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Abstract.

 

Objective:

 

 To evaluate optic nerve morphology in children with various conditions caused by
adverse events during prenatal and/or perinatal life and to investigate whether optic nerve morphology
can reveal brain lesions associated with these conditions, as well as provide insight into the etiology and
timing of the prenatal and perinatal damage. 

 

Methods and patients:

 

 A digital image analysis technique
was used to analyze fundus photographs. One hundred healthy Swedish individuals of various ages from
childhood to adolescence constituted a reference group. The following patient groups were chosen to
represent various clinical conditions affecting the newborn or fetus at different stages of development:
children born preterm (N 

 

5

 

 39), children with fetal alcohol syndrome (FAS [N 

 

5

 

 16]), children with
periventricular leukomalacia (PVL [N 

 

5

 

 17]), and children with septo-optic dysplasia (SOD [N 

 

5

 

 6]).

 

Results:

 

 Preterm children without known brain lesions demonstrated normal optic disk morphology but
abnormal retinal vascular pattern; children born preterm with an acquired brain lesion late in gestation
(PVL) demonstrated normal disk size with enlarged cups in addition to the abnormal vascular pattern.
Children with prenatal alcohol exposure (FAS) had a subnormal optic disk area with increased tortuos-
ity of both arteries and veins, whereas children born at term with an early acquired brain lesion (SOD)
had a markedly reduced optic disk area with isolated tortuosity of the retinal veins. 

 

Conclusions:

 

 Evalua-
tion of optic nerve morphology, by digital image analysis, demonstrated that differences in ocular fun-
dus morphology were correlated with differences in etiology and timing of the adverse event occurring
in prenatal and perinatal life. In addition, digital image analysis may be a helpful tool for understand-
ing variations in optic nerve and retinal vessel morphology and their relationship with central nervous
pathology. (
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Adverse events in the embryo, fetus, and newborn
child may cause damage to the visual, central ner-
vous, and vascular systems. This may lead to severe
sequelae during childhood and in adult life, includ-
ing visual impairment, mental retardation, and neu-
rologic deficits.

 

16,18,29,38,61

 

 Early identification and de-
tailed diagnosis of prenatal and perinatal lesions of
the brain and visual system are of great importance.
If the disorders can be identified early, future quality
of life may be enhanced by introduction of early
rehabilitation.

Primarily, ultrasonography, computed tomogra-
phy (CT), and magnetic resonance imaging (MRI)
are used to examine brain morphology in the child.
These methods have become very important in
studying the outcome of prenatal and perinatal le-
sions in the brain. However, ultrasonography pro-
vides incomplete visualization of the brain, espe-
cially when the fontanels are closed. Furthermore,
the applicability of CT and MRI in infants and small
children is somewhat limited, because these tech-
niques usually require sedation or general anesthe-
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sia. In addition, availability, cost, and concerns over
radiation exposure with CT may limit the use of
these methods in clinical work.

The receptive area of the eye, i.e., the retina with
its optic nerve, develops from the brain, with which
it shares many characteristics. Unlike other parts of
the nervous system, the optic nerve can be studied
by direct inspection through the eye. Similarly, the
retinal vessels are the only vessels that can be evalu-
ated in detail without invasive techniques. Hence,
the eye is an organ that allows studies of the central
nervous system (CNS) and the vascular morphology
by simple clinical methods. Such studies may be
achieved by direct inspection (ophthalmoscopy) or,
more objectively, by morphometric analysis of fun-
dus photographs. Advances in computer hardware
and software, as well as in photographic and imaging
techniques, have allowed development of various im-
age-processing methods, one of which has been used
in the present study. On the basis of this standard-
ized technique for objective analysis of optic nerve
morphology, data have been presented for children
with various clinical conditions affecting the new-
born and child at different stages of development,
including preterm birth, exposure to a teratogen (al-
cohol), and brain lesions acquired early and late in
gestation.

