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A B S T R A C T  

Background : Per sis tent pul monary hy per ten sion of the new born (PPHN) is a con di tion that oc curs in 0.5 – 7 per 
1000 live births and can re sult in sig nif i cant car dio vas cu lar in sta bil ity in the new born. It oc curs when there is 
a fail ure of the nor mal cir cu la tory tran si tion in the early new born pe riod. Re cent stud ies have shown that fe tal 
pul monary vas cu la ture re acts to ma ter nal hy per ox y gena tion (MH). The aim of the study is to as sess if the in - 
utero re sponse to MH can pre dict pul monary hy per ten sion in the early new born pe riod. 
Methods : We will per form a prospec tive co hort study. It will eval u ate the use of fe tal echocar dio graphic 
Doppler as sess ment of the pul monary vas cu la ture prior to and fol low ing MH to pre dict fe tuses that may de - 
velop pul monary hy per ten sion in the neona tal pe riod. The study will be un der taken in the Ro tunda Hos pi tal, 
Dublin, Ire land. A fe tal ul tra sound and echocar dio g ra phy will be per formed on fe tuses in the third trimester. 
Blood flow ve loc ity wave forms will be recorded dur ing pe ri ods of fe tal qui es cence. Pul satil ity in dex (PI), Re - 
sis tance in dex (RI), Peak sys tolic (PSV) and end di as tolic ve loc ity (EDV), time - averaged ve loc ity (TAV), ac cel - 
er a tion time (AT), and ejec tion time (ET) will be mea sured within the fe tal dis tal pul monary artery (PA). The 
ac cel er a tion - to - ejection time ra tio (AT: ET) will be used to as sess pul monary vas cu lar re sis tance (PVR). 
Doppler mea sure ments will be taken at base line and re peated im me di ately fol low ing MH for 10  min (O2 
100% v/ v in hala tional gas) at a rate of 12L/ min via a par tial non - rebreather mask. Doppler wave form mea - 
sure ments from the um bil i cal artery (UAD), mid dle cere bral artery (MCA) duc tus ar te rio sus (DA), aor tic isth - 
mus (AoI) and duc tus veno sus (DV) will also be ob tained. Af ter birth, a com pre hen sive neona tal func tional 
echocar dio gram will be per formed within the first 24  hours of life. 
Discussion : This study pro poses to val i date meth ods de scribed to date in in ves ti gat ing the fe tal pul monary vas - 
cu lar re sponse to MH, with ex pan sion of the study sub jects to in clude fe tuses at risk of PPHN. Eval u a tion of 
the dif fer ent at - risk sub groups will be in for ma tive in re la tion to the fe tal cir cu la tory adap ta tion close to term. 
Pre dic tion of neona tal pul monary hy per ten sion may help guide the phar ma co log i cal and neona tal ICU strate - 
gies that op ti mise post na tal sur vival. 

1 . Background 

Per sis tence of the fe tal cir cu la tion re sults in pul monary hy per ten - 
sion, re duced oxy gen sat u ra tion and may re sult in right - to - left shunt - 
ing of blood in the new born heart. It re sults in a mor tal ity rang ing be - 
tween 4 and 33% [ 1 – 3 ]. Some de gree of pul monary hy per ten sion 
com pli cates the course of more than 10% of all neonates with res pi ra - 

tory fail ure. In creased PVR in the new born can pro duce in trac ar diac 
shunt ing of blood which can lead to se vere hy pox emia and sig nif i cant 
mor bid ity and mor tal ity. Pul monary hy per ten sion may be as so ci ated 
with pul monary hy popla sia when di min ished sur face area for gas ex - 
change and in ad e quate pul monary blood flow lead to hy poxia and re - 
mod el ing of the re sis tant pul monary ar te ri oles [ 2 ]. 
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Sev eral meth ods have been pro posed to as sess fe tal lung vol ume as 
a proxy in di ca tor of pul monary func tion [ 4 ]. Some of these meth ods 
are time con sum ing to per form and there can be con sid er able vari - 
abil ity in mea sure ments be tween dif fer ent ul tra sono g ra phers. One 
pre vi ously de scribed method of mea sur ing the chest cir cum fer ence to 
ab dom i nal cir cum fer ence ra tio can not be used in fe tuses with large 
ab dom i nal cir cum fer ences, there fore fe tuses with poly cys tic kid neys, 
ob struc tive uropa thy or om phalo ce les would be ex cluded [ 5 ]. 

