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Abstract Nitric oxide (NO) reduces platelet aggregation in vitro. However, repeated
measurements of platelet aggregation in infants and small children are impossible due to
the large blood samples required. Instead, the expression of different platelet receptors
mediating platelet adhesion (CD 36 and CD 42b), activation (CD 42b and CD 61) and
aggregation (CD 41a) was measured repeatedly by flow cytometry. First, the expression
of platelet receptors was quantified in platelet suspensions of 20 healthy volunteers after
incubation with different concentrations of NO (0, 25, 100 and 640 ppm) and compared
to changes in platelet aggregation and intrathrombocytic cGMP levels. It was then
studied in 21 infants and children before, during and up to 3 days after cardiopulmonary
bypass surgery. Seven of these patients required NO inhalation postoperatively. The in
vitro experiments showed a reduced expression of the CD 4la, CD 42b and CD 61
receptors with increasing doses of NO, predominantly affecting the CD 4la receptor
(—=11% at 100 ppm and —20% at 640 ppm). This significant effect is in keeping with the
observed NO-induced inhibition of platelet aggregation (—44% at 100 ppm) and the rise
in platelet cGMP levels (+69% at 100 ppm). In patients without inhaled NO, the ex-
pression of CD 4la was slightly attenuated during cardiopulmonary bypass surgery
(—=15%) but increased significantly afterwards (2 h: +31%, 1st day: +129%, 2nd day:
+120%, 3rd day: +111%). Comparable results were obtained regarding the other ad-
hesion molecules CD 36, CD 42b and CD 61. In patients with inhaled NO the same
pattern was observed and analysis of variance did not reveal any significant difference
between both groups of patients.

Conclusions NO (=100 ppm) decreases the expression of different platelet adhesion
molecules and platelet aggregation, presumably via an increase in intracellular cGMP.
However, due to the low dose range used in the clinical setting (1-40 ppm) this is
clinically not relevant. Immediately after cardiopulmonary bypass surgery the
expression of these adhesion molecules is reduced, but recovers on the Ist
postoperative day.
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Introduction

Inhaled nitric oxide (NO) is a promising new therapeutic
modality to improve haemodynamics and oxygenation
in critically ill patients with a variety of diseases [1, 14,
23, 27]. Possible side-effects of a continuous NO inha-
lation include an increased concentration of methae-
moglobin in blood [15], the formation of NO, in the
ventilator circuit [6] and the inhibition of platelet ag-
gregation [16, 19]. NO reduces platelet aggregation via
activation of intracellular guanylate cyclase and in-
creased cyclic guanosine monophosphate (cGMP) [22].
Whether this effect may cause increased bleeding prob-
lems in infants and children with NO inhalation remains
unknown. Hégman et al. [10] demonstrated a prolonged
bleeding time in rabbits after inhalation of 30 ppm NO
for 15 min. Repeated measurements of platelet aggre-
gation in infants and small children are impossible due
to the large blood samples required. Instead, the ex-
pression of different platelet receptors [2] mediating
platelet adhesion (CD 36 and CD 42b), platelet activa-
tion (CD 42b and CD 61) and platelet aggregation (CD
41la) can be studied repeatedly by flow cytometry
(Table 1).

In the present study we investigated whether the ex-
pression of these platelet receptors is influenced by car-
diopulmonary bypass (CPB) surgery and inhaled NO in
children. Moreover, dose-response curves were created
in vitro between NO and the expression of these platelet
receptors, platelet aggregation and intracellular cGMP.
From these data an upper dose limit for inhaled NO was
extracted which ensures that platelets are not signifi-
cantly affected by this new therapy.

Material and methods
Patients and controls

Blood was collected directly into EDTA-tubes only from patients
and volunteers who had not taken aspirin or other drugs for the
last 10 days. For the in vitro study, venous blood samples were
drawn from 20 healthy volunteers (controls) with no evidence of
heart disease and a mean age of 28 years. The samples were im-
mediately prepared to yield platelet rich plasma (PRP) and incu-
bated with NO as described below.

