University Library

o o A gateway to Melbourne's research publications

Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
East, CE;Davey, MA;Kamlin, COF;Davis, PG;Sheehan, PM;Kane, SC;Brennecke, SP

Title:
The addition of fetal scalp blood lactate measurement as an adjunct to cardiotocography
to reduce caesarean sections during labour: The Flamingo randomised controlled trial

Date:
2021-10-01

Citation:

East, C. E., Davey, M. A., Kamlin, C. O. F., Davis, P. G., Sheehan, P. M., Kane, S. C. &
Brennecke, S. P. (2021). The addition of fetal scalp blood lactate measurement as an
adjunct to cardiotocography to reduce caesarean sections during labour: The Flamingo
randomised controlled trial. Australian and New Zealand Journal of Obstetrics and
Gynaecology, 61 (5), pp.684-692. https://doi.org/10.1111/ajo.13327.

Persistent Link:
https://hdl.handle.net/11343/273325



TITLE PAGE

TITLE
The addition of fetal scalp blood lactate measurement as an adjunct to cardiotocography to

reduce caesarean'sections during labour: The Flamingo randomised controlled trial

SHORT RUNNING TITLE

Fetal scalp blood lactate measurement in labour

AUTHORS
Christine E EAST!?3 (Corresponding author), orcid.org/0000-0002-1196-8426,
Professor of Nursing & Midwifery c.east@latrobe.edu.au

School of Nursing and Midwifery, La Trobe University, Bundoora, Victoria, 3086
Phone: +61 3 84584945

Mary-Ann DAVEY 4

Senior Research Fellow mary-ann.davey@monash.edu

C Omar F KAMLIN®

Consultant Neonatal Paediatrician  Omar.Kamlin@thewomens.org.au

Peter G DAVIS®
Professor of Neonatology pgd@unimelb.edu.au

Penelope M SHEEHAN 2%

Penny.Sheehan@thewomens.org.au

Stefan C K ANE?

Maternal Fetal Medicine Subspecialist Obstetrician Stefan.Kane@thewomens.org.au
Shaun P BRENNECKE?3

Chair of Obstetrics and Gynaecology s.brennecke@unimelb.edu.au

This is the author manuscript accepted for publication and has undergone full peer review but
has not been through the copyediting, typesetting, pagination and proofreading process, which
may lead to differences between this version and the Version of Record. Please cite this article

asdoi: 10.1111/A]0.13327

This article is protected by copyright. All rights reserved


https://doi.org/10.1111/AJO.13327
https://doi.org/10.1111/AJO.13327
mailto:c.east@latrobe.edu.au
mailto:Omar.Kamlin@thewomens.org.au

on behalf of The Flamingo Study Group®

1. Judith Lumley Centre & School of Nursing and Midwifery, La Trobe University,
Bundoora, Victoria, Australia

2. Department'of Maternal-Fetal Medicine, Pregnancy Research Centre, The Royal
Women!s Hospital, The University of Melbourne, Parkville Victoria 3052, Australia

3. Department of Obstetrics and Gynaecology, The University of Melbourne, Parkville
Victoria’3052, Australia.

4. Department of Obstetrics and Gynaecology, Monash University, Clayton 3168 Victoria,
Australia

5. Neonatal Services, Royal Women's Hospital, Parkville Victoria 3052, Australia.

6. The Flamingo Study Group comprises the chief investigators, CE East, MA Davey, CO
Kamlin and SP Brennecke; the associate investigators, PG Davis, P Sheehan, F Cullinane,
L Smith, J Ryan and J duPlessis; and the clinical research midwives, S Veljanovski, J
Saal, T Grainger, A White, S Duggan, M Stewart.

ACKNOWLEDGEMENTS

We thank the,Clinical Research Midwives (Sue Duggan, Tracey Grainger, Jennifer Saal, Sue

Veljanovski, Adrienne White), the Flamingo Study Group, Jo Bruhn, Project Officer,

Pregnancy Research Centre, Department of Maternal-Fetal Medicine, Royal Women’s

Hospital who prepared the database and Mary Anne Biro, Senior Research Assistant, Monash

University, who assisted with the analysis.

