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Abstract

Introduction: Whilst some cases of intrapartum fetal compromise are the result of unpredictable
catastrophic events, the majority arise from an unrecognised reduction in feto-placental reserve in
otherwise healthy pregnancies. There is currently no reliable technique prior to labour that identifies
the at-risk fetus. We aimed to investigate the relationship between maternal levels of serum
placental growth factor (PIGF) and intrapartum fetal compromise in term pregnancies prior to
labour. Secondary outcomes were caesarean delivery for intrapartum fetal compromise and adverse
neonatal outcomes.

Methods: A blinded, prospective, cross sectional study set at Mater Mother's Hospital, Brisbane,
Australia. Maternal PIGF concentration was assessed fortnightly from 36 weeks until delivery in 378
low-risk pregnant women. Antenatal and intrapartum care was managed according to local
protocols and guidelines, and intrapartum and neonatal outcomes were recorded.

Results: Pregnancies that developed intrapartum fetal compromise had lower PIGF than those that
did not. PIGF concentration was also lower amongst pregnancies that developed intrapartum fetal
heart rate abnormalities, were delivered with abnormal cord gases or Apgar < 7 at 5 minutes.
Additionally, PIGF levels were lower in pregnancies with an adverse composite neonatal outcome.

Discussion: Lower maternal PIGF concentration is associated with intrapartum fetal compromise and
poorer condition of the newborn. Maternal PIGF levels may be useful as a component of a risk
stratification tool for intrapartum fetal compromise in apparently 'low risk' term pregnancies prior to
labour.
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Introduction

In normal uncomplicated labour there is intermittent reduction of placental gas exchange
which results in a fall in fetal pH and oxygen tension and a rise in carbon dioxide and base
deficit levels. The majority of fetuses enter labour with relatively large feto-placental
reserves that helps mitigate the repeated brief reductions in oxygen supply during
contractions. Nevertheless, the net effect of these regular “hypoxic” episodes may be
amplified in vulnerable fetuses and thus they are likely to become gradually compromised

by otherwise normal labour.

Why some fetuses are prone to intrapartum compromise is not entirely clear. If not
delivered rapidly enough, these babies are at risk of hypoxic brain injury and subsequent
disability with hypoxic ischaemic encephalopathy (HIE) being the strongest and most
consistent risk factor for cerebral palsy in term infants. [1, 2] Current antenatal risk
classification fails to identify up to 63% of pregnancies that result in intrapartum hypoxia.[3]
Various Cochrane systematic reviews have thus consistently highlighted the lack of an
effective technique for risk stratification for not only intrapartum fetal compromise (IFC) but

also for other adverse perinatal outcomes.[4, 5]

A technique which can reliably identify term babies who are at risk of compromise in labour
will address a critically unmet need in obstetrics. Although there is currently no good
antenatal or intrapartum tool for this, some placental biomarkers hold promise.[6, 7] One
such candidate is Placental Growth Factor (PIGF), a potent angiogenic factor produced

predominantly by the placenta, which, together with other paracrine and endocrine
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chemicals, helps establish a low resistance placental circulation.[8] Low maternal plasma
levels of PIGF have been associated with early onset pre-eclampsia[5, 9] and fetal growth
restriction,[10-12] conditions that share a common placental aetiology. The association
between maternal PIGF and IFC in women with apparently low-risk pregnancies has not

been investigated.

The aim of this study was to investigate the relationship between PIGF levels in late
pregnancy and IFC, the need for emergency operative delivery and neonatal outcomes. We
hypothesised that women with normally grown fetuses but low plasma PIGF levels would be
at increased risk of emergency operative delivery for intrapartum compromise, intrapartum

fetal heart rate abnormalities and poorer condition of the newborn.
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Methods

This was a blinded, prospective, cross sectional study conducted at the Mater Mothers’
Hospital in Brisbane, Australia between May 2014 and March 2016. This is the largest
maternity hospital in Australia, with a current birth rate of approximately 10,500 babies
annually. Women attending the outpatient antenatal clinic for routine assessment from 28
weeks gestation were screened by research midwives for eligibility and provided with an
information leaflet inviting them to participate in the study. Inclusion criteria were women
with uncomplicated, non-anomalous singleton pregnancies with a normally grown fetus on
routine clinical assessment who were anticipating a vaginal delivery. Exclusion criteria
included known fetal growth restriction, multiple pregnancy, previous caesarean, pre-
eclampsia/pregnancy induced hypertension, and maternal age <18 or >50 years. Fetal
growth restriction was defined as estimated fetal weight <10"™ centile and umbilical artery
pulsatility index >95" centile for gestation.[13] Ethical and governance approvals were
granted by the Mater Human Research Ethics Committee and Research Governance Office

respectively (Ref no: HREC/13/MHS/173) prior to study commencement.