The patient study was performed in 46 infants and children with
congenital heart disease who were included consecutively at the
time of diagnostic cardiac catheterization or CPB surgery. From 25
patients with a mean age of 5.6 years a venous or arterial blood
sample was obtained pre-operatively during diagnostic cardiac
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catheterization (pre-operative study group). The remaining 21 pa-
tients with a mean age of 3.1 years were studied in the peri-oper-
ative period of corrective CPB surgery (peri-operative study
group). Blood samples were obtained via an indwelling catheter
placed either into the radial artery or the superior vena cava im-
mediately before and at the end of CPB as well as 2, 24,48 and 72 h
postoperatively. All catheters had been placed for routine haemo-
dynamic monitoring after cardiac surgery but not for study pur-
poses. Cardiac diagnoses were: venticular septal defect (n = 12),
atrial septal defect (n = 7), tetralogy of Fallot (n = 3), pulmonary
stenosis or atresia (n = 6), aortic stenosis or atresia (n=3),
transposition of the great arteries (n = 3), and others (n = 12).
Seven of these patients had pulmonary hypertension pre-opera-
tively.

Inhaled NO

Seven of the peri-operative patients received inhaled NO with an
initial concentration of 20.4 + 4.5 ppm after weaning from CPB.
The indication for starting NO inhalation was persistent postop-
erative pulmonary hypertension either due to a previous left-to-
right shunt lesion or, in one case, aortic atresia with a previously
ductal dependent systemic circulation.

NO (Messer-Griesheim, Duisburg, Germany) was introduced as
a NO/N, gas mixture into the afferent limb of the ventilator circuit
close to the endotracheal tube as previously described [4]. The in-
spired NO and O, concentrations were continuously measured
(NO-Gaswarnanlage, Bieler and Lang, Achern, F.R.G; O,-sensor
module, Hewlett-Packard, Boblingen, F.R.G.). When a significant
improvement was seen, inhaled NO therapy was continued with 1—
20 ppm as required to obtain a stable situation concerning hae-
modynamics and gas exchange. Along with the clinical improve-
ment the applied NO concentration was reduced daily and finally
discontinued. The system for application of inhaled NO was re-
viewed and approved by the Technical Surveillance Association
(TUV Siidwest, Stuttgart, F.R.G.). This study was approved by the
ethics committee of the University of Tuebingen. Informed consent
was obtained from the parents.

Incubation

For the in vitro study of the effects of exogenous NO on platelets,
PRP was incubated with 0, 25, 100 and 640 ppm NO for 45 min
with almost no bubbling. The same NO/N, gas mixture as in the
clinical setting was used. The desired NO concentration was ob-
tained by blending NO gas and pressure air via two separate
flowmeters. NO was measured electrochemically (NO-Pac II,
Dréger, Libeck, F.R.G.). Following incubation, the samples were
immediately prepared for flow cytometry as well as for measure-
ment of platelet aggregation and platelet cGMP levels.

Flow cytometry

Platelet receptors were labelled by fluorescent antibodies following
the manufacturer’s instructions. Briefly, 0.5 ml PRP were centri-
fuged, the pellet resuspended in PBS and washed twice. The final

Table 1 Characterization of

selected receptors on the Receptors Synonyma Subunits Amount of Platelet function
platelet surface [according to binding sites
2
(21 CD 36 Collagen receptor GP IV 12000 Adhesion
CD 4la Fibrinogen receptor GP lib 50000 Aggregation
GP Illa
CD 42b vWF receptor GP Ib 25000 Adhesion,
GP IX activation
CD 61 GP Illa Activation
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suspension (1 ml) was prepared in saline with 0.1% NaN; and
treated with 20 pl of the FITC-labelled antibody for 30 min at 4-
8°C. The following antibodies were used: anti CD 36 mouse IgGy,
anti CD 41la mouse IgG, kappa, anti CD 42b mouse 1gG, (Dia-
nova-Immunotech, Marseilla, France) and anti CD 61 mouse 1gG;
(Becton-Dickinson, Mountain View, USA). Flow cytometry was
performed by counting 10,000 cells per sample, using a FACScan
(Becton-Dickinson, Mountain View, USA) equipped with the Lysis
IT software. After appropriate gating of the platelet population
within the dotplot-diagram (Forward scatter versus side scatter) a
histogram was created in which the cells were classified according
to their fluorescence. Fluorescence intensity was expressed as ar-
bitrary units (channel number) on a log scale. For further analysis
the median channel of the platelet population showing positive
fluorescence was estimated.

Platelet aggregation

The final platelet count in the PRP was adjusted to 200-300 x 10%/
ul by adding appropriate amounts of platelet poor plasma of the
same patient. Platelet aggregation was monitored according to the
turbidimetric method using the Platelet Aggregation Profiler PAP-4
(Molab, Hilden, F.R.G.). PRP (0.5 ml) was incubated under con-
tinuous stirring for 5 min prior to the analysis at a temperature of
37°C. Aggregation was induced with a final concentration of 5 mg/
ml collagen. The extent of platelet aggregation was expressed as
percentage of the maximal increase in light transmission in stimu-
lated PRP, assuming that light transmission was 100% in platelet
post plasma from the same patient and 0% in nonstimulated PRP.

