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The INFANT® Study

A Multicentre Randomised
Controlled Trial of 47,000 Births



K2 Medical Systems is a multi-award winning innovation and technology company dedicated to 
improving maternity care for all.  Initially starting as a perinatal research group within a busy 
maternity department in 1989, K2MS was formed a decade later and is now a global 
organisation with offices in the UK, Australia and America.  With a consistent objective to work in 
partnership with clinicians and caregivers to achieve the highest possible standards in 
maternity healthcare worldwide, K2 has always been passionate and dedicated to its cause; 
and the research which began over 28 years ago continues today to provide an ever increasing 
and comprehensive portfolio of innovative solutions to support and improve care.

Dedicated to Improving
Maternity Care
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INFANT® has taken 27 years to develop. A considerable 
and sustained effort over many years, largely because the 
interpretation of fetal heart rate monitoring during labour 
is very hard to do reliably. The analysis is complex and the 
intelligence required for the subsequent interpretation was 
difficult to model and required a novel approach1. It has 
also taken a long time to validate INFANT® on thousands of 
recorded traces, many rare and abnormal, to ensure that 
it was able to function at the level of human experts and 
would be safe to use on live patients2.

In 2009, INFANT® completed 
its Regulatory approvals and 
was ready to release into 
clinical practice. However, 
the opportunity to evaluate 
INFANT® in an NHS funded 
trial presented and K2 
believed the responsible 
thing to do would be to 
embrace this opportunity 
prior to widespread release. 

The technology evaluation 
was called the INFANT® 
Study and was managed 
by the National Perinatal 
Epidemiology Unit, Oxford 
University and University 
College London with K2 
playing a supporting role 
as technology provider, at 
arm’s length from the data 
analysis. The INFANT® Study 
was published in The Lancet 
in March 20173.

Introduction
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Funding of £6m was provided by the National Institute for Health Research as part of their Health 
Technology Assessment programme4.  The INFANT® Study was powered to be able to detect a 50% 
reduction from an event rate of poorest perinatal outcome (Stillbirth + Neonatal Death + Moderate 
or Severe Brain Damage) estimated in the INFANT® Study protocol5 to have an incidence of 2.35 per 
1,000 births. The number of births required to achieve this statistical power was 47,000. The INFANT® 
Study was the largest and most expensive maternity trial to be funded by the National Health Service.

£6 million
in funding

Funding & Scale

Trial Centres

Some 24 hospitals took part in the Study, 
23 from the UK and 1 from Dublin, Ireland. 
The hospitals were a mixture in terms 
of size. They included large University 
teaching hospitals with very large birth rates 
and smaller District Obstetric Units. The 
combined effort from hospital staff required 
to recruit 47,000 women was considerable 
and the success of the Study was in great 
part due to their consistent efforts, which 
are gratefully acknowledged. 

24 UK & Ireland Hospitals

47,000 
births
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The INFANT® Study was open to women who had completed at 
least 35 weeks gestation with either a singleton or twin pregnancy 
with no gross fetal anomaly. Women were considered to be low 
risk or high risk according to local hospital guidelines, which are 
based on National guidance. For those women considered to 
require continuous fetal monitoring, they were admitted onto 
GUARDIANTM and then randomised to either have care provided 
by GUARDIANTM only or by GUARDIANTM and INFANT® combined. If 
women initially regarded as low risk became high risk, they were 
subsequently invited to join the study. 

The participating UK hospitals represented the entire UK installed 
base for GUARDIANTM and in that sense operated a different care 
model compared with other UK hospitals who offer conventional 
fetal monitoring. To avoid doubt, this study did not compare 
INFANT® against conventional fetal monitoring as practised in the 
UK. 

The recruitment phase of the Study took three years and 8 months 
to complete and finished in August 2013.

