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Objectives To evaluate the epileptic, academic, and developmental status at age 7 years in a large population of
term-born children who sustained neonatal arterial ischemic stroke (NAIS), and to assess the co-occurrence of
these outcomes.
Study design A cohort study including 100 term newborns with NAIS was designed. Two infants died during the
neonatal period, 13 families were lost to follow-up, and 5 families declined to participate in this evaluation. Thus, 80
families completed the 7-year clinical assessment. Epileptic status, schooling, motor abilities, global intellectual
functioning, spoken language, and parental opinions were recorded. Principal component analysis was applied.
Results Rates of impaired language, cerebral palsy, low academic skills, active epilepsy, and global intellectual
deficiency were 49%, 32%, 28%, 11%, and 8%, respectively. All were highly correlated. Eventually, 59% of chil-
dren were affected by at least 1 of the aforementioned conditions. In 30% of cases, the viewpoints of health prac-
titioners and parents did not match.
Conclusion The prevalence of severe disabilities at 7 years after NAIS is low, but most children exhibit some
impairment in developmental profile. (J Pediatr 2016;172:156-61).
Trial registration ClinicalTrials.gov (NCT02511249), Programme Hospitalier de Recherche Clinique R�egional
(0308052), ProgrammeHospitalier de Recherche Clinique Interr�egional (1008026), and EudraCT (2010-A00329-30).

A
lthough perinatal ischemic stroke (PIS) is common,1,2 its long-term
outcomes remain poorly understood. Two main biases limit the accu-
racy of most studies: heterogeneity/small size of the sample and too

short or informal follow-up.
The first consideration is that PIS encompasses several disease states that differ

in pathophysiology, timing of occurrence, and clinical presentation.1,3 Thus, it is
not surprising that outcome depends primarily on the subtype of stroke. For
example, nearly all children who suffer an arterial presumed PIS or a fetal peri-
ventricular venous infarction have motor impairment, compared with one-third
of those with a neonatal arterial ischemic stroke (NAIS; ie, arterial PIS with clin-
ical manifestations before the 29th postnatal day).

Age at evaluation also plays a major role. Indeed, even though the original
lesion in NAIS is focal and nonprogressive, its consequences within the
maturing brain as a whole are amplified over time, compounded by environ-
mental impacts, and thus affecting all dynamic and multidimensional fields
of development.4

The AVCnn (Accident Vasculaire C�er�ebral du nouveau-n�e [neonatal stroke])
Study gives us the opportunity to monitor a cohort of term-born children having
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suffered an NAIS. Here we present the clinical evaluation of
these children at age 7 years. As observed in multiple situa-
tions with early brain insult, our hypothesis was that develop-
mental disabilities co-occur, along with epilepsy.2,5-12

Methods

The objective of the AVCnn study was to better delineate the
risk factors, clinical and imaging presentation, mechanisms,
and outcomes of NAIS, while avoiding the confounders
described above. The study was conducted in accordance
with international ethical standards and the Declaration of
Helsinki. The current evaluation at age 7 years was approved
by theRegional Ethics Committee inMay 2010. Informed con-
sent was obtained from each participant. The reporting of re-
sults follows the general guidelines for observational studies.13

The study design is a birth closed-cohort study.14 NAIS
was defined as “a focal disruption of arterial cerebral blood
flow, causing neurological symptoms and confirmed by neu-
roimaging (computed tomography and/or magnetic reso-
nance imaging, centrally reviewed for all cases) after birth
and before the 29th postnatal day.”3 A total of 100 newborns
(62 boys) were enrolled between November 2003 and
October 2006 in 39 units distributed throughout France.
To eliminate the consequences of prematurity, only term
newborns were included. Patients with fetal stroke, cerebral
sinovenous thrombosis, presumed PIS, or diffuse ischemic
lesions were excluded. Clinical and imaging neonatal findings
and outcomes at ages 2 and 3.5 years have been reported pre-
viously.14-16

Assessment at age 7 Years
Regular contacts with the families and local physicians have
been maintained since enrollment. Formal encounters took
place during the systematic visits at ages 1, 2, and 3.5 years.
Annual newsletters were sent to keep the families informed
of the results of the ongoing study and the planned evaluations.

