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Abstract. Objective: Some phosphodiesterase (PDE)-in- 
hibitors are believed to alter platelet count and function 
due to changes in intraceUular cAMP. Whether newly de- 
veloped (specific) PDE-inhibitors negatively influence 
platelet function in cardiac surgery should be investigated 
in a randomized study. 
Methods: Eighty patients undergoing aorto-coronary 
bypass grafting were divided into 4 groups and received 
either the new PDE-III-inhibitor piroximone (group 1), 
the PDE-III-inhibitor enoximone (group 2), epinephrine 
(group 3) or no inotropic support (control). PDE-III-in- 
hibitors were given as a bolus followed by infusion until 
starting of cardiopulmonary bypass (CPB). In addition 
to platelet count and a thrombelastogram, platelet func- 
tion was assessed by aggregometry (ADP, epinephrine, 
collagen). Measurements were done before, during and 
after CPB until the 1st postoperative day. 
Results: Platelet count and postoperative blood loss did 
not differ between the groups within the entire investiga- 
tion period. Maximum aggregation and maximum gradi- 
ent of platelet aggregation to all stimuli were not changed 
by either PDE-inhibitor enoximone or piroximone. CPB 
resulted in a significant decrease of all aggregation vari- 
ables which was without differences due to treatment. 
Platelet aggregation recovered in the post-bypass period 
and exceeded baseline values on the 1st postoperative day. 
Conclusion: It is concluded that enoximone and the new 
PDE-III-inhibitor piroximone do not affect platelet func- 
tion and can be used before CPB without risking platelet- 
related bleeding in cardiosurgical patients in the peri- 
operative period. 
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Enhanced and prolonged bleeding remains a problem in 
cardiac surgery patients in the post-bypass period [1, 2]. 
The reason for this bleeding tendency appears to be 
multifactorial, including changes of coagulation, activa- 

tion of various mediator systems, and platelet abnormali- 
ties [1 - 3]. Most bleeding during open heart surgery is re- 
lated to platelet dysfunction rather than a deficiency of 
coagulation factors [4]. Platelet dysfunction appears to 
be responsible for over 50% of non-surgical hemorrhage, 
abnormalities in platelet function appear to occur in all 
patients undergoing CPB [2]. Several pharmacological 
agents interfere with platelet function, which is of par- 
ticular importance in patients undergoing cardiopul- 
monary bypass. 

Cardiac surgery patients often need inotropic support 
before cardiopulmonary bypass [5]. There is increasing 
interest in a new class of therapeutic compounds which 
provide their beneficial haemodynamic effects without 
acting via the beta-receptor. These substances increase in- 
tracellular cAMP by inhibiting the conversion of cAMP 
to 5'AMP. Because of their specific action on phosphodi- 
esterase type III (new nomenclature type IV), they were 
named phosphodiesterase (PDE)-III-inhibitors [6, 7]. 
Several studies have reported the beneficial effects of 
these substances in the perioperative period [8, 9]. An in- 
crease in the cAMP level of the platelet may be associated 
with profound effects on platelet function [10]. 
Amrinone, one of the first available PDE-inhibitors, was 
reported to impair coagulation due to a reduced platelet 
count even when given as a single i.v. bolus injection [11]. 
By contrast, the effects of the PDE-inhibitors piroximone 
and enoximone on coagulation, particularly on platelet 
function, have not been well studied. Thus our investiga- 
tion was designed to study the effects of these newer 
PDE-III-inhibitors on platelet function in patients 
undergoing cardiac surgery. 

Methods 

Patients and grouping 

Eighty adult, male patients scheduled for aorto-coronary bypass graft- 
ing were studied. AII patients gave informed consent. Our protocol was 
approved by the ethics study board of our hospital. Exclusion criteria 
were re-operations, pre-operative coagulation disorders and treatment 
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with heparin, aspirin or other cyclooxygenase inhibitors within 10 days 
of the pre-operative period. After the induction of anaesthesia, positive 
inotropic support was added if cardiac index was below 2.201/min" m 2 
at a PCWP above 15 mmHg. The patients were randomly divided into 
4 groups with 20 patients in each group: 
Group 1:0.5 mg/kg piroximone was given i.v. as a bolus followed by an 
infusion (5 ~tg/kg'min) until the onset of CPB (PIR-patients) 
Group 2: an i.v. bolus of 5 mg/kg enoximone was given and an infusion 
(5 Ixg/kg.min) was continued until the start of CPB (ENO-patients) 
Group 3: Epinephrine (0.06 gg/kg, rain) was infused until start of CBP 
(EPI-patients) 
Group 4: no inotropic drug was administered (control-patients). These 
were patients that did not need pre-bypass pharmacological support by 
the above criteria. All pharmacologic support was stopped before be- 
ginning of CPB. 

