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Outcomes of Infants Born at 22 and 23 Weeks’ Gestation

WHAT'S KHOWN 0N THIS SUBJECT The remarkable improvement
in the survival of extremely premature infants has been well
documented. However, there have been few cohort studies large
enough to determine the neurodevelopmental outcomes of
survivors born at 22 or 23 weeks.

WHAT THIS STUDY ADDS: The proportions of unimpaired or
minimally impaired were 12.0% at 22 weeks (n = 75) and 20.0% at
23 weeks (n = 245). The outcomes were inferior compared with
those for infants born at 24 and 25 weeks, but were improved

OBJEGTIVE: To provide instructive information on death and neurode-
velopmental outcomes of infants born at 22 and 23 weeks’ gestational
age.

METHODS: The study cohort consisted of 1057 infants born at 22 to 25
weeks in the Neonatal Research Network, Japan. Neurodevelopmental
impairment (NDI) at 36 to 42 months’ chronological age was defined as
any of the following: cerebral palsy, hearing impairment, visual im-
pairment, and a developmental quotient <<70. A systematic review
was performed by using databases of publications of cohort studies
with neonatal and neurodevelopmental outcomes at 22 and 23 weeks.

RESULTS: Numbers and incidences (%) of infants with death or NDI
were 60 (80%) at 22 weeks and 156 (64%) at 23 weeks. In logistic re-
gression analysis, gestatiénal ages of 22 weeks (odds ratio [OR]: 5.40;
95% confidence interval [Cl]: 2.48—11.76) and 23 weeks (OR: 2.14; 95%
Cl: 1.38-3.32) were associated with increased risk of death or NDI
compared with 24 weeks, but a gestational age of 25 weeks (OR: 0.65;
95% Gl: 0.45-0.95) was associated with decreased risk of death or NDI.
In the systematic review, the medians (range) of the incidence of
death or NDI in 8 cohorts were 99% (90%—100%) at 22 weeks and
98% (67%—100%) at 23 weeks.

CONCLUSIONS: Infants born at 22 and 23 weeks' gestation were at
higher risk of death or NDI than infants at born at 24 weeks. However,
outcomes were improved compared with those in previous studies.
There is a need for additional discussions on interventions for infants
born at 22 or 23 weeks’ gestation. Pediatrics 2013;132:62—71

62 ISHIl et al

\ compared with those in previous studies. 3 /
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The remarkable improvement in the
survival of extremely low birth weight
infants has been well documented.!2
Increased extremely low birth weight
infant survival rates have paralleled
improvements in prenatal and neo-
natal care? The outcomes after 24
weeks’ gestational age have been well
estimated and evaluated.*-2!

There recently have been several no-
table reports on 22 and 23 weeks’
gestational age; the shortterm out-
comes of these extremely premature
infants seem to have improved, but the
long-term outcomes are still unfavor-
able.5'8 Decisions to initiate or with-
hold intensive care for these extremely
premature infants are highly contro-
versial, in contrast to those for infants
born at 24 and 25 weeks’ gestational
age.2224 Physicians and parents con-
templating the prognosis of extremely
preterm infants require reliable in-
formation based on gestational age
with which to plan care around the
time of birth and thereafter42s

The aim of this study was to provide
instructive information on death and
neurodevelopmental  outcomes  of
infants born at 22 and 23 weeks’ ges-
tational age and to compare them with
those of infants born at 24 or 25 weeks
from a large multicenter cohort and
a systematic review.

METHODS
Study Bubjecis and Dafinitions

A total of 48 tertiary centers partici-
pated inamulticenter follow-up study of
the Neonatal Research Network, Japan,
in infants born at 22 to 25 weeks be-
tween January 1, 2003, and December
31, 2005562627 Each center registered
all very low birth weight infants who
were admitted to the NICU within 28
days after birth, including infants
transferred to the centers after birth
{outborn). The infants who were born
alive but died in the delivery room in
the centers were registered. Infants

PEDIATRICS Volume 132, Number 1, July 2013

who were recognized as born before 22
weeks 0 day were excluded.®

Demographic, perinatal, and infant data
were collected from each center by using
previously described definitions 562627
Gestational age was determined in
the following order: obstetric history
based on last menstrual period, with
confirmation or correction by obstetric
examination by using ultrasonography
at the health checkup for pregnant
women during the first trimester, and
postnatal physical examinations of
neonates. Premature rupture of mem-
branes was defined as rupture of
membranes before the onset of labor.
Antenatal steroid use was defined as
administration of any corticosteroid to
accelerate fetal lung maturity. Mater-
nal transport meant only emergency
transport. Respiratory distress syn-
drome was diagnosed by using clinical
and radiographic findings. Chronic
lung disease (CLD) was defined as the
use of supplemental oxygen on the 28th
day after birth, and 36-week CLD was
defined when an infant received sup-
plemental oxygen at the postmenstrual
age of 36 weeks. Symptomatic patent
ductus arteriosus was diagnosed on the
basis of both echocardiographic find-
ings and clinical evidence of volume
overload because of leftto-right shunt.
Intraventricular hemorrhage (IVH) was
reported according to the classification
of Papile et al.28 Cystic periventricular
feukomalacia was diagnosed by cranial
ultrasound or head MRI scans. Sepsis
was defined as culture-proven septice-
mia or bacteremia at any time during
the NICU stay. Necrotizing enterocolitis
was defined according to the classifi-
cation of Bell et al?® as stage Il or higher.
The treatment of retinopathy of pre-
maturity (ROP) was laser coagulation,
cryocoagulation therapy, or both.

Heurodsvelopmenial Assesaments

A comprehensive neurodevelopmental
assessment was performed on the
surviving infants at 36 to 42 months’

chronological age. The assessment
consisted of neurologic assessment,
functional classification of hearing and
visual ability, developmental evalua-
tion, growth assessment, medical and
social history, and interviews at each
participating center.

The neuromotor examinations were
performed by a trained pediatrician,
not necessarily blinded to the perinatal
details. Cerebral palsy (CP) was defined
as a nonprogressive, nontransient cen-
tral nervous system disorder charac-
terized by abnormal muscle tone in at
least 1 extremity and abnormal control
of movement and posture.®® Profound
CP was defined as a Gross Motor Func-
tion Classification System (GMFCS) level
of 4 or 531 Children with an unknown GCP
level were classified as having profound
impairment. Children with any type of
GCP who were defined as GMFCS level
1 were excluded from the CP group and
were included in the minimally impaired
group.’”® Hearing impairment was de-
fined as when amplification was re-
quired. Visual impairment was defined
as blindness with no functional vision in
1 or both eyes.

