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Background. A difficult birth at term (DBAT) may manifest as fetal acidosis and low Apgar
scores and is often referred to as “perinatal asphyxia,” especially when infants show signs of
neonatal encephalopathy (NE). In contrast to DBAT resulting in moderate-to-severe NE, which
is associated with neurodevelopmental disorders, little is known about the prognosis of less
severe forms of DBAT, with or without NE.

Objective. The purpose of this study was to evaluate the International Classification of
Functioning, Disability and Health, Children & Youth Version activity “mobility” and other
neurodevelopmental sequelae in infants with DBAT at age 6 years.

Methods. The index cohort (n�62; 35 boys, 27 girls) consisted of consecutive term infants
with DBAT based on clinical criteria in a Dutch nonacademic hospital from 1999 to 2005.
Neonatal encephalopathy was assessed according to the Sarnat grading system and excluded
infants with severe NE. The matched reference cohort (n�81; 49 boys, 32 girls) consisted of
healthy term infants. The primary outcome at 6 years was limited mobility (Movement
Assessment Battery for Children score �15th percentile). Secondary outcomes included
learning and behavioral problems and the presence of minor neurological dysfunction.

Results. Three children developed cerebral palsy and were excluded from analyses. Chil-
dren with DBAT more often had limited mobility than children without DBAT (risk ratio
[RR]�2.44; 95% confidence interval [95% CI]�1.16, 5.14). The risk of limited mobility rose
with increasing severity of NE (mild NE: RR�3.38; 95% CI�1.40, 8.16; moderate NE: RR�4.00;
95% CI�1.54, 10.40), and manual abilities especially were affected (RR�4.12; 95% CI�1.40,
12.14). Learning problems, need for physical therapy, and complex minor neurological dys-
function were more common in children with DBAT than in children without DBAT.

Conclusions. Term infants who develop mild or moderate NE following DBAT are at
increased risk for limited mobility at age 6 years. Routine monitoring of neuromotor develop-
ment in these children is warranted.
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In industrialized countries, 1 in 1,000
infants has a difficult birth at term
(DBAT),1 which may manifest as an

abnormal fetal cardiotocogram, fetal aci-
dosis, and low Apgar scores.2,3 In clinical
practice, such difficulties are often
labeled as “perinatal asphyxia.” The cri-
teria for perinatal asphyxia in clinical
practice vary (ie, the cutoff of a low
Apgar score may be 6 or 7 and that of
fetal acidosis may be 7.0, 7.1, or 7.2).
Gradually, it has become clear that peri-
natal asphyxia especially has clinical sig-
nificance when it results in neonatal neu-
rological dysfunction. The Sarnat grading
system was introduced to classify the var-
ious degrees of neonatal neurological
dysfunction following perinatal asphyxia
in terms of mild, moderate, and severe
neonatal encephalopathy (NE) (for
details on the classification, see eTab. 1,
available at ptjournal.apta.org).4

Most evidence on developmental out-
come following perinatal asphyxia is
based on follow-up of infants with
moderate-to-severe perinatal asphyxia.
As these infants have a high risk for death
or disability, they are often admitted or
transferred to academic centers, where
intensive treatment, including treatment
for hypothermia,5 and brain monitoring
with magnetic resonance imaging (MRI)
belong to the possibilities.6–9 In contrast,
long-term neurodevelopmental function-
ing of children with a DBAT, resulting in
milder forms of perinatal asphyxia, with
or without NE, has received relatively
little attention. Most reviews that
included children with mild forms of
perinatal asphyxia suggested that impair-
ment is uncommon in these children.6–9

Nevertheless, more recent studies sug-
gest that these children may be at
increased risk for problems in learning,
behavioral, and memory domains.10–12

