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Objective: To describe the visual functions and relate them to MRI findings and the intellectual level in
adolescents born with very low birth weight (VLBW).

Design: Population-based case—control study.

Patients: 59 15-year-old VLBW adolescents and 55 sex and age-matched controls with normal birth weight.
Main outcome measures: Objective clinical findings (visual acuity, stereo acuity and cycloplegic refraction)
were recorded. Structured history taking was used to identify visual difficulties. The intellectual level was
assessed with the Wechsler Intelligence Scale for Children (WISC). All VIBW adolescents underwent MRI of
the brain.

Results: Significant differences were found between the VIBW adolescents and controls regarding visual acuity
(median —0.11 and —0.2, respectively; p=0.004), stereo acuity (median 60" and 30", respectively; p<<0.001),
prevalence of astigmatism (11/58 and 0/55, respectively; p<<0.001) and in full-scale IQ (mean IQ 85 and 97,
respectively; p<<0.001) and performance IQ (mean 87 and 99, respectively; p=0.002). The structured history
also revealed a borderline significant difference between the groups (mean problems 0.46 and 0.15 respectively;
p=0.051). 30% (17/57) of the VLBW adolescents had abnormal MRI findings and performed worse in all tests,
compared with both the VLBW adolescents without MRI pathology and the normal controls.

Conclusion: This study confirms previous observations that VLBW adolescents are at a disadvantage
regarding visual outcome compared with those with normal birth weight. In 47%, visual dysfunction was
associated with abnormal MRI findings and in 33% with learning disabilities. The adolescents with abnormal
MRI findings had more pronounced visual and cognitive dysfunction. The findings indicate a cerebral
causative component for the visual dysfunction seen in the present study.

constitute a heterogeneous group of premature children
born small for gestational age or with a birth weight
appropriate for gestational age. Within this group different
mechanisms of visual disturbance have been reported.
Retinopathy of prematurity (ROP) is closely related to the degree
of prematurity and may cause visual impairment and blindness.'
Other complications of VLBW, not related to ROP, are subnormal
visual acuity, stereopsis, and an increased prevalence of strabis-
mus and refractive errors.”* Children with VLBW may also have
markedly lower intellectual levels, measured by the Wechsler
Intelligence Scale for Children (WISC), especially in visuospatial
tasks.” * White matter damage of immaturity (WMDI) due to
hemorrhagic infarction and periventricular leukomalacia can also
be seen in these children. WMDI usually occurs during the early
third trimester,” and it may cause cerebral palsy as a result of
damage of the corticospinal tracts' ' and/or visual impairment as
a result of damage of the geniculostriate and associated tracts.'” *
Visual dysfunction related to WMDI in children has been
described,” " and is characterised by subnormal visual acuity,
complicated by perceptual and cognitive visual problems.
However, there is limited knowledge of persisting visual
problems in adolescents born with VLBW. In a population-
based study of children with a birth weight <1750 g, Olsén et al
found that the prevalence of WMDI, documented by magnetic
resonance imaging (MRI), was 32%.'* In that study 9% of the
children had cerebral palsy.'® Cognitive ability of the preterm
children was significantly lower than the controls,” but visual
function was not accounted for.
The aim of the current study was to describe the visual
functions in adolescents born with VLBW and relate them to
magnetic resonance imaging (MRI) findings and intellectual level.

Children with very low birth weight (VLBW), <1500 g,

SUBJECTS AND METHODS
The local ethical committee approved the study, which was
conducted according to the Helsinki declaration.

Subjects

The study population consisted of all live-born VLBW infants
(n=107) born in the southeast region of Sweden during a 15-
month period. They were screened for ROP only once, at the age
of 40 postmenstrual weeks. Two subjects were identified early
as having visual impairment due to ROP, one of whom was
excluded from the present study. Fifty-nine VLBW adolescents
participated in the study of visual function at 15 years of age
(fig 1). Written informed consent was obtained from all
children and their parents prior to enrolment.

In the early neonatal period, a pair-matched control group of
86 infants was recruited with respect to hospital, sex and
maternal parity. Of these, 19 did not want to participate and 11
did not respond to the invitation to participate in the current
study; one child had died at the age of 12 years. With 55
controls, complete matching of pairs was not achieved at the
15-year follow-up. Therefore, we conducted group comparisons.