Re cent stud ies have shown that the fe tal pul monary vas cu la ture 
re acts to MH [ 6 – 8 ]. Fol low ing ma ter nal oxy gen ad min is tra tion, a de - 
crease in the PVR as demon strated by the pul monary artery Doppler, 
is deemed to in di cate va sore ac tiv ity in the pul monary vas cu lar bed 
[ 9 ]. Small stud ies to date in di cate that a lack of va sore ac tiv ity in re - 
sponse to MH, may serve as a use ful clin i cal tool in pre dict ing lethal 
pul monary hy popla sia in those at - risk fe tuses [ 10 , 11 ]. The mea sure - 
ment of pe riph eral pul monary ve loc ity wave forms be fore and af ter 
MH may there fore help in de ter min ing the risk of de vel op ing PPHN. 
The abil ity to ac cu rately pre dict the oc cur rence of PPHN by a method 
that is non - invasive and re pro ducible would be ex tremely ben e fi cial 
in both ob stet ric man age ment and in parental coun sel ing. 

2 . Study hypothesis 

The over all hy poth e sis of the study is that a lack of re ac tiv ity in 
re sponse to MH, as as sessed us ing pul monary artery Doppler ul tra - 
sound can pre dict the pres ence of PPHN in the early new born pe riod. 

This study pro poses to val i date meth ods pre vi ously de scribed in 
in ves ti gat ing the fe tal pul monary vas cu lar re sponse to MH. 

To eval u ate our study hy poth e sis, we will as cer tain what fe tal re - 
sponse oc curs in - utero fol low ing MH. We will es tab lish if any changes 
can be iden ti fied on neona tal echocar dio g ra phy in those fe tuses that 
re sponded to MH in - utero. We will com pare those find ings with the 
find ings in fe tuses that did not re spond to MH. 

3 . Primary objective 

The over all aim of the study is to as sess the abil ity of the hy per ox - 
y gena tion test to pre dict the pres ence of PPHN in the early new born 
pe riod. 

The pri mary out come of in ter est is the pres ence of PPHN on Day 1 
of life. 

4 . Defining PPHN 

Per sis tent pul monary hy per ten sion will be de fined by echocar dio g - 
ra phy as well as by clin i cal in di ca tors as fol lows: 

1) A requirement of at least 0. 4 Fractional Inspired Oxygen to 
maintain a preductal saturation of ≥95%; and, 

2) Normal structural anatomy of the heart on echocardiogram; and, 
3) In the presence of a tricuspid regurgitant (TR) jet, an estimated 

right ventricular systolic pressure (using the Bernoulli 
Equation)  ≥  50% of the systemic systolic pressure measured at 
the start of the echocardiogram; or 

4) In the presence of a patent ductus arteriosus (PDA of a low 
velocity shunt across the PDA from left to right such that) the 
estimated right ventricular/ pulmonary artery pressures was > 
50% systemic 

5) In the absence of a TR jet or a PDA, an intraventricular septum 
bowing into the left ventricular cavity. 

Sec ondary out comes will in clude the fol low ing: 

Neonatal respiratory morbidity in all neonates. 

(Including oxygen requirement, intubation and continuous positive 
airway pressure (CPAP) requirement). 

5 . Methods 

5. 1 . Overview 

This prospec tive co hort study will be un der taken in the De part - 
ment of Ob stet rics and Gy ne col ogy in the Ro tunda Hos pi tal Dublin, 
Ire land. The Ro tunda Hos pi tal is a ter tiary - level, stand - alone ma ter - 
nity hos pi tal in Dublin, with over 8500 de liv er ies per year. There is a 
large Ma ter nal Fe tal Med i cine unit and a neona tol ogy de part ment that 
ac cepts na tional re fer rals, with over 1500 ad mis sions to the neona tal 
unit per year. 