So far, knowledge regarding long-term
motor outcome, particularly in terms of
limitations in activities covered by the
chapter “Mobility” of the International
Classification of Functioning, Disability
and Health, Children & Youth Version
(ICF-CY),13 in infants with milder forms
of perinatal asphyxia is lacking. The
activity of mobility in the ICF-CY
includes the skill to move around from
one place to another and arm and hand

use, such as the manipulation of objects
and catching and throwing a ball.13

We, therefore, studied long-term limita-
tions in mobility and other neurodevel-
opmental outcomes in term infants who
were born in a nonacademic setting and
had a difficult birth. The presence of a
DBAT was based on the presence of at
least 2 of the commonly applied clinical
markers of DBAT (ie, an abnormal fetal
cardiotocogram; a low Apgar score at 5
minutes; and fetal acidosis, expressed as
a low value of the pH and a high value of
the base excess of the umbilical blood).
After birth, the degree of NE was
assessed. Outcome at the age of 6 years
of the infants with DBAT was compared
with that of infants without DBAT using
standardized tools to measure long-term
limitations in mobility and other neuro-
developmental outcomes.

The primary aim of this study was to
evaluate whether DBAT is associated
with limited mobility at 6 years. A sec-
ondary aim was to evaluate associations
between DBAT and academic achieve-
ment, behavior, and neurological condi-
tion at the age of 6 years. We added the
secondary aim because limited academic
achievement and behavioral problems
often are comorbid conditions of limited
mobility and information on academic
achievement and behavior is rele-
vant.14–17 The information on neurologi-
cal condition would allow us to gain
insight in the neural mechanisms under-
lying a potentially limited mobility. Spe-
cial attention was paid to the predictive
value of the presence and severity of NE
for limited mobility in the absence of
cerebral palsy (CP).

Participants and Method
In order to understand the nature of our
study group, we first summarize the
Dutch health care system for obstetrical
guidance, as it is different from that in
most other industrialized countries.18,19

Women with an uncomplicated preg-
nancy deliver either at home or in the
outpatient clinic of a regional hospital
under the guidance of a midwife. In case
of imminent complications, women are
admitted to clinical obstetrical care
under surveillance of a gynecologist. If
DBAT occurs and results in a severe form

of asphyxia, the infant is referred to an
academic center with MRI scanning and
hypothermia treatment facilities. If DBAT
results in less severe asphyxia, the infant
is admitted to the pediatric department
of the regional hospital.

In an index cohort, we recruited all con-
secutive infants with DBAT who were
admitted to the neonatal unit of the
Gelre Regional Hospital Apeldoorn, the
Netherlands, between January 1, 1999,
and July 1, 2005.20 Infants were eligible
for the index cohort if they were born at
term (ie, birth after 36 completed weeks
of gestation), if they were born in the
hospital (referrals from midwife prac-
tices or outpatient hospital delivery), and
if they fulfilled at least 2 of the following
clinical criteria for DBAT: (1) abnormal
cardiotocogram (ie, late decelerations,
persistent bradycardia or persistent
tachycardia), (2) Apgar score �7 at 5
minutes, (3) umbilical pH �7.20, and (4)
umbilical base excess �10 mmol/L.3,6,21

Infants with severe NE and with major
congenital malformations were not eligi-
ble. Eighty infants presented with DBAT
to the neonatal unit. The pediatrician
(S.B.), within the first 24 hours after
delivery and on the basis of neurological
parameters, determined the degree of NE
according to the grading of Sarnat and
Sarnat4 (eTab. 1). Seventeen infants were
not included because parents declined
participation, resulting in an index
cohort of 63 infants (Fig. 1). Infants who
did participate (n�63) and those who
did not participate (n�17) were similar
in terms of inclusion criteria and severity
of NE.

In a reference cohort, we recruited
healthy term infants at the Gelre Hospital
and nearby midwife practices during the
same period (1999–2005). Again, infants
with major congenital anomalies were
not eligible. We matched infants in the
reference cohort with the index cohort
for sex, gestational age, birth weight, and
cesarean section. We recruited the
healthy term infants: (1) at home or in an
outpatient clinic under the guidance of a
midwife (n�63) or (2) from infants born
in the hospital after cesarean section
(n�21). In the latter infants, cesarean
section was applied either because the
mother previously had had a cesarean
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section or because delivery was not pro-
gressing. If the latter was the case, it still
had resulted in the birth of a healthy
neonate without signs of DBAT. In total,
the reference cohort consisted of 84
term infants (Fig. 1).

