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Highlights

Sildenafil decreased fetal blood pressure and ptatblood flow in hypoxemia.

Nifedipine did not disturb placental blood flowfetal hypoxemia.

Umbilical artery vascular impedance did not reflgleicental hemodynamic changes.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Abstract

Introduction: We hypothesized that nifedipine and sildenafil idduave no detrimental effects on

placental hemodynamics and gas exchange undehfgiakemia.

Methods: In 33 chronically instrumented fetal sheep, plaaemblume blood flow (@a9 and
umbilical artery (UA) vascular impedance were meadiy Doppler ultrasonography. Fetal
carotid artery blood pressure and blood gas valege monitored. After baseline data collection,
maternal and fetal hypoxemia were induced. Follgwigpoxemia phase data collection, 12 fetuses
received sildenafil and 9 fetuses nifedipine infnsiand 12 fetuses served as controls receiving
saline infusion. Data were collected 30 and 120uteis after infusion was started. Then maternal
oxygenation was normalized and normoxemia phasewdate collected, while infusion was
continued.

Results: Hypoxemia significantly decreased fetaljhd blood pressure. In the sildenafil group at
30- and 120-minutes hypoxemia + infusion phaseal Idood pressure andefg were significantly
lower and pC@higher than at baseline without returning to basdkevel at normoxemia +

infusion phase. In hypoxemia, nifedipine did ndeeff fetal blood pressure or placental
hemodynamics. Both in the sildenafil and nifedipgneups, fetal p@remained significantly lower
at normoxemia + infusion phase than in the corgroup. Umbilical artery vascular impedance did

not change during the experiment.

Discussion: In fetal hypoxemia, sildenafil had detrimentaleets on placental hemodynamics that
disturbed placental gas exchange. Nifedipine didcatter placental hemodynamics in hypoxemia
but disturbed placental gas exchange upon retutoingrmoxemia. Umbilical artery vascular

impedance did not reflect alterations in placen&ahodynamics.

Keywords:. blood flow; fetus; physiology; pregnancy; ultraedu
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Abbreviations. Qpac placental volume blood flow; UA, umbilical artefy], pulsatility index; UV,
umbilical venous; Rac placental vascular resistance; MAP, mean arteredgure: LMM, Linear

Mixed Model

1. Introduction

In pregnancies complicated by maternal hyperterdis@der, antihypertensive medication is often
indicated. Calcium channel blockers, i.e. nifedgiare commonly used in pregnancy to control
maternal blood pressure. In addition, calcium cleabfockers have a tocolytic effect on uterine
smooth muscle and therefore they are widely usetgt@y delivery in preterm labdr It has been
shown that nifedipine does not lower fetal blooegsure. However, there is some evidence that
nifedipine could impair uterine blood flow, poteally even resulting in fetal hypoxemia and
acidemia®. In human pregnancies, studies have shown tharnat nifedipine administration
either does not change uterine artery hemodynamniogy cause a short-term decrease in uterine

artery vascular impedance, while umbilical artemgaular impedance is unaffected

Recently sildenafil citrate (sildenafil), an inhiln of phosphodiesterase-5, has gained a lot of
interest, especially as a potential treatment @gpancies complicated by early onset severe fetal
growth restriction and placental insufficiency.dgihafil has shown promise in studies of fetal
growth restriction, preeclampsia, as well as imtistudie$™® However, recent randomized trials
revealed disappointing results suggesting thaésdfil does not prolong pregnancy or improve
pregnancy outcomes in severe early-onset fetaltirosstriction'* *> There is even alarming
evidence that maternally administered sildenafilldde harmful to the newborns by increasing the

incidence of persistent pulmonary hypertensfon

Both nifedipine'’ and sildenafif® cross the placenta with fetal concentrations cloghose

observed in maternal blood. In addition, materryalentensive disorders are often associated with
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placental insufficiency and suboptimal gas exchangmsing the fetus to hypoxemia. Therefore,