This study was funded by an Australian National Health and Medical Research Council
(NHMRC) project grant (APP1026042). Christine East conducted this project as part of her
NHMRC Career Development Fellowship. The NHMRC did not influence the conduct of the
trial otherthan.toprovide some funding. The trial was registered with the Australian New

Zealand Clinieal'Trials Register (ACTRN12611000172909) prior to commencement.

Conflict of Interest Statement: The authors report no conflicts of interest.

This article is protected by copyright. All rights reserved



PROF. CHRISTINE EAST (Orcid ID : 0000-0002-1196-8426)
DR. MARY-ANN DAVEY (Orcid ID : 0000-0002-8574-0109)
DR. STEFAN CHARLES KANE (Orcid ID : 0000-0002-5172-3263)

Article type = =Original Article

TITLE
The addition.of fetal scalp blood lactate measurement as an adjunct to cardiotocography to

reduce caesareanssections during labour: The Flamingo randomised controlled trial

SHORT RUNNING TITLE
Fetal scalp blood lactate measurement in labour

Keywords
Fetal monitoring;caesarean; CTG,; delivery; midwifery

Manuscript word count: 2497

Abstract wordweount: 249

Figure count: 1

Table count: 4;"plus three Supplementary Tables

ABSTRACL

Background

Fetal scalp'blood sampling for lactate measurement (FBSLM) is sometimes used to assist in
identification of the need for expedited birth in the presence of an abnormal cardiotocograph
(CTG). However, there is no randomised controlled trial evidence to support this.

Aim
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To determine whether adding FBSLM reduces the risk of birth by emergency caesarean
section in labours complicated by an abnormal CTG, compared with CTG without FBS.
Material and methods

Labouring women at atertiary maternity hospital in Melbourne, Australia with a singleton,
cephalic presentation, at > 37 weeks’ gestation with an abnormal CTG pattern were
randomisedto theiintervention (n=61), with intermittent FBSLM in addition to CTG
monitoring, or control (CTG without FBS, n=62). The primary outcome was rate of birth by
caesarean section. Secondary outcomes included overall operative birth and fetal and
neonatal safety endpoints. Trial Registration: ACTRN12611000172909

Results

The smallersthan anticipated sample was unable to demonstrate an effect from adding
FBSLM to CTG'monitoring on birth by caesarean section vs monitoring by CTG without
FBS (25/61 and 28/62 respectively, p=0.64, risk ratio (RR) 0.91, 95% confidence intervals
(CI) 0.60-1.36). One newborn infant in the CTG group met the criteriafor the composite
neonatal outcome of death or serious outcome; neonatal encephal opathy, five-minute Apgar
score <4, negnatalsresuscitation, admission to neonatal intensive care unit for 96 hours or
more.

Conclusion

We were unableto provide robust evidence of the effectiveness of FBSLM to improve the
specificity of the CTG in the assessment of fetal well-being.

INTRODUCTION

Caesarean section rates vary widely in Organization for Economic Co-operation and
Development (OECD) countries, ranging from 15% of live birthsin Isragl to 53% in Turkey
in 2017.1 Thelowspecificity of cardiotocography (CTG) recordings of the fetal heart rate
during |abour-ferthypoxia may be contributing to rising caesarean rates.? Intrapartum fetal
monitoring.isrecommended in awide variety of circumstances, ranging from concerns
arising duringithe pregnancy, to those that may be considered to identify the at-risk fetus as
labour progresses: for example, fetal growth restriction, induction of labour, epidural
analgesia, to name just afew.>® The presence of one or more features of an abnormal CTG

may |ead to urgently expedited birth in some situations and not others.>®
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Various tests have attempted to improve intrapartum evaluation of fetal welfare and in cases
of an abnormal CTG, to distinguish between those at risk of hypoxia from those that can
safely continue through labour without unnecessary interventions.”*

In the 1960s;"Saling proposed the use of fetal scalp blood sampling (FBS) to test for pH asan
independent' measure of fetal wellbeing.'® This test was subsequently considered as a
potential adjunct to improve the low specificity of CTG monitoring.? The effect of FBS on
caesarean section rates is assessed by only one published randomized trial from Colorado
USA in 1979, that compared the use of continuous CTG monitoring with CTG plus FBS (pH)
in high-risk pregnancies labouring from 34 weeks’ gestation.” This study reported a trend
toward fewer caesarean sectionsin the CTG plus FBS group (11.3%) than in the CTG group
(17.6%: risk rati® 0.75, 95% confidence intervals 0.55-1.03, P=0.05).” Thisfinding is of
uncertain relevance currently, given that the caesarean section rate in the United States
increased from 16.5% in 1980 to 32% in 2018.12 Similar trends in caesarean section
occurred in'ether countries such as Australia, with the rate of 11% in 19802 increasing to
35% in 20184