Study Design

Recruitment

This study did not compare INFANT-Guardian® 
against conventional CTG Monitoring
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Study Design

Recruitment

Intermittent
Auscultation

Moved to CTG Monitoring

>= 35 weeks, no gross fetal anomaly
singleton or twins

CTG
Monitoring

GUARDIANTM

ONLY
GUARDIANTM 

+ INFANT® 

Admitted on
GUARDIANTM

Auto
Randomisation
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Inductions

Nulliparous Women

General
Population

  INFANT®
Study

25%

59.2%

General
Population

  INFANT®
Study

40%

59.8%

In terms of the demographic recruited, it was intended that High Risk Labours would be recruited and that 
was indeed the case. In terms of inductions, 59.2% of women recruited had been induced. This compares 

to the general population of births where 25% of labours are induced.

For women expecting their first baby, the Study recruited almost 60% of women having their first baby 
which compares to some 40% in the general population.

So there is no doubt that the INFANT® Study recruited the intended higher risk population. 

Study Composition
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The expected numbers of babies who would 
have one of the poorest perinatal outcomes 
was estimated in the published protocol5. These 
estimates were based on the best available data at 
the time; for example, the Confidential Enquiry into 
Maternal and Child Health 2004, published in 20066. 

Intrapartum Stillbirths were estimated to have 
an incidence of 0.35 babies per thousand births. 
Therefore, in  47,000 births, there would be expected 
to be 16 intrapartum Stillbirths.

For neonatal deaths, defined as death within the 
first 28 days of life, the incidence was estimated 
to be 0.7 babies per thousand births. So, in 47,000 
births, there would be expected to be 33 babies 
who would die in the first 28 days of life.

Finally, for babies who suffer moderate or severe 
brain damage, the estimated incidence was 1.3 
per one thousand births. Again, in 47,000 births, 
there would be expected to be 61 babies born with 
moderate or severe brain damage.

Conservative Estimates

It was felt that these estimates were conservative 
and that we should expect higher incidences 
in the actual study due to the fact that high risk 
pregnancies only were recruited, where the chance 
of poor outcome was thought to be higher (by 
definition), and also because elective Caesarean 
Sections, where these poorest outcomes rarely 
occur, were excluded.

In 47,000 births, it was expected that there would be:

Expected Incidence of 
Poorest Outcome

Stillbirths

Neonatal Deaths

Babies Born with Moderate 
or Severe Encephalopathy

16

33

61
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3 10 39

200

EXPECTED (110)

ACTUAL (52)

40 60 80 100

Stillbirths Neonatal 
Deaths

Babies Born with Moderate 
or Severe Encephalopathy

Finding 1: Very Low 
Incidence of Poorest 
Outcome

The first important finding of the study was that 
the numbers of poorest perinatal outcomes that 
actually occurred were very much lower than 
expected.

There were just 3 intrapartum stillbirths in 47,000 
births, there was expected to be at least 16. Over 
five times fewer.

There were just 10 babies who died within the first  
 28 days of life, there was expected to be at  
 least 33. Over three times fewer. 

There were just 39 babies who were born with 
moderate or severe brain damage, there was 
expected to be at least 61. 

Overall, there were far fewer babies born with poor 
perinatal outcome than expected. 

There were actually a total of 52 babies in 47,000 
births who suffered a poor perinatal outcome. That 
is a combined incidence of 1.1 per thousand births. 
There were expected to be at least 110 babies with 
poorest outcome. There were less than half as many.

Actual Poorest Perinatal Outcome from 47,000  
births = 52 cases, less than HALF that expected (110)
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Remarkable Fact

Another remarkable fact was that there was just one stillbirth in the 23,000 births that were recruited to the 
INFANT® arm of the study. This means that 23 out of the 24 Hospitals involved in the INFANT® Study did not 

have a single stillbirth in the INFANT® Study arm in 3 years and 8 months of recruitment.

In the 3 years and 8 months of 
recruitment, 23 out of 24 Hospitals 
in the INFANT-Guardian® Arm did not 

record a single Stillbirth.
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Finding 2: Few Differences 
Between INFANT-Guardian® 
vs GUARDIAN™ Alone

INFANT-Guardian®
Slightly More FBS (10.3%)

Significantly fewer CTG traces 
of serious concern

GUARDIAN™ Alone
Slightly Less FBS (9.5%)

Significantly more CTG traces 
of serious concern

If we compare those women who had GUARDIAN™ 
plus INFANT® against women who had GUARDIAN™ 
alone we find that there were very few differences in 
terms of primary or secondary outcomes. Indeed, 
in over 50 comparisons that were tested only two 
differences were found.