Anesthesia and cardiopulmonary bypass (CPB) 

Induction and maintenance of anaesthesia were comparable for all pa- 
tients and consisted of fentanyl (0.038 mg/kg), midazolam (0.7 mg/kg), 
and pancuronium bromide (0.20 mg/kg). Controlled ventilation was 
maintained for 5 h after the operation. Bovine lung heparin (300 IU/kg) 
was given for anticoagulation prior to start of CPB, which was carried 
out with a membrane oxygenator (Sorin 41, Sorin, Torino, Italy) and a 
non.pulsatile flow of 2.41/min'm 2 for the entire period of bypass. 
Priming of the circuit consisted of 1000 ml of dextrose solution (5%), 
1000 ml of Ringer's solution, 250 ml of albumin 5%. CPB was per- 
formed near normothermia (lowest rectal temperature 34.1-+0.3~ 
lowest oesophageal temperature 34.8_+0.4~ Bretschneider's car- 
dioplegic solution was infused for myocardial preservation. All fluids 
(cooling, venting, suction) were drained into the extracorporeal circuit 
via a two stage cannula (single atrial cannulation technique). Within 
20 rain after the start of CPB, blood in the circuit was concentrated by 
a haemofiltration device (HF-80, Fresenius, Bad Homburg, FRG) to 
achieve a haemoglobin level between 8.5 and 9.5 g/dl. Packed red ceils 
(PRC) were given when Hgb concentration was less than 7 g/dl. After 
weaning from CPB, blood remaining in the extracorporeal oxygenation 
equipment was salvaged by haemofiltration technique, and this 
autologous blood was retransfused until the end of the operation. 

Measured parameters 

Platelet function was assessed from arterial blood samples by measur- 
ing induced platelet aggregation. Aggregometry was performed by the 
method of Born [12] using a double-channel APACT-aggregometer 

(LABOR, Ahrensburg, FRG). Platelet count was adjusted to 150000 
platelets/mm 3 before aggregometry. Aggregation was induced by aden- 
osine diphosphate (ADP 1.0 and 2.0 ~tmol/1), collagen (COL 4 gg/ml), 
epinephrine (EP125 ~tmol/1) or NaC1 (control). Maximum aggregation 
was defined as the maximum increase in light transmission after addi- 
tion of the aggregating agent (read as the percentage increase [13]). 
Maximum gradient of aggregation was defined as the maximum in- 
crease per minute (read as the percentage increase per minute). All mea- 
surements were done in duplicate. Haemoglobin, platelet count, activat- 
ed clotting time (ACT), and the thrombelastogram (TEG) were also 
monitored. Arterial blood samples were obtained before start of in- 
otropic therapy (baseline value), 20 min after beginning of inotropic 
therapy, before start of CPB, 20min after starting CPB (after 
haemoconcentration by haemofiltration), after separation from CPB 
(before infusion of protamine), at the end of the operation, 5 h after the 
end of CPB, and on the morning of the 1st post-operative day. 

When volume therapy was necessary, 5% albumin was infused post- 
operatively. Packed red cells were administered when haemoglobin con- 
centration was less than 9 g/dl. All volume therapy was controlled by 
anaesthesiologists not involved in the study. Blood loss via chest-tube 
drainage and the infusion of homologous blood or blood products were 
documented. 

Statistics 

Mean (•  _+ standard deviation was calculated for all parameters. One- 
and two-factor analyses of variance (including multivariate analysis of 
variance) followed by Scheff6's test were used for statistical interpreta- 
tion. A p-value of 0.05 was considered statistically significant. 

Results 

Biometric data as well as data from cardiopulmonary by- 
pass did not differ among the groups (Table 1). Pharma- 
cologic support was sufficient in all patients with a com- 
parable increase in CI (>2.21/m.m2). The duration of 
pharmacologic therapy before CPB was comparable for 
all groups (ranging from 55 to 79 min). During and after 
weaning from CPB only 5 patients needed pharmacologic 
support (dobutamine). No differences among the groups 
could be seen with regard to this inotropic support. 