The lack lof high-level evidence to guide practice has resulted in clinical uncertainty, with
some guidelinesin use both during the conduct of the trial reported herein and since,
suggesting that the use of FBS be considered,* ® while other clinicians suggest that FBS

should not be undertaken unless or until high quality RCTs generate supportive evidence.r

There has been a shift away from using pH testing to lactate measurement over recent
decades, augmented by the availability of rapid, accurate point-of-care analysers requiring a
very small fetal blood sample.*® The Cochrane systematic review found that both pH and
lactate were comparable in terms of mode of birth and neonatal outcomes, with obtaining a
successful sample'more likely for lactate than for pH.1” There were no published RCTs
comparing eutecomes when fetal blood sampling for lactate measurement (FBSLM) was or

was not perfermed.t’
This report describes the clinical outcomes from the world’s first randomized controlled trial

(RCT), the Flamingo Tria (Fetal LActate: MeasurING Outcomes) comparing the use of
FBSLM with no FBS, in the presence of abnormal CTG patterns.8
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MATERIALSAND METHODS

Thistrial was registered with the Australian New Zealand Clinical Trials Register
(ACTRN12611000172909) prior to commencement and is reported following the CONSORT
guidelines.!® The methods for the Flamingo parallel group, prospective, unblinded
randomized controlled tria are described in detail in the published protocol.*® An Australian
audit had previously determined that 38% of women in labour who have an abnormal CTG
proceeded to giving birth by caesarean section.?

The primary.aimwas to determine whether adding FBSLM reduced emergency caesarean
section births, compared with monitoring by CTG without FBS, in labours with an abnormal
CTG. We hypothesised that FBSLM would reduce this from 38% to 25%, in a proposed
sample size of 600 (alpha 0.049, power 90%).18 Secondary outcomes included maternal and
fetal/neonatal endpoints as described in the protocol .2 We considered a composite
fetal/neonatal_endpoint of death or serious outcome for the infant, including one or more of
fetal death after trial entry, death of a liveborn infant prior to hospital discharge, neonatal
encephal opathy:(stages 11/111), Apgar score <four at five-minutes, care in neonatal intensive

care unit >96.hours.? 22

Participants
Women l[abouring at term (>37 weeks) at atertiary maternity hospital in Melbourne,
Australiawere eligible to participate if they met all the inclusion criteria and none of the

exclusion criteria, with specified fetal heart rate patterns (Supplementary Table A).*8

Ethical approval was granted by the Royal Women’s Hospital Human Research Ethics
Committee (HREC Project 11/56), initially for opt-in consent, with women approached
during pregnancy/or early labour and written, informed consent confirmed once a qualifying
CTG patterndeveloped during labour. A sequentially numbered, sealed, opaque envelope
was openeditorrevea allocation to either the addition of FBSLM to CTG monitoring or CTG
without FBS«(ratio 1:1). The gap between requested and awarded research funding meant that
fewer research personnel were available and recruitment was slower than expected, even
when clinicians who were not directly involved in a woman’s care were also encouraged to
assist with recruitment. The Australian national ethics guide introduced specific
circumstances for the use of opt-out consent in 2014.2 The ethics committee approved this

approach for the Flamingo trial. From September 2014, women were provided with at |east
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two sets of information about the study and opt-out procedures during their pregnancy and
were able to indicate their plan to opt-out if aqualifying CTG pattern developed during
labour. Standardised processes ensured clear communication of an opt-out decision when the
women entered labour. Women not opting out also had to meet al the original inclusion and

none of theexclusion criteria.’®

Blinding

The nature of this study meant that the women and their clinicians were unblinded. The
accompanying risks of bias were minimised by having routinely recorded clinical outcome
measures asthe primary and secondary endpoints (e.g. caesarean section, neonatal
outcomes). A’ reésearcher not involved in recruitment or data collection conducted the
unblinded data analysis.

