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CASE REPORTS

‘““Heparin-free”’ Cardiopulmonary Bypass: First Reported Use of Heparinoid (Org 10172)
to Provide Anticoagulation For Cardiopulmonary Bypass

DENNIS C. DOHERTY, D.O.,* THOMAS L. ORTEL, M.D., Ph.D.,} NORBERT DE BRUIN, M.D.,}
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Heparin-induced thrombocytopenia (HIT) occurs in up
to 10% of patients receiving heparin.! While immune
mechanisms have been implicated, an actual anti-heparin
antibody has never been identified.? Most often, throm-
bocytopenia is moderate, transient, and well tolerated.
Nevertheless, a fair number (10-20%) of patients with
HIT may experience limb- and life-threatening throm-
bosis. A variety of laboratory tests measure the ability of
patient’s serum or plasma to aggregate platelets in the
presence of heparin.! Alternatively, a component of
platelet release (e.g., serotonin) may be measured to doc-
ument enhanced activation in the presence of heparin.?
Treatment of HIT consists of discontinuation of heparin,
substitution with another anticoagulant as needed (e.g.,
coumadin, low-molecular-weight [LMW] heparins or
heparinoids), and specific treatment of thrombosis if it
has occurred.!? Patients with a history of HIT requiring
anticoagulation for cardiopulmonary bypass (CPB) present
a particularly vexing challenge. One option is to delay
surgery until in vitro platelet aggregation no longer occurs
and then briefly reexpose the patient to heparin during
CPB.* Alternatively, anti-platelet drugs (e.g., aspirin, di-
pyridamole) and prostacyclin analogues may be admin-
istered concomitantly with heparin to prevent platelet ag-
gregation while allowing anticoagulation.*®
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Since the readministration of heparin to patients with
HIT may have catastrophic consequences, a reliable sub-
stitute that does not enhance platelet aggregation is
needed. Heparinoids—nonheparin glycosaminoglycans
retrieved as a by-product of heparin production—may
prove useful in this setting. One such experimental hepa-
rinoid, derived from porcine intestinal mucosa, is Org
10172 (Organon International, The Netherlands), com-
posed of a heterogenous mixture of dermatan, heparan,
and chondroitin sulfates, and LMW heparins.” Org 10172
has been proven effective for anticoagulation during CPB
in dogs.® However, there are no published reports de-
scribing the use of heparinoid as the sole anticoagulant
for CPB in humans. The following is the first reported
case of effective anticoagulation for CPB with heparinoid
(Org 10172).

CASE REPORT

A 61-yr-old Caucasian man was admitted to the Duke Heart Center
with new-onset chest pain. Pertinent medical history included hyper-
tension, abdominal aortic aneurysm, and peptic ulcer disease. During
initial evaluation, the patient experienced an anterior wall myocardial
infarction. Emergency cardiac catheterization revealed severe three-
vessel coronary artery disease and a left ventricular ejection fraction
of 30%. The left anterior descending coronary artery was opened with
the use of intravenous urokinase and intravenous and intracoronary
tissue plasminogen activator. Therapy postcatheterization in the cor-
onary care unit included oral nifedipine, intravenous nitroglycerin,
and intravenous heparin.

Five days after initiation of heparin therapy, the patient developed
thrombocytopenia (platelet count 50,000/ul). Heparin was withdrawn
and aspirin therapy begun. Although initial in vitro platelet aggregation
in the presence of heparin was negative, two subsequent studies were
positive (despite aspirin therapy and the discontinuation of heparin).
Evaluation of a painful left foot by the surgical consultant revealed a
cool, pulseless foot, consistent with arterial thrombosis. Reevaluation
by the same consultant several hours later revealed a spontaneous return
of arterial flow to the left foot.

Because of persistent in vitro platelet aggregation in the presence of
heparin but not in the presence of Org 10172, the Duke University
Medical Center Institutional Review Board (IRB) approved the com-
passionate use of Org 10172 for thromboprophylaxis and prevention
of coronary artery reocclusion. The patient was given an initial bolus
of 2,500 anti-factor Xa units intravenously and then received a
maintenance dose of 1,250 anti-factor Xa units subcutaneously every
12 h. Anti-factor Xa activity, measured by the method of Teien and
Lie,® with the use of the chromogenic substrate S-2222 (Bz-lle-Glu
(-OR)-Gly-Arg-p-nitroaniline-HCIl; Kabi Vitrum AB, Diagnostica,
Sweden), was maintained between 0.2 and 0.4 units/ml plasma.
Thrombocytopenia promptly resolved.
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Despite intensive medical therapy, however, the anterior wall myo-
cardial infarction extended, and surgery was recommended. Because
of the successful use of Org 10172 as a component of this patient’s
therapy, we decided, after informed patient consent, to use this agent
as the sole anticoagulant for CPB. Upon arrival in the operating room
2,000 anti-factor Xa units of Org 10172 were given intravenously;
with incision, 5,000 more were given. The extracorporeal circuit was
primed with 7,500 anti-factor Xa units. Fibrin deposition noted in the
cardiotomy suction tubing upon initiation of CPB prompted an addi-
tional dose of 2,500 units. During CPB, 2,000 anti-factor Xa units
were administered hourly. Anti-factor Xa activities were measured
every 30 min during CPB and as needed postoperatively on the Au-
tomated Clinical Analyzer (Dupont Co., Wilmington, DE), and auto-
mated activated clotting time (ACT) was measured concomitantly on
the Hemochron® (International Technidyne Co., Edison, NJ). Cor-
onary artery bypass grafting was successfully performed and no further
fibrin deposition or clot was noted until immediately prior to separation
from CPB.

