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Introduction: Neurofibromatosis type 1 (NF1) is a multisystemic disease caused by the
mutation of NfI gene located on chromosome 17q11.2. The mutation determines the loss of
function of the protein neurofibromin with consequent uncontrolled cellular proliferation.
Patients are characterized by a wide range of dermatological, neurological, and ophthalmo-
logical symptoms.

Purpose: The aim of the study was to evaluate, through pattern visual evoked potentials
(p-VEPs) and frequency doubling technology (FDT) Matrix perimetry, the objective and
psychophysical functionality of the optic pathways in a group of NF1 patient.

Methods: The study group consisted of 26 patients affected by NF1 and 17 healthy controls.
Each patient underwent a complete ophthalmological examination, p-VEPs with the evalua-
tion of amplitude and latency of the P100 wave, and FDT perimetry, with the evaluation of
central sensitivity (CS), mean deviation (MD), pattern standard deviation (PSD) and glau-
coma hemifield test (GHT).

Results: NF1 patients showed a statistically significant alteration in the transmission of visual
impulse. P-VEPs results highlighted a reduced amplitude and an increased latency of the P100
wave, suggesting an involvement of the visual pathway. Visual field analysis showed
a significant reduction in all the observed parameters as well (CS, MD, PSD, and GHT).
Conclusion: The present study showed, in NF1 patients, a qualitative and quantitative
alteration in the conduction of stimuli through the visual pathways. The observed alterations
are present, although, only at a subclinical level. None of the patients included in the study
showed any manifest visual deficit nor had any concomitant pathology that might have
affected the outcome of the study. In conclusion, electrophysiological exams and computer
perimetry may take part, alongside a wider array of exams, in the differential diagnosis and
later monitoring of NF1.

Keywords: electrophysiologic testing, frequency doubling technology Matrix perimetry,

FDT, neurofibromatosis type 1, optic glioma, pattern visual evoked potentials

Introduction

Neurofibromatosis type 1 (NF1) also known as the von Recklinghausen disease is
one of the most common hereditary diseases, with an estimated prevalence of 1/
3000." The disease is characterized by a wide spectrum of ophthalmological
manifestations. Specifically, Lisch’s nodules (iris hamartomas) are included as
one of the main diagnostic criteria for NF1. Choroidal nodules, retinal vascular
abnormalities,y‘ cutaneous café-au-lait spots, and neurofibromas are some of the
other clinical features.” NF1 patients, also show the development of optic nerve
gliomas, breast cancer and leukemia® as well as frequent cognitive deficits and
behavioral abnormalities.”
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From a genetic point of view, NF1 is determined by the
inactivation of the tumor suppressor gene NFI which
encodes the protein neurofibromin. This mechanism is
responsible for the activation of the RAS protein pattern
that determines a significant increase in cellular growth
and survival, leading to the development of neoplasm and
other clinical features.®

In NF1 patients, alterations were observed in the diffu-
sion tensor images (DTI) acquired with magnetic reso-
nance, suggesting an involvement of the Nf/ gene in
myelination processes.”'® It has been hypothesized, that
the loss of function of the NfI gene may determine the
inhibition of myelin production by mature oligodendro-
cytes and a progressive decompaction of the myelin itself,
particularly at the level of the optic nerve.'' These pro-
cesses, through molecular mechanisms not yet fully
known, could be the cause of some of the organic and
cognitive alterations in NF1 patients."' Numerous altera-
tions have been reported in NF1 patients. Koini et al
demonstrated that in the anterior thalamic radiations,
microscopic white matter alterations may be responsible
for the
Common findings in NF1 are the unidentified bright

development of behavioral abnormalities.'?
objects (UBOs), probably determined by intramyelinic
edema.’® Numerous works have highlighted the impor-
tance of UBOs in the development of cognitive and beha-
vioral anomalies in NF1 patients. Nevertheless, to this day,
no universal consensus has been reached on the role of
UBOs.'* Visual pathways are not exempted from the gen-
eralized involvement of the central nervous system in
NF1. Numerous studies report a consistent visuospatial
impairment with a substantial impact on the quality of
life."> Violante et al demonstrated that NF1 patients are
characterized by a deficient visual cortex activation. This
functional MRI study demonstrated low-level visual pro-
cessing deficits that do not tend to ameliorate with the
age.'®

The objective of our study was to examine the function
of retrobulbar visual pathways in patients with NF1, com-
paring it with a group of healthy subjects. In detail, we
aimed to evaluate the integrity of nerve stimulus transmis-
sion in NF1 patients without evident active neoplasms or
any other manifest pathology at the level of the optical
pathways. We, therefore, conducted two specific instru-
mental examinations on all subjects: pattern visual evoked
potentials (p-VEPs) and frequency-doubling technology
(FDT) campimetry.

