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238 Sildenafil for PH in Pediatric Cardiac Surgery

Sildenafil Therapy for

Pulmonary Hypertension
Before and After Pediatric Congenital Heart Surgery

Pulmonary hypertension associated with pediatric congenital heart defects is a major
cause of postoperative morbidity and death. Sildenafil has been combined with inhaled ni-
tric oxide to treat pulmonary hypertension. \We retrospectively studied the pre- and post-
operative effects of oral sildenafil as monotherapy in children with pulmonary hypertension
who underwent surgery to correct congenital cardiac defects.

From September 2005 through November 2009, 38 children with moderate-to-severe
pulmonary arterial hypertension (pulmonary arterial/aortic pressure ratio, >0.7) underwent
cardiac surgery at our institution. Fifteen patients were given sildenafil (0.35 mg/kg, every
4 hr) orally or through nasogastric tubes 1 week before and 1 week after surgery. Twenty-
three patients of comparable medical status were given sildenafil only upon the institution
of cardiopulmonary bypass and for 1 week after surgery.

Postoperatively, the 15 patients who were given preoperative sildenafil had significant-
ly lower mean pulmonary arterial pressures (25.6 + 3.1 vs 30.4 + 5.7 mmHg; P=0.005) and
pulmonary arterial/aortic pressure ratios (0.35 + 0.05 vs 0.42 + 0.07; P=0.002) than did the
other 23 patients. The preoperative therapy also shortened cardiopulmonary bypass time,
mechanical ventilation time, and lengths of intensive care unit and hospital stays. No sil-
denafil-related hypertensive crises or sequelae occurred.

As monotherapy, oral sildenafil in low doses appears to control pulmonary hypertension
safely and effectively in children undergoing operations to correct congenital heart defects,
particularly when it is given both preoperatively and postoperatively. Further study is war-
ranted. (Tex Heart Inst J 2011,38(3):238-42)

ulmonary hypertension (PH) associated with congenital heart defects in chil-
dren is a major cause of postoperative morbidity and death.' Inhaled nitric
oxide (NO), a selective pulmonary vasodilator, has been the therapy of choice
for controlling PH after cardiac surgery. The activation of soluble guanylate cyclase
converts guanine triphosphate to cyclic guanosine monophosphate (cGMP), which in
turn leads to the activation of protein kinases and to subsequent vascular relaxation.”
Life-threatening sequelae can occur when inhaled NO is abruptly discontinued.
Sildenafil citrate has been used to treat PH in adults and children.’* Sildenafil is a
selective phosphodiesterase-5 inhibitor.” Phosphodiesterase 5 specifically hydrolyzes
3’ ,5-GMP. Sildenafil produces acute and relatively selective pulmonary vasodilation
and acts synergistically with inhaled NO."*** Available evidence suggests that sildenafil
has useful effects in PH, particularly in chronic therapy and in attenuating rebound
effects after inhaled NO is discontinued.?* Sildenafil is well tolerated and available as
an oral preparation, which is advantageous for patients with PH whose symptoms do
not warrant a continuous intravenous infusion. Nonetheless, dosage levels vary wide-
ly, and few data are available to suggest dosage regimens for children.
This retrospective study was performed to investigate the effect of oral sildenafil as
monotherapy in controlling pre- and postoperative PH in children undergoing con-
genital cardiac surgery.

Patients and Methods

From September 2005 through November 2009, 38 pediatric patients with moder-
ate-to-severe PH (pulmonary arterial/aortic [PA/Ao] pressure ratio, >0.7; and pul-
monary vascular resistance, >3 Wood units) underwent corrective surgery at our
institution for congenital cardiac defects and were enrolled in this study. Written in-
formed consents were obtained, and our local ethics committee approved the proto-
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col. One month before surgery, each of the 38 patients
underwent cardiac catheterization. During this proc-
ess, PA and aortic pressure, pulmonary vascular resis-
tance, and oxygen saturation were measured directly,
and PA/Ao pressure ratios and pulmonary-to-systemic
blood flow ratios were calculated.

The sildenafil group included 15 consecutive pa-
tients who were given sildenafil before and after surgery
(Table I). The control group comprised 23 consecutive
patients who were given sildenafil only at the start of
cardiopulmonary bypass (CPB) and after surgery.

The mean age in the sildenafil group was 12.1 £ 7.6
mo (range, 6—33 mo), compared with 11 + 4.6 mo
(range, 5-25 mo) in the control group (P=0.58) (Table
IT). Nine patients in the sildenafil group and 10 in
the control group were male. The mean body weight
in the sildenafil group was 7 + 1.9 kg (range, 4.4-11.5
kg), compared with 7.5 £ 1.3 kg (range, 5.7-10.8 kg)
in the control group (P=0.34). In the sildenafil group,
12 patients had a ventricular septal defect; associated
anomalies included 4 cases of patent ductus arteriosus,
2 of atrial septal defect, and 1 aortopulmonary window.
The 3 remaining patients had an atrioventricular sep-
tal defect. In the control group, 19 patients had a ven-
tricular septal defect; associated anomalies were 8 cases

of patent ductus arteriosus and 4 of atrial septal defect.
The 4 remaining patients had an atrioventricular septal
defect. There were no statistically significant differenc-
es between the 2 groups in regard to preoperative char-
acteristics (Table II). No patient had genetic syndrome
in either group.