All adolescents included in the present study (table 1) had
been examined previously.”” We found no significant differ-
ences in birth weight or birth weight standard deviation scores
(BWSDS) between the participants and those who dropped out.
The dropouts were born at a mean gestational age of 30 weeks

Abbreviations: BWSDS, birth weight standard deviation scores; FISQ,
full-scale intelligence quotient; PIQ, performance IQ; ROP, retinopathy of
prematurity; VIQ, verbal IQ; VLBW, very low birth weight, WISC, WecKs|er
Intelligence Scale for Children; WMDI, white matter damage of immaturity
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Figure 1

Flow diG%rqm of the very low birth weight study ropu|otion at

15 years. *One adolescent had Down'’s syndrome, one adolescent had

severe cerebral palsy (tetraplegia) and severe learning disability, one
adolescent had mocf;rqte cere%rcﬂ palsy (diplegia), severe learning
disability and blindness due to retinopathy of prematurity. tTwo boys had
mild cerebral palsy (hemiplegia and diplegia).

(range 25-35) and the participants at 31 weeks (range 25-37)
(p=10.039).

Methods

Four teams conducted the ophthalmologic examinations at six
settings in southern Sweden, depending on the place of
residence of the subjects, over a period of 15 months.

Visual acuity

Best corrected monocular and binocular distance visual acuity
was assessed with the line letter KM chart, based on seven
letters with similar legibility." ' The progression is geometric
and the maximal measurable visual acuity is —0.3 logMAR
(decimal 2.0). The KM chart is designed for a testing distance of
3 m and has been used previously in a similar study.*® Visual
acuity was defined according to clinical practice as at least 70%
correctly read letters and is expressed as logMAR (decimal).
Binocular visual acuity >0 logMar (<1.0 decimal) was defined
as subnormal.

Stereo acuity

Stereo acuity was tested using the TNO (Netherlands
Organisation for Applied Scientific Research) random dot
stereo test.”’ Normal stereo acuity was defined as a resolution
of 60 s of arc (") or less. Subjects with no quantitatively
measurable stereo acuity were assigned a nominal high score.

Refraction

Myopia was defined as =—0.5 D in any eye (spherical equivalent),
hyperopia as =+2 D in any eye (spherical equivalent), and
astigmatism as >1 D cylindrical error in any eye.” *
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Structured history

A structured history** regarding problems in five areas (face
recognition, orientation, perception of depth and motion, and
simultaneous perception) was taken to identify and character-
ise remaining visual difficulties.

Visual dysfunction

Visual dysfunction was defined as binocular visual acuity
>0 logMAR (<1.0 decimal) or >0.65 logMAR (<0.3 decimal)
in the worst eye, or stereopsis >60", or any persistent problem
revealed in the structured history taking.

Strabismus
Strabismus was assessed using the cover test.

Intellectual level

We used the Swedish version of the WISC-III, a standardised
test to measure children’s intellectual level. The scale comprises
10 subscales that are organised in two groups: verbal tests (VIQ,
verbal intelligence quotient) and visuospatial, performance
tests (PIQ, performance intelligence quotient). The total score
of the two tests can be converted to a full-scale intelligence
quotient (FSIQ) score comparable with population-based
normative data.”” A FSIQ below —2 SD (<70) is regarded as
having learning disability.

Magnetic resonance imaging

MRI examinations of the brain were conducted at six local
hospitals. The adapted imaging protocols followed a predefined
general guideline. The WMDI findings were classified by one of
the authors (OF) as normal, mild (loss of <25% of periventricular
white matter or only gliosis), moderate (loss of >25% to <50% of
periventricular white matter) or severe abnormality (>50% loss of
periventricular white matter). For the purposes of the current
study we compared the examination findings from VLBW ado-
lescents with (MRI+) and without (MRI—) MRI abnormalities.

Statistical analysis

We analysed the data using the Mann-Whitney U test, x> test and
Fisher’s exact test, and for linear regression we used analysis of
variance. A p value of <0.05 was regarded as significant.

RESULTS

Visual acuity

The median distance binocular, line visual acuity was —0.11
(range 0.6 to —0.3) in the VLBW group and —0.2 (range 0.1 to
—0.3) in the control group (p =0.004). Three VLBW adoles-
cents and one control had subnormal binocular visual acuity.