Platelet cGMP assay

After centrifugation of PRP (2000 g, 15 min), the supernatant was
decanted and the pellet resuspended in 15 mM TRIS buffer (pH
7.0). Then, the platelet count was measured and the sample stored
at —20°C until analysis on the following day. Deep freezing pro-
vided the necessary rupture of the platelet membranes. The sample
was assayed for cGMP without further extraction by enzyme-
immunoassay using a commercially available test kit (Amersham,
Braunschweig, F.R.G.) and a photometer (Spectra, SLT Labin-
struments, Crailsheim, F.R.G.). No extraction procedure was used,
since Jakob et al. [11] presented data from the measurement of
plasma cGMP, supporting the assumption that this step is not
necessary. Because of the low cGMP concentration expected within
the sample, the acetylation assay with a range of 0.04-10.24 pmolé
ml was used. The final results were expressed as pmol per 10

platelets.

Haemodynamic measurements

Routine postoperative haemodynamic monitoring included heart
rate, respiratory rate, arterial oxygen saturation obtained by
pulsoximetry, systemic arterial pressure and central venous pres-

sure. In some patients indwelling catheters were surgically placed
into the pulmonary artery and the left atrium to monitor both
pulmonary artery and left atrial pressures. All parameters available
were recorded continuously using the Intensive Care Monitoring
system (Merlin/Mars, Hewlett Packard, Boblingen F.R.G.). Car-
diac output was determined by the Fick principle and indexed to
body surface area. Pulmonary vascular resistance index, systemic
vascular resistance index, intrapulmonary shunting (Qs/Qr) and
blood oxygen content were calculated using standard equations.

Statistical analysis

Results are presented as mean + SEM. Statistical analysis was
performed using the PC-based SAS 6.03 software package (SAS
Institute, Cary, U.S.A.). The normal distribution of each parameter
was verified by univariate analysis of variance. Analysis of variance
with adjustments for multiple comparisons (Bonferroni z-tests) and
analysis of variance for repeated measures were used for statistical
comparison. A P value of <0.05 was considered statistically sig-
nificant.

Results
In vitro study

The platelet count of the control group 218 £ 8.34 x
10°/ul) was not significantly different from the initial
value within the pre-operative (193 + 14.05 x 10%/pul) or
peri-operative (204 + 24.67 X 103/pl) study group. The
fluorescence intensity which reflects the expression of the
corresponding adhesion molecule was highest when
using the CD 41a antibody. Moreover, the fluorescence
intensity of each antibody was increased in the control
group after the incubation procedure with pressure air
when compared to the pre-operative study group with-
out any incubation (Table 2). However, the effect was
well within the range of the in vivo changes induced by
CPB surgery (Table 2). The amount of unspecific bind-
ing was low in each group.

As shown in Fig. 1, the incubation of PRP from
controls with increasing doses of NO led to a signifi-
cantly reduced expression of CD 41a at 100 ppm (—11%)
and 640 ppm (-20%). The platelet receptors CD 42b
and CD 61 were significantly reduced only at 640 ppm
NO. A concentration of 25 ppm NO did not affect the
expression of any platelet adhesion molecule studied,
and no changes of the CD 36 receptor were detected.
The NO-induced reduction in the expression of the CD

Table 2 Changes in expression of different platelet adhesion molecules [fluorescence intensity in arbitrary units] due to the incubation

process itself and CPB surgery

Receptors Incubation Without Effect of CPB (post-operative group)

