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Ancrod (Arvin®) as an Alternative to Heparin Anticoagulation
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Heparin is the anticoagulant used during cardiopulmonary bypass
(CPB). Both the use of heparin and the reversal of its effect with
protamine have well-documented complications. Ancrod is a defi-
brinogenating enzyme that has been used as an anticoagulant in
humans, but its use as an anticoagulant for CPB has been limited
to studies in animals, Twenty patients for elective aortocoronary
bypass surgery were anticoagulated by means of an intravenous in-
fusion of ancrod pre-operatively. Target plasma fibrinogen concen-
trations of 0.40-0.80 g/l were achieved within 13.3 & 2.5 h using
an average dose of ancrod of 1.65 *+ 0.55 U/g. All perfusions were
without incident. Postoperative blood loss (2286 * 1311 cc) was
compared to that of 20 matched controls (1787 £ 973 cc), as was
blood product use; 4.1 £ 2.1 U of packed cells versus 2.5 + 2.3 U (P
< 0.05) and 5.6 * 3.1 U of plasma versus 2.6 = 2.9 U (P < 0.05) in
the ancrod and heparin-treated groups, respectively. There were no
differences in the postoperative courses or recovery periods of the
ancrod-treated and control patients. This study confirms the efficacy
and feasibility of ancrod as an alternative form of anticoagulation
for CPB. (Key words: Blood, anticoagulants: ancrod. Surgery, car-
diac: cardiopulmonary bypass.)

SINCE THE ADVENT of cardiopulmonary bypass (CPB),
heparin has been the anticoagulant of choice. Its advan-
tages include a rapid onset of action, relative clinical safety,
and ease of neutralization when hemostasis needs to be
restored after bypass. Nevertheless, there are complica-
tions associated with heparin itself and the antagonism of
its effect with protamine sulphate.

There exists a group of patients intolerant of heparin
and who therefore cannot undergo cardiac surgery with
this method of anticoagulation. This group includes pa-
tients with a history of heparin-induced thrombocytopenia
and thrombosis, or significant resistance to heparin, as in
patients deficient in antithrombin I1I, the heparin cofac-
tor. As well, protamine, a biological product, is intensely
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antigenic and can provoke severe allergic reactions.'
When faced with patients with known anaphylactic re-
actions to protamine but needing cardiac surgery, we
sought a substitute anticoagulant. Despite the acknowl-
edged drawbacks to heparin and its neutralization, few
efforts to find an alternative system of anticoagulation
have been documented.

Ancrod is an anticoagulant derived from the venom of
the Malayan pit viper (Agkistrodon rhodostoma), whose
properties were first described by Reid et al.? Ancrod pre-
vents the development of obstructive blood clots and
thrombi by selectively depleting the plasma of fibrinogen.
Experience with patients having congenital hypofibrino-
genemia, as well as considerable data derived from animal
experiments, shows that a concentration of fibrinogen of
0.2-0.6 g/1 can support ongoing hemostasis, but effec-
tively prevents spontaneous clotting or thrombosis. An-
crod-induced defibrinogenation has been successfuily used
in the treatment of peripheral vascular disease,® deep ve-
nous thrombosis,*-® central retinal vein thrombosis,” pul-
monary embolism,® as well as an effective prophylaxis for
thromboembolic events after surgery, especially or-
thopedic surgery.®-'° When compared to heparin, the in-
cidence of hemorrhagic complications was lower, while
protection from thrombosis was equivalent.® Ancrod has
also been used as a suitable alternative to heparin during
hemodialysis.!! Despite the potential for allergic reactions,
there have not been any reports of such in the literature
or to the pharmaceutical companies involved. There is
also a specific antivenom available.

Ancrod has been used successfully in the long-term
perfusion associated with extracorporeal membrane ox-
ygenation in experimental animals.'®'*** We were,
however, unable to find reports of its use in humans for
this purpose. In view of the urgent situation of several of
our patients with protamine allergies, and in the light of
satisfactory experience with ancrod in similar clinical cir-
cumstances, we decided to proceed with CPB. Our initial
successes led to this study, to document the safety and
efficacy of ancrod anticoagulation of patients during CPB.

