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Effect of Sildenafil on Pulmonary Circulation
and Cardiovascular Function in Near-Term
Fetal Sheep During Hypoxemia
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Abstract
Sildenafil is a potential new treatment for placental insufficiency in human pregnancies as it reduces the breakdown of vasodilator
nitric oxide. Pulmonary vasodilatation is observed in normoxemic fetuses following sildenafil administration. Placental insufficiency
often leads to fetal hypoxemia that can cause pulmonary vasoconstriction and fetal cardiac dysfunction as evidenced by reduced
isovolumic myocardial velocities. We tested the hypotheses that sildenafil, when given directly to the hypoxemic fetus, reverses
reactive pulmonary vasoconstriction, increases left ventricular cardiac output by increasing pulmonary venous return, and
ameliorates hypoxemic myocardial dysfunction. We used an instrumented sheep model. Fetuses were made hypoxemic over a
mean (standard deviation) duration of 41.3 (9.5) minutes and then given intravenous sildenafil or saline infusion. Volume blood
flow through ductus arteriosus was measured with an ultrasonic transit-time flow probe. Fetal left and right ventricular outputs
and lung volume blood flow were calculated, and ventricular function was examined using echocardiography. Lung volume blood
flow decreased and the ductus arteriosus volume blood flow increased with hypoxemia. There was a significant reduction in left
ventricular and combined cardiac outputs during hypoxemia in both groups. Hypoxemia led to a reduction in myocardial iso-
volumic velocities, increased ductus venosus pulsatility, and reduced left ventricular myocardial deformation. Direct adminis-
tration of sildenafil to hypoxemic fetus did not reverse the redistribution of cardiac output. Furthermore, fetal cardiac systolic and
diastolic dysfunction was observed during hypoxemia, which was not improved by fetal sildenafil treatment. In conclusion,
sildenafil did not improve pulmonary blood flow or cardiac function in hypoxemic sheep fetuses.
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Introduction

The fetal pulmonary vasculature becomes responsive to oxygen

with advancing gestational age.1 The pulmonary circulation

responds to a decrease in partial pressure of O2 (pO2) by

vasoconstriction and reduced lung volume blood flow.2,3 There

is also peripheral vasoconstriction and centralization of the

blood flow.4,5 Fetal hypoxemia is often found in placental

insufficiency.6 Hypoxemia, particularly when associated with

acidemia, affects fetal cardiac function.7-9

In normal pregnancy, the vasodilator nitric oxide contri-

butes to the vasodilation and reduced vascular resistance seen

in the uteroplacental circulation.10,11 The nitric oxide second

messenger cyclic guanosine monophosphate is enzymatically

degraded by phosphodiesterases.12 Sildenafil citrate (sildena-

fil), an inhibitor of phosphodiesterase-5, is able to enhance the

vasodilatory action of nitric oxide.12 It has been reported to

increase placental blood flow and reduce the severity of fetal

growth restriction.13 The pulmonary circulation is responsive

1 Women’s Health & Perinatal Research Group, Department of Clinical

Medicine, UiT-The Arctic University of Norway, Tromsø, Norway
2 Department of Obstetrics and Gynecology, Kuopio University Hospital and

University of Eastern Finland, Kuopio, Finland
3 Department of Obstetrics and Gynecology, Helsinki University Hospital,

Helsinki, Finland
4 Department of Obstetrics and Gynecology, Oulu University Hospital, Oulu,

Finland
5 Department of Anesthesiology, Kuopio University Hospital and University of

Eastern Finland, Kuopio, Finland
6 Department of Anesthesiology, Oulu University Hospital, Oulu, Finland
7 Department of Statistics, Oulu University Hospital, Oulu, Finland
8 Department of Obstetrics and Gynecology, Lapland Central Hospital, Finland
9 Department of Clinical Science, Intervention and Technology (CLINTEC),

Karolinska Institute, Stockholm, Sweden

Corresponding Author:

Amarnath Bhide, St George’s, University of London & St George’s University

Hospital Foundation Trust, Molecular and Clinical Sciences Research Institute,

London SW17 0RE, United Kingdom.

Email: abhide@sgul.ac.uk

Reproductive Sciences
2019, Vol. 26(3) 337-347
ª The Author(s) 2018
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/1933719118773412
journals.sagepub.com/home/rsx

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Helsingin yliopiston digitaalinen arkisto

https://core.ac.uk/display/224640107?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
mailto:abhide@sgul.ac.uk
https://sagepub.com/journals-permissions
https://doi.org/10.1177/1933719118773412
http://journals.sagepub.com/home/rsx
http://crossmark.crossref.org/dialog/?doi=10.1177%2F1933719118773412&domain=pdf&date_stamp=2018-05-01


to sildenafil in normoxemic foetuses.14 Sildenafil infusion to

the fetus led to 60% reduction in pulmonary vascular resistance

in normoxemic fetuses in the sheep model.14 The effect of

sildenafil on pulmonary circulation in the presence of hypox-

emia or its effect on hypoxemia-induced cardiac dysfunction is

not known.