we developed a fetal sheep model to investigateffieets of nifedipine and sildenafil on placental
hemodynamics when fetus is hypoxemic. We hypotleédsizat nifedipine and sildenafil would not
detrimentally affect placental hemodynamics andegahiange under hypoxemic conditions. The

specific aims of the present study were to explloeeeffects of nifedipine and sildenafil on 1) feta
arterial blood pressure and placental volume bftmal, 2) fetal arterial blood gas values, and 3)

umbilical artery blood flow velocity waveform patte

2. Materialsand Methods
The study protocol was reviewed and approved bydienal Animal Experiment Board of
Finland (ESAVI1/1007/04.10.07/ 2014). The animalecand experimental procedures were
conducted according to the national legislafiband the EU Directive 2010/63/E{] A total of 33

sheep of Finnish breed with time-dated pregnangers included in this study.
2.1 Surgical protocol

Sheep underwent surgery at 115-129 gestational (texys 145 days) for fetal instrumentation
under general anesthesia that was induced withvatrous Propofol (4—7 mg/kg) and maintained
with isoflurane (1.5-2.5%) in an oxygen—air mixtdedivered via an endotracheal tube. Fentanyl
(0.05-0.15 mg) was given as intravenous boluses wdopuired. After laparotomy, the fetal head
and neck were delivered through a small hysterotimigion. Polyvinyl catheters were introduced
into the internal jugular vein and the carotid grté\ 3-lead 28-gauge silver coated copper
electrocardiogram wire (New England Wire Tech.pbis, NH) was inserted subcutaneously on the
fetal chest. A polyvinyl catheter was placed in &éneniotic cavity to monitor intra-amniotic
pressure. The lost amniotic fluid was replaced wigtim 0,9 % saline solution. All incisions were

closed and the fetus received an intra-amniotictipn of Penicillin G (1 million Units). All
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catheters and wires were tunnelled to a pouch ®eewe’s flank. Post-operative pain was

controlled with oxycodone given via epidural cadnghat was placed to the ewe before the surgery.
2.2 Experimental protocol

Following a 4-5-day recovery period, at 119-133tg@snal days, the experiments were performed
under general anesthesia induced with propofolnaaititained by isoflurane in an oxygen/air
mixture. A 16-gauge polyurethane catheter was iadento the maternal femoral artery.
Anesthesia was titrated to minimize its effect astennal heart rate and blood pressure and allow
for ultrasound examination without discomfort. Téwee was placed supine with a right lateral tilt
and allowed to stabilize for 30 minutes before ol the baseline measurements. Thereatfter, the
ewe was connected to a re-breathing circuit toéeduaternal and fetal hypoxemia. Maternal FiO
was reduced to reach the oxygen saturation lev@0%d. This was verified by maternal arterial
blood gas values. Hypoxemia phase data (hypoxemgeg collected 30 minutes after desired
maternal oxygen saturation level was reacAdigr hypoxemia data collection, 12 fetuses were
allocated to receive sildenafil infusion into tieirnal jugular vein (sildenafil citrate 0.8mg/rtiiat
was diluted 1:1 in saline and infused at a rat2.biml/h (1.0mg/h). The sildenafil dose was selected
from the study by Jaillard et & Nine fetuses were allocated to receive nifedifmfiesion at a rate

of 1.0 ml/h (700 pg/ml) (5 pg/kg/min). The nifedigidose was based on the studies by Blea et al 2
and Nugent et &°. The control group consisted of 12 fetuses thegtived saline infusion,
respectively. Data were collected at 30 (hypoxems® min) and 120 (hypoxemia + 120 min)
minutes following commencement of infusion. Aftgmplbxemia+120 min infusion data collection
was completed, maternal oxygenation was returnédseline level while infusion was continued.
Maternal normoxemia was achieved within 1-3 minuREcovery phase data collection
(normoxemia + infusion) was started 30 minutesraftaternal normoxemia was restored (Figure
1). The infusion time was about 150 minutes in egrclup, and the calculated total mean dose of

sildenafil was 2.5 mg and that of nifedipine wagslmg, respectively. The animals were
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euthanised at the end of the experiment with aavehous overdose (100 mg/kg) of pentobarbital

sodium to the fetus and ewe. Fetal weights wererageted postmortem.
2.3 Monitoring protocol