The platelet count, which was 325,000/ul 2 days prior to surgery,
had decreased to 117,000/mcl at the completion of CPB. Because of
bleeding postoperatively, protamine (250 mg), 4 units fresh frozen
plasma (FFP), and one “adult-pack” of platelets (10 units) was admin-
istered. Although a subsequent platelet count documented an increase
to 185,000/ul, there was no effect on the increased anti-factor Xa
activity. In addition, bleeding continued at an average of 300 ml/h
for several hours postoperatively, requiring a total transfusion of 16
units of packed red blood cells for greater than 2,000 ml total chest
tube drainage.

DiscussioN

Standard heparin is a polydisperse collection of sulfated
glycosaminoglycans ranging in size from 4,000 to 30,000
d, and is isolated from porcine or bovine intestinal mucosa.
LMW heparins (4,000-6,000 d) may be extracted from
bovine or porcine intestinal mucosa by a variety of meth-
ods, including gel filtration and ultrafiltration, or can be
produced in higher yield by techniques that degrade stan-
dard heparin (¢.g., nitrous acid depolymerization, acidic
hydrolysis, and enzymatic depolymerization).!® Conse-
quently, although LMW heparins have lower mean mo-
lecular weights than standard heparin, their biochemical
structures are remarkably similar. Compared to standard
heparin (3000-30,000 d), LMW heparins and heparinoids
(1200-15,000 d) have greater inhibitory effects on factor
Xa than on factor IIa, and interactions with platelets are
less likely.!!

Although LMW heparins may affect platelets less
readily than does standard heparin, platelet aggregation
is still possible. One recent study of in vitro platelet effects
of various glycosaminoglycans demonstrated that LMW
heparins were capable of binding to platelets.'? Further-
more, Makhoul et al.'® evaluated 25 patients with docu-
mented HIT, all of whom clearly demonstrated in vitro
platelet aggregation in the presence of standard heparin.
Further evaluation of two LMW heparin products re-
vealed in vitro platelet aggregation in up to 12 of 14 pa-
tients studied, whereas Org 10172 exerted no detectable
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in vitro effect on platelets from any of the patients studied.
The ability of certain LMW heparins to induce in vitro
platelet aggregation has also been demonstrated by
Blockmans et al.,'* with the use of platelet-rich plasma
from a patient with HIT. Although LMW heparins have
been used successfully to anticoagulate patients with HIT
requiring CPB,'*!¢ there have been reports progressive
thrombocytopenia in patients with HIT receiving LMW
heparins.!718

"There are no reports of the use of heparinoid to provide

anticoagulation for CPB. Because Org 10172 appears to
have no proaggregatory effects on platelets, it may prove
useful in patients with HIT. Mikhailidis and associates'®
showed that Org 10172 did not induce in vitro platelet
aggregation in a population of patients with known hy-
peraggregable platelets (due to anorexia nervosa and pe-
ripheral vascular disease), whereas standard heparin did.
Mikhailidis*® also demonstrated enhanced platelet aggre-
gation and increased thromboxane A, release after bolus
injection of conventional heparin despite acetylsalicylic-
acid-mediated inhibition of platelet function. No such
changes occurred after the injection of Org 10172, Brad-
brook et al. showed a moderate decrease in ex vivo platelet
adhesiveness 10 min after the injection of Org 10172 to
healthy volunteers.?! The decision to proceed with Org
10172 for parenteral anticoagulation during CPB was
based on this available literature and on the following
findings encountered during the preoperative care of our
patient: 1) clear in vitro standard-heparin-induced platelet
aggregation, even in the presence of acetylsalicylic-acid-
mediated inhibition of platelet function; 2) lack of in vitro
heparinoid-induced platelet aggregation; and 3) clinical
tolerance of heparinoid therapy in low dose as a compo-
nent of his antianginal regimen.