 

30,31,33,34,39

 

 In the current study, we reevalu-
ated the optic nerve morphology in these children,
using the same reference group and a new statistical
approach, to investigate whether optic nerve mor-
phology can reveal brain lesions associated with the
conditions described above, as well as provide in-
sight into the etiology and timing of the prenatal
and perinatal damage.

 

Methods

 

DIGITAL IMAGE ANALYSIS

 

All fundus photographs were evaluated in a
masked fashion by quantitative analysis of optic
nerve morphology by means of a computer-assisted
digital mapping system. A quality assessment of the
measurement procedure for the digital image analy-
ses is presented in Table 1. The reliability of the
method demonstrates an overall (intraobserver, in-
terobserver, and intergroup) variability in the mea-
surements of optic disk area, expressed as standard
deviation (SD), of 0.10 mm

 

2

 

.
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Fundus photographs were taken with a Nikon Ret-
inapan 45-II or a Canon 60UV fundus camera, mag-
nification factor set at 

 

3

 

1.7. Only well-focused pho-
tographs, with the optic disk centered, were
accepted. The original color transparency was pro-
jected simultaneously with the scanned black-and-
white PC monitor image to facilitate definition of
the different fundus structures.

The optic disk, cup, and peripapillary crescent ar-
eas were measured by marking their outlines with a
cursor. The projected area was automatically calcu-
lated by the computer (Fig. 1). The optic disk was
defined by the inner border surrounding the nerve
tissue; care was taken not to include the white peri-
papillary scleral ring. The cup was defined by its con-
tour, and the course of the vessels and the pallor of
the cup facilitated its demarcation. The cup was easy
to delineate when it appeared deep and had steep
boundaries. When the cup appeared shallow and
had sloping walls and indistinct margins, it was more
difficult to delineate, and multiple photographs
from slightly different views had to be evaluated.
The neuroretinal rim area was obtained by subtrac-
tion of the cup area from the disk area.

The retinal vessels (arterioles and venules), re-
ferred to as arteries and veins, were measured by
tracing the path length of each vessel from its origin
on the optic disk to a reference circle with a radius
of 3.0 mm from the geometric center of the optic
disk. The indices of tortuosity for arteries and veins
were defined as the path length of the vessel divided
by the linear distance from the vessel origin to the
reference circle. The number of vessel branching
points (arteries and veins) within the reference cir-
cle was automatically calculated. Arteries were distin-
guished from veins by their smaller diameter and by
their brighter appearance.

Magnification (M) was corrected with the formula
of Bengtsson

 

5

 

: M 

 

5

 

 1 

 

2

 

 0.017 G, where G represents
the refraction. This method was chosen because
measurements of corneal curvature require exten-
sive patient cooperation, which is difficult to obtain
in young children.

In children born preterm, correction for magnifi-
cation could not be performed, because disturbed
eye development is common. Thus, a flatter anterior

 

TABLE 1

 

The Intraobserver and Interobserver Variability as 
Evaluated by Two Observers Measuring Six Photographs 

From Children With Fetal Alcohol Syndrome and Six 
Photographs From Healthy Controls

 

Variability
Coefficient of Variation (%)

Intraobserver Interobserver

Optic disk area
(mm

 

2

 

) 2 2–4
Tortuosity of arteries

(index) 1–2 2–8
Tortuosity of veins

(index) 1 1–3
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chamber, a thicker and more spheroid lens, and a
shorter axial length 

 

22,28,46

 

 probably cause the myopia
commonly seen in these children. Consequently, the
correction methods used in full-term children should
not be applied to the eyes of preterm children.

Children with refraction values above 

 

1

 

4 or below

 

2

 

4 diopters (D) were excluded from the analyses, as
refraction values in these ranges might influence
measurements of the ocular fundus structures.

Eye examination included an assessment of visual
acuity, refraction (expressed as spherical equiva-
lent) in cycloplegia, ophthalmoscopy, and fundus
photography.

