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Abstract: Objective: To determine possible alterations of P100 and P1 amplitudes and latencies in school-aged children with a history
of a central nervous system tumour.
Material and methods: The pattern visual evoked potential and flash visual evoked potential testing was performed in 42 school-
-aged children: 15 patients with a history of the central nervous system tumour (mean age of 13.44 + 2.41 years and 13.75
+ 2.29 years, respectively) and 27 healthy subjects as a control group (mean age 11.84 =+ 1.44 years, and 14.78
+ 4.26 years, respectively).
Results: P100 amplitudes of pattern visual evoked potentials were statistically decreased in the study group as compared
to the control group. The only statistically signifcant difference between the study group and the controls was latencies recor-
ded from 01 in 15-minute stimuli. P2 amplitudes of flash visual evoked potentials were decreased and latencies were increased
in the study group, however, the differences were not statistically significant.
Conclusions: Visual evoked potential alterations can be a sign of functional disturbances of the visual system in patients
with any central nervous system tumour. Therefore, a diagnostic process of a central nervous system tumour should include
a thorough ocular exam, even in patients with normal visual acuity.
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Abstrakt: Cel: wykazanie réznic w warto$ciach amplitud i latencji fal P100 oraz P1 u dzieci w wieku szkolnym, u ktérych zdiagnozowano
guza o$rodkowego uktadu nerwowego.
Materiat i metody: badaniom wzrokowych potencjatéw wywotanych stymulowanych wzorcem czarno-biatej szachownicy i bly-
skowych wzrokowych potencjatéw wywotanych poddano 42 dzieci: 15 dzieci, u ktérych zdiagnozowano guza os$rodkowego
uktadu nerwowego ($rednia wieku odpowiednio: 13,44 + 2,41 roku i 13,75 = 2,29 roku), oraz 27 dzieci z grupy kontrolnej
($rednia wieku odpowiednio: 11,84 + 1,44 roku i 14,78 =+ 4,26 roku).
Wyniki: w wynikach badan wzrokowych potencjatéw wywotanych stymulowanych wzorcem czamo-biatej szachownicy stwier-
dzono statystycznie istotne rdznice miedzy parametrami amplitud fali P100 uzyskanymi u dzieci z grup badanej i kontrolnej, istot-
ne statystycznie réznice w wartosci latencji fali P100 natomiast wykazano jedynie w odprowadzeniu 01 w stymulacji wzorcem
15 minut katowych. W badaniu btyskowych wzrokowych potencjatéw wywotanych amplitudy fali P2 byly obnizone, a latencje
wydfuzone, niemniej jednak wyniki nie byly istotne statystycznie.
Whioski: zmiany w badaniach wzrokowych potencjatéw wywotanych moga $wiadczy¢ o zdezintegrowanej funkcji drogi wzroko-
wej w przypadku wszystkich guzéw o$rodkowego uktadu nerwowego. U pacjenta, u ktérego zdiagnozowano guza o$rodkowego
uktadu nerwowego, nalezy wykona¢ badanie okulistyczne, nawet wtedy, kiedy stwierdzono u niego peing ostro$¢ wzroku.

Stowa kluczowe:  guzy o$rodkowego uktadu nerwowego, dzieci, wzrokowe potencjaty wywotane.

Introduction neurofibromatosis (2, 3). However, CNS tumours located outside

Tumours of the central nervous system (CNS) can affect eve-  the visual system can negatively impact vision by compressing
ry part of the visual pathway (1). Childhood tumours directly af-  visual system structures as they grow (1, 4). Tumour size and lo-
fecting the visual pathway are commonly connected with type 1 cation have the most prognostic value for good vision (1).
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The availability of reliable instruments to measure the func-
tional integrity of the visual pathway in a patient with a CNS
tumour is essential in paediatric ophthalmology (2, 5-7). Relia-
ble examinations are important both before and after surgery,
as they detect tumour progression, relapses or regression (1, 2,
4, 8, 9). The value of subjective methods, such as visual acuity
or visual field testing is debated, as they need full cooperation
of a patient (6, 10-14). The objective methods such as pattern
visual evoked potentials (PVEP) and flash visual evoked poten-
tials (FVEP) can be used in such circumstances (2, 6, 7). Visual
evoked potentials (VEP) demonstrate changes in the visual sys-
tem function by indicating a deviation in amplitudes and laten-
cies of P100 wave (PVEP) or P2 wave (FVEP) (1, 2, 4-8).