The patients in the sildenafil group were given 0.35
mg/kg of the medication orally or through a nasogas-
tric tube every 4 hours. The therapy began 1 week be-
fore surgery and continued for 1 week thereafter. The
patients in the control group received this dose before
the start of CBP and for 1 week postoperatively.

Postoperatively, patients were transferred to the in-
tensive care unit (ICU). In addition to sildenafil, ther-
apy included 1 to 15 pg/kg/min of dopamine (0.05-1
pg/kg/min of adrenaline was added, when necessary),
0.1 mg/kg/hr of cistracurium for muscle relaxation, and
0.075 to 0.15 pg/kg/min of remifentanil and 0.5 to 2
pg/kg/min of midazolam for sedation. Controlled hy-
perventilation was instituted in order to attain blood
pH values above 7.45 and Pa0, levels above 100 mmHg.
No other vasodilator was administered. Systemic and
pulmonary pressures were measured every hour for 2
days through systemic arterial and PA lines. The re-
corded PA pressures, PA/Ao ratios, oxygen saturation

TABLE I. Patients’ Characteristics and Preoperative Cardiac Catheterization Data in the Sildenafil Group

PA/Ao PVR
Pt. Age Weight Cardiac Oxygen Pressure Q./Qg (Wood
No. Sex (mo) (kg) Defect Sat (%) Ratio Ratio units)
1 F 9 6.2 VSD 90 0.85 1.65 3.7
2 F 11 6.8 VSD, PDA 92 0.91 3.1 4
3 M 9 6.5 VSD 94 0.89 2.3 3.8
4 F 7 5.9 AVSD 88 0.92 0.96 4.8
5 M 8 6.5 VSD, APW 90 0.81 1.75 3.8
6 M 9 5.5 VSD 88 0.82 1.42 4
7 M 13 7.6 VSD, PDA 89 0.8 1.86 4.5
8 F 1 5.8 VSD, ASD 92 0.79 1.62 4
9 M 6 4.4 AVSD 85 1.03 0.94 4.7
10 M 27 11 VSD 90 0.83 2.2 3.7
11 M 7 4.8 VSD, ASD 88 0.87 1.78 3.9
12 M 9 7 VSD, PDA 90 0.9 2.6 3.8
13 F 33 11.5 VSD 93 0.84 3.3 3.9
14 F 10 7 AVSD 88 0.85 1.4 4
15 M 12 8 VSD, PDA 90 0.8 1.52 3.9

Ao = aorta; APW = aortopulmonary window; ASD = atrial septal defect; AVSD = atrioventricular septal defect; F = female; M = male;
PA = pulmonary artery; PDA = patent ductus arteriosus; Pt = patient; PVR = pulmonary vascular resistance; Q, = pulmonary blood flow;
Qg = systemic blood flow; Sat = saturation; VSD = ventricular septal defect
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TABLE Il. Comparison of Preoperative Variables in the
Sildenafil and Control Groups

TABLE Ill. Comparison of Postoperative Variables in
the Sildenafil and Control Groups

Sildenafil Control Sildenafil Control
Variable (n=15) (n=23) P Value Variable (n=15) (n=23) P Value
Age, mo 121+76 11+4.6 0.58 Maximum systolic 35.2+6.3 43.6+9.1 0.004
PA pressure, mmHg
Weight, kg 7+1.9 75+1.3 0.34
Minimum systolic 18.6+5.3 22.2+45 0.027
PA pressure, mmHg 747+135  77.2+£129  0.57 PA pressure, mmHg
Ao pressure, mmHg 85.8+£155 86.3+151  0.89 Mean PA pressure, 25.6+3.1 30.4+57  0.005
PA/Ao pressure ratio 0.86+0.06 0.87+0.06  0.61 mmHg
) A H 78.6+12.1 75.2+13.7 4
Oxygen saturation, % 89.8+2.3 89.9+28 0.91 O pressure, mmng 8.6 5 8 0.439
i + +
Q,/Q, ratio 189+ 0.69 167+046 024 PA/Ao pressure ratio 0.35+0.05 0.42+0.07 0.002
ion, 9 + + .
PVR. Wood units 4403 38406 024 Oxygen saturation, % 96.8+2.5 97.5+2.2 0.369
CPB time, min 99.3+17.2 118.4+28.6 0.026
Ao = aortic; PA = pulmonary artery; PVR = pulmonary
vascular resistance; Q, = pulmonary blood flow; Cross-clamp 715+178 7674156 0.447
Q, = systemic blood flow time, min
i ilati 3+7 9+6. .002
Values are stated as mean + SD. P <0.05 was considered Mt?r%r;ar;]l(r:al ventiation 18:3+7.9 26.9+6.5 0.00
statistically significant. !
ICU stay, hr 51.5+14.3 66.7+16.5 0.006
Hospital stay, d 8.8+2.2 10.6+£2.5 0.029

levels, CPB and aortic cross-clamp times, mechanical
ventilation time, and ICU and hospital stays were com-
pared between the 2 groups.