The assessment of, cognitive function
was performed by using the Kyoto Scale
of Psychological Development (KSPD)
test.32 This test was administered by
experienced testers who were certified
psychologists blinded to the perinatal
details at each center. The develop-
mental quotient (DQ) was derived by
dividing developmental age by chro-
nological age. A DO score of 1006 =
13.4 represents the mean = 1 SD at
the time of standarization.2 A DQ score
<70 was interpreted as representing
significantly delayed performance. If
the KSPD assessment was not avail-
able, the pediatrician estimated the
child’s development level as delayed
or not delayed. In cases judged as de-
layed, the developmental level was as-
sumed as equivalent to a DQ score <50
in this study.
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Neurodevelopmental impairment (NDb
was defined as any of the following: CP
with a GMFCS level 2 to 5, hearing im-
pairment, visual impairment, or a DQ
score <70. Profound NDI was defined
as profound CP and/or a DQ score <50.

Statistical Analysas

Characteristics by gestational age are
described as means and SDs for con-
tinuous variables and as numbers and

proportions for binary and categorical-

variables. Logistic regression was used
to evaluate the relationship between
risk factors and death or NDI at 3 years
of age. We calculated odds ratios (ORs)
andtheir 95% confidence intervals (Cls)
by logistic regression using a reference
of infants born at 24 weeks’ gestational
age. The selected biological and peri-
natal characteristics were gender,
multiple birth, premature rupture of
membranes, antenatal steroid use,
maternal transport, being outborn, use
of cesarean delivery, and gestational
age because these were identified as
variables associated with outcomes in
previous follow-up studies.”.33-38

Systematlic Review of Studies With
Neonatal Qutcomes at 22 and 23
Weeks' Gestation

The PubMed and Cochrane Library
databases were searched by using
a combination of the following words:
extremely premature, infant, neuro-
development, and outcome. The lan-
guage was restricted to English. All
potentially relevant titles and abstracts
were retrieved and assessed for eligi-
bility. The reference lists of relevant
articles were reviewed, and relevant
citations were retrieved if they had not
been obtained in the primary search.
Publications were selected for in-
clusion if they contained the following:
(1) a publication date between January
1,2000, and June 30, 2012; (2) outcomes
of infants born during or after 1990; (3)
the numbers of cases of death and NDI
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at 18 to 42 months for infants born at
<28 weeks' gestational age; and (4)
the numbers of evaluated infants at 18
to 42 months. For each eligible study,
all reported components of death, NDI,
and follow-up rates were extracted. The
latest reports were chosen from the
same cohorts or the same area.

RESULYIS

During the study period, 1057 infants
born at <<26 weeks were registered
with the Neonatal Research Network
(Fig 1). Of these, 266 died in the NICU
(25.2%), including 1 case not admitted
to the NICU, and 791 (74.8%) survived to
discharge. Nine infants died after dis-
charge. Between January 2006 and
December 2008, 562 of the 782 survi-
vors visited a site for standardized
follow-up assessment.

Demographic and perinatal character-
istics, neonatal morbidities, and inter-
ventions were not different between
infants evaluated and not evaluated,
except that evaluated infants were more
likely to require treatment of ROP (234
[41.7%)] of evaluated infants, 73 [33.2%]
of infants who were not evaluated), and
were less likely to be outborn (47 [8.9%]
of evaluated infants, 29 [13.2%] of infants

who were not evaluated), experience
neonatal seizure (30 [5.3%] of evaluated
infants, 25 [11.4%] of infants who were
not evaluated), and have grade 3—4 IVH
(48 [8.6%] of evaluated infants, 30
[13.6%] of infants who were not evalu-
ated).

As shown in Table 1, stratifying de-
mographic and perinatal character-
istics according to gestational weeks,
infants with a birth weight <400 g
were particularly common at 22 weeks.
The use of antenatal steroids, maternal
transport, being outborn, and cesar-
ean delivery increased with increasing
gestational weeks. Among neonatal
morbidities, proportions of respiratory
distress syndrome, neonatal seizure,
IVH grades 3—4, and sepsis tended to
decrease with increasing gestational
weeks. Proportions of CLD at 36 weeks'’
corrected gestational age, ligation for
patent ductus arteriosus, cystic peri-
ventricular leukomalacia, necrotizing
enterocolitis, and ROP requiring any
treatment were low in infants born at
22 weeks. ’

Table 2 shows neurodevelopmental
outcomes grouped by gestational
weeks of the evaluated infants.
Seventy-five (13.7%) infants had CP,

n=>5332

VLBWIs born in 20032005 (48 tertiary centers in Neonatal Research Network)

Major anomalies, n = 58
(18 trisomy, 13 trisomy, hydranencephaly)

GA =26 weeks n=4217

|
[22 weeksl

T
[ 23 weeks]

[24 weeks ]25 Weeks

Study population 245
Deaths in NICU (%) 47(62.7)" 87(35.5) 74(22.3) 58(14.3)
Deaths after discharge (%) 1(1.3) 4(1.6) 2(0.6) 2(0.5)
Survivors at 3 years (%) 27(36.0) 154(62.9) 256(717.1) 345(85.2)

Evaluated at 3 years,

% of survivors at 3 years 23(85.2) 119(77.3) 180(70.3) 240(69.6)
Deaths or evaluated at 71(94.7) 210(85.7) 256(77.1) 300(74.1)

3 years (%)
FIGURE 1

Study subjects by gestational age groups. *Includes 1 case born alive but not admitted to the NICU. GA,

gestational age; VLBWI, very low birth weight infants.



TABLE 1 Characteristics of Study Cohort

Gestational Age

22 Weeks (n = 75) 23 Weeks (n = 245) 24 Weeks (n = 332) 25 Weeks (n = 405) Total N =1057
Demographic and perinatal characteristics .

