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The impact of extrauterine life on visual maturation in
extremely preterm born infants
Eva Schwindt1, Vito Giordano1, Zsofia Rona1, Christine Czaba-Hnizdo1, Monika Olischar1, Thomas Waldhoer2, Tobias Werther1,
Renate Fuiko1, Angelika Berger1 and Katrin Klebermass-Schrehof1

BACKGROUND: Extrauterine life is an important factor when considering brain maturation. Few studies have investigated the
development of visual evoked potentials (VEP) in extremely preterm infants, and only a minority have taken into consideration the
impact of extrauterine life. The aim of this study was to assess the normal maturation of VEP in infants born prior to 29 weeks
gestational age (GA) and to explore the potential influence of extrauterine life.
METHODS: VEP were prospectively recorded in extremely preterm infants, and principal peaks (N0, N1, P1, N2, P2, N3) were
identified. The mean of peak-time and percentages of peak appearances were assessed for three GA groups (23/24, 25/26, 27/
28 weeks) and four subgroups of increasing postnatal age (PNA), up to 8 weeks after birth.
RESULTS: A total of 163 VEP recordings in 38 preterm infants were analyzed. With increasing GA at birth, peak-times decreased.
When comparing infants with equal GA but longer extrauterine life, those with the highest PNA demonstrated the shortest VEP
peak-times. However, this effect was less present in infants born prior to 25 weeks GA.
CONCLUSION: Provided that a certain maturational threshold is reached, extrauterine life appears to accelerate maturation of the
visual system in preterm infants.

Pediatric Research (2018) 84:403–410; https://doi.org/10.1038/s41390-018-0084-y

INTRODUCTION
Despite constant improvement in outcomes for infants born
prematurely, the issue of neurodevelopmental impairment in this
fragile patient population is still a source of grave concern. The
identification of preterm infants at risk for impaired neurological
development is of great importance to achieve the best possible
long-term outcome. Several morphological (cerebral ultrasound,
MRI) and neurophysiological (EEG, amplitude-integrated EEG,
evoked potentials) methods can be used to assess brain
maturation in preterm infants. Visual evoked potentials (VEP),
which provide information about the current functional state of
the brain (in particular, the visual system), are easily performed at
the patient’s bedside and have proven to be a feasible
electrophysiological method in young preterm infants.1–8 It is
known that one of the most vulnerable regions in the preterm
brain is the periventricular white matter, which includes major
parts of the optic radiation. Therefore, in case of white matter
damage, pathologies in these areas impact VEP results9–11 and,
hence, VEP are a reasonable method to test brain function in
preterm infants.
Identification of pathologic VEP recordings in preterm infants

requires knowledge of normal configurations and maturation at
different gestational ages (GA). There are some studies available
describing waves and peak-times in preterm infants,10, 12, 13 but
only a few publications provide reference values for flash VEP in
extremely preterm born infants.3, 14 So far, the normal maturation
of VEP in extremely preterm born infants is not elucidated
completely. Additionally, recent studies suggest that prematurity
and experiences of early extrauterine life might alter the brain

morphology and function,15–18 which has not been considered in
most previous studies about VEP in preterm infants. Therefore, the
aim of this study was to assess normal maturation of flash VEP in
extremely preterm infants and to explore the potential influence
of extrauterine life on maturation of VEP.

METHODS
During July 2010 and December 2012, infants born prior to
29 weeks GA at the Medical University of Vienna (Austria) were
consecutively included in the study after informed consent was
obtained. Exclusion criteria were birth asphyxia, abnormalities on
cranial ultrasound (malformations, intraventricular hemorrhage
(IVH) ≥ 3, periventricular leukomalacia (PVL) ≥ 2), retinopathy of
prematurity (ROP) ≥ 3, or an impaired neurodevelopmental out-
come at 24 months. The study was approved by the local ethics
committee (EK 068/2008) and registered in the clinical trials
registry (NCT00768586).