As is the case with LMW heparins, measured anti-factor
Xa activity is most frequently used as an index of the anti-
thrombotic effect of Org 10172.22 On the other hand,
the usefulness of the activated partial thromboplastin time
(aPTT) as a measure of the anticoagulant effect of Org
10172 is unclear, as indicated by conflicting reports.®?%%
In this patient, the dose of Org 10172 administered sub-
cutaneously twice per day generated anti-factor Xa activ-
ities in the 0.2-0.4 units/ml range without prolonging
the aPTT. During CPB, however, the aPTT was pro-
longed to 1.6 times control when the anti-factor Xa ac-
tivity was measured to be 1.3 units/ml. Furthermore, one
study of a LMW heparin demonstrated a good correlation
between aPTTs and factor Xa inhibition with doses used
for anticoagulation in extracorporeal systems.?* Although
future investigation may demonstrate the application of
the aPTT as an index of LMW heparin- or heparinoid-
induced anticoagulation during CPB, aPTT is too sensi-
tive to the doses of standard heparin required during
routine CPB.
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No reports exist demonstrating a dose-dependent ACT
response with the use of LMW heparins or heparinoids.
Consequently, we decided to evaluate the usefulness of
ACT as an index of the anticoagulant effect of Org 10172
in this patient. Figure 1 depicts a high correlation (r
= (.86, P < 0.01) between anti-factor Xa activity and
ACT over the range measured (ACT, 127-218 s; anti-
factor Xa activity, 0.25~2.9 units/ml). Should this rela-
tionship be substantiated, it may be possible to use the
ACT as an inexpensive, practical, and rapid index of this
heparinoid’s anticoagulant effect when used to provide
anticoagulation for bypass, instead of routinely measuring
anti-factor Xa activity. It is noteworthy that we did not
observe a prolongation of the ACT in the dose range
used for thromboprophylaxis (anti-factor Xa levels of 0.2~
0.4 units/ml).

Whereas the relationship between the ACT and anti-
factor Xa activity clearly is linear, this does not necessarily
mean that the relationship is causal. Even though anti-
factor Xa inhibition is routinely measured when LMW
‘heparin or heparinoid is used, its significance is far from
clear. Antithrombin activity, although not measured in
this case, may have contributed to both the prolongation
of the ACT and the actual anticoagulant effects noted.
Pieters and Lindhout® demonstrated that anti-factor Xa
activity was less important than antithrombin activity in
the prevention of thrombin generation. Indeed, the ability
of LMW heparin to inhibit thrombin generation corre-
lated better with antithrombin activity than with anti-fac-
tor Xa activity. Furthermore, the coexistence of anti-
thrombin and anti-factor Xa activity is necessary to exert
antithrombotic effects, since compounds with either anti-
thrombin or anti-factor Xa activity alone are less effective
antithrombotic agents than standard heparins.?®
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F1G. 1. ACT versus anti-factor Xa activity (r = 0.86, P < 0.01).
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F1G. 2. Anti-factor Xa activity versus elapsed time (hours).

Although Org 10172 may prove useful in patients with
HIT, its use probably will be limited by a long elimination
half-life and the lack of a means of pharmacologic reversal.
This is demonstrated, for example, by the data for anti-
factor Xa activity versus time for the above case (fig. 2).
The persistence of anti-factor Xa inhibition for many
hours after CPB is consistent with previously reported
Org 10172 kinetics.? Furthermore, protamine (250 mg)
administered intravenously did not produce any detect-
able reduction in anti-factor Xa activity or clinical bleed-
ing. Nor did the administration of up to 10 units fresh
frozen plasma (FFP) demonstrably antagonize the anti-
coagulant property of this heparinoid. Although such ki-
netic properties may favor longer dosing intervals when
used for thromboprophylaxis, the high doses probably
required for anticoagulation for CPB result in a persis-
tence of anti-factor Xa activity capable of potentially in-
ducing unacceptable amounts of bleeding for several
hours postoperatively. Nevertheless, in the setting of HIT
when parenteral anticoagulation is required, we feel Org
10172 can be effectively used without exacerbating the
syndrome of HIT. Careful monitoring of the patient’s
clinical status, as well as frequent laboratory analysis with
replacement therapy as needed, should help to minimize
hemorrhagic complications.

Summary

Org 10172 provided adequate anticoagulation for this
patient. An excellent correlation between anti-factor Xa
activity and ACT was observed at the doses used for CPB.
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If high-dose Org 10172 is used, these data suggest that
it may be possible to circumvent the measurement of anti-
factor Xa activity by using the ACT as an index of this
heparinoid’s anticoagulant effect. Because postoperative
bleeding may be excessive, however, development of a
method of reversal of Org 10172 is desirable. Although
the optimal ACT, dose, plasma concentration, and means
of reversal (e.g., protamine vs. heparinase) remains to be
determined, heparinoids provide an alternate means of
anticoagulation for CPB in patients unable to receive
standard heparin.
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