BW, mean £ SD, g 488 + 72 575 = 80 634 = 103 741 + 137 651 = 137
BW <400 g, n/N (%) 7175 (9.3) 3/245(1.2) 7/332(2.1) 9/405(2.2) 26/1057 (2.5)
Male, n/N (%) 32/75 (42.7) 133/244° (54.9) 163/332 (49.1) 219/403° (54.3) 547/1054° (51.9)
Multipie birth, n/N (%) 16/75 (21.3) 60/245 (24.5) 61/332 (18.4) 82/405 (20.2) 219/1057 (20.7)
Preterm rupture of membranes, n/N (%) 36/75 (48.0) 96/245 (39.2) 140/332 (42.2) 148/405 (36.5) 420/1057 (39.7)
Antenatal steroid use, n/N (%) 16/75 (21.3) 79/245 (32.2) 137/332 (41.3) 177/405 (43.7) 409/1057 (38.7)
Maternal transport, n/N (%) 38/75 (50.7) 151/245 (61.6) 207/3317 (62.5) 247/402° (61.4) 643/1053° (61.1)
Outborn, n/N (%) 6/75 (8.0) 20/245 (8.2) 31/332 (9.3) 41/405 (10.1) 98/1057 (8.3)
Cesarean delivery, n/N (%) 18/75 (24.0) 104/245 (42.4) 218/332 (65.7) 297/405 (73.3) 637/1057 (60.3)

In-hospital morbidities and interventions, n/N (%)
RDS diagnosed
CLD at 36 weeks®
PDA ligation
Neonatal seizure
IVH grade 3—4
Cystic PVL
Sepsis
Necrotizing enterocolitis
ROP requiring treatment

60/74% (81.1)
15/717 (21.1)
4/72° (5.6)
11747 (14.9)
18/74° (24.3)
2/747 (2.7)
17/74% (23.0)
174° (1.4)
15/75% (20.0)

191/245 (78.0)
71/236% (30.1)
34/238% (14.3)
28/245 (11.4)
52/241° (21.6)
10/244° (4.1)
58/2447 (23.8)
16/245 (6.5)
73/245 (29.8)

251/332 (75.6)
121/319° (37.9)
50/316° (15.8)
40/331% (12.1)
48/328° (14.8)
13/331% (3.9)
73/331% (22.1)
10/331° (3.0)
102/331° (30.8)

309/405 (76.3)
133/392° (33.9)
41/389° (10.5)
307405 (7.4)
49/403° (12.2)
22/405 (5.4)
59/405 (14.6)
156/405 (3.7)
128/405 (31.6)

811/1056° (76.8)
340/1018° (33.4)
129/1015% (12.7)
109/1055% (10.3)
167/1046° (16.0)
47/1054° (4.5)
207/10547 (19.6)
42/1055° (4.0)
318/1056% (30.1)

BW, birth weight; PDA, patent ductus arteriosus; PVL, periventricular leukomalacia; RDS, respiratory distress syndrome.

3 There were cases without data on this characteristic.

b CLD at 36 weeks was defined when an infant received supplemental oxygen at the postmenstrual age of 36 weeks.

TABLE 2 Neurodevelopmental Qutcomes at 3 Years of Age According to Gestational Age

Gestational Age

22 Weeks 23 Weeks 24 Weeks 25 Weeks Total
Evaluated at 3 years, n 23 119 180 240 562
CP, n/N (%)° 5/23 (21.7) 21/118° (17.8) 14/173° (8.1) 35/234° (15.0) 75/548 (13.7)
Profound CP 4/23 (17.4) 12/118° (10.2) 9/173° (5.2) 20/234° (8.5) 45/548 (8.2)
Hearing impairment, n/N (%)® 0/23 (0.0) 4/119 (3.4) 2/168" (1.2) 3/234° (1.3) 9/544 (1.7)
Visual impairment, a/N (%)° 2/23 (8.7) 12/118° (10.2) 6/175° (3.4) 5/231° (2.2) 25/547 (4.6)
Cognitive delay, n/N (%)® 12/21° (57.1) 55/110° (50.0) 49/152° (32.2) 58/208" (27.9) 1747491 (35.4)
KSPD DQ of 50-69 5/11 (45.5) 12/58 (20.7) 27/104 (26.0) 31/145 (21.4) 75/318 (23.6)
KSPD DQ of <50 0/11 (0.0) 7/58 (12.1) 11/104 (10.6) 17/145 (11.7) 35/318 (11.0)
Judgment of delay by pediatrician 7/10 (70.0) 36/52 (69.2) 11/48 (22.9) 10/63 (15.9) 64/173 (37.0)
NDI, /N (%)° 12/23 (52.2) 65/114° (57.0) 53/142" (37.3) 78/212° (36.8) 208/491 (42.4)
Profound NDI 7/23 (30.4) 45/114° (39.5) 23/142° (16.2) 36/212° (17.0) 1117491 (22.6)

Death or NDI, /N (%)°
Death or Profound NDI
Unimpaired/minimally impaired, n/N (%)°

60/75 (80.0)
55/75 (73.3)
9/75 (12.0)

166/245 (63.7)
136/245 (55.5)
49/245 (20.0)

129/332 (38.9)
99/332 (29.8)
89/332 (26.8)

138/405 (34.1)
96/405 (23.7)
134/405 (33.1)

483/1057 (45.7)
386/1057 (36.5)
281/1057 (26.6)

Profound CP was defined as a GMFCS level of 4 or 5. Children who were defined as GMFCS level 1 were excluded and were included in the minimally impaired group. Hearing impairment was
defined as requiring amplification. Visual impairment was defined as blind with no functional vision in 1 or both eyes. Cognitive delay was defined as a DQ score <70; if the child was unable to
complete the KSPD assessment, the pediatrician estimated the child’s developmental level as delayed or not. In cases judged as delayed, the developmental fevel was assumed to be equivalent
to a KSPD DQ of <50. NDi was defined as any of the following: CP with a GMFCS level of 210 5, hearing impairment, visual impairment, or DQ score <70. Profound NDI was defined as profound CP
and/or a DQ score of <C50. Children with an unknown CP level were classified into profound impairment.

