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Summary and conclusion

The aim of this study was to evaluate the effects of
FOY on postoperative hemorrhage in patients under-
going cardiovascular surgery using CPB. FOY was
administered at a rate of 20 mg-kg="-hr' during CPB
in 20 patients (FOY group). This was compared with
a control group which received no FOY (control
group). The amount of postoperative hemorrhage
was significantly smaller in the FOY group than in
the control group (P < 0.05). No significant correla-
tion was found between the duration of CPB and
amount of postoperative hemorrhage in the FOY
group, although a significant correlation was found
within the control group (r = 0.556, P < 0.05). In con-
clusion, administration of FOY during CPB appears
to effectively decrease the amount of postoperative
hemorrhage.

Introduction

In patients undergoing cardiovascular surgery using car-
diopulmonary bypass (CPB), a bleeding diathesis may
appear postoperatively, leading to profuse hemorrhage.
This is caused either by a decrease in coagulation fac-
tors or a fall in platelet function as a result of hyperfunc-
tion of the blood coagulation and fibrinolysis systems
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[1,2]. In recent years, attempts to minimize hemorrhage
during surgery were performed along with autotrans-
fusion [3] to avoid complications of transfusion using
preserved homologous blood. To protect the plate-
lets during CPB, prostacyclin [4,5], dipyridamole [6],
aprotinin [7-9], and desmopressin [10] were used to
inhibit hemorrhage after CPB.

Gabexate mesilate (FOY), a proteolytic enzyme in-
hibitor, acts on trypsin, thrombin, plasmin, and kal-
likrein to inhibit the extrinsic and intrinsic coagulation
and fibrinolysis systems [11]. FOY has the advantages
of rapid degradation [12], no need for antagonists,
and small molecular weight minimizing the risk of
anaphylactic shock. It has been effectively used in
place of heparin during artificial hemodialysis [13,14].
The effects of FOY on the coagulofibrinolytic system
during CPB have been investigated [15-18]; how-
ever, whether FOY reduces the amount of postopera-
tive hemorrhage in patients undergoing CPB is not
clear.

In the present study, the effect of FOY on postopera-
tive hemorrhage was evaluated in patients undergoing
cardiovascular surgery using CPB.

Patients and methods

This study was conducted on 39 patients undergoing
surgery of the heart and great vessels. The profiles of
patients are summarized in Table 1. Anesthesia was
induced with fentanyl and thiamylal, and intratracheal
intubation was performed after the administration of
vecuronium bromide. Anesthesia was maintained by
inhalation of 50% nitrous oxide in oxygen and intermit-
tent administration of fentanyl. Inhalation of sevo-
flurane or halothane at low concentrations was
continued until the beginning of CPB. During CPB,
fentanyl and diazepam were administered intrave-
nously. Hypertension during CPB was treated with
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Table 1. Patient’s and intraoperative characteristics
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Control group FOY group
(n=19) (n=20)

Age (years) 59.1 = 10.1 63.1 =84
Procedure (numbers of patients)

MVP or MVR 4 6

AVR 4 4

CABG 10 8

TAA 1 2
Duration of surgery (min) 194.6 = 37.8 203.7 £ 90.1
Duration of CPB (min) 82.5 +29.7 872+ 473
Type of oxygenator (numbers of patients)

Membrane type 13 19

Bubble type 6 1
Mean = SEM.

MVP, mitral valve plasty; MVR, mitral valve replacement; AVR, aortic valve replacement;
CABG, coronary artery bypass graft surgery; TAA, thoracic aortic aneurysm surgery; CPB,

cardiopulmonary bypass; FOY, gabexate mesilate.

prostaglandin E, as a vasodilator in continuous or inter-
mittent intravenous injection. Flow rates of CPB
were 2.0-2.41'min~"m~!. Either a heparin-coated or
nonheparin-coated circuit was used. The oxygenator
used was either a membrane type such as the
Maxima (Medtronics Minnesota USA) or bubble type
such as the Sarns 16310 (3 M, Minnesota USA). Priming
of the CPB circuit was performed without blood. Mild
hypothermia was maintained during CPB. For myocar-
dial protection, cooled glucose-insulin-potassium (GIK)
solution was used by the heart cooling method with ice
slush. Using Cell Saver (Haemonetics Co. Massachu-
setts USA), blood from the operative wound during
surgery and blood filling the CPB circuit after surgery
was washed and returned to the patient’s circulation.

After the induction of anesthesia, 10 ml tranexamic
acid was administered intravenously in all patients.
The dose of heparin was 50 IU-kg~! with the heparin-
coated circuit and 300 unit-kg™' with the noncoated
circuit. Heparin was antagonized with protamine in a
ratio of 1.0 mg protamine per 100 IU of heparin after
CPB.

FOY was administered continuously at the rate of
20 mg-kg thr~' during CPB in 20 patients (FOY
group). This was compared with 19 patients who re-
ceived no FOY (control group). The amount of postop-
erative hemorrhage was defined as the total amount of
blood obtained from the thoracic cavity and pericardial
drain on the day of surgery and the 1st postoperative
day. Blood analysis, prothrombin time (PT), and acti-
vated partial thromboplastin time (APTT) were deter-
mined pre- and postoperatively.

The results were statistically analyzed by Student’s
t-test and Mann-Whitney u-test, using P < 0.05 as the
level of significance. Data are expressed as mean *
standard deviation.