5. 2 . Study population 

Two groups of preg nant par tic i pants in the third trimester will be 
re cruited to the study, those at risk of PPHN and a group of ges ta - 
tional age matched con trols. Par tic i pants will be iden ti fied through 
the hos pi tal records sys tem (Cur rent in pa tients, ul tra sound de part - 
ment [anatomy scans], fe tal med i cine meet ings), and will be of fered 
par tic i pa tion in the study. 

5. 3 . Inclusion criteria 

The fol low ing groups of par tic i pants will be re cruited to the study: 

5. 4 . Group A 

Women who are car ry ing a fe tus at risk of pul monary hy popla sia: 
in clud ing those with mid - trimester preterm prelabour rup ture of 
mem branes (PPROM), con gen i tal di aphrag matic her nia (CDH) and 
skele tal dys pla sia. 

This group has been cho sen due to the in creased risk of PPHN in 
this co hort. The crit i cal phase in fe tal lung de vel op ment is be tween 16 
and 28 weeks’ ges ta tion [ 1 ]. If a PPROM oc curs prior to 26 weeks 
ges ta tion, fe tal lung de vel op ment can be im paired and re sult in pul - 
monary hy popla sia [ 2 ]. Con gen i tal di aphrag matic her nia is as so ci ated 
with pul monary hy popla sia and pul monary hy per ten sion. Pul monary 
hy per ten sion in CDH is dri ven by lung hy popla sia and may re sult in 
al ter ations in the pul monary vas cu la ture and in the pul monary va - 
sore ac tiv ity [ 3 ]. Skele tal dys pla sia is as so ci ated with PPHN and many 
com plex res pi ra tory com pli ca tions due to small and poorly com pli ant 
chest wall move ments, air way anom alies, pul monary hy popla sia, and 
cen tral ap nea [ 4 ]. 

5. 5 . Group B 

Women at tend ing for sched uled Cae sarean sec tion (CS) prior to 38 
weeks’ ges ta tional age. 

This group has been cho sen for re cruit ment fol low ing nu mer ous 
pub li ca tions that have re ported higher rates of PPHN in neonates de - 
liv ered by CS com pared to those born by vagi nal de liv ery [ 25 ] [ 26 ] 
Cae sarean sec tions have been re ported to carry an ap prox i mately five - 
fold higher risk for PPHN when com pared to vagi nal de liv er ies [ 5 ]. In 
ad di tion, higher rates of RDS and con comi tant in creases in en dothe - 
lin - 1 lev els have been re ported in ba bies born by CS, which might in - 
di rectly lead to a higher risk of de vel op ing PPHN [ 6 ]. 

5. 6 . Group C 

In ad di tion, a group of ges ta tion - matched un com pli cated sin gle ton 
preg nan cies will be re cruited to serve as a con trol group. This group 



Contemporary Clinical Trials Communications 19 (2020) 100610

3

A. McHugh et al. 

has been in cluded to pro vide in for ma tion on the in - utero re sponse to 
MH that oc curs in nor mal preg nan cies. 

• Subjects must be able and willing to give written informed consent 
and to comply with the requirements of the study protocol. 

• Subjects must be female, aged 18 years or above at baseline. 
• Subjects who are judged to be in generally good health by the 

investigator based upon the results of the medical history. 

5. 7 . Exclusion criteria 

• Age <18 years 
• Known fetal chromosomal abnormality excluding Trisomy 21 
• Gestational age <18 weeks and > 40 weeks 
• Maternal chronic respiratory disease (including COPD, Cystic 

Fibrosis, Pulmonar Fibrosis) 
• Maternal congenital heart disease (CHD) 
• Maternal use of bleomycin or amiodarone (due to interactions 

with oxygen) 
• Subjects unable to provide written informed consent 
• Subjects who have any other significant medical disease or 

disorder (including uncontrolled diabetes, unstable ischemic heart 
disease, moderate to severe congestive heart failure, recent 
cerebrovascular accident) which, in the opinion of the 
investigator, may either put the subject at risk by participation in 
the study, or may influence the result of the study. 