Cerebral imaging was performed with CT and/or
MRI in children with periventricular leukomalacia
(PVL). The localization and extent of brain tissue
loss was estimated by the established CT and MRI
criteria for PVL.

 

23,24

 

 In children with optic nerve hy-
poplasia (ONH) and pituitary hormone insufficiency,
cerebral imaging was performed with MRI.

Growth hormone (GH) status was estimated from
values obtained during measurement of spontane-
ous 24-hour GH secretion and/or during an argi-
nine-insulin tolerance test.

 

2,6

 

 Growth hormone insuf-
ficiency was defined as a GH

 

max

 

 

 

,

 

 32mU/L.
Prenatal, perinatal, and postnatal medical history

was disclosed by interviewing the mothers of the
children according to a standardized protocol re-
garding adverse events during pregnancy, to identify
general disease, gynecologic bleeding, infections,
and other complications of pregnancy, as well as
smoking and alcohol or drug abuse. In addition, the
maternity and delivery files were thoroughly checked
regarding these factors.

 

STATISTICAL METHODS

 

The mean value of the two eye measurements was
calculated for each studied fundus structure. If the
fundus photograph of one eye was of insufficient
quality, only the contralateral eye was used. Refer-
ence centiles were obtained from the empiric distri-
bution of the 100 children in the reference group.
Possible associations between the studied variables
were evaluated by the Spearman rank-order correla-
tion coefficient.

The distributions of the measurements of the fun-
dus variables were compared with the median of the
reference values by means of the sign test. The prob-
ability of a randomly selected individual in one of
the four groups having a smaller value than a ran-
domly selected individual in the reference group was
estimated by means of a modified Mann-Whitney
test formula.

To avoid the mass significance effect and to obtain
an overall significance level of 5%, the individual p
values were corrected for multiple tests, according to
Holm.

 

35

 

Patients

 

This study was approved by the Medical Ethics
Committee at the University of Göteborg and the
Karolinska Institute in Stockholm. Informed con-
sent was obtained from the parents of each child
and, if they were old enough, from the children.

 

REFERENCE GROUP

 

One hundred healthy white Swedish children and
adolescents between 3 and 19 years of age consti-
tuted the reference group. The children had no his-
tory of prenatal or perinatal morbidity, and only
healthy children without congenital, chronic, or
other serious disorders were included in the study.
All children had a gestational age between 38 and 42
weeks and a normal (within 

 

6

 

 2 SD) body weight
and height for their age at the time of birth and at
the time of the eye examination. Visual acuity in the
children ranged from 0.8 to 1.0 (median, 1.0) and
refraction ranged from 

 

2

 

1 to 

 

1

 

1 D.
The measurements of optic disk size in the

healthy children and adolescents were in accor-
dance with the optic disk size found in most studies
of adults.

 

33

 

STUDY GROUPS

 

Preterm Birth

 

Thirty-nine preterm children (19 boys and 20
girls), with a mean age of 5 years (range, 3–9 years)
and a median gestational age at birth of 29 weeks
(range, 25–32 weeks) were selected for the study.

 

31

Fig. 1. Digital image analysis of a fundus photograph in
an 8-year-old healthy boy.
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Visual acuity (uncorrected) ranged from 0.15 to 1.0
(median, 0.65). Refraction ranged from 

 

2

 

3 to 

 

1

 

4 D.
Preterm birth carries a greatly increased risk of

childhood morbidity, manifested, for example, by
bronchopulmonary dysplasia, brain injury, and vi-
sual impairment.

 

12,20,48

 

 Preterm infants are at high
risk of developing retinopathy of prematurity, myo-
pia, strabismus, and optic nerve abnormalities.

 

27,42,44

 

Periventricular Leukomalacia

 

Seventeen children with PVL (10 boys and seven
girls) with a median age of 7 years (range, 5–18
years) and a median gestational age at birth of 29
weeks (range, 25–37 weeks) were selected for the
study.

 

39

 

 Visual acuity ranged from 0.05 to 1.0 (me-
dian, 0.4). Refraction ranged from 

 

2

 

4 to 

 

1

 

4 D.
The brain lesion caused by perinatal hypoxic-isch-

emic events in preterm children has a typical ana-
tomic patten known as PVL.

 

4,17

 

 Periventricular leu-
komalacia affects the corticospinal tracts, causing
spastic diplegia,

 

43

 

 and/or the posterior visual path-
ways, causing visual impairment.

 

38,52

 

Fetal Alcohol Syndrome

 

Sixteen children with fetal alcohol syndrome
(FAS) (nine boys and seven girls) with a median age
of 7 years (range, 2–19 years) and a median gesta-
tional age at birth of 38 weeks (range, 27–42 weeks)
were selected for the study.

 

30

 

 Visual acuity ranged
from 0.2 to 1.0 (median, 0.8). Refraction ranged
from 

 

2

 

2 to 

 

1

 

4 D.
Maternal alcohol abuse during pregnancy may

cause severe damage to the offspring, manifested by
FAS.

 

40

 

 The criteria for diagnosis of FAS were defined
by Sokol and Clarren and include malformations, es-
pecially of the face, and prenatal and postnatal
growth retardation, and psychomotor disturbances.

 

57

 

The frequency of FAS has been estimated to be 1 to
2 per 1,000 live births.

 

19,50

 

Optic Nerve Hypoplasia and Pituitary 
Hormone Insufficiency

 

Six children with ONH and pituitary hormone in-
sufficiency (four girls and two boys) with a median
age of 7.1 years (range, 2.8–13 years) and a median
gestational age at birth of 38 weeks (range, 37–40
weeks) were selected for the study. Visual acuity ranged
from no light perception to 0.6 (median, no light per-
ception). Refraction ranged from 

 

2

 

1 to 

 

1

 

1 D. One
child did not have fundus photography performed.

The association between ocular fundus abnormal-
ities, midline brain lesions, and pituitary hormone
insufficiencies has been well documented in septo-
optic dysplasia.

 

16,37,41

 

 A relationship between ONH and

isolated GH insufficiency, without detectable midline
brain involvement, has been shown previously.

 

10,58

 

CONSIDERATIONS OF THE MATERIALS

 

Our study focuses on the effects of prenatal and
perinatal adverse events, as reflected in the ocular
fundus and CNS. Because reliable funduscopic pho-
tographs are difficult to obtain in neonates and
young children without general anesthesia, all fun-
duscopic analyses were based on examinations of
children 2 years of age and older. To investigate
whether detected fundus abnormalities could be
caused by events occurring after the perinatal pe-
riod, all medical files were reviewed and the parents
of the children were interviewed. No evidence of any
morbidity likely to have had an influence on ocular
fundus morphology was revealed, other than among
the children born preterm, where one child had had
an episode of meningitis, one had had an acute
pyelonephritic episode, and one child had had oxy-
gen treatment for 2 years because of bronchopulmo-
nary dysplasia.

On the basis of the available anamnestic and clini-
cal information, it seems unlikely that the ocular
fundus abnormalities were caused by events occur-
ring after the perinatal period.

 

Results

 

OPTIC NERVE MORPHOLOGY

 

The various groups demonstrated differences in
optic nerve morphology (Figs. 2 and 3) compared to
the reference group, as follows. The preterm chil-
dren demonstrated normal optic disk morphology.
The children with PVL had large cups (P 

 

5

 

 0.002)
in normal-sized disks and, consequently, small rim
areas (P 

 

5

 

 0.004). The children with FAS had
smaller optic disk areas (P 

 

5

 

 0.002), cup areas (P 

 

,

 

0.01), and rim areas (P 

 

5

 

 0.004). The children with
ONH and pituitary hormone insufficiency demon-
strated markedly small optic disks (P 

 

5

 

 0.03) and
neuroretinal rim areas (P 

 

5

 

 0.03).
The probability that a randomly selected individ-

ual in each of the study groups will have smaller
optic disk, cup, or rim areas than a randomly se-
lected individual from the reference group is given
in Table 2.