Gestational age was calculated based on a first trimester ultrasound scan. All women had a
venous sample taken fortnightly from 36 weeks (+/- 1 week) and PIGF concentration
quantified within 4 hours using the Triage PIGF Test (Alere, San Diego, CA) and DELFIA
Xpress immunoassay (PerkinElmer, Turku, Finland). The Triage platform requires a 250uL
EDTA plasma sample and reports concentration in the range 12-3000pg/ml with an overall
coefficient of variation of 12.8-13.2%.[14] The DELFIA platform requires a 40uL SST plasma
sample and reports a concentration in the range 7-4000 pg/mL with an overall coefficient of

variation of 10.1-5.1% (at 27.6 pg/mL and 74.2 pg/mL, respectively). A correction algorithm
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was developed following parallel testing between the Triage and DELFIA systems on 50
samples and the values reported are the DELFIA equivalents. Quality control was performed
routinely as specified by the manufacturers. PIGF concentrations reported are the last
obtained prior to delivery. Women and clinicians were blinded to the PIGF results. Labour

and delivery were managed according to local protocols and guidelines.

The primary outcome measure was IFC (based on intrapartum fetal heart rate (FHR)
abnormalities, abnormal fetal scalp lactate, or both) requiring emergency delivery (either
instrumental or caesarean birth). Intrapartum FHR patterns were classified according to The
Royal Australian and New Zealand College of Obstetricians and Gynaecologists
guidelines.[15] Secondary outcome measures were mode of delivery, presence of a
suspicious or pathological intrapartum FHR pattern, presence of meconium-stained liquor,
acidosis at birth (umbilical cord arterial pH < 7.1 or lactate = 6 mmol/L), Apgar score < 7 at
five minutes, Neonatal Intensive Care Unit (NICU) admission and an adverse composite
neonatal outcome (cord arterial pH < 7.1 or lactate > 6 mmol/L or Apgar score < 7 at 5

minutes or NICU admission).

Statistical analysis

Participants were divided into four groups for comparison of clinical characteristics: those
with no IFC and spontaneous vaginal delivery; those with no IFC and operative delivery
(instrumental or caesarean); those with IFC and instrumental delivery, and those with IFC
and caesarean section. Maternal (age, parity, ethnicity, BMI and serum PIGF) and infant
(birthweight, birthweight centile, gestational age at delivery) characteristics were compared

using a Fisher’s exact test for frequencies, or ANOVA or Kruskal-Wallis test, for normally
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distributed or non-normally distributed continuous variables respectively. Spearman’s rho
was used to assess correlations between PIGF levels, birthweight and birthweight centiles.
Associations between PIGF, intrapartum and neonatal outcomes were assessed using
Wilcoxon’s rank-sum test (Mann-Whitney U test). The significance level for all analyses was

set at p < 0.05. Statistical analysis was performed with Stata software (version 13.0).
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Results

Of the three hundred and eighty five women who volunteered to participate, seven were
ineligible resulting in 378 women who were finally recruited to the study. Thirty six (9.5%)
women were excluded for various reasons from the final analysis: 14 (3.7%) eventually had
a planned caesarean either due to a change in their mode of birth preference or because of
malpresentation, 19 (5.0%) did not have intrapartum electronic fetal heart rate monitoring,
2 (0.5%) had births complicated by severe shoulder dystocia and 1 (0.3%) had severe
intrapartum urosepsis precipitating fetal compromise. Therefore the final study cohort
consisted of 342 women. The participant flow diagram is presented in Figure 1. Of the final
study cohort, 23 women had newborns with gender and gestation specific birth weights
<10™ centile.