** Bell W, White J, Buky B, Kehrer B. Prevention of thrombosis
by ancrod for prolonged extracorporeal bypass (abstract). Clin Res 22:
498A, 1974.
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Method

With approval from the hospital Research and Ethics
Committee, informed written consent was obtained from
20 patients under 70 yr of age, NYHA classification 1~
111, and scheduled for elective aortocoronary bypass sur-
gery. A companion group of 20 patients matched as to
age, sex, and heart disease was used asa control and stud-
ied concurrently. Patients with primary disorders of he-
mostasis, as revealed by history or a hemostatic screen,
were excluded, as were patients receiving heparin or cou-
madin. Patients scheduled for repeat cardiac surgery were
also excluded from this study. The hemostatic screen in-
cluded a prothrombin time (PT), partial thromboplastin
time (PTT), thrombin time (TT), bleeding time (BT),
platelet count, and fibrinogen concentration. Fibrinogen,
as thrombin-clottable protein was determined with a
Sherwood® fibrinogen analyzer. Samples of blood were
drawn into tubes with a nonwettable surface, containing
sodium citrate 0.15 M and either 0.05 ml of antivenom
to neutralize any ongoing ancrod action, or 0.05 ml of
protamine to prevent any further heparin effect in the
control patients once they had received heparin during
surgery.

Anticoagulation in the control group was carried out
in the usual fashion using an initial dose of 300 U/kg of
heparin/body weight and additional heparin as necessary
to achieve and maintain an activated clotting time (ACT)
of greater than 400 s. At the termination of bypass, the
heparin was neutralized with protamine sulphate, using
a dose of 1 mg/100 U of heparin used.

Ancrod (Arvin®, Knoll Pharmaceuticals, Markham,
Ontario, Canada) is supplied in 1 mlampoules containing
70 IU, an IU being defined as the weight of venom protein
needed to clot a standard fibrinogen solution in the same
time as 0.33 NIH units of thrombin. An infusion of ancrod
was begun in the study patients, prior to the scheduled
surgery at a rate of 8.4 U/h, (210 U in 500 ml D5W at
20 ml/h) using a constant infusion pump (IMED® 350
Controller, IMED Corp., San Diego, CA). Initially the
infusions were begun 36 h prior to surgery, but later 12
h was found to be sufficient. The rate of infusion was
altered according to the fibrinogen concentration, which
was determined every 4 h, aiming for a concentration of
0.4-0.8 g/l at the time of surgery. Once the target fi-
brinogen concentration was reached, the infusion was
stopped and the fibrinogen concentration was intermit-
tently measured. If it rose above 0.8 g/, the infusion was
restarted at one-quarter the induction rate (2.1 U/h) and
the concentration of fibrinogen measured again. This was
only necessary in a few patients who had their surgery
delayed and a period of more than 24 h had elapsed from
the time the target fibrinogen was reached until their op-
eration was scheduled.
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During the perioperative period in both patient groups,
fibrinogen concentrations, along with the other variables
of a hemostatic screen, were determined at routine in-
tervals. These were 1-h preoperatively, postinduction of
anesthesia, during CPB when the patient was hypothermic
and after rewarming, just prior to leaving the operating
room and then hourly in the Intensive Care Unit (ICU)
until hemostasis was assured. Although the PT, PTT, and
ACT were measured in the ancrod treated patients, their
results were noninformative. All three of these tests are
dependent upon a mechanical end point, namely the con-
version of fibrinogen into a thrombus, and are either ex-
tremely prolonged or infinite in the presence of hypofi-
brinogenemia.

Once in the operating room, 14-G iv and 20-G radial
arterial cannulae were inserted after local infiltration be-
fore the induction of general anesthesia. All patients had
pulmonary artery catheters inserted postinduction of
anesthesia,

After GPB, coagulation status was assessed clinically by
blood loss, inspection of vascular access sites and incisions
for oozing, and by the results of the laboratory tests men-
tioned. If necessary, replacement fibrinogen was admin-
istered to the patient in the form of plasma or cryopre-
cipitate. Fibrinolysis was controlled by infusion of epsilon
aminocaproic acid (Amicar®), initially as determined by
clinical assessment of the individual patient and then later
in the study, routinely, once the patient was separated
from cardiopulmonary bypass and vital signs were stable.
Postoperative chest tube drainage was returned to most
patients by autotransfusion, according to routine in
the ICU.