We reasoned that hypoxemia-induced pulmonary vasocon-

striction will lead to a reduction in volume blood flow to the

lungs and consequently pulmonary venous return to the left

atrium. This could potentially be compensated by increased

shunting across the foramen ovale. However, fetal ability to

increase foramen ovale shunting is limited.15 Therefore, left

ventricular (LV) output could be maintained only if pulmonary

volume blood flow could be increased by reversing

hypoxemia-induced pulmonary vasoconstriction using sildena-

fil. Furthermore, experimental studies in the chick embryo have

shown that sildenafil prevents the increase in phosphodiester-

ase expression, protects against oxidative stress, and nor-

malizes nitric oxide bioavailability in the fetal heart in

chronic hypoxemic environment.16

We hypothesized that administration of sildenafil to the

hypoxemic fetus reverses pulmonary vasoconstriction, main-

tains LV cardiac output, and ameliorates myocardial dysfunc-

tion. The first aim of our study was to examine whether

sildenafil, when given directly to the fetus, can at least partially

relieve reactive pulmonary vasoconstriction in a hypoxemic

fetus. This could potentially increase lung volume blood flow

and LV output that is crucial to maintain adequate cerebral

volume blood flow and perfusion pressure. Second aim was

to assess the effects of sildenafil on right ventricular (RV) and

LV function in hypoxemic fetus.

Methods

The study protocol was reviewed and approved by the National

Animal Experiment Board of Finland (ESAVI/1007/04.10.07/

2014). The animal care and experimental procedures were con-

ducted according to the national legislation and the EU Direc-

tive 2010/63/EU.17 A total of 24 pregnant sheep underwent

surgery for fetal instrumentation at 128 (standard deviation

[SD] ¼ 2.9) days’ gestation. The details of the surgical proce-

dure have been previously described.8 In brief, pregnant sheep

were operated under general anesthesia. Induction of anesthe-

sia was achieved with intravenous propofol (4-7 mg/kg) and

maintenance with isoflurane (1.5%-2.5%) in an oxygen–air

mixture delivered via an endotracheal tube. Intravenous

boluses of fentanyl (0.05-0.15 mg) were administered as

required. A midline laparotomy was performed, and the fetal

head and neck were delivered through a small hysterotomy

incision. Catheters were introduced into the internal jugular

vein and the carotid artery to access venous and arterial circu-

lations and to collect blood samples. A small left lateral

thoracotomy was performed at the level of third intercostal

space, and the ductus arteriosus was identified and dissected.

A 4.0-mm ultrasonic transit-time flow probe was secured

around the vessel for the measurement of ductus arteriosus

volume blood flow. The thoracotomy was closed. Electrocar-

diogram leads were placed under the skin and securely attached

on the fetal chest using sutures. A separate catheter was placed

in the amniotic cavity to measure intra-amniotic pressure. After

the replacement of amniotic fluid by 0.9% warm saline and

closure of the surgical wounds, all catheters and cables were

tunneled subcutaneously and exteriorized through a small skin

incision in the ewe’s flank.

After a 5-day recovery period, experiments were performed

under general anesthesia as described above. The mean (SD)

gestational age was 132 (3.3) days. Fetal systemic venous and

carotid artery blood pressure and arterial blood gas values were

monitored. Two-dimensional echocardiography was performed

using a Vivid 7 ultrasound system (GE Medical Systems, Hor-

ten, Norway) with a 10-MHz phased-array transducer. Cine

loops of high-resolution cardiac images of the longitudinal and

cross-sectional views of the RV and LV were recorded at a high

frame rate (more than 150 frames/s) and LV and RV global

longitudinal strains were measured off-line by speckle tracking

using acoustic-tracking software (EchoPAC; GE Medical Sys-

tems). The ductus arteriosus volume blood flow (QDA) was

directly measured by ultrasonic transit-time flow probe. Fetal

right ventricular cardiac output (RVCO) and left ventricular

cardiac output (LVCO) were calculated using 2-dimensional

ultrasound and pulsed-wave Doppler techniques to measure

aortic and pulmonary valve diameters and blood flow velocity

waveforms as described.1 Lung volume blood flow (QP) was

calculated by subtracting QDA from RVCO. Right pulmonary

artery pulsatility index (RPA PI) was calculated from its Dop-

pler blood flow velocity waveform.1 Tissue Doppler technique

was used to record LV and RV lateral wall movement at the

atrioventricular valve level during the cardiac cycle.18 Isovo-

lumic contraction velocity (IVCV) and isovolumic relaxation

velocity (IVRV) of the RV- and LV-free wall were measured.18

The PI of the ductus venosus (DV) was calculated from its

blood flow velocity waveform. The analyses of the ultrasound

recordings were performed by examiners blinded to the alloca-

tion of intervention. Systemic volume blood flow was calcu-

lated by subtracting QP from combined cardiac output.

Systemic vascular resistance was calculated by dividing the

mean arterial pressure (MAP, mm Hg) by systemic volume

blood flow (mL/min), indexed to fetal weight (kg), and

expressed as mm Hg�min/mL/kg.19

Fetal cardiac systolic function was assessed by tissue

Doppler-derived IVCV and myocardial strain using speckle

tracking. Diastolic function was evaluated using tissue

Doppler-derived IVRV and DV PIV. The ultrasound examina-

tion was repeated during each phase of the experiment to col-

lect data. The still images and video clips of the ultrasound

examination were stored digitally. Using off-line analysis, an

observer (LA or AB) blinded to group allocation calculated

volume flows as well as other echocardiographic measure-

ments, such as myocardial isovolumic velocities and strain.