Emergency intervention for fetal compromise occurred in 18.1% (62/248) of the study
cohort. Of these, 3.5% (12/342) required emergency caesareans and 14.6% (50/342)
required instrumental delivery (Table 1). Of the 342 women, 49% (169/342) had umbilical
artery cord blood gases performed. Of the 12 women who underwent emergency caesarean
for IFC, all had a degree of fetal heart rate abnormality that was sufficient to precipitate
delivery. Additionally, 8.3% (1/12) had fetal scalp lactates performed which prompted
delivery. No emergency caesarean deliveries occurred prior to 37 weeks gestation.

Both PIGF assay platforms passed all quality control checks as specified by the manufacturer
during the study period. Further testing using maternal samples from this study confirmed a
coefficient of variation of 12.8-16.3%. Maternal PIGF levels were significantly lower in
pregnancies that developed IFC and required any assisted delivery (caesarean or
instrumental) compared to those that did not, as shown inTable 2. Sub-group analysis of

PIGF by mode and indication for delivery again showed lower median PIGF levels amongst
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pregnancies delivered by emergency caesarean or instrumental delivery for IFC, either in
isolation (89 pg/mL, IQR 62 - 132, n =12, p = 0.04 and 90 pg/mL, IQR 69 - 263, n =50, p =
0.05; respectively) or combined (90.2 pg/mL, IQR 67 - 186, n = 62, p = 0.004), compared to

all other modes of delivery without IFC (139 pg/mL, IQR 85 — 265, n = 279).

Additionally, PIGF levels were significantly lower in pregnancies that had
suspicious/pathological intrapartum FHR patterns, delivered babies with abnormal cord
artery pH or lactate or with an adverse composite neonatal outcome. PIGF concentrations in
pregnancies with meconium-stained liquor or NICU admission, compared to those without,
were however not significantly different. These relationships remained even when we

excluded the 23 women who had newborns with birth weights <10" centile. (Table 2).

Birthweight and birthweight centile were correlated with maternal PIGF levels (rho = 0.17

and rho =0.19, p = 0.002 and p = 0.0004, respectively).
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Discussion

Our results show that maternal PIGF levels measured in the final month of pregnancy in
otherwise ‘low risk’ women at term with appropriately grown fetuses were lower in those
who required emergency delivery for IFC. Maternal PIGF levels were also lower in women
who had non-reassuring intrapartum FHR patterns and those whose babies had poorer

neonatal outcomes.

Low PIGF levels are known to be associated with placental underperfusion,[12] growth
restriction,[16] pre-eclampsia and other adverse pregnancy outcomes.[17-19] Indeed,
serum PIGF concentration in early pregnancy appears to have particular promise as a
predictor for the early detection of pre-eclampsia.[20] However, its relationship with IFC has
never previously been prospectively investigated in a ‘low risk’, term population. Whilst
there is evidence, predominantly from retrospective studies with unselected populations,
that biomarkers of impaired placentation (including PIGF and s-Flt) measured earlier in
pregnancy (30 - 37 weeks) have reasonable predictive value for pre-eclampsia, small for
gestational age fetus, and fetal distress before labour, these biomarkers had poor or no
predictive value for adverse events in labour or after birth.[21, 22] Our results are in
contrast to these findings in that we demonstrate a clear prospective association between
low PIGF levels and intrapartum fetal compromise and adverse neonatal outcomes in the
last four weeks of pregnancy at term. Although median PIGF levels were lower in women
that developed IFC as well as for stated neonatal outcomes, there was considerable overlap
in values between the groups, thus limiting implementation at this stage. Our study was not
powered to detect rarer adverse events such as hypoxic ischaemic encephalopathy or

stillbirth and these need to be investigated in future studies.
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Our findings also support the notion that in the majority of cases IFC occurs as a
consequence of gradual deterioration of placental oxygen/nutrient transfer to the fetus in
the context of subtle placental dysfunction, which then precipitates deterioration of the
fetal condition during uterine contractions in labour. Such dysfunction, as reflected by the
lower maternal PIGF levels demonstrated in our study, may be identifiable at least two
weeks before birth. Other screening methods, such as the fetal cerebroumbilical ratio (also
known as the cerebroplacental ratio; a marker of cerebral redistribution or “brain sparing”),
has also been reported to identify fetuses at risk of intrapartum compromise, emergency
intrapartum caesarean, poor condition at birth and neonatal unit admission[23-31] albeit
with detection rates that preclude its incorporation into current clinical practice.
Experimental studies suggest that fetuses that exhibit greater cardiovascular adaptation (i.e.
cerebral redistribution) have reduced fetal reserve that would be exposed during hypoxic

insults.[32]