Table 1. Demographic data and data from the peri-operative period 

Piroximone Enoximone Epinephrine Control 

Age (years) 65.2 + 9.1 66.1 + 8.8 65.9 _+_ 9.8 62.7 +_ 7.8 
Weight (kg) 72.1 _+ 8.1 75.1 + 9.9 74.1 + 10.1 76.1 + 6.7 
LVEF (%) 40.4 _+ 9.0 41.1 _+ 9.5 40.1 + 8.4 70.2 +_ 4.4 
LVEDP (mmHg) 19.2+6.1 18.4_+ 3.3 17.1 +_ 5.2 14.3 + 3.2 
CPB (rain) 78.1 _+ 12.1 75.1 +9.1 73.3 + I4.1 72.3 + 14.2 
Ischaemia (rain) 49.5 + 12.1 47.4 + 8.7 45.4 + 9.8 49.4_+ 10.5 
Blood loss (ml) 
- 5 h after CPB 270 + 150 250 _+ 110 210 ___ 80 255 + 110 
- until 1st p .o .day 570+200 490+ 130 490+ 160 460+ 185 
Packed red cells 
(no. of patients/no, of units) 2/2 2/1 3/2 3/1 
Volume infusion (ml) 
- 5h after CPB 660+ 110 550+ 150 300_+70 300_+70 
- until 1st p .o .day 800+ 120 830+ 120 750_+ 120 650_+ 100 

CPB: cardiopulmonary bypass 
Ischaemia: period of aortic cross-clamping 
LVEF: left ventricular ejection fraction 
LVEDP: left ventricular enddiastolic pressure 
x + S D  
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Total post-operative blood loss and the use of homol- 
ogous blood products did not differ among the 4 groups 
(Table 1). Haemodilution (level of haemoglobin) was 
comparable for all groups thoughout the investigation 
period. Platelet count decreased during and after CPB 
without significant differences between PDE-inhibitor- 
and epinephrine-treated patients and the control group 
(Table 1). The thrombelastogram (TEG) at the end of the 
operation was comparable for all groups i.e. reaction time 
(r), K-value, and maximal amplitude (ma) were within 
normal range. 

Aggregation variables are illustrated in Figs. 1-4 .  
Maximum aggregation and maximum gradient of aggre- 
gation for all agents remained unchanged during the peri- 
od of pharmacologic support before CPB. All aggrega- 
tion variables were significantly reduced during CPB, 
with the most pronounced reduction immediately after 
weaning from CPB. This CPB-releated reduction of ag- 
gregability did not differ among the groups, In the later 
post-bypass period the maximum aggregation and the 
maximum gradient of aggregation normalized, and at 
times exceeded baseline values on the 1st postoperative 
day. 

None of the patients suffered from sequelae attribut- 
able to the study, and none of the patients had to be re- 
operated upon owing to enhanced bleeding in the post- 
bypass period. 

Discussion 

451 

Causes of acquired qualitative platelet defects are 
multifactorial, including platelet-suppressing drugs (i.e. 
penicillin, anesthetic agents, cyclooxygenase inhibitors), 
diseases (i.e. uremia, autoimmune disorders), and the ex- 
tracorporeal bypass procedure during cardiac surgery 
[10]. Platelet dysfunction associated with CPB is caused 
by membrane damage due to shear forces, contact with 
nonendothelial synthetic surfaces of the CPB apparatus, 
platelet membrane coating, incomplete release reaction, 
platelet degranulation, and others [t2-15].  Platelets that 
are damaged by CPB possess diminished sensitivity to 
triggering agonists (i.e. ADP, collagen, epinephrine) and 
impaired capacity for function and activation [10]. The 
exact etiology of the abnormalities of platelet function in 
cardiac surgery remains unclear. In addition to sur- 
face-related reasons for platelet abnormalities, various 
other aspects should be considered including hypother- 
mia and the infusion of homologous blood and drugs 
[101. 

PDE-inhibitors exert their haemodynamic properties 
by increasing intracellular cAMP concentration. This, 
however, may affect not only cardiac and smooth muscle 
cells but in also other tissues (i.e. platelets), cAMP is gen- 
erated from adenylcyclase, an enzyme that is located in 
the cell membrane of the platelet and is associated with 

4 5 -  

40- 

5 5 -  

3 0 -  

2 5 -  

2 0 -  

1 5 -  

m a x .  agg rega t i on  (%) - ADP 1.0 p . m o l / I  - 

* p < 0 . 0 5  

I I I I I ] 

= = p l r o x i m o n e  0 - - 0  epinephrine 

e - - - - e  e n o x i m o n e  v--.---9 control  

max .  g rad ien t  (%) - ADP 1.0 / ~mo l / I  - 

5 5 -  t 
50 - ~,. * - /  

4 5 -  

4 0 -  

3 5 -  

3 0 -  

I I I I I I 
base-  20 min before after 5 hrs 1st p.o. 