After baseline data collection, maternal hypoxemia was

induced by connecting the ewe to a rebreathing circuit, thereby

reducing the maternal fraction of inspired O2 (FiO2) to reach
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the oxygen saturation level of 80% over a mean (SD) duration

of 41.3 (9.5) minutes. This was verified by maternal arterial

blood gas analyses. The blood gas values (corrected for 39oC)

were analyzed just before ultrasonographic data collection at

each study point (Abbott – iSTAT 1, East Windsor, New Jer-

sey). The hypoxemia phase data were collected 30 minutes

after desired maternal oxygen saturation level was reached.

Thereafter, 12 fetuses were allocated to receive sildenafil infu-

sion into the internal jugular vein (sildenafil citrate 0.8 mg/mL)

that was diluted 1:1 in saline and infused at a rate of 2.5 mL/h

(1.0 mg/h) and 12 fetuses receiving saline infusion were used as

controls, respectively. Data were collected at 30 and 120 min-

utes following commencement of infusion. After hypoxemiaþ
120 minutes infusion data collection was completed, maternal

hypoxemia was reversed while infusion was continued. Recov-

ery phase data were collected at 30 minutes of maternal nor-

moxemia was achieved. The animals were euthanized at the

end of the experiment with an intravenous overdose (1 mg/kg)

of pentobarbital sodium to the ewe. Fetal weights were deter-

mined postmortem.

Statistics

The data were expressed as mean (SD) unless stated otherwise.

Linear mixed model (LMM) was used for repeatedly measured

data. The phase of the experiment and sildenafil treatment (vs

saline) was included as fixed effects, an interaction term, and

individual fetus as random intercept. If LMM showed a signif-

icant difference between measurement points (P [time] < .05),

then a pairwise comparison between relevant points was

performed. The difference between the 2 groups was expressed

as P (group). The 2 groups may not show similar changes with

time (interaction term). Therefore, this was expressed as P

(group � time). The LMM can be applied even when there are

missing data. Not all fetuses survived the whole experiment,

and there were missing values. Hence, LMM was particularly

suitable for this experiment. Statistical analyses were

Figure 1. Timeline of the experiment.

Table 1. Maternal and Fetal Parameters During the Experiment.

Parameter Group Baseline Hypoxemia

Hypoxemia þ
Infusion (30

minutes)

Hypoxemia þ
Infusion (120

minutes)
Recovery þ

Infusion
P

(Time)
P

(Group)
P (Time �

Group)

Maternal pO2 (mm Hg) Control 168 (47.3) 48 (9.0) 45 (8.3) 44 (5.5) 133 (36.0) <.005 .178 .141
Sildenafil 164 (75.0) 48 (5.6) 47 (4.4) 44 (5.6) 89 (32)

Maternal pCO2 (mm Hg) Control 37 (5.7) 35 (3.2) 35 (3.1) 35 (4.1) 41 (3.1) <.005 .004 .169
Sildenafil 42 (3.8) 39 (3.9) 38 (4.0) 40 (4.3) 41 (4.8)

FHR (beats/min) Control 173 (32.1) 170 (27.9) 177 (27.5) 171 (19.4) 158 (23.1) .011 .506 .671
Sildenafil 171 (30.8) 174 (24.3) 165 (20.5) 157 (20.1) 146 (20.6)

MAP (mm Hg) Control 49.1 (10.2) 42.7 (10.7) 47.0 (15.3) 46.3 (10.2) 50 (10.8) .001 .201 .042
Sildenafil 45.4 (9.8) 42.9 (10.7) 40.2 (9.0) 35.3 (3.5) 36.4 (4.4)

Fetal CVP (mm Hg) Control 3.5 (5.2) 3.4 (3.7) 3.0 (4.5) 2.2 (5.6) 2.0 (3.4) .774 .96 .144
Sildenafil 2.5 (1.7) 2.7 (2.9) 0.67 (1.9) 3.5 (3.0) 3.4 (2.5)

Fetal arterial pH Control 7.32 (0.05) 7.30 (0.03) 7.21 (0.06) 7.15 (0.12) 7.18 (0.06) <.001 .046 .378
Sildenafil 7.25 (0.04) 7.25 (0.05) 7.19 (0.08) 7.06 (0.16) 7.09 (0.16)

Fetal arterial pO2

(mm Hg)
Control 21 (2.5) 12 (2.9) 12 (2.9) 11 (1.1) 21 (2.9) <.001 .306 .004
Sildenafil 21 (6.2) 13 (1.7) 11 (2.0) 11 (3.5) 15 (5.2)

Fetal arterial pCO2

(mm Hg)
Control 49 (7.6) 50 (3.5) 52 (6.1) 52 (7.3) 51 (3.4) .004 .003 .136
Sildenafil 55 (8.6) 55 (7.9) 58 (7.7) 66 (17.7) 57 (8.4)

Fetal arterial base excess
(mM/L)

Control �1.70 (2.51) �2.36 (2.92) �7.00 (5.10) �10.18 (6.01) �9.00 (3.57) <.001 .584 .729
Sildenafil �3.75 (3.28) �3.17 (2.89) �6.08 (4.60) �11.36 (7.65) �10.56 (7.89)

Fetal arterial lactate
(mM/L)

Control 4.03 (1.77) 4.03 (1.77) 7.69 (3.52) 9.73 (4.01) 9.59 (4.06) <.001 .968 .262
Sildenafil 3.62 (1.88) 3.62 (1.88) 6.43 (1.88) 10.33 (4.02) 10.82 (4.56)

Abbreviations: CVP, central venous pressure; FHR, fetal heart rate; MAP, mean arterial pressure.
Note: Significant results are indicated in bold.
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performed using SPSS (IBM Corp, Released 2011, IBM SPSS

Statistics for Windows, version 20.0; IBM Corp, Armonk, New

York) and SAS (version 9.3; SAS Institute Inc, Cary, North

Carolina). A 2-tailed P value <.05 was considered statistically

significant.

