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Assessment of visual evoked potentials in
patients eligible for penetrating keratoplasty
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Abstract
Corneal opacities can obstruct ophthalmology examination in patients before penetrating keratoplasty (PK).
To assess the usefulness of visual evoked potentials (VEPs) in estimating postoperative visual acuity (VA) in patients eligible for (PK)

with opaque cornea in 1 eye and good VA in the fellow eye.
In this observational study, the mean age of 52 males and 48 females was 57.17±15.99 (21–87 years old). A total of 100 patients

eligible for PK underwent an ophthalmological examination including VA and a VEP examination. The P2/P2 ratio was calculated. The
correlation coefficient of the VA and the P2/P2 ratio was evaluated 1, 6, and 12 months after PK.
A positive correlation of the P2/P2 ratio and VA 1, 6, and 12 months after PK were observed.
VEPs including the P2/P2 ratio can be useful in estimating postoperative VA in patients eligible for PK.

Abbreviations: PK = penetrating keratoplasty, VA = visual acuity, VEP = visual evoked potential.
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1. Introduction

Visual evoked potentials (VEPs) are used to assess the visual
pathways through the eyes, optic nerves, and brain. VEPs are
noninvasive studies that measure the electrophysiological
responses of the optical cortex to different sensory stimuli.
The visual field can be stimulated with a checkboard pattern
(pattern-reversal VEP, pattern onset/offset VEP) or a white light
flash (flash VEP) and the response is recorded using surface
electrodes attached to the skin over the occipital lobe.[1] Pattern-
reversal VEP is the preferred stimulus in patients with good visual
acuity (VA) because it has low variability of waveform and peak
latency both within the subject and over the normal population.
Flash VEP is preferred in patients with low VA.[2] A white light
flash can stimulate the retina even if the optical centers of the eye
are not transparent. The most important phase is prominent
positive deflection (P2). The peak amplitude of these waves is
then measured.[1]
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Penetrating keratoplasty (PK) is the 2nd most common tissue
transplant performed in both Europe and the United States.
Visual reasons are indications for 91% of PK. Regrafts,
keratoconus, Fuchs endothelial dystrophy, trauma, and infec-
tious keratitis are the most frequent indications.[3]

PK is a very expensive procedure and proper qualification for
the surgery is very important. Many patients have an unknown
medical history and a physical examination is difficult due to an
opaque cornea. Ultrasonography of the eye is useful to assess the
vitreous and the retina but shows no information about the
function of the visual.[4–6] The aim of this paper is to assess the
usefulness of pre-PK VEP examination in eyes with unknown
medical history and fully opaque cornea.
VEP records in the fellow eye with good VA were used as a

reference.
2. Materials and methods

The study was conducted on 100 patients of the Ophthalmology
Clinic, Medical University of Silesia, Railway Hospital Katowice
in Poland who had been admitted for PK in an age group of 21 to
87 years old, which consisted of 52 males and 48 females. The
study was conducted between 2014 and 2016 after the approval
of the Ethics Committee of the Medical University of Silesia. The
procedure of the study was explained to all of the subjects who
provided informed written consent. Patients with medical
indications for PK, opaque cornea, and an unknown medical
history regarding treated eye were enrolled in the study. Patients
under 18 years of age, pregnant women, patients with
photosensitive epilepsy, any changes to the skin in the occipital
region, and with no fellow eye or bad VA in the fellow eye were
excluded from the study.
Only patients with best corrected VA of 85 letters (mean 94.83

±5.54) or higher in contralateral eye were included in the study.
The ophthalmological examination including VA with Early

Treatment Diabetic Retinopathy Study charts with the best
correction and a slit lamp examination was performed before PK
and 1, 6, and 12 months after surgery.
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Table 1

Characteristic of the study group.

Age, y Gender

Mean Standard deviation Minimum Maximum Males Females

57.17 15.99 21 87 52 48

Table 2

Visual acuity before, then 1, 6, and 12 mo after penetrating
keratoplasty (PK), t test study versus control group.

Mean visual acuity

Letters
Snellen acuity
equivalent

Standard
deviation (letters) P

Before PK 26.99 20/80 14.37 <.05
1 mo after PK 40.05 20/40 18.93 <.05
6 mo after PK 44.88 20/32 19.02 <.05
12 mo after PK 50.27 20/25 18.97 <.05

Table 3

Mean P2 amplitudes in both eyes and mean P2/P2 ratio.