We examined a group of school-age children with a history
of a CNS tumour. We performed PVEP or FVEP to discover po-
ssible tumour-induced functional changes in the visual system.
We hypothesised that the presence of a CNS tumour would
result in altered VEP responses. When abnormal VEP respon-

ses were detected, magnetic resonance imaging (MRI) scans
of the brain was performed.

Material and methods

The study was performed at the Department of Paediatric
Ophthalmology and Strabismus, Medical University of Bialystok.
It was approved by the local Internal Review Board and was
in accordance with the Declaration of Helsinki.

15 school-aged children with at least six-month history
of the CNS tumour were examined. The findings were compared
to the ones of healthy controls. In the PVEP study group, the in-
clusion criteria were history of the CNS tumour and visual acuity
over 20/100, whereas high myopia was the exclusion criterion.
In the FVEP study group, the inclusion criterion was a history
of the CNS tumour and the exclusion criteria were high myopia, risk
of epileptic seizure, and lack of parental consent due to that risk.

19 healthy school-aged children born at term were en-
rolled in the PVEP and in the FVEP control group. All subjects

== BCVA VEP
No./ § = Tumour location/ Diagnosis/ Surgery/
Nr S5 BRE LE ' bVEP | FVEP Lokalizacja guza Rozpoznanie Operacja
Z= oP oL
1 15 | 20/200 | 20/100 - + chiasma opticum Glioma yes/ tak
2 11 | 20/20 | 20/20 + + lobus temporalis sinister Ganglioglioma yes/ tak
3 10 | 20/20 | 20/20 + + sulcus lateralis, chiasma opticum Cystis arachnoideae no/ nie
lobus parietalis dexter ub
4 11 | 20/20 | 20/20 + - no/ nie
fossa cranii posterior Cystis arachnoideae
hypophysis Cystis epidermalis
5 15 | 20/20 | 20/20 + + no/ nie
fossa cranii posterior Cystis arachnoideae
6 16 | 20/20 | 20/20 + + corpus pineale ub no/ nie
Nervus opticus dexter Glioma
1 12 | 20/20 | 20/20 + no/ nie
hemispherium cerebri sinister Hamartoma
chiasma opticum Lipoma
8 14 | 20/25 | 20/20 + no/ nie
corpus pineale Cystis
chiasma opticum Glioma
9 12 20/400 = 20/20 + thalamus, globus pallidus, putamen, pedunculus cerebri, H no/ nie
. lamartomas
truncus cerebri
10 14 | 20/40 | 20/25 + tractus opticus sinister Glioma yes/ tak
" 15 | 20/40 | 20/40 + cerebellum Astrocytoma pilocyticum | yes/ tak
12 | 15 | 20/20 | 20/20 + hypothalamus, hypophysis ub no/ nie
13 | 17 | 20/20 | 20/63 + - fossa cranii posterior Cystis arachnoideae no/ nie
14 | 12 | 20/20 | 20/20 + - chiasma opticum Cystis arachnoideae no/ nie
15 | 15 NLP | 20/20 + + lobus temporalis sinister Astrocytoma yes/ tak

BCVA — the best corrected visual acuity/ najlepsza skorygowana ostroéé wzroku, VEP — visual evoked p

il I .y 1

, FVEP — flash visual evoked potentials/ btyskowe wzrokowe potencjaty wywotane, PVEP —

pattern visual evoked potentials/ stymulowane wzorcem czarno-biatej szachownicy wzrokowe potenqu{y wywotane, RE — rlghr eye/ OP — oko prawe, LE — left eye/ oko lewe — OL, UD — undefined/ nieokreslony, NLP — no light perception/
brak poczucia éwiatta

Tab.l. The characteristics of the patients in the study group.
Tab. I. Charakterystyka pacjentéw z grupy badane;.
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had a visual acuity of 20/20. Their PVEP and FVEP results were
used as the reference by the electrophysiology lab in the past
5 years.

