were increased during CPB
rewarming and following protamine but were otherwise
barely detectable and did not differ between groups. Plas-
minogen levels decreased significantly at the onset of CPB
even after correcting for hemodilution, remained at ap-
proximately the same reduced level at all subsequent
sampling times, and did not differ between groups. a-2
Antiplasmin levels decreased progressively over the course
of surgery, reaching significance (after adjusting for he-
modilution) only after protamine, but did not differ be-
tween groups. AT I1I levels are shown in figure 3. These
diminished with the onset of CPB and remained low for
the remainder of the 24-h period. During CPB rewarm-
ing, AT III levels were significantly lower in group H
than in group A.

Table 3 shows the incidence of heparin rebound by
group, the incidence of heparin rebound requiring treat-

20z Iudy 01 uo 3sanb Aq ypd'z1.000-000£0266 L-Z¥S0000/0 L ZEZE/EBE/E/9L/HPd-01o1n1e/ABO|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



Anesthesiology
V 76, No 3, Mar 1992

100

a0

\
\

COLLAGEN (%)
[}
o

\
"

400

350

300

-
a
=]

PLATELET COUNT (X 1000/ul)
]
o

o
=]

o

ment with additional protamine, and the 24-h blood loss
in patients who experienced heparin rebound. Although
heparin rebound occurred more frequently in group H
(P = 0.005), this did not influence postoperative medias-
tinal drainage. However, heparin rebound required post-
operative increments of protamine in 1 of 30 patients in
group A and in 8 of 31 patients in group H (P = 0.01).
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FIG. 1. Platelet-related parameters over time (solid line = group A;
dotted line = group H). Times: 1 = preinduction; 2 = postincision but
before heparin; 3 = cardiopulmonary bypass hypothermia; 4 = car-
diopulmonary bypass during rewarming; 5 = after heparin neutraliza-
tion with protamine; 6 = 24 h after arrival in the intensive care unit.
Shading represents the normal range. A: Percent aggregation to 10
u#M ADP. B: Percent aggregation to thrombin 1 unit/ml. C: Percent
aggregation to collagen 10 ug/ml. D: Plasma 8 thromboglobulin (BTG)
concentration. E: Platelet count. Bars represent £ 2 standard errors.
*P < 0.05 for difference between groups. 1P < 0.01 versus time 1.

This treatment may have influenced 24-h blood loss in
group H, because the mediastinal drainage rate almost
always decreased following the supplemental protamine
dose. Postoperative ACT values did not differ significantly
between groups A and H at any measurement interval.
None of the parameters reported in table 2 or in figures
1-3 correlated significantly with 24-h mediastinal drain-
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age. Total protamine dose in the operating room did not
correlate with 8- or 24-h mediastinal drainage.

Discussion

POSTOPERATIVE BLEEDING

Predictors of excessive postoperative bleeding following
cardiac surgery prove difficult to identify. Using standard
coagulation tests as well as a Duke’s (earlobe) bleeding
time, Gravlee et al. were unable to identify either labo-
ratory tests or patient parameters (age, sex, type of sur-
gery, CPB duration, et.) that predicted postoperative
mediastinal drainage.'? Harker et al.'® found that mark-
edly prolonged Ivy bleeding times correctly identified pa-
tients who bled excessively, and Spiess et al.!* correlated
thromboelastographic abnormalities with postoperative
bleeding.

In a smaller study investigating subclinical plasma co-
agulation activity during CPB, Gravlee and colleagues
found higher postoperative blood loss in patients whose
anticoagulation was managed as in group H when com-
pared to patients managed as in group A of the present
study.” In the group comparable to group H, this occurred
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F16. 2. Fibrinolytic system parameters over time. Lines, times, shad-
ing, bars, and symbols are described in figure 1. A: Plasma plasmin
concentration (mCTA units/ml). B: Plasma plasminogen concentration
(measured as percent activity). C: Plasma a-2 antiplasmin concentration
measured as percent activity.

despite biochemical evidence of better suppression of
plasma coagulation activity, as determined by measuring
fibrinopeptide A levels. Enhanced suppression of subclin-
ical coagulation was observed only during the hypother-

50

ANTITHROMBIN i (£)
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FIG. 3. Plasma antithrombin III concentration over time measured

as percent activity. Lines, times, shading, bars, and symbols are de-
scribed in figure 1.
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TABLE 3. Postoperative Heparin Rebound Incidence, Treatment,
and Blood Loss

Group A Group H
(n = 30) (n=31) P
Heparin rebound* 16 26 0.005
24-h blood loss (ml) 791 £ 347 991 + 489 0.17
Protamine treatment?} 1 8 0.01
24-h blood loss (ml) 700 1529 =+ 446 0.12

Mean + SD where appropriate.

* Number of patients meeting laboratory criteria for heparin re-
bound (activated clotting time increase = 10% from postprotamine
value or activated partial thromboplastin time > 1.5 X control values).