2 (%): percentage of infants with data of the assessment.
b There were cases without the assessment.
© (%): percentage of the study population.

including 45 (8.2%) with profound GP.
Profound CP was more often found in
infants born at 22 weeks than in those
born at the other weeks. There was no
obvious association between hearing
impairment and increasing gestational
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weeks. The proportions with visual im-
pairment were equally high at 22 and 23
weeks. Cognitive delay was found in 174
(35.4%) of the 491 evaluated infants, 75
(15.3%) with a DQ between 50 and 68,
and 99 (20.2%) with a DQ =50. Of the

318 infants assessed by the KSPD, 20
(6.3%) had a DQ <<50 and 75 (23.6%)
had a DQ of 50 to 70. In infants with 22
and 23 weeks' gestational age, those
whose cognitive function was assessed
by pediatricians were more likely to
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have blindness (19%) or CP (37%) than
infants assessed by the KSPD (3% for
blindness and 9% for CP). Atotal of 208
(42.4%) fully evaluated infants had NDI,
with 111 (22.6%) having profound NDI.
The incidences of both death or NDI
and death or profound NDI were
clearly related to gestational weeks.
Overall, 281 (26.6%) of the 1057 sub-
jects were unimpaired or minimally
impaired at 3 years of age: 9 {12.0%) of
whom were born at 22 weeks' gesta-
tional age, 49 (20.0%) of whom were
born at 23 weeks’ gestational age, 89
(26.8%) of whom were born at 24
weeks’ gestational age, and 134
(33.1%) of whom were born at 25
weeks’ gestational age.

Inlogistic regression after adjusting for
biological and perinatal variables, be-
ing born at 22 weeks (OR: 5.40; 95% Cl:
248-11.76) and 23 weeks (OR: 2.14;
95% Cl: 1.38-3.32) in comparison with
the reference (24 weeks) increased the
risk of death or NDI, but being born at
25 weeks (OR: 0.65; 95% Cl: 0.45-0.95)
decreased the risk of death or NDI
When infants with birth weights <400
g were excluded from the model to
eliminate the effect of severe growth
restriction, a gestational age of 22
weeks (OR: 5.77; 95% Cl: 2.55-13.04)
and 23 weeks (0R: 2.22; 95% Cl: 1.43—

3.44) compared with a gestational age

of 24 weeks similarly increased the
risk of death or NDI.

From the systematic review, 46 pub-
lications reporting outcomes and
follow-up rates were identified, 30 of
which described outcomes at 18 to 42
months; however, only 12 included the
numbers of cases of death and NDl at 18
to 42 months for a total of 15 different
cohorts. Eight of these 15 cohorts
contained data that met the definition of
NDI'in this study. The numbers of cases
of death, NDI, and evaluated infants
were reported for a total of 9717 ex-
tremely premature infants at 18 to 42
months for all 8 publications.”™18 Year,
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country of birth, and type of study co-
hort are summarized in Table 3 and 4
by gestational weeks. Mortality rates
ranged from 64% to 100% in infants
born at 22 weeks' gestation, from 37%
to 100% at 23 weeks’ gestation, and
from 19% to 65% at 24 to 27 weeks’
gestation. Follow-up rates ranged from
0% to 100% for 22 and 23 weeks’ ges-
tation and from 70% to 99% for 24 to 27
weeks’ gestation (Table 3). The in-
cidence of death or NDI ranged from
80% to 100% for 22 weeks’ gestational
age, from 64% to 100% for 23 weeks’
gestational age, and from 36% to 82%
for 24 to 27 weeks' gestational age
(Table 4).

DiscuUssioy

In a large cohort of extremely preterm
infants born at <26 weeks’ gestational
age, we found that 50% to 60% of sur-
vivors born at 22 and 23 weeks’ ges-
tational age and ~30% of survivors at
24 and 25 weeks’ gestational age had
disability at 3 years of age in terms of
mental and psychomotor development.
On the other hand, nearly half of the
infants born even at 22 or 23 weeks,
and who had survived to 3 years of age,
were unimpaired or minimally im-
paired, although these proportions
were lower than those for infants born
at 24 or 25 weeks. The incidence of

death or ND! was clearly related to

gestational weeks, consistent with
many previous studies.35-2' Among the
survivors, however, the incidence of
NDI for those born at 22 weeks was
nearly equal to that for those born at
23 weeks. This result was probably af-
fected by the high mortality for 22
weeks, meaning that the most severe
cases born at 22 weeks died early in
life. In addition, the proportion of NDI at
22 weeks should be interpreted with
caution because the number of survi-
vors in this category was low.

The strengths of our study include the
relatively large population with a lower

mortality rate of infants born at 22 and
23 weeks than in previous studies, as
shown in Table 3. As a result, more
infants survived and could be evalu-
ated at 3 years of age.

In the evaluated infants, the propor-
tions of CP, hearing impairment, visual
impairment, and a DQ <70 were simi-
lar to those in previous studies.7.11.15.18
The incidence of profound CP was
slightly higher than in a report from
the NICHD, especially at 22 and 23
weeks.” One reason for this was that
we classified the infants with an un-
known GP level as having profound
impairment. We decided to choose the
strictest judgment for NDI because the
judgment might have a major impact
on the conclusion of the study. If the
infants with an unknown GP level were
excluded from the profound impair-
ment group, the incidence of profound
CP decreased to 2 (8.7%) for those
born at 22 weeks and to 10 (8.5%) for
those born at 23 weeks, which is equal
to the incidence in the NICHD data.”

The proportion ofinfants with aDQ <70
was higher than the proportions with
otﬁ‘é‘r impairments. Approximately half
of the infants born at 22 and 23 weeks’
gestation were found to have cognitive
delay, but the corresponding pro-
portion was one-third at 24 and 25
weeks’ gestation. Infants at 22 and 23
weeks were more likely to be judged by
a pediatrician and they more often had
other handicaps such as blindness or
CP. These impairments might prevent
completion of the KSPD test.'s Because
pediatricians were not always blinded
to perinatal and neonatal morbidities
and interventions, judgment by a pedi-
atrician without a test could result in
overestimation of the proportion of
cognitive delay in infants at 22 and 23
weeks’ gestational age. A higher in-
cidence of impaired cognitive de-
velopment in infants born at very low
gestational ages has been described in
several reports.711.1815-21.25  Although



and

environmental,

the reason is unclear, various factors
affect cognitive development, such as

socioeconomic,
nutritional factors. 819203457 |t could be

assumed that extreme prematurity of
the brain itself is ¢ritical for later brain

functions.3%-4' Cognitive delay judged

by pediatricians may have over-
estimated the number of infants with

a DQ <<50.

was the proportion of unimpaired/
minimally impaired infants: 9 (12.0%)
ofthoseborn at22weeks and49 (20.0%)

