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Neurodevelopmental Follow-up of Very Preterm Infants after Proactive
Treatment at a Gestational Age of >23 Weeks

JOCHEN STEINMACHER, MD, FRANK POHLANDT, MD, MS, HARALD BODE, MD, SILVIA SANDER, MS, MARTINA KRON, PHD,
AND AXEL R. FRANZ, MD

bjective To determine the long-term neurodevelopmental outcome in extremely preterm infants after offering life support
o all infants >23 weeks gestation (“pro-active management”).

tudy design With parental consent, all infants born at 23 to 25 completed weeks gestation were treated proactively.
urviving infants born from July 1996 to June 1999 were assessed for standardized cognitive and neurological outcomes at 5
ears corrected age.

esults 70 of 91 infants admitted to the neonatal intensive care unit survived until follow-up. 67 of the 70 surviving infants were
xamined at a median corrected age of 5.6 years; 12% had cerebral palsy and a Gross Motor Function Classification Scale score >2;
% were blind; 1% required a hearing aid; and 12% had a Kaufmann Assessment Battery for Children mental processing composite
51, resulting in 18% sustaining a severe disability. 43% had normal results on a neurological examination, Gross Motor Function
lassification Scale score � 0, mental processing composite >85, and had neither severe visual nor hearing impairment. 57%
ualified for regular schooling.

onclusion Improved survival was not associated with an increased risk of severe disability when compared with results of
arlier publications. These findings may result from proactive management and are important for counseling patients at risk
f imminent extremely preterm delivery. (J Pediatr 2008;152:771-6)

reterm infants are at risk of brain injury and impaired neurocognitive and motor development.1 Up-to-date information
about neurocognitive and psychomotor development is important for appropriate counseling of parents at risk of
imminent very preterm delivery2 and for efforts to improve the care of these infants.

Most follow-up studies on preterm infants report the results of neurodevelopmental assessments at 18 to 24 months corrected
ge. These medium-term outcome results may not predict longer-term outcome and func-
ion.3 Furthermore, the meaning of mental and physical developmental indices may not easily
e explained to parents. At least for some parents, information on function (eg, the child can
alk normally, the child qualifies for regular schooling, etc.) may be more informative.

Improved survival has been reported for extremely preterm infants in recent years.4

owever, some studies reported neonatal intensive care unit (NICU) mortality rates as
igh as 60% in infants of a gestational age between 23 and 25 completed weeks.5,6 These
esults reflect life support policies, because as many as 80% of deaths occurred after a
ecision to withhold or withdraw therapy.6 Differences in life support policies between
enters and countries may not only affect survival,7,8 but also long-term neurodevelop-
ental outcomes.9,10 However, long-term outcome data are not available after explicitly

roactive treatment of the most premature infants. The aim of this study was to determine
he neurocognitive and motor development and function in a cohort of infants with
estational ages of 22 to 25 completed weeks at the age of school entry after offering life
upport to all extremely preterm infants with a gestational age �23 weeks.

METHODS

tudy Subjects
The study was approved by the institutional review board, and written parental

onsent was obtained. All infants born at 22 to 25 completed weeks gestation (ie, at 22

MFCS Gross Motor Function Classification Scale MPC Mental processing composite
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0/7 to 25 � 6/7 weeks gestation) between July 1, 1996, and
une 30, 1999, and admitted to the University of Ulm level 3
ICU on the first day of life were identified and followed up.

eonatal Life Support Policy
“Proactive Management”)

According to the current interdisciplinary German
uideline for very preterm birth,11 a basic policy was followed
t the University of Ulm to provide life support immediately
fter birth to all preterm infants with a gestational age �23
ompleted weeks, provided that parents gave consent after
aving been informed about the potential survival and long-
erm outcome. This policy included intrauterine transfer, use
f antenatal steroids, tocolysis, fetal monitoring and cesarean
ection of fetal indication, and attendance of a senior neona-
ologist at delivery.

etermination of Gestational Age
Gestational age was determined on the basis of the date

f fertilization in the case of assisted reproduction, the results
f the first trimester ultrasound scan, or the last menstrual
eriod when dates determined by ultrasound scanning were
ot available.