The parents of the participants gave
signed informed consent, and the proce-
dures were approved by the Medical Eth-
ical Committee of University Medical
Center Utrecht (project number:
04-163). Clinical assessments (ie, Apgar
scores, cardiotocogram, umbilical pH
and base excess) were performed in all
infants with DBAT as part of standard
clinical care.

Children from both cohorts were invited
for follow-up at 6 years of age. One child
with moderate NE in the index cohort
had died, and 3 children in the reference
cohort belonged to families who
declined participation, either because of
assessment burden (n�2) or for logisti-
cal reasons (n�1; Fig. 1). The assessment
at 6 years consisted of a motor and neu-
rological assessment and a behavioral
and academic evaluation by means of
parental and teachers’ questionnaires. In
addition, parents completed a question-
naire on the child’s medical history,
including information on the use of para-
medical care (speech therapy, physical
therapy, or occupational therapy).

We assessed mobility with the Move-
ment Assessment Battery for Children

(MABC, version 1).22 The MABC has
been developed to identify and evaluate
children with mild-to-moderate limita-
tions in activities, covered by the chapter
“Mobility” of the ICF-CY.22,23 The test
consists of 4 age bands, each with 8 func-
tional motor tasks representing: (1) man-
ual dexterity (ICF-CY code d440: fine
hand use); (2) ball skills (ICF-CY code
d445: hand and arm use); and (3) static
and dynamic balance skills (ICF-CY
codes d410 and d455: changing basic
body position and moving around,
respectively).13,22 Quantitative perfor-
mance of each test item is scored from 0
(best) to 5 (worst). Item scores are added
up, producing 3 subscores (ie, manual
abilities, ball skills, and static and
dynamic balance) and a total score. Per-
formance on the total MABC is typical if
�15th percentile (P15), borderline if 5th
percentile (P5) � score � P15, or defi-
nitely impaired if �P5.24 In the present
study, we chose to dichotomize outcome
on the total MABC into “typical” (�P15)
and “limited” (�P15). Performance in
the 3 domains (manual abilities, ball
skills, and balance) was considered typi-
cal if �P5 and limited if �P5.

The chosen cutoffs for the total score
and the domain scores are recommended
by the European Academy for Child-
hood Disability and the Dutch National
Developmental Coordination Disorder
Committee to use in the diagnosis of
developmental coordination disorder
(DCD).16 The MABC version 1 has good

test-retest and interrater reliability, mod-
erate concurrent validity lacking a suit-
able gold standard, and good construct
validity.23–26 The validity of the subscale
scores is satisfactory.24,27

In order to evaluate behavior, we asked
the parents and teachers of all children
to fill out Achenbach System of Empiri-
cally Based Assessment (ASEBA) ques-
tionnaires, which include the Child
Behavior Checklist (CBCL; for parents)
and the Teachers Report Form (TRF; for
teachers).28,29 For both questionnaires,
we dichotomized the resulting scale and
total scores on the basis of the T-scores
into “typical” (score �95th percentile
[P95]) and “behavioral problems” (score
�P95, including both borderline and
clinical scores). The reliability of the
CBCL and TRF is good.30 The concurrent
validity of the CBCL and TRF based on
correlations with outcome of related
checklists and questionnaires also is
good.30–33 The TRF also comprises open
questions about academic achievement,
school grades, extra educational assis-
tance, repetition of class, and attendance
of a special school. Attendance of a spe-
cial school in the Netherlands is based on
the presence of physical, cognitive, and
behavioral impairment, often a combina-
tion of these impairments. On the basis
of this information, we defined the pres-
ence of learning problems as the pres-
ence of special assistance or special edu-
cation or being in an inappropriate grade
for age.29,30

