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Abstract 

Objective

Visual field assessment is an important presurgical test for patients with drug-resistant 

epilepsy (DRE), particularly with posterior cortex epilepsy. However, the assessment using 

conventional perimeters like Humphrey Visual Field Analyzer (HFA) may not always be 

feasible in some patients. This study aims to determine if alternative methods like tangent 

screen perimetry or Baby Vision Screener (BaViS) can be used for such patients.

Methods

This retrospective study included 17 patients (mean age: 18 ±  8.7, range: 6 to 38 years) with 

DRE. Visual fields were attempted first with HFA and then with one or both alternative meth-

ods, by different examiners. Visual field extent was measured using the kinetic perimetry 

mode in the alternative methods. With HFA, kinetic and/or static perimetry was attempted.

Results

Only 12% of the patients were able to perform the HFA. Whereas the testability of BaViS 

was 91% and tangent screen perimetry was 87%. Comparable visual field isopters were 

obtained on one patient on whom all the 3 tests could be performed, and in two patients 

on whom at least two tests could be performed reliably. For one patient, visual field 

isopters could not be quantified on any device. In this patient, a gross visual field assess-

ment was possible using BaViS.

Conclusion

BaViS or tangent screen perimeter can be used to quantify visual field defects in patients 

with DRE when conventional perimetry is not possible. Such an approach may help the 

clinician in assessing the suitability of patients with DRE and visual field deficits, for epi-

lepsy surgery.

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0318025&domain=pdf&date_stamp=2025-02-24
https://doi.org/10.1371/journal.pone.0318025
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1.  Introduction
Despite the development of several new anti-seizure medications (ASMs) with different 
mechanisms of action, still about 30% of people with epilepsy may have drug-resistant 
epilepsy (DRE) [1–3]. Some of these patients may be candidates for epilepsy surgery. 
Presurgical workup involves several investigations that include assessing the patient for 
any visual field deficits, particularly in patients with posterior cortex epilepsy (PCE) [4,5]. 
In a significant proportion of patients with PCE, visual field defects can be present and it 
could also involve the epileptogenic zone in the brain [6–8]. The types of visual field defects 
in these patients include quadrantanopia or irregular shaped visual field defects. Postop-
eratively some patients may develop new visual field defects, particularly quadrantanopia 
following anterior temporal lobectomy or there may be an increase in the preexisting visual 
field defects [9,10].

Visual field defects are detected by performing perimetry. It could be challenging to do 
perimetry, especially in patients with epilepsy who have a short attention span, and a cogni-
tive impairment, who are unable to process instructions, or who simply may not be able to 
hold their head straight or press a button to give a response. Even the common and simple 
visual field test used in the clinic, confrontation perimetry, can also be challenging for these 
patients. Such challenges exist for testing visual fields in infants as well. To overcome many of 
these challenges, we at LV Prasad Eye Institute, Hyderabad, developed a Pediatric Perimeter 
(now called the BaViS-Baby Vision Screener), a novel device to measure visual fields in infants 
and patients with special needs [11–13]. The device uses reflexive eye movements made by 
the infants towards the presented light stimuli in a dark room, as a surrogate measure for 
peripheral detection or visual field extent. Therefore, the need for attentively holding a steady 
gaze is circumvented, since the infants will reflexively fixate only on the light stimuli. The 
testing position with this device can be supine, and with the silhouette cut in the mattress on 
which the patient lies down, the pitch, yaw, and roll head movements are minimized. With 
no requirement either for a verbal response or a button press, and with a relatively stable 
head position, an estimate of the visual field is still possible for infants. Given that even some 
pediatric and adult patients with epilepsy may have the same constraints as infants, the BaViS 
device can be used for them as well.

This study aimed to check the feasibility of testing visual fields in patients with DRE, for 
whom conventional standard perimetry testing was challenging. In such patients, visual fields 
were tested using the alternative methods (BaViS or tangent screen perimetry [14]).

2.  Materials and methods

2.1.  Patients
This retrospective study included 17 patients with drug-resistant, posterior cortex epilepsy 
(DR-PCE). The patients were referred by a neurosurgeon to the Low Vision and Rehabilita-
tion Clinic, LV Prasad Eye Institute (LVPEI), Hyderabad. These referrals were made for visual 
field evaluation, as a part of pre-surgical workup. These patients could not do the conven-
tional perimetric test in their testing site and hence were referred to our institute. The referral 
period was between 2015 and 2023. Informed written consent was obtained from the parents 
or caretakers, as even the adult patients were unable to comprehend the form. Consent was 
also taken for photograph and video recording with the BaViS device (experimental device) if 
it was used for testing. The institutional review board of LVPEI approved the study protocol 
(LEC 04-14-045) for testing with BaViS. The study protocol adhered to the tenets of Declara-
tion of Helsinki. The records were reviewed in June 2023 by the first author and the data was 
recorded anonymously.