Results

Maternal weight, heart rate, and blood pressure values in the

sildenafil and control groups were comparable during the entire

experiment (P > .05 for all; data not shown). Figure 1 shows the

timeline of the experiment. Maternal pO2 at baseline was sig-

nificantly higher (P < .005) than all other experimental phases

(Table 1). Maternal partial pressure of CO2 (pCO2) at baseline

and recovery were significantly different than all other phases.

Mean (SD) fetal weight was 2.44 (0.28) kg and 2.38 (0.34)

kg in the control and sildenafil groups, respectively. There was

no significant difference between the gestational age of the 2

groups (P ¼ .345).

The fetal heart rate in the recovery þ infusion phase was

significantly lower compared to baseline in both the groups

(P ¼ .002). As expected, fetal pO2, pH, and base excess

decreased progressively during the experiment (Table 1). In

the recoveryþ infusion phase, fetal pO2 remained significantly

lower in the sildenafil group when compared to the control

group (Table 1, Figure 2A). In the sildenafil group, fetal pCO2

in hypoxemia þ 120 minutes infusion phase and recovery þ
infusion phase was significantly higher as compared to the

control group (Table 1, Figure 2B). Fetal lactate progressively

increased with no difference between the groups. In the silde-

nafil group, fetal MAP was significantly lower in hypoxemiaþ

Figure 2. Fetal pO2 (A), pCO2 (B), and mean arterial pressure (C) during the experiment. Solid line represents saline and dashed line as
sildenafil. Phase 1: baseline; phase 2: hypoxemia; phase 3: hypoxemia þ 30 minutes infusion of saline or sildenafil; phase 4: hypoxemia þ 120
minutes infusion of saline or sildenafil; phase 5: normoxemia þ infusion of saline or sildenafil. A, *denotes significantly difference as compared to
baseline and recovery þ infusion phase in both groups. Significant difference between sildenafil and saline group (P < .005) in the recovery þ
infusion phase. B, *denotes significantly higher as compared to baseline (P ¼ .001) and hypoxemia phase (P ¼ .003) only in the sildenafil group.
C, *denotes significantly lower as compared to baseline (P ¼ .012) only in the sildenafil group.
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30 minutes infusion, hypoxemia þ 120 minutes infusion, and

recovery þ infusion phases than at baseline and hypoxemia

phase (Table 1, Figure 2C). Fetal MAP remained stable in the

saline group. Fetal systemic venous pressure remained stable in

both groups during the entire experiment.

Fetal hypoxemia did not affect RVCO that remained

unchanged in both groups. However, LVCO and combined car-

diac output fell significantly in both groups during hypoxemia

and remained significantly lower in the recovery þ infusion

phase than at baseline (Table 2, Figure 3A). In both groups,

QP decreased and both QDA and RPA PI increased significantly

during hypoxemia with no difference between the sildenafil and

control groups (Table 2, Figure 3B and C). During hypoxemia,

systemic vascular resistance fell significantly in both groups, and

it returned to baseline level in the recovery þ infusion phase

(Table 2, Figure 3D). Again, there was no significant difference

between the sildenafil and control groups.

At baseline, LV global longitudinal strain showed more

deformation (P ¼ .001) than the RV global longitudinal strain

with no difference between the groups (Table 3). During

hypoxemia, LV global longitudinal strain deformation was

reduced (P ¼ .003) in both groups (Figure 4A). On the other

hand, RV global longitudinal strain remained stable in both

groups during hypoxemia. Both RV and LV IVRV (Figure

4B and C) decreased significantly during hypoxemia. On the

other hand, only RV IVCV was affected by hypoxemia (Figure

4D), while LV IVCV remained stable (Table 3). In fetal cardiac

functional parameters, we found no significant differences

between the sildenafil and control groups during the experi-

ment. The DV PIV increased significantly in both groups dur-

ing recovery þ infusion phase compared to baseline (Table 3,

Figure 4E).

Response of the fetal heart rate and MAP to acute hypox-

emia in the study is shown in Figure 5A and B, respectively.

Figure 3. Fetal left ventricular output (A), pulmonary volume blood flow (B), ductus arteriosus volume blood flow (C), and systemic vascular
resistance (D) during the experiment. Solid line represents saline and dashed line as sildenafil. Phase 1: baseline; phase 2: hypoxemia; phase 3:
hypoxemiaþ 30 minutes infusion of saline or sildenafil; phase 4: hypoxemiaþ 120 minutes infusion of saline or sildenafil; phase 5: normoxemiaþ
infusion of saline or sildenafil. A, No group differences (P ¼ .376). *Significantly different than baseline (P < .002) for each phase. B, no group
differences (P ¼ .872). *Baseline significantly different than all other phases (P < .003). C, No group differences (P ¼ .169). *Baseline significantly
different than all other phases (P < .003). D, No group difference (P ¼ .513). Differences marked with *P ¼ .025, **P ¼ .007, and ***P ¼.004
significantly different compared to baseline. No difference in the recovery þ infusion phase (P ¼ .079).
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A reduction of fetal heart rate is seen with acute hypoxemia, but

this lasts over 5 to 10 minutes of acute hypoxemia.