Table 1 Demographic and clinical data
Controls (n=55) Very low birth weight (n=59)
Girls (n=26) Boys (n=29) Girls (n=26) Boys (n=33)
Birth weight (g)
Mean (SD) 3470 (447) 3621 (526) 1195 (192) 1199 (210)
Range 2690 to 4600 2230 to 4570 860 to 1500 685 to 1495
Small for gestational age (n) 0 1 17 18
Birth weight standard deviation scores
Mean (SD) = = -2.89 (1.26) -2.39 (1.21)
Range - - -4.81 10 —0.41 -4.1t0 —0.013
Gestational age (weeks)
Mean (SD) 40 (1) 40 (1) 32 (2) 31(2)
Range 38 to 42 37 to 42 27 to 38 26 to 35
Cerebral palsy (n) 0 0 0 5
Strabismus (n) 1 0 0 4
Retinopathy of prematurity (n) 0 1
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Figure 2 Stereo acuity in percentage. Neg, negative; VLBW, very low
birth weight.

Stereo acuity

Thirteen VLBW adolescents (22%) and three controls (5%) had
subnormal stereo acuity (p = 0.011). The median value of stereo
acuity (adolescents with strabismus excluded) for the control
group was 30" and for the VLBW group 60" (p<<0.001). Figure 2
shows the percentage distribution of stereo acuity.

Refraction

Significantly more VLBW adolescents (11/58; one adolescent
refused cycloplegic eye drops) had astigmatic refractive errors
than controls (0/55) (p<<0.001). We found no significant
difference in the prevalence of myopia and hyperopia between
the examined groups.

Structured history

The VLBW adolescents had more persistent visual problems
identified by the structured history taking than the controls
(mean visual problem per individual 0.46 and 0.15 respectively;
p=0.051). Thirteen VLBW subjects (22%) and five controls
(9%) had persistent visual problems in at least one area
(p=0.074).

Visual dysfunction

Overall 20 VLBW adolescents (fig 3) and 7 controls (3 girls) had
visual dysfunction (p=0.009) according to the predefined
criteria.

Strabismus

One control subject had esotropia. Two VLBW adolescents had
esotropia, one had exotropia/hypotropia and one had micro-
tropia (microstrabismus with amblyopia in one eye).

Intellectual level
Two of the 59 VLBW adolescents did not take the WISC-III test
and one failed to complete all subtests. Figure 4 shows the
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Table 2 Persistent visual problems (%) in the two study
groups

Simultaneous Face
Depth  perception Motion  recognition  Orientation
Very low 12 12 5 3 14
birth weight
Controls 4 2 0 2 7

results of the WISC-III tests. In the VLBW group 11 had
learning disabilities (FSIQ <70) compared with 1 in the control
(p=0.002). Also, 11 VLBW adolescents but only 3 controls had
PIQ <70 (p =0.024).

Intellectual level and visual function
The VLBW subjects with PIQ <70 had significantly lower
binocular visual acuity (p = 0.014), lower stereopsis (p = 0.002)
and more persistent visual problems in the structured history
taking (p=0.027) than the VLBW subjects with PIQ =70.
VLBW adolescents with learning disabilities had significantly
lower binocular visual acuity (p<<0.001), higher frequency of
astigmatism (p =0.019), and more persistent visual problems
according to the structured history (p = 0.032) than the other
VLBW adolescents.

We found no correlation between BWSDS or gestational age
and visual findings.

Magnetic resonance imaging

MRI was carried out for 57/59 VLBW adolescents—17 had
abnormal findings, 16 WMDI and 1 malformation. The abnorm-
alities were mild in 13 and moderate to severe in 3 (fig 5).