The PVEP and FVEP examinations were performed in a la-
boratory according to ISCEV standards using the Espion Dia-
gnosis equipment, as described in our previous study (15).
All data was processed using STATISTICA Version 10 (Stat-
Soft). The Kolmogorov-Smirnov test (KS-test) and student's
t-test were performed. The P100 wave latencies and amplitu-
des in 15- and 60-minute stimuli as well as P1 wave latencies
and amplitudes obtained from the 01, 0z and 02 electrodes
were compared between the patients and controls.

Results

A total of 15 school-aged children (10 boys and 5 girls)
aged 10-17 years (mean: 14.67 = 1.63 years) with a histo-
ry of the CNS tumour were enrolled. Five children (33.3%) had
previous neurosurgical procedure, whereas watchful waiting
is used in other 10 patients. Five children (patients number 4, 5,

Control group (n=38)
Mean = SD/

VEP electrode/ | PVEP Parameters/
Grupa kontrolna

Elektroda VEP Parametry PVEP
15 min 60 min
P100 latency (ms)/
Latencja P100 103.14+4.19 | 101.12+5.44
01
P100 amplitude (um)/
Amplituda P100 14.51+5.4 14.81+5.01
P100 latency (ms)/
Latencja P100 104.14+3.6 100.03+3.88
0z
P100 amplitude (um)/
Amplituda P100 23.83+8.85 23.75+8.31
P100 latency (ms)/
Latencja P100 104.93+4.63 | 101.11+4.64
02 .
P100 amplitude (um)/| 1, 79 635 | 1461256

Amplituda P100

VEP — visual evoked potentials/ wzrokowe potencjaty wywot
significant at the p <0.05 level/ poziom istotnosci znamienny, gdy p <0.05

7-9 in Table 1) had more than one CNS tumour. In 6 patients, in-
tracranial lesions were located outside, and in 9 patients within
or near the visual pathway. Tumour diagnosis was based on hi-
stopathologic examination or MRI image. Eight children (53.3%)
had bilateral visual acuity of 20/20. None of them presented
with signs of intracranial hypertension. PVEP was performed
in patients with best corrected visual acuity (BCVA) > 20/100.
FVEP was discarded if no parental consent was given. Ove-
rall, 27 eyes for PVEP and 12 eyes for FVEP were included
in the analyses as the study group. The mean age in the PVEP
study group was 13.44 = 2.41 years, as compared to 13.75
+ 2.29 years in the FVEP study group. The baseline characteri-
stics of the study group are summarized in Table I.

27 school-aged children aged 10-17 years (mean: 12.2
+ 3.18 years) were enrolled in the control group. Overall,
38 and 9 eyes were included in analyses as PVEP and FVEP
controls, respectively. The mean age in the PVEP control group
was 11.84 = 1.44 years as compared to 14.78 = 4.26 years
in the FVEP control group. KS-test confirmed normal distribution

Test group (n=27) Significance of difference/

Mean = SD/ Poziom istotnosci
Grupa badana p
15 min 60 min 15 min 60 min
112.68+14.31 | 107.49+19.83 P<0.001* P<0.06
1.74x4.47 8.72+4.29 P<0.001* P<0.001*
107.1+£24.46 | 104.49+17.54 P<0.48 P<0.13
10,71=7.41 11.03+6.51 P<0.001* P<0.001*
101.87+22.52 | 106.86+20.54 P<0.42 P<0.1
7.95+7.29 9.83+6.33 P<0.001* P<0.001*

, PVEP — pattern visual evoked potentials/ stymulowane wzorcem czarno-biatej szachownicy wzrokowe potencjaty wywotane, n — number of eyes/ liczba oczu, *difference was