The first difference was for fetal blood sampling. 
There was a very small difference observed of 8 extra 
women per 1000 in the INFANT® plus GUARDIAN™ 
arm who received fetal scalp blood sampling. This 
finding only just reached statistical significance 
(the risk ratio was 1.01 to 1.16, if it had been 1.00 it  
would be non-significant). 

Given that this increase was so small it has 
questionable clinical significance. Furthermore, it 
is acknowledged that there was significant risk that 
this finding was a statistical Type 1 error given the 
number of secondary outcomes that were tested 
(over 50 comparisons at 1% level gives a 40% 
chance of a Type 1 error).

The second difference observed was related to fetal 
heart rate abnormalities. Women in the INFANT® 
plus GUARDIAN™ arm had a significantly reduced 
risk of CTG patterns of serious concern occurring 
compared to women in the GUARDIAN™ only arm. 
Fetal monitoring with INFANT® reduced the 
likelihood of heart rate abnormalities of serious 
concern. 10



Interpretation
So how should we interpret the Study results?  The interpretation of the 

INFANT® Study results can be boiled down to two questions.

No Increase in Operative 
Interventions

The Study found that the use of INFANT® does not increase operative interventions 
and nor does the use of INFANT® increase the anxiety for the mother. This was tested 
in a previously published study undertaken by the INFANT® clinical investigators7.

Question 1:  
Why was the incidence of poor outcome so much 
lower than expected? 
 
Question 2:  
Why was there no difference in the incidence of 
poor outcome between INFANT® plus GUARDIAN™ 
versus GUARDIAN™ alone?
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Lancet Publication8

The INFANT® Study - a flawed design forseen

During the INFANT Study1 application process in 2006–07 and since, concerns were formally raised 
regarding study design weaknesses by myself and some of the clinical investigators, clinical collaborators, 
and the National Institute for Health Research (NIHR) referees.2 The source of the concerns were two-fold.  

The first concern was that, as a co-
located un-blinded randomised 
controlled trial, the risk of cross-
over effects (including learning and 
cultural effects) being transmitted 
between the treatment arm and 
controls was substantial, due to 
a lack of study arm separation. 
Both arms were co-hosted within 
each hospital and operated at 
the same time by the same staff 
who looked after women in both 
arms simultaneously. If INFANT 
improved staff’s fetal monitoring 
interpretation skills, or re-enforced 
education in any way, there were 
no barriers to prevent acquired 
benefits from being applied by 
the same staff to the controls and 
polluting them.
 
The second concern foreseen 
was the reliance of the study on 
the K2MS Guardian technology. 
Guardian captured the trial data 
but Guardian also functioned 
as a sophisticated surveillance 
system in both arms of the study. 
Guardian’s intended purpose 
(Regulatory approved as such) is to 
reduce the risk of poor outcomes 
by communicating the full clinical 
notes comprising partograms, fetal 
heart rate monitoring, risk factors, 
maternal and fetal observations, 
and full case narrative outside of 
the delivery room and throughout 
the hospital. Guardian facilitates 
senior staff oversight at central 

locations, doctor’s offices, and 
on-call doctors remotely in their 
homes. This greater awareness 
and vigilance by senior staff 
creates a clinically supportive care 
structure intended to reduce the 
risk of human errors particularly 
made by junior staff. Guardian 
acted on both arms of the study. 

The participating UK hospitals 
represented the entire UK installed 
base for Guardian and, in that 
sense, operated a different care 
model compared with other UK 
hospitals who offer conventional 
fetal monitoring. To avoid doubt, 
this study did not compare 
INFANT against conventional fetal 
monitoring as practised in the UK. 

These study design weaknesses 
could have been addressed by 
comparing INFANT-Guardian 
against conventional fetal 
monitoring, with the treatment 
and control arms geographically 
separated and exclusively 
operated in separate hospitals by 
different staff. 

The concerned individuals 
also argued that the study 
should include a 6 month pre-
randomisation benchmarking 
of hospital’s outcome data, but 
this was not done. Neither was 
outcome data captured from low 
risk women who did not have 

continuous monitoring, which was 
a missed opportunity. 