MRI and visual function
We found no significant difference regarding distance binocular
or best eye visual acuity between the MRI+ and MRI— groups.
The visual acuity of the worst eye differed significantly between
the MRI groups (p = 0.029). Significantly more MRI+ adoles-
cents (7/17) had subnormal stereo acuity than MRI— adoles-
cents (5/40) (p=0.029). Refractive errors were significantly
more common among the MRI+ (11/17) than among the MRI—
adolescents (13/40) (p = 0.039). Myopia was significantly more
common in the MRI+ group (7/17) than in the MRI— group (6/
39; one adolescent refused cycloplegic eye drops) (p =0.046).
Table 3 summarises the clinical findings in the MRI+ group.
The difference in distance binocular visual acuity (p = 0.01),
stereo acuity (p=0.01) and prevalence of astigmatism
(p=0.004) between the VLBW adolescents and the controls
persisted when we compared the VLBW adolescents with
normal MRI results (n =40) with the controls (n=55). The
structured history revealed persistent problems in 6/17 (35%)
MRI+ and 6/40 (15%) MRI— adolescents in one or more areas.

Figure 3 Flow dia?ram showing
distribution of visual dysfunction in the very

59 (269) low birth weight adolescents at 15 years. CP,
cerebral palsy; ROP, retinopathy of
| | | | prematurity.
2 (02) no MRI
40 (199) 17.(79) 1 CP and visual
MRI- MRI+ dysfunction
I I
[ 1 [ ]
30 (159 o 10(49) 8 (39) o)
Normal visual Visual dysfunction Normal visual Visual dysfunction,
function function 1 ROP
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Figure 4 Median and interquartile range for full-scale IQ (light grey
boxes; p<<0.0001), verbal IQ (white boxes; p=0.001) and performance
IQ (dcrE grey boxes; p=0.002) in the control and very low birth weight
(VLBW) adolescents estimated in IQ units in WISC-III.

We did not find any correlation between birth data (birth
weight, BWSDS and gestational age) and the presence of MRI
abnormalities. There were no statistically significant sex
differences in MRI findings or visual outcome.

DISCUSSION

The present study revealed that adolescents born with VLBW had
significantly lower visual acuity, lower stereo acuity, greater
astigmatism and greater visual problems, according to the
structured history taking, compared with an age and sex-matched
control group. However, visual impairment at the levels defined by
the World Health Organization (WHO) was rare among adoles-
cents born with VLBW. The adolescents with the worst visual
outcome all had cerebral abnormalities. In addition, half of the
ex-VLBW adolescents who had any visual dysfunction had
abnormal MRI findings, indicating a cerebral component in this
group. The three adolescents with the worst outcome were
excluded from the study group and four of those who chose not to
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Figure 5 MRI (axial T2-weighted sequence) from one of the VLBW
030|escen’rs with binocular distance visual acuity logMAR 0.19, strabismus,
no stereo acuity and reported persisting visual cognitive problems in all five
areas, full-scale IQ=51, verbal IQ=74, performance IQ=37.

participate had cerebral palsy. Therefore the findings of visual and
cerebral sequelae may not be representative but underestimated.

Male sex has been described to entail a higher risk for worse
neurodevelopmental outcome among low birth weight chil-
dren.* *” Although we did not find any statistically significant
sex differences in the current study group, adolescents with
cerebral palsy, those with the worst visual outcome and those
with moderate and severe WMDI were all boys. Only one
adolescent had known cicatricial ROP and was visually
impaired according to the WHO standards. However, the design
of ROP screening with one single examination at postmenstrual