Tab. Il. PVEP values in the test group and the control group (Student’s t-test).
Tab. Il.  Wyniki PVEP u pacjentéw z grup badanej i kontrolnej (test t-Studenta).
Control group (n=16) Test group (n=9) Significance of difference/
B P LA Mean + SD/ Mean * SD/ Poziom istotnosci
Elektroda VEP Parametry FVEP
Grupa kontrolna Grupa badana p
P2 latency (ms)/ Latencja P2 100.57+9.51 99.88+30.52 P<0.95
01
P2 amplitude (um)/ Amplituda P2 12.15+.6.9 10.11+6.0 P<0.37
P2 latency (ms)/ Latencja P2 99.4+8.27 105.63+16.36 P<0.3
0z
P2 amplitude (um)/ Amplituda P2 14.5+5.99 11.83+6.45 P<0.32
P2 latency (ms)/ Latencja P2 98.7+8.91 101.36+26.69 P<0.32
02
P2 amplitude (um)/ Amplituda P2 13.23+6.71 10.88+5.54 P<0.36

VEP — visual evoked potentials/ wzrokowe potencjaty wywotane, FVEP — flash visual evoked potentials/ btyskowe wzrokowe potencjaty wywotane, n — number of eyes/ liczba oczu
Tab. lll. FVEP values in the test group and the control group (Student’s t-test).
Tab. lll. Wyniki FVEP u pacjentéw z grup badanej i kontrolnej (test t-Studenta).
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of the data, whereas the student’s t-test revealed no statistical-
ly significant age differences between the study and the control
group.

The components of PVEP, that is the latencies of P100 wave
in a 15- and 60-minute check stimulation, varied in schoolchil-
dren with a history of CNS tumour as compared to their he-
althy peers (Student’s t-test). The P100 latency was delayed
in the study group as compared to controls (Tab. Il). However,
the only statistically significant difference was in responses ob-
tained from 01 electrode in 15-minute check stimuli (P <0.001).
The remaining PVEP parameters — the P100 wave amplitudes —
were lower in the study group as compared to the control group
(Student’s t-test) (Tab. II).

The differences in all responses obtained from 01, 0Oz
and 02 electrodes in 15- and 60-minute check stimuli were sta-
tistically significant (P <0.001).

The components of FVEP, that is the latencies and amplitu-
des of P2 wave in a flash stimulation, varied in schoolchildren
with a history of the CNS tumour as compared to their healthy
peers (Student’s t-test). The P2 latency was delayed and amplitu-
des were lower in the study group as compared to controls. Ho-
wever, the differences were not statistically significant (Tab. Il).

Discussion

VEP testing involves recording the response of the occipi-
tal cortex to the stimulation of the central visual field (5). Two
types of stimuli can be used in eliciting the visual evoked re-
sponses: the pattern and the light. PVEP is a simple, sensiti-
ve and objective technique for evaluating impulse conduction
along the visual pathways. It can detect any defect from optic
nerve to occipital cortex. Nevertheless, the choice of the most
appropriate stimuli depends on patient visual acuity and their
ability to cooperate during the procedure. PVEP is the first cho-
ice examination, due to the higher repeatability of obtained
values. However, in patients with poor visual acuity (below
20/200) or uncooperative, FVEP needs to be performed to ensu-
re the objective functional assessment of the visual system (2).

The VEP analysis differs between children and adults (16, 17).
In children, latencies and amplitudes are higher as compa-
red to adults. However, electrophysiological activity matures,
so the latencies and amplitudes of P100 wave decrease
with time over childhood (17). Changing PVEP results reflect
the structural development of the CNS (18, 19).

Paediatric ophthalmology greatly benefits from the objective
methods of visual system assessment (2, 5-7). Although in chil-
dren with normal visual acuity, reliable outcomes are assumed
to be achieved with a standard ocular examination, the study by
Kelly et al. showed that the sensitivity of visual acuity testing
is lower as compared to VEP in the detection of early optic nerve
damage in children (6, 10-14, 15, 20). Nearly one-fourth of chil-
dren in their study presented with normal visual acuity when dia-
gnosed with optic pathway glioma, whereas VEP was abnormal
in each of these patients (20). Therefore, in patients with known
CNS tumour history, the opportunity to objectively assess visual
system function with VEP is valuable (1, 6-9).

Ophthalmologist, neurologists and neurosurgeons have
some diagnostic armamentarium at their disposal to detect
and monitor CNS tumour progression with the most precise

structural assessment possible using the MRI (21). However,
even the best structural assessment cannot replace the func-
tional diagnosis of the visual system (2). VEP is used for asses-
sing the functional integrity of the visual pathway and excels
over any known scanning technique.