Maternal and fetal blood pressures were continyousbnitored with disposable pressure
transducers (DT-XX, Ohmeda, Hatfield, UK). Fetateaal and venous blood pressures were
referenced to intra-amniotic pressure. Heart ravtese determined from the arterial pressure
waveforms. Fetal electrocardiogram leads were adedeto the ultrasound equipment. Maternal
and fetal blood gas values were corrected to 39tCamalyzed at each study point using an Abbot

i-Stat 1 arterial blood gas analyzer (i-Stat, B&stdsor, NJ, USA).

Doppler ultrasonography of placental hemodynamias performed at the end of each phase by a
single investigator (J.R.) using the Vivid 7 Dimemsultrasound system (GE Vingmed Ultrasound,
Horten, Norway) with a 10 MHz-phased array transdu€he high-pass filter was set at minimum,
and the angle of insonation was kept below 15 aegridmbilical artery pulsatility index (PI)

values were calculatdfpeak systolic velocity — end diastolic velocityjie-averaged maximum
velocity over the cardiac cycle). Three consecutaeliac cycles were measured, and the mean
value was used for further analysis. Placentalmelilood flow (Qag was estimated by
calculating umbilical venous (UV) volume blood fl@as follows: 0,5 x UV maximum velocity
(cm/s) »t (UV diameter (cm)/2) 2 x6G* Placental volume blood flow was weight indexed.

Placental vascular resistance 4l was calculated by dividing fetal MAP by,

2.4 Satigtical analysis
Linear Mixed Model (LMM) was used for repeatedlyasared data. Phase of the experiment and
treatment versus saline were included as fixecctffan interaction term, and individual fetus as
random intercept. If LMM showed a significant difece between measurement points (p(time) <

0.05), then a pairwise comparison between relepainits was performed. Difference between the
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groups was expressed as p(group). The groups miahaw similar changes with time (interaction
term). Therefore, this was expressed as p(grougititatistical analyses were performed using
SPSS (IBM Corp. Released 2011. IBM SPSS Statiiircd/indows, Version 25. Armonk, NY:

IBM Corp.). Data are presented as mean and stamigardtion (SD) unless stated otherwise. Two-

tailed p value < 0.05 was considered statisticsithpificant.

3. Results

The experiments were performed at the mean (SDaty@sal age of 128 (2), 126 (5) and 128 (3)
days in the control, nifedipine and sildenafil goeyF=0.88, p=0.42). Maternal weight was
comparable between the groups. Maternal heararatdlood pressures did not differ between the
groups during the experiment (data not shown). M&®) fetal weight was 2.44 (0.28), 2.52 (0.24)

and 2.38 (0.34) kg in the control, nifedipine andenafil groups (F=0.58, p=0.56).

During hypoxemia phase, fetal p@d mean arterial pressure (MAP) decreased signifly
compared to baseline with no difference betweemgthaps. Other fetal blood gas values, as well
as placental hemodynamic parameters and UA Pl saleee comparable to baseline (Tables 1 and

2).

At hypoxemia + 30 min infusion and hypoxemia + 12 infusion phases, fetal MAP and weight-
indexed Qs were significantly lower compared to baselinehia sildenafil group (Table 2,

Figures 2 and 3). Weight-indexe@,Rdid not change significantly. Furthermore, fetal(p
increased significantly at hypoxemia + 120 min gifun phase in the sildenafil group (Table 1). In
the control and nifedipine groups, fetal MAP, plaied hemodynamic parameters and pCO
remained stable during the hypoxemia + infusiorspBaln addition, in each group, fetal pH and

base excess decreased and lactate concentratieased significantly during hypoxemia +
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infusion phases with no differences between theggoUmbilical artery PI values did not change

during the hypoxemia + infusion phases in any efgloups.