Competing interests: I have read the journal’s 
policy and the authors of this manuscript have 
the following competing interests: Author PNS 
has a patent on the Pediatric Perimeter device 
(US Patent No.:10517475 B2, India Patent No.: 
425672).



PLOS ONE | https://doi.org/10.1371/journal.pone.0318025  February 24, 2025 3 / 13

PLOS ONE Epilepsy and perimetry

2.2.  Ophthalmic examination
As a part of the regular ophthalmic examination, patients underwent visual acuity assessment 
using the COMPlog visual acuity electronic chart, non-cycloplegic refraction using retinos-
copy, detailed anterior segment evaluation using slit-lamp biomicroscope, and intraocular 
pressure assessment using Goldmann Applanation tonometry. Eye alignment was assessed 
using the Hirschberg corneal reflex test, and extraocular motility was evaluated using the 
Broad-H test. The visual field was assessed both with standard (when possible) and alternative 
techniques of perimetry. All the perimetry techniques are explained below.

2.3.  Visual Field examination
2.3.1.  Humphrey visual field analyzer (HFA).  For those patients who could follow 

instructions, HFA was attempted first. Patients were instructed to keep their head stable on 
the chin rest and to maintain steady fixation on the central target. Patients were asked to press 
the button only when they detect a light stimulus in the periphery and not to move their eyes 
toward the target. Different testing algorithms (30-2, 60-4, 120-2, Esterman field test, and 
kinetic mode) are available in HFA. To assess in natural viewing condition, the Esterman 
visual field test can be considered, as it presents suprathreshold targets in binocular viewing 
condition [15]. The kinetic mode (i.e., targets move from periphery to center) also allows 
some flexibility for the examiner to manually choose and present the targets. If the test result 
showed an advanced visual field defect or the test was unreliable, or if the patient was unable 
to perform the test, then other behavioral perimetry techniques (tangent screen perimetry or 
the Baby Vision Screener) were further attempted to investigate the visual field extent.

2.3.2.  Tangent screen perimetry.  Tangent screen perimetry is a manual kinetic perimetric 
procedure. For the purpose of our testing, the patient was seated at 50 cm in front of the 
tangent screen, to allow the peripheral visual field of about 43° extent to be measured, as 
opposed to the standard 1-meter testing distance that permits only 25° to be measured. A 
3 mm white spot on a black wand was moved from the non-seeing periphery towards the 
center by an experienced optometrist, along the radial lines marked on the tangent screen. 
The patient was instructed to maintain an upright posture with their head facing towards the 
screen and to fixate on the central fixation target on the screen. The patient was instructed to 
say “yes” when the spot on the wand was visible. The position on the screen where the spot 
was visible was marked on a recording sheet. All the marked points were connected to plot the 
visual field isopters of the patient [14]. Binocular testing was done first and depending on the 
patient’s attention and cooperation levels, monocular testing was attempted later. The test was 
performed in ambient room lighting.

2.3.3.  Baby vision screener (BaViS).  The BaViS (earlier called as Pediatric Perimeter) 
used in this study is described elsewhere (https://youtu.be/Lk8jSvS3thE) [11,16]. Briefly, 
the device consists of a hemispherical dome (Fig 1, the individual pictured in the figure has 
provided written informed consent (as outlined in PLOS consent form) to publish their image 
alongside the manuscript.) with Light Emitting Diodes (LED) placed at different cardinal 
meridians (12 meridians, starting from 0° to 330°, placed at 30° intervals). These LEDs are 
controlled through a computer using custom-built software. Both static and kinetic targets can 
be presented in this device. Static targets consist of Quadrant and Meridian stimulus arrays. 
When LED arrays are presented in two adjacent meridians it is called Quadrant and when 
only one meridian is presented, it is called Meridian target. In both these targets, the LEDs are 
presented from an eccentricity of 30° to 90° from the center of the dome. The targets remain 
“on” till the patient looks at the target or for 5 seconds, after which the target is turned off. The 
Kinetic target consists of a single LED lighting up sequentially along the meridian from the 