The most important result in this study

of those born at 23 weeks. The risks of
death or NDI were 5 times higher at 22
weeks' gestational age and 2 times:
higher at 23 weeks’ gestational age
than in those born at 24 weeks in a lo-

or intensive care of infants born at 22
or 23 weeks is a very controversial is-
is widespread

gistic regression model. Resuscitation
SueA2.4,7,10,12.20 There

re-

for

guidelines
suscitation of these infants have not

tively acceptable survival of the child.
the

consensus that the aim of neonatal
resuscitation should be the qualita-

However,

behavior and

tutions.#22-254243 There could be dif-
in  medical

ferences
attitudes associated with the different

been unified across countries or insti-
cultural, social, and legal backgrounds
of each country; this could affect the
survival and morbidity data of infants
born at the threshold of viability.

other cohorts, the mortality rate in this
study was lower, especially at 22 and 23
weeks, although eligibility and exclu-

Comparing death or NDI with that in

sion criteria and the follow-up rate of
the study cohorts were not all the

and Kutz

same. The incidence of death or NDI
was also low, meaning that the pro-
portion of survivors with NDI at 3 years
of age was not higher. The follow-up
et al.'”” We chose the strictest criteria

rate, however, may have affected the
proportion of NDI, the same as in

studies of Mercier et al®
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for NDI, meaning that impairments
having GP or cognitive delay without
assessment of degrees were consid-
ered as profound impairments. When
discussing intervention and treatment
of infants at the threshold of viability,
we should not do opportunistic as-

sessment because severe impairments

surviving infants and their parents for
life. This strictest criteria for NDI could

would have a major impact on the
provide overestimated

impairments

and the possible-worst outcome. Al-
though there is no definite consensus
regarding what probability of survival

without profound impairment justifies
intensive care,* the resuits of this
study provide important information to

consider in current treatment.

There are several limitations to this
Several reports on attrition in follow-

study. The first concerns the follow-up
rate, which was ~70% in infants born
at 24 and 25 weeks’ gestation. It is un-
clear how the follow-up rate affects the
true incidence of severe disability.*>46
up programs suggest that infants with
serious developmental delays or dis-

abilities are more likely to drop out of
follow-up.4™-%¢ Coincident with this, the

nonevaluated group had a higher per-

centage of IVH grade 3—4 than did the

evaluated group. This could be relevant

and confer a higher risk of NDI in the
The second limitation is a lack of reg-
istration of stillbirth and clear classi-
fications of withdrawing/withholding
intensive care in the delivery room,
which are important when we compare
the survival rate with those in other

infants.

of the total number of

cohort studies.?! The network defines
%
infants registered each year® The

stillbirth as an infant who does not
show any cardiac pulse under vigorous
resuscitation after 22 weeks of gesta-
tional age regardless of birth weight,
although the number of stillbirths was
not collected, which remained almost

constant at <1

“UMOYS 10U SBM 212D ‘— “IIOMIBN PJOIX( JUOWIBA ‘NOA Xapur jejuswdojarap Jojowoyahsd ‘|0d Xapul jejustdoipaap [ejualw ‘g ‘APnis sjauuolie1say
$33y WA $91 Uns anbiFoiolwapidl 8pni3 YL "IDVdIdI ‘SBB1L UL puRjadl J0 dyqnday sy} pue WOPBURY pajIun BU} Ul 0Fe [BU0IRISS JO S33aM PBIS|dWIOD 97 3.4048Q LIOG SIUBUY (1 Jo} Apnis 'Bunpid] ‘dnoJy Apmig wniB|ag ul sjueju) Wudjsdd AWadx3 13gid3

(L9) y&e/1glL
‘SHaOM GZ—pT
(82) £81/28
'j9oM JZ—vT

(81) ¥2/9
$Y%09M GZ-pZ

(6%) 612/9¢21
'$H99M GT—1T

(85) 88/15
‘$489M 97—
(69) £91/08
‘SHOIM JT—~¥T

(0v) 62T L/S6Y

‘$98M GZ-T

(GG) ¥82/5S1
SH9M 7

(09) 09¢/.01
'SHBIM GZ—17

(L1) ¢s/6
S4IM /7—VT

(09) £52/81
‘$YeaM GZ-1g
(8Y) LL/1¢
‘04> 10d (62) LL/T
01> [N eam 9z-v¢
(91) €91/92
SMOBM 70T

(¢h) Lov/6Y
'SHBIM CT~HZ
(6) €5/
SY8IM [T

(91) 908/08
$Y99M G772

(52) LL/61

R L T 74
(01) €94/91
“O8M [0

(88) 86Y1/56v Aejop
BAIIUB00 UO/PUE d) SYOM GT—T

(1¢) 08c/88
04> 10d *(L¥) 28T/eSL
04> 1IN $39M ¥

{61) 862/.5
'SHOIM ¥

(28) ¥11/89
(peap
$98E9 1lY)

(0) /0
(pesp
$9SED |ly)

(99) SZ/v1

(0 1/0

(¢8) vicieht

(04) g0L/eL
'$00M £7-2T

‘04> 10d *(29) Z01/29

(08) 011/88 (81) 8LL/1C

(peap
(peop $858 |ly) $8589 1Y)
(peap
(pesp sasen |iy) 8589 [|Y)
(L2) 92/ "SHPaM §T—2T -
0) L/0 (0) L/0

(29) vie/eLL
‘Rejap ampuoo Jo/pue 4o
(¥¥) ¥01/9%
(L2) S01/8¢

04> IO SHEM ¢7-3  'S}39M 97T

(¢9) geizt

(08) ¢/1
(peap
$9SB0 ||Y)

(08) T/t

(peap
59889 |1Y)

€1 si/iL
$YaMG7>

(£9) Lg/eL (¢2) ge/s
(pesp (peap
$9s80 (1Y) S9SED ||y)
(pesp (peap
$ase9 [1y) $ase0 (1Y)