RESULTS

Participant flow

In total, 123.ef the proposed 600 women were enrolled into the Flamingo trial during the
planned and (partially) funded recruitment phase of the study, between March 2012 and July
2015: 61totheintervention group (FBSLM + CTG) and 62 to the control group (CTG
without FBS) (Frgure 1). Data on maternal characteristics were available for all those
enrolled with few exceptions, for example, maternal BMI missing for four women:
demographics and characteristics were similar for the two groups (Table 1). Outcome data
were available for all participants. The CTG patterns that qualified entry into the study were
similar for each group (Table 1). Similar proportions of participants demonstrated abnormal
fetal heart rate patterns after randomisation and had interventions including changesin
oxytocin infusion administration or maternal position changes (Table 2). Fetal scalp blood
sampling was attempted for 31 of the 61 women allocated to this group with 24 (77%) of
these returningalactate value of <4.0 mmol/L and only five (16%) with an abnormal lactate
of >4.8 mmel/l(Table 2). Subsequent FBSLM was undertaken for seven participants, with
two returningflactate values >4.8 mmol/L (Table 2). There was no evidence of adifferencein
time from randomisation to birth according to whether FBSLM was undertaken or not for
those assigned to the FBSLM group (p= 0.63, Supplementary Table B). No control group
participants underwent FBSLM.

Primary endpoint
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The caesarean section rates (for all indications) were similar for the two groups:
CTG+FBSLM 25/61 (41%), compared with 28/62 (45%) in the CTG without FBS group, risk
ratio (RR) 0.91, 95% confidence intervals (Cl) 0.60-1.36, P=0.64 (Table 3).

Secondary-endpoints

Maternal endpoints

There was 'no evidence of between-group differences in rates of overall operative birth
(forcepst+vacuum+caesarean section, RR 0.96, 95%CI 0.80-1.14), assisted vagina birth (RR
1.02, 95%CIl.0.64-1.61) or normal vagina birth (RR 1.20, 95%CIl 0.58-2.47, Table 3). The
median number_of minutes from randomisation to birth was 131 (95%CI 100-162) in the
FBSLM group/compared with 103 (95% CI 55-151) in the CTG group (p=0.93, Kaplan Meier
log rank (Mantel"Cox)).

Fetal/neonatal endpoints

One infant in the CTG without FBS group was admitted to the neonatal intensive care unit
(NICU) for 96:8:hours and thus met the pre-defined criteria for the composite fetal/neonatal
endpoint (Apgar.scores eight and nine at one- and five-minutes respectively, forceps for non-
reassuring fetal“status 3.5 hours after trial entry). He displayed signs of respiratory distress
syndrome five hours after birth and received continuous positive airway pressure respiratory
support for 48 hours and treatment for presumed sepsis. No infant in the CTG+FBSLM group
met the fetal/neonatal endpoint criteria.

Other causes of neonatal morbidity were similar between the groups (Table 4) except for five-
minute Apgar_scores less than seven. All five babies with this result were from the
CTG+FBSLM group. There was no clear explanation of this outcome: the length of time from
randomisation.to.birth was variable; FBSLM was not undertaken in one; none of the babies
required admission to the NICU; and all had a normal neonatal course (Supplementary Table
C). Of notepthere was no evidence of a difference in five-minute Apgar scores less than four
between the FBSLM group compared with the control group (RR 1.69, 95%CI 0.42-6.7).

More babies were at the extremes of birthweight percentiles®® in the CTG+FBSLM group than
the CTG without FBS group. Exploratory sensitivity analysis found no evidence that
adjustment for birthweight centiles influenced the caesarean section rate comparison between

groups (data not presented here).
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Length of neonatal hospital stay was similar for the two groups with a median of 69 hours for
those in the FBSLM group and 62 hoursin the CTG without FBS group (p=0.52, Table 4). No
babies had FBS-related infections. One baby on whom FBSLM had been performed was found
to have a'dryscay rash on [the] left scalp resembling plaque’ postnatally, which was later
diagnosed by a dermatologist as a congenital sebaceous naevus®™: it was therefore not

considered to berelated to the blood sampling.