Cardiopulmonary bypass was carried out using a mem-
brane oxygenator system consisting of polyvinyl chloride
tubing, a venous reservoir, roller pump, and a hollow-
fiber membrane oxygenator with an integral heat ex-
changer (Capiox® II 5.4, Terumo Corp, Tokyo). The oc-
clusion of the roller pump was calibrated prior to every
case. The standard prime was 2,000 cc Ringer’s lactate
solution, 100 cc 25% albumin, 100 cc 20% mannitol, and
100 m! 7.5% sodium bicarbonate solution. The cardi-
otomy suction return system consisted of polyvinyl chlo-
ride tubing and a polycarbonate hard shell filter reservoir
(Model Card F-3L, Shiley Laboratories, Irvine CA). No
arterial-tubing filters were used in the bypass system. In-
traoperatively the pressure difference across the mem-
brane oxygenator was measured continuously. Patient
temperatures were reduced to 24-28° C and moderate
hemodilution to a hematocrit of 0.28 * 0.04 was used
(mean £ SD).

Postoperatively the membrane oxygenator and cardi-
otomy reservoir used in four cases (two each receiving
heparin or ancrod) were dismantled for examination with
scanning electron microscopy. The samples were first
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TABLE 1. Patient Characteristics and Operative Data*

Time to
Gender defibri-
Group N M/F Age (yr) CPB (min) nogenate (h)
Ancrod | 20 | 17/8 | 57.9£7.7% | 9217 | 133 %25
Control | 20 17/3 92 + 24

62.4 £ 6.5

CPB = Cardiopulmonary bypass time.
* Mean * SD.
1 P < 0.05 versus control.

fixed in Universal fixative pH 7.2 at 20° C. They were
then rinsed with 0.1 M phosphate buffer, followed by
postfixation with 1% osmium tetroxide at 20° C and pH
7.2 buffered with 0.1 M phosphate. The components were
then rinsed again with the phosphate buffer and then
taken through a gradient alcoholic series followed by crit-
ical point drying. The samples were mounted, gold coated,
and examined with a JEOL 35 CF scanning electron mi-
croscope with accelerating voltages of 10-15 KV. Photo
micrographs of various surfaces of the extracorporeal cir-
cuitry were examined and compared.

The two groups of patients were compared with respect
to the clinical course of CPB, average blood loss, and use
of replacement blood products. These results were com-
pared using the Student’s unpaired or paired ¢ test. Their
postoperative routine courses, both in the ICU and on
the ward, were examined for any complications.
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Results

Ancrod anticoagulation was instituted in 20 patients,
17 male and three female. Average fibrinogen concen-
trations before ancrod were 2.96 £ .47 gm/l (mean
+ SD, P < 0.001 vs. control). Target fibrinogen concen-
trations (0.41 + .20 gm/I) were achieved within 11.8
+ 2.5 h using an average dose of 1.65 + 0.55 U/kg. Each
patient underwent coronary artery bypass grafting, in-
cluding the use of the left internal mammary artery in 15
patients. The average duration of bypass was 92 = 17 min
for the study group and 92 % 24 min for the control
group (table 1). The perfusions proceeded uneventfully
in all cases. The perfusionist noted no changes in resis-
tance across the oxygenator, the efficiency of gas exchange
across the membrane, as judged by fresh gas flows and
patient blood gases, or in the conduct of the perfusion in
general. ‘

The fibrinogen concentrations reached a nadir, in all
patients, during hypothermia on CPB, but returned close
to their preoperative values after the patients had been
separated from CPB (fig. 1 and table 2). If volume was
needed to permit separation of an ancrod-treated patient
from CPB, either stored or fresh-frozen plasma was used,
as opposed to albumin and/or saline in the control group.
Post-CPB, if the fibrinogen concentration was low (< 0.4
g/1) and hemostasis judged to be inadequate, further fi-
brinogen was administered as plasma and/or cryoprecip-
itate. This would account for the increase in fibrinogen

v Ancrod @
3.0 Control ®

g/l

4
N

+ Fic. 1. Fibrinogen concentrations in ancrod
and heparin anticoagulated patients.
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TABLE 2. Fibrinogen Concentration (g/1)

ANCROD ANTICOAGULATION FOR CPB

873

TABLE 3. Blood Loss and Blood Product Use

Ancrod-Treated
Time Control Group Group

Preancrod 2.58 + 0.50 2.91 £ 0.47*
Postancrod — 0.38 £ 0.20
1 h presurgery — 0.42 = 0.16
Postinduction 2.62 + 0.44 0.39 + 0.16
CPB .