Discussion

Our study, using an instrumented sheep at near-term gestation

model, demonstrates that sildenafil infusion given directly to

the fetal circulation did not reverse hypoxemia-induced vaso-

constriction in the pulmonary arterial bed. Furthermore, silde-

nafil did not ameliorate fetal cardiac systolic or diastolic

dysfunction during hypoxemia.

Fetal hypoxemia altered the fetal central circulation. During

fetal hypoxemia, we found a decrease in lung volume blood

flow and a concomitant increase in the volume blood flow

across the ductus arteriosus. Our results confirm previous

observations.4 Consequent to a drop in lung volume blood

flow, venous return to the left atrium decreases, thus leading

to reduced LV and combined cardiac outputs. Fetal LVCO is a

sum of volume blood flow across the foramen ovale and lung

volume blood flow. We have previously shown that ductus

arteriosus occlusion increases only lung volume blood flow

while the volume blood flow across the foramen ovale remains

unchanged.15 This suggests that foramen ovale volume blood

flow is at its maximum capacity, and fetus is unable to increase

it. Therefore, lung volume blood flow becomes critical in main-

taining adequate LVCO and cerebral blood flow and perfu-

sion.19 In the present study, sildenafil infusion given directly

to the fetal circulation did not reverse increased pulmonary

vascular impedance induced by fetal hypoxemia and did not

increase lung volume blood flow. These findings in the sheep

fetus are potentially even more clinically important for the

human fetus because in the sheep fetus at near-term gestation,

the lungs receive 7% of combined cardiac output,20 which

makes it 20% of the LV output. In the human fetus, the

proportion of LV output contributed by pulmonary venous

return is even greater. Pulmonary venous return constitutes

50% to 60% of LV output in the third trimester of pregnancy.

Sildenafil infusion was given via a central vein (superior vena

cava) and therefore should have reached the lungs without

passing through the metabolically active organs, such as the

placenta or the liver.

Fetal pulmonary circulation is known to be responsive to

sildenafil at this gestation. Significant vasodilatation is pro-

duced by sildenafil infusion in normoxemic and hyperoxic

sheep fetuses.14 It is possible that other vascular regions of the

circulation are more sensitive to sildenafil, and its effect on

pulmonary circulation is masked by vasodilatation in the sys-

temic circulation. Endothelial nitric oxide synthase (eNOS)

requires O2 to produce NO,21 and thus it is possible that the

pO2 levels in the hypoxemic fetus are low enough to limit

eNOS activity. Therefore, another possible explanation is that

in the presence of hypoxemia, pulmonary vasculature is no

longer responsive to sildenafil treatment. Reduced lung blood

flow may limit the amount of sildenafil reaching the lung cir-

culation, thereby masking sildenafil-induced vasodilatation.

Fetal MAP responded differently to hypoxemia in sildenafil

group and this finding could support our theory. The finding

of a reduction in the MAP in response to hypoxemia and silde-

nafil agrees with a previous report.22 The pO2 levels were

lower, pCO2 higher, and MAP lower in the recovery phase

compared to baseline, only in the sildenafil group. This may

be due to problems with placental gas exchange associated with

sildenafil exposure. We are not aware of any studies reporting

altered gas exchange with sildenafil. The observed differences

could also be secondary to altered distribution of the cardiac

output. We observed that systemic vascular resistance was

reduced following hypoxemia. It has previously been shown

that hypoxemia leads to a redistribution of blood flow and that

Table 3. Fetal Left and Right Ventricular Global Longitudinal Strain, Ductus Venosus PI, IVCV, and IVRV at MV as well as TV Measured During
the Experiment in the Study Group Compared to the Control Group.

Parameter Group Baseline Hypoxemia

Hypoxemia þ
Infusion (30

minutes)

Hypoxemia þ
Infusion (120

minutes)
Recovery þ

Infusion
P

(Time)
P

(Group)
P (Time
� Group)

DV PI Control 0.83 (0.39) 0.75 (0.33) 0.77 (0.29) 0.80 (0.23) 1.01 (0.41) .001 .353 .295
Sildenafil 0.86 (0.32) 0.65 (0.22) 0.92 (0.51) 0.98 (0.45) 1.18 (0.49)

LV global longitudinal
strain (%)

Control �18.3 (3.04) �16.3 (2.41) �16.4 (3.70) �14.3 (4.13) �14.9 (2.87) .0031 .72 .34
Sildenafil �18.7 (3.82) �14.8 (2.69) �15.3 (3.38) �15.0 (4.27) �17.8 (2.86)

RV global longitudinal
strain (%)

Control �13.8 (4.60) �14.7 (4.86) �12.2 (6.13) �12.3 (6.66) �13.1 (6.58) .39 .44 .93
Sildenafil �14.3 (5.35) �14.8 (2.66) �12.5 (3.50) �13.5 (5.14) �15.3 (2.19)

MV IVCV (cm/s) Control 7.04 (3.67) 6.12 (2.82) 6.12 (2.26) 6.34 (3.51) 7.01 (2.63) .222 .318 .952
Sildenafil 6.76 (3.36) 5.44 (2.91) 4.98 (2.70) 4.81 (2.83) 4.95 (2.07)