without NO incubation

(control group) (pre-operative group) before CPB max. after CPB
Unspecific Binding 38 £+ 4.8 40 £ 3.49 42 £ 53 54 + 128
CD 36 576 + 36.5 552 + 36.0 560 + 54.9 687 £ 53.1
CD 4la 1917 + 849 769 £+ 60.9 636 + 81.8 1409 + 166.2
CD 42b 736 + 29.6 550 + 31.2 586 + 52.0 664 £ 48.0
CD 61 726 + 22.6 479 + 25.1 468 + 29.7 574 £ 492
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Table 3 Haemodynamics and gas exchange before and 20 min
2000 I 1 I after beginning of NO inhalation in seven children after CPB sur-
I gery for congenital heart disease. The ventilator settings and FiO,
— 1800 - * were kept constant between the two measurements. (M AP mean
c -é‘ 1600 |- . aortic pressure, MPAP mean pulmonary artery pressure, CVP
‘% 2 central venous pressure, LAP left atrial pressure, CI cardiac index,
o SV RI systemic vascular resistance index, PV RI pulmonary vascular
0 c resistance index, SaO, arterial oxygen saturation, paO, partial ar-
S o 800 - T " terial oxygen pressure, paCO, partial arterial carbon dioxide
o 8 _'IT\—.E pressure, Qs/Qr intrapulmonary right-to-left shunt, MetHb me-
:g:- § 600 - i_ ______ —+— 5 — * thaemoglobin concentrations)
8 o 400 | Parameter Before NO During NO
o S == CD36 (20.4 + 4.5 ppm)
=, e—¢ CD41a
200 - +— CD42b Heart rate [bpm] 134+ 173 135+ 7.7
v---v CD 61 MAP [mmHg] 581 + 40 63.1 + 3.2%
ol MPAP [mmHg] 520 + 102 304 £  4.3%
' . L ' L MPAP/MAP 085 £ 0.1 047 + 0.05%
CVP [mmHg] 122 £ 1.1 1.1 £ 1.1
100 | LAP [mmHg] 11.6 + 23 122 £ 20
c CI [l/min/m?] 341 £ 0.5 347 £ 0.5
kel 80 |- SVRI [dyn/s/m*/cm? 1038  + 150 1195  + 227
®— 60} * PVRI [dyn/s/m*/cm?] 665 =+ 180 383+ 148%
o X -
® & Sa0, [%] 929 + 29 98.1 + 0.7%
5 40 - paO, [mmHg] 717 £ 78 1172 + 17.4%
g) 20 |- paCO, [mmHg] 323 + 1.8 303 £ 1.5%
Qs/Qr [%] 384 £ 10.8 287 £ 41
0. L 1 L 1 MetHb [%] 0.82 £ 0.08 1.47 £ 0.18*
O o 60 . * Statistical significant difference (P < 0.05)
= =
0) Q
O 2 40 "
@ = * . . .
© T 5l haemoglobin concentration increased significantly from
© g_ 0.82% to 1.47%. Considering the NO-induced increase
e .= 0 in methaemoglobin concentration, oxygen saturation
'1 [') 1' ;_ :'3 and partial oxygen pressure, the net effect is a significant

NO [log ppm]

Fig. 1 Effect of increasing doses of NO [log ppm] within the
incubation tube on the expression of platelet receptors [fluorescence
intensity in arbitrary units], platelet aggregation [% change versus
baseline] and platelet cGMP levels [pmol/10? platelets], * Statistical
significant (P < 0.05)

41a receptor was accompanied by a parallel decrease in
platelet aggregation and an increase in intraplatelet
cGMP levels (Fig. 1).

Patient study

The effect of inhaled NO with an inital concentration of
20.4 £ 4.5 ppm on different haemodynamic and gas
exchange parameters is shown in Table 3. Twenty min-
utes after beginning of NO inhalation, mean aortic
pressure, arterial oxygen saturation and partial arterial
oxygen pressure were significantly increased, whereas
mean pulmonary artery pressure, pulmonary-to-aortic
pressure ratio, pulmonary vascular resistance and partial
arterial carbon dioxide pressure were significantly
decreased. Intrapulmonary right-to-left shunting (Qg/
Qr) showed a small, but not significant decrease. Met-

increase in the blood oxygen content from 16.13 £ 0.51
ml O,/100 ml blood to 17.4 £ 0.46 ml O,/100 ml blood.
Due to the clinical improvement, the applied NO con-
centration could be reduced stepwise and discontinued
after 2.5-6 days (mean: 4.2 £ 0.6 days).

To test the influence of age, sex and type of congen-
ital heart defect on platelet count and the initial ex-
pression of the four platelet receptors, the data of the
pre-operative study group and a subset of data from the
peri-operative group, obtained before starting CPB,
were pooled. Then the patients were stratified according
to age (<1 year: n = 9, 1-3 years: n = 9, 3—6 years:
n = 18 and >6 years: n = 10), sex (male: n = 25, fe-
male: n = 21) and type of defect (left-to-right shunt:
n = 12, right-to-left shunt: » = 21, no shunt: n = 13),
respectively. One-way analysis of variance revealed no
significant effect of any of these parameters on the ex-
pression of platelet receptors and the platelet count.