 

RETINAL VESSEL MORPHOLOGY

 

The probability that a randomly selected individ-
ual in each of the study groups will have different
(higher or lower) values of the indices of tortuosity
for arteries and veins and a lower number of vascular
branching points than a randomly selected individ-
ual from the reference group is shown in Table 3.
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The various groups demonstrated differences in
retinal vessel morphology (Figs. 3 and 4) compared
to the reference group, as follows. The preterm chil-
dren had high indices of tortuosity for arteries (P 

 

,

 

0.0001) and veins (P 

 

,

 

 0.0001) and few vascular
branching points (P 

 

,

 

 0.0001). The children with
PVL demonstrated tortuosity of the retinal arteries
(P 

 

5

 

 0.025) and veins (P 

 

5

 

 0.006). Children with
FAS had high indices of tortuosity of arteries (P 

 

5

 

0.04) and veins (P 

 

5

 

 0.002) and few vascular branch-
ing points (P 

 

5

 

 0.04). Children with ONH and GH
insufficiency had tortuous retinal veins (P 

 

5

 

 0.016)
and a low number of vascular branching points (P 

 

5

 

0.03).
There was no change in any of the studied fundus

measurements with age or refraction, and no differ-
ences were found between boys and girls or right
and left eyes. There was no correlation between the
size of the optic disk and the vessel tortuosity in any
of the groups studied.

 

Discussion

 

Quantitative morphologic evaluation of the optic
nerve and retinal vessels has for many years been a
useful tool in the detection and follow-up of various
disorders in adults. For example, it has contributed
to our understanding of the underlying disease in
various diagnoses in adults, e.g., diabetes, hyperten-
sion, and glaucoma. In children, however, optic
nerve and retinal vessel morphology have tradition-
ally been subjectively evaluated, and fundus mor-
phology measurements have mainly been restricted
to autopsy findings.

 

54

 

To facilitate more objective evaluation of fundus
photographs, we used a standardized technique for
analysis of optic nerve morphology. We used a digi-
tal image analysis that was specifically designed for
evaluation of both optic nerve and retinal vessel
structures suspected to be influenced by prenatal
and perinatal adverse events. To our knowledge, this
cannot be achieved by other systems. The system was
shown to be simple, accurate, reproducible, and rel-
atively fast.

 

62

 

 In addition, there appeared to be a
good correlation between our method and other
methods used for analyses of fundus structures.

 

33

 

Clinical conditions representing various etiologies
and affecting the fetus or newborn at different
stages of development were selected to discover if
etiology or timing of a lesion could be demonstrated
in the optic nerve morphology.

 

ETIOLOGY

 

Differences in the optic nerve morphology and
retinal vascular pattern were seen in patients based
on the different etiologies of their clinical conditions.

 

Preterm Birth

 

Preterm birth was associated with a markedly in-
creased tortuosity of the retinal arteries (Figs. 3 and
4), as previously described by Fielder et al.

 

21

 

 In addi-
tion, an increased tortuosity of the retinal veins was
noted. Bracher discussed the mechanisms of abnor-
mal retinal vascular tortuosity in newborn infants
and suggested that hypoxia (perinatal distress)
causes relaxation of the arteriolar muscles, resulting
in elongation and abnormal tortuosity of the ves-
sels.

 

7

 

 A majority of the preterm children in our study
suffered from perinatal distress, including poor oxy-
genation requiring oxygen treatment. It has been
shown that fluctuations in oxygenation,

 

56

 

 hypoxia,

 

47

 

and hyperoxygenation

 

25

 

 may be associated with ab-
normal vascularity in the retina, i.e., retinopathy of
prematurity. It thus seems reasonable to suggest that
oxygen plays an important role in the development
of the retinal vascular pattern noted in the children
born preterm, although this is difficult to prove in

Fig. 2. Individual and median values for optic disk, cup,
and neuroretinal rim areas in four groups of children. The
shaded area depicts the fifth to the 95th percentile range,
and the center line indicates the median for the healthy
reference group.
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clinical studies. Chan-Ling and Stone demon-
strated that retinal ganglion cells were able to sur-
vive hypoxia, while the astrocytes, involved in the
formation of the glia limitans of the retinal vessels,
degenerated and caused a failure of the blood-reti-
nal barrier.

 

13

 

 By decreasing the structural support
for the retinal vessels, the reduction in the number

of astrocytes seen during hypoxia could be another
cause of the vascular tortuosity noted in children
born preterm.

The normal optic disk morphology found among
the preterm children was surprising, as prematurity
is associated with ONH,

 

1,48

 

 which usually causes a
small optic disk.

Fig. 3. Fundus photographs in four children with various clinical conditions affecting the newborn or fetus at different
stages of development. Top Left: A 6-year-old boy with septo-optic dysplasia, very small optic disk, and tortuous
veins. Top Right: A 13-year-old girl with fetal alcohol syndrome, small optic disk, and tortuous vessels. Bottom Left: A 7-year-
old preterm girl with normal optic disk and tortuous vessels. Bottom Right: An 18-year-old boy with periventricular leuko-
malacia and large cup in normal-sized disk.
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However, children born preterm with an acquired
brain lesion late in gestation (PVL) demonstrated
large cups in normal-sized optic disks in addition to
the tortuous retinal vessels (Figs. 2 and 3).

 

39 A sec-
ondary degeneration of ganglion cells and their fi-
bers is likely to be the pathogenetic mechanism that
results in this morphologic appearance, as the pri-
mary ischemic brain lesion in PVL causes axonal in-
terruption in the posterior visual pathways. It may be
speculated that this interruption causes retrograde
transsynaptic degeneration across the lateral genicu-
late nucleus, resulting in a variant of optic nerve hy-
poplasia. A recent report by Uggetti et al supports
this hypothesis by demonstrating degeneration of
the lateral geniculate nucleus as a possible conse-
quence of transsynaptic degeneration in an MRI
study of six patients, four of whom had PVL.64

Prenatal Alcohol Exposure

In children with prenatal alcohol exposure, differ-
ent optic nerve morphology with a small optic disk
in association with tortuous arteries and veins (Figs.
2, 3, and 4) characterized the ocular fundus appear-

ance. The results of an experimental study by Parson
et al suggested that the smaller number of optic
nerve axons noted in mice exposed to alcohol pre-
natally was caused by a defective trophic mecha-
nism.51 This defective stimulation of axons to sur-
vive, mediated through lack of growth factors,
resulted in excessive axon loss at the time of normal
apoptosis. It may be speculated that the ONH seen
among the children with FAS might be caused by
this mechanism. A clinical study on six children with
FAS demonstrated that such children had plasma
concentrations of insulin-like growth factor I (IGF-I)
and IGF-binding protein 3 (IGFBP-3) in the lower
normal range.32 The study also indicated that there
may be a defective trophic mechanism in children
with FAS. Ashwell and Zhang demonstrated a reduc-
tion in the number of optic nerve axons and defi-
cient myelinization in mice exposed to alcohol pre-
natally.3 The authors found no decrease in the
number of neurons located in the lateral geniculate
nucleus and suggested that the low number of axons
was caused by direct retinal damage, rather than by
secondary damage caused by a lesion in the lateral

TABLE 2

Probability of a Randomly Selected Individual in the Study Groups Having a Smaller Optic Disk, Cup, or Rim Area Than 
a Randomly Selected Individual From the Reference Group

Probability (%)

Children Born
Preterm
(N 5 39)

Children With
PVL

(N 5 17)

Children With
FAS

(N 5 16)

Children With ONH and Pituitary 
Hormone Insufficiency

(N 5 5)

Optic disk area 40 41 81 99
Cup area 51 22 74 76
Rim area 38 82 71 97

PVL 5 periventricular leukomalacia; FAS 5 fetal alcohol syndrome; ONH 5 optic nerve hypoplasia.