Currently, IFC is generally diagnosed by electronic fetal heart rate monitoring and
subsequently managed via rapid emergency delivery. There are three shortcomings with
this reactive model of care. Firstly, hypoxic brain injury may already have occurred in labour.
Secondly, emergency caesarean places the mother and fetus at increased risk of poorer
outcomes than the non-emergency equivalent. Thirdly, the woman is not forewarned of the
risks of IFC specific to her and its immediate and possible longer term sequelae to her
offspring, particularly the risk of adverse neurological outcome in the event of hypoxic brain

injury.
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The strengths of this study are the inclusion of only women who would not generally be
considered at high risk of fetal compromise. Furthermore, the incidence of pregnancy
induced hypertension was similar in all modes of birth regardless of the presence of
intrapartum fetal compromise. The measurement of PIGF levels was also consistently
performed serially within two weeks of birth. Limitations of this study were its relatively
small study cohort, the low incidence of intrapartum fetal compromise and the

appropriateness of the components of the adverse neonatal outcome composite.

The ability to risk stratify pregnant women for IFC or adverse neonatal outcomes before
labour commences would therefore challenge the current paradigm of obstetric care. Our
findings suggest that PIGF may complement standard clinical risk assessment measures and
assist in risk stratification for pregnancies at term. The clinical relevance of this is self-
evident. A woman at high risk of poor perinatal outcome could be offered expedited
delivery or more intensive surveillance following a more cogent discussion of the risks of
continuing the pregnancy. Knowledge of the risk of IFC could influence the choice of both
mode and timing of birth. Women at significant risk of IFC could be offered elective birth
which would reduce the number of emergency caesarean sections performed and improve
maternal and neonatal outcomes. Emergency procedures often carry more risk of
complications, more parental anxiety, cost more and often occur out of hours when staffing
is less than optimal. The assignment of women to a “low risk” category would also allow
maternity care to be individualised. The majority of women who are deemed to be low risk
for fetal compromise could be given the option of birth without continuous electronic fetal

monitoring either in a midwifery unit or possibly at home (depending on the health care
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setting). Conversely, continuous electronic fetal heart rate monitoring could be reserved
only for women at increased risk of this complication. Recently, PIGF has been shown to be
a promising tool for antenatal discrimination of growth restricted fetuses from those that
are constitutionally-small. [16] Given this finding, the fact that this cohort of fetuses is much
more prone to compromise in labour and the results of our study, it is conceivable that
incorporating PIGF as a component of a screening test for these complications is a
possibility. Clearly further work is required with a larger cohort of women to ascertain the

performance characteristics of PIGF as a screening test.



217

218

219

220

221

222

223

224

12

Acknowledgements
We acknowledge the contribution of Mr Christopher Flatley, Epidemiologist, Mater

Research Institute, Brisbane, Australia, for his support with statistical analysis.

Funding
This work was supported by the Mater Foundation and the Australasian Society for

Ultrasound in Medicine.



13

225  Figure 1. Participant flow diagram

226
378 women
227
14 elective caesareans
228
229 364 anticipated vaginal
deliveries

230

- 2 shoulder dystocia

1 uroseptic woman
231 v
361 deliveries
232
233 S 19 CTGs unavailable
234 342 deliveries included
235 ,
936 280 vaginal deliveries 62 caesarean deliveries
237
238
239
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180 SVD 50 instrumental 50 instrumental 12 caesarean 50 caesarean
(IFC) (no IFC) (IFC) (no IFC)

241
242

243  CTG, cardiotocograph; SVD, spontaneous vaginal delivery; IFC, delivery for which
244  intrapartum fetal compromise was the primary indication for delivery.