tandardized Follow-up Assessment
The neurological examination was performed by an

xperienced pediatric neurologist (J.S.). The child was rated
s normal, mildly abnormal (in the presence of minor neuro-
ogical signs such as broad gait, dysdiadochokinesis, or dys-

etria), and severely abnormal (in the presence of any paresis
ith or without spasticity, any cerebral nerve palsy, or any

taxia).
For evaluation of mobility, the Gross Motor Function

lassification Scale (GMFCS)12 was employed. A score of 0
epresents normal mobility, 1 represents mild abnormality (ie,
alking, running, and jumping are possible but somewhat

educed in precision and velocity), and 2 represents obviously
mpaired mobility. A score of 3 or 4 represent severely im-
aired mobility and lack of mobility, resulting from disabling
erebral palsy in these children.

To evaluate cognitive function, the Kaufmann Assess-
ent Battery for Children (KABC) was applied. The KABC

omprises a summative scale, the mental processing compos-
te (MPC), a global measure of cognitive ability with 2
ubscales, sequential processing and simultaneous processing.
he range of possible scores is 40 to 150. The test was last

tandardized in 1992 to a mean of 100 and a SD of 15 in a
erman reference population.13 The MPC can be interpreted

imilarly to the results of an intelligence test. Children whose
evere cognitive impairment or disability precluded the use of
his assessment tool were assigned a score of 30 when minimal
peech and the ability for minimal communication with the
arents were present (n � 4) and a score of 20 when no
peech was present but at least minimal sensory or motor

chievements were elicited (n � 1). (

72 Steinmacher et al
Assessment of visual impairment was based on ophthal-
ological records and classified as severely impaired in the

resence of a refractory error in at least 1 eye of more than �
0 diopter or any amblyopia with a best-corrected visual
cuity of less than 20/40. A visual acuity after best-possible
orrection for ametropia of �20/200 was defined as blindness.

To assess the children for behavioral abnormalities, the
arents were asked to complete the Child Behavior Check
ist for 4- to 18-year-old children in its German adapta-

ion.14 Parents completed a questionnaire about their child’s
erformance in games, activities, chores, and the quality of
elationships with friends and family. 113 items related to
ehavior had to be scored on a 3-point scale (not true � 0,
omewhat true � 1, often true � 2). A total problem score
as obtained by sum of all items. Raw scores were converted

o age-standardized scores (“T scores” having a mean � 50
nd a SD � 10). T scores �70 and �63 defined abnormal
ehavior in each subscale and in the broader scales of inter-
alizing and externalizing behavior, respectively.

utcome Criteria
Composite outcome criteria were defined by matching

revious reports15 as closely as possible to enable comparisons
f outcomes.

Severe disability was defined as any cerebral palsy re-
ulting in a severely impaired mobility (GMFCS �2), severe
ognitive impairment (mental processing composite � 51), hear-
ng loss requiring amplification, or blindness. Provided that none
f the aforementioned criteria were met, moderate disability was
efined as any abnormal neurological examination associated
ith a moderate impairment of mobility (GMFCS � 2), cog-
itive impairment (mental processing composite 51-70), or any
evere impairment of vision. Provided that none of the afore-
entioned criteria were met, mild disability was defined as any

bnormal neurological examination with normal or mildly im-
aired mobility (GMFCS �2), a mental processing composite
f 71 to 85, or both. The absence of significant impairment
without disability) was defined as normal neurological exam-
nation results, normal mobility (GMFCS � 0), normal cog-
itive development (mental processing composite �85), and
he absence of severe hearing and visual impairment.

Recommendations for school assignment were made by
.S. on the basis of the aforementioned evaluations and the
bility to compensate impairments (ie, everyday functioning
f the children). In general, a mental processing composite
85 and the absence of any severe impairment were required.
hen impairments were present, they had to be compen-

ated.

tatistical Analyses
Absolute and relative frequencies (including exact 95%

Is) were calculated for qualitative data. Mean and SD and
edian, minimum, and maximum were calculated for quan-

itative data. Associations between risk factors and outcome

here: moderate/severe disability and cognitive impairment),
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ere described by crude odds ratios with exact 95% CIs and
values with the Fisher exact test. Because of the small

ample size of infants (n � 67), a meaningful multiple logistic
egression analysis of risk factors for adverse outcome was not
ossible.