5. 8 . Justification for inclusion and exclusion criteria 

Fe tus es' ≥31 weeks' ges ta tion will be in cluded as the hy per ox y - 
gena tion test is known to be come re spon sive af ter this ges ta tional age 
(GA) [ 7 ]. Those with a GA > 40 weeks will be ex cluded given the po - 
ten tial for ad vanced GA to ef fect the ac qui si tion of or the re sult of 
var i ous Doppler in dices. A win dow of 31 – 40  weeks  GA was cho sen to 
in crease uni for mity and to ac quire bet ter data. Par tic i pan t's with a 
non - smoking sta tus were cho sen given the haz ards as so ci ated with 
smok ing and high flow oxy gen [ 8 ] and to elim i nate any ef fect that 
smok ing may have on Doppler ve loc ity wave forms [ 9 – 11 ]. Al though 
many women with CHD can go through preg nancy with a low risk to 
them selves, there re mains a higher in ci dence of mis car riage, pre ma - 
ture births, low birth weights and an in crease of CHD in the fe tus, in 
women with cyan otic CHD than that found in the nor mal pop u la tion 
[ 12 ]. Notwith stand ing that there is an in creased risk of car diac and 
neona tal com pli ca tions as so ci ated with ma ter nal CHD in preg nancy 
[ 13 ], there is lim ited data on the haemo dy namic changes in preg - 
nancy in re sponse to MH and for this rea son we have ex cluded both 
women with CHD and those with any chronic res pi ra tory dis ease. 

5. 9 . Study procedure 

Doppler echocar dio g ra phy will be per formed on fe tuses be tween 
31 and 40 weeks ges ta tion. A fe tal echocar dio gram will be per formed 
ac cord ing to an agreed pro to col to ex clude any ma jor struc tural de - 
fect. Im age - directed pulsed and colour Doppler equip ment (Vo lu son 
E8, GE Health care) with a 5  MHz sec tor probe will be used to ob tain 
blood ve loc ity wave forms. The low est high - pass fil ter level (100  Hz) 
will be used and the spa tial peak tem po ral av er age power out put for 
colour and pulsed Doppler kept at <100  mW/ cm. An an gle of in - 
sonation <15° be tween the ves sel and Doppler beam as as sessed by 
colour Doppler will be ac cepted for analy sis. The fe tal pul monary 
artery (PA) will be vi su alised by ro tat ing the trans ducer from the four - 
chamber view to the short - axis view of the fe tal heart. The pul monary 
valves and the bi fur ca tion of the right and left branches of the PA will 
be iden ti fied. The dis tal PA (DPA) can be lo cated be yond the first bi - 
fur ca tion of the branch PA and this is the area that will be used for as - 

sess ment, in keep ing with pre vi ous stud ies [ 7 ]. The fol low ing mea - 
sure ments spe cific to the branch PA Doppler wave form will be 
recorded: 

1. The peak systolic velocity (PSV) 
2. End - diastolic velocity (EDV) 
3. The pulsatility index (PI; defined as the difference between peak 

systolic and diastolic velocity divided by time averaged velocity) 
4. The resistance index (RI; defined as the difference between the 

peak systolic and diastolic velocity divided by the peak systolic 
velocity) 

5. The ejection time (ET; defined as the whole time of systole) 
6. The acceleration time (AT; defined as the time from the initial 

increase in velocity to the time of peak velocity) 

The PA PI and PA RI mea sure ments are mark ers of vas cu lar re sis - 
tance and both re quire PSV and EDV mea sure ments for their cal cu la - 
tion. The AT and ET mea sure ments will serve as mark ers for pul - 
monary vas cu lar re sis tance. Fol low ing MH, a re peat fe tal echocar dio - 
gram will be per formed. The hy per ox y gena tion test will be con sid ered 
pos i tive when the fe tal PA PI de creases by more than 10% from its 
base line (re spon ders), in keep ing with a pre vi ous study [ 14 ]. Where 
the fe tal PA PI does not de crease by at least 10%, cases will be clas si - 
fied as non - responders. 