TABLE 3

Probability of a Randomly Selected Individual in the Study Groups Having Higher Indices of Tortuosity of Arteries or Veins 
or a Lower Number of Branching Points Than a Randomly Selected Individual From the Control Group

Probability (%)

Vessel Variable

Children Born
Preterm
(N 5 39)

Children With
PVL

(N 5 17)

Children With
FAS

(N 5 16)

Children With ONH and Pituitary 
Hormone Insufficiency

(N 5 5)

Tortuosity of arteries
(index)* 79 63 72 19

Tortuosity of veins
(index)* 69 58 68 80

Branching points
(number)† 82 62 71 99

PVL 5 periventricular leukomalacia; FAS 5 fetal alcohol syndrome; ONH 5 optic nerve hypoplasia.
*The probability of an individual having a higher value.
†The probability of an individual having a lower value.
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geniculate nucleus. It thus seems possible that ONH
in association with prenatal alcohol exposure may be
mediated by several mechanisms, e.g., transsynaptic
degeneration, insufficient growth factors, deficient
astrocytes and oligodendrocytes, depletion of pre-
cursors of the retinal ganglion cells (discussed by
Ashwell and Zhang,3 but not yet demonstrated), or
other unknown factors. Consequently, it seems rea-
sonable to assume that the adverse effects of alcohol
on the embryo and fetus are multifactorial and are
influenced by factors such as timing of exposure,
dose, and genetic predisposition.

Optic Nerve Hypoplasia and Pituitary 
Hormone Insufficiency

Children with an early acquired brain lesion
(ONH and pituitary hormone insufficiency) had a
specific ocular fundus appearance with a markedly
small optic disk associated with isolated tortuosity

of the retinal veins (Figs. 2, 3, and 4).34 An explana-
tion for this morphologic appearance might be that
a preexisting midline lesion in the pituitary region
disturbs or prevents the outgrowing axons from the
retina to travel to the posterior parts of the brain
and form appropriate connections at their target
site, i.e., the visual cortex, thereby causing secondary
degeneration of the axons.8,36 Such a mechanical hy-
pothesis is supported by the findings of Taylor, who
demonstrated ONH in patients with congenital su-
prasellar tumors,63 and by the findings of lesions in
the pituitary region in our study (unpublished data).

TIMING OF INSULT

The extent of damage caused by a lesion to the de-
veloping brain is influenced more by the stage of
brain maturation at the time of the insult than by
the insult per se.26,45 Consequently, the same ad-
verse event may result in various morphologic
manifestations, depending on the timing of the le-
sion.55 Because the optic nerve consists of an ex-
tension of the brain tissue, it seems logical to as-
sume that the same reasoning applies for the optic
nerve as for the brain. Our study showed that ONH
might have a considerable morphologic variability in
conditions occurring at different times during pre-
natal and/or perinatal life. It thus seems possible
that the timing of the lesion might be one factor ex-
plaining the varying optic nerve morphology noted
among these children.

The six children with ONH and pituitary hor-
mone insufficiency had midline brain lesions, i.e.,
agenesis of the septum pellucidum, and lesions in
the hypothalamopituitary region (unpublished data),
which indicates an adverse event before the end of
the first trimester.49 Such an insult, involving the vi-
sual pathways during this developmental phase,
seems to cause extensive damage to the retinal gan-
glion cells, i.e., the size of the optic disk was mark-
edly subnormal, there were few and narrow retinal
arteries, and there was marked tortuosity of the reti-
nal veins. These morphologic abnormalities indicate
a markedly reduced number of ganglion cells.