Visual evoked potentials
Flash VEP recordings were performed as soon as the clinical
condition of the preterm was stable and informed parental
consent was obtained. The frequency of recordings was once per
week up to a corrected age of 32 weeks, when the intervals were
prolonged to 2 weeks. Postnatal age (PNA) was documented at
every VEP recording as well head circumference, vital parameters,
and medication. None of the patients received medication that
potentially impacts brain function at the time point of VEP
recording (sedation/analgesia). The time point for measurements
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was standardized to be immediately after nursing rounds and
therefore usually started in a wakefulness state. For the assess-
ment of arousal state, vital signs and behavior of the infants
(movements, eye opening) were recorded. A Nihon Koden MEB-
9400K Neuropack S1 was used with surface gold electrodes
positioned at Oz (+) and at Fz (−), according to the international
10/20-system. The clinical protocol followed the ISCEV standard in
its design but was highly adapted to the fragile population of
preterm infants.4, 19, 20 Red-light LED goggles (0.4 cd/m2) were
held at a distance of 5 cm in front of the infant’s eyes, the
impedance was kept below 5 kΩ, the stimulation frequency was
0.7 Hz, the bandpass-filter was 1–100 Hz, and the sweep time was
one second. The procedure was performed in the neonatal ward,
where the environment routinely is semi-dark (dimmed ceiling
illumination; use of spotlight during procedures while infant’s eyes
are covered) and the incubator usually covered. Each VEP
recording included two sets of 30 averages of the responses to
binocular stimulation, with an absolute minimum of ten averages
in cases of an extreme fatigue effect. The peaks were analyzed as
previously published (Fig. 1).3

Neurodevelopment
Neurodevelopmental follow-up was performed for up to
24 months corrected age to avoid a misleading inclusion of
seriously impaired infants. Bayley Scales of Infant Development
(BSID) were conducted. Owing to an adaptation of the routine
neurodevelopmental follow-up protocol at the Medical University
Vienna within the study period, the first 27 patients were analyzed
using the second edition of the Bayley Scales of Infant

Development21 and 11 patients were examined using the German
version of the third edition.22 According to BSID-II, Mental
Developmental Index (MDI) and Psychomotor Developmental
Index (PDI) were obtained. In the third version of BSID the Motor
Composite Score (MCS) was assessed and (instead of MDI) the
calculated mean value of the Cognitive Composite Score (CCS)
and the Language Composite Score (LCS) was used. Also, gross
motor function classification scales (GMFCS) were conducted.23

Data of infants with severely abnormal results were excluded (MDI,
PDI, CCS, LCS or MCS < 70, GMFCS > II).

Statistical analysis
Statistical calculations were performed using IBM SPSS Statistics
20 (Armonk, New York) and SAS 9.4 (SAS Institute, NC). A basis for
reference values was calculated as median with standard
deviation and 5th/95th percentile for the three GA groups (I: 23
+ 0 to 24+ 6, II: 25+ 0 to 26+ 6, and III: 27+ 0 to 28+ 6). They
were subdivided further into four groups according to the 1st/2nd,
3rd/4th, 5th/6th, and 7th/8th week of life. Normal distribution of
raw values and regression residuals was determined by visual
inspection.
A multivariable linear regression was performed to assess the

impact of increasing age on peak-times and a logistic regression
model for the impact of increasing age on peak appearances.
Multiple observations per patient were taken into account.
Calculations were done using the SAS procedure genmod and
the GEE model options. GA at birth (GA) and postnatal age at
recording (PNA, i.e., corrected GA) were used as independent, N0,
N1, P1, N2, P2, N3 as dependent variables. The correlation
structure “exchangeable” was used for describing the dependency
between repeated measurements. The interaction term GA times
PNA was added to the model to look for a dependency of the
effect of PNA on GA. As the early components (N0, N1, P1) showed
only rare appearances, peak-time analysis was done only for the
late components (N2, P2, N3). However, the late components
showed very high appearance rates, so that the calculation for
peak appearances was done only for the early components. The
level of significance was p < 0.05. The initial study design focused
on assessment of normal maturation, and the hypotheses of
accelerated maturation was not planned in advance. Therefore, no
adjustments were made for multiple tests so p-values should be
interpreted as exploratory only.

RESULTS
A total of 58 infants were included in the study, of whom 13 had
to be excluded due to later developing pathologies (twelve ROP ≥
3, four IVH ≥ 3, one PVL ≥ 2, one patient with agenesis of the
septum pellucidum, and one subject whose Bayley MDI and PDI
were <70 at 24 months corrected age). Two patients died and five
were lost to follow-up.
Of the remaining 38 infants, 163 VEP were recorded, ranging

from one to nine per patient (median 3). The PNA at first recording
was 3–19 days (median 9.5 days). Patient characteristics can be
taken in detail from Table 1.