Women’s perceptions of their labour, fetal monitoring and research participation will be

published saparately. Resource limitations did not allow for the planned economic analysis.*®

DISCUSSION

Therelatively small sample meant that we were unable to generate robust evidence about the
potential for the addition of fetal blood sampling for lactate measurement in the setting of
concern about fetal welfare in labour to reduce the rates of emergency caesarean section.
Indeed, the rate.ofremergency caesarean section in both groups exceeded the estimated
baseline rate.of 38% and the rate of 39% in the 192 women audited over three months during
the trial periea?"most likely reflecting both the small sample size and progressively
increasing ratesacross Australia.!* An adequately powered trial would require ~4800
participants to detect the difference in caesarean section rate of 4% seenin our RCT.

The Flamingo trid used asimilar composite neonatal outcome to other perinatal trials.?% 2
This low-preval ence outcome occurred for one baby in the CTG without FBS group, who
spent four days in the NICU. The lack of consistent patterns noted for babies with low five-
minute Apdar scores and low prevalence for the other pre-specified poor neonatal outcomes
reassure that.neither performing nor not performing FBSLM caused harm in this small
sample. Thesefindings and the lack of differences in the time from randomisation to birth in
the two groups:(including whether or not FBSLM was undertaken within that group) are
important when considered in the context of the time between the development of aCTG
pattern that, while concerning, does not immediately trigger an expedited birth, or that further
testing could delay appropriate intervention.?” Neonatal sepsis may have been over-
represented, with five of the 123 babies having positive blood cultures, compared with the
published rate of 1% sepsisin term gestation admissionsto Australian and New Zealand
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neonatal nurseries.?® The incidence of five-minute Apgar scores <seven and of neonatal

sepsis may be further explored in adequately powered studies.

Equipoiseisimportant in justifying clinical randomised controlled trials.?® There were
periods of*lower="and higher recruitment rates to the Flamingo trial and of compliance with
undertaking FBSLLM when randomised to that group, despite engagement with clinica
leaders. In this setting (and during the conduct of the Flamingo trial) clinical guidelines
suggest but @o not mandate FBSLM.> A three-month audit conducted during the trial
identified 20% of the 192 women in labour who could have undergone FBSLM by clinical
guidelines were offered this test and Flamingo trial participation was considered for six
women, thus'supporting the apparent equipoise surrounding FBSL M. In both the audit and
the Flamingo study, there were frequent occasions of the abnormal CTG reversing later to
demonstrate features of a normally oxygenated fetus. It is possible that both the return to
“normal” CTG and other less overt complexities influenced clinicians’ decisions not to

proceed with fetal scalp blood sampling.

Opt-out consenting processes attempted to improve recruitment. This concept is not new for
using routifnely*eol ected health data and is generally viewed favourably by consumers.*® Opt-
out consenting.processes were initiated within the Flamingo trial shortly after the national
ethical guidelines were updated.?® Approximately 30% of women provided with Flamingo
material during pregnancy advised their wish to opt-out prior to labour. Around one-fifth of
the final samplewas recruited in this manner over three months. however, participation in the
Flamingo trial once in labour declined in the final few months of the planned recruitment

period.

Srengths.and limitations

This report outlines the only RCT-evidence of the addition of FBSLM aiming to influence the
specificity ofstheintrapartum CTG. The clinical outcomes, including caesarean section and
neonatal course were abstracted from routinely collected data, thus reducing the likelihood of
the unblindednature of the intervention influencing the data analysis. Women giving birth in
the publicly funded tertiary-level maternity service represent a diverse mix of cultural,
linguistic, social and health characteristics. Maternal age and primiparity in the audit were
similar to those enrolled in the RCT.? As such, the demographic may reflect the diversity of

healthy women and those with comorbidities and complicated pregnanciesin Australia.**
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Recruitment was challenging, with only 20% of the sample required enrolled. The amount of
funding awarded was insufficient to support the presence of research staff on the birth suite.
A novel approach to recruitment using the opt-out approach provided evidence of some
success, albeitlimited, which may encourage others to explore this option. The fluctuations
in enrolment ratesthroughout the conduct of the Flamingo trial may reflect variable clinical
equipoise over time regarding an intervention for which there exists no high-level evidence.
This may prompt clinicians’ reflections on their conscious or unconscious biases that can

influence clinical.care and research.