RESULTS
70 of the 91 infants (77%) admitted to the NICU

urvived to follow-up. 67 of 70 (96%) surviving children born
t �26 weeks of gestation completed the follow-up assess-
ent at a median age of 5.6 years (range, 4.9-6.7 years). The

emographic data and neonatal morbidities of these 67 in-
ants, of the 21 infants who died, and of the 3 infants who
ere lost to follow-up are summarized in Table I.

Because life support policy may influence long-term
utcome, delivery, resuscitation, and survival data are com-
ined in Table II. 4 of the 17 NICU deaths occurred despite
ntensive medical care. In 13 infants, intensive care was with-
rawn. In 9 of these 13 infants, death was clearly inevitable.
n 3 infants, intensive therapy was likely to be futile, and the
rognosis was thought to be poor. In 1 infant, intensive care
as withdrawn because of anticipated poor neurological out-

ome after severe bilateral parenchymal hemorrhages.
8 of 67 children (12%; 95% CI, 5%-22%) had severe

erebral palsy resulting in a GMFCS � 2, 8 children (12%;
5% CI, 5%-22%) had a severe cognitive deficit with a MPC

51, 3 children (4%; 95% CI, 1%-13%) were blind, and 1
hild (1%; 95% CI, 0%-8%) required a hearing aid. 12 chil-
ren (18%; 95% CI, 10%-29%) were severely disabled. 29
hildren (43%; 95% CI, 31%-56%) were without significant
mpairment, and 38 children (57%; 95% CI, 44%-69%) qual-
fied for regular schooling. Table III (available at www.jped-

able I. Demographic and neonatal morbidity data

Follow-up (n �

estational age, weeks* 24.9 � 0.6
25.1 (22.9-25.

irth weight, g* 675 � 153
690 (320-102

irth weight �3rd percentile, n (%) 8/67 (12%)
emale sex, n (%) 42/67 (63%)
ny antenatal steroids, n (%) 61/67 (91%%)
RIB score* 7.7 � 3.5

8 (1-16)
�3, n (%) 5/59 (8%)
3-7, n (%) 21/59 (36%)
8-12, n (%) 29/59 (49%)
�12, n (%) 4/59 (7%)

VH/PVH �grade 3, n (%) 9/67 (13%)
OP �grade 3, n (%) 23/67 (34%)
EC �Bell stage 2, n (%) 6/67 (9%)
LD (FiO2 � 0.21 at 36 weeks), n (%) 39/66 (59%)

RIB, Clinical Risk Index for Babies16; IVH/PVH, intraventricular and periventricular
ung disease.
Mean � SD, median (minimum-maximum).
.com) summarizes the complete neurological, psychomotor, p

eurodevelopmental Follow-up of Very Preterm Infants after Proactive
estational Age of �23 Weeks
ognitive, and behavioral outcome data according to gesta-
ional age at birth.

Results of the analysis of risk factors for moderate or
evere disability and for cognitive impairment are summarized
n Table IV as crude odds ratios.

For comparison, we reviewed recently published sur-
ival and outcome of infants born in Europe and North
merica at 23 to 25 completed weeks.5,6,15,17-21 At a gesta-

ional age of 23, 24, and 25 completed weeks, NICU survival
ates in live-born infants vary from 6% to 46%, from 26% to
3%, and from 44% to 82%, respectively. The rates of infants
ho survive without severe disability among those who sur-
ived NICU varied from 48% to 71%, from 36% to 88%, and
rom 41% to 89%, respectively (Table V; available at www.
peds.com). The higher rates of survival in our patients were
ot associated with higher rates of severely disabled children.