Materials and Methods

In our observational study, 26 patients (52 eyes) with NF1
followed at the Sapienza University of Rome, and 17
healthy controls
October 2017 and December 2018. The two groups were

homogeneous for age, sex, and race.

(34 eyes) were recruited between

Informed consent was obtained from all subjects. The
study protocol was approved by the Ethics Committee of
the University of Rome “Sapienza”. The research followed
the tenets of the Declaration of Helsinki.

Patients were diagnosed with NF1 according to the
1988 National Institute of Health (NIH) clinical criteria.'’

The exclusion criteria were:

¢ Best-corrected visual acuity (BCVA) measured by early
treatment diabetic retinopathy study (ETDRS) charts at
4 meters in logarithm of the minimum angle of resolu-
tion (logMAR) less than 0.0 logMAR in each eye;

e Refractive defects greater than =4 diopters (spherical
equivalent);

e Presence of ophthalmic, systemic and neurological
pathologies that could alter transmission or visual
perception (eg glaucoma, cataract, uveitis, retinal
dystrophy, optic nerve gliomas or other brain

neoplasms);

e Poor collaboration, which prevented the correct

execution of diagnostic tests.

All patients involved in the study underwent

a dermatological examination, to identify cutaneous signs

indicative of NF1, and a neurological examination with 1.5

Tesla magnetic resonance imaging (MRI) of the brain and

spinal cord with contrast, to assess the integrity of the

retrobulbar visual pathways and the absence of coexisting
intracranial pathologies. MRI was performed with multi-
planar sequences, T1, T2 weighted, FLAIR, DWI, and

FSPGR post-contrast multiplanar imaging. Spine exam

was performed directly after contrast with multiplanar

sequences FS T1 and T2 weighted.

Patients underwent eye examination including measure-
ment of BCVA, intraocular pressure, anterior segment bio-
microscopy, and mydriatic indirect fundus biomicroscopy.

The study of bioelectric conduction of visual pathways
was carried out following standard ISCEV parameters
employing p-VEPs.'"® The exam was performed using
a reversal type pattern stimulus with a spatial frequency

of 120°, 60’, and 15" (MONPAK3 METROVISION
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Pérenchies France). Each eye was examined separately
with an active electrode placed on the scalp at 3.5 cm
above the inion. The latency and amplitude values of the
P100 wave, obtained for each spatial stimulation fre-
quency in NF1 patients, were compared with the values
obtained in the control group.

The study of the visual field was carried out by means
of a computerized FDT perimeter (Welch Allyn,
Skaneateles, NY, Zeiss Humphrey, San Leonardo, CA).
The perimeter indices taken into consideration were:
Central Sensitivity (CS), Mean Deviation (MD), Pattern
Standard Deviation (PSD) and Glaucoma Hemifield Test
(GHT). An average on both eyes has been calculated for
every parameter. The overall assessment of the visual field
was carried out taking into consideration the reliability and
collaboration of the patient, excluding subjects who had
poor reliability (more than 20% fixation losses, false nega-
tive or false positive responses).

To avoid the learning effect only the third exam was
taken into consideration for the statistical analysis (Figure 1).

Each parameter obtained in patients with NF1 was
compared with the results of the control group.

Statistical Analysis
Descriptive statistical analysis was performed considering
all collected data. For each quantitative variable, mean,
standard deviation, and median were calculated; for each
categorical variable numerosity and percentage were cal-
culated instead.

The chi-square test was used to evaluate the relation-
ship between the two groups and the categorical variables.

Student’s 7-test for independent data was used to com-
pare the parameters between the two groups. Linear
regression was applied to test the potential correlation
between age and perimetric or electrophysiological find-
ings. Student’s 7-test was also applied to compare differ-
ences between males and females in the NF1 group.

A p-value <0.05 was considered statistically signifi-
cant. All analyzes were performed with STATA 14.1.

Results

The study collected data from 43 recruited subjects; the
sample of patients with NF1 was represented by 10 males
and 16 females (n = 26) of average age 37 years (range
17 to 60 yo; sd = 12.9); the healthy controls were repre-
sented by 5 males and 12 females (n = 17) of average age
41 years (range 14 to 72 yo; sd + 18.1).

Table 1 shows the mean and median values for each
spatial stimulation frequency (120’, 60', and 15') of the
amplitude and latency of the P100 wave and the results of
the parametric (p) tests.

The results obtained show a statistically significant
reduction in the P1 wave amplitude in the 120, 60’, and
15" frequencies in NF1 patients, compared to controls.