Peak-times
VEP could be recorded in all neonates, independent of their GA.
Means of peak-times (in ms) for each GA group and for increasing
PNA are given in Table 2. Analysis of the data revealed a
significant association between shorter VEP peak-times and both
GA and PNA (Table 3 and Supplemental Table S1). However, the
impact of PNA on peak-times showed a significant dependency on
the initial underlying GA, and this influence rose with increasing
GA (Table 3 and Supplemental Table S2). In a subgroup analysis of
the three GA groups, infants born at 23/24 weeks showed a
significant acceleration with increasing PNA in VEP peak-times
only in the N3 component. Those born at 25/26 weeks revealed a

10 µV

N2

N0 N1

P1
P2

100 msN3

Fig. 1 Flash VEP in a preterm infant born at a GA of 26 weeks and
two days, recorded on postnatal day 7; nomenclature as previously
published by Pike et al.3

Table 1. Patient characteristics

Characteristic Mean Standard deviation Minimum Maximum

GA 26.4 1.4 23+ 3 28+ 6

BW 887.6 246.6 530 1685

MDI 92.3 16.4 50 121

PDI 93 13.5 60 118

Number Percentage

Sex (females) 23 60.5

Retinopathy of the premature grade ≤ II 14 36.8

Intraventricular hemorrhage grade ≤ II 8 21.0

Non-cystic periventricular leukomalacia (grade I) 2 5.3

GA gestational age (weeks), BW birthweight (g), MDI Mental Developmental
Index of Bayley Scales of Infant Development, PDI Psychomotor Develop-
mental Index of Bayley Scales of Infant Development
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significant result for P2 and N3 peak-times, and within the group
of infants born at 27/28 weeks peak-times were associated with
PNA in all three components (N2, P2, and N3) and showed
accelerated results (Fig. 2 and Table 3).
There was no influence of head circumference on the peak-

times N2, P2, or N3 in none of the three GA groups (data not
shown). A significant impact was seen within infants of different
gender since females revealed shorter peak-times for N2 and P2
compared to males (p= 0.014 and p < 0.001, respectively). There
was no significant influence of gender on the peak-time of N3.

Peak appearance
In contrast to the late VEP peaks with very high detection rates
(N2: 100, P2: 95, and N3: 88%, respectively) the early components
N0, N1, and P1 could not be detected reliably in our study cohort
(11, 13, and 43%, respectively). Therefore, we primarily studied
their manner of appearance, not their peak-time behavior.
In preterm infants of 23/24 weeks GA, P1 was the first to appear

after three to four weeks PNA, followed predominately by N1 and
N0 (at seven to eight weeks of PNA). The sequence of component
appearance in older preterm infants was essentially similar (Fig. 3).
There was a significant association between GA at birth only for P1
(p= 0.016), not for N0 or N1 (p= 0.258, respective 0.770). Peak
appearances were mainly dependent on PNA in 23/24 weeks and
25/26 weeks, but within the group of infants born 27/28 weeks GA
only P1 peak appearance was associated with PNA (see Table 3)

DISCUSSION
In the present study, we were interested in monitoring brain
maturation in preterm infants by testing their response to flash
VEP. Using flash VEP, we could follow the acceleration in neuronal
signal transduction to the visual cortex with increasing age as
represented by a decrease in VEP peak-times. What this study
adds to previously published data is evidence that extrauterine life
impacts the maturation of the visual system in preterm infants. We
provide a valid approach for future generation of reference values,
considering not only GA at birth but also PNA at the time of
recording.
A progressive acceleration of VEP peak-times is observed during

early cerebral development with increasing myelination.3, 13, 24

Recent literature, however, suggests that besides the well-known
process of genetically driven development, environmental

influences also have an impact on brain maturation. Though still
debated controversially in the literature,25 it seems that at term
equivalent age brain structure and function of preterm infants
differ from term born neonates.26, 27 This has been shown for
electrophysiology (aEEG), cerebral morphology, and behavioral
outcome.15–17 It is assumed that neuronal activity and repetitive
stimulation lead to consolidation of specific cerebral pathways,
which is described as activity-dependent brain development.28 We
know from recent publications that it is not only external (mainly
postpartum) stimulation but also previously occurring patterns of
endogenous neural activation that strengthen certain pathways.29,
30 In preterm born infants precocious visual stimulation is
unavoidable and occurs at a developmental stage when visual
activation normally is mostly generated endogenously.
In the present study, for example an infant born at 25 weeks GA

and recorded at a PNA of 4 weeks revealed shorter peak-times and
higher appearance rates of VEP components, compared to an
infant born at 28 weeks and recorded one week after birth,
although they both have the same corrected age. This indicates
that increasing PNA hastens brain maturation in preterm infants
and it may be speculated that this is caused by early and
additional external visual stimulation added to endogenous
stimuli. While we present evidence that VEP peak-times decrease
with increasing PNA, other studies revealed different results.
Tsuneishi et al.31 reported that in their cohort the absolute peak-
time values did not change with increasing age but they observed
a change in the VEP waveforms. The difference in the study results
may be explained by the different patient population. Since they
analyzed two heterogeneous patient groups of infants born below
and above 31 weeks GA, we focused on infants born below
28 weeks and analyzed each subgroup (23/24, 25/28, 27/28 weeks
GA at birth) separately. However, our results are in accordance
with other previously published data presenting evidence that the
available extra stimulation time in preterm infants indeed alters
maturation of the visual system.3, 13, 24, 32, 33 According to this,
lights and also noises on our NICU are reduced to a minimum, to
reach an environment similar to intrauterine conditions (at least as
far as possible).
However, within our data, the impact of PNA (and therefore

external stimulation) seems to depend on the initial GA at birth.
The effect was less significant (only for N3) in the most immature
infants born at 23 and 24 weeks GA but was increasingly seen in
higher GA groups (N2, P2, and N3 in 27/28 weeks). We assume

Table 3. Subgroup analysis for the three gestational age groups

Gestational age at birth (weeks)

23/24 25/26 27/28

Parameter
estimate

95% CI p-value Parameter
estimate

95% CI p-value Parameter
estimate

95% CI p-value

(a) Association between increasing postnatal age (PNA) and peak appearance for each gestational age groupa

N0 0.20 0.17 to 0.23 p < 0.001 0.50 0.23 to 0.76 p < 0.001 0.77 -0.09 to 1.63 p= 0.079

N1 0.20 0.17 to 0.23 p < 0.001 0.38 0.18 to 0.58 p < 0.001 0.29 -0.10 to 0.67 p= 0.142

P1 0.39 −0.04 to 0.82 p= 0.077 0.23 0.07 to 0.39 p= 0.004 0.72 0.35 to 1.09 p < 0.001

(b) Association between increasing postnatal age (PNA) and peak-time for each gestational age groupb

N2 −0.24 −4.98 to 4.50 p= 0.92 −0.56 −2.82 to 1.69 p= 0.623 −6.62 −10.87 to
−2.39

p= 0.002

P2 −0.57 −4.70 to 3.55 p= 0.785 −4.46 −8.56 to
−0.36

p= 0.033 −15.56 −22.0 to −9.12 p < 0.001

N3 −6.28 −8.12 to
−4.45

p < 0.001 −7.157 −7.10 to
−12.54

p= 0.011 −19.62 −26.48 to
−12.77

p < 0.001

aLabels for peak appearance are either 0 (no peak identified) or 1 (present peak) Parameter estimate is the calculated estimation of the peak-times and peak
appearances
bPeak-times are given in ms
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that at the developmental stage of 23/24 weeks GA the
(endogenously triggered) maturation of the visual system might
have not yet reached the required threshold to be able to adapt to
external stimulation.
Taking into consideration the effect of both GA and PNA on

maturation of the visual system within our study, we postulate
that reference values based on GA at birth alone will not provide
reliable and valid data. This is in accordance with a report of
Madan et al.34, who question previous VEP studies due to
heterogeneous patient populations with too many different
gestational and postnatal ages in one cohort. We therefore
present a model for reference values that distinguish between GA
and PNA, and hence more reliably reflect the maturational status
of these infants. Due to the small number of patients in our study,
future trials with larger sample sizes will have to confirm our
findings.
What remains unclear is what the accelerated VEP maturation in

preterm infants implies for their long-term outcome. On the one
hand a shortened peak-time might just reflect an early (normal)
maturation resulting from adaptation to precocious visual
stimulation. However, on the other hand we know from recent
studies that sensory overstimulation (environmental conditions in
different neonatal intensive care settings) can compromise normal
brain development in preterm infants and might lead to
neurocognitive and behavioral disturbances.35 Hence, the
observed acceleration in VEP maturation could also be an early
sign for sensory modulation disturbances resulting in impaired
long-term outcome in these infants.
Scherjon and colleagues compared VEP results of preterm

infants (26–33 weeks GA) according to the occurrence of brain
sparing in prenatal sonography (redistributed perfusion in favor of
cerebral blood flow compared to umbilical arterial perfusion) and
looked for associations with later cognitive outcome. Interestingly,
at 6 months of corrected age the peak-times of the infants with

brain sparing were significantly shorter than those in the control
group. Moreover, accelerated VEP results were an independent
predictor of adverse cognitive outcome (RAKIT-IQ score < 85;
Revision of the Amsterdam Children’s Intelligence Test) at 5 years
of age.36 Clearly, further studies dedicated to analyzing the
association of VEP results with later neurodevelopmental outcome
are warranted.
In addition to the acceleration of VEP peak-times with