DISCUSSION
We describe neurocognitive and motor developmental

utcomes at a median corrected age of 5.6 years for a 3-year
ohort of extremely preterm infants. The results confirm
arlier reports of impaired neurodevelopmental outcome in
xtremely preterm infants,1,15,22-24 stressing the need for fur-
her efforts to improve long-term outcome in this vulnerable
opulation.

This information is helpful for counseling parents with
mminent extremely preterm delivery. First, both the fre-
uency of recommendations for normal schooling and the
requency of normal motor functioning (GMFCS � 0) are
asy to understand and more meaningful to parents than a
ental or a physical developmental index. Second, the results

f neurodevelopmental assessments at the age of school entry

Lost to follow-up (n � 3) Died (n � 21)

25.2 � 0.4 24.3 � 0.8
25.1 (24.9-25.6) 24.4 (22.9-25.6)

697 � 180 588 � 166
780 (490-820) 580 (330-1000)
0/3 (0%) 4/21 (19%)
2/3 (67%) 14/21 (67%)
3/3 (100%) 17/20 (85%)

9.7 � 2.9
9 (5-15)

0 0
1/1 (100%) 2/11 (18%)

0 6/11 (55%)
0 3/11 (27%)

1/3 (33%) 9/19 (47%)
0/3 (0%) 1/21 (5%)
1/3 (33%) 3/21 (14%)
2/3 (67%) 6/7 (86%)

rhage; ROP, retinopathy of prematurity; NEC, necrotizing enterocolitis; CLD, chronic
67)

7)

0)

hemor
rovided in this study predict longer-term outcome and func-

Treatment at a
773
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ion more accurately than the results of assessments at 18
onths corrected age.3 Third, although an alarming number

f preterm infants sustained severe disability, half the infants
ualified for regular schooling, although birth occurred at 23
o 25 weeks gestation.

Although we confirmed the role of certain prenatal
nd perinatal risk factors for severe disability, every attempt
o estimate the prognosis for an individual child on the
asis of these variables would leave parents and physicians
ith a high degree of uncertainty. Furthermore, the most

mportant risk factors for impaired neurocognitive devel-
pment will only become apparent after birth (eg, severe
ntraventricular or periventricular hemorrhage, need for
rolonged mechanical ventilation; Table IV). An attempt
o predict outcome prenatally, on the basis of gestational age
lone, would be even more uncertain. Most importantly, normal
eurocognitive outcome occurred in some of the most

able II. Resuscitation and survival data according to
etween July 1996 and June 1999

estational age, completed weeks* 22
umber of still births 7
umber of live births not attended by a
neonatologist

1

umber of deliveries attended by a neonatologist
(only live births)

3

umber of NICU admissions 3
urvivors to discharge, n (% of NICU admissions) 1 (33%)[1%-91
ong-term survivors, n (% of NICU admissions) 1 (33%)[1%-91
ollow-up completed, n (% of long-term survivors) 1 (100%)[3%-1

5% CI shown in brackets.
For example, infants born at 23 completed weeks gestation included infants born at 2

able IV. Crude odds ratios of risk factors for mode
mental processing composite [IQ] <71)

Risk factor n

A,22-23 versus 24-25 completed weeks 67
GA, yes versus no 67
VH/PVH, � grade 3 versus � grade 3 67
VL, yes versus no 64
OP, � grade 3 versus � grade 3 67
V, yes versus no 67
uration of MV, �7 days versus �7 days 67
aternal language, others versus German 67
aternal occupation, no versus yes 65
ighest academic degree of mother, none or lowest
degree‡ versus higher degrees

62

R, Odds ratio; GA, gestational age; SGA, small for gestational age (ie, weight at birth
Frequencies of 2-by-2 tables (outcome/riskfactor: yes/yes, yes/no, no/yes, no/no) inste
Fisher exact test.
Lowest level of the 3 level German school system, qualifies for non-academic educati
remature infants. Although the rates of cognitive deficits w

74 Steinmacher et al
r impaired mobility do not increase substantially with
ecreasing gestational age among survivors with a gesta-
ional age �26 weeks in our population (Table III), the
ctual prevalences of these disabilities cannot be estimated
ith confidence because of the small number of infants in

ach gestational age group. There does not seem to be an
bvious cutoff value in gestational age groups of 23 to 25
eeks, below which normal neurodevelopment will not
ccur.