245
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Table 1. Participant characteristics

Characteristic Overall, n No IFC No IFC IFC IFC CS p-value
SvD operative instrumental
Women, n (%) 342 180 (53%) 100 (29%) 50 (15%) 12 (3.5%)
Maternal age  29.7 (4.5) 29.4 (4.7) 30 (4.3) 30.4 (3.9) 29.1(3.8) 0.42°
Parity
2986 (84%) 1538 (77%) 90 (90%) 47 (94%) 11 (92%)
>P1 56 (16%) 42 (23%) 10 (10%) 3 (6%) 1 (8%) 0.003°
Ethnicity
Caucasian 215 (63%) 114 (63.3%) 62 (62%) 31 (62%) 8 (66.7%)
East Asian 56 (16%) 28 (15.6%) 19 (19%) 8 (16%) 1(8.3%)
Asian 37 (11%) 16 (8.9%) 12 (12%) 7 (14%) 2 (16.7%)
Other 34 (10%) 22(12.2%)  7(7%) 4 (8%) 1(8.3%) 0.85°
BMI 23 (21-26) 23 (21 -26) 23 (21-25) 24 (21-26) 23 (20-28) 0.89°
Hypertension 15 (4.2%) 7 (3.9%) 4 (6.0%) 3 (20%) 1(8.3%) 0.59°
Diabetes 28 (8.2%) 15 (8.3%) 11 (11%) 2 (4%) 0 (0%) -
GA delivery 40 (39.1-40.9) 40 (39.1-40.7) 40.1(39.3-41) 40.1(39.3-41.3) 40.2 (39.5-40.6) 0.19°
BW (g) 3429 (438) 3390 (416) 3598 (462) 3282 (382) 3223 (347) <0.001°
BW centile 46 (26) 46 (25) 54 (27) 36 (22) 30(17) <0.001°
247

248  IFC, intrapartum fetal compromise; CS, caesarean for intrapartum fetal compromise; BW,

249  birthweight (grams); GA delivery, gestational age at delivery (weeks). BMI, body mass index
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(kg/m?); and GA, gestational age at delivery (weeks) reported as medians and IQRs.

Categorical variables reported as n (%).

Normally distributed variables (maternal age, BW and BW centile) are reported as means

(SD). Non-normally distributed variables (BMI and GA) are reported as medians (95% Cl).

®One way ANOVA
®Fisher’s exact test

“Kruskal-Wallis test
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Table 2: PIGF levels, intrapartum and neonatal outcomes

Outcome No Yes p°
IFC 139 (84-265, n=279) 90 (67-186, n=62) 0.003
140 (85-267, n=265) 96 (69-206, n=53) 0.02
Abnormal FHR 148 (92 - 297, n=211) 98 (69 — 183, n=130) <0.001
149 (92 -301, n=201) 99 (70-185,n=117) <0.001
Meconium stained liguor 128 (79 — 270, n=247) 123 (81-221,n=94) 0.51
134 (77 -270,n=232) 126 (89 —228, n=86) 0.86
Abnormal cord gases 132 (85-228, n=119) 94 (69-124, n=50) 0.02
134 (86-238, n=111) 95 (69-124, n=45) 0.01
Apgar <7 @ 5 minutes 128 (80-263, n=326) 80 (64-124, n=15) 0.02
134 (81-268, n=326) 86 (64-124, n=14) 0.03
NICU admission 125 (79-263,n=333) 118 (86—-154,n=14) 0.70
129 (79 - 269, n=294) 118 (82 -191, n=12) 0.61
Adverse composite 140 (83-270, n=280) 94 (70-142, n=61) 0.002
neonatal outcome 143 (85-272, n=264) 95 (69-142, n=54) 0.002

Columns ‘No’/’Yes’ report PIGF values according to whether the specified outcome did or

did not occur. Italicised rows indicate sub-analysis with 23 SGA babies (birthweight <10™

centile) excluded. PIGF (pg/mL) values reported are medians and IQRs.

IFC, intrapartum fetal compromise (based on intrapartum FHR abnormalities, fetal scalp

lactate sampling, or both); abnormal FHR, suspicious or pathological fetal heart rate as

specified in methods; abnormal cord gases, umbilical artery pH<7.1 or lactate 26, NICU,

neonatal intensive care unit; adverse neonatal composite, abnormal cord gases and/or

Apgar <7 at 5 minutes and/or NICU admission.