During normoxemia + infusion phase, fetal MAP ang,Qemained significantly lower and fetal
pCQO;, higher than at baseline in the sildenafil groupl€ 2, Figures 2 and 3). In addition, in the
sildenafil group fetal pC@was significantly higher than in the control antedipine groups. At
normoxemia + infusion phase, fetal p@lues remained significantly lower in the sildehand
nifedipine groups than in the control group (TableFetal pH, base excess and lactate values were
lower than at baseline in each group. UmbilicaérPl values and dgc. were comparable to

baseline values with no difference between themgou

4. Discussion
In the present study using a chronically instruredrgheep model with intact placental circulation
and fetal hypoxemia, we found that sildenafil, wiggren directly to the fetus, significantly
decreased fetal arterial blood pressure and plakceoiume blood flow that were associated with a
rise in fetal pCQ@indicating abnormal placental perfusion. On tHeeohand, fetal nifedipine
infusion did not significantly alter placental vahe blood flow or fetal arterial blood pressure.
However, during normoxemia + infusion phase fe@J gid not return to baseline level in
nifedipine and sildenafil groups. Despite signifitahanges in fetal blood gas values, placental
volume blood flow and fetal blood pressure in tirdesafil group, umbilical artery vascular

impedance did not reflect any of these alterations.

Both sildenafil and nifedipine cross the placemtd their concentrations in fetal blood are close to
those values in maternal blood. In the presentystid wanted to explore the direct effects of
sildenafil and nifedipine on the fetoplacental alation rather than those secondary to changes in

maternal hemodynamics. Therefore, we decided t® lgpth drugs directly into the fetal circulation
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during hypoxemia in relevant concentratiéhs® Previously, we have shown that fetal sildenafil
infusion does not alter cardiac function or cenithodynamics in hypoxemfa Experimental
studies have shown that umbilicoplacental circatatias no significant autoregulative capacity and
perfusion pressure has a critical role in the nesiahce of placental volume blood fléw

Therefore, a drop in fetal arterial blood pressiae have a profound detrimental effect on placental
volume blood flow and gas exchange. On the othed hidhas been shown that sildenafil infusion
into the fetal circulation did not affect fetal enal blood pressure under normoxemic environment
22 In addition, a previous sheep study with fet@iguterine growth restriction induced by single
umbilical artery ligation showed that maternallyradistered sildenafil significantly reduced
uterine blood flow and decreased fetab@® well as arterial blood presséfeWe propose that
sildenafil could interfere with hypoxemia induceddl peripheral chemoreflex causing a drop in
fetal blood pressure and placental volume blood fldltogether, evidence from experimental

studies including the present study point out #ildenafil can have significant detrimental effects

on both utero- and umbilicoplacental hemodynangesn with intact placental circulation.

We did not find any significant change in fetakaidl blood pressure or placental volume blood
flow during nifedipine infusion under fetal hypoxemHowever, during normoxemia + infusion
phase fetal p@remained lower than in the control group. Our obstons are in agreement with a
study that found only a transient reduction in opticental blood flow with no change in
fetoplacental blood flow by using radioactively-¢ddd microsphere technique when nifedipine was
administered to the eweln addition, nifedipine did not alter volume btbflows and vascular
resistances of the fetal organs, except for theradiblood flow that increased during nifedipine
administration. However, conflicting results haweb reported. Maternal nifedipine infusion has
been shown to increase fetal lung and skeletal imiéood flow, while blood flow to carcass
decreases, suggesting a redistribution of fetaliation?’. In addition, significant increases in total