CPB sugery led to a significant decrease in platelet
count of approximately 50% (Fig. 2). Patients who later
required inhaled NO, had a significantly pronounced
decrease of about 70%. The reason for this phenomenon
will be shown below. The platelet count remained low
for 2 days postoperatively and returned almost to pre-
operative levels on the 3rd day in patients without in-
haled NO or showed only a slight increase in patients
with inhaled NO.
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Fig. 2 Changes in platelet count during and after CPB surgery in
children. Patients without NO inhalation (O), patients with NO
inhalation (@). *Statistical significant (P < 0.05) compared to ‘before
CPB’; **Statistical significant (P < 0.05) to ‘end of CPB’

The expression of the platelet receptors CD 36
(—21%), CD 42b (-23%) and CD 61 (—20%) was sig-
nificantly reduced at the end of CPB in all patients of the
peri-operative study group (Figs. 3, 4), whereas the CD
41a receptor (—15%) showed only a slight and not sig-
nificant attenuation. The extent of unspecific binding
was not changed by CPB. Postoperatively, the expres-
sion of the receptors CD 36, CD 42b and CD 61 in-
creased again, reaching pre-operative values on the 1st
postoperative day and exceeding it slightly on the 2nd
and 3rd day. The expression of the CD 4la receptor
increased above the pre-operative level shortly after CPB
surgery (2 h: +31%) and remained high up to 3 days
thereafter (I1st day: +129%, 2nd day: +120%, 3rd day:
+111%). No significant difference in this pattern be-
tween patients with and without NO inhalation was
observed. Clinically, no prolonged bleeding after with-
drawal of indwelling catheters or drainage tubes was
detected in patients with inhaled NO.

The alterations of platelet count and expression of
platelet receptors induced by CPB surgery were not
significantly related to the parameters sex or type of
cardiac defect. However, there was a more pronounced
decrease in platelet count induced by CPB in infants
(=74.6%) compared to other age groups) (1-4 years:
—58.3%, >4 years: —=21.9%). The expression of the re-
ceptors CD 41a and CD 61 was significantly more de-
creased in patients with a lower body temperature
during CPB (<27°C vs 227°C). Likewise, the expression
of the CD 61 receptor was significantly attenuated by
hypothermic circulatory arrest during cardiac surgery.
Of interest, patients who received inhaled NO later on
were younger (1.1 £ 0.5 vs 4.0 £ 1.0 years), had a
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Fig. 3 Expression of the platelet receptors CD36 and CD 41a during
and after CPB surgery in children. Patients without NO inhalation
(O); patients with NO inhalation (@). *Statistical significant
(P < 0.05) compared to ‘before CPB’; **statistical significant
(P < 0.05) to ‘end of CPB’. Control, small amount of fluorescence
due to unspecific binding of labelled antibodies

longer CPB time (80 = 6 vs 72 £+ 11 min) and a lower
body temperature during CPB (23.8 &£ 1.8 s
27.5 £ 1.7°C) than patients without NO.

Discussion

In the first part of our study it was shown that the ex-
pression of the CD 41a receptor on the platelet surface
accurately reflects the dose-dependent inhibition of
platelet aggregation by exogenous NO. It was confirmed
that an increased intraplatelet cGMP level is involved in
this process. cGMP decreases intracellular calcium
availability, which is the common trigger for the in-
duction of platelet aggregation and the release of gran-
ular contents such as serotonin [24] via an inhibition of
the influx and the mobilization of calcium from intra-
cellular stores [9]. Calcium availability is further reduced
by an elevation of intraplatelet cAMP levels, which en-
hances calcium uptake into the dense tubular system
[13]. Platelets may regulate their aggregation by a neg-
ative feedback mechanism via intraplatelet synthesis of
NO from L-arginine [21]. Also, the intact endothelium
obviously regulates the homeostatic interactions be-
tween platelets and the vessel wall by the release of NO
and prostacyclin [19].
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Fig. 4 Expression of the platelet receptors CD42b and CD 61 during
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The mechanism by which NO alters the expression of
platelet receptors is unknown. It is speculated that the
cAMP- and cGMP-induced activation of different pro-
tein kinases and subsequent phosphorylation of regula-
tor regions of the membrane protein are involved.
Evidence for this hypothesis stems from Parise et al. [17],
who found a phosphorylation of the cytoplasmatic C-
terminal end of GP Illa (subunit of CD 41a) by protein
kinase C in human platelets during activation.