Our study confirmed differences in PVEP and FVEP respon-
ses between children with history of the CNS tumour and their
healthy peers. The statistically significant differences in P100
amplitudes seem to support that the CNS tumours located not
only within but even outside the visual pathway alter the visual
evoked responses. The statistically significant differences be-
tween the study group and controls in P100 latencies recorded
from 01 electrode in 15-minute pattern stimuli are suggestive
of sectorial disturbance visual stimulus conduction in patients
with CNS tumours. However, the absence of statistically si-
gnificant differences in P100 latencies recorded from other
electrodes can reflect possible good visual acuity in children
with the CNS tumours located outside the visual system.

According to Wenzel et al., the PVEP is an excellent tool
in a long term follow-up of patients with large cancerous lesions
along the visual pathway due to its high sensitivity and a full sa-
fety (22). PVEP is even more sensitive than visual acuity testing
in cooperative patients (22). Lorenz et al. concluded that VEP al-
terations can be observed in patients with any brain tumour (1).
Obviously, the significance of alterations in VEP responses mainly
depends on the CNS tumour location. However, tumour grading
and size can also induce changes in the VEP responses. Lorenz et
al. suggested that children with any brain tumour should be exa-
mined by the ophthalmologist not only during diagnostic asses-
sment, but also before and after any neurosurgery, radiotherapy
or chemotherapy. Christophis et al. highlighted the fact that VEP
alterations in patients with previous brain tumour can be caused
not only by tumour compressing the optic pathway, but also by
hydrocephalus (4). In their study of posterior fossa tumours, over
half of patients with abnormal VEP were shown to have hydroce-
phalus and the reported VEP alterations involved mainly an incre-
ase of the cortical potential latency.

Additionally, VEP changes should be monitored not only in re-
lapse, but also during recovery after the brain tumour surgery (8).
Pojda-Wilczek et al. confirmed that resection of pituitary tumours
compressing the visual tract could improve VEP results (8). In their
research, the P100 amplitudes were increased and latencies shor-
tened after surgery. Also in the study by Kelly et al., the VEP con-
firmed stabilisation of visual pathway function with treatment (20).

Still, we acknowledge that our study has some limitations.
First, the number of patients in the study groups was low. Se-
cond, obtaining reliable and statistically significant results was
impossible due to the low number of patients in the FVEP control
group. Enrolling more patients in the FVEP control group would
likely ensure an improved p-value. However, children with good
visual acuity are rarely seen by ophthalmologists and the incre-
ased risk of epileptic seizures associated with flash stimulation
prevents some parents from consenting to have their children
examined with FVEP rather than PVEP.

Conclusion
VEP alterations can signify functional disturbances of the vi-
sual system in patients with any CNS tumour. Therefore, a dia-
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gnostic process of a CNS tumour should include a thorough
ocular exam, even in patients with full visual acuity.

Acknowledgements
Authors would like to thank Przemystaw Pawtowski

and Elzbieta Arcisz for their involvement in setting up the elec-
trophysiology lab and Leszek Bo¢kowski for assistance in recrui-
ting the study group.

References:

1.

10.

11.

Lorenz M, Graf N, Konig J, Ruprecht KW, Kasmann-Kellner B:
Eye findings in paediatric brain tumour - data basis for a follow-
-up proposal. Klin Padiatr. 2002; 214(3): 117-125.

Creel DJ: Visually Evoked Potentials. Webvision: The Organiza-
tion of the Retina and Visual System. Salt Lake City (UT): Uni-
versity of Utah Health Sciences Center. 2012 Mar; 01: 1-30.
Kelly JP, Weiss AH: Detection of tumor progression in optic pa-
thway glioma with and without neurofibromatosis type 1. Neuro
Oncol. 2013; 15(11): 1560-1567.

Christophis P, Klug N, Csecsei G: Changes in visually evoked
potentials in space-occupying processes of the posterior fossa
— on the problem of ascending transtentorial herniation. Zen-
tralbl Neurochir. 1994; 55(2): 91-95.

