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Abstract

Objective—To examine rates of discordance in neonatal risk factors and neurodevelopmental
outcomes within very low birth weight twin pairs and factors associated with discordant outcomes.

Study Design—Rates of neonatal risk factors and neurodevelopmental outcomes and
discordance in outcomes were examined for 88 very low birth weight twin pairs born 1990-2005
and followed through 20 months corrected age.

Results—Discordance rates ranged from 17-42% for neonatal risk factors and 18-31% for
neurodevelopmental outcomes. In regression analysis, affected co-twins were significantly more
likely to have had an abnormal cerebral ultrasound than their unaffected co-twins in pairs
discordant for cerebral palsy (OR: 13.00, 95% CI: 2.22-76.03) and in pairs discordant for
neurodevelopmental impairment (OR: 4.00, 95% CI: 1.13-14.18). Outcomes and discordance in
outcomes were similar for monochorionic and dichorionic pairs.

Conclusion—Despite shared genetics and risk factors, twins may have discordant outcomes.
Information on discordant neonatal and neurodevelopmental outcomes is important for counseling
families of twins.

Keywords
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INTRODUCTION

The rate of multiple births has increased dramatically since 19801 with twins accounting for
a significant portion of preterm births.2~* Approximately 8-10% of all twins are born of
very low birth weight (VLBW, <1.5kg) 1 and 12.5% at less than 32 weeks gestation.# These
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infants are at risk for both neonatal morbidities including periventricular hemorrhage and
bronchopulmonary dysplasia (BPD) and later neurodevelopmental disabilities such as
cerebral palsy and cognitive impairments.3: 56

Multiple factors influence the neurodevelopmental outcomes of VLBW infants. These
include gestational age, birth weight, and intrauterine growth failure as well as neonatal
morbidities and socioeconomic factors such as maternal education.3 5-8 Chorionicity may
be an additional risk factor for twins with some studies reporting higher rates of neonatal
and neurodevelopmental morbidities in monochorionic than dichorionic pairs.”~10

Because individuals within a twin pair (co-twins) share a genetic background as well as
many perinatal risk factors and the postnatal environment, they may be expected to have
similar neurodevelopmental outcomes. However, differences in neonatal morbidities
between co-twins may lead to discordant neurodevelopmental outcomes. Previous research
has examined the effect of birth weight discordance on overall neonatal morbidity!1-13 and
neurodevelopmental outcomes®-10: 14 in populations spanning a wide range of gestational
age with variable results. Although the relationship of discordant neonatal cerebral
ultrasound findings to neurodevelopmental outcomes in co-twins has previously been
reported,1® to our knowledge the rates of discordant neurodevelopmental outcomes within
VLBW twin pairs or their relationship to discordance in other neonatal risk factors have not
been examined. Information regarding the potential discordance in outcomes of VLBW co-
twins is important to provide anticipatory guidance to families of twins and to focus
intervention efforts. We thus sought to examine rates of discordance in neonatal risk factors
and 20 month neurodevelopmental outcomes within VLBW twin pairs and factors
associated with discordant neurodevelopmental outcomes. We hypothesized that
discordance in neurodevelopmental outcomes within pairs would be associated with
discordance in neonatal risk factors.

POPULATION AND METHODS

The population included 88 twin pairs (176 infants) admitted to the Rainbow Babies and
Children’s Hospital neonatal intensive care unit between 1990 and 2005 in which both co-
twins were live-born, had a birth weight <1.5 kg, were free of major congenital
malformations, and who had developmental follow up at 20 months corrected age.
Information on infants excluded or lost to follow up is shown in Figure 1.

Maternal, Perinatal, and Neonatal Data Collection[CWRU1]

Perinatal and neonatal data were extracted from the hospital chart at the time of neonatal
discharge. Sociodemographic information included level of maternal education and race/
ethnicity. Perinatal factors considered included antenatal steroid therapy, type of delivery,
and low Apgar scores (<5 at 5 minutes) as well as birth weight, gestational age, and
intrauterine growth failure defined as small for gestational age (SGA) based on birth weight
less than the10t™ percentile for gestational age!®. Gestational age was determined from the
date of the mother’s last menstrual period and was confirmed with obstetric measures,
including ultrasonographic findings in the majority of cases]lCWRUZ2]. Neonatal risk factors
considered included a severely abnormal cerebral ultrasound (grade 1111V intraventricular
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hemorrhage, periventricular leukomalacia, or ventricular dilation at discharge), BPD
(oxygen requirement at 36 weeks corrected age), and culture-proven sepsis and/or
necrotizing enterocolitis (NEC).