TV IVCV (cm/s) Control 5.69 (2.10) 5.11 (1.94) 4.72 (2.05) 4.03 (1.57) 5.11 (1.60) .008 .584 .909
Sildenafil 5.29 (2.42) 4.99 (1.85) 4.79 (2.33) 2.79 (1.38) 4.55 (1.81)

MV IVRV (cm/s) Control 2.76 (1.20) 2.70 (0.95) 2.29 (0.93) 2.90 (1.46) 2.79 (1.31) .001 .168 .144
Sildenafil 2.84 (0.93) 1.97 (1.03) 1.63 (0.85) 1.64 (0.91) 1.85 (0.60)

TV IVRV (cm/s) Control 2.98 (1.18) 2.71 (1.12) 2.42 (0.98) 2.94 (1.45) 2.90 (1.11) .029 .558 .987
Sildenafil 2.78 (1.06) 2.56 (0.78) 2.25 (0.91) 2.56 (0.96) 2.44 (0.99)

Abbreviations: DV PI, ductus venosus pulsatility index; IVCV, isovolumic contraction velocity; IVRV, isovolumic relaxation velocity; LV, left ventricular; RV, right
ventricular; MV, Mitral valve; TV, Tricuspid valve.

Bhide et al 343



Figure 4. left ventricular (LV) global longitudinal strain (A), tricuspid valve isovolumetric contraction velocity (B), isovolumetric relaxation
velocity (IVRV) of mitral valve (C), tricuspid valve (D), and ductus venosus PIV (E) during the experiment. Solid line represents saline and dashed
line as sildenafil. Phase 1: baseline; phase 2: hypoxemia; phase 3: hypoxemia þ 30 minutes infusion of saline or sildenafil; phase 4: hypoxemia þ
120 minutes infusion of saline or sildenafil; phase 5: normoxemiaþ infusion of saline or sildenafil. A, No group differences (P¼ .723). Differences
marked with *P ¼ .002, **P ¼ .008, and ***P < .001 significantly different compared to baseline. No difference in the recovery þ infusion (P ¼
.055). B, No group differences (P ¼ .584). *Hypoxemia þ 120 minutes infusion significantly different compared to baseline (P < .001). C, No
group differences (P ¼ .168). Differences marked with *P ¼ .017, **P < .001, ***P ¼ .023, and ****P ¼ .045 significantly different compared to
baseline. D, No group differences (P¼ .558). *Significantly different from baseline (P¼ .007) in both groups. In E, no difference with phase in the
saline group. *Significantly different from baseline (P ¼ .008) in the sildenafil group.
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resistance in the carcass and splanchnic circulation increases.4

Giussani et al23 demonstrated that hypoxia was associated with

significant reduction in femoral artery blood flow and increase

in carotid artery blood flow. At a glance, our results may seem

to contradict these reports. However, the placental circulation

receives 40% of the cardiac output in sheep fetuses24 and is a

major contributor to systemic vascular resistance. Our calcula-

tion of systemic vascular resistance included resistance in all

vascular beds, except the pulmonary vascular bed. Therefore, it

is not surprising that the total systemic vascular resistance

(which included placental and cerebral circulations) showed a

small reduction during hypoxemia with a reduction in both

combined cardiac output and MAP. Response of the fetal MAP

to hypoxia is variable, depending on where the blood pressure

was measured. Studies where this measurement is performed in

the cerebral arteries report that carotid vascular resistance did

not change and remained low.23 On the other hand, studies

where the MAP was measured in brachial25 or femoral artery23

report that MAP increased significantly in response to hypoxia.

This discrepancy explains why there was no statistically sig-

nificant change in the total peripheral vascular resistance

despite a reduction in LV and total cardiac output. It has pre-

viously been shown that neuroendocrine system is involved in

fetal defense against hypoxemia.26 However, this should be

involved to a similar extent in either group since the 2 groups

were otherwise comparable. A reduction in fetal heart rate was

seen with hypoxemia, similar to previous observations.23 How-

ever, this response did not last for >10 minutes. Therefore, the

fetal heart rate in the hypoxemia phase was no different to that

seen at baseline.

Fetal hypoxemia led to diastolic dysfunction in both ventri-

cles as indicated by decreased IVRV. In addition, we found

diminished RV IVCV and LV global longitudinal strain, sug-

gesting systolic dysfunction during hypoxemia. These results

confirm previous observations.8,18 In the present study, we

hypothesized that sildenafil would ameliorate the myocardial

dysfunction caused by hypoxemia. Experimental studies in the

chick embryo have shown that in chronic hypoxemic environ-

ment, sildenafil prevents the increase in phosphodiesterase

expression, protects against oxidative stress, and normalizes

nitric oxide bioavailability in the fetal heart.16 All these find-

ings support the hypothesis that sildenafil protects the fetal

heart in hypoxemia. However, in the present study, we found

no significant differences in fetal cardiac functional parameters

between fetuses who received sildenafil or saline during

hypoxemia. Our results suggest that these myocardial protec-

tive measures activated by sildenafil treatment are not reflected

in improved cardiac function in hypoxemic sheep fetuses.

Furthermore, species differences and length of hypoxic expo-

sure may play a role in these findings.