and regional fetal cerebral blood flow have beemafestrated with maternal nifedipine infusibn
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It seems that at least some of these hemodynaraiels are related to nifedipine dose, because
with higher doses also a reduction in uterine blfdaa and fetal arterial oxygen content have been
demonstrated. In the present study, nifedipine infusion did atter fetal blood gas values during
hypoxemia, most likely reflecting mean arterialddgressure and placental volume blood flow
that were maintained comparable to the control grfetuses. Interestingly in nifedipine group,
upon returning to normoxemia + infusion phase | fe@ did not return to baseline level that was
observed in the control group fetuses. This findigimilar to that published previouslyThe
authors observed fetal acidosis and hypoxia witlkeeident temporal blood flow changes and a
relative lack of maternal hemodynamic changes gtyosuggesting that other fetal metabolic
mechanisms could explain this finding. It has bgeeculated that local discrepancies in placental
metabolism caused by cellular calcium entry bloekadincreased fetal oxygen utilization could

lead to decreased arterial oxygen confent

Sildenafil and nifedipine had no significant effect umbilical artery Pl values. This agrees with a
study, in which fetal growth restriction was inddd®y uterine artery embolizatiéfi In a group

with uterine artery embolization and maternal silafd, umbilical artery resistance index values
were comparable to the control group fetuses. irirast, clinical studies on human pregnancies
complicated by maternal preeclampsia or intraugef@tal growth restriction have reported
improvement in the umbilical artery blood flow veity waveform during maternal sildenafil
therapy® & ° Our findings with significantly reduced placentalume blood flow, disturbed gas
exchange and significant fetal metabolic acidosmlzined with unaffected umbilical artery Pl
demonstrate the limitations of umbilical arteryduddflow velocity waveform to detect significant

changes in placental circulatory physiology.

Our experimental study has several clinical impiares. Maternally administered vasoactive agents
can also affect fetal and placental circulatorygbipgy. Sildenafil has shown some promise in the

treatment of severe early-onset placental insefficy. However, recent data suggests that sildenafil
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when administered during pregnancy could increlaséncidence of persistent pulmonary
hypertension in newborrt& We designed this study to explore the effectsildenafil and

nifedipine on placental hemodynamics under hypogearanditions. Fetal hypoxemia often
complicates severe placental insufficiency. Theeoletions that sildenafil decreases fetal arterial
blood pressure and placental volume blood flowdisturbs gas exchange are clinically important.
These detrimental alterations occurred even irptheence of histologically unaffected placental
circulation. Placental insufficiency is usually asisted with reduced tertiary villous artery
capacity. Furthermore, our study shows that thecesfof vasoactive drugs on placental circulatory

physiology cannot be explored by only investigatimgpilical artery vascular impedance.

STRIDER trials conducted in different countries éiagvealed partially inconsistent results, but
especially concerning possible harmful effectsafitero exposure to sildenafil on newborn
pulmonary circulatory physiology' ** This becomes even more clinically important, beea
animal studies suggest that in fetal congenitgdltiagmatic hernia in utero sildenafil improves
lung vasculaturé®. However, in fetuses without diaphragmatic hesilidenafil can reduce
pulmonary vascular branching. Therefore, more wtdading about the action of sildenafil in
different pregnancy complications is urgently needeirthermore, as our study shows, umbilical
artery blood flow velocity waveform has a limitegpacity to reflect changes in the placental
circulatory physiology. Future studies exploring fhossible drug effects on placental

hemodynamics should consider the results of theemtestudy.

5. Limitations
The fetuses underwent surgical intervention thatdcoonstitute a major stress. However, the
recovery period after surgery is long enough feowery of fetal circulatory physiology as
evidenced by normal blood gas values at basélingle performed the experiments under general
anesthesia that could modify fetal cardiovascullapéation. There is evidence that cardiovascular

system of the newborn lamb can increase oxygemetglin response to hypoxemic stress during
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isoflurane anesthesia. Therefore, at reasonabklaate depth, and without myocardial or
peripheral cardiovascular disease, the newborn lzantzoordinate neural, endocrine, and local
tissue responses to increase cardiovascular peafarnin response to hypoxemtaThere are
some differences in placental circulatory physiglagd anatomy between human and sheep
fetuses. However, sheep experiments have provideduable information on placental
hemodynamics. Validation studies in sheep fetuags proven that invasive and Doppler
echocardiographic volume blood flow calculationsrelate well®2. The intraobserver variabilities
of Doppler ultrasonographic parameters of fetabpheardiovascular hemodynamics are

comparable to those found in human fetuses duriegécond half of pregnanty®*
6. Conclusions