Odom JV, Bach M, Brigell M, Holder GE, McCulloch DL, Torme-
ne AP, et al.: ISCEV standard for clinical visual evoked poten-
tials (2009 update). Doc Ophthalmol. 2010; 120: 111-119.
Odom JV, Green M: Visually evoked potential (VEP) acuity: te-
stability in a clinical pediatric population. Acta Ophthalmol (Co-
penh). 1984; 62(6): 993-998.

Taylor MJ, McCulloch DL: Visual evoked potentials in infants
and children. J Clin Neurophysiol. 1992; 9(3): 357-372.
Pojda-Wilczek D, Pojda SM, Hendryk S, Herba E, Zatorska B,
Jochan K: Visual system function in patients after surgery for
intracranial tumors. Neurol Neurochir Pol. 2000; 34(6): 1173-
-1186.

Chacko AG, Babu KS, Chandy MJ: Value of visual evoked po-
tential monitoring during trans-sphenoidal pituitary surgery. Br J
Neurosurg. 1996; 10(3): 275-278.

Méntyjarvi MI: The amblyopic schoolgirl syndrome. J Pediatr
Ophthalmol Strabismus. 1981; 18(6): 30-33.

Agrawal M, Chaturvedi P, Dey S: Hysteria in children and adole-
scents. Indian Pediatr. 1989; 26(3): 257-262.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Fatori D, Bordin IA, Curto BM, de Paula CS: Influence of psycho-
sacial risk factors on the trajectory of mental health problems
from childhood to adolescence: a longitudinal study. BMC Psy-
chiatry. 2013; 17: 13-31.

Gotz-Wieckowska A, Bernardczyk-Meller J, Dziedzic-Szeszu-
ta E, Cymerys E: The diagnosis of psychogenic visual problems
in children and young adults with application of visual evoked
responses (VER). Klin Oczna. 1999; 101(2): 123-126.

Mackie RT, McCulloch DL: Assessment of visual acuity in multiply
handicapped children. Br J Ophthalmol. 1995; 79(3): 290-296.
Michalczuk M, Urban B, Chrzanowska-Grenda B, Ozigbto-Kup-
czyk M, Bakunowicz-tazarczyk A: An influence of birth weigth,
gestational age, and Apgar score on pattern visual evoked po-
tentials in children with history of prematurity. Neural Plasticity.
2015, article ID 754864, 10 pp.

Brecelj J: From immature to mature pattern ERG and VEP. Doc
Ophthalmol. 2003; 107(3): 215-224.

Brecelj J, Strucl M, Zidar |, Tekavcic-Pompe M: Pattern ERG
and VEP maturation in schoolchildren. Clin Neurophysiol. 2002;
113: 1764-1770.

Garey LJ, de Courten C: Structural development of the lateral
geniculate nucleus and visual cortex in monkey and man. Behav
Brain Res. 1983; 10(1): 3—13.

Huttenlocher PR, de Courten C, Garey LJ, van der Loos H: Sy-
naptogenesis in human visual cortex--evidence for synapse
elimination during normal development. Neurosci Lett. 1982;
33(3): 247-252.

Kelly JP, Leary S, Khanna P. Weiss AH: Longitudinal measures
of visual function, tumor volume, and prediction of visual outco-
mes after treatment of optic pathway gliomas. Ophthalmology.
2012; 119(6): 1231-1237.

Panigrahy A, Bliml S: Neuroimaging of pediatric brain tumors:
from basic to advanced magnetic resonance imaging (MRI). J
Child Neurol. 2009; 24(11): 1343-1365.

Wenzel D, Brandl U, Beck JD, Cedzich C, Albert F: Visual evo-
ked potentials in tumors from orbita to occipital lobe in childho-
od. Neurosurg Rev. 1988; 11(3-4): 279-286.

The paper was originally received 20.05.2016 (K0-00076-2016)/
Praca wptynefa do Redakcji 20.05.2016 (K0-00076-2016)
Accepted for publication 07.09.2016 /

Zakwalifikowano do druku 07.09.2016.

Reprint requests to (Adres do korespondencji):
Beata Urban, MD
Department of Pediatric Ophthalmology and Strabismus,
Medical University of Bialystok, Poland
17 Waszyngton Street
15-274 Bialystok
e-mail: urbanbea@umb.edu.pl

ISSN 0023-2157 Index 362646