Mea sure ments of the UA, MCA, DA, AoI and DV will also be ob - 
tained pre and post MH. Af ter a min i mum of three uni form wave - 
forms are ob tained the Doppler im ages from the UA, MCA, DA, AoI, 
DV and PA will be frozen and saved to the ul tra sound ma chine for fu - 
ture analy sis. The mea sure ments will be av er aged from the val ues ob - 
tained from the three best car diac cy cles, us ing a con ven tional com - 
put erised pro gramme linked to the equip ment that cal cu lated the PSV, 
EDV and TAmax ve loc i ties, PI (PI PSV - EDV/TAMXV) and RI 
(RI  =  PSV - EDV/PSV). These Dopplers will be in cluded to as sess the 
utero - placental re sponse and to eval u ate for duc tal con stric tion sec - 
ondary to MH. The UA Doppler will be ob tained from a free loop of 
cord. The MCA Doppler will be sam pled in the area over ly ing the an - 
te rior wing of the sphe noid bone near the base of the skull [ 15 ]. The 
DA wave form will be ob tained in ei ther the three - vessel tra chea view 
or the lon gi tu di nal duc tal arch (LDA) view [ 16 ]. The AoI Doppler 
wave form will be ob tained in the lon gi tu di nal aor tic arch (LAA) view 
or from the three ves sel and tra cheal view [ 17 ] and the DV Doppler 
wave form will be ob tained at the isth mus, near its ori gin from the 
um bil i cal vein in a mid - sagittal or cross - sectional ab dom i nal plane 
[ 18 ]. All Doppler im ages will be frozen on the ul tra sound ma chine 
and stored for fu ture analy sis and for qual ity con trol pur poses. Only 
im ages that are deemed sat is fac tory by the study in ves ti ga tors will be 
in cluded in the study data. 

Am ni otic fluid in dices, rou tine fe tal bio m e try and es ti mated fe tal 
weight mea sure ments based on the Had lock for mula [ 19 ] will be ob - 
tained as well as fe tal heart rate vari a tion. The study par tic i pants will 
not be made aware of the re sult of the hy per ox y gena tion test dur ing 
the study pe riod. 

To as sess the re pro ducibil ity of the mea sured PA pa ra me ters, ve - 
loc ity wave forms from the PA of 10 fe tuses not re cruited to the study 
will be recorded. In traob server and in ter ob server vari abil ity of PA in - 
dices will be as sessed us ing this sub set of 10 pa tients. One reader 
(A.M) will re peat mea sure ments at a time tem po rally re mote from the 
ini tial as sess ment (ap prox i mately 15  min utes). To as sess in ter ob server 
vari abil ity, a sec ond reader (F.B), blinded to the orig i nal data, will re - 
peat PA mea sure ments. 

5. 10 . Oxygen therapy 

Oxy gen will be ad min is tered to the pa tients while in a semi re - 
cum bent po si tion in the hos pi tal ul tra sound de part ment. Oxy gen will 
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be ad min is tered at a rate of 12L/ min for a du ra tion of 10  min utes via 
a non - rebreather mask. The ul tra sound de part ment in our hos pi tal is 
equipped to ad min is ter oxy gen to the pa tients, us ing a portable oxy - 
gen cylin der and dis pos able plas tic non re breather masks. 

5. 11 . Investigational medicinal product (IMP) 

The trade name of the med i c i nal prod uct is med ical oxy gen. The 
name of the ac tive sub stance is oxy gen. The for mu la tion is 100% V/ V 
in hala tional gas. The mar ket ing au tho ri sa tion num ber in Ire land is 
PA1357/ 001/ 001. The mar ket ing au tho ri sa tion holder is In dus trial 
Pres sure test ing Ltd. The dose will be 60% FiO2 ad min is tered via a 
face mask over 10  min utes. This dos ing has been used pre vi ously 
with out any ad verse ef fects [ 20 – 22 ]. Oxy gen will be stored in ap pro - 
pri ate oxy gen cylin ders. 