Statistical Analysis

Continuous data were expressed as mean + SD. The
nonparametric Mann-Whitney U test was used to com-
pare continuous clinical variables between the groups.
Data were analyzed by use of STATISTICA 6.0 software
(StatSoft, Inc.; Tulsa, Okla). A P value <0.05 was con-
sidered statistically significant.

Results

No postoperative deaths occurred in either group. The
maximum, minimum, and mean systolic PA pressures
were significantly lower in the sildenafil group than in
the control group (P=0.004, P=0.027, and P=0.005,
respectively). The PA/Ao pressure ratio decreased in all
patients; however, it was significantly lower in the sil-
denafil group than in the control group (0.35 £ 0.05 vs
0.42 £ 0.07; P=0.002). There were also significant dif-
ferences in CPB time, mechanical ventilation time, and
ICU and hospital stays, all of which were lower in the
sildenafil group (Table IIT). There were no significant
differences in cross-clamp time, aortic pressure, and ox-
ygen saturation level.

No hypertensive crisis or significant systemic hypo-
tension was detected in either group. No sildenafil-
related sequelae occurred in pre- or postoperative use.
The frequency of sildenafil dosages was gradually re-
duced after the 3rd postoperative day, and therapy ended
a week after the operation.
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Ao = aortic; CPB = cardiopulmonary bypass; ICU = intensive
care unit; PA = pulmonary artery

Values are stated as mean + SD. P <0.05 was considered
statistically significant.

Echocardiographic results upon the patients’ hospi-
tal discharge showed discrete biventricular contractility,
maximal PA pressures of 40 mmHg, and no hemody-
namically significant residual shunts. In no instance
was it necessary to resume therapy for PH.

Discussion

Currently, inhaled NO is the therapy of choice for re-
sidual PH after the repair of congenital cardiac defects.
However, 2 limitations of inhaled NO are the incom-
plete elimination of pulmonary hypertensive crisis, and
fatal rebound PH after NO is discontinued.>*" In ad-
dition, a special device is required to administer the
agent. To overcome these shortcomings, sildenafil can
be added to inhaled NO or used alone.”** It has been
postulated that rebound PH is caused when exogenous
NO inhibits NO synthase activity through negative
feedback when inhaled NO is abruptly discontinued.?
The inhibition of phosphodiesterase 5 by sildenafil—
by increasing intracellular and circulating cGMP—pre-
vents the rapid depletion of cGMP when inhaled NO
is withdrawn, thus potentiating the pulmonary vasodi-
latory effect of the agent.>*"

Reports of oral sildenafil use for pre- and postopera-
tive PH have chiefly involved cases in which it was dif-
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Fig. 1 Comparison of mean pulmonary artery pressure between
the sildenafil and control groups during the first 48 hours after
surgery.

ficult to wean patients from inhaled NO, or in which
NO was not optimally effective. Sildenafil was added
to inhaled NO or other pulmonary vasodilators®"** and
was only rarely used as monotherapy." These few re-
ports substantiate the effectiveness of sildenafil as a pul-
monary vasodilator and its benefit as short-term therapy
for patients with PH.

Because experience with oral sildenafil as monother-
apy is minimal, an optimal dose has not yet been es-
tablished. Before and after surgery, our patients were
given a low dose of 0.35 mg/kg and no concomitant
pulmonary vasodilators. The preoperative use of silden-
afil brought our patients to surgery in better condition
and led to better postoperative results, without sequelae
(Fig. 1).

The duration of CPB has an important impact on
time-related changes in pulmonary vascular reactivi-
ty after cardiac surgery. Pulmonary hypertension is a
recognized effect of ischemia/reperfusion injury after
on-pump surgery.” Cardiopulmonary bypass can lead
to pulmonary endothelial-cell injury and pulmonary
dysfunction, probably from hypoperfusion of the lung
during CPB; or from activation of the systemic inflam-
matory response, which exacerbates the reactivity of the
pulmonary vascular bed. This may result in inhibited
NO production and increased production of endothe-
lin-1 after CPB."* Some of the changes induced by CPB
could reverse themselves after sildenafil administration.
In our study, the preoperative use of sildenafil could
have reduced CPB time by decreasing the inflammato-
ry response.

Our study has some limitations. It included relative-
ly few patients, and the cases were retrospectively re-
viewed. It is unclear whether the results of the study
were directly associated with sildenafil, because other
factors could have influenced postoperative outcomes.
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Accordingly, a large, multicenter, randomized con-
trolled trial is warranted to validate the efficacy of sil-
denafil pre- and postoperatively in comparison with
placebo or other vasodilators.

In summary, our findings suggest that oral sildenafil
effectively minimizes pre- and postoperative PH in pe-
diatric cardiac patients. In particular, sildenafil therapy
before cardiac surgery appears to have a positive effect on
postoperative management. Larger, randomized studies
are necessary to determine the efficacy, safety, and opti-
mal doses of sildenafil in children who undergo surgery
for the correction of congenital heart defects.
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