For the present study, we also reviewed birth charts for information on infertility treatment
and placental chorionicity. The chorionicity was obtained from the placental pathology
report when available (n=65) or determined from maternal obstetric ultrasound report (n=4),
gender difference between co-twins (n=6), blood type difference (n=6), or chart notes (n=2).
We could not determine chorionicity in 5 twin pairs. Furthermore, we were unable to
classify same gender, dichorionic pairs as monozygotic or dizygoticfCWRU3] as genetic
markers were not examined.

Neurodevelopmental Outcome Measures

The infants were followed longitudinally until a corrected age of 18-20 months according to
the protocol of the ongoing neonatal follow-up program at Rainbow Babies and Children’s
Hospital. At 18-20 months, the follow-up assessment included [CWRU4]a neurologic
examination of muscle tonel” and a developmental assessment. Cerebral palsy was defined
as a persistent disorder of movement and posture attributable to a non-progressive
disturbance of brain development!8 and diagnosed on the basis of abnormal muscle tone in
one or more extremities. This included spastic diplegia, hemiplegia, and quadriplegia.
Developmental outcome was assessed using the Bayley Scales of Infant Development
Mental Developmental Index (MDI) by a developmental specialist who was blind to the
neonatal course of the child. Children born in 1990 and1991 (n= 16 pairs) were tested with
the original Bayley Scales of Infant Development (Bayley 1)1° and those born between 1992
and 2005 (n= 72 pairs) with the revised Bayley 11 Scales.2 The Bayley Il was considered
the primary outcome measure for this study. For group analysis, we used [CWRU5]a
correction factor for infants tested with the Bayley | based on the published differences from
a sample of 200 children given both versions in counter-balanced order.2% The correction
factor ranged from O points for an MDI of 50 on the Bayley | to 13.5 points for an MDI of
123-127. Neurodevelopmental impairment was defined as one or more of the following:
subnormal MDI (<70), cerebral palsy, deafness requiring amplification, and/or unilateral or
bilateral blindness.

Parents provided written informed consent for participation in the follow-up study. The
Institutional Review Board of University Hospitals Cleveland Case Medical Center
approved both the follow-up study and the chart review.[CWRUG6]

Data Analysis

Statistical comparisons were made using t tests for continuous variables and 32 analyses for
categorical variables. Degree of discordance in birth weight was calculated as the difference
in birth weight between co-twins divided by the birth weight of the larger co-twin and
expressed as a percentage.?! Pairs with a discordance value greater than 15% were
considered birth weight discordant.2 Neonatal risk factors considered included severe
cerebral ultrasound abnormality, BPD, and sepsis and/or NEC. These two latter risk factors
were considered together due to the fact that most cases of NEC are blood culture positive.
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Neurodevelopmental outcomes considered included cerebral palsy, subnormal MDI (MDI<
70), and neurodevelopmental impairment. We considered twin pairs to be discordant for
each of the neonatal risk factors or neurodevelopmental outcomes when one co-twin had the
risk factor or adverse outcome while the other did not.

Logistic regression analyses using generalized estimating equations (GEE) were conducted
to examine the association of gender, birth order (first versus second twin), and neonatal risk
factors with neurodevelopmental outcomes within the pairs discordant for each of the
neurodevelopmental outcomes. Twin pairing was taken into account to adjust for the non-
independence of outcomes within twin pairs. Risk factors were analyzed individually due to
the small sample size of pairs discordant for each outcome. GEE is a regression method that
extends generalized linear models for examining associations between variables to allow for
correlated observations (e.g. twin pairings) and is especially useful in examining predictors
of binary outcomes (e.g., the presence versus the absence of a given developmental
outcome). Because co-twins have the same gestational age, race, and maternal
socioeconomic status, these were not adjusted for in this analysis. Gender was not
significant in univariate analysis and thus was not adjusted for in analysis of other risk
factors among discordant pairs.

For the pairs with known chorionicity (n= 83), GEE were used to examine the association of
chorionicity (monochorionic versus dichorionic) with neonatal risk factors and
neurodevelopmental outcomes. We controlled for gestational age, gender, and maternal
education in this analysis. Monochorionic-monoamniotic and monochorionic-diamniotic
pairs were considered together due to the small number of monoamniotic pairs. P values
<0.05 were considered significant in all analyses.