(¢)G1/L1 Kejap

BAIHUB0D JO/PUB 47 SHIIM 07>

(JaJusdINW ‘60022002

‘ueipaw ow g¢ ‘ueder) Apnis uauuNg
(poseq-uoneindod ‘G661-661

‘ow g “ewusq) (81) 10413
(pased-edsoy 'y00Z-0007

‘0w 0g~pg ‘Auewdeg) (/1) U9ss3
(paseq-uonendod

‘1661 ‘0w yg ‘80uRdd) (91°G1) IDVdIdI
(peseg-uoneindod ‘gpg|

‘UBIDAW OW Q¢ "MN) (¥1'eL) | 34ndid3

(paseg-uoliejindod ‘00076661

‘ow gy—-0¢ ‘'Wnigeg) (zi'L1) 139143
(paseg-uonejndod

‘5002 ‘OW $Z "Bl{RISNY) (01'6) BIOIOIA
(JojudoIynw

‘e002-8661 ‘OW Z-81 ‘SN) (8) NOA

(483UBdINW
$00Z-¢00Z 'OW ¥2-81 "SN) (2) QHIIN

(%) syueju
paen|eajju
‘ION

(%) siuequl
pajenjeai/u
‘Refaq anudon

(%) siuesu|
poleniealu
dd

(%) sueyu)
pajen|eAz/u
IaN

(%) siueyuy
pajen|eajju
‘Rejog aMuudon

(%) sueju|
palen|eAz/u

90

(%) siueju|
palenjea3ju
‘ION

(%) sjueyul
pajen|jeaz/u

‘el amugon d49

(%) siuequ
pajen|eA3/u

MM L5~V

SHB9M €7

SHOOM ¢

(Rpmg 40 9dAL ‘y1ug JO Jeak
‘dn-mo}104 1e 88y ‘U011B007)
(90UsJaaY) BWeN Apnig

MaIAaY O1IBWIBISAS BUY WO UONRISAY ,S4aoM §7 PUE 77 18 Udog SuBju| PAIEN{eAd sy} Jo ARIaQ BAIU0Y PUB d) & JTEVE

ISHI et al

68



numbers of stillbirths or deaths in the
delivery room in hospitals other than
the participating centers were also not
collected. The mortality rate, however,
did not change after excluding the
outborn infants in this study, as shown
in Table 3.

The last limitation concerns the use of
the KSPD test for cognitive evaluation.
Althoughthe KSPD testis writtenonly in
Japanese, it is a validated and stan-
dardized developmental test battery
available for all centers participating in
the follow-up study in Japan.32 KSPD
assessment is not comparable to, for
instance, the Bayley Scales of Infant
Development {il, which is widely used
for cognitive evaluation at this age.s°
Additionally, we could not collect so-
cioeconomic information, which is
known to be associated with infants’
future developmental state® The
quality of life of the infants, their later
neurologic outcomes, and academic
and social achievements into adult-
hood should also be elucidated in fu-
ture studies.

REFERENCES

1. Itabashi K, Horiuchi T, Kusuda S, et al.
Mortality rates for extremely low birth
weight infants born in Japan in 2005. Pe-
diatrics. 2009;123(2):445-450

2. Hakansson S, Faroogi A, Holmgren PA,
Serenius F, Hogberg U. Proactive manage-
ment promotes outcome in extremely pre-
term infants: a population-based comparison
of two perinatal management strategies.
Pediatrics. 2004;114(1):58-64

3. Stoll BJ, Hansen NI, Bell EF, et al; Eunice
Kennedy Shriver National Institute of Child
Health and Human Development Neonatal
Research Network. Neonatal outcomes of
extremely preterm infants from the NICHD
Neonatal Research Network. Pediatrics.
2010;126(3):443-456

4. Rijken M, Veen S, Walther FJ. Ethics of
maintaining extremely preterm infants.
Pediatr Child Health. 2007;17(2):58-863.
Available at: www.sciencedirect.com/science/
article/pii/S$1751722207000030

5. Kusuda S, Fujimura M, Sakuma |, et al;
Neonatal Research Network, Japan. Morbidity

PEDIATRICS Volume 132, Number 1, July 2013

CONCLUSIONS

Infants born at 22 and 23 weeks’ ges-
tation were at higher risk of death or
ND! than infants born at 24 and 25
weeks’ gestation, but outcomes were
improved compared with those in pre-
vious studies from a systematic review.
There is a need for additional discus-
sions on interventions for infants born at
22 or 23 weeks’ gestation.

AGHNOWLEDGMENTS

Institutions enrolled in the follow-up
study of the Neonatal Research Net-
work, Japan, were as follows: Kushiro
Red Cross Hospital, Aomori Prefectural
Central Hospital, lwate Medical University,
Sendai Red Cross Hospital, Fukushima
Medical University, Tsukuba University,
Dokkyo Medical University, Jichi Medical
University, Gunma Children’s Medical
Center, Saitama Children’s Medical
Center, Saitama Medical University, Tokyo
Women’s Medical University, Aiiku Hospi-
tal, Nihon University ltabashi Hospital,
Teikyo University, Showa University,

and mortality of infants with very low
birth weight in Japan: center variation.
Pediatrics. 2006;118(4). Available at: www.
pediatrics.org/cgi/content/full/118/4/
e1130

6. Kusuda S, Fujimura M, Uchiyama A, Totsu S,
Matsunami K; Neonatal Research Network,
Japan. Trends in morbidity and mortality
among very-low-birth-weight infants from
2003 to 2008 in Japan. Pediatr Res. 2012;72
(5):531-538

7. Hintz SR, Kendrick DE, Wilson-Costello DE,
et al; NICHD Neonatal Research Network.
Early-childhood neurodevelopmental out-
comes are not improving for infants born
at <25 weeks' gestational age. Pediatrics.
2011;127(1):62-70

8. Mercier CE, Dunn MS, Ferrelli KR, Howard
DB, Soll RF; Vermont Oxford Network
Extremely Low Birth Infants Follow-Up
Study Group. Neurodevelopmental out-
come of extremely low birth weight infants
from the Vermont Oxford Network: 1998-
2003. Neonatology. 2010,97(4):329-338

dJapan Red Cross Medical Center, Toho
University, Tokyo Metropolitan Bokuto
Hospital, Kanagawa Children’s Medical
Center, Yamanashi Prefectural Gentral
Hospital, Nagano Children’s Hospital, lida
Municipal Hospital, Nagaoka Red Cross
Hospital, Ishikawa Prefectural Central

Hospital, Seirei Hamamatsu General
Hospital, Nagano Red Cross First Hospi-
tal, Mie Central Medical Center, Ohtsu
Red Cross Hospital, Kyoto Red Cross First
Hospital, Yodogawa Christian Hospital,
Osaka Medical Genter and Research In-
stitute for Maternal and Child Health,
Takatsuki General Hospital, Kansai
Medical University Hirakata Hospital,
Osaka City General Hospital, Aizenbashi
Hospital, Wakayama Medical University,
Kurashiki Central Hospital, Hiroshima
Prefectural Hospital, Kagawa University,
Kagawa Children’s Hospital, Ehima Pre-
fectural Gentral Hospital, Kochi Health
Sciences Center, National Kyushu Medi-
cal Center, St Mary’s Hospital, Fukuoka
University, Ohita Prefectural Hospital,
and Okinawa Chubu Hospital.

