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Predictors of 2-year cognitive performance after laser
surgery for twin-twin transfusion syndrome
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OBJECTIVE: The purpose of this study was to determine risk factors for
poor cognitive performance among children who are treated with in
utero selective laser photocoagulation of communicating vessels for
twin-twin transfusion syndrome.

STUDY DESIGN: This was a prospectively enrolled cohort study.
Cognitive performance at age 2 years (�6 weeks) was assessed with
the Battelle Developmental Inventory 2nd Edition (BDI-2). Multilevel
regression models evaluated risk factors for poor cognitive perfor-
mance at shared (pregnancy) and individual (child) levels. In
addition to development, blindness, deafness, and cerebral palsy were
assessed based on physical examination. A priori power analysis
determined that a sample of�100 children was required for adequate
statistical power (0.80).

RESULTS: One hundred children (57 families) were evaluated. Total
BDI-2 score was within normal range (mean, 101.3� [SD]12.2); 1 child
had a BDI-2 score of <70. Individual child-level risk factors for lower

BDI-2 included male sex (b ¼ e0.37; P < .01), lower head
circumference (b ¼ 0.28; P < .01), and higher diastolic blood
pressure (b ¼ e0.29; P < .01). At the pregnancy level, lower
maternal education (b ¼ 0.60; P < .001), higher Quintero stage
(b¼e0.36; P< .01), and lower gestational age at birth (b¼ 0.30;
P < .01) were associated with worse cognitive outcomes. Donor/
recipient status, gestational age at surgery, fetal growth restriction,
and co-twin fetal death were not risk factors. The rate of neuro-
developmental impairment (blindness, deafness, cerebral palsy,
and/or a BDI-2 score <70) was 4%.

CONCLUSION: Overall cognitive performance quotients were in the
normal range, with risk factors for poor outcomes seen at the preg-
nancy and child levels. Clinical and socioeconomic characteristics can
identify at-risk children who need additional interventions.
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T win-twin transfusion syndrome
(TTTS) arises in monochorionic

twin gestations because of unequal ex-
change of blood through the placental
vascular communications. Selective laser

photocoagulation of communicating
vessels (SLPCV), which results in im-
proved prenatal and perinatal survival, is
the preferred treatment for TTTS.1-3

With enhanced survival, identification

of risk factors to later cognitive perfor-
mance and outcomes becomes critical.
However, few studies have reported risk
factors that are associated with long-
term developmental outcomes among
infants with TTTS after laser surgery;
none of the studies have been in the
United States.

Although neonatal neurologic out-
comes have been characterized, there is a
lack of data on developmental outcomes
after laser surgery in US patient cohorts.
A recent systematic review and meta-
analysis identified 8 international studies
that reported long-term developmental
outcomes after laser therapy for TTTS
outside the perinatal period.4 In this
metaanalysis, prevalence of nonperinatal
neurologic morbidity, abnormal stan-
dardized test of neonatal development,
or bothwas 11.1%; rates of cerebral palsy
were in the range of 4-6%.4 In coun-
seling mothers who carry fetuses with
TTTS and who are eligible for SLPCV,
a clear understanding of perinatal
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neurologic morbidity and longer-term
developmental outcomes is needed.
Elucidation of the antecedent risk factors
would enhance clinical and parental
decision-making regarding treatment
and prospective screening.

To that end, the aim of this study was
to describe the risk factors that are
associated with poor developmental
outcomes of survivors who were treated
in utero with laser surgery in a large
cohort of US patients at 2 years of age.
Based on the previous research,4 we hy-
pothesized that lower gestational age at
birth, later gestational age at time of
procedure, higher Quintero stage, lower
birthweight, and donor twin status will
result in poorer cognitive performance.