Severe intraventricular and periventricular hemorrhage
nd the need for prolonged ventilation were the 2 variables
ost strongly associated with impaired neurodevelopmental

utcome, as previously described.25 Therefore, reducing the
eed for prolonged mechanical ventilation (eg, by early sur-
actant administration and early extubation to nasal continu-
us positive airway pressure)26 and reducing the incidence of
evere intraventricular and periventricular hemorrhage (eg,

tational age in extremely preterm infants born

23 24 25
5 5 2
0 0 0

13 31 48

12 31 45
9 (75%)[43%-95%] 23 (74%)[55%-88%] 41 (91%)[79%-98%]
8 (66%)[35%-90%] 21 (68%)[49%-83%] 40 (89%)[76%-96%]
8 (100%)[63%-100%] 20 (95%)[76%-100%] 38 (95%)[83%-99%]

/7 weeks to 23 � 6/7 weeks gestation.

or severe disability and for cognitive impairment

Moderate or severe
disability MPC < 71

[95% CI] P value† OR [95% CI] P value†

[0.3-7.9] .711 0.8 [0.1-4.6] 1.0
[0.6-24.5] .124 1.8 [0.24-10.3] .672
[1.4-88.2] .008 15.0 [2.3-157.7] �.001

22,0,41)* .359 (1,16,0,47)* .266
[1.6-18.3] .003 2.5 [0.7-8.8] .147
,0,36,7)* .044 (18,0,42,7)* .176
,0,27,16)* �.001 (18,0,33,16)* .004
[0.6-7.9] .161 3.1 [0.8-11.5] .065
[0.9-16.5] .055 5.4 [1.0-52.9] .036
[1.2-15.1] .015 5.9 [1.4-28.7] .007

percentile); PVL, periventricular leukomalacia; MV, mechanical ventilation.
dds ratios because of zero cells.
ges

%]
%]
00%]
rate

OR

1.5
3.5
8.4
(1,
5.3
(24
(24
2.7
3.5
4.1

�3rd

ad of o
ith prophylactic indomethacin27 and with yet-unknown
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easures to stabilize cerebral perfusion28) may help to further
mprove neurodevelopmental outcome.

Social and environmental factors including maternal level
f education and primary language spoken were associated with
mpaired cognitive outcome (Table IV), as previously report-
d.3,24,29-31 These findings suggest that improving post-dis-
harge supportive interventions may further improve long-term
utcomes, especially in infants in under-privileged families.31

owever, post-discharge interventions so far only have been
ffective in the short term in very low birth weight infants.32,33

In contrast to our results, earlier European studies on
utcome in extremely preterm infants born at �26 weeks of
estation reported higher mortality rates at delivery and in the
ICU.5,6,15,17,34 These higher mortality rates probably not

nly reflect differences in perinatal morbidity, but also differ-
nces in parental choices and perinatal management strate-
ies. As many as 80% of perinatal and neonatal deaths are
eported to occur after a decision to withhold or withdraw
herapy.6 In our study, the parents of almost all infants
elivered at 22 and 23 weeks chose life support instead of
alliative care for their infants. We speculate that the local
utcome data provided to the parents and the general offer of
ife support may have contributed more to these decisions
han parental cultural characteristics.

In comparison with these European studies5,6,15,17,34

rom countries where life support is not offered universally to
nfants with a gestational age �26 weeks, we report higher

ICU admission, survival to discharge, and long-term survival
ates without increases in the rates of adverse outcomes. The
ates of severe disability in infants who survived were 12 of 67
18%) in this study versus 53 of 241 (22%) in the Epicure
tudy.15 These outcome differences may in part result from
roactive treatment of these extremely preterm infants, as pre-
iously suggested,7 and are in contrast to older reports suggesting
hat improved survival, because of a more active life support, may
esult in higher proportions of disabled children.9,10