The results show that the model 
of care practised in the INFANT 
Study led to very low incidences of 
poorest perinatal outcomes. The 
incidence of stillbirth observed in 
the INFANT Study (0.6 per 10 000 
deliveries) was 4 times less than 
that found for low risk women in 
UK Obstetric units (2.6 per 10,000)3, 
the incidence of brain damage 
was less than half (0.78 per 1000 vs 
2.0 per 1000)3 and the combined 
incidence of stillbirth, neonatal 
death, and moderate or severe 
brain damage in the INFANT Study 
(1.1 per 1000) was less than half 
that found in UK Obstetric Units 
(2.57 per 1000)3.  

Dr Robert Keith

References:
1 The INFANT® Collaborative Group. 
Computerised interpretation of fetal heart 
rate during labour (INFANT®): a randomised 
controlled trial.  
Lancet  www.thelancet.com  22 Mar 2017

2 K2 Medical Systems. K2MS Library: Letters and 
Minutes in relation to INFANT® Study design 
considerations. www.k2ms.com/library.aspx 
(accessed 03 Feb 2017).

3 Hollowell J, Puddicombe D, Rowe R, et al. The 
Birthplace national prospective cohort study: 
perinatal and maternal outcomes by planned 
place of birth. Birthplace in England research 
programme. Final report part 4. NIHR Service 
Delivery and Organisation programme. November 
2011. http://www.nets.nihr.ac. uk (accessed 07 
Feb 2017).
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There were less than half the numbers 
of poor outcomes than were expected, 
despite this study recruiting high risk 
labours only.

It is important to remember that the 
INFANT® Study did not compare INFANT® 
with Conventional CTG monitoring, even 
though Conventional CTG monitoring was 
the population on which the numbers of 
poor outcomes that should be expected 
were based. 

The INFANT® Study compared INFANT® plus 
GUARDIAN™ against GUARDIAN™ alone.

GUARDIAN™ has been designed to 
reduce human errors and to reduce poor 
outcomes. As we saw earlier, in volume 
2 of this series, it does this by providing a 
fully supportive care model with greater 
vigilance, communication and senior 
staff oversight than conventional fetal 
monitoring with its reliance on the lottery 
of individual clinicians.  All women in the 
study had GUARDIAN™. All women in the 
INFANT® Study would have received the 
care benefits that GUARDIAN™ provides. 
GUARDIAN™ was essentially a treatment 
that was applied to both study arms.

GUARDIAN™ is a Treatment.
The Study did not compare INFANT® + GUARDIAN™ against 
‘Conventional CTG Monitoring’, rather it compared  
INFANT-Guardian® versus GUARDIAN™ alone. Yet the expected 
rate of poor outcomes were estimated based on ‘Conventional 
CTG Monitoring’ populations.

Q1: Why So Few Poor 
Outcomes?
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We know for sure 
that INFANT® reliably 

interprets the CTG 
and appropriately 

raises concern.14



This is obviously a key question to explore. We know for sure that 
INFANT® reliably interprets the CTG and appropriately raises concern. 
It might be that staff didn’t respond appropriately to this concern for 
some reason? This explanation can be quickly dismissed. There was 
not a difference, not because both arms offered poor care, but because 
both arms offered very good care with low risks of adverse events. 
There was a very low incidence of poor outcomes in both arms of the 
Study. A more plausible explanation would then be that weaknesses 
and compromises in the Study design made it difficult for a difference 
to be observed. 

The INFANT® Study was very different from a traditional blinded 
RCT often used to test a new drug, for example. The INFANT® Study 
was an unblinded randomised controlled trial where everyone knew 
which women were in which arm of the study. Also, both study arms 
operated in the same hospitals and the same staff looked after 
women from both study arms at the same time. The arms of the 
study had poor separation. The weakness here is that if INFANT® 
improved staff’s CTG interpretation, or re-enforced CTG education in 
staff, or in anyway improved care, then staff would equally apply this 
derived benefit to the controls. There were no barriers to stop them 
doing so. These cross-over effects polluted the controls. Both arms 
benefited and improved.  