To assess neurological condition, we
used the standardized, age-specific and
criterion-referenced examination of the
child with minor neurological dysfunc-
tion (MND).34 This examination assesses
the presence of MND in 8 domains: (1)
dysfunctional posture and muscle tone
regulation, (2) dysfunctional reflex activ-
ity, (3) mild dyskinesia (eg, choreiform
or athetotiform movements), (4) mild
problems in coordination, (5) mild prob-
lems in fine manipulative ability, (6)
excessive associated movements, (7)
mild cranial nerve dysfunction, and (8)
mild sensory dysfunction. Importantly, a
single sign has no clinical significance.
Signs obtain significance if they cluster in
a domain; for each domain, the criteria
for dysfunction have been determined.33

Figure 1.
Flow diagram: intake of study group with difficult birth at term and reference group.
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At school age, the assessment results in
the following classification: (1) neurolog-
ically normal, implying the absence of
dysfunctional domains or isolated dys-
function in the domain “reflexes”; (2)
simple MND, denoting the presence of
dysfunction in 1 or 2 domains; (3) com-
plex MND, denoting the presence of dys-
function in at least 3 domains; and (4)
neurologically abnormal, implying the
presence of a clear neurological disor-
der, such as CP.34 The diagnosis of CP
implies the presence of a classical
configuration of neurological signs as
specified by the Surveillance of Cerebral
Palsy in Europe network.35 Simple MND
is considered to reflect typical, but non-
optimal, brain function; complex MND is
regarded as the clinically relevant form
of MND, as it is clearly associated with
motor, learning, and behavioral
problems.34,36

All children were independently
assessed by 2 authors. The first author
(P.I.), who was aware of the clinical con-
dition of the children, performed the ini-
tial neurological examination. The last
author (M.H-A.), who is a neurodevelop-
mental expert and was masked to all
details of the child, assessed neurological
condition on the basis of a video record-
ing of the assessment of the first author.
In case of disagreement between the
authors, the findings of the expert were
used. The MND assessment has good
intrarater, interrater, and test-retest reli-
ability (��.71–.83).34,36–38 The con-
struct validity, based on the relationship
of MND with prenatal and perinatal
adversities, is good.34,39,40 The predictive
validity also is good: severity of MND at 9
years of age is related to the risk of MND
at 12 and 14 years of age and that of
learning and behavioral problems at 9
and 14 years of age.34,40–42

The primary outcome measure was lim-
ited mobility (MABC score �P15) at 6
years of age. The secondary outcome
measure included presence of MND,
whether the child had received physical
therapy, and learning and behavioral
problems assessed with the CBCL and
TRF at 6 years of age.

Data Analysis
Power calculations based on the Dutch
norms of the MABC (X�4.4, SD�4.3)22

demonstrated that for detection of a
difference of at least 2.5 points in total
MABC score with 95% power (��.05), at
least 65 children had to be included per
group. The frequencies of primary and
secondary outcomes were compared
among index and reference cohorts with
risk ratios (RRs) and 95% confidence
intervals (95% CIs). To this end, we used
Poisson regression. In one model (model
A), we adjusted for those factors for
which we initially matched the index
and reference cohorts (ie, sex, gesta-
tional age, birth weight, and cesarean
section). In a second model (model B),
we adjusted for matching factors and
those factors that changed the crude RRs
by more than 5%. Finally, we did sub-
group analyses according to severity of
NE for motor, neurological, and behav-
ioral outcomes. Outcomes are expressed
in RRs with their 95% CIs. P values of less
than .05 were considered statistically
significant.

Results
In the index cohort, 3 children who had
experienced DBAT with moderate NE
had CP. We excluded them from the
analyses because they were unable to
perform the MABC. In total, 59 children
in the index cohort and 81 children in
the reference cohort were included in
the analyses (Fig. 1). Cohorts were simi-
lar in terms of matching factors and
social and anthropometric characteris-
tics at 6 years of age (Tab. 1). Of the 59
children with DBAT, 9 had moderate NE,
16 had mild NE, and 34 showed no signs
of NE (Tab. 1).