1 Number of patients meeting laboratory criteria for heparin re-
bound and demonstrating excessive mediastinal drainage.

mic phase of CPB and was significantly associated with
the higher blood heparin concentrations present in that
group. Based upon earlier work performed in primates
by Young et al., one might expect that higher fibrinopep-
tide A levels during CPB would reflect a greater propen-
sity to consume coagulation factors and platelets and thus
predispose to a coagulopathy after CPB.!® The present
study infers that this is not the case, and our previous
study did not find an independent relationship between
CPB fibrinopeptide A levels and postoperative blood loss.”
The present findings strongly suggest that, when ACT
values during CPB exceed 400 s, the amount of heparin
administered and the extent of ACT prolongation do not
influence postoperative bleeding when a consistent prot-
amine neutralization technique is used. Previous findings
to the contrary may have resulted from random variation
or from less aggressive diagnosis and treatment of post-
operative heparin rebound.” Metz and Keats recently used
standardized heparin dosing and retrospectively examined
ACT values that were taken blindly during CPB in 193
patients.'® They did not identify a relationship between
ACT and postoperative bleeding, which is consistent with
the present findings.

Twenty-one patients previously studied manifested
smaller 24-h blood losses in the two groups analogous to
group A (659 + 270 ml and 738 = 299 ml before vs. 901
+ 414 ml presently) than in the group analogous to group
H (1104 = 197 ml before vs. 1035 =+ 501 ml presently).’
The present study was therefore designed to detect a 1-
SD difference with 90% confidence assuming that the SDs
for 24-h blood loss within each group would approximate
250 ml. Because the actual SD for 24-h blood loss in the
present study was almost twice that large, each group
would have required 96 patients to detect a 200-250 ml
(0.5 X SD) difference in 24-h blood loss with 90% power.
The present study would detect a 0.5 X SD difference
with approximately 50% power. No explanation arises
for the increased variance in 24-h blood loss in the current
study population, and we elected not to continue the study
because it seemed unlikely that clinically significant dif-
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ferences in blood loss would develop with a larger pop-
ulation even if statistical significance were attained.
Heparin rebound was a common and usually clinically
insignificant diagnosis, but table 3 indicates that the oc-
currence of clinically significant heparin rebound was
more likely in group H. Higher CPB heparin doses are
therefore more likely to produce clinically significant
heparin rebound requiring supplemental protamine.
Other studies have related ACT-based heparin man-
agement to decreases in postoperative bieeding when
compared to standardized heparin dosing protocols based
on patient size and cumulative time on CPB.'-!® This
finding has not been universal, however.2*-** Comparing
an ACT-based protocol to a time-related heparin dosing
protocol bears some similarity to the present comparison
between group A and group H, because time-related hep-
arin dosing schemes have most often resulted in higher
total heparin doses, which also was the case in group
H.!7-21.2425 previous studies comparing ACT-based man-
agement with time-related heparin dosing could have been
biased by the simultaneous variation of the heparin and
protamine dosing methods.'”~2* Guffin et al. showed that
higher protamine doses caused greater postoperative
blood loss when the heparin dosing method was con-
stant.?® In most studies comparing ACT-based to time-
related heparin dosing, the protamine-to-heparin dose
ratio was higher in the time-related heparin dosing
group.'82%-2¢ The present study isolated heparin dosing
as the varied parameter while using the same method in

both groups to determine protamine dose. The absence

of a difference in postoperative blood loss suggests the
need to confirm the findings of Guffin et al.2° to determine
if differences that other authors have found between
ACT-based and time-related heparin dosing are more
closely related to differences in protamine dosing than to
differences in heparin dosing or monitoring.

COAGULATION TESTS

A previous study of 881 consecutive patients did not
support any predictive value for traditional coagulation
tests such as platelet count, PT, APTT, fibrinogen, and
fibrin degradation products.'? The present study, though
much smaller, produced similar findings. The higher post-
CPB APTT values in group H may reflect either less
complete heparin neutralization or early heparin rebound
(15-30 min after finding undetectable heparin concen-
trations in whole blood) in those patients, because the
APTT is more sensitive to low blood concentrations of
heparin than is the ACT.2"?8 However, neither the ele-
vated APTT nor the occurrence of heparin rebound was
associated with increased postoperative bleeding.