Similarly, the latency of the P1 wave is increased in
NF1 patients compared to the healthy group at the stimu-
lation frequencies 1207, 60’, and 15’ (Table 1).

The data of computerized campimetry (GHT, CS, MD
and PSD) were compared between the 2 groups and are
illustrated in Table 2.

The GHT was found within the limit in 79.4% of the
cases in the healthy group, while in the NF1 group, the
percentage was consistently lower: 36.5%.

Similar results were obtained for the remaining peri-
meter indices. CS, MD, and PSD were found to be con-
siderably reduced in patients with NF1 (Table 2). 7-test did
not show any significant difference in p-VEPs results
between males and females. Linear regression of p-VEPs
with age in the NF1 group did not show any significant
results. Complete radiologic, ophthalmologic, and derma-
tologic findings are displayed in additional material (see
Supplementary Tables 1-3).

Discussion
The objective of our study was to examine the function of
retrobulbar visual pathways in NF1 patients compared to
a group of healthy subjects using two instrumental tests,
the pattern VEPs and the perimetry with FDT Matrix.
(Figures 1 and 2)

The examination of p-VEPs showed, in the NF1 group,
an increase in latency time and a simultaneous reduction in
amplitude, both results were statistically significant
(Table 2).

The presence of alterations in the studied electrophy-
siological parameters is indicative of a disorder of nerve
conduction both qualitative, expressed by the increase in
latency time, and quantitative expressed by the reduction
in amplitude.'® 2! In agreement with Rosenbaum et al, the
delay of the transmission of the visual impulse could be
explained by the demyelination of the nerve fibers consti-
tuting the optical pathways. Neurofibromin regulates the
transduction of the intracellular signal that leads to the
production of myelin in Schwann cells.** In NF1 patients,
the mutation of this gene may alter the molecular cascade,
related to the Ras family proteins, responsible for the
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Figure | Neurofibromatosis type | (NFI) patient. Pattern visual evoked potentials (p-VEPs): Latency (increased) and amplitude (reduced) values of the P100 waves,
obtained for each spatial stimulation frequency (120’, 60’, and 15’).
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Table | Pattern Visual Evoked Potentials (pVEPs) Amplitude (Amp in Micronvolts = uV) and Latency (Lat in Milliseconds = ms) Results
in Both Studied Groups, Neurofibromatosis Type | (NFI) Patients and Healthy Subjects

pPEV Exam NF1 Controls P
Mean Sd Median Mean Sd Median

pPEV 120 lat 117.6 18.5 11 106.2 5.8 107 <0.001
pPEV 120 amp 9.8 5.2 10.2 14.6 55 13.9 <0.001
pPEV 60 lat 115.4 18.0 108 105.5 4.5 105.5 0.001
pPEV 60 amp 9.9 52 10.2 16.2 5.8 15 <0.001
pPEV 15 lat 119.7 13.0 115 113.1 6.9 112 0.005
pPEV |5 amp 10.9 5.0 10.5 16.7 6.5 17.0 <0.001

Notes: Statistically significant results are in bold. p: parametric. 120, 60’,15": low, medium and high spatial frequencies, respectively.

Abbreviation: Sd, standard deviation.

Table 2 Results of the Visual Field Carried Out by Means of a Computerized Frequency Doubling Technology (FDT) Matrix Perimetry
in Both Studied Groups, Neurofibromatosis Type | (NFI) Patients and Healthy Controls

NFI Controls p
Number of Subjects % Number of Subjects % 0.0004
GHT Normal 19 36,5 27 794
Borderline 6 11,5 5.9
Outside 27 52,0 5 14.7
NFI Controls b
Mean Sd Mean Sd
(&) 27.6 5.2 31.6 3.1 <0.001
MD -3.8 4.0 0.6 1.8 <0.001
PSD 43 1.4 2.8 0.5 <0.001

Note: Statistically significant results in bold.

Abbreviations: GHT, glaucoma hemifield test; CS, central sensitivity (in dB); MD, mean deviation (in dB); PSD, pattern standard deviation (in dB); Sd, standard deviation.

activation at a nuclear level of a pattern of genes stimulat-
ing the process of myelination.''**2?

Through the p-VEPs, we analyzed the transmission of
the visual impulse along the nerve fibers constituting the
optical pathways up to the calcarine cortex. The peripheral
and intermediate fibers were explored through the p-PEVs
at 120" and 60’ (low and medium spatial frequencies),
which in the control group reported higher conduction
velocity values than those reported for central fibers,
examined with the p-VEPs 15’ (high spatial frequencies),
results congruous with existing literature.”**> In the NF1
group, the p-VEPs 120" and 60" showed a statistically
significant increase in latency and a reduction in ampli-
tude. These data may indicate the suffering of the outer-
most fibers of the visual pathways.