Results are presented as crude RRs and
95% CIs, as adjustment for matching fac-
tors or other potential confounders did
not influence the RRs (eTab. 2, available
at ptjournal.apta.org). Children with
DBAT more often had limited mobility
(total MABC �P15) than children with-
out DBAT (RR�2.44; 95% CI�1.16, 5.14;
P�.019; Tab. 2), which was mainly
explained by limited manual abilities
(RR�4.12; 95% CI�1.40, 12.14; P�.010)
and, to a lesser extent, by limited balance
skills (RR�1.77; 95% CI�0.96, 3.26;
P�.069; Tab. 2).

Table 3 shows the RRs for limited mobil-
ity (MABC �P15) and limited manual
abilities, ball skills, and balance skills by
severity of NE. For limited mobility and
limited manual abilities, risk rose with
severity of NE (Fig. 2); this trend was not
present for limited balance and ball skills.
Children with DBAT, but without NE,
were not at increased risk for limited
mobility (Tab. 3).

Children with DBAT more often had
complex MND (RR�1.94; 95% CI�1.01,
3.76; P�.048) and learning problems
(RR�2.75; 95% CI�1.50, 5.03; P�.001)
and received physical therapy more fre-
quently (RR�2.86; 95% CI�1.57, 5.22;
P�.001) than children without DBAT,
but rates of simple MND and behavioral
problems were similar in children with
and without DBAT (Tab. 4). The risk for
complex MND rose with the severity of
NE; the association with learning prob-
lems and physical therapy guidance was
independent of the degree of NE (eTabs.
3–6, available at ptjournal.apta.org).

Discussion
Our study showed that children with
DBAT diagnosed in a nonacademic set-
ting more often had limitations in the
activity of mobility at 6 years of age than
children without DBAT. The association
was dependent on severity of NE follow-
ing DBAT and was mainly explained by
limited manual skills. The association
between severity of NE and limited
mobility was supported by a similar asso-
ciation between severity of NE and com-
plex MND. Finally, we found that, inde-
pendent of severity of NE, children with
DBAT were at risk for learning problems
and more often received physical
therapy.

Our finding of an increased risk for
adverse neurodevelopmental outcome
in children with moderate NE following
DBAT is consistent with previous
reviews addressing long-term neurode-
velopmental outcomes in children with
mild-to-moderate NE.3,6,7,10–12,21 In the
current study, we demonstrated that the
increased risk for adverse neurodevelop-
mental outcome was not restricted to
children with moderate NE; children
with mild NE after DBAT also were at
increased risk for adverse neurodevelop-
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mental outcomes (ie, for limited mobil-
ity, learning problems, and complex
MND). This finding is at variance with
most previous reviews,3,6,7,21 but in line
with more recent work that looked at
different neurodevelopmental domains
separately.10–12 Moreover, in one of
these studies, which focused on the
pathology of the corpus callosum, it was
shown that children with mild and mod-
erate NE scored significantly worse on
the MABC than controls.7 Our study
focused on the outcome of limited mobil-
ity and was thereby able to show that the
increased risk for limited mobility after
DBAT was dependent on the presence
and severity of NE and that children with
DBAT, but without NE, are not at risk for
limited mobility.

There are several possible explanations
why we found an effect of mild NE on
developmental outcome, whereas most
other studies did not. First, due to the
origin of our population (ie, children
with DBAT recruited in a regional hospi-
tal), the rate of children with mild NE in
our study was higher than in previous
studies. Second, the present study
focused on limited mobility assessed
with a standardized tool, whereas other
studies addressed other developmental
domains. Finally, we assessed children at
6 years of age. In previous reviews, the
length of follow-up differed substantially
among studies, but it was generally
shorter than in our study.3,6,21 As it takes
time for specific motor and cognitive
functions to develop, some deficits may
not have had sufficient developmental
time to manifest themselves (“growing
into deficit” phenomenon).42

The finding that an increased risk for
limited mobility in children with DBAT
depends on the presence and severity of
NE was supported by the data on neuro-
logical impairment. Also, the complex
form of MND was dependent on the
presence and severity of NE. Previously,
it has been shown that the presence of
complex MND is associated with a sub-
stantially increased risk for developmen-
tal coordination disorder.43 Children
with DBAT, but without NE, were not at
increased risk for limited mobility and
neurological impairment. Interestingly,
all children with DBAT, regardless of the

