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Abstract
Objective—To compare the eVectiveness
of routine neonatal examination per-
formed by senior house oYcers (SHOs)
and advanced neonatal nurse practition-
ers (ANNPs).
Design—A prospective study of all infants
referred to specialist orthopaedic, oph-
thalmology, and cardiology clinics. A
standardised proforma was used to record
details of the professional performing the
neonatal check, any abnormalities discov-
ered, source of ultimate referral to the
specialist clinic, and specialist findings.
Results—527 eligible infants were re-
cruited. For hip abnormalities, ANNPs
displayed greater sensitivity than SHOs
(96% v 74%; p < 0.05). Similarly for eye
abnormalities, ANNPs were more sensi-
tive (100% v 33%; p < 0.05). There were no
significant diVerences between ANNPs
and SHOs in terms of positive predictive
values or eVectiveness of detecting cardiac
abnormalities. There was no diVerence in
underlying incidence of abnormalities
between the two hospitals.
Conclusion—ANNPs are significantly
more eVective in detecting abnormalities
during the neonatal check. This has impli-
cations both for future workforce planning
and current methods of medical training.
(Arch Dis Child Fetal Neonatal Ed 2001;85:F100–F104)
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The role of the neonatal check remains contro-
versial.1 The aim is to detect potentially serious
conditions in apparently healthy neonates
before they leave hospital, and to provide reas-
surance to the parents when the examination is
normal. However, some conditions are not
detectable in the immediate neonatal period.
For instance, routine neonatal examination
fails to detect more than half of babies with
congenital heart disease.2 3 Only about 35% of
congenital and infantile cataracts are picked up
by the neonatal examination,4 yet the outcome
after cataract surgery is optimised if operative
intervention occurs before 6 weeks of age.5

Clinical screening for developmental dysplasia
of the hip also fails to pick up a proportion of
cases.6 7 Many argue that the check could
eVectively be performed by a nurse practitioner
or midwife.8 This would have the advantage of
increased continuity of care, rather than intro-
ducing yet another professional to the new
mother, as well as releasing paediatric trainees

from a major service burden which has limited
educational value.

Advanced neonatal nurse practitioners
(ANNPs) are a relatively recent introduction to
the field of neonatal care. As part of their train-
ing, they have formalised instruction in how to
perform a neonatal check,9 10 together with
clear teaching on the significant pathological
variables they are looking for.11 In this regard,
their training is probably more structured than
many paediatric senior house oYcers (SHOs),
who often have little formal training in how to
perform an adequate neonatal examination.12

Currently most neonatal checks in the United
Kingdom are performed by paediatric SHOs,
but increasingly units are turning to ANNPs.

We have found no previous studies that
compare the eVectiveness of ANNP neonatal
checks with those performed by paediatric
SHOs, and it is thus the aim of this study to
make this comparison.

Methods
A prospective study was conducted from 1
April 1999 to 31 March 2000 of all infants
referred to specialist orthopaedic, ophthalmol-
ogy, and cardiology clinics in Kingston upon
Hull. A standardised proforma was used to
record details of where the infant had been
born, what sort of neonatal check had been
carried out, and who had first discovered the
abnormality that had led to the specialist refer-
ral.

There are two obstetric hospitals in the
locality: Hull Maternity Hospital had 2783 live
births during the study. Neonatal checks are
carried out by paediatric SHOs. Castle Hill
Hospital had 2244 live births and is staVed
predominantly by ANNPs who perform the
neonatal checks. There are no resident paedia-
tricians at this hospital.

All children from Hull and East Yorkshire
with a suspected diagnosis of, or significant risk
factors for, developmental dysplasia of the hip
are referred to the specialist orthopaedic
paediatric hip clinic at Hull Royal Infirmary.
Risk factors include breech presentation, fam-
ily history, and structural talipes. Referral is
also made if there is any clinical evidence of
dislocatable or dislocated hip.

At the hip clinic, clinical examination and
ultrasound are performed to determine
whether the hip is normal, dysplastic requiring
active intervention, or borderline requiring fur-
ther observation (Graf grade IIa).13

Infants with suspected cataracts or other
causes of impaired red reflex are referred to the
ophthalmologists at Hull Royal Infirmary,
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either directly from the neonatal check, from
general practitioners, or through orthoptists.

All infants referred from these two hospitals
with cardiac murmurs are assessed by a
specialist registrar or consultant paediatrician,
and, if a structural abnormality is suspected, a
referral is made to the regional paediatric
cardiology service. Similarly children referred
by their general practitioner or community
paediatrician with a cardiac murmur will
initially be assessed by a consultant paediatri-
cian, and referred on to the cardiologists if
appropriate as above.