Q2: Why So Few Differences 
Between Treatment Arm & 
Controls?

15



So, there was a double whammy that  
confounded the INFANT® Study. The use of 
GUARDIANTM helped reduce the risk of a poor 
outcome and the unblinded nature of the study 
design, with both arms operating in the same 
hospitals by the same staff, meant that care 
benefits were applied to the controls.

 
 
These weaknesses, and their likely consequences, 
were forseen in 2006/7 and were formally brought 
to the notice of the Applicants by members of the 
Clinical Investigator’s Group, Clinical collaborators 
and the NIHR referees of the original application9. 
However, no changes to the study design were 
made and the trial went forward unammended.

Study Design Weaknesses
- A Double Whammy

A flawed design forseen

GUARDIAN™ Trial Design
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A Better Study Design

Conventional CTG 
Monitoring

GUARDIAN™ + INFANT®

A more appropriate study design would have had the study arms geographically separated by having 
INFANT-Guardian® operating exclusively in half the hospitals and conventional CTG monitoring, 
without GUARDIAN™, operating exclusively in the other half. But it was not to be. Was the INFANT® 
Study a waste of money, time and effort ? No, we don’t think so.

The INFANT® Study provides good data relating to the levels of poor outcomes that can be achieved in a 
care environment that utilises INFANT® and GUARDIAN™. The question that remains to be answered is how 
would INFANT-Guardian® compare against conventional CTG monitoring, without INFANT® or GUARDIAN™? 
Luckily, there is good data available from the UK and the rest of the World that will help us answer this. 
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INFANT-Guardian® 
Compared to UK Obstetric 
Units

Since the INFANT® Study commenced there have been some important studies that 
have been published which shine a light on the true incidence of poor outcomes in 
the UK obstetric units who receive conventional monitoring. 

BirthPlace10 was a large Cohort Study 
that measured the relative risk of poor 
outcomes according to where women who 
were considered to be low risk had their 
baby. There were 19,551 women who had 
their baby in one of 36 UK Obstetric Units. 
Units that are comparable to the obstetric 
units involved in the INFANT® Study.

The combined incidence of poorest 
perinatal outcomes, (which is Stillbirth 
+ Neonatal Death + Moderate or Severe 
Brain Damage) that actually occurred in UK 
Obstetric Units for low risk women during 
BirthPlace was 2.57 per 1,000 births. This is 
an incidence consistent with the protocol 
assumptions for the INFANT® Study 
which was 2.35 per thousand.

The combined incidence of poorest 
perinatal outcome actually observed in 
the INFANT® Study was 1.1 per thousand 
births, less than half that found in UK 
Obstetric Units.

There were 4 times fewer 
stillbirths in the INFANT® 
Study compared to UK 
Obstetric Units.

And there were less than 
half the incidence of brain 
damaged babies in the 
INFANT® Study compared 
to UK Obstetric Units.
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UK Obstetric Units INFANT®

2.57

2.6

2.0

Combined Poorest Outcome 
(per 1000 births)

Stillbirths 
(per 10,000 births)

Moderate / Severe Brain Damage 
(per 1000 births)

1.1 LESS THAN HALF

0.78 LESS THAN HALF

0.6 4x FEWER

2.57BirthPlace
 (Low Risk) 1.1 INFANT®

 (High Risk)

Less Than Half

Consistent with INFANT® Protocol Assumptions (2.35)

UK Obstetric Units
Combined Poor Outcomes per 1000 births

BirthPlace Study vs INFANT® Study
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International 
Comparison

Perinatal Data is now routinely captured and reported by a 
number of countries whose clinical practice is comparable 
with the UK. The UK does not have a national programme of 
reporting but the BirthPlace study gives an insight into the 
risks of poor outcomes in UK Obstetric Units. There are slight 
differences in the criteria country to country, but broadly this 
data is similar and can be compared.

In terms of poorest perinatal outcomes, Australia, the UK, Ireland 
and New Zealand are similar. The risk of a poor perinatal outcome 
in these countries is in the range 2.57 to 3.25 births per 1,000. The 
incidence of poorest perinatal outcome in the INFANT® Study was 
1.1 per 1,000 births, which is between 2 times and 3 times fewer 
than these countries.