An increase in the expression of platelet receptors in
vitro due to the incubation process itself was detected by
comparing the fluorescence intensity of the control
group at 0 ppm NO with the preoperative study group
without incubation. However, because CPB also in-
creased the receptor expression to the same amount, the
in vitro situation closely reflected the in vivo situation.

In our in vitro experiments we observed a close cor-
relation of the dose-response to NO between the CD 41a
expression and the inhibition of platelet aggregation
induced by collagen. In order to compare these results
with previously published studies [19], the concentration
of dissolved NO in PRP was calculated from the gaseous
NO concentration within the incubation chamber. As-
suming a solubility coefficient of 4.6 ml NO/100 ml H,O
at 20°C and 1 atm [7], and a molar volume of 22.4 1 NO/
mol, 25 ppm corresponds to 0.051 uM NO, 100 ppm to

199

0.205 uM and 650 ppm to 1.332 uM, respectively. A
comparable dose range for NO (0.18-1.50 uM) was used
by Radomski et al. [19], who found a dose-dependent
inhibition of platelet aggregation after incubation of
human PRP with a 50% inhibitory concentration ICs,
of 0.54-0.87 uM NO. This is the same order of magni-
tude as the concentration of NO which reduces the ex-
pression of the CD 41a receptor significantly (0.205 pM
NO). In our study, 650 ppm NO (=1.3 uM) increased
the intraplatelet cGMP level three fold, whereas
Radomski et al. [20] observed a 16-fold rise when using a
considerably higher NO concentration (=10 pM).

In the clinical part of our study we asked whether
inhaled NO even in low concentrations may alter
platelet function in children after surgery for congential
heart disease. To answer this question we first analysed
the alteration of the platelet count and the expression of
platelet receptors induced by CPB. The platelet count
was markedly decreased (—47%) at the end of CPB and
returned slowly to normal on the 3rd postoperative day.
Schricker et al. [26] found a similar decrease (—47%) and
a slow recovery of the platelet count in adult patients
whose CPB time was longer than 60 min. In patients
with a shorter bypass time these alterations were con-
siderably less. Therefore, a longer bypass time, the
younger age and the deeper hypothermia during CPB
are the most likely explanation for the fact that in our
study patients who later required inhaled NO had a
lower platelet count at the end of CPB.

Possible mechanisms for the decreased platelet count
at the end of CPB are haemodilution, an increased fil-
tration of aggregated platelets and an increased adhe-
sion of activated platelets at the subendothelium or the
large artificial surface of the perfusion system [26]. For
instance, platelets can adhere to surface adsorbed fi-
brinogen via the CD 41a receptor [8]. A rise in platelet
activation with a subsequent release of serotonin from
the dense granules can be inferred from the observation
that 3 and 24 h after CPB surgery the urinary excretion
of the serotonin metabolite 5-hydroxyindoleacetic acid
was slightly increased as reported elsewhere [3].

A biphasic change with a reduced expression of
platelet receptors at the end of CPB and increase to or
above normal values within the first 2 postoperative
days was detected. These changes are independent of the
absolute platelet count of the sample because by flow
cytometry always 10,000 platelets were measured. The
reduced expression of all platelet receptors studied might
be caused by an active conformational change of the
receptor protein, which has been shown for the CD 41a
(GP IlIb/IIIa) receptor [18]. On the other hand, it could
simply reflect an increased filtration during CPB of those
platelets which showed an increased expression of re-
ceptors mediating aggregation and adhesion. However,
an active conformational change or a de-novo synthesis
of the receptor protein seems to be the reason for the
increased receptor expression on the Ist and 2nd post-
operative day, since at that time the platelet count was
still low. Besides other factors such as increased fibrin-
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ogen levels, the increased expression of platelet receptors
obviously compensates for the postoperatively decreased
platelet count, because Schricker et al. [26] observed a
normal bleeding time already on the 1st day after CPB.