Our results could be biased because some obstetricians
ay had chosen to refer only what they considered to be the
ost viable fetuses and to treat less viable pregnancies as late

pontaneous abortions.
These are results from a single institution and may not

ave general validity. At least we show what can be achieved
hen a consistent policy of life support is applied in all

xtremely preterm infants with a gestational age �23 weeks.
he validity of our results is supported by reports of similar

urvival to discharge and survival without disability rates from
ther institutions.7,8,19,21
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50 Years Ago in The Journal of Pediatrics
NARCOTIC WITHDRAWAL SYMPTOMS IN THE NEWBORN INFANT RESULTING FROM

MATERNAL ADDICTION

Schneck H. J Pediatr 1958;52:584-87

No longer does one need to go to a medical journal to read about drug abuse and addiction; the lay media reports on
the drug culture, drug lifestyle, drug cartels, drug gangs, drug connections, death from drugs, and drug rehabilitation. Our
vocabulary has special meaning with reference to drugs; we routinely speak of “highs,” “cold turkey,” “speed,” “crack,” and
“mainlining,” to name only a few terms. The 2004 National Survey on Drug Use and Health estimates that 19.1 million
Americans age 12 years and older use illicit drugs.1 We hear and read of people in high profile professions (eg,
entertainers, athletes, politicians) who succumb to drugs, confront the law, and seek medical intervention. Actually, the
problem of drug addiction cuts across all demographic boundaries of society, affecting even the most vulnerable and
helpless—the newborn and unborn.

Fifty years ago, Dr Schneck reported on an infant born to a mother addicted to heroin. Today we are dealing with
dependence on an array of drugs including narcotics, hallucinogens, barbiturates, benzodiazepines, amphetamines,
methamphetamine, cocaine, marijuana, alcohol, nicotine, inhalants, and antidepressants, and combinations of these
drugs. The signs of withdrawal in the newborn described by Schneck have been expanded and systematized to guide
evaluation and treatment. The principles of care for the withdrawing newborn are primarily supportive and have not
changed much in 50 years. Treatment drugs should match the class of agents from which the infant is withdrawing. The
aim of pharmacologic therapy is to make the infant comfortable but not obtunded. Weaning from the drug should be
gradual.

In the past, mortality was secondary to diarrhea, vomiting, fever, and fluid and electrolyte imbalance as a consequence
of withdrawal. Today, death is rare but can result from complications of abuse during pregnancy, such as prematurity,
low birth weight, meconium aspiration, sepsis, and cerebral infarction. Laboratory analysis of meconium, hair, and urine
can confirm drug exposure.

Data on long-term outcomes include delayed physical and mental development, learning disabilities, and hyperac-
tivity. Other risks include ongoing exposure to illicit drugs (either passively or by accidental ingestion), abuse, and sudden
infant death syndrome.

We are faced with a national drug problem of epidemic proportions and pediatricians care for some of its unwitting
victims. We need to be vigilant, compassionate, and effective in our management of the infant and the drug-dependent
mother.

Eugene E. Cepeda, MD
Enrique M. Ostrea Jr, MD

Department of Pediatrics
Wayne State University

Hutzel Women’s Hospital
Detroit, Michigan

10.1016/j.jpeds.2007.11.028
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able III. Neurocognitive, psychomotor, and behavioral outcome in extremely preterm infants according to
estational age at birth

estational age, completed weeks* All (22-25) 22 23 24 25
urvivors with full follow-up, n 67 1 8 20 38
eurological examination results
Normal, n (%), [95%CI] 37 (55%)[43%-67%] 0 6 (75%)[35%-97%] 6 (30%)[12%-54%] 25 (66%)[49%-80%]
Severely abnormal, n (%), [95%CI] 12 (18%)[10%-29%] 0 0 (0%)[0%-37%] 5 (25%)[9%-49%] 7 (18%)[8%-34%]
obility
GMFCS � 0, n (%), [95%CI] 47 (70%)[58%-81%] 1 7 (88%)[47%-100%] 10 (50%)[27%-73%] 29 (76%)[60%-89%]
GMFCS � 2, n (%), [95%CI] 8 (12%)[5%-22%] 0 0 [0%-37%] 3 (15%)[3%-38%] 5 (13%)[4%-27%]