Although the results obtained for the p-VEPs 15’
showed significant differences between the NF1 and the
control group in both amplitude and latency we do not
consider these results suggestive of a potential alteration

in nerve conduction. In fact, even though the observed
differences between p-VEPs 15’ amplitude and latency
between the 2 groups are statistically significant, the
results still are comprised in the physiological spectrum.
No consistent information can be deduced concerning the
impairment of the nervous stimulus conduction in the
central part of the nerve studied with the p-VEPs 15'.
In NF1 patients, therefore, the functionality of the
papillo-macular bundle would seem more conserved
than the outermost fibers of the optical pathways.
A minor impairment of the central fibers could also
explain the absence of alterations of visual perception,
both subjective and objective. The subjects selected for
our study had visual acuity greater than or equal to 0.00
logMAR and did not complain of alterations of the visual
acuity.

The analysis of the visual field parameters found also
significant differences between healthy controls and NF1
patients.
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Figure 2 Altered perimetry, performed with frequency doubling technology (FDT) Matrix.
Abbreviations: GHT, glaucoma hemifield test; MD, mean deviation; PSD, pattern standard deviation.
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The NF1 group showed a statistically significant reduc-
tion of all perimetric indices, thus revealing an overall
alteration of the visual field due to the presence of both
generalized (MD) and localized (PSD) defects, also pre-
sent in the comparison between the upper and lower hemi-
camps (GHT). The CS threshold was also reduced in NF1
patients, although it appeared to be less involved than the
previous perimetric indexes (Table 2). This result is in line
with what has already been stated regarding the p-VEPs:
the papillo-macular beam is less affected by the alterations
and this causes the preservation of the CS rather than the
peripheral one.

The alterations of the perimetric indexes described
may, on the other hand, be traced back to the attention
disorder often present in NF1 patients.’®*® In the evalua-
tion of the results, individual variability must also be
considered in tests such as computerized perimetry FDT,
in which it is not possible to exclude the psychophysical
component.

The already described cognitive deficits and behavioral
abnormalities in NF1 subjects do not allow, however, to
univocally explain the campimetric anomalies underlined
in our patients, as they are supported, in our work, by the
objective data of electrophysiological examinations.

In fact, we believe that p-VEPs guarantee a high
degree of sensitivity and objectivity of the results espe-
cially if the patient is continuously checked by the
examiner. Therefore, in our opinion, the observed altera-
tions of p-VEPs are likely to be related to optic nerve
conduction alterations rather than to the poor attention
span of NF1 patients.?’ Interestingly no significant cor-
relation was found comparing perimetric or electrophy-
siological results by age (linear regression not
significant) or gender group (7-test not significant).
This result shows how the subclinical deficit in the
transmission through the optic pathway may not be pro-
gressive. It may be an innate characteristic not condi-
tioned by age or gender. To the best of our knowledge,
we have found only one previously published article
between NF-1
p-VEPs, conducted by a team of neurologists led by

investigating the connections and
Jabbari B. In 1985 they found an increase in the latency
and a reduction in the amplitude of nerve impulses,
suggesting p-VEPs as a valuable screening test in
asymptomatic NF1 patients.** The modern technology
used for our tests allows us to acquire new information
that

emerged in the work mentioned above.

confirms and expand the considerations that

Our study shows that, in subjects suffering from NFI,
the conduction of visual stimuli along the retrobulbar optic
pathways is significantly slower compared to the subjects
of the control group. There is also a reduction in the
amplitude of the electrical impulse, which indicates an
objective worsening of the perceived image, although
patients do not report alterations in visual acuity or in
the subjective perception of the images. The electrophy-
siological examinations can, therefore, be considered, in
the ophthalmologic field, a further useful tool for the study
and monitoring of NF1 patients; adding to those already
used in clinical practice such as the biomicroscopic exam-
ination of the anterior segment, the examination of the
fundus oculi and OCT, which allow to identify some of
the characteristic signs of the disease (Lisch nodules,
microvascular anomalies and choroidal spots).>' >

In conclusion, neurofibromatosis is a complex and
heterogeneous disease that requires an integrated multi-
disciplinary approach. To fully understand all the aspects
of this complex pathology it is necessary to continue the
studies, expanding the sample under examination and pro-
moting an interdisciplinary work that involves the colla-
boration of different professional figures, among whom the
ophthalmologist can play a key role.

Abbreviations

p-VEPs, pattern visual evoked potentials; FDT, frequency
doubling technology; CS, central sensitivity; MD, mean
deviation; PSD, pattern standard deviation, GHT, glau-
coma hemifield test; NF1, Neurofibromatosis type 1.
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