24° C 1.79 + 0.50 0.14 £ 0.10

37° C 1.92 £ 0.48 0.14 + 0.08
Post-CPB 1.97 £ 0.51 0.35 £ 0.17
Postsurgery ]

1h 2.07 £ 0.50 0.59 + 0.18

12h 2.23 £ 0.49 1.15 + 0.40

24 h 2.76 £ 0.69 2.27 + 0.64F

*P <0, 05 compired with control group.
+ P < 0.05 compared with preancrod period in ancrod treated group.

concentration post-CPB and at 1-12 h postsurgery in the
stiudy group of patients. Twelve hours after surgery the
fibrinogen concentrations had increased to 1:15 + 0.40
g/l and at 24 h were 2.27 + 0.64 g/ in the ancrod-
treated patients. The latter value was without the further
-use of plasma or cryoprecipitate but was still less than that
existing prior to administration of ancrod.

The average blood loss for the ancrod-treated patients
was 2286 + 1311 ml and 1737 £ 973 ml for the control
group (NS). Perioperative blood product use is shown in
table 3.

The average platelet concentration prior to ancrod was
230 + 87 X 109/1. The concentrations after ancrod and
after surgery were 207 + 51 X 10°/1and 87 + 39 X 10°/
], respectively. The control patient platelet concentrations
pre and postsurgery were 253 * 44 X 10°/1 and 139
+ 43 X 109/1 (table 4). Three patients in each group
required 6 U of platelets to achieve hemostasis. '

One patient in each group was returned to the oper-
ating room for surgical evaluation of excessive bleeding.
Discrete surgical sites of bleeding were found in each case
and their data were not included in the preceeding cal-
culations of blood loss and blood product use. Two pa-
tients in the treated group developed hematomas at the
site where veins were removed from the lower extremity.

One patient who received ancrod developed a left-sided
hemothorax 40 h postoperatively. The PT and PTT were
normal; platelet concentration was 128 X 10°/1, and the
fibrinogen concentration was 4.6 g/1. This patient re-
quired 3 U of packed cells for replacement: This episode
resolved without further intervention, and was not in-
cluded in the above calculations.

The average duration of tracheal intubation and stay
in the ICU was the same for both groups of patients. Me-

Control Group Ancrod-Treated Group
Chest tube
drainage (ml) 1,787 £ 973 2,286 £ 1,311*

Packed Cells (U) 25 +23 4.1 +2.1F
Plasma (U) 2.6 +2.9 5.6 = 3.1%
Cryoprecipitate (U) 1.5 + 3.6 9.3 £ 16.3t
Albumin (U) 44+£28 2.4 +2.7%
Mean * SD.

* P =0.15.

P <0.05.

diastinal and pleural drdins remained in place for 37.6
+ 11.8 h in the ancrod-treated group, on an average 1
day longer than the control patients. However, after i8
h the drainage was serous.

There was no significant difference in the incidence of
perioperative myocardial ischemia or infarctior, low car-
diac output syndromes, use of inotropic drugs or vaso-
pressors, respiratory or neurological complications be-
tween the two groups. There was no evidence of delayed
wound healing, and no wound dehiscences or infections
occurred in the patlents given ancrod.

Using electron microscopy, we found less cellular de-
position as well as less proteinaceous material on the sur-
faces of the bypass circuits from the patients given ancrod
compared with those who received heparin. The nature
and composition of the proteinaceous deposits were not
determined (fig. 2).

Discussion

Ancrodisa p‘roteinase obtained froma puriﬁed fraction
of the Malayan pit v1per venom. The active enzyme is
composed of 17 amino acids and has a molecular welght
of 37,000. Ancrod catalyzes the hydrolysis of an arginine-
glycine sequence of the a chain of fibrinogen, thereby
splitting off fibrinopeptide A but not the chemotactic fi-

TABLE 4, Platelet Concentrations (X10%/1)

Control Ancrod-Treated
Time Group Group
Presuigery/Preancrod 253 + 44 230 + 87*
Postancrod — 207 + 51
CPB
28° C 147 £ 29 123 £ 27*
37°C 146 + 25 139 + 34
Post-CPB 122 + 34 139 = 42
12 h postsurgery 139 + 43 87 & 39+
24 h postsurgery 122 + 31 87 + 30*

Mean + SD.
* P < 0.05 versus control.
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FIG. 2. Scanning electron photomicrographs of components of the CPB circuit in heparin (H) and ancrod (A) anticoagulated patients. The
photomicrographs are from four patients—two each who received heparin or ancrod. Figures A (top left) and B (top center) show the fibers of the
polypropylene depth media of the cardiotomy reservoir. Figures G (lop right) and D (bottom left) show the mesh of the 43 um polyester outer
screen of the cardiotomy reservoir. Figures E (bottom center) and T (bottom right) show the cut inner surface of a polypropylene hollow fiber from
the oxygenator. Note that in all cases in the heparin anticoagulated samples there is much more cellular and noncellular debris deposited on the
surfaces examined. In figure E the entire surface of the membrane is covered by a sheet of proteinaceous material, the true membrane surface
being visible only through a ““pore” at the left edge of the photomicrograph, whereas in the ancrod-treated patient (fig. F), the entire surface of

the membrane is visible, being covered only by some fibrillar strands.