Our study shows that in hypoxemic fetus with infalecental circulation, sildenafil had detrimental
effects on placental hemodynamics by decreasirad) iiiod pressure and placental volume blood
flow that led to disturbed placental gas excha@yethe other hand, under fetal hypoxemia
nifedipine did not alter placental hemodynamicswideer, it disturbed placental gas exchange
when oxygenation was normalized. Umbilical arteagaular impedance did not change despite

significant alterations in placental hemodynamics.
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Table 1. Fetal arterial blood gas parameters

Parameter Baseline  Hypoxemia Group Hypoxemia Hypoxemia Normoxemia Groupp- Timep- Group X
+ 30 min + 120 min +infusion value value time p-
infusion infusion value
pO2 (kPa) C 1.5(0.4) 1.5(0.2) 2.8 (0.4)
N 1.6 (0.4) 1.6 (0.5) 2.3 (0.3)* 0.59 0.001 0.030
S 1.5(0.3) 1.5(0.5) 2.1 (0.4)**

Base excess C -7.0 (5.1) -10.2 (6.0) -9.0 (3.6)

(mmolll) N -6.0 (6.1) -8.9 (5.5) -7.3 (4.8) 0.99 0.001 0.57
S -6.1 (4.6) -11.6 (7.6) -10.6 (7.9)

pH C 7.21(0.11) 7.15(0.12) 7.18(0.06)

7.29 (0.05) 7.28 (0.05) N 7.21(0.11) 7.14(0.14) 7.19(0.10) 0.54 0.001 0.72
S 7.19 (0.08) 7.06 (0.16) 7.09 (0.16)

L actate (mmol/l) C 7.7 (3.5) 9.7 (4.0) 9.6 (4.0)

N 7.5 (2.8) 10.4 (3.4) 10.4 (3.5) 0.97 0.001 0.59
S 6.4 (3.0) 10.3 (4.0) 10.8 (4.6)

pCO2 (kPa) C 6.9 (0.8) 7.0 (1.0) 6.8 (0.4)

N 7.1 (0.7) 7.8 (1.5) 7.3(1.0) 0007 0001 041
S 7.7 (1.0) 8.7 (2.4)** 8.4 (1.1)*

Values are mean and (SD). Group p-value indidhtetevel of difference between the control (Cledipine (N) and sildenafil (S) groups,
Time p-value indicates the change in measurementstione. Group x time p-value indicates the graupne interaction. *=<0.05 between
groups in pairwise comparisons, **=<0.005 betwesmugs in pairwise comparisons.



Table 2. Fetal heart rate, blood pressure and placentabtignamic parameters.

20

Parameter Baseline  Hypoxemia Group Hypoxemia Hypoxemia Normoxemia Groupp- Timep- Group x
+30min + 120 min + infusion value value time p-
infusion infusion value