https://youtu.be/Lk8jSvS3thE
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periphery (90°) toward the center of the device. The speed of this stato-kinetic presentation 
was set for 6°/sec. The infrared camera mounted at the apex of the dome captures the patient’s 
face and presents it on a graphical user interface (GUI) for the examiner to observe and 
record the patient’s response in real-time. The patient’s eye and/or head movement towards 
the presented target is considered as a response. This response is recorded with a key press by 
the examiner. Through the GUI, the examiner can also present different targets. The kinetic 
target is used to quantify the visual field extent. The static targets (Quadrants and Meridians) 
are used to screen for gross visual field defects when the quantification of the visual field 
extent is not possible. In patients with shorter attention span, doing a Kinetic test can be quite 
challenging. Patients can be positioned either in a supine or in a seated position, and the dome 
can be flipped accordingly.

During examination, the examiner was masked to the outcomes of other perimetric tests, if 
it had been performed. For those patients on whom more than one test was performed, differ-
ent examiners (authors MT, PNS, or a research optometrist) performed the test, to avoid any 
bias. Such masking is practiced for any patient tested on this device as a routine.

2.4.  Data analysis
As this was an observational study to investigate the feasibility of testing with different peri-
metric tests, no formal statistical tests were performed. The outcome measure was the number 
of patients who were able to perform the tests. When possible, the outcome visual field 
isopters between devices were qualitatively compared.

3.  Results

3.1.  Clinical examination
The mean age ±  standard deviation of the patients was 18 ±  8.7 years (age range: 6 years to 
38 years, 12 males and 5 females). The clinical findings of these 17 patients are given in Table 
1. Visual acuity was measured for all the patients except one, (case 9, Table 1) for whom the 
family members wanted only the visual fields to be tested and no other tests. Of the 16 patients 
tested, 7 (44%) patients had reduced visual acuity (20/30 or worse) in each eye even after 

Fig 1.  Visual field being quantified using BaViS in (a) supine position and (b) sitting position. (c) View inside the dome showing the LED arrays. The actual 
testing is done in a dark room.

https://doi.org/10.1371/journal.pone.0318025.g001

https://doi.org/10.1371/journal.pone.0318025.g001
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Table 1.  Clinical profile of the patients diagnosed with drug-resistant epilepsy.

Case Age/
Gender

MRI findings Visual 
acuity

Ocular 
alignment

Other 
eye 
findings

Confronta-
tion Exam-
ination

HFA Tangent 
screen 
perimetry

BaViS

1 25/M WNL RE: 20/20
LE: 20/20

Ortho WNL Normal 30-2: advanced field defect, 
high FN and FL

NVFD Not available

2 35/F WNL RE: 20/50
LE: 
20/632

LXT NA Normal 30-2: advanced field defect, 
high FN and FL

NVFD Not available

3 17/M Right occipital infarct with 
gliotic changes

RE: 20/40
LE: 
20/125

LXT WNL Normal 30-2: advanced field defect, 
high FN and FL

NVFD Not available

4 23/M Subcortical white matter 
changes in bilateral  
parieto-occipital area

RE: 20/25
LE: 20/20

IXT Partial 
optic 
atrophy

Uncooper-
ative

Unable to perform NVFD Not available

5 19/M Bilateral parieto-occipital 
white matter hyperintensities

RE: 20/25
LE: 20/30

LXT WNL Uncooper-
ative

Unable to perform NVFD Not available

6 16/M Gliosis, volume loss in occip-
ital and parietal lobe

RE: 20/25
LE: 20/30

IXT Partial 
optic 
atrophy

Uncooper-
ative

Unable to perform RE- restricted 
inferonasal 
quadrant
LE-NVFD

RE- restricted inferona-
sal quadrant
LE-NVFD

7 16/M Gliotic changes in right 
parietal, occipital, and left 
parietal lobe

RE: 20/30
LE: 20/40

Ortho Partial 
optic 
atrophy

Left 
hemianopia

30-2: BE: left peripheral 
defect, 60-4 monocular: BE 
advanced field defect

BE: restricted 
left inferior 
quadrant

BE: restricted left infe-
rior quadrant

8 9/F WNL RE: 20/20
LE: 20/20

Ortho WNL Uncooper-
ative

Unable to perform Unable to 
perform

NVFD

9 15/F Left parieto-occipital gliosis NA NA NA Right 
hemianopia

Unable to perform Not 
attempted

Right homonymous 
hemianopia

10 18/F Left parieto-tempro-occipital 
gliosis. Diagnosed case of 
MELAS

RE: 20/25
LE: 20/25

End gaze 
nystagmus

NA Uncooper-
ative

Unable to perform Not 
attempted

Right hemifield loss 
(right neglect noted)