increasing age, we observed that early VEP components appeared
in a defined sequence that was closely associated with both GA
and PNA. This phenomenon has been previously described in
preterm infants of higher GA.3, 13, 24 Additionally, we were able to
confirm the specific sequence of component appearance of P1
followed by N1 and N0 in extremely premature infants.
Furthermore, we showed a more frequent occurrence of these
early peaks with increasing GA and PNA. However, the significance
of the appearance of these components in the discrete develop-
mental steps of brain maturation are yet to be elucidated in future
studies.
The major limitation of our study is the small number of

patients. The intention was to record VEP as early as possible. In
these extremely preterm infants, however, study inclusion at that
early period of life was hampered by the high vulnerability and
clinical instability in many of the patients. Depending on the
duration of clinical stabilization, VEP recordings were started on
different postnatal days (three to 19; mean 9.5 days), which is
another limitation of the study. Additionally, regarding correlation
calculations, it has to be taken into account that the calculations
were done with multiple measures and therefore a bias towards
those infants with a greater number of longitudinal recordings
cannot be excluded. Data collection in extremely preterm infants
is by itself very challenging and study protocols at some points
have to be restricted to a level that would not be appropriate in
older children or adults. Although we were able to provide a first
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step in the generation of reference values, with the small sample
size of this study, our results have to be validated in larger studies
with higher number of patients.
Another limitation of our study is the lack of identification of

arousal state by a standardized electrophysiological method.
Identification of arousal state is important for interpretation of VEP
results, since waveform, peak-time and amplitudes might be
influenced.12, 24, 37 The gold standard hereof is polysomnography.
Another accepted technique is (amplitude-integrated) EEG.
However, state-classification in this age group is controversial,
and a clear wake-state is often difficult to determine in these
extremely premature infants. Due to the high vulnerability of our
study population, we refrained from further procedures prolong-
ing the examination time and rather tried to restrict interventions
to a minimum. Therefore, our approach concerning the issue of
arousal state was to standardize the time points of recordings
immediately after nursing rounds and to assess vital signs and
infant’s behavior during VEP recordings.
VEP results might be influenced by various factors such as

gender, nutrition,38, 39 environmental conditions, or head circum-
ference.40 Within our data, there was no significant association
between head circumference and peak-times. However, gender
seemed to significantly influence the peak-times of N2 and P2.
Though this result has to be interpreted with care, since females
are overrepresented in our dataset, it nevertheless confirms
previously published data with evidence, that females seem to
have shorter peak-times compared to males.41, 42 Future studies
with higher patient numbers are required to analyze this issue.
Also, with increasing GA GABAergic neurotransmitter function in
the preterm brain is altered. While excitatory GABA receptors are
overexpressed in early gestational weeks, the number of inhibitory
GABA receptors rises with increasing age.43 Though no GABAergic
medication was given to any of the study participants, and the
exact mechanisms of the GABA system is not yet understood
completely, the alteration of neurotransmitter function in preterm
infants probably also contributes to maturational changes in
neurophysiology.
Another factor that has to be considered are the fused eyelids in

extremely preterm infants, occurring in infants below 25 weeks
GA.44 Since the effect of PNA on VEP results in our study
population was observed more significant in infants born above
25 weeks, fused eyelids might be seen as a natural protection
against overstimulation in these early maturational stages.
Although both peak-time and amplitude seem to be affected by

sleep state, the former has been shown to be more robust and this
is why we decided to focus on peak-times in the present study.37

Notwithstanding, simultaneous assessment of sleep state and VEP
amplitudes might provide additional information and should
therefore be considered when designing future studies.

CONCLUSION
We were able to show for the first time that in addition to GA, the
duration of extrauterine life is critical for the acceleration of stimuli
transmission to the visual cortex in extremely premature infants
and that this development is subject to a sequential program.
Since the decrease in peak-times was less seen in the most
immature infants of 23 and 24 weeks GA, we hypothesize that
fetal brains must first cross a specific developmental threshold
before extrauterine life impacts on their neuronal signal transduc-
tion abilities. On these grounds, we think that reference values—
also for other electrophysiological methods—should take into
consideration not only GA but also PNA and the influence of
extrauterine life should be target of future research in preterm
infants. Future work designed to link VEP peak appearance with
specific developmental milestones in fetal brain development
might help to reveal the exact mechanisms of brain maturation,
which in turn may improve our ability to provide optimal care for

even extremely preterm infants and increase their chances of
survival and intact brain development.
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