9. Doyle LW, Roberts G, Anderson PJ; Victorian
Infant Collaborative Study Group. Outcomes
at age 2 years of infants < 28 weeks’
gestational age born in Victoria in 2005. J
Pediatr. 2010;156(1):49-53, el

10. Doyle LW, Victorian Infant Collaborative
Study Group. Neonatal intensive care at
borderline viability—is it worth it? Early
Hum Dev. 2004;80(2):103—113

11. De Groote |, Vanhaesebrouck P, Brunee! E,
et al; Extremely Preterm Infants in Belgium
(EPIBEL) Study Group. Outcome at 3 years
of age in a population-based cohort of ex-
tremely preterm infants. Obstet Gynecol.
2007;110(4):855-864

12. Vanhaesebrouck P Allegaert K, Bottu J,
et al; Extremely Preterm Infants in Belgium
Study Group. The 'EPIBEL study: outcomes to
discharge from hospital for extremely
preterm infants in Belgium. Pediatrics.
2004;114(3):663-675

13. Wood NS, Marlow N, Costeloe K, Gibson AT,
Wilkinson AR. Neurologic and develop-
mental disability after extremely preterm

69



20.
* NR, Connett JE. Survival and long-term -

21

22.

23.

70

birth. EPICure Study Group. N Engl J Med.
2000;343(6):378-384

. Costeloe K, Hennessy E, Gibson AT, Marlow

N, Wilkinson AR. The EPICure study: out-
comes to discharge from hospital for
infants born at the threshold of viability.
Pediatrics. 2000;106(4):659-671

. Bodeau-livinec F, Marlow N, Ancel PY,

Kurinczuk JJ, Costeloe K, Kaminski M. Impact
of intensive care practices on shortterm
and long-term outcomes for extremely pre-
term infants: comparison between the Brit-
ish Isles and France. Pediatrics. 2008;122(5).
Available at: www.pediatrics.org/cgi/content/
full/122/5/e1014

. Larroque B, Bréart G, Kaminski M, et al.

Survival of very preterm infants: Epipage,
a population bassed cohort study. Arch Dis
Child Fetal Neonatal Ed. 2004;89(2):F139—
F144

. Kutz P, Horsch §, Kiihn L, Roll C. Single-

centre vs. population-based outcome data
of extremely preterm infants at the limits
of viability. Acta Paediatr 2009;98(9):1451—
1455

. Kamper J, Feilberg Jergensen N, Jonsbo F,

Pedersen-Bjergaard L, Pryds 0; Danish
ETFOL Study Group. The Danish national
study in infants with extremely low gesta-
tional age and birthweight (the ETFOL
study): respiratory morbidity and outcome.
Acta Paediatr. 2004;93(2):225-232

. Hintz SR, Kendrick DE, Vohr BR, Poole WK,

Higgins RD; National Institute of Child
Health and Human Development Neonatal
Research Network. Changes in neuro-
developmental outcomes at 18 to 22 months’
corrected age among infants of less than 25
weeks' gestational age born in 1993-1999.
Pediatrics. 2005;115(6):1645-1651

Hoekstra RE, Ferrara T8, Couser RJ, Payne

neurodevelopmental outcome of extremely
premature infants born at 23-26 weeks’
gestational age at a tertiary center. Pedi-
atrics. 2004;113(1 pt 1). Available at: www.
pediatrics.org/cgi/content/full/113/1/e1
Rattihalli RR, Lamming CR, Dorling J, et al.
Neonatal intensive care outcomes and re-
source utilisation of infants born <26
weeks in the former Trent region: 2001-
2003 compared with 1991-1993. Arch Dis
Child fetal Neonatal Ed. 2011,96(5):F329—
F334

Lorenz JM, Paneth N. Treatment decisions
for the extremely premature infant. J
Pediatr. 2000;137(5):593-535

Partridge JG, Freeman H, Weiss E, Martinez
AM. Delivery room resuscitation decisions
for extremely low birthweight infants in
California. J Perinatol. 2001;21(1):27-33

ISHI! et al

24.

25.

26.

271

28.

29.

30.

31.

32.

33.

34.

35.

36.

Peerzada JM, Richardson DK, Burns JP.
Delivery room decision-making at the
threshold of viability. J Pediatr. 2004;145(4):
492-498

Nuffield Council on Bioethics. The ethics of
premature delivery. Lancet. 2006;368(3550):
1844

Kono Y, Mishina J, Yonemoto N, Kusuda S,
Fujimura M. Outcomes of very low birth
weight infants at 3 years of age born in
2003-2004 in Japan. Pediatr Int. 2011;53(6):
1051-1058

Kono Y, Mishina J, Yonemoto N, Kusuda S,
Fujimura M; NICU-Network, Japan. Neonatal
correlates of adverse outcomes in very low
birth weight infants in the NICU Network.
Pediatr Int. 2011;53(6):930—-335

Papile LA, Burstein J, Burstein R, Koffler H.
Incidence and evolution of subependymal
and intraventricular hemorrhage: a study
of infants with birth weights less than
1,500 gm. J Pediatr 1978;92(4):529-534
Bell MJ, Ternberg JL, Feigin RD, et al. Neo-
natal necrotizing enterocolitis: therapeutic
decisions based upon clinical staging. Ann
Surg. 1978;187(1):1-7

Bax MGC. Terminology and classification of
cerebral palsy. Dev Med Child Neurol. 1964;
6(3):295-297

Palisano R, Rosenbaum P, Walter S, Russell
D, Wood E, Galuppi B. Development and
reliability of a system to classify gross
motor function in children with cerebral
palsy. Dev Med Child Neurol 1997;39(4):
214-223