In 2010, families were asked via mailed letters to partici-
pate in the 7-year assessment. Those who accepted were con-
tacted by phone by the study coordinators in the months
before the child’s seventh birthday and invited to attend a
presentation on the current project. The encounter took
place over an entire day in a medical setting close to the fam-
ily residence. The evaluation team included a neuropsychol-
ogist, a speech therapist, and either a pediatric neurologist or
a pediatric physical and rehabilitation medicine practitioner.
All expenses were supported by the AVCnn study.

Three main categories of data were recorded: (1) history
since the neonatal period; (2) developmental profile; and
(3) parent opinions regarding the child’s present function.
The following items were documented: (1) medical history,
notably the occurrence of seizures; (2) schooling; (3) gross
and fine motor abilities; (4) global intellectual functioning;
(5) spoken language; and (6) a single closed question to the
family: “Do you consider that your child suffers any sequelae
of his/her neonatal event?”

Variables and Endpoints
Epilepsy was defined as the occurrence of 2 or more afebrile
unprovoked seizures after the neonatal period or, in the case
of a single afebrile unprovoked seizure, the initiation of anti-
epileptic treatment. Epilepsy and seizures were classified ac-
cording to the current International League Against
Epilepsy terminology and classification scheme.17 Seizure-
free at age 7 years was defined as the absence of seizures
and treatment for >1 year. Otherwise, epilepsy was classified
as active.
Depending on the date of assessment, the child’s expected

level was either first or second grade. Grade retention, the
need for specific and individualized support in a mainstream
school, and inclusion in a special school were considered to
represent low academic skills.
Three main domains were assessed for the developmental

profile. Motor evaluation was focused on the presence of ce-
rebral palsy (CP). The definition given by the Surveillance for
CP in Europe was used: permanent abnormal tone or
decreased strength as a consequence of a nonprogressive early
brain insult, and associated with a patent functional deficit.18

Motor impairment was further classified with the Gross Mo-
tor Function Classification Scale (GMFCS), according to the
child’s level of gross motor abilities. In the GMFCS sche-
matic, level I subjects walk without limitations, and level V
subjects need amanual wheelchair.19 The Bimanual FineMo-
tor Function (BFMF) tool was used to assess the ability to
grasp, manipulate, and hold objects for each hand separately
(level 0, no impairment; level 5, only ability to hold or worse
with both hands).20

Global intellectual ability was evaluated using the 4 indices
of the Wechsler Intelligence Scale for Children–Fourth Edi-
tion (WISC-IV): Verbal Comprehension Index (VCI),
Perceptual Reasoning Index (PRI), Working Memory Index
(WMI), and Processing Speed Index (PSI). Global intellec-
tual deficiency was defined as a full-scale IQ (FSIQ) <70.
As recommended in WISC-IV Administration and Scoring
Manual, when excessive discrepancies between indices pre-
cluded the composite FSIQ score validity, only subscores
were provided. Global intellectual deficiency was then
considered when both VCI and PRI were <70.
Finally, the standardized spoken language assessment

Nouvelles Epreuves pour l’Examen du Langage was per-
formed.21 This battery was validated to test the language pro-
file of 3.5- to 8.5-year-old French-speaking children,
including speech and sound abilities as well as expressive
and receptive lexicosemantic and morphosyntactic skills.
Children with a score >2 SD below the mean for 1 of the 4
linguistic components (ie, not including isolated speech
and sound delay) were considered to have impaired language.

Biases
Some families could not be contacted or declined to partici-
pate in the present evaluation, and thus the final rate of dis-
abilities could have been misestimated. This incomplete
follow-up did not alter the relationship between variables,
however, because hypotheses were applied only to those
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