C 162 (27) 176 (16) 144 (25)a
Heart rate (bpm) 0.72 0.004 0.49
171 (27) 168 (27) N 156 (22) 158 (32) 159 (28)
S 159 (20) 150 (42) 138 (35)=
C 38 (13) 35 (9) 39 (7)
MAP (mmHg) 0.53 0.001 0.07
40 (8) 36 (7) N 36 (4) 32 (7) 32 (5)
S 33 (8) 28 (5) 28 (6)
_ C 66 (32) 64 (29) 67 (15)
Qplac (ml/min/kg) 0.81 0.001 0.81
85 (34) 73 (33) N 64 (28) 62 (25) 64 (32)
S 55 (20)= 52 (13)m 55 (20)=
Rplac(mmHg/ C 0.67 (0.33) 0.67 (0.39 0.61 (0.20
P _( J ( ) ( ) ( ) 0.93 0.08 0.93
ml/min / kg) 0.54 (0.22) 0.61 (0.30) N 0.75(0.50) 0.60(0.25) 0.58 (0.22)
S 0.69 (0.33) 0.60(0.15) 0.62 (0.30)
C 2.8 (3.2) 2.4 (1.5) 2.2 (1.3)
UA PI 1.6 (1.6) 1.7 (1.0) N 1.7 (0.4) 1.7 (0.5) 1.7 (0.5) 0.08 0.15 0.46
S 1.5(0.3) 1.6 (0.5) 1.6 (0.7)
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Values are mean (SD). Group p-value indicatesetved of difference between the control (C), nifgde (N) and sildenafil (S) groups, Time p-
value indicates the change in measurements over @roup x time p-value indicates the group x tinteraction. *=<0.05 between groups in
pairwise comparisons. @ (p<0.05) comparison tolreséMAP, mean arterial pressur@plac, placental volume blood flowRplac, placental
vascular resistanc&lA Pl, Umbilical artery pulsatility index.
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Figurelegends:
Figure 1. Timeline of the experiment

Figure 2. Fetal mean arterial pressure (MAP) dutire experiment. Data are presented as mean
(SD). = Indicates significant differenge<(0.001) to baseline in the sildenafil group. * lcaties

significant difference between the control andesilafil groups §=0.03).

Figure 3. Weight-indexed placental volume blooadvfi@y. during the experiment. Data are

presented as mean (SD¥. Indicates significant differencp=<0.007) to baseline in the sildenafil

group.



Control

Normoxemia +

infusion

Hypoxemia +
120 min infusion

Hypoxemia +

30 min infusion

L
o
v
2 = .
5 8 P
3 3 P
s & e vl
(] . -~ \ -
L oo
o P
Dol
[
_H.l......”u\.lllu_ o]
. --\-
Vo
v
Al
N
_Il..\IIL
!
f
[
l:
/:
l————L+e__ .
| [ [ | | [
3 3 S S m =

(BHwwW) 4yIN |e1ed

Hypoxemia

Baseline



Day 0 Fetal Instrumentation

5-day
recovery
period

v

Day 5 Experiment day Baseline measurements

Hypoxemia measurements
Start of infusion

30 min

60 min Hypoxemia + 30 min infusion measurements

Maternal hypoxemia

150 min Hypoxemia + 120 min infusion measurements

\A
Normoxemia

12 fetuses - Saline infusion
9 fetuses - Nifedipine infusion
12 fetuses - Sildenafil infusion

180 min Y b 30 min normoxemia + 150 min infusion measurements

<

o
<
P

Figure 1. Timeline of the experiment



ey |

Lececconcccncne .llunl—ll uuuuuuuu 4

140

: T . o]

b

2 - L

5 & & b

E 3 3 L
S £ & e

P o

P Do

P

co

- n. ~ -
N TRATIIT n
i
iy
i1
Y
w::wnnnnumnnnnu:;
/
/
/
/
/

b — - Lo ___ 4
_. I [ _ : [ _
o o o o o o
mM m [ce] © < AN

(By/ulw/|w) Ov1dO

Hypoxemia + Hypoxemia + Normoxemia +
120 min infusion

Hypoxemia

Baseline

infusion

30 min infusion



Alanne et al; Effects of nifedipine and sildenafil on placental hemodynamics and gas exchange
during fetal hypoxemia in a chronic sheep model

Highlights

» Sildenafil decreased fetal blood pressure and placental blood flow in hypoxemia.

* Nifedipine did not disturb placental blood flow in fetal hypoxemia.

* Umbilical artery vascular impedance did not reflect placental hemodynamic changes.
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