?Wilcoxon rank sum test (Mann-Whitney U test)



270
271

272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319

Bibliography

[1] McIntyre S, Taitz D, Keogh J, Goldsmith S, Badawi N and Blair E. A systematic review of risk
factors for cerebral palsy in children born at term in developed countries. Dev Med Child Neurol.
2013;55(6):499-508.

[2] Jonsson M, Agren J, Norden-Lindeberg S, Ohlin A and Hanson U. Neonatal encephalopathy and
the association to asphyxia in labor. Am J Obstet Gynecol. 2014;211(6):667 e1-8.

[3] Low JA, Pickersgill H, Killen H and Derrick EJ. The prediction and prevention of intrapartum fetal
asphyxia in term pregnancies. Am J Obstet Gynecol. 2001;184(4):724-30.

[4] Alfirevic Z, Stampalija T and Medley N. Fetal and umbilical Doppler ultrasound in normal
pregnancy. Cochrane Database Syst Rev 2015;4:CD001450.

[5] Devane D, Lalor JG, Daly S, McGuire W and Smith V. Cardiotocography versus intermittent
auscultation of fetal heart on admission to labour ward for assessment of fetal wellbeing. Cochrane
Database Syst Rev. 2012;2:CD005122.

[6] Rasmussen LG, Lykke JA and Staff AC. Angiogenic biomarkers in pregnancy: defining maternal and
fetal health. Acta Obstet Gynecol Scand. 2015;94(8):820-32.

[7] Prior T and Kumar S. Expert review--identification of intra-partum fetal compromise. Eur J Obstet
Gynecol Reprod Biol. 2015;190:1-6.

[8] Vrachnis N, Kalampokas E, Sifakis S, Vitoratos N, Kalampokas T, Botsis D and Iliodromiti Z.
Placental growth factor (PIGF): a key to optimizing fetal growth. ] Matern Fetal Neonatal Med.
2013;26(10):995-1002.

[9] Levine RJ and Karumanchi SA. Circulating Angiogenic Factors in Preeclampsia. Clin Obstet
Gynecol. 2005;48(2):372-86.

[10] Benton SJ, Hu Y, Xie F, Kupfer K, Lee S-W, Magee LA and von Dadelszen P. Can placental growth
factor in maternal circulation identify fetuses with placental intrauterine growth restriction? Am J
Obstet Gynecol. 2012;206(2):163.el1-.e7.

[11] Fadigas C, Guerra L, Garcia-Tizon Larroca S, Poon LC and Nicolaides KH. Prediction of small-for-
gestational-age neonates: screening by uterine artery Doppler and mean arterial pressure at 35-37
weeks. Ultrasound Obstet Gynecol. 2015;45(6):715-21.

[12] Triunfo S, Lobmaier S, Parra-Saavedra M, Crovetto F, Peguero A, Nadal A, Gratacos E and
Figueras F. Angiogenic factors at diagnosis of late-onset small-for-gestational age and histological
placental underperfusion. Placenta. 2014;35(6):398-403.

[13] Baschat AA, Gembruch U and Harman CR. The sequence of changes in Doppler and biophysical
parameters as severe fetal growth restriction worsens. Ultrasound Obstet Gynecol. 2001;18(6):571-
7.

[14] Alere San Diego Inc. Triage PIGF Test: Product Insert. 2012. pp. 1-24. San Diego, US.

[15] The Royal Australian and New Zealand College of Obstetricians and Gynaecologists. Intrapartum
fetal surveillance. Clinical guideline. 2014.

[16] Benton S, Yockell-Lelievre J, Grynspan D, Magee L, Hu YX, Gruslin A and von Dadelszen P. Low
maternal placental growth factor is associated with abnormal placental morphology in fetuses with
suspected intrauterine growth restriction. Placenta. 2014;35(9):A44-A.

[17] Chappell LC, Duckworth S, Seed PT, Griffin M, Myers J, Mackillop L, Simpson N, Waugh J,
Anumba D, Kenny LC, Redman CWG and Shennan AH. Diagnostic Accuracy of Placental Growth
Factor in Women With Suspected Preeclampsia: A Prospective Multicenter Study. Circulation.
2013;128(19):2121-31.

[18] Llurba E, Crispi F and Verlohren S. Update on the Pathophysiological Implications and Clinical
Role of Angiogenic Factors in Pregnancy. Fetal Diagn Ther. 2015;37(2):81-92.