The positive effect of inhaled NO on haemodynamics
and gas exchange in the patients of our study is com-
parable to previously published results from other
groups [12, 14, 27]. The same holds true for the dose
range which was 1-20 ppm NO. Since inhaled NO did
not alter the natural course of changes in platelet re-
ceptor expression induced by CPB, we presume that the
corresponding platelet functions such as aggregation
and adhesion are not disturbed by NO in this dose
range. This is in contrast to Samama and co-workers
[25], who found a significant decrease of platelet aggre-
gation by about 46% in six patients with adult respira-
tory distress syndrome after inhaled NO. However,
some potential errors are present in this study. First, the
decrease was not dose-dependent over a range of 1-100
ppm NO, which is in contrast to the known dose-de-
pendent inhibition of platelet aggregation within this
dose range [19]. Second, the Ivy bleeding time remained
within the normal range, and variations during NO in-
halation did not correlate with measured alterations of
platelet aggregation in these patients. In another study, a
prolonged bleeding time was detected in rabbits after
inhalation of 30 ppm NO for 15 min, and this was
thought to be due to a NO-induced inhibition of platelet
aggregation [10]. However, neither did Samama and co-
workers [25] detect a prolonged bleeding time in their
patients, nor was an increased bleeding after withdrawal
of drainage tubes or after endotracheal suction observed
in our patients postoperatively. Moreover, bleeding time
is known as a global test of coagulation and is influenced
by many factors such as coagulation proteins, vascular
tone and platelet aggregation.

From the in vitro part of our study we concluded that
the effects of NO on platelets occurred only at such a
high concentration that should not be used in humans
anyway, due to other undesired side-effects, e.g. forma-
tion of nitric dioxide [6] and methaemoglobin [15]. The
in vivo part confirmed this hypothesis. In a dose-re-
sponse study in a similar group of children after surgery
for congenital heart defects, 95% of the maximum effect
on pulmonary vascular resistance and oxygen saturation
was observed with less than 10 ppm NO [5]. Therefore, it
is not necessary to apply high dose inhaled NO (>40
ppm) in the clinical setting.

Acknowledgements The instrument for the electrochemical mea-
surement of NO (NO-Pac II) during the in vitro part of this study
was kindly provided by Driger Company, Liibeck, FRG. This
study was supported by the fortuene-Research Programme of the
University of Tuebingen.

References

1. Abman SH, Griebel JL, Parker DK, Schmidt JM, Swanton D,
Kinsella JP (1994) Acute effects of inhaled nitric oxide in

20.

children with severe hypoxemic respiratory failure. J Pediatr
124:881-888

Beer JH (1992) Plittchenrezeptoren: Nomenklatur-Struktur-
Funktion. Schweiz Med Wochenschr 122:1249-1263 (part 1),
1287-1304 (part 2)

Breuer J, Georgaraki A, Sieverding L, Baden W, Apitz J
(1996) Increased turnover of serotonin in children with pul-
monary hypertension secondary to congenital heart disease.
Pediatr Cardiol 17:214-219

Breuer J, Irtel von Brenndorff C, Baden W, et al (1995) Ver-
besserung der perioperativen Himodynamik und des Gas-
austausches durch Inhalation mit Stickstoffmonoxid bei
Kindern mit angeborenen kardio-pulmonalen Fehlbildungen.
Z Kardiol 84:1009-1017

Breuer J, Irtel von Brenndorff C, Sieverding L, Gass M, Apitz
J (1996) Dose-response relationship of inhaled nitric oxide on
pulmonary hemodynamics and oxygen saturation in children
after surgery for congenital heart disease (abstract). Eur Heart
J 17 [Supp]:424

Breuer J, Waidelich F, Irtel von Brenndorff C, et al (1997)
Technical considerations for inhaled nitric oxide therapy:
Time response to NO-dosing changes and formation of ni-
trogen dioxide. Eur J Pediatr 156:460—462

Budavari S, O’Neil MJ, Smith A, Heckelman PE (1989) Ni-
tric oxide. In: Budavari S, O’Neil MJ, Smith A, Heckelman
PE, (eds) The Merck Index — an encyclopedia of chemicals,
drugs and biologicals. Rahway, New York, 1041

Edmunds LH (1993) Blood-surface interactions during car-
diopulmonary bypass. J Card Surg 8:404-410

Henderson AH, Morgan RO, Newby AC (1987) The inhibi-
tion by sodium nitroprusside of ADP-induced calcium influx
and calcium mobilization in human platelets. J Physiol
387:89P

. Hégman M, Frostell C, Arnberg H, Sandhagen B, Hedensti-

erna G (1994) Prolonged bleeding time during nitric oxide
inhalation in the rabbit. Acta Physiol Scand 151:125-129

. Jakob G, Mair J, Puschendorf B (1993) Direct determination

of cyclic guanosine monophosphate in plasma. Clin Chem
39:2530-2531

Journois D, Pouard P, Mauriat P, Malhere T, Vouhe P, Safran
D (1994) Inhaled nitric oxide as a therapy for pulmonary
hypertension after operations for congenital heart defects.
J Thoracic Cardiovasc Surg 107:1129-1135