The paediatric cardiologists obtain a defini-
tive diagnosis of structural cardiac abnormality
by a combination of clinical examination and
echocardiography. It is assumed that the vast
majority of significant congenital cardiac ab-
normalities will present in infancy; our ap-
proach is consistent with previous studies.2

Infants presenting with acquired cardiac condi-
tions (such as Kawasaki’s disease) were ex-
cluded from the study.

Patients who fail to attend are oVered two
re-appointments, and then discharged. Hull is
a stable population relatively isolated from
other population centres and hospitals, and
thus we feel confident that those abnormalities
picked up subsequent to the neonatal period
will still eventually be referred in to the special-
ist units listed above, rather than being “lost” to
other centres.

Appropriate statistical analysis was per-
formed using the two sample test for propor-
tions.14

Results
A total of 527 infants were seen in the respec-
tive clinics and recruited into the study.

DIFFERENCES BETWEEN THE STUDY HOSPITALS

The populations at each hospital did display
some diVerences. In particular, Hull Maternity
Hospital has a neonatal intensive care unit and
accepts the high risk deliveries. Indeed, the
overall rate of caesarian section was signifi-
cantly higher at this hospital during the study

(20.8% of live births v 18.5% at Castle Hill;
p < 0.05). However, importantly for the valid-
ity of this study, there was no diVerence
between the two hospitals in the underlying
rate of hip (1.1%), eye (0.3%), and cardiac
(0.6%) abnormalities presenting in infancy.

HIP

A total of 467 infants were referred to the spe-
cialist orthopaedic hip clinic at Hull Royal
Infirmary during the course of the trial. Of
these, 211 had been born at Hull Maternity
Hospital, and 249 at Castle Hill hospital (table
1). Seven had been born elsewhere.

Hips were defined as abnormal either if they
were dysplastic requiring either Pavlik harness
or operative intervention or they showed Graf
grade IIa changes on ultrasound. These grade
IIa hips are borderline and felt worthy of follow
up, as a proportion require subsequent inter-
vention. In our study, 36 hips were classed ini-
tially as grade IIa, of which 18 normalised; two
progressed to dysplasia requiring intervention,
and 16 maintained their grade throughout the
course of the study.

Paediatric trainees at Hull Maternity Hospi-
tal showed a sensitivity of 20/27 (74%), with a
positive predictive value of 20/176 (11%). For
infants referred on the basis of an abnormal
clinical examination (rather than because of
risk factors) the positive predictive value was
7/35 (20%). ANNPs at Castle Hill Hospital
referred with a sensitivity of 25/26 (96%) and a
positive predictive value of 25/231 (11%).
Abnormal clinical examination showed a posi-
tive predictive value of 16/88 (18%). The
diVerence in sensitivity between SHOs and
ANNPs was significant (p < 0.05), with no dif-
ference in positive predictive values (p∼0.5).

When six hour discharges were compared
with standard neonatal checks across both hos-
pital sites, there was no significant diVerence in
eVectiveness; however, only 21 babies referred
to the hip clinic had had a six hour discharge.

Across all the infants from both hospitals, it
was also possible to assess how helpful a
particular clinical feature is in predicting an
abnormal hip. In total, 217 babies were
referred with breech presentation as the sole
indication, of which 14 had abnormalities
(positive predictive value 6%). By comparison,
9/113 babies presenting solely with clicky hips
(positive predictive value 8%), 6/58 presenting
solely with a positive family history of dysplas-
tic hips (positive predictive value 10%), and
22/30 babies who were felt to have dislocated
or dislocatable hips on the neonatal check
(positive predictive value 73%) were shown to
have abnormal hips by the orthopaedic sur-
geon.

EYE

Thirty one infants were referred to ophthal-
mologists. Of these, 15 had been born at Hull
Maternity Hospital and had had a neonatal
check performed by trainee paediatricians; 15
had had their check performed by ANNPs at
Castle Hill, and one child had been born else-
where (table 2).

Table 1 Summary of sources and findings of specialist orthopaedic hip referrals

Normal hip Abnormal hip Total referred

Paediatric SHOs
Referred from neonatal check 156 20 176
Referred after discharge 28 7 35
Total normal/abnormal 184 27 211

ANNPs
Referred from neonatal check 206 25 231
Referred after discharge 17 1 18
Total normal/abnormal 223 26 249

SHO, Senior house oYcer; ANNP, advanced neonatal nurse practitioner.

Table 2 Summary of sources and findings of ophthalmology referrals

Normal eye Abnormal eye Total referred

Paediatric SHOs
Referred from neonatal check 4 3 7
Referred after discharge 2 6 8
Total normal/abnormal 6 9 15

ANNPs
Referred from neonatal check 4 6 10
Referred after discharge 5 0 5
Total normal/abnormal 9 6 15

SHO, Senior house oYcer; ANNP, advanced neonatal nurse practitioner.
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The main reasons for referral were reduced/
absent red reflex (seven), family history of
cataract (five), and maternal concern (four).