The incidence of babies born brain damaged, with moderate or 
severe encephalopathy, in the INFANT® Study was half that found 
in the UK or other countries. 
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Years

Risk

Gestation

Source

INFANT®UK (BirthPlace) Australia Ireland New Zealand

2008-10 2006-11 2015 2008-13

>=37w

2.57

2.0

2010-13

HIGH RISKLOW RISK ALL RISK ALL RISK ALL RISK

>=35w>=37w

2.91

>2500g

3.1

>=37w

1.13.25

1.6 1.5 0.781.45

Birthplace 
Study 2011

Stillbirths - AIHW 
2013 HIE - QLD 

Health Statistics 
Centre 2011

Irish Maternity 
Indicator System, 

2016

NZ Ministry of 
Health 2013

The INFANT® 
Study

Poorest Outcomes (Stillbirths + Neonatal Deaths + Brain Damage), per 1,000

Brain Damage (Moderate or Severe HIE), per 1,000

International Studies vs INFANT® Study

All exclude congenital abnormalities 21



INFANT® reliably detects the abnormal 
CTG in real time and raises appropriate 

concern

 When INFANT® says, ‘There is concern’, 
There is concern !

There were NO cases of hypoxic related 
poor outcome in which INFANT® failed 

to raise concern appropriately

INFANT® is not overly False Positive 
and does not increase operative 

interventions.

INFANT® Works!
Based on the experience of over 47,000 births we know that INFANT® reliably detects abnormal fetal heart 
rate patterns and raises concern in a timely manner. INFANT® is not overly false positive. 

There were no cases of hypoxic related poor outcome where INFANT® failed to raise appropriate concern. 
INFANT® does what it was set out to do. It accurately interprets the CTG and raises concern. In the labour 

room, at central stations, doctors’ offices and remotely to doctors’ homes. 
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Conclusion

INFANT® and GUARDIANTM as a combined approach 
has an incidence of poorest perinatal outcome LESS 
THAN HALF that found in UK obstetric units.

The risk of a poorest perinatal outcome with  
INFANT-Guardian® is LESS THAN HALF that reported 
in Ireland, Austraila and New Zealand.

INFANT® reliably interprets the CTG and INFANT® 
has been shown to reduce abnormal fetal heart rate 
patterns of serious concern.

The risk of poorest outcome for a high risk woman 
is LESS THAN HALF that of a low risk woman in a UK 
Obstetric Unit without INFANT-Guardian®.
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INFANT® - a Proven Expert 
at Every Bedside

INFANT® puts a proven expert in CTG interpretation at every 
bedside for every labour that requires continuous fetal heart 
rate monitoring. INFANT® monitors every second of fetal 
heart rate trace recorded. For the first time ever, INFANT® 
ensures that those babies that require continuous 
monitoring will be monitored continuously.
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Human errors and mis-interpretation of the CTG have been consistent problems in care 
during labour for decades and have been cited in confidential enquiry after confidential 
enquiry, and maternity review after maternity review, as issues that need addressing. 
Hundreds of millions of pounds are spent every year on compensating children for 
avoidable life changing injuries that entirely blight their life chances. Irreversible harm 
that they have sustained through avoidable clinical negligence. The Government has 
mandated improvement11. It has mandated that the incidence of intrapartum stillbirth 
and brain damage must be reduced by half by 2030. The Royal College of Obstetricians 
and Gynaecologists are campaigning to achieve this reduction by 202012! These are 
laudable and necessary ambitions, but given that nothing has worked previously, 
despite many attempts to do so, be it by training or aggressive onsite audits - What is 
the plan this time?

Moving Forward -  
Meeting the Challenge

We believe that a reduction in the poorest birth  
outcomes can only be achieved by changing and 
improving the care model (Problem 1, Vol 1) and by 
improving CTG interpretation at the point of care 
(Problem 2, Vol 1). GUARDIAN™ and INFANT® are the 
tools to achieve these changes. The challenge to those 
with power and influence is to bring these tools, that 
have undergone unprecedented healthcare evaluation, 
into clinical practice. 

Final Thoughts
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