Table 3 Neonatal characteristics and neurological and ophthalmological outcome in the adolescents with magnetic resonance
imaging (MRI) abnormalities
Gestational VA Spherical equivalence
age logMAR (<-0.5 or (=+2 D) Astigmatism
Sex  (weeks) BWSDS WMDI TNO  (dec) Strabismus  RE/LE (>1D) RE/LE  CP FSIa  viQ PIQ
Boy 25 -1.31 Severe Neg 0.3 (0.5) E 5.13/5.25 -4.25/-3.5 dpl T 1 1
Boy 26 -2.15 Moderate  Neg 0.6 (0.25) E -10.13/-9.38 -2.25/-1.75 dpl 37 47 32
Girl 27 -0.41 Mild 120 -0.11 (1.3) = -/-1.63 No No 102 99 105
Boy 29 -2.3 Mild 60 0(1.0) - -0.63/- No dpl 53 61 55
Boy 29 —0.34 Mild 240 -0.11 (1.3) — 4/4.5 No No 93 83 106
Girl 30 -1.17 Mild 60 -0.2 (1.6) = = No No 98 11 97
Girl 30 —0\73 Mild 120 -0.11 (1.3) = -3.25/-3.5 No No 83 84 85
Boy 31 -3.06 Mild 30 -0.2(1.6) - -/-0.5 No No 98 91 106
Boy 31 =3.01 Mild 30 -0.2(1.6) - - No No 58 72 52
Boy 31 -2.99 Severe Neg 0.19 (0.65) X/H -1.75/-1.63 -1.5/-1.25 hpl 51 74 37
Girl 31 -2.04 Mild 60 -0.11 (1.3) - 4.88/5.63 No No 94 94 95
Girl 32 —4.49 Mild 60 -0.11 (1.3) - -7.38/-6.0 -1.25/-0.5 No 96 103 89
Boy 32 -2.31 Mild 60 -0.11 (1.3) = = No No 87 82 95
Boy 88 —4.1 None* 120 -0.11 (1.3) = = -1.25/-1.5 No 65 78 58
Girl 33 -3.48 Mild 30 -0.11 (1.3) - - No No 103 94 114
Boy 34 -3.83 Mild 30 -0.11 (1.3) - - No No 96 99 92
Girl 37 -4.51 Mild 30 -0.11 (1.3) - - No No 69 73 73
BWSDS, birth weight standard deviation scores; CP, cerebral palsy; dpl, diplegia; E, esotropia; FSIQ, full-scale IQ; H, hypotropia; hpl, hemiplegia; LE, left eye; Neg,
negative; PIQ, performance IQ; RE, right eye; VA, distance binocular visual acuity; VIQ, verbal IQ; WMDI, white matter damage of immaturity; X, exotropia.
*Malformation.
tFailed completion of subtests.
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What is already known on this topic

Children born with very low birth weight have increased
frequency of strabismus, refractive errors, decreased visual
acvity and lower intellectual capacity. They also have an
increased risk of periventricular white matter damage causing
cerebral palsy and visual impairment.

age 40 weeks did not allow us to acquire information about the
prevalence of spontaneously regressed ROP in this group.

Regarding refractive errors, a fifth of the VLBW group (19%)
had astigmatism compared with none in the control group. The
median visual acuity was higher in the studied groups than in a
similar, although younger population,” which possibly can be
explained by the difference in age.” In keeping with previous
studies® stereo acuity was lower in the VLBW group than in the
control group and was also associated with low PIQ, but not
with low VIQ. Thus stereo acuity may well influence the
difficulties that VLBW adolescents have with visuospatial tasks,
or may be an indicator of cognitive visual problems.

Eleven VLBW adolescents (20%) had learning disabilities and
they also had more visual problems than those with normal
FSIQ. One could speculate whether this association between
poor visual outcome and learning disabilities is the conse-
quence of deficient visual input (ie lesions engaging the optic
radiation) or deficient visual processing (ie lesions engaging
associate visual pathways) or both. The structured history
revealed significantly more visual problems in the VLBW group.
There was an association between these problems and low PIQ.
Thus taking a structured history, an easily carried out
procedure, reveals cognitive visual dysfunction, indicating a
cerebral cause.

Interestingly there was a significant difference in visual
acuity, stereo acuity and frequency of astigmatism between the
VLBW adolescents with normal MRI findings and the controls.
Reduced cerebral volume and more subtle brain damage have
previously been described in VLBW adolescents examined with
quantitative and diffusion MRI techniques.”® In the current
study such brain damage could not be diagnosed, as quanti-
tative and diffusion techniques were not used. Hence the group
with normal MRI findings may have included adolescents with
pathology diagnosed with quantitative and diffusion MRI
techniques. The prevalence of WMDI, 16/57 (28%), is quite
similar to that reported by Olsén (32%)."® These 16 adolescents
also had more visual, refractive and persistent visual problems
than the VLBW adolescents without WMDI.

CONCLUSION

This study confirms previous observations that adolescents
with VLBW are at a disadvantage regarding visual outcome
compared with adolescents with normal birth weight.
Adolescents with abnormal MRI had more pronounced visual
and cognitive dysfunction. Only one adolescent in the present
study had visually impairment (ROP and WMDI) according to
WHO criteria. However, a third of the VLBW group had some
visual dysfunction. Of those with visual dysfunction half had
brain pathology documented with MRI and a third of them had
learning disabilities, indicating a cerebral causative component.
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What this study adds

This is, to our knowledge, the first population-based study on
the long-term effect of periventricular white matter damage,
diagnosed with MRI, on visual and cognitive function in
adolescents born with very low birth weight.
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Renal artery thrombosis and ischaemia presenting as severe neonatal hypertension

by caesarean section for preterm labour and fetal distress.

ﬁ baby boy (1460 g) was delivered at 30 weeks’ gestation
Umbilical arterial and venous catheters were inserted

Figure 1 Enhanced axial CT image shows multiple foci of filling defects
compatible with thrombi within the main and posterior division of the left renal
arfery (small arrows). Note the lack of corfical enhancement at the posterior
lobe of the left kidney (arrowheads) compared with normal enhancement of
the right kidney (curved arrow). RK, right kidney; LK, left kidney.

igure nhanced thick slab (6.5 mm) coronal image showing patc
Fi 2 Enhanced thick slab (6.5 mm) | image sh ’gr hy
i

enhancement of the left renal artery and its posterior division. Multiple
segments of narrowing suggestive of intraluminal thrombi are indicated b
the small arrows. There is reduced enhancement of the upper pole of the |eﬁ
kidney (arrowheads) suggestive of lobar ischaemia.
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between T8 and T9 briefly during the immediate postnatal
period. On day 23, the baby was hypertensive (highest blood
pressure 113/77 mm Hg; mean 88 mm Hg), but echocardio-
graphy revealed a structurally normal heart. Power Doppler
ultrasound of the renal tract and vessels was normal.
Multidetector computed tomographic (MDCT) angiography of
the abdomen showed multiple narrowing defects within the
main and posterior division of the left renal artery (fig 1) and in
the aorta at the origin of inferior mesenteric artery. Reduced
perfusion in the upper pole of the left kidney was indicative of
lobar ischaemia (fig 2). Possible causes of the defects included
thrombosis, arterial spasm and dysplastic vessels. Blood
pressure normalised after labetalol infusion and the baby was
weaned off antihypertensive treatment after seven days. MDCT
angiography showed resolution of left kidney hypoperfusion
and partial resolution of the narrowing defects. Clinical
progress was compatible with multiple intra-arterial thrombi,
with subsequent resolution.

Renal artery thrombosis as a complication of umbilical arterial
catheterisation is a common cause of neonatal hypertension.'
MDCT angiography is highly useful in the investigation of
neonatal hypertension when power Doppler ultrasound is
inconclusive. With MDCT, we made the diagnosis within hours
of presentation even though ultrasound findings were normal.
Magnetic resonance angiography would have been impractical
because of the long scanning time and the need for heavy
sedation. Symptomatic management of blood pressure while
awaiting resolution of the renal condition is usually successtul,’
and may circumvent the technical difficulties of invasive
interventions and avoid serious complications of treatment.’

HS Lam

Departments of Paediatrics, Prince of Wales Hospital, The Chinese University of
Hong Kong, Sha Tin, New Territories, Hong Kong

W CW Chu

Departments of Diagnostic Radiology and Organ Imaging, Prince of Wales
Hospital, The Chinese University of Hong Kong, Sha Tin, New Territories, Hong
Kong

C H Lee, W Wong, P C Ng

Departments of Paediatrics, Prince of Wales Hospital, The Chinese University of
Hong Kong, Sha Tin, New Territories, Hong Kong

Correspondence to: Professor Pak C Ng, Department of Paediatrics, 6/F,
Clinical Sciences Building, Prince of Wales Hospital, Sha Tin, New Territories,
Hong Kong; pakcheungng@cuhk.edu.hk

Competing interests: None declared.

References
1 Merten DF, Vo?el JM, Adelman RD, et al. Renovascular hypertension as a
complication of umbilical arterial catheterization. Radiology 1978;126:751-7.
2 Adelman RD, Merten D, Vogel J, et al. Nonsurgical management of renovascular
hypertension in the neonate. Pediatrics 1978;62:71-6.
3 Greenberg R, Waldman D, Brooks C, et al. Endovascular treatment of renal

artery thrombosis caused by umbilical artery catheterization. J Vasc Surg
1998,28:949-53.