line after start CPB CPB after CPB day 
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8 0 - -  

7 5 - -  

7 0 - -  

6 5 - -  

6 0 - -  

5 5 - -  

5 0 - -  

4 5 - -  

4 0 - -  

100 

95 

9O 

85 

80 

75 

m a x .  agg rega t i on  (%) - ADP 2.0 / ~mo l / I  - 

T / '  

,. �9 /./ , 

�9 p < 0 . 0 5  * 

i i i [ i i 

-" -- p l r o x i m o n e  0 - - 0  epinephrine 

e------4' e n o x i m o n e  v - - - - v  con t ro l  

m a x .  g rad ien t  (%) - ADP 2.0 p~no l / I  - 

7 0  

6 5 - -  

6 0 - -  

I I I I I I 
base-  20 min before after 5 hrs 1st p.o. 

line after  start CPB CPB after CPB day 

Fig. 2. Changes in maximum aggregation and maximum gradient of ag- 
gregation induced by adenosine triphosphate (ADP 2.0 gmol/1) 

RETRACTED A
RTIC

LE



452 

6 0 - -  

5 5 - -  

5 0 - -  

4 5 - -  

4 0 - -  

3 5 - -  

3 0 - -  

2 5 - -  

2 0 - -  

m a x .  a g g r e g a t i o n  (%) - c o l l a g e n  -- 

* p < 0.05 

i ~ i r i i 

: : ptroximone o - - 0  epinephrine 

4P----~ enoximone v-----g control 

m a x .  g r a d i e n t  ( % )  - c o l l a g e n  - 

45 

4 0  / 

3 0  

2 5  

2O 

15 

10 * 

i J i i t 
b a s e -  2 0  min  be fo re  after 5 hrs tst p.o. 

line a f t e r  start CPB CPB after CPB d a y  

Fig. 3. Changes in maximum aggregation and maximum gradient of ag- 
gregation induced by adenosine triphosphate (ADP 2.0 mmol/1) 

tOO 

9 0  

8 0  

7 0  

60 

5 0  

4 0 -  

3 0 -  

m a x .  a g g r e g a t i o n  ( % )  - e p i n e p h r i n e  - 

* p < 0.05 

i i i t i i 

= = plroxlmone o - .  o epinephrine 

~ e n o x i m o n e  v - - - - - q  c o n t r o l  

6 0 - -  

5 5 - -  

5 0 - -  

4 5 - -  

4 0 - -  

3 5 - -  

3 0 - -  

2 5 - -  

2 0 - -  

m a x .  g r a d i e n t  ( % )  - e p i n e p h r i n e  - 

i i i i i 

base- 20 rnin before after 5 hrs 1st p.o. 
l ine a f t e r  start CPB CPB offer CPB d a y  
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membrane surface receptors [10]. cAMP inhibits intracel- 
lular phospholipase activation, by which liberation of 
arachidonic acid from membrane phospholipids is inhib- 
ited. Moreover, cAMP serves as a second messenger to 
decrease intracellular Ca + +-concentration, by which cal- 
cium-dependent actions (i.e. phospholipase activation 
and microfilament contraction) are impaired [16, 17]. 
Moreover, the conversion of arachidonic acid into pro- 
staglandin endoperoxides is inhibited by the cyclooxy- 
genase-inhibiting properties of cAMP. As a consequence 
of increasing the level of cAMP, PDE-inhibitors may alter 
platelet function at numerous steps, including changing 
in adhesion, platelet shape, and granule secretion. Several 

prostaglandins also act by increasing intracellular cAMP 
level and thus modify platelet function [18]. Administra- 
tion of the non-specific PDE-inhibitor dipyridamole has 
resulted in an inhibition of in-vitro platelet aggregation 
and a prolongation of platelet ]ifespan in viva [19-21]. 

Amrinone is a specific PDE-III-inhibitor and was re- 
ported to occasionally induce severe thrombocytopenia 
[22]. In 2 of 24 cardiac surgery patients treated with i.v. 
amrinone in the postbypass period a dramatic drop of 
platelet count (11000 and 15 000/ml) was documented by 
Gtinnecker et al. [11]. MacGillivray et al. [23] pointed out 
that serious and significant quantitative and qualitative 
defects in platelets may occur with amrinone, particularly 

Table 2. Changes in haemoglobin (hgb) and platelet count 

Baseline 20 rain after Before After End of 5 h after 1st post- 
start of infusion CPB CPB Operation CPB operative day 