Infants referred after discharge were gener-
ally referred by the general practitioner (seven),
consultant paediatrician (four), or orthoptist
(two).

Ophthalmologist’s findings that were classed
as abnormal were: cataract; congenital ptosis;
congenital Horner’s syndrome; rubeosis iridis
and retinal dystrophy; micro-ophthalmia with
coloboma; total retinal detachment; septo-
optic dysplasia; hypoplastic optic nerves; and
family history of congenital glaucoma and
retinoblastoma as it was felt that follow up was
important.

Paediatric SHO’s displayed a sensitivity of
3/9 or 33%, with a positive predictive value of
3/7 or 42%. ANNPs in contrast showed a sen-
sitivity of 6/6 or 100%, with a positive
predictive value of 6/10 or 60%. The diVerence
in sensitivity between SHOs and ANNPs was
significant (p < 0.05). The diVerence in posi-
tive predictive values was not significant
(p < 0.1).

Those referred from either hospital with
reduced/absent red reflex (seven) were mostly
abnormal, with five cataracts and one retinal
detachment being identified by the ophthal-
mologists. Family history of disease was a less
fruitful marker for disease, with eight of 11
being completely normal, one (history of
retinoblastoma) needing further expert opin-
ion, and two were currently normal but requir-
ing long term review.

CARDIAC

Thirty nine infants were referred to the paedi-
atric cardiologists. Of these, 28 were referred
because of the presence of a murmur which
was felt not to be innocent, and 11 for other
reasons such as cyanosis or dysmorphism.

Twenty five of the infants referred for cardi-
ology opinion had been born at Hull Maternity
Hospital, 12 at Castle Hill Hospital, and two
elsewhere (table 3).

Abnormalities included: isolated ventricular
septal defect (10); transposition of the great
arteries (five); isolated atrial septal defect
(three); Tetralogy of Fallot (two); pulmonary
stenosis (four); and coarctation (one).

Of the five infants who presented with trans-
position of the great arteries, only one pre-
sented before discharge from hospital, with
profound cyanosis in the first 24 hours of life.
Three infants presented at between 6 and 14
days of age, with cyanosis being noted either by

the community midwife or general prac-
titioner. One infant presented at five months of
age through the community paediatricians with
a murmur.

Only 5/10 (50%) of isolated ventricular sep-
tal defects presented on the routine neonatal
check, with the rest being detected subse-
quently.

Only two referrals were made from a six hour
discharge check, but interestingly both were
abnormal, one infant having Tetralogy of Fallot
and one having pulmonary stenosis.

Paediatric SHOs displayed a sensitivity of
7/18 (39%), with a positive predictive value of
7/12 (58%). ANNPs had a sensitivity of 5/10
(50%), with a positive predictive value of 5/6
(83%). The diVerences between SHO and
ANNP for both sensitivity and positive predic-
tive value were not significant (p∼0.1).

INFANTS FAILING TO ATTEND THE SPECIALIST

CLINICS

The rate of failure to attend during the study
was 10%. There was no reason to suspect that
this would cause any bias between the two
groups. However, to validate further the
findings in the largest arm of the study,
additional surveillance of the hip clinic was
performed between 1 April 2000 and 31 March
2001 for any children presenting later than 1
year of age with developmental dysplasia of the
hip. No such children presented.

Discussion
In two arms of the study, the ANNPs were sig-
nificantly better at detecting abnormalities
during the neonatal check, with the underlying
trend being similar in the smaller third cardiac
arm, though not significant. Positive predictive
values were the same between the two groups
in each arm of the study, with an evident trend
towards ANNPs having a better positive
predictive value with cardiac and eye abnor-
malities.

These findings have two major implications.
Firstly, it shows that ANNPs are eVective in
performing the neonatal examination. Taken
with other studies showing that ANNPs are as
eVective as doctors at newborn resuscitation,15

and are more cost eVective than doctors when
providing neonatal intensive care under the
supervision of a neonatologist,16 this provides a
sound evidence base for their practice. Sec-
ondly, it raises points about the diVerent mod-
els of education that have been traditionally
used in medical and nursing training. ANNP
training in neonatal examination is much more
structured and the evaluation is competency
based. Many paediatric SHOs are either
expected to ensure their own competency by
reading and other forms of self directed learn-
ing,8 or are given a short demonstration of the
neonatal check and a request to have any
abnormalities checked out by a senior col-
league. Previous studies have shown that only
37% of maternity units train their junior paedi-
atric staV using a “Baby Hippy” hips simula-
tor.12 This study appears to suggest that the

Table 3 Summary of source and findings of cardiac referrals

Normal heart Abnormal heart Total referred

Paediatric SHOs
Referred from neonatal check 5 7 12
Referred after discharge 2 11 13
Total normal/abnormal 7 18 25

ANNPs
Referred from neonatal check 1 5 6
Referred after discharge 1 5 6
Total normal/abnormal 2 10 12

SHO, Senior house oYcer; ANNP, advanced neonatal nurse practitioner.
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nursing model may be more eYcacious when
training personnel to perform the neonatal
check.