Sociodemographic, Perinatal, and Birth Data

Table 1 presents a description of the sociodemographic, perinatal, and birth data. Mean birth
weight and gestational age for the sample were 1018g and 27.6 weeks respectively with 18%
SGA. The majority of twin pairs had dichorionic-diamniotic placentas. For pairs born by
Cesarean section, equal numbers of first- and second-born co-twins had low five-minute
Apgars scores [4/50 (8%)] with data missing for 1 pair. For those born vaginally 5/37 (14%)
of first-born and 9/37 (24%) of second-born twins had low Apgar scores. Significantly fewer
second-born twins born via Cesarean section had low Apgar scores than those born
vaginally [4/50 (8%) vs. 9/37 (24%), p=0.04].

Compared to the 88 twin pairs included in the study, the 61 surviving pairs of whom both
had a birth weight less than 1.5 kg and were free of major congenital malformations but
were lost to follow up had a significantly higher mean birth weight (1202 £194g vs.
1018+225¢g; p<0.001) and gestational age (29.2+1.9 weeks vs. 27.6+2.0 weeks; p<0.001) as
well as lower rates of BPD (16% vs. 30%; p<0.01) and sepsis/NEC (27% vs. 44%; p<0.01).
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Neonatal Risk Factors and Neurodevelopmental Outcomes

Of the total population of 176 infants, 19 (11%) had a severely abnormal cerebral
ultrasound, 52 (30%) BPD, and 77 (44%) sepsis/NEC. On follow up at 20 months corrected
age, 16 (9%) had cerebral palsy, 47 (27%) MDI<70, 7 (4%) deafness, 1 (1%) blindness, and
53 (30%) neurodevelopmental impairment. The mean MDI for the population was 81 (SD:
17).

Discordance within Twin Pairs

The mean birth weight difference between co-twins was 121g (SD: 106; range: 4—-672) with
a birth weight discordance of greater than 15% in 17 (19%) pairs. The mean difference in
MDI between co-twins was 10 points (SD: 10; range 0-46) with a difference greater than
1SD in 27% of pairs.

To examine rates of discordance between co-twins in the 88 pairs, each pair was classified
as both co-twins having the specific neonatal risk factor or neurodevelopmental outcome, as
discordant with only one co-twin affected and the other not affected, or as neither having the
risk factor or outcome (Table 2). Rates of discordance between co-twins for neonatal risk
factors ranged from 17% for abnormal cerebral ultrasound to 42% for sepsis/NEC. For
neurodevelopmental outcomes, rates of discordance were 18% for cerebral palsy, 28% for
MDI <70, and 31% for neurodevelopmental impairment.

Factors Associated with Discordant Neurodevelopmental Outcomes

Table 3 shows the comparison of the rates of each neonatal risk factor for the co-twins with
and without the adverse outcomes in the discordant pairs and the results of the regression
analysis. GEE regression analysis revealed that the only neonatal risk factor that was
significantly associated with discordance in 20 month outcomes was a severely abnormal
cerebral ultrasound. This was associated with both cerebral palsy (OR 13.00, 95% CI: 2.22—
76.03; p<0.01) and neurodevelopmental impairment (OR 4.00, 95% CI: 1.13-14.18; p<0.05)
in pairs discordant for these outcomes. Among the 16 pairs discordant for cerebral palsy,
75% of the children with cerebral palsy had an abnormal ultrasound compared to 19% of
those without cerebral palsy. Similarly, in the 27 pairs discordant for neurodevelopmental
impairment, significantly more co-twins with impairment had an abnormal ultrasound (33%)
compared to those without impairment (11%). There was a trend (p=0.06) for SGA to be
associated with an MDI <70 in discordant pairs; however, the number of infants who were
SGA in pairs discordant for MDI<70 was low[CWRU?7] (n=6).

Rates of discordant outcomes in the 17 pairs with birth weight discordance greater than 15%
were not significantly different from discordance rates in the 71 pairs with concordant birth
weights for cerebral palsy [3/17 (18%) vs. 13/71 (18%)], MDI<70 [3/17 (18%) vs. 22/71
(31%)], or neurodevelopmental impairment [3/17 (18%) vs. 24/71 (34%)].

Chorionicity

For the twins with known chorionicity (n=83 pairs; 166 infants), there were no differences in
rates of neonatal risk factors or neurodevelopmental outcomes between the 44
monochorionic (22 pairs) and the 122 dichorionic (61 pairs) twin infants with the exception
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that significantly more infants from monochorionic pairs were born SGA [14/44 (32%) vs.
13/122 (11%)] (Supplemental Table). Rates of discordance for neurodevelopmental
outcomes between co-twins were also not significantly different for the 22 monochorionic
versus the 61 dichorionic pairs [4/22 (18%) vs. 11/61 (18%) for discordance in cerebral
palsy; 5/22 (23%) vs. 18/61 (30%) for discordance in MDI<70; and 5/22 (23%) vs. 19/61
(31%) for discordance in neurodevelopmental impairment].