Hgb PIR 13.8_+1.0 13.2_+0.7 13.0-+0.7 10.2+0.4 11.1+0.9 11.4_+1.0 11.3+_0.7 
(g/dl) ENO 13.3-+0.5 12.8+_0.7 12.9+0.6 9.8+0.3 11.0+1.1 10.9-+1.1 11.3+-0:5 

EPI 13.0-+0.6 13.2_+0.5 13.0_+0.3 10.5-+0.6 10.8-+0.7 11.9+1.2 12.3-+0,8 
CON 13,1-+0.9 12.8_+0.4 12.6_+0.6 9.7_+0.5 1 0 . 5 _ + 0 . 6  1 1 . 8 _ + 1 . 0  12.0_+1.0 

Platelet PIR 213-+11 209-+19 210_+18 155_+23 169_+30 179_+32 ~98_+21 
count ENO 200• 205• 210_+22 145• 158+27 189+30 183_+27 
(109/1) EPI 198_+29 201• 203_+28 145+29 165• 180___21 199-+22 

CON 222• 206+-22 209-+33 139-+22 145_+22 179_+31 179+_28 

x_+SD 
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when an intraaortic balloon pump (IAPB) was added. In 
a long-term oral study, 18.6% of amrinone-treated pa- 
tients had significant thrombocytopenia [22], 

The benzimidazolone derivatives enoximone and 
piroximone are newly developed PDE-III-inhibitors used 
for treating acute myocardial failure. In the present study, 
the platelet count of both enoximone and piroximone 
treated patients was not different in comparison with the 
epinephrine treated group or the control group. However, 
platelet number is not identical with platelet function, i.e. 
platelet dysfunction after CPB occurs even in the pres- 
ence of a normal platelet concentration. Platelet counts 
greater than 100000/gl are not associated with bleeding 
if the platelets are normal [24]. Consequently, we used 
aggregometry to evaluate platelet function in cardiac 
surgery patients treated with PDE-III-inhibitors before 
CPB. 

Bolus injection of enoximone and piroximone fol- 
lowed by a continuous infusion did not negatively affect 
platelet count or platelet function in the pre-bypass peri- 
od: none of the aggregation variables of the PDE-inhibi- 
tor treated patients differed from those of patients treated 
with epinephrine. Platelet function in the control group 
also did not differ. In an in-vitro aggregation study, exam- 
ining blood from healthy volunteers treated with various 
PDE-inhibiting agents, amrinone showed a more pro- 
nounced reduction in platelet aggregation induced by col- 
lagen and ADP than did enoximone [25]. Platelet an- 
ti-aggregatory activity was Iowest when the new PDE- 

III-inhibitor piroximone was added to the blood. This 
emphazised that the different kinds PDE-III-inhibitors 
vary not only with regard to their haemodynamic efficacy 
but also to their possible side-effects. The affinity to the 
PDE-type-III may differ among the various groups of 
PDE-inhibitors [25] and the specific inhibition of the 
breakdown of cAMP in the various tissues (i.e, heart mus- 
cle cell, platelets) may also vary between the PDE-III-in- 
hibitors. Furthermore, in addition to PDE-inhibiting pro- 
perties other effects such as increasing the sensitivity of 
the myofilaments to Ca ++ and other nuclear mecha- 
nisms appears to be involved in the actions of some of 
these agents [26]. Precisely how these effects may be in- 
volved in changes of platelet aggregation is not exactly 
known. 

It was of particular interest for us to learn how plate-_ 
lets react under the "traumatic" circumstances of CPB 
when PDW-III-inhibitors are infused in the pre-bypass 
period. In accordance with various other studies 
[27-291, platelets become less responsive to agonists 
(APD, collagen, epinephrine) during and after CPB in all 
our patients without differences among the drug treated 
groups. In the later post-bypass period, platelet function 
recovered to baseline values or even exceeded baseline vat- 
ues on the 1st postoperative day. This is of great impor- 
tance since drugs which impair platelet function should 
be avoided. Blood loss and the use of homologous blood 
in the post-bypass period were comparable for the 
groups, suggesting that these PDE-III-inhibitors can be 
given without causing a bleeding tendency. 

It can be concluded that PDE-inhibitors are of partic- 
ular value for patients with severe heart failure because 

they act directly on the conversion of cAMP. Enoximone 
as well the new PDE-III-inhibitor piroximone did not re- 
duce platelet count or impair platelet function as assessed 
by aggregometry. Therefore both of these PDE-III-inhib- 
itors appear safe with regards to platelet function and 
blood loss within the perioperative period of cardio- 
surgical patients. 
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