There were diVerences between the popula-
tions attending the two study hospitals, with
high risk deliveries being booked at Hull
Maternity Hospital. Importantly, we showed
that there was no diVerence between the two
hospitals in the underlying abnormality rate.

The failure to attend rate (10%) at the
specialist clinics may have introduced a degree
of bias into the study. However, the parents of
these babies were oVered two re-appointments,
and still did not present. It is assumed that
most of these babies were in fact normal; this is
supported by the fact that none of this birth
cohort presented between the ages of 1 and 2
with abnormal hips. The positive predictive
value of both groups may have been slightly
improved, however.

At both hospitals, hip abnormalities were
generally referred directly without middle grade
or senior review. Suspected abnormalities of the
eyes or heart detected by an SHO or ANNP
were reviewed by the middle grade or consultant
before referral, which may have improved the
positive predictive values of both groups’, but
did not aVect their sensitivities.

Current practice for diagnosing developmen-
tal dysplasia of the hip relies on Graf’s
sonographic technique.13 Previous large studies
have suggested that grade IIa (borderline) hips
mature spontaneously in 89% of cases, and 11%
need abduction.17 Our study showed results
consistent with this, with 6% requiring abduc-
tion, 50% regressing, and 44% still requiring
further observation in the orthopaedic clinic.
The incidence of dysplastic hips is found to be
about 1.1%17 with universal neonatal ultrasound
screening; in our study across two hospitals with
a combined rate of 5027 live births, we found an
identical incidence of 1.1%, which further
validates our study. We found that 6% of babies
born in the breech position had unstable or bor-
derline hips; this is also identical with a previous
larger study.18

In both groups, the proportion of babies
referred who had abnormal hips was low (posi-
tive predictive value 11%). This is in large part
due to the large volume of babies referred
because of either breech presentation or family
history as the sole indication, but is still a
10-fold increase in risk of abnormality when
compared with the background population in
this study.

The most significant marker for develop-
mental dysplasia of the hip on the neonatal
check is a dislocated or dislocatable hip (this is
distinct from “clicky” hips, which were ana-
lysed separately). Almost three quarters (73%)
of babies with this clinical finding were shown
to have abnormal hips. Taking all the babies in
the study who were shown to have abnormal
hips, 34% were referred with a dislocated or
dislocatable hip as the sole reason for referral,
with no other risk factors being present. This
shows the vital importance of proper training
and execution of the clinical examination of
hips during the neonatal examination, as
otherwise these babies would present late.

Previous studies of the detection of congeni-
tal cataract have shown that up to 33% do not
present until after 1 year of age.4 By definition,
this study purely assessed infants presenting to
the ophthalmologists up to 1 year of age, which
clearly introduces the possibility of bias into
our results. However, there is no reason to sus-
pect that this bias should be distributed
unequally between the two groups. What was
of interest was the very high pick up rate for
serious abnormalities (86%) when the red
reflex is found to be absent. This further
emphasises the importance of this clinical sign
at the neonatal check, especially in view of the
need for early surgery before 6 weeks of age in
children with cataract or retinal detachment to
optimise outcome.5

Our study showed that the neonatal check
failed to detect 57% of babies with congenital
heart disease; in fact, only 33% of such infants
presented because of the detection of a
murmur at the neonatal check. Although num-
bers in this study with congenital heart disease
were small, it is encouraging that, in this
respect, our findings concur with much bigger
studies looking at this subgroup of babies.2 19

Of our infants referred to the paediatric cardi-
ologists because of the presence of a murmur,
68% had a structural abnormality of the heart.
This is a higher proportion than the 54%
shown in previous studies,19 probably because
of our practice of paediatric consultant review
of all murmurs before referral to the paediatric
cardiologists.

This study has shown that ANNPs are more
eVective than paediatric SHOs in detecting
abnormalities during the neonatal check. This
has significant implications in the current
climate of NHS workforce planning re-
views,20 21 and also challenges the methods of
training given to paediatric SHOs to perform
this task.

We would like to thank Dr J L Gibbs of the Yorkshire Heart
Centre for access to the cardiology patient database.
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