The Flamingo randomised controlled trial was underpowered to provide evidence of any
effect on caesarean section rates from the addition of FBSLM to CTG monitoring. Thetrial
demonstrated that opt-out consent can be considered for future RCTs of the intervention
which should be sufficiently powered to evaluate the utility of FBSLM. The search for an

accurate test to augment the sensitivity of the CTG remains elusive.

This article is protected by copyright. All rights reserved



Table 1: Participants’ demographics and characteristics

CTG pluslactate CTG without FBS
(n=61) (n=62)
Maternal age (years) 32.2(5.2) 30.4 (5.0)
BMI (kg/m?)'n (%)
-(Underweight (<19) 4 (7%) 3 (5%)
-:Normal (19 — 24.9) 20 (34%) 22 (37%)
- Overweight (25 - 29.9) 20 (34%) 23 (38%)
-:Obese (>30) 20 (34%) 12 (20%)
Gestation (weeks) 39.8(1.3) 39.7(1.2)
Nullipareus 53 (87%) 54 (87%)
Cervicaldilatation on admission to Birth Centre (cm) n=43 n=43
2(1-3) 2(1-3)
Station opradmission VE (cm) n=43 n=43
-2 (-3t0-2) -2(-3t0-2)
Previouseperative birth 1 (2%) Vacuum 1(2%) C/S
Maternal antepartum risk factors > 1% 13 (22%) 14 (23%)
Maternalsintrapartum risk factors > 18 48 (79%) 41 (66%)
Fetal rigk factors > 17 20 (33%) 13 (21%)
Induction of labour 47 (77%) 47 (76%)

This article is protected by copyright. All rights reserved



Prostaglandin

Oxytocin infusion

Artificial_rupture of membranes

M econiumstained amniotic fluid

Epidura‘analgesia

Abnormal fetal heart rate patterns at randomisation
Basaline FHR between 100-109 or 161-170
Baseline FHR <100 beats per minute (bpm) or
>170 bpm
Variability absent (<3 bpm for 40 mins)
Baseline FHR variability 3-5 bpm for 40 mins
Complicated variable decelerations
Prolonged deceleration (>90s and <5 min)
Late decelerations

Sex

- Mae
- —Femae

Birthweight (g)

Birthweight> 40009

Birthweight centiles®

<3rd

25 (41%)
57 (93%)
39 (64%)
19 (31%)
50 (82%)

4 (7%)
1(2%)

4 (7%)
9 (15%)
46 (75%)
16 (26%)
7 (12%)

38 (62%)
23 (38%)

3426 (525)

11 (18%)

5 (8%)

29 (47%)
58 (94%)
40 (65%)
17 (27%)
50 (81%)

4 (7%)
1(2%)

2 (3%)
8 (13%)
50 (81%)
18 (29%)
7 (11%)

39 (63%)
23 (37%)
3437 (345)
2 (3%)
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- 39to <10 5 (8%) 0

- 10" to <25 11 (18%) 7 (11%)
- 25" to <90t 33 (54%) 46 (74%)
- >90th 7 (12%) 1 (2%)

Data are number (percent), mean (standard deviation) or median (interquartile range)

Abbreviations: bpm beats per minute; BMI body massindex; cm centimetres; CTG cardiotocograph; FBS fetal blood sample; FHR fetal heart rate;
IQR interquartile range; g grams; kg kilograms; m metres, min minutes; s seconds; VE vaginal examination

+ BMI wasmet available for two women in each group

1One or more of: essential hypertension, pregnancy-induced hypertension, pre-eclampsia, eclampsia, pre-pregnancy diabetes, gestational
pregnancy;nerprenatal care, maternal cardiac disease, maternal rena disease.

80ne or moreof: maternal pyrexia, ruptured amniotic membranes>18 hours, Group B streptococcus positive, meconium-stained amniotic fluid,
intrapartum bleed, haematuria, other risk factors.

One orimore.of: birthweight <10™ centile?®, polyhydramnios, oligohydramnios, >=42 weeks’ gestation, <37 weeks’ gestation, maternal
substance.use (alcohol, drugs, smoking).