brinopeptide B. The resulting monomers aggregate nor-
mally, but form unstable, friable, end-to-end linked, but
not cross-linked, fibrin polymers, 1-2 um in length.'*!°
These do not mature into tempered lattices but remain
particulate, susceptible to normal fibrinolysis and phago-
cytosis by the reticulo-endothelial system (RES). In con-
trast, thrombin cleaves both the « and £ chains, releasing
fibrinopeptides A and B, allowing the formation of stable,

cross-linked fibrin complexes (fig. 3). It is generally ac-
cepted that ancrod exerts a selective enzyme/substrate
specificity for fibrinogen only and does not affect the level
or activity of any clotting factors other than fibrino-
gen.'®!'7 Ancrod stimulates fibrinolytic activity in estab-
lished thrombus by the dose-dependent release of tissue
plasminogen activator (tPA) from the vascular endothe-
lium.'® Tissue plasminogen activator has a high affinity
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F1G. 3. A schematic representation of thrombin (left) and ancrod (right) proteolytic actions on fibrinogen.

for fibrin and fibrin-like materials and does not activate
circulating plasminogen unbound to fibrin.

A constant feature in the elimination of ancrod from
the plasma is the almost continuously changing rate of
metabolism. This feature is characteristic of substances
that depend on phagocytosis by the RES for their metab-
olism, since at lower concentrations there is a lower prob-
ability of particle-cell surface contact. The elimination of
a labelled dose from the circulation follows a multiex-
ponential function so that with increasing time the ap-
parent half-life becomes longer and longer.'® The initial
rapid elimination (t¥2 = 3-5 h in the first few hours) grad-
ually slows, such that when 90% of the ancrod has been
cleared at 4 days, the half-life has been prolonged to 9-
12 days.

Therapeutic anticoagulation is achieved at a fibrinogen
concentration of less than 0.7 g/ 1,2 but the rate of defi-
brinogenation is also important. Defibrinogenation with
1-2 U/kg body weight of ancrod should not be carried
out over less than 6 h to avoid overwhelming the capacity
of the liver and the rest of the RES to harvest the imper-
fectly polymerized fibrin and hence prevent the excess
being precipitated intravascularly, resulting in a hyper-
viscosity syndrome. We chose to administer ancrod as a

constant infusion, allowing more precise control over the
rate of defibrinogenation.

When ancrod is discontinued in patients who are in a
normal physiologic state, the plasma fibrinogen returns
slowly in a matter of days to the normal pretreatment
value.!® When fever, infection, or active underlying dis-
eases are present, or noxious stimuli are given to animals,
the fibrinogen concentration will return to pretreatment
values, as part of a nonspecific stress response. This in-
crease is measurable within hours and will return to nor-
mal values within 24 h. The etiology for the delay in the
return of fibrinogen, in the absence of stress, is uncertain.
It is not due to the presence of ancrod, since even the
administration of the antivenom did not accelerate its re-
turn.2’ The fibrinogen concentrations in our patients re-
turned to their normal preoperative value within 24 h of
surgery. The initial increase (1-12 h postsurgery) was
partly due to the use of blood products, but the increase
in concentration from 12-24 h was purely due to hepatic
regeneration.

During extracorporeal circulation, platelets have an
increased tendency to aggregate and an increased adhe-
siveness, both of which lead to platelet accumulation in
the lungs and on the surfaces of the extracorporeal cir-
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cuitry.?! Past work has shown that in spite of an initial
decrease in platelet concentrations with defibrinogen-
ation, these tendencies are less pronounced in ancrod-
treated than in animals receiving heparin and that platelet
function and levels were preserved to a greater extent in
ancrod-treated animals.'® Our results also showed an ini-
tial decrease in platelet concentration with defibrinogen-
ation and that platelet counts were maintained throughout
surgery in both groups. Postoperatively, however, platelet
counts fell in the ancrod-treated patients. This may rep-
resent the dilutional effect of the autotransfusion of the
mediastinal drainage, which is platelet-free due to the fil-
ters in the system, combined with the other fluids used
for volume replacement in the postoperative period.