. Késer-Glanzmann R, Jakabova M, George JN, Liischer EF

(1977) Stimulation of calcium uptake in platelet membrane
vesicles by adenosine 3’,5’-cyclic monophosphate and protein
kinase. Biochim Biophys Acta 466:429-440

Kinsella JP, Abman S (1995) Recent developments in the
pathophysiology and treatment of persistent pulmonary hy-
pertension of the newborn. J Pediatr 126:853-864

. Maeda N, Imaizumi K, Kon K, Shiga T (1987) A kinetic study

in functional impairment of nitric oxide-exposed rat ery-
throcytes. Environ Health Perspect 73:171-177

. Mellion BT, Ignarro LJ, Ohlstein EH, Pontecorvo EG, Hy-

man AL, Kadowitz PJ (1981) Evidence for the inhibitory role
of guanosine 3’,5-monophosphate in ADP-induced human
platelet aggregation in the presence of nitric oxide and related
vasodilators. Blood 57:946-955

. Parise LV, Criss AB, Nannizzi L, Wardell MR (1990) Gly-

coprotein Illa is phosphorylated in intact human cells. Blood
75:2363-2368

. Plow EF, Ginsberg MH (1989) Cellular adhesion: GP IIb/I11a

as a protective adhesion receptor. In: Coller BS, ed. Progress
in hemostasis and thrombosis. Saunders, Philadelphia: pp
117-156

. Radomski MW, Palmer RMJ, Moncada S (1987) Compara-

tive pharmacology of endothelium-derived relaxing factor,
nitric oxide and prostacyclin in platelets. Br J Pharm 92:181—
187

Radomski MW, Palmer RMJ, Read NG, Moncada S (1988)
Isolation and washing of human platelets with nitric oxide.
Thromb Res 50:537-546



21.

22.

23.

24.

ANNOUNCEMENT

15t International Symposium
on Pediatric Orthopaedics
in Basle ‘““The pediatric

foot in practice and clinic”’

September 11-12, 1998,

Radomski MW, Palmer RMJ, Moncada S (1990) An L-argi-
nine to nitric oxide pathway in human platelets regulate ag-
gregation. Proc Natl Acad Sci USA 87:5193-5197

Rapoport RM, Draznin MB, Murad F (1983) Endothelium —
dependent relaxation in rat aorta may be mediated through
cyclic GMP — dependent protein phosphorylation. Nature
306:174-176

Rossaint R, Falke KJ, Lopez F, Slama K, Piston U, Zapol
WM (1993) Inhaled nitric oxide for the adult respiratory dis-
tress syndrome. N Engl J Med 328:399-405

Salzman EW, Ware JA (1988) Ionized calcium as an intra-
cellular messenger in blood platelets. Prog Hemost Thromb
9:177-202

25.

26.

217.

201

Samama CM, Diaby M, Fellahi JL, et al (1995) Inhibition
of platelet aggregation by inhaled nitric oxide in patients
with acute respiratory distress syndrome. Anesthesiology
83:56-65

Schricker KT, Neupert R, Miihe E (1976) Auswirkungen der
Herz-Lungen-Maschine auf das Gerinnungsverhalten des
Blutes. Med Welt 27:2232-2239

Wessel DL, Adatia I, Giglia TM, Thompson JE, Kulik TJ
(1993) Use of inhaled nitric oxide and acetylcholine in the
evaluation of pulmonary hypertension and endothelial
function after cardiopulmonary bypass. Circulation 88:2128-
2138

Chairman

Date September 11-12, 1998

Venue University of Basle
Centre of Science
and Research
Hebelstreet 20
CH-4031 Basle

Prof. Dr. med. F. Hefti

Main Topics “The pediatric foot in practice
and clinic”
Clubfoot
Malformations
Neurogenic diseases
The borders to normality

comed GmbH
Congressorganization

Information

Basle, Switzerland ghairmémR B Goethstreet 8
Chairman: Prof. Dr. med. F. Hefti Cgh‘;fhém' runner D-79100 Freiburg, Germany

University Hospital for Pediatric
Orthopaedics Basle

Department of Pediatric
Orthopaedics

Telephone + +/7 61/7 77 40
Telefax + +/7 61/7 44 54
email: comed@t-online.de

University of Basle

Romergasse 8

CH-4005 Basle