We found an increase in the DV PI during recovery phase in

both groups. Fetal systemic venous pressure did not change

during the entire experiment, thus excluding it as a cause of

increased DV pulsatility. Therefore, the most likely explana-

tion for increased DV pulsatility is that the fetal heart rate was

significantly lower in the recovery phase, as a negative correla-

tion is known to exist between heart rate and PI of vessels.27

Our study has some limitations. The surgical procedures

may constitute a significant stress on the sheep fetuses, and it

may be argued that the conditions are quite different from

human fetuses exposed to hypoxemia. The postoperative

recovery period should be long enough for the recovery of fetal

myocardial function.28

Normal arterial blood gas values at the baseline phase sug-

gest conditions close to physiologic circulatory state. Avail-

ability of invasive data and fetal oxygenation status lend

important validation to the results, which is usually impossible

to obtain in clinical settings. The study was carried out in a

narrow gestational age window of 120 to 134 days and may

limit the validity and significance outside this time period. The

sheep model has been extensively used for research in fetal

cardiac function and hemodynamics. We used sildenafil as an

intravenous infusion to the fetus. Studies on the use of silde-

nafil in placental insufficiency administer the drug to the

mother over a period of days to weeks13,29 as opposed to hours

in the present study. Therefore, extrapolation of these results to

human pregnancy should be done cautiously. The use of

anesthesia may have affected the results of the experiment.

However, indexed cardiac output, baseline arterial pO2, and

Figure 5. Response of fetal heart rate (A) and mean arterial pressure
(B) to hypoxemia. Measurements are taken every 5 minutes. Acute
hypoxia was commenced at t ¼ 0. Error bars denote 1 SEM. SEM
indicates standard error of the mean.
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arterial pO2 following hypoxemia are remarkably similar to

those reported by Cohn et al5 in unanesthetized animals. Iso-

flurane can modify fetal cardiovascular regulation. Invasive

and Doppler echocardiographic volume blood flow calcula-

tions correlate well (Schmidt et al, 1991). Moreover, the

intraobserver variabilities of Doppler ultrasound parameters

in fetal sheep are comparable to those found in human

fetuses.1,30 Invasive measurements could have been obtained

in unanesthetised animals. However, obtaining reliable ultra-

sound measurements without the use of anesthesia is techni-

cally not possible and is in the postoperative period unethical.

Furthermore, newborn lambs under isoflurane anesthesia can

increase cardiovascular performance during stress.31

In summary, fetal hypoxemia led to pulmonary arterial

vasoconstriction, decreased lung volume blood flow, increased

shunting through the ductus arteriosus, and a reduction in

LVCO. Sildenafil, when given directly to a hypoxemic fetus,

could not reverse this redistribution of cardiac output. Further-

more, fetal cardiac systolic and diastolic dysfunction observed

during hypoxemia could not be ameliorated by sildenafil

treatment.

Authors’ Note

Part of this work was presented as an oral paper at the 37th annual

meeting of the Society of maternal fetal medicine (SMFM), Las

Vegas, March 2017.

Authors’ Contribution

AB contributed to acquisition, analysis or interpretation of data for the

work, and drafting the manuscript; LA contributed to acquisition,

analysis or interpretation of data for the work, and revising it critically

for important intellectual content; JR and GA contributed to concep-

tion and design of the work, acquisition, analysis and interpretation of

data for the work, and revising it critically for important intellectual

content; HH, JJ, MK, TE, PO, and MH revised the manuscript criti-

cally for important intellectual content. All authors approved the final

version of the manuscript and agree to be accountable for all aspects of

the work in ensuring that questions related to the accuracy or integrity

of any part of the work are appropriately investigated and resolved. All

persons designated as authors qualify for authorship, and all those who

qualify for authorship are listed.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: This work

was supported by the regional authority of Northern Norway (project

no 12050).

References

1. Rasanen J, Wood DC, Debbs RH, Cohen J, Weiner S, Huhta JC.

Reactivity of the human fetal pulmonary circulation to maternal

hyperoxygenation increases during the second half of pregnancy:

a randomized study. Circulation. 1998;97(3):257-262.

2. Rizzo G, Capponi A, Chaoui R, Taddei F, Arduini D, Romanini C.

Blood flow velocity waveforms from peripheral pulmonary

arteries in normally grown and growth-retarded fetuses. Ultra-

sound Obstet Gynecol. 1996;8(2):87-92.

3. Makikallio K, Erkinaro T, Niemi N, et al. Fetal oxygenation and

Doppler ultrasonography of cardiovascular hemodynamics in a

chronic near-term sheep model. Am J Obstet Gynecol. 2006;

194(2):542-550.

4. Giussani DA. The fetal brain sparing response to hypoxia: phy-

siological mechanisms. J Physiol. 2016;594(5):1215-1230.

5. Cohn HE, Sacks EJ, Heymann MA, Rudolph AM. Cardiovascular

responses to hypoxemia and acidemia in fetal lambs. Am J Obstet

Gynecol. 1974;120(6):817-824.

6. Nicolaides KH, Economides DL, Soothill PW. Blood gases, pH,

and lactate in appropriate- and small-for-gestational-age fetuses.

Am J Obstet Gynecol. 1989;161(4):996-1001.

7. Acharya G, Pavlovic M, Ewing L, Nollmann D, Leshko J, Huhta

JC. Comparison between pulsed-wave Doppler- and tissue

Doppler-derived TEI indices in fetuses with and without conge-

nital heart disease. Ultrasound Obstet Gynecol. 2008;31(4):

406-411.