Society for the Kyoto Scale of Psychological
Development Test, ed. Shinpan K Shiki
Hattatsu Kensahou 2001 Nenban [The Kyoto
Scale of Psychological Development Test
2001]. Kyoto, Japan: Nakanishiya Shuppan;
2008

Vohr BR, Wright LL, Dusick AM, et al. Neu-
rodevelopmental and functional outcomes
of extremely low birth weight infants in the
National Institute of Child Health and Hu-
man Development Neonatal Research Net-
work, 1993-1994. Pediatrics. 2000;105(6):
1216-1226

Vohr BR, Wright LL, Poole WK, McDonald SA.
Neurodevelopmental outcomes of ex-
tremely low birth weight infants <32
weeks' gestation between 1993 and 1998.
Pediatrics. 2005;116(3):635~643

Oishi M, Nishida H, Sasaki T. Japanese ex-
perience with micropremies weighing less
than 600 grams born between 1984 to 1993.
Pediatrics. 1997,99(6):E7
Kiechl-Kohlendorfer U, Ralser E, Pupp
Peglow U, Reiter G, Trawdger R. Adverse
neurodevelopmental outcome in preterm
infants: risk factor profiles for different

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

gestational ages. Acta Paediatr. 2009;38(5):
792-796

Wood NS, Costeloe K, Gibson AT, Hennessy
EM, Mariow N, Wilkinson AR; EPICure Study
Group. The EPiCure study: associations and
antecedents of neurological and develop-
mental disability at 30 months of age fol-
lowing extremely preterm birth. Arch Dis
Child Fetal Neonatal Ed. 2005;90(2):F134—
F140

Carlo WA, McDonald SA, Fanaroff AA, et al;
Eunice Kennedy Shriver National Institute of
Child Health and Human Development
Neonatal Research Network. Association of
antenatal corticosteroids with mortality
and neurodevelopmental outcomes among
infants born at 22 to 25 weeks’ gestation.
JAMA. 2011;306(21):2348-2358

Luu TM, Ment L, Allan W, Schneider K, Vohr
BR. Executive and memory function in
adolescents born very preterm. Pediatrics.
2011;127(3). Available at: www.pediatrics.
arg/cgi/content/full/127/3/e639

Taylor HG, Minich N, Bangert B, Filipek PA,
Hack M. Longterm neuropsychological
outcomes of very low birth weight: asso-
ciations with early risks for periventricular
brain insults. J Int Neuropsychol Soc. 2004;
10(7):987-1004

Taylor GH, Klein NM, Minich NM, Hack M.
Verbal memory deficits in children with
less than 750 g birth weight. Child Neuro-
psychol. 2000;6(1):49-63

Paris JJ. Resuscitation decisions for “fetal
infants”. Pediatrics. 2005;115(5):1415

Bell EF; American Academy of Pediatrics
Committee on Fetus and Newborn. Non-
initiation or withdrawal of intensive care
for high-risk newborns. Pediatrics. 2007;
119(2):401-403

Parikh NA, Arnold C, Langer J, Tyson JE.
Evidence-based treatment decisions for
extremely preterm newborns. Pediatrics.
2010;125(4):813-818

Fewtrell MS, Kennedy K, Singhal A, et al.
How much loss to follow-up is acceptable
in long-term randomised trials and pro-
spective studies? Arch Dis Child. 2008;93(6):
458461

Guillén U, DeMauro S, Ma L, et al. Re-
lationship between attrition and neuro-
developmental impairment rates in
extremely preterm infants at 18 to 24
months: a systematic review. Arch Pediatr
Adolesc Med. 2012;166(2):178—184
Callanan G, Doyle L, Rickards A, Kelly E, Ford
G, Davis N. Children followed with difficulty:
how do they differ? J Paediatr Child Health.
2001;37(2):152-156

Catlett AT, Thompson RJ Jr, Johndrow DA,
Boshkoff MR. Risk status for dropping out



of developmental followup for very low
birth weight infants. Public Health Rep.
1993;108(5):589-594

49, Aylward GP, Hatcher RP, Stripp B, Gustafson
NF, Leavitt LA. Who goes and who stays: sub-

PEDIATRICS Volume 132, Number 1, July 2013

ject loss in a multicenter, longitudinal follow- 51. Wilson-Costello D, Friedman H, Minich N,

up study. J Dev Behav Pediatr 1985,6(1):3-8 et al. Improved neurodevelopmental out-

50. Bayley N. Bayley Scales of Infant and Tod- comes for extremely low birth weight
dler Development. 3rd ed. San Antonio, TX: infants in 2000-2002. Pediatrics. 2007;119
Pearson Education Inc; 2006 (1):37-45

A GLANGE INTD THE FUTURE: FECAL TRANSPLANTS FOR WEIGHT LOSS: Fach day |
am bombarded with information about how to lose weight. There seems to be an
almost endless array of diet or exercise recommendations and oodles of gadgets
“guaranteed”to work. In the past few months, one of my relatives has tried to lose
weight following the South Beach diet, then a Paleolithic diet, and most recently
using a smart phone application. Maybe she should try a fecal transplant. As
reported in The New York Times .(Health: March 28, 2013), the bacterial flora in
our guts may be at least partially responsible for weight loss or gain.
Researchers have never quite understood all the reasons why people lose weight
following gastric bypass surgery. However, in a recent study conducted in mice,
researchers concluded that approximately 20% of the weight loss is most likely
due to a change in bacterial flora. Fattened mice that underwent gastric bypass
surgery lost weight and had altered intestinal flora. Mice that underwent a sham
surgery where the intestine was simply severed and re-anastomosed did not lose
weight and the microbiota did not change. Next, intestinal contents from each
group were transplanted into mice lacking intestinal flora. The mice that received
material from the bypass surgery group lost weight while the mice receiving
material from the sham group did not. In a study conducted in adults with po-
tential gastrointestinal disorders, researchers found that indirect evidence ofthe
presence of Methanobrevibacter smithii in the gut was directly related to body
mass. The individuals with the highest levels of methane and hydrogen on breath
tests were more likely to have more body fat. One possible explanation for this
finding is that M. smithii may contribute to the breakdown of foodstuffs, making
more calories available. The general dieter may not be ready for a fecal trans-
plant to help increase weight loss, but the more we learn about our gut and the
bacteria that inhabit it, the more we realize how intertwined we are.

Noted by WVR, MD
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