DISCUSSION

Twins have an increased risk of preterm birth and VLBW which are associated with risks of
both neonatal and neurodevelopmental morbidity. Given the high percentage of twins born
preterm, specific information on their outcomes is needed to provide anticipatory guidance
and support for families. We thus sought to describe the rates of neonatal risk factors and 20
month neurodevelopmental outcomes in a cohort of VLBW twin pairs in which both co-
twins were followed through 20 months corrected age and to examine discordance in
outcomes between co-twins. Our results revealed that despite having shared genetic,
demographic, and environmental risk factors, between 17 and 42% of VLBW twin pairs
were discordant in neonatal risk factors and between 18 and 31% had discordant
neurodevelopmental outcomes. Discordance for cerebral palsy and neurodevelopmental
impairment was associated with discordance in abnormal neonatal cerebral ultrasound
findings.

The only study of discordance in neonatal risk factors and neurodevelopmental outcomes
has been that of Resch et al.1> who followed 18 preterm twin pairs discordant for cystic
periventricular leukomalacia and found significantly higher rates of cerebral palsy and
intellectual disability in the affected compared to unaffected co-twins. Previous older studies
which included both term and preterm report discordance rates for cerebral palsy in the
range of 45 to 75%.22 Information on neonatal risk factors was not reported in these studies.

We hypothesized that discordance in neurodevelopmental outcomes within pairs would be
associated with discordance in neonatal risk factors. We confirmed this for an abnormal
cerebral ultrasound but not for BPD or sepsis/NEC. Rates of neonatal cerebral injury on
ultrasound were significantly higher for affected compared to unaffected co-twins in pairs
discordant for cerebral palsy or for neurodevelopmental impairment. Our results are
consistent with those of Resch et al.1® as well as other investigations showing a strong
association between cerebral ultrasound lesions and adverse neurodevelopmental
outcomes.3 23

We also found a trend for an association between being born SGA and having an MDI<70 in
our twin pairs discordant for MDI<70. Intrauterine growth restriction is a risk factor for
poorer cognitive outcome.24 In this regard, Monset-Couchard et al.? reported more speech
and behavioral problems in SGA twins and triplets compared to their appropriately-grown
co-twin/triplets.

Birth weight discordance in twin pairs may indicate growth restriction in the smaller co-
twin2 21, Previous studies have shown a correlation between birth weight differences in term
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and preterm twins and differences in results of cognitive or developmental testing with
smaller co-twins having lower scores.14: 26 In our study, discordance in birth weight greater
than15% was not associated with discordance for 20 month outcomes. Because infants with
birth weights above 1.5 kg are not included in the follow-up program at our institution, we
were not able to examine discordant outcomes in pairs in which only one co-twin was
VLBW. This limited our ability to detect effects of birth weight discordance. As growth of
twins diverges more as gestation advances,2’ birth weight discordance may be a more
important contributor to discordant developmental outcomes in twins born at later
gestational ages than our population. Adegbite et al.? report an increased risk of adverse
neurodevelopmental outcomes for both the growth-restricted and appropriately-grown co-
twins from birth weight discordant pairs, but differences within pairs were not examined.

Birth order potentially influences outcomes for twins with an increased risk of adverse
perinatal outcomes for second born twins.28-29 Similar to our findings, Wadhawan et al.30
did not find significant differences in rates of adverse outcomes in first versus second born
extremely low birth weight twins. As suggested by the lower rates of low Apgar scores in
our second-born twins born via Cesarean section than in those born vaginally, the lack of an
effect of birth order on outcome discordance is likely related to the fact that during recent
years a large percentage of preterm twins are delivered via cesarean section.

Previous studies have reported shorter gestations and lower birth weights’~10 in
monochorionic versus dichorionic twins as well as a higher incidence of intrauterine

death® 10 and neonatal”~8 and neurodevelopmental morbidity®-10 in monochorionic pairs.
We found similar rates of neonatal risk factors and adverse neurodevelopmental outcomes in
the infants from monochorionic and dichorionic pairs with the exception of a significantly
higher rate of SGA births in infants from monochorionic pairs. Others also report higher
rates of SGA in monochorionic twins’ 31 related to factors such as placental sharing and
abnormal umbilical cord insertion.21: 32 The lack of an effect of chorionicity on other
neonatal morbidities and later outcomes in our study may be due to our focus on a
population of VLBW infants while many previous investigations have included twins born
at a wider range of gestational age. Adegbite et al.® found higher rates of
neurodevelopmental morbidity for monochorionic than dichorionic twins with birth weights
greater than 1 kg, but rates did not differ by chorionicity for twins with birth weights less
than 1 kg. Another factor that may have contributed to the lack of differences in our study is
that we excluded pairs in which one co-twin was stillborn. Intrauterine death of a co-twin is
a known risk factor for cerebral palsy,33-34 especially in monochorionic twins.®

Some of the increased morbidity for monochorionic twins in previous studies is attributable
to complications specific to monochorionic pregnancy such as twin-twin transfusion
syndrome.®-10 While some of our monochorionic pairs (7/22) were known to have such
complications, we did not account for this in our analysis as we could not reliably identify
these complications in the other monochorionic pairs.