Table 1.
Characteristics of the Study Population at Baseline and at 6 Years of Agea

Measure
Children With
DBAT (n�59)

Children Without
DBAT (n�81) Pb

Perinatal characteristics, n (%)

General

Male sexc 33 (56%) 49 (61%) .588f

Birth weight (g)d 3,382�648 3,510�568 .219f

GA at birth (wk)e 40 (36–43) 40 (37–43) .858f

Maternal age (y)e 31 (�4.2) 32 (�4.2) .075

Cesarean sectionc 19 (32%) 21 (26%) .417f

Smokingc 9 (22%) 13 (11%) .129

Clinical DBAT parameters

Decelerating CTGc 38 (64%) N/A

Cord pHd 7�05�0.15 N/A

Cord BEd –15.7�6.6 N/A

AS after 1 mine 3 (0–7) 9 (6–10) �.001

AS after 5 mine 6 (2–9) 10 (8–10) �.001

Sarnat classificationc

No NE 34 (58%) N/A

Mild NE (Sarnat grade 1) 16 (27%) N/A

Moderate NE (Sarnat grade 2) 9 (15%) N/A

Characteristics at age 6 yg

Age at follow-up (mo)e 77 (75–83) 76 (74–81) .001

Family adversitiesc 18 (31%) 18 (22%) .268

Maternal education (high)c 16 (27%) 35 (43%) .051

Standing height (cm)e 123 (110–138) 121 (111–134) .020

Body weight (kg)e 24 (17–36) 23 (17–38) .080

Head circumference (cm)e 52 (49–56) 53 (50–58) .802

a AS�Apgar score, BE�base excess, CTG�cardiotocogram, GA�gestational age, NE�neonatal
encephalopathy, N/A�not available, DBAT�difficult birth at term. Smoking�maternal smoking during
pregnancy. Family adversities�presence of one of the following: situation after parental divorce, foster
care, adoption, unemployment of breadwinner, serious illness or death of close relative (first or second
degree) in the family. Maternal education�high if university education or vocational college.
b Tests used: Pearson correlation and chi-square analysis.
c Data presented as number (%).
d Data presented as mean�SD.
e Data presented as median (range).
f Information on confounding variables.
g Information obtained from interviews and measurements at 6-year follow-up.

Table 2.
Crude RR Values for Limited Mobility at 6 Years of Age in Children With and Without
DBAT by Mobility Domainsa

Measure
Children With
DBAT (n�59)

Children Without
DBAT (n�81)

Crude RR
(95%CI) P

Total MABC score �P15 16 (27) 9 (11) 2.44 (1.16, 5.14) .019

Manual abilities �P5 12 (20) 4 (5) 4.12 (1.40, 12.14) .010

Ball skills �P5 11 (19) 19 (24) 0.79 (0.41, 1.54) .497

Balance skills �P5 18 (31) 14 (17) 1.77 (0.96, 3.26) .069

a DBAT�difficult birth at term, RR�risk ratio, 95% CI�95% confidence interval, MABC�Movement
Assessment Battery for Children, P5�5th percentile, P15�15th percentile.
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presence and severity of NE, were at risk
for learning problems (defined as the
presence of special assistance or special
education or being in an inappropriate
grade for age) and the use of physical
therapy. This finding suggests that the
pathways underlying learning problems
and the use of physical therapy differ
from those of limited mobility and neu-
rological impairment measured with
standardized tests. Presumably, the lim-
ited mobility can be largely attributed to
impaired neurological integrity due to
perinatal adversities. For the learning
problems and the use of physical ther-
apy, 2 explanations may be offered. First,
the use of educational and physical ther-
apy guidance may indicate that the

child’s DBAT history generated parental
concern over the child’s development,
which, in turn, resulted in a higher
request for developmental guidance.44

Second, DBAT may reflect a generally
reduced capacity to cope with heteroge-
neous conditions (ie, at birth, during
motor development, and at school).