5. 12 . Neonatal echocardiogram 

The pres ence of pul monary hy per ten sion in the neonate will be 
for mally as sessed with a neona tal echocar dio gram per formed within 
the first 24  hours of life. Eval u a tions will be per formed us ing the 
Vivid echocar dio g ra phy sys tem (GE Med ical, Mil wau kee) and a car di - 
ol ogy multi - frequency probe. All stud ies on asymp to matic in fants will 
be per formed in a ded i cated quiet room on the post na tal ward when 
the in fant is in a quiet state ide ally af ter feeds. No se da tion will be 
used. If the in fant is ad mit ted to the neona tal in ten sive care unit, the 
echocar dio g ra phy study will be per formed there. All scans will be 
recorded on the ma chine's in ter nal hard drive and trans ferred to the 
EchoPAC archiv ing sys tem for of fline mea sure ments and val i da tion. 
All stud ies will be archived and re viewed later to as sess qual ity and 
ac cu racy of data ac qui si tion. Stud ies will be per formed us ing stan dard 
neona tal win dows in clud ing api cal, paraster nal, sub costal, and high 
paraster nal win dows. The archiv ing sys tem is also avail able at the Ro - 
tunda Hos pi tal and has enough stor age ca pac ity for 15 years with an 
ac tiv ity of 300 scans per year. All stud ies will be per formed by a 
neona tol o gist with ex pe ri ence in neona tal func tional echocar dio g ra - 
phy. The per son per form ing the neona tal echocar dio gram will be 
blinded to the pre na tal ul tra sound echocar dio gram find ings and to the 
re sponse of the fe tus to the hy per ox y gena tion test. The fol low ing 
echocar dio g ra phy pa ra me ters will be mea sured us ing pre vi ously de - 
scribed meth ods [ 23 ], left ven tric u lar (LV) length mea sured at end di - 
as tole; mi tral value an nual di am e ter; left ven tric u lar out put (LVO, ml/ 
kg/ min); Ejec tion frac tion us ing Simp son's Bi plane method (EF, %); 
mi tral valve in flow ve loc i ties and ve loc ity time in dex, PDA di am e ter 
(mm) mea sured in 2D at the pul monary end; di as tolic and sys tolic 
flow ve loc ity across the PDA; flow pat tern across the duct; pul monary 
artery ac cel er a tion time (PAAT); and right ven tric u lar (RV) end sys - 
tolic pres sure mea sured us ing the tri cus pid valve re gur gi tant jet. 

All neonates will be of fered a fol low - up ap point ment in the out pa - 
tien t's de part ment for re view and a re peat neona tal echocar dio gram at 
six weeks of age. 

5. 13 . Data collection and retention 

Both a hard copy and elec tronic ver sions of the data will be re - 
tained. Elec tronic data will be re tained on a re search com puter data - 
base within the Ro tunda Hos pi tal. All data will be main tained on 
pass word pro tected com put ers and no pa tient names will be recorded. 
Source doc u ments for this study will in clude hos pi tal records,ul tra - 
sound pro ce dure re ports and data col lec tion forms. These doc u ments 
will be used to en ter data onto the case re port files (CRF).. Data re - 
ported on the CRF that are de rived from source doc u ments must be 
con sis tent with the source doc u ments or the dis crep an cies must be ex - 
plained. All doc u ments will be stored safely in con fi den tial con di tions. 
On all study - specific doc u ments other than the signed con sent, the 

sub ject will be re ferred to by a study sub ject iden ti fi ca tion num ber. 
All fe tal ul tra sound im ages will be archived on the ul tra sound ma - 
chine from which they were taken. All records and doc u ments will be 
main tained by the in ves ti ga tor for a pe riod of at least 2 years. 