Table 2: Post-randomisation fetal heart rate patterns, labour interventions and fetal evaluations

CTG pluslactate CTG without p-valuet Relativerisk
(n =61) FBS 95% ClI
(n =62)
Abnormal*fetal heart rate patterns AFTER
randomisation
Baseline FHR between 100-109 or 161-171 16 (26%) 11 (18%) 0.26
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Baseline FHR <100 beats per minute (bpm) 7 (12%) 3 (5%) 0.21

or >170 bpm

Variability absent or <3 bpm for 40 mins 1 (2%) 3 (5%) 0.62

Baseline FHR variability 3-5 bpm for 40 18 (30%) 17 (28%) 0.84

mins

Variable decelerations 27 (44%) 28 (45%) 0.92

Complicated variable decelerations 52 (85%) 54 (87%) 0.77

Prolenged deceleration (>90s and <5 min) 24 (39%) 26 (42%) 0.77

L ate.decelerations 12 (20%) 12 (19%) 0.97

Sinusoidal 0 0
Change in exytocin administration response to 26 (43%) 31 (50%) 0.41 0.85 (0.58 - 1.25)
abnorma~€IG
Tocol ytreradministration in response to abnormal 3 (5%) 5 (8%) 0.48 0.61(0.15- 2.4)
CTG
M aternal’position adjustment in response to 37 (61%) 40 (65%) 0.66 0.94 (0.72 - 1.24)
abnorma,.CTG
Intravenous hydration in response to abnormal CTG 9 (15%) 16 (26%) 0.13 0.57 (0.27 - 1.19)
Correction-of hypotension 2 (3%) 3 (5%) 1.00 0.68 (0.12- 3.91)
Vagina examination in response to abnormal CTG 53 (87%) 46 (74%) 0.08 1.17 (0.98 - 1.40)
Scalp laetate (mmol) (Sample 1) (n=30)

- <40 24 (80%)
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- 40-438
- >48

Scalp lactate (mmol) (Sample 2) (n = 8)
- <40
- 40-438
- =48

Scalp lagtate)(mmol) (Sample 3) (n=4)
- <@

2 (7%)
4 (13%)

4 (50%)
1 (13%)
3 (38%)

4 (100%)

Data are number (percent)

Abbreviations: bpm beats per minute; CTG cardiotocograph; FBS fetal blood sample; FHR fetal heart rate; min minutes; s seconds

TChi-squared / Fisher’s exact

Table 3: Maternal outcomes CTG plus CTG without FBS  p-valuet RR (95% CI)
lactate (n =61) (n =62)
Caesarean section 25 (41%) 28 (45%) 0.64 0.91 (0.60 - 1.36)
- ForNRFS 8 (13%) 16 (26%) 0.08 0.51 (0.23- 1.10)
- For dystocialFTP 0 1 (2%) 1.0 Unableto calculate
- Combined NRFS & FTP 7 (11%) 7 (11%) 0.97 1.02 (0.38 - 2.73)
- NRFSand/or FTP and othert 10 (16%) 4 (7%) 0.07 2.54 (0.84 - 7.77)
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Operative delivery (vacuum/forceps/ caesarean section)

For non-reassuring fetal status (NRFS)
For dystocia/failure to progress (FTP)
Combined'NRFS & FTP

NRFES and/or FTP and other*

Normal vaginalibirth

Assisted vaginal birth (vacuum/forceps)

For NRES

For dystocialFTP

Combined NRFS & FTP
NRES.and/or FTP and other*

Length of timefrom randomisation to birth (minutes)

Maternal length of hospital stay after birth (hours)

48 (79%)
25 (41%)
0
10 (16%)
13 (21%)

13 (21%)
23 (38%)
17 (28%)
0
3 (5%)

3 (5%)

131 (100 - 162)

67 (50.6 — 83.4)

51 (82%)
34 (55%)
1 (2%)
9 (15%)
7 (11%)

11 (18%)
23 (37%)
18 (29%)
0
2 (3%)

3 (5%)

103 (55 - 151)

63 (48.5— 77.5)

0.62
0.12
1.0
0.77
0.13

0.62

0.94
0.89

0.68
1.0

0.93

0.85

0.96 (0.80 - 1.14)
0.75 (0.52 - 1.09)
Unable to calculate
1.13 (0.49 - 2.59)
1.89 (0.81 - 4.41)

1.20 (0.58 - 2.47)

1.02 (0.64 - 1.61)
0.67 (0.54 - 1.68)