The strengths of our study were the
focus on the effect of DBAT accompa-
nied by milder forms of NE on limited
mobility, the use of standardized tools
for outcomes, and the minimal attrition
during follow-up. These strengths of our
study mean that our results may be gen-
eralized to similar settings. Also, by

applying standardized tools, such as the
MABC, we were able to measure more
subtle components of mobility than most
former studies did.

Our study had limitations. First, we sus-
pect that, despite matching and multi-
variable analyses for known potential
confounders, selection of participants in
the reference cohort might have influ-
enced outcome. Indeed, in our study, the
rate of simple MND in the reference
cohort was higher than expected,34

which may have underestimated the true
effect of DBAT on neurodevelopmental
outcomes. Second, we assessed learning
problems—a secondary outcome—with
the TRF.28,29 This tool provides a global
estimation of learning problems, but it
does not allow for a specification of
underlying cognitive deficits. Third, sub-
group analyses should be interpreted
with caution. Nevertheless, the finding
that the risk of limited mobility rose with
increasing severity of NE strengthens our
results.

The nonacademic setting of our study
can be regarded as both a limitation and
a strength of the cohort. Studying DBAT
in a regional hospital meant that neonatal
MRI findings were conspicuous by their
absence. Magnetic resonance imaging
has proven to be of additional value with
regard to diagnosis and prognosis of
DBAT resulting in moderate-to-severe
NE.5 The size and the site of moderate-
to-severe brain lesions predict develop-
mental outcome well.7,45–48 However,
the relationship between mild or non-
localized brain lesions and limited mobil-
ity is less well understood.15 Apart from
concerns regarding the usefulness of
MRI in infants with milder variants of NE,
MRI is not ubiquitously available for
infants at high risk in nonacademic set-
tings, including those in lower and mid-
dle income countries. In these settings,
simple clinical parameters of DBAT and
NE may help local staff to identify chil-
dren with DBAT in need of continued
monitoring.49

Another difficulty of our study was the
inclusion of infants born both in and out
of the hospital. Although imbalances
between the index and reference
cohorts potentially could have influ-

Table 3.
Crude RR Values for Limitations in Total MABC Score, Manual Abilities, Ball Skills, and
Balance Skills at 6 Years of Age in Children With and Without DBAT by Sarnat Stagea

Measure Total
Children

Affected n (%)
Crude RR
(95% CI) P

Total MABC score <P15

Children without DBAT 81 9 (11) Reference N/A

Children with DBAT

No signs of NE 34 6 (18) 1.59 (0.61, 4.12) .341

Mild NE (Sarnat stage 1) 16 6 (38) 3.38 (1.40, 8.16) .007

Moderate NE (Sarnat stage 2) 9 4 (44) 4.00 (1.54, 10.40) .004

Manual abilities <P5

Children without DBAT 81 4 (5) Reference N/A

Children with DBAT

No signs of NE 34 5 (15) 2.98 (0.85, 10.42) .088

Mild NE (Sarnat stage 1) 16 3 (19) 3.80 (0.94, 15.36) .061

Moderate NE (Sarnat stage 2) 9 4 (44) 9.00 (2.70, 29.96) �.0001

Ball skills <P5

Children without DBAT 81 19 (24) Reference N/A

Children with DBAT

No signs of NE 34 5 (15) 0.63 (0.26, 1.54) .309

Mild NE (Sarnat stage 1) 16 3 (19) 0.80 (0.27, 2.39) .688

Moderate NE (Sarnat stage 2) 9 3 (33) 1.42 (0.52, 3.88) .493

Balance skills <P5

Children without DBAT 81 14 (17) Reference N/A

Children with DBAT

No signs of NE 34 9 (27) 1.53 (0.73, 3.20) .256

Mild NE (Sarnat stage 1) 16 5 (31) 1.81 (0.76, 4.31) .182

Moderate NE (Sarnat stage 2) 9 4 (44) 2.57 (1.08, 6.15) .034

a Data are presented as number (%) or crude RR (95% CI). DBAT�difficult birth at term, RR�risk ratio,
95% CI�95% confidence interval, MABC�Movement Assessment Battery for Children, NE�neonatal
encephalopathy, N/A�not available, P5�5th percentile, P15�15th percentile.
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enced our results, this mix was inherent
to our aim to include milder forms of
DBAT and the way Dutch health care is