Alcohol is a teratogen that may exert its effects on
the CNS throughout the entire period of gestation.14

It may cause structural changes in the brain early
during development, e.g., agenesis of the corpus cal-
losum,53 and later in fetal life, e.g., migration distur-
bances.15 Optic nerve hypoplasia in association with
FAS is most likely a result of an exposure to alcohol
at any time from the beginning of embryonic life to
later parts of fetal life, as shown in experimental
studies.3,51

In the fully developed eye, the optic disk and
nerve are surrounded by the relatively firm sup-

Fig. 4. Individual and median values for indices of tortu-
osity for arteries and veins and number of branching
points in four groups of children. The shaded area depicts
the fifth to the 95th percentile range, and the center line
indicates the median for the healthy reference group.
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porting tissues of the sclera, pia mater, dura
mater, and the lamina cribrosa, and the nervous
tissue fills out the space surrounded by the sup-
portive structures. A lesion that causes a reduction
of the total number of retinal ganglion cells before
the supportive tissues are fully developed may re-
sult in a small disk, because the supportive struc-
tures may still be able to adapt to the subnormal
size of the nervous tissue of the optic disk/nerve,
e.g., septo-optic dysplasia. Such adaptations may
also occur in ONH with small disks, as are seen in
children with PVL in whom MRI has demon-
strated brain lesions corresponding to an insult in
the second trimester.39 The large cups in normal-
sized disks observed in the majority of children
with PVL were associated with brain lesions corre-
sponding to insults in the third trimester. In the
third trimester, the surrounding structures of the
optic disk have become more rigid, and an adapta-
tion to the smaller number of ganglion cells in the
optic disk is unlikely. A lesion affecting the visual
pathways in this developmental phase seems to re-
sult in a normal-sized disk with large cups and,
consequently, a small rim area.

ASSOCIATIONS WITH OTHER BRAIN LESIONS

A number of associations between abnormalities
of the optic nerve morphology and abnormalities of
the CNS were found in our study.

The finding of large cups in normal-sized disks
in children with PVL indicates that a large cup in a
preterm child should raise the suspicion of associ-
ated damage in the posterior visual pathways.39

This type of periventricular lesion is associated
with impaired visual perception and cognitive
problems38 that may require extensive rehabilita-
tion and support during childhood. Consequently,
recognition of these morphologic patterns of the
ocular fundus and knowledge about their associa-
tion with this specific brain lesion are of great clin-
ical importance.

A small disk and tortuous retinal vessels in a
full-term (or preterm) child might indicate prena-
tal alcohol exposure,30 which in a majority of cases
is associated with brain lesions.59,60 Children with
FAS have extensive educational and social prob-
lems.61 The clinical symptoms of FAS may be diffi-
cult to evaluate, and, because a large proportion
of these children have ocular problems, the ophthal-
mologist plays an important role in recognizing the
syndrome. A correct diagnosis is a prerequisite for
better understanding and improved support of these
often undiagnosed children.

A markedly small disk with retinal venous tortu-
osity may indicate the presence of midline brain
lesions and associated pituitary hormone insuffi-

ciencies.11,34 In children with pituitary insufficien-
cies and optic nerve anomalies, one of the most
striking symptoms in early infancy is visual impair-
ment. Therefore, these children are commonly re-
ferred to an ophthalmologist. Failure to recognize
the morphologic fundus pattern, or unawareness
of its potential association with midline brain
damage and hormone insufficiency, may delay the
diagnosis and expose the child to an increased risk
of developmental delay, adrenal crisis, and even
sudden death.9

In conclusion, it has been shown that quantitative
evaluation of optic nerve morphology is a helpful
contributory tool in the understanding of variations
in optic nerve and retinal vessel morphology and
their relationship with CNS pathology in the chil-
dren studied.

The importance of quantifying the optic nerve
morphology should be stressed, because the varia-
tions in optic nerve morphology that were seen in
the different groups studied were most likely attrib-
utable to differences in etiology and timing of the
lesions. Knowledge of the optic nerve morphology
in children with various clinical conditions is in-
complete, and additional research is needed to
further explore this field, However, the results of
our study clearly indicate the importance of evalu-
ating optic nerve morphology as a platform for ba-
sic scientific studies and future clinical work.
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