ognitive development
Mean MPC�SD (Kaufmann ABC) 82 � 23 101 89 � 16 79 � 23 82 � 25
Median MPC (minimum-maximum) 90 (20-122) 101 94 (65-105) 84 (30-111) 91 (20-122)
MPC � 51, n (%), [95%CI] 8 (12%)[5%-22%] 0 0 (0%)[0%-37%] 2 (10%)[1%-32%] 6 (16%)[6%-31%]
MPC 51-70, n (%), [95%CI] 10 (15%)[7%-26%] 0 2 (25%)[3%-65%] 4 (20%)[6%-44%] 4 (11%)[3%-25%]
MPC 71-85, n (%), [95%CI] 11 (16%)[8%-27%] 0 1 (13%)[0%-53%] 4 (20%)[6%-44%] 6 (16%)[6%-31%]
MPC � 85, n (%), [95%CI] 38 (57%)[44%-69%] 1 5 (63%)[24%-91%] 10 (50%)[27%-73%] 22 (58%)[41%-74%]

omposite outcome variables
Severe disability, n (%), [95%CI] 12 (18%)[10%-29%] 0 0 (0%)[0%-37%] 4 (20%)[6%-44%] 8 (21%)[10%-37%]
Moderate disability, n (%), [95%CI] 12 (18%)[10%-29%] 0 4 (50%)[16%-84%] 3 (15%)[3%-38%] 5 (13%)[4%-28%]
Mild disability, n (%), [95%CI] 14 (21%)[12%-33%] 1 2 (25%)[3%-65%] 7 (35%)[15%-59%] 4 (11%)[3%-25%]
Without disability, n (%), [95%CI] 29 (43%)[31%-56%] 0 2 (25%)[3%-65%] 6 (30%)[12%-54%] 21 (55%)[38%-71%]

chool recommendation
Qualified for regular schooling, n (%),

[95%CI]
38 (57%)[44%-69%] 1 5 (63%)[24%-91%] 9 (45%)[23%-68%] 23 (61%)[43%-76%]

ehavioral outcome, n† 59 1 7 18 33
Attention problems (ie, T � 70 in CBCL

subscale), n (%), [95%CI]
4 (6%)[2%-16%] 0 0 (0%)[0%-41%] 1 (6%)[0%-27%] 3 (9%)[2%-24%]

Abnormal behavior (ie, T � 70 in �1
subscale of the CBCL), n (%), [95%CI]

7 (12%)[5%-23%] 0 0 (0%)[0%-41%] 2 (11%)[1%-35%] 5 (15%)[5%-32%]

Internalizing problems (ie, T � 64 in
summary scale), n (%), [95%CI]

7 (12%)[5%-23%] 0 1 (14%)[0%-58%] 1 (6%)[0%-27%] 5 (15%)[5%-32%]

Externalizing problems (ie, T � 64 in
summary scale), n (%), [95%CI]

6 (10%)[4%-20%] 0 1 (14%)[0%-58%] 1 (6%)[0%-27%] 4 (12%)[3%-28%]

MFCS, Gross motor function classification scale; T, T-score of the Child Behavior Check List (CBCL); MPC, mental processing composite.
Infants born at 23 completed weeks gestation included infants born at 23 � 0/7 weeks � 23 � 6/7 weeks gestation.
Behavioral data is only available in 59 patients, of whom the parents completed the Child Behavior Check List (CBCL).
eurodevelopmental Follow-up of Very Preterm Infants after Proactive Treatment at a
estational Age of �23 Weeks 776.e1



Table V. Survival and long-term outcome of extremely preterm infants (23-25 weeks) in several recent European and
North American studies

Study
EPICure

short-term5
EPICure

long-term16 Epipage6 EPIBel18
Canadian
NICUs21 Norway19 Providence20

North
Sweden22 Ulm

Years of birth 1995 1995 1997 1999-2000 1996-1997 1999-2000 1993-1997 1992-1998 1996-1999

23 weeks
All births [n] 137 71 55 56 18
All live births [n] 241 241 30 18 150 35 41 40 13
NICU admissions [n (% of life births)] 131 (54%) 131 (54%) 6 (20%) 13 (73%) 73 (49%) 23 (66%) 39 (95%) 40 (100%) 12 (92%)
Survivors to discharge [n (% of NICU adm.)