organized.18,19 Finally, it may be consid-
ered a limitation that our study evaluated
perinatal care provided from 1999

through 2005. Perinatal care has
changed since that time, including the
introduction of hypothermia treatment.
This treatment is applied in academic
hospitals, especially in infants with
severe NE, but also increasingly often in
infants with moderate NE.50,51 It is con-
ceivable that hypothermia treatment has
an effect on long-term neurodevelop-
mental outcome. This possibility needs
to be addressed in future studies.

Our findings have implications for clini-
cal practice and future research. First,
children with DBAT not resulting in NE
are not at risk for limited mobility. Par-
ents of these children may be reassured.
Second, children with DBAT resulting in
mild and moderate NE are at risk for
limited mobility. We, therefore, recom-
mend routine monitoring of neuromotor
development of all children with DBAT
resulting in NE, regardless of whether
they do or do not receive hypothermia
treatment. Early detection of impair-
ments and limitations offers a means for
the provision of early intervention,
which may assist in the prevention of
limitations in mobility in later life.52–54

The frequency of monitoring during
infancy may be guided by the clinical
signs of the infant; after infancy, a bian-
nual assessment is recommended.

In conclusion, this study shows that chil-
dren with mild or moderate NE following
DBAT are at risk for limited mobility, in
particular for limited manual abilities.
The risk of limited mobility is dependent
on the presence and severity of NE,
whereby children with DBAT without
NE are not at risk for limited mobility.
Further studies in children with DBAT
are warranted to confirm our findings. In
the meantime, clinicians are encouraged
to monitor development of all children
with NE following DBAT, ensuring that
children with limited mobility are
detected in an early stage.

Dr van Iersel, Dr Bakker, Mr Jonker, and Pro-
fessor Hadders-Algra provided concept/
idea/research design. All authors provided
writing. Dr van Iersel and Mr Jonker provided
data collection and facilities/equipment. Dr
van Iersel, Dr Algra, and Professor Hadders-
Algra provided data analysis. Dr van Iersel
provided project management. Dr van Iersel

Table 4.
Crude RR Values for Secondary Outcomes at 6 Years of Age in Children With and Without
DBATa

Secondary
Outcomes, n (%)

Children
With DBAT

(n�59)

Children
Without DBAT

(n�81)
Crude RR
(95% CI) P

Therapeutic guidance

Physical therapy 25 (42) 12 (15) 2.86 (1.57, 5.22) .001

Occupational therapy 1 (2) 1 (1) 1.37 (0.09, 21.51) .821

Learning problems

Any learning problem 24 (41) 12 (15) 2.75 (1.50, 5.03) .001

Behavioral problems

Total CBCL �P95 8 (14) 8 (10) 1.37 (0.55, 3.45) .500

Total TRF �P95 10 (17) 10 (12) 1.40 (0.62, 3.14) .418

Neurological condition

Simple MND 20 (34) 26 (32) 1.06 (0.66, 1.70) .823

Complex MND 17 (29) 12 (15) 1.94 (1.01, 3.76) .048

a Data are presented as number (%) or crude RR (95% CI). Total CBCL/total TRF�scores �P95,
including borderline and clinically abnormal scores. Children with learning problems are defined as
those who need special assistance or special education or who are in an inappropriate grade for age.
DBAT�difficult birth at term, RR�risk ratio, 95% CI�95% confidence interval, MND�minor
neurological dysfunction, CBCL�Child Behavior Checklist, TRF�Teachers Report Form, P95�95th
percentile.

Figure 2.
Rate of limited mobility (Movement Assessment Battery for Children [MABC] �15th percen-
tile [P15]) at 6 years of age in children with and without difficult birth at term (DBAT) by
severity of neonatal encephalopathy (NE).
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