Delayed wound healing has been reported in several
experimental animal models and has been ascribed to the
role that fibrinogen plays in normal wound healing.?®
However this has never been confirmed in patients in the
postoperative period and there were no apparent prob-
lems with our patients. All authors uniformly reported
that wounds remained moist with drainage of a serosan-
quinous fluid for a prolonged period in patients given
ancrod compared to those given heparin. Our findings
support these data, the chest drainage tubes draining se-
rous fluid 12-24 h longer.

Drainage from the mediastinal drains postoperatively
was felt to be higher in the ancrod-treated group, although
statistically this was not the case. The higher losses, es-
pecially in the first few hours postsurgery, were compen-
sated for by the autotransfusion system employed. This
bias probably accounted for the slightly higher, statistically
significant, use of blood products in the ancrod-treated
patients. This was especially true in the first half of the
study, and with experience, blood product use decreased.
There were no differences in the peri- and postoperative
courses of the two patient populations and there were no
complications that could be directly attributed to the use
of ancrod, other than two-leg hematomas at vein har-
vesting sites.

Consideration of the properties of ancrod anticoagu-
lation, as well as the results of this study, suggest that
defibrinogenation for CPB may have advantages. Fibrin-
ogen is the plasma component primarily responsible for
plasma viscosity, and there is a parallel reduction in blood
viscosity as fibrinogen concentration falls. With defibrin-
ogenation blood flow increases across stenoses and
through the microcirculation accounting for its thera-
peutic efficacy in symptomatic, inoperable peripheral vas-
cular disease.?® Intuitively, defibrinogenation may help

+t Ehringer H, Dudczak R, Lechner K. Rhealogical and hemody-
namic actions of Arvin in patients with arterial occlusive disease (ab-
stract). Fourth Congress of the International Society on Thrombosis
and Hemostasis. Washington, DC. 1:415, 1973,
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hemodilution offset the increase in viscosity induced by
hypothermia during CPB. Whether it may also aid the
perfusion of areas of myocardium distal to coronary artery
stenoses prior to CPB at the present time remains spec-
ulative. However, one of our patients, with a severe hep-
arin resistance that had lead to the intraoperative can-
cellation of his cardiac surgery at another center, was
having angina at rest despite maximal medical therapy
including iv nitroglycerin. He had a complete resolution
of his symptoms when ancrod anticoagulation was begun,
such that the nitroglycerin could be discontinued. He later
underwent percutaneous transluminal coronary angio-
plasty, in a defibrinogenated state, without complications.

The finding that the surfaces of the CPB circuit of the
patients in the ancrod group consistently had less fibrin
and cellular deposition is consistent with reports of similar
depositions on membranes used with experimental ani-
mals.!® It also suggests another possible advantage of an-
crod during cardiac surgery. This animal work showed
that less cellular elements accumulated in the lungs. In
view of the implicated role of leukocytes, platelets, and
fibrin in the pathophysiology of low-pressure pulmonary
edema (“pump lung”) seen post-CPB,***® it may be rea-
sonable to speculate that the decreased deposition of these
circulating elements during the intraoperative period
might well decrease the incidence of postoperative pul-
monary dysfunction caused by increased capillary per-
meability. There were no episodes of low-pressure pul-
monary edema in either group of this study, and the
number of patients in each group was too small for the
evaluation of this problem.

We have now used ancrod in six patients requiring CPB
who had known protamine-induced anaphylactic reactions
and two patients with heparin-induced thrombocytopenia
and thrombosis without complication. There is still no
readily available alternative to protamine in North Amer-
ica, but its use can be avoided during CPB by not reversing
the heparin at the end of the procedure or using coumadin
anticoagulation; however, each is associated with diffi-
culties.?” Alternatives to heparin for CPB also exist. Cou-
madin, low-modecular weight heparin, {7} low molecular
weight dextrans,}} extreme hemodilution with hypo-
thermia, and more recently prostacyclin analogs®®®
combined with heparin have all been successfully used,
but again each with its own problems and disadvantages.

In summary, we have shown that defibrinogenation us-
ing ancrod is an effective and manageable method of an-
ticoagulation for CPB. More experience is needed before
it can be recommended for routine use, however, we feel
that it is a definite alternative in cases where heparin or
protamine are contraindicated or heparin is ineffective.

% Schwatz AJ, Howie MB. Case conference. Journal of Cardiotho-
racic Anesthesia. 1:577-583, 1987.
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