(% of all life births)]
26 (20%) (11%) 26 (20%) (11%) 0 1 (8%) (6%) 25 (34%) (17%) 9 (39%) (26%) 19 (49%) (46%) 17 (43%) (43%) 9 (75%) (69%)

Survivors without
severe disability

[n (% of NICU surviv.)
(% of all life births)]

17 (65%) (7%) 17 (65%) (7%) 12 (48%) (8%) 5 (56%) (14%) 11 (58%) (27%) 12 (71%) (30%) 8 (89%) (62%)

24 weeks
All births [n] 115 101 80 73 36
All live births [n] 382 382 42 65 242 64 61 70 31
NICU admissions [n (% of life births)] 298 (78%) 298 (78%) 27 (64%) 54 (83%) 187 (77%) 58 (91%) 54 (89%) 70 (100%) 31 (100%)
Survivors to discharge [n (% of NICU adm.)

(% of all life births)]
100 (34%) (26%) 100 (34%) (26%) 13 (48%) (31%) 19 (35%) (29%) 107 (57%) (44%) 35 (60%) (55%) 36 (67%) (59%) 44 (63%) (63%) 23 (74%) (74%)

Survivors without
severe disability

[n (% of NICU surviv.)
(% of all life births)]

73 (73%) (19%) 52 (52%) (14%) 10 (53%) (15%) 39 (36%) (21%) 23 (66%) (36%) 32 (88%) (52%) 32 (73%) (46%) 16 (70%) (52%)

25 weeks
All births [n] 204 115 83 94 50
All live births [n] 424 424 119 90 302 71 87 103 48
NICU admissions [n (% of life births)] 357 (84%) 357 (84%) 95 (79%) 90 (100%) 266 (88%) 69 (97%) 87 (93%) 103 (100%) 45 (95%)
Survivors to discharge [n (% of NICU adm.)

(% of all life births)]
186 (52%) (44%) 186 (52%) (44%) 59 (63%) (50%) 50 (56%) (56%) 205 (77%) (68%) 55 (80%) (77%) 71 (82%) (82%) 79 (77%) (77%) 41 (91%) (85%)

Survivors without
severe disability

[n (% of NICU surviv.)
(% of all life births)]

142 (76%) (33%) 118 (63%) (28%) 29 (58%) (32%) 85 (41%) (32%) 44 (80%) (62%) 56 (79%) (64%) 70 (89%) (68%) 29 (71%) (60%)

In EPICure, short-term5 survivors without severe disability were NICU survivors at median corrected age of 30 months without a disability that was likely to put the child in need of physical assistance to perform daily activities.
In EPICure, long-term16 survivors without severe disability were survivors at a median age of 6.3 years with absence of all the following items: non-ambulatory cerebral palsy, IQ �3 SD below the mean (applying contemporary classmates
as a reference group), profound sensorineural hearing loss, and blindness. 78% of long-term survivors were examined and reported.
For the Canadian NICUs,21 only inborn infants are reported in this table. Survivors without severe disability were short-term NICU survivors without chronic lung disease, necrotizing enterocolitis, �grade 2 intraventricular hemorrhage,
or � grade 2 retinopathy of prematurity.
In Markestad,19 survivors without severe disability were short-term NICU survivors without � grade 2 intraventricular/periventricular hemorrhage, periventricular leukomalacia with �2 cysts, ventricular dilation requiring a shunt, clinical
signs of brain damage at discharge, deafness, retinopathy � grade 3 or cryotherapy.
In El Metwally,20 survivors without severe disability were short-term NICU survivors without grade 3 intraventricular hemorrhage or periventricular hemorrhage.
In Serenius,22 survivors without severe disability were short-term NICU survivors without � grade 2 intraventricular hemorrhage and without � grade 2 retinopathy of prematurity.
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