Results

The duration of CPB and surgery (Table 1) was not
significantly different between the two groups. No dif-
ference was noted in platelet count, PT and APTT be-
tween the two groups (Table 2). The amount of
postoperative hemorrhage was significantly lower in
FOY group (control group: 472.3 * 165.5 ml, vs FOY
group: 384.7 = 196.0 ml, P < 0.05). Although a signifi-
cant correlation between the duration of CPB and the
amount of postoperative hemorrhage was found in the
control group (r = 0.556, P < 0.05), no significant corre-
lation was noted in the FOY group (Fig. 1). No signifi-
cant difference was observed in the amount of
postoperative hemorrhage between the membrane type
and bubble type oxygenators in the control group
(membrane type: 466.5 = 158.6 ml, vs bubble type:
484.8 = 194.9 ml, NS).

Discussion

In view of the significantly smaller amount of postop-
erative hemorrhage in the FOY group compared to
controls and the absence of a significant correlation
between the duration of CPB and the amount of post-
operative hemorrhage in the FOY group, FOY appar-
ently protected the coagulation and fibrinolysis systems
during CPB.

In cardiovascular surgery using CPB, the amount of
hemorrhage increases markedly with prolonged bypass
time [3,9]. In the present study, hemorrhage during sur-
gery was low in both groups due to the use of Cell Saver
to recover the patient’s own blood. The amount of post-
operative hemorrhage correlated with the duration of
CPB in the control group (r = 0.556, P <0.05). The
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Table 2. Changes in blood analysis and coagulation time pre- and postoperatively

Postoperative days

Preoperative 1 2

Hemoglobin (mg-dl-!)

Control 135+ 1.7 11.4 + 1.5*% 11.6 = 1.5*%

FOY 127 + 1.7 11.8 = 1.3* 121+x14
Platelets (104-pl-")

Control 202 +33 143 + 3.2% 13.0 £ 3.9*

FOY 239 +6.2 15.1 = 4.1* 16.2 + 5.8*
PT (s)

Control 109 + 0.4 144 = 1.5% 11.7 * 0.6*

FOY 114 +13 144 + 1.7* 114 15
APTT (s)

Control 30.0 = 3.0 375 £ 5.7% 352 £4.2%

FOY 31.6 £ 3.5 41.7 £ 10.9* 33.0 =46

* P <0.05 Compared with preoperative value. Mean + SD.

Control, control group; FOY, FOY infusion group; PT, prothrombin time; APTT, activated

partial thromboplastin time.
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hemorrhagic tendency during cardiovascular surgery is
reportedly influenced by hypothermia during surgery,
the extracorporeal circuit, the pump, the membrane-
type or bubble-type oxygenator, heparin overdose, and
protamin [1]. The postoperative hemorrhagic tendency
is thought to be caused by augmentation of the fibrin-
olysis system or decreased coagulation function due to
the fall of blood coagulation factors including platelets.
After CPB, coagulation factors decreased but not to the
extent explaining the excessive hemorrhage [1]. Pri-
mary fibrinolysis system is augmented during CPB but
recovers quickly after discontinuation [19,20]. These are
therefore unlikely candidates for the cause of postop-
erative hemorrhage; decreased platelet aggregation or

demonstrated in control group (dotted
line)

adhesion is probably responsible. Platelet transfusion is
useful for hemostasis when the hemorrhagic tendency
persists despite maintenance of the platelet count post-
operatively [21,22]. In the present study, the platelet
count did not differ between the two groups postopera-
tively and remained above the level causing hemor-
rhage clinically. The fall in platelet count during CPB
has been explained by adhesion of platelets to the cir-
cuit and elsewhere [23,24], or by the augmentation of
the coagulation system triggered by the contact of blood
with a foreign body such as the surface of the extracor-
poreal circuit, oxygenator, or compression roller. Im-
mediately after initiation of CPB, platelets adhere to
the circuit and elsewhere causing a market fall in the
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platelet count, followed by release of platelets from the
circuit and partial recovery [4,25]. The decrease in the
function of platelets released from the circuit is thought
to be the most important cause of postoperative hemor-
rhage. To suppress the hemorrhage after CPB inhibi-
tion of coagulation, platelet function and the fibrinolytic
system becomes important.

FOY inhibits the actions of thrombin, plasmin, and
kallikrein without requiring antithrombin III [11]. Con-
tact of blood with a foreign body surface such as an
extracorporeal circuit or oxygenator activates contact
factor, leading to augmentation of the coagulation and
fibrinolysis systems, and complement activity [26]. FOY
inhibits these endogenous systems through its anti-kal-
likrein action [11,14,18,27], and subsequently platelet
aggregation. Since FOY inhibits platelet aggregation
directly {14,18], it may sustain platelet number and func-
tion circulating through the CPB circuit. Although the
platelet count did not change in the present study, the
amount of postoperative hemorrhage decreased in re-
sponse to the use of FOY. Especially since postopera-
tive hemorrhage did not increase even after long CPB
when FOY was used in this study, FOY probably pro-
tected the platelet function during CPB. The inhibition
of the fibrinolytic system through the antiplasmin action
of FOY was probably effective to decrease the amount
of hemorrhage after CPB along with inhibition of the
coagulation system.

In the present study, 20 mg-kg="-h~' of FOY was used.
As FOY is degraded by esterase in blood, with a plasma
half-life of 1 min followed by disappearance within
2 min, continuous administration is necessary {12]. Gen-
erally, 1-10 mg-kg~"-hr~' [13,14] of FOY is required for
disseminated intravascular coagulation (DIC) and
50 mg-kg~!-h~!is necessary for the protection of hepatic
lysosomal enzyme in hemorrhagic shock. During
hemodialysis using FOY alone within the circuit,
20 mg-kg-h~' is required to inhibit blood coagulation.
In the present study, heparin was used and continuous
administration of 20 mg-kg~"-h~! FOY was employed to
ensure the effect of FOY [28]. The optimum dose of
FOY, as well as platelet function, coagulation, and
fibrolytic function during FOY administration require
further study.
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