MATERIALS AND METHODS

Study population
All consecutive patients who were
treated for TTTS between December
2007 and May 2010 were considered
eligible and were contacted for this
study. TTTS was diagnosed at initial
assessment at Los Angeles Fetal Therapy
(University of Southern California) if
the monochorionic-diamniotic multiple
gestation had a maximum vertical
pocket of fluid �8 cm in the recipient’s
sac and �2 cm in the donor’s sac. Each
case was classified prospectively accord-
ing to the Quintero staging system.5 All
patients were given the options of
expectant treatment, pregnancy termi-
nation, amnioreduction, laser surgery, or
selective reduction (at another center).
Patients with stage I TTTSwere informed
of the controversy of undergoing laser
surgery and were offered the option of
expectant treatment with laser surgery
only for disease progression. Patients
were not offered laser surgery if preop-
erative ultrasound scans revealed gross
abnormalities of intracranial anatomy.
Cases were treated exclusively by SLPCV
with or without sequential technique,
as described in detail previously.3

All consecutive laser-treated TTTS
patients during the study period were
contacted before the time their child was
to reach 2 years old (� 6 weeks) cor-
rected for gestational age and invited to
participate by a study nurse, who was
blinded to the predictors. Reasons that

patients declined participation were
recorded. All subjects were evaluated
in the Southern California Clinical
Translational Science Institute’s Clinical
Trials Unit at Children’s Hospital Los
Angeles, which is an institution inde-
pendent and physically separated from
Los Angeles Fetal Therapy. Families were
given an incentive per child of $25 for
their participation. There was no travel
budget.
This study was approved by the insti-

tutional review board of the Health
Sciences Campus of the University of
Southern California and the Committee
on Clinical Investigations at Children’s
Hospital Los Angeles.

Measures
The Amiel-Tison Neurodevelopmental
Examination was used to determine ce-
rebral palsy by a board-certified devel-
opmental-behavioral pediatrician. This
test is based on the clinical presence of
gross and/or fine motor delay together
with neurologic signs such as abnormal
persistence of primitive reflexes, muscle
tone, motor developmental progression,
or coordination.6 Hearing and vision
impairment was determined through the
same examination or previous clinical
report. Additionally, parent and child
demographics, which included child
height, weight, head circumference, and
blood pressure, were collected at the 2-
year-old visit.
A single board-certified neuropsy-

chologist who was masked to the sub-
jects’ clinical characteristics evaluated
the cognitive and developmental status
of participants with the Battelle Devel-
opmental Inventory, Second Edition
(BDI-2).7 This tool was selected on the
basis of availability of normative data,
targeted age range, and the availability of
standardized versions in both English
and Spanish languages. A Spanish trans-
lator assisted the neuropsychologist with
the administration of the BDI-2 as
needed. Patients and their twin cohort (if
applicable) were assessed consecutively
on the same day at approximately 2 years
of age (�6 weeks). Consistent with
standardized administration of the BDI-
2, each participant was assessed in the
presence of 1 primary caretaker. In a few

cases, the participant was unable to
tolerate physical separation from their
twin, whowas then allowed to be present
(playing separately) in the examination
room.

The BDI-2 involves direct individual
assessment and parental interview to
measure key developmental skills in chil-
dren from birth to 95 months (7 years,
11 months). Based on widely accepted
developmental milestones for children,
the BDI-2 assesses 5 developmental sub-
domains (personal-social, adaptive, mo-
tor, communication, and cognition)
comprising overall development. The to-
tal BDI-2 developmental quotient score is
computed as a sum of the 5 BDI-2 sub-
domains, and it has a mean of 100 with
standard deviation of 15. Individual item
scores range from 0-2 points, with scores
based on 1 of 3 predetermined criteria
that include observation, parent inter-
view, and/or performance on a structured
task.

Neurodevelopmental impairment
(NDI) was defined as having bilateral
blindness (unable to fix on or track
an object), bilateral deafness (requiring
amplification), cerebral palsy (based on
physical examination), and/or a BDI-2
total developmental quotient of <70
(standardized score), in accordance with
previous TTTS literature.8

Statistical analyses
Descriptive statistics and bivariate com-
parisons were produced with IBM SPSS
Statistics software (version 19; SPSS
Inc, Chicago, IL). Bivariate comparisons
were also calculated between partici-
pating and not participating families and
between donors and recipients (eg, t tests
for continuous measures, chi-square
tests for categoric variables). Multilevel
linear regression analysis was conducted
in Mplus software (version 6; Muthén &
Muthén, Los Angeles, CA), with twins
grouped or nested within pregnancy and
missing data were subject to listwise
deletion in the regression model. Unlike
logistic regression, which describes the
relationship between the presence or level
of a predictor and the odds of obtaining
a yes or 1 on the binary outcome variable,
linear regression coefficients quantify the
relationship between a predictor and the
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