8. Bhide A, Rasanen J, Huhta H, et al. Effect of hypoxemia on fetal

ventricular deformation in a chronically instrumented sheep

model. Ultrasound Med Biol. 2017;43(5):967-973.

9. Bhide A, Vuolteenaho O, Haapsamo M, Erkinaro T, Rasanen J,

Acharya G. Effect of hypoxemia with or without increased pla-

cental vascular resistance on fetal left and right ventricular myo-

cardial performance index in chronically instrumented sheep.

Ultrasound Med Biol. 2016;42(11):2589-2598.

10. Bird IM, Zhang L, Magness RR. Possible mechanisms underlying

pregnancy-induced changes in uterine artery endothelial function.

Am J Physiol Regul Integr Comp Physiol. 2003;284(2):

R245-R258.

11. Wareing M. Oxygen sensitivity, potassium channels, and regulation

of placental vascular tone. Microcirculation. 2014;21(1):58-66.

12. Lin CS, Lin G, Xin ZC, Lue TF. Expression, distribution and

regulation of phosphodiesterase 5. Curr Pharm Des. 2006;

12(27):3439-3457.

13. Oyston C, Stanley JL, Oliver MH, Bloomfield FH, Baker PN.

Maternal administration of sildenafil citrate alters fetal and pla-

cental growth and fetal–placental vascular resistance in the

growth-restricted ovine fetus. Hypertension. 2016;68(3):760-767.

14. Jaillard S, Larrue B, Deruelle P, et al. Effects of phosphodiester-

ase 5 inhibitor on pulmonary vascular reactivity in the fetal lamb.

Ann Thorac Surg. 2006;81(3):935-942.

15. Hashima JN, Rogers V, Langley SM, et al. Fetal ventricular inter-

actions and wall mechanics during ductus arteriosus occlusion in

a sheep model. Ultrasound Med Biol. 2015;41(4):1020-1028.

16. Itani N, Skeffington KL, Beck C, Giussani DA. Sildenafil therapy

for fetal cardiovascular dysfunction during hypoxic development:

studies in the chick embryo. J Physiol. 2017;595(5):1563-1573.

17. Anderson PA, Killam AP, Mainwaring RD, Oakeley AE. In utero

right ventricular output in the fetal lamb: the effect of heart rate. J

Physiol. 1987;387:297-316.

18. Acharya G, Rasanen J, Makikallio K, et al. Metabolic acidosis

decreases fetal myocardial isovolumic velocities in a chronic

346 Reproductive Sciences 26(3)



sheep model of increased placental vascular resistance. Am J

Physiol Heart Circ Physiol. 2008;294(1):H498-H504.

19. Rasanen J, Wood DC, Weiner S, Ludomirski A, Huhta JC. Role of

the pulmonary circulation in the distribution of human fetal car-

diac output during the second half of pregnancy. Circulation.

1996;94(5):1068-1073.

20. Rudolph AM, Heymann MA. Circulatory changes during growth

in the fetal lamb. Circ Res. 1970;26(3):289-299.

21. Forstermann U, Sessa WC. Nitric oxide synthases: regulation and

function. Eur Heart J. 2012;33(7):829-837, 837a-837d.

22. Miller SL, Loose JM, Jenkin G, Wallace EM. The effects of

sildenafil citrate (Viagra) on uterine blood flow and well being

in the intrauterine growth-restricted fetus. Am J Obstet Gynecol.

2009;200(1):102 e101-102 e107.

23. Giussani DA, Spencer JA, Moore PJ, Bennet L, Hanson MA.

Afferent and efferent components of the cardiovascular reflex

responses to acute hypoxia in term fetal sheep. J Physiol. 1993;

461:431-449.

24. Rudolph AM. Distribution and regulation of blood flow in the

fetal and neonatal lamb. Circ Res. 1985;57(6):811-821.

25. Green LR, Homan J, White SE, Richardson BS. Cardiovascular

and metabolic responses to intermittent umbilical cord occlusion

in the preterm ovine fetus. J Soc Gynecol Investig. 1999;6(2):

56-63.

26. Fletcher AJ, Gardner DS, Edwards CM, Fowden AL, Giussani

DA. Development of the ovine fetal cardiovascular defense to

hypoxemia towards full term. Am J Physiol Heart Circ Physiol.

2006;291(6):H3023-H3034.

27. Ochi H, Matsubara K, Kusanagi Y, Furutani K, Katayama T, Ito

M. The influence of the maternal heart rate on the uterine artery

pulsatility index in the pregnant ewe. Gynecol Obstet Invest.

1999;47(2):73-75.

28. De Muylder X, Fouron JC, Bard H, Urfer FN. Changes in the

systolic time intervals of the fetal heart after surgical manipula-

tion of the fetus. Am J Obstet Gynecol. 1983;147(3):285-288.

29. von Dadelszen P, Dwinnell S, Magee LA, et al. Sildenafil citrate

therapy for severe early-onset intrauterine growth restriction.

BJOG. 2011;118(5):624-628.

30. Bernard LS, Hashima JN, Hohimer AR, et al. Myocardial perfor-

mance and its acute response to angiotensin II infusion in fetal

sheep adapted to chronic anemia. Reprod Sci. 2012;19(2):173-180.

31. Brett CM, Teitel DF, Heymann MA, Rudolph AM. The young

lamb can increase cardiovascular performance during isoflurane

anesthesia. Anesthesiology. 1989;71(5):751-756.

Bhide et al 347



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