[19] Lobmaier SM, Figueras F, Mercade |, Perello M, Peguero A, Crovetto F, Ortiz JU, Crispi F and
Gratacds E. Angiogenic factors vs Doppler surveillance in the prediction of adverse outcome among
late-pregnancy small-for- gestational-age fetuses. Ultrasound Obstet Gynecol. 2014;43(5):533-40.



320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356

357

358

[20] Crovetto F, Figueras F, Triunfo S, Crispi F, Rodriguez-Sureda V, Peguero A, Dominguez C and
Gratacos E. Added Value of Angiogenic Factors for the Prediction of Early and Late Preeclampsia in
the First Trimester of Pregnancy. Fetal Diagn Ther. 2014;35(4):258-66.

[21] Valino N, Giunta G, Gallo DM, Akolekar R and Nicolaides KH. Biophysical and biochemical
markers at 30-34 weeks' gestation in the prediction of adverse perinatal outcome. Ultrasound
Obstet Gynecol. 2015.

[22] Valino N, Giunta G, Gallo DM, Akolekar R and Nicolaides KH. Biophysical and biochemical
markers at 35-37 weeks' gestation in the prediction of adverse perinatal outcome. Ultrasound
Obstet Gynecol. 2015.

[23] Prior T, Mullins E, Bennett P and Kumar S. Prediction of intrapartum fetal compromise using the
cerebroumbilical ratio: a prospective observational study. Am J Obstet Gynecol. 2013;208(2):124.e1-
.e6.

[24] Prior T, Mullins E, Bennett P and Kumar S. Prediction of Fetal Compromise in Labor. Obstet
Gynecol. 2014;123(6):1263-71.

[25] Prior T, Paramasivam G, Bennett P and Kumar S. Are babies that fail to reach their genetic
growth potential at increased risk of intra-partum fetal compromise? Ultrasound Obstet Gynecol.
2015;46(4):460-4.

[26] Sabdia S, Greer RM, Prior T and Kumar S. Predicting intrapartum fetal compromise using the
fetal cerebro-umbilical ratio. Placenta. 2015;36(5):594-8.

[27] Bakalis S, Akolekar R, Gallo DM, Poon LC and Nicolaides KH. Umbilical and fetal middle cerebral
artery Doppler at 30—34 weeks' gestation in the prediction of adverse perinatal outcome. Ultrasound
Obstet Gynecol. 2015;45(4):409-20.

[28] Khalil AA, Morales-Rosello J, Morlando M, Hannan H, Bhide A, Papageorghiou A and
Thilaganathan B. Is fetal cerebroplacental ratio an independent predictor of intrapartum fetal
compromise and neonatal unit admission? Am J Obstet Gynecol. 2015;213:54-6.

[29] Morales-Rosello J, Khalil A, Alberola-Rubio J, Hervas-Marin D, Morlando M, Bhide A,
Papageorghiou A, Perales-Marin A and Thilaganathan B. Neonatal Acid-Base Status in Term Fetuses:
Mathematical Models Investigating Cerebroplacental Ratio and Birth Weight. Fetal Diagn Ther.
2015;38(1):55-60.

[30] Morales-Rosellé J, Khalil A, Morlando M, Bhide A, Papageorghiou A and Thilaganathan B. Poor
neonatal acid—base status in term fetuses with low cerebroplacental ratio. Ultrasound Obstet
Gynecol. 2015;45(2):156-61.

[31] Morales-Rosellé J, Khalil A, Morlando M, Papageorghiou A, Bhide A and Thilaganathan B.
Changes in fetal Doppler indices as a marker of failure to reach growth potential at term. Ultrasound
Obstet Gynecol. 2014;43(3):303-10.

[32] Westgate JA. The intrapartum deceleration in center stage: a physiologic approach to the
interpretation of fetal heart rate changes in labor. Am J Obstet Gynecol. 2007;197(3):236.e1-.e11.



Highlights

Infants with intrapartum fetal compromise had lower placental growth factor levels than
those with spontaneous vaginal deliveries.

Infants who were delivered for intrapartum fetal compromise had lower placental
growth factor levels than those with spontaneous vaginal deliveries

Infants with an adverse composite neonatal outcome had lower placental growth factor
levels than those with a normal neonatal outcome.
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