Except for ADP-induced aggregation, platelet aggre-
gation diminished during and after CPB and increased
toward preoperative values during the first postoperative
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day. The subnormal ADP-induced platelet aggregation
that was present before anesthetic induction possibly de-
rives from effects of preoperative medications such as cal-
cium blockers, nitrates, and 8 blockers.2’ Thrombin-in-
duced platelet aggregation was normal except during sys-
temic heparinization, which completely suppressed this
response, as expected. The return to normal thrombin-
induced platelet aggregation after protamine administra-
tion in both groups may contribute importantly to the
absence of a bleeding difference between the two study
groups, because thrombin is a potent physiologic stimulant
of platelet aggregation that bypasses the arachidonic acid
pathway initiated by ADP and epinephrine.?® Thus, in
the presence of an adequate thrombin response and an
unrestricted physiologic supply of thrombin, platelet ag-
gregation response to ADP, epinephrine, and collagen
may have little clinical importance. Greater collagen-me-
diated platelet aggregation depression in group H during
CPB suggests a dose—response relationship to heparin,
which is consistent with the previous observation that
heparin depresses collagen-mediated platelet activation.®
The return toward normal of the platelet aggregation
response to collagen after protamine administration is
consistent with two previous reports.'®*! The present
perioperative study appears to show better preservation
of platelet aggregation responses to ADP and collagen
than those found by previous investigators, except for the
collagen response in group H.'*3! Some uncertainty re-
mains because of incomplete data reporting'® or different
units of measurement.*! The previous studies provide in-
sufficient heparin dosing information to speculate whether
differences in heparin management possibly affect platelet
function tests. It is well accepted that both CPB and hep-
arin impair platelet function,'®*? and the present inves-
tigation enhances knowledge about heparin’s role in post-
CPB platelet dysfunction. Under the conditions observed,
this role appears fairly minor.

The slightly elevated BTG levels that were present even
before anesthetic induction possibly reflected systemic
activation of platelets in patients with atherosclerotic or
valvular heart disease.**** Higher BTG levels in group
H at the end of CPB suggest greater platelet activation
from higher blood heparin concentrations, which is con-
sistent with previous observations.*® The striking elevation
in BTG as CPB progresses probably indicates a cumulative
response to sustained platelet activation, because the nor-
mal elimination half-life of BTG is approximately 100
min,* and it would be reasonable to speculate that hy-
pothermic CPB prolongs the half-life. The moderately
elevated BTG levels at 24 h after CPB suggest a continu-
ing platelet activation response less intense than that ob-
served during CPB. When compared to the previous study
of Harker et al.,'® the present study finds substantially
lower BTG levels during CPB and after protamine in both
groups. Harker et al.'® reported mean BTG levels ex-
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ceeding 700 ng/ml at periods comparable to times 4 and
5 in figure 1D.

AT III levels during CPB diminished beyond what
would be expected from hemodilution alone. After re-
warming during CPB, the AT Il levels were significantly
lower in group H than in group A. The continued
depression of AT III into the postoperative period sug-
gests the possibility of a clinically significant AT III de-
ficiency following CPB, as chronic AT III levels similar
to those observed in group H (40-60% activity) have been
associated with an increased risk of intravascular throm-
bosis.?® Judging from mediastinal blood loss figures, how-
ever, patients did not appear to experience a clinically
significant hypercoagulable state on the first postopera-
tive day.

Biochemical markers of fibrinolysis show activation of
fibrinolytic pathways during and immediately following
CPB. The nadir in &-2 antiplasmin levels after heparin
neutralization is especially striking. Sustained plasmin-
mediated fibrinolysis tends to deplete -2 antiplasmin,
which may explain these findings. Plasminogen levels dif-
fered from the a-2 antiplasmin pattern by tending to pla-
teau at the reduced level attained early in thé course of
CPB. Our findings differ from those of Stibbe et al., who
suggested that enhanced fibrinolytic activity during CPB
derives from extrinsic plasminogen activator.*® The latter
type of activation occurs at sites of fibrin deposition, tend-
ing not to elevate plasma plasmin activity or deplete a-2
antiplasmin. Our findings are more consistent with those
of Harker et al.,'® although the use of different markers
of fibrinolysis complicates comparison.

SUMMARY AND CLINICAL IMPLICATIONS

The present investigation suggests that heparin dosing
and the type of heparin monitoring for CPB have little
effect on post-CPB bleeding and blood coagulation. Ac-
tivation of platelets and the fibrinolytic pathway and some
reduction in platelet function occur with two different
CPB anticoagulation management protocols that result
in markedly different heparin doses. Although the par-
ticular style of heparin management or monitoring did
not appear to influence postoperative bleeding, this find-
ing may have been influenced by aggressive treatment of
heparin rebound when it was associated with excessive
bleeding, which occurred more frequently in the group
receiving higher CPB heparin doses. Some measurement
of heparin effect (e.g., ACT) is probably warranted to en-
sure that adequate heparin has been given and that the
patient does not have clinically important resistance to
heparin-induced anticoagulation. Beyond that, mainte-
nance of a particular blood heparin concentration during
CPB appears neither advantageous nor disadvantageous
when compared to maintaining a particular ACT range.
Defining the critical ACT or heparin level for safe conduct
of CPB remains elusive,”"'® because ethical considerations
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preclude making this determination in humans. Further
studies are needed to attempt to isolate the possible in-
fluence of protamine dosing on coagulation and bleeding
following CPB.
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