Mean P2 amplitude in the
study eye±SD, mV

Mean P2 amplitude in
the fellow-eye±SD, mV

Mean P2/P2
ratio±SD

9.70±4.50 13.67±4.84 0.72±0.25

SD= standard deviation.
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The VEP examination was done once, before PK with EP-1000
Multi-Electrophysiology, Tomey GmbH, Germany according to
International Society for Clinical Electrophysiology of Vision
standards.[1] A one-channel montage was used to record the VEPs.
Silver cup scalp electrodeswereplacedaccording to the International
10/20 system. An active electrode was placed at Oz, which is the
highest point of the occiput, over the visual cortex.The reference and
ground electrodes were put at Fz and Cz (vertex), respectively. The
examination was done in a dark room with quiet surroundings.
Monocular stimulation was done with a white light flash. Electrode
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Figure 1. Visual acuit
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impedancewas kept at less than 5kV. The amplitude of the P2wave
inboth eyeswas recorded.TheP2/P2 ratio, definedas the ratio of the
amplitudeof theP2wave in theeye selected for transplantation to the
amplitude of the P2wave in the fellow eye, was evaluated. Statistica
version 10 software, Statsoft, was used for statistical analysis. The
correlation coefficient of theVAand theP2/P2 ratiowas evaluated1,
6, and 12 months after PK. Student t test was used to compare the
results in the groups and P-values were obtained.

3. Results

The main characteristic of the study group was shown in Table 1.
The mean VA before PK was 26.99±14.37 (P< .05) letters.

Onemonth after PK themeanVA increased significantly to 40.05
±18.93 (P< .05) letters. Six and 12 months after surgery the VA
was, respectively, 44.88±19.02 (P< .05) and 50.27±18.97
(P< .05) letters (Table 2).
A statistically significant increase in VA was observed in all of

the time points (Fig. 1).
The mean P2 amplitude in the study, fellow eye, and P2/P2

ratio is shown in Table 3. There was no statistically significant
difference between the eyes (P= .47).
 Mean 
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P2/P2 ra�o vs. visual acuity 1 month a�er surgery
Correlation: r = ,42840
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Figure 2. P2/P2 ratio versus visual acuity 1 month after surgery.
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The correlation coefficient of VA 1 month after PK and the P2/
P2 ratio was r=0.43 (0.95 CI), after 6 months it was r=0.49
(0.95 CI), and 12 months after surgery it was r=0.57 (0.95 CI)
P2/P2 ra�o vs. visual acuity
Correlation: r
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Figure 3. P2/P2 ratio versus visua
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(Figs. 2–4). There is a positive correlation between the P2/P2 ratio
in all of the time points, particularly 12 months after PK. VA can
be estimated based on the correlation equation (Table 4).
 6 months after surgery
 = ,49180
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l acuity 6 months after surgery.
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P2/P2 ra�o vs. visual acuity 12 months a�er surgery
Correlation: r = ,56923
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Figure 4. P2/P2 ratio versus visual acuity 12 months after surgery.
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4. Discussion

The main indications for PK are keratoconus, regrafts, Fuchs
corneal dystrophy, corneal scarring including adherent leucoma,
and cases of infectious keratitis.[3,7,8] Good qualification for PK is
required due to high costs and difficulty in obtaining tissue for the
transplant. However, corneal opacity might obstruct visualiza-
tion of the dilated fundus as well as Optical Coherence
Tomography examination. Ultrasounds may only provide
general information about the state of the retina and optic
nerve. Many patients have an unknown ocular history and some
may not benefit from the surgery, for example, patients with optic
nerve atrophy[9] or extensive macular atrophy,[10] and should be
excluded from PK. VEP test was considered to be the only
objective visual examination currently available in ophthalmol-
ogy.[11] Furthermore, flash VEP is the only objective examination
in patients with lowVA.[12] Several reports in the literature on the
use of electrophysiological studies before PK had conclusions that
were contradictory.[13–15] Wendel et al[13] advocated the use of
VEP before the PK, due to high level of postoperational VA
correlation. In their inspirational study Binder et al[14] compared
VEP prior to keratoplasty, the predictor value of postoperative
Table 4

Correlation equation in all time points.
1 mo after PK VA=17.576+37.925

∗
P2/P2 ratio

6 mo after PK VA=16.380+32.878
∗
P2/P2 ratio

12 mo after PK VA=18.749+43.782
∗
P2/P2 ratio

PK=penetrating keratoplasty, VA= visual acuity.

4

VA was 58% till 76% depending on the group. Thuangtong
et al[15] showed that both P2 amplitude and a-wave have a good
visual prognostic value in patients’ who underwent PK. The
authors compared results to the fellow healthy eye.[15] All of the
studies consisted of small groups of less than 40 participants.
One of the limitations of our article is the inherently high

standard deviation of flash VEPs; however, the numerical data
from 1 eye were always adjusted with the values from the healthy
eye. Another limitation is that we did not have medical history of
the patients who were examined.
In our study, we assumed that a comparison of VEP in an eye

with opaque cornea and a fellow eye with good VA could be
helpful in estimating the benefits from PK. During the
qualification for PK, patients had an ophthalmological examina-
tion including flash VEP and a calculated P2/P2 ratio. We can use
the correlation equation to estimate postoperative VA (Table 4).

5. Conclusion

A flash VEP examination is useful in estimating postoperative VA
in patients eligible for PK. There is a strong positive correlation
between the P2/P2 ratio before PK and VA after surgery. The
correlation equations may be used to calculate postoperative VA.
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