5. 14 . Adverse events (AEs) 

Prob a ble AEs as so ci ated with oxy gen ad min is tra tion specif i cally, 
which oc cur dur ing the study will be recorded on the CRF. These will 
in clude those ob served by the in ves ti ga tor or re ported by the sub ject. 
These will in clude duc tal con stric tion, in crease in tri cus pid re gur gi ta - 
tion and any other re ported events. If an AE oc curs, the fol low ing in - 
for ma tion will be recorded: de scrip tion, date of on set and end date, 
sever ity, as sess ment of re lat ed ness to the study med ica tion, other sus - 
pect med ica tion or de vice and ac tion taken and out come. All AEs will 
be cap tured up to 6 weeks post par tum. 

5. 15 . Statistics 

A power cal cu la tion was per formed for our study. Us ing an an tic i - 
pated in ci dence of PPHN in a high risk co hort of 0.7% com pared to a 
back ground in ci dence in the gen eral pop u la tion of 0.05% [ 24 ], 308 
par tic i pants will be re quired for this study (80% con fi dence and a 
type I er ror rate of 0.05). 

De scrip tive sta tis tics will be used to sum marise the find ings into 
two groups re spon ders and non - responders. De scrip tive sta tis tics will 
be used to analyse the dif fer ent patholo gies from group A (i.e CDH, 
mid - trimester PPROM and skele tal dys pla sia) given their het ero gene - 
ity. The pri mary analy sis of the pri mary out come will be per formed 
us ing an in de pen dent t - test (or a Wilcoxon Rank Sum test as ap pro pri - 
ate) to com pare the pres ence of PPHN in in fants with and with out a 
nor mal MH test. A chi squared test will be used for the pri mary analy - 
sis of the di choto mous sec ondary out comes. For the con tin u ous sec - 
ondary out comes, a t - test will be used to com pare nor mally dis trib - 
uted data, and Wilcoxon Rank Sum test will be used for skewed data. 
We will ac cept a p value of <0.05 as sig nif i cant. We will use SPSS 
(ver sion 24.0) to per form the sta tis ti cal analy sis. In traob server and in - 
ter ob server vari abil ity will be as sessed us ing the in tr a class cor re la tion 
co ef fi cient (ICC). 

5. 16 . Informed consent 

In formed con sent will be taken at the sub jec t's re cruit ment visit to 
the ul tra sound de part ment when they at tend for the hy per ox y gena - 
tion test. The sub ject will have re ceived an in for ma tion leaflet and the 
con sent form prior to at tend ing the ul tra sound de part ment giv ing 
them ad e quate time to make an in formed de ci sion on par tak ing in the 
study. Prior to any study re lated screen ing pro ce dures be ing per - 
formed on the sub ject, the in formed con sent state ment will be re - 
viewed, signed and dated by the sub ject and the per son who ad min is - 
tered the in formed con sent form. 

6 . Discussion 

We do not fore see any un due risk to the sub jects. Oxy gen is safe to 
use in preg nancy and is not known to cause any long - term ad verse 
ma ter nal of fe tal ef fects. It will be ad min is tered for a to tal du ra tion of 
10  min utes. The com mu ni ca tion of out puts and achieve ments from 
this study will be dis sem i nated to the fol low ing tar get au di ences - spe - 
cial ist health care pro fes sion als, the gen eral med ical and sci en tific 
com mu nity, study par tic i pants, pa tient groups, and the wider com mu - 
nity. In for ma tion about the pro ject and its re sults will be dis sem i nated 
at in ter na tional con fer ences and sem i nars. 

De spite re cent ad vances in the man age ment of PPHN, the risk of 
mor tal ity and ad verse neu ro log i cal se que lae re main high. By un der - 
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tak ing this study, we may be able to iden tify a way of ac cu rately pre - 
dict ing the out comes in ba bies at risk of PPHN. The study may im pact 
our clin i cal man age ment of these preg nan cies in the fu ture. The study 
may also im pact our rou tine care of ba bies at risk of PPHN, in that; 
they may all un dergo an echocar dio gram and ma ter nal hy per ox y gena - 
tion test in the fu ture. This may help in iden ti fy ing those fe tuses with 
a poorer neona tal out come. 

Trial insurance 
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