1.52 (0.26 - 8.1)
1.02 (0.21 - 4.84)

Data are number (percent) or median (95% confidence intervals)

Abbreviations: CTG cardiotocograph; FBS fetal blood sample; FTP failure to progress; NRFS nonreassuring fetal status

+ Categorical data - Chi-squared / Fisher’s exact test; length of time data Kaplan Meier log rank (Mantel Cox)
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1 Includes non-reassuring fetal status AND/ OR dystocia/failure to progress AND any other indication for operative birth (suspected fetal growth

restriction; failed induction; failed vacuum; hypertension; mal presentation; other)

Table 4: Eetal/neonatal outcomes

CTG pluslactate CTG without FBS p-valuet RR (95% CI)
(n =61) (n=62)
- 0.94 --
1-min Apgar <4 5 (8%) 3 (5%) 0.49 1.69 (0.42 - 6.78)
5-min Apgar<7 5 (8%) 0 0.03 Unable to calculate
Umbilical arterial lactate (mmol/L) n=5 n=9 -
4.6 (1.5) 4.8 (3.2) 0.9
Umbilical-venous lactate (mmol/L) n=7 n=10 -
4.3(1.2) 4.4 (1.8) 0.96
Umbilieal arterial pH n=49 n=51
<715 11 (22%) 6 (12%) 0.19 1.91 (0.76 - 4.76)
<7.00 1 (2%) 0 0.49 Unable to calculate
Umhbilical venous pH n=53 n=56
<715 0 2 (4%) 0.17 Unableto calculate
<7.00 1 (2%) 0 0.49
Umbilical arterial base excess n=48 n=51
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<-10 39 (81%) 47 (92%) 0.11 0.88 (0.75 - 1.03)

<-16 9 (19%) 4 (8%) 0.14 2.39(0.79 - 7.25)
Umbilical venous base excess n=52 n=56

<-10 45 (87%) 53 (95%) 0.15 0.91(0.81-1.04)

<-16 7 (14%) 3 (5%) 0.19 2.51 (0.69 - 9.21)
Bag andimask |PPV 11 (18%) 8 (13%) 0.43 1.40 (0.60 - 3.24)
Admission'to NICU 0 2 (3%) 0.50 Unableto calculate
Admissiente SCN 5 (8%) 2 (3%) 0.27 2.54 (0.51 - 12.60)
Neonatal encephalopathy (Stage I1/111) 0 0
Neonatal'sepsis (blood culture positive) 3 (5%) 2 (3%) 0.68 1.52 (0.26 - 8.81)
Neonatal birth trauma® 1 (2%) 1 (2%) 1.0 1.02 (0.07 - 15.89)
Neonatal.death 0 0 -
Intrapartum.stillbirth 0 0 -
Composite fetal/neonatal endpoint” 0 1 (2%)'T 1.0 Unable to calculate
Length of-hespitalisation (, hours) 69 (57.5-80.5) 62 (49.5-74.5) 0.52

Data are-number (percent), mean (SD) or median (95% confidence intervals)

Abbreviations; CTG cardiotocograph; FBS fetal blood sample, IPPV, intermittent positive pressure ventilation; IQR interquartile range; L litre;
mmol miltimels, NICU, Neonatal Intensive Care Unit; SCN, Special Care Nursery; SD standard deviaion

tCategorical data- Chi squared or Fisher’s exact test; continuous data— unpaired t-test; length of time data - Kaplan Meier log rank (Mantel
Cox)

SCephalhaematoma (CTG + lactate); Left-sided bruising to face from forceps (CTG group)
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TEndpoint includes fetal death after entry to the trial, death of liveborn infant prior to hospital discharge, neonatal encephal opathy (stages I1-111),
care in neonatal intensive care unit > 96 hours

"'NICU admission 96.8 hours (Forceps 3.5 hours after randomisation for non-reassuring fetal status; 1-min Apgar = 8; 5-min Apgar = 9;

umbilical -arteria pH 7.22; umbilical venous pH 7.3; developed respiratory distress at 5 hours of age; treated for sepsis)
1t
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Figurelegend

Figure 1. Flamingo Trial CONSORT Flow Diagram

Footnote to figure: There were insufficient resources to collect data about eligibility for all women

giving birth during-the study period
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