This study was unique in that it focused on twins born of VLBW and examined rates of
discordance within pairs of both neonatal risk factors and neurodevelopmental outcomes.
Complete neonatal and 20 month outcome data was available for each of the included pairs
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and was prospectively collected. We were also able to examine effects of chorionicity as
data was available regarding placental type for 94% of the pairs.

Limitations include the fact that our outcome rates for VLBW twins are only for pairs in
which both co-twins survived and that the children were only followed through 20 months.
Cognitive scores may improve in later childhood,3® and some neurodevelopmental sequelae
of prematurity such as learning disabilities may not be apparent until school age.®

This study represents a predominantly urban population and may not be generalizable to
more suburban or rural populations. The twin pairs who were lost to follow up had a higher
mean birth weight and gestational age than the pairs included in the study and thus likely
had lower rates of adverse neurodevelopmental outcomes. Another limitation of this study is
that the number of pairs with discordance for specific outcomes provided limited power to
detect risk factor differences.

Previous studies have shown elevated rates of parental stress and depression associated with
twin birth,36-37 VLBW,38 and neurodevelopmental impairment.3° Discordance in neonatal
morbidity and neurodevelopmental outcomes may increase stress on families who not only
have a child with a disability but also have twins with vastly different developmental
abilities. Differences in health and ability may also influence the parents’ relationships with
the twins.*% Improved understanding of outcomes for VLBW twins can lead to more
informed anticipatory guidance, counseling, and support for their families. Additionally,
knowing which children are most at risk can help focus intervention efforts.

Future research should include examination of the effect of discordant twin outcomes on the
family, assessment of discordance in neurodevelopment outcomes in older children, and
investigation of other factors that may contribute to discordant outcomes such as twin-twin
transfusion syndrome.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Very low birth weight twins
admitted to Rainbow NICU
N=>548 infants

—

v

408 Infants = 204
Matched pairs

v

88 Twin pairs
(176 infants)

Figure 1.
Population Flow Chart
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140 Infants excluded
* Co-twin stillborn or died in delivery room (n=33)
*Co-twin BW >1.5kg (n=104)
*Co-twin not transferred to Rainbow NICU (n=1)
Information on co-twin not available (n=2 )

116 Pairs excluded
*Malformation of 1 co-twin (n=7)
*Post delivery room death of 1 or both co-twins (n=48)
*No 20 month follow up (n=61)
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RATES OF DISCORDANCE IN NEONATAL RISK FACTORS AND NEURODEVELOPMENTAL
OUTCOMES WITHIN TWIN PAIRS

TABLE 2

Co-twins affected n=88 pairs

Both One (discordant) Neither

Neonatal Risk Factors

sgA? 5 (6%) 21 (24%) 62(70%)
Abnormal cerebral ultrasound® 2.(2%) 15 (17%) 71 (81%)
BPDC 18 (21%) 16 (18%) 54 (61%)
Sepsis/NEC 20 (23%) 37 (42%) 31 (35%)
Neur odevelopmental Outcomes

Cerebral Palsyd 0 (0%) 16 (18%) 72 (82%)
MDI <70 11 (13%) 25 (28%) 52 (59%)
Deafness® 1 (1%) 5 (6%) 81 (93%)
Blindness' 0 (0%) 1(1%) 87 (99%)
Neurodevelopmental impairmentd 13 (15%) 27 (31%) 48 (55%)

Page 13

Abbreviations: BPD: Bronchopulmonary Dysplasia; MDI: Bayley Mental Development Index; NEC: Necrotizing Enterocolitis; SGA: Small for
Gestational Age

a

grade I1I-1V intraventricular hemorrhage, periventricular leukomalcia, or ventricular dilation at discharge

< 10%tile21

c .
oxygen requirement at 36 weeks corrected age

dhemiplegia, diplegia, or quadriplegia

e .. A
requiring amplification

fo. .
unilateral or bilateral

9

one or more of the following: MDI<70, cerebral palsy, deafness requiring amplification, and/or unilateral or bilateral blindness
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