11 13/M Bilateral parieto-occipital 
gliosis

RE: 20/80
LE: 20/60

RXT, 
FMN

WNL Uncooper-
ative

Unable to perform Not 
attempted

BE: restriction of infe-
rior field

12 6/M Hyperintense gliotic changes 
in the bilateral parieto- 
occipital area

RE: 20/50
LE: 20/50

XT Optic 
atrophy

Uncooper-
ative

Unable to perform Not 
attempted

RE: constriction of nasal 
visual field
LE: constriction of nasal 
and superior visual field

13 14/M Sequelae of perinatal/neona-
tal hypoxic insult

RE: 20/20
LE:20/20

NA Exopho-
ria

Uncooper-
ative

30-2: high FN and FL, 120-
2: BE: relative peripheral 
and mid-peripheral defect

Not 
attempted

Binocularly NVFD

14 11/F Right median occipital and 
parietal gliosis

RE: 20/30
LE: 20/30

Ortho WNL Normal 30-2: high FN, Esterman 
binocular suprathreshold 
test: relative left inferior 
field

Not 
attempted

Binocularly NVFD

15 38/M Volume loss in the right 
hippocampus, hyperintensity 
in the right occipital lobe

RE: 20/20
LE: 20/20

Ortho WNL Normal kinetic mode: RE, LE: 
constriction (1st visit, 2nd 
visit only RE – inferior 
constriction)

Not 
attempted

LE: NVFD (both visits), 
RE: some inferior field 
constriction (both visits)

16 23/M Bilateral parieto-occipital 
gliosis

RE: 20/40 
LE: 20/50

LXT, 
rotatory 
nystagmus

NA Uncooper-
ative

30-2: advanced field defect 
with high FN and FL

Not 
attempted

NVFD

17 8/M Gliotic changes in bilateral 
occipital and right temporal 
lobes

Binocu-
lar: 20/40

NA NA Uncooper-
ative

Unable to perform Not 
attempted

Grossly NVFD

HFA, Humphrey Visual Field Analyzer; BaViS, Baby Vision Screener; RE, right eye; LE, left eye; BE, both eyes; XT, exotropia; IXT, intermittent exotropia; WNL, within 
normal limits; NA, not assessed; FN, false negative; FL, fixation loss; FMN, fusion-maldevelopment nystagmus; NVFD, no visual field defect; MELAS, Mitochondrial 
encephalomyopathy lactic acidosis and stroke like episodes.

https://doi.org/10.1371/journal.pone.0318025.t001

https://doi.org/10.1371/journal.pone.0318025.t001
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refractive correction. Ocular alignment was assessed for 15 patients. Strabismus (exodevia-
tion) was observed in 53% of the tested patients and nystagmus in 20% of the patients.

3.2.  Visual field examination
HFA was first attempted in all the patients. Among the seventeen patients, 47% (8/17) of the 
patients could be tested using HFA and the other patients were unable to perform this test. 
However, within those tested, reliable visual field measures could be obtained only in two 
patients. In the remaining patients, the reliability indices of false negatives and fixation losses 
were very poor (Table 1), indicating that the test results were unreliable. Throughout the test, 
the examiner was repeatedly encouraging and explaining the instructions to the patient and 
closely monitored the performance of the patient. Patients were also given multiple breaks 
during the test. On average the entire testing duration with the break took about 30-40 min-
utes with breaks.

Not all the patients were tested with the alternative visual field tests (tangent screen perim-
etry and BaViS). The BaViS device was unavailable for earlier patients, as it was under devel-
opment at that time. In 3 patients both the alternative devices, along with HFA were tested. In 
tangent screen perimetry out of the eight patients, only one could not perform the test. With 
the BaViS, in 11 of the 12 patients, the visual field isopters could be plotted. For the remaining 
patient (case 17, Table 1) only a gross measure of the visual field assessment was possible with 
the BaViS. The gross measure essentially indicates the presence or absence of quadrantanopia 
or hemianopia.

One patient (case 15, Table 1) had visual field assessment with both BaViS and HFA, 
assessed 4 months apart. He had a constricted visual field (left eye) with the kinetic mode of 
HFA in the first visit, which could not be recorded in the follow-up visit. In both the visits, the 
visual fields in the right eye with HFA, and both eyes visual fields with the BaViS were repro-
ducible (Fig 2). In the three patients for whom both BaViS and tangent screen perimetry were 
assessed, one patient could not perform the tangent screen perimetry. In the remaining two 
patients comparable visual field defects were observed with both these devices (Figs 3 and 4).

In one patient (case 7) visual field testing was possible with all the 3 devices. This patient 
also underwent surgery for his DR-PCE. Preoperatively, the binocular visual field was tested 
using HFA (30-2 program). Few relative depressed points were identified on the left side of 

Fig 2.  Visual field isopters of case 15 plotted using (a) BaViS and (b) HFA (kinetic mode), on two different days. The right eye is represented by red color and the 
left eye is represented by blue line. Note that the data from the original HFA plot is taken to generate these visual field isopters to appreciate the overlap.

https://doi.org/10.1371/journal.pone.0318025.g002

https://doi.org/10.1371/journal.pone.0318025.g002
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Fig 3.  Visual field isopter of case 6 plotted using (a) Tangent screen and (b) BaViS. The visual field extent plotted 
with the tangent screen perimetry is 43° and for BaViS is 90°. The area inside the connected lines indicates the seeing 
visual field. Each eye’s visual field isopter is plotted in a different color. RE, OD =  Right eye (red line), LE, OS = Left 
eye (blue line), OU = Both eyes (plotted in the tangent screen perimetry in green line).

https://doi.org/10.1371/journal.pone.0318025.g003

Fig 4.  Preoperative (a–d) and post-operative (e–g) visual fields of case 7 tested with different perimertic techniques. (a) Preoperative pattern deviation of central 
30° binocular visual field tested with 30-2 program of HFA. (b) Preoperative monocular visual fields tested with 60-4 program of HFA (c) Preoperative binocular visual 
field tested with tangent screen perimetry. (d) Preoperative monocular visual fields tested with BaViS (red color denotes right eye (RE) and blue denotes left eye (LE)). 
(e) Postoperative pattern deviation of central 30° binocular visual field with 30-2 program of HFA. (f) Postoperative binocular visual field tested with 60-4 program of 
HFA. (g) Postoperative monocular visual fields tested with BaViS.

https://doi.org/10.1371/journal.pone.0318025.g004

https://doi.org/10.1371/journal.pone.0318025.g003
https://doi.org/10.1371/journal.pone.0318025.g004
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the central 30° of visual field (Fig 4a). His monocular peripheral visual fields (beyond 30° 
from the point of fixation) were also tested using a 60-4 testing program of HFA, revealing 
advanced overall peripheral visual field defects in both eyes as shown in Fig 4b. Binocularly 
tangent screen perimetry showed constriction of the left inferior visual field (Fig 4c). Monocu-
lar BaViS testing showed constriction of the left inferior visual field in the right eye and overall 
inferior visual field constriction in the left eye. When the visual field isopters of both eyes 
obtained from the BaViS were overlapped, the pattern of visual field constriction was similar 
to that of tangent screen perimetry (Fig 4d). Visual field plots obtained from both tangent 
screen perimetry and BaViS did not match with the visual field obtained from the 60-4 testing 
program of HFA. The impaired visual field was larger in the 60-4 program as compared to the 
other techniques.

Postoperatively, the visual field was reevaluated binocularly using the 30-2 and 60-4 
testing programs of HFA. Unlike the previous result, postoperatively no depressed visual 
field points were noted on the left side in the binocular central 30° of the visual field (Fig 
4e). The binocular visual field tested with the 60-4 program, showed a left-side visual field 
defect (Fig 4f). When tested monocularly with BaViS, constriction of the left side visual 
field beyond 30° was observed in both the left and right eye suggestive of left homonymous 
hemianopia (Fig 4g).

4.  Discussion
This study highlights that 88% (15 out of 17) of patients with DRE who were referred to our 
clinic were either unable to perform the visual field test or if tested had unreliable test results 
with the conventional device (HFA). With the clinical confrontation examination technique 
about 60% (10 out of 17) could not cooperate for the test (Table 1). Therefore, these patients 
required alternative techniques to assess their visual fields. This gap can be addressed by 
devices like tangent screen perimeter and the recently developed BaViS. Visual field quantifi-
cation was possible in 91% (11/12) of these patients when tested with BaViS (Table 1). In one 
child diagnosed with attention deficit hyperactive disorder (case 17), the Kinetic test could not 
be performed. However, gross visual fields with static targets could still be tested to check for 
dense hemianopia or quadrantanopia. Thus, in all patients (100%) at least a gross visual field 
estimate is possible with BaViS. With tangent screen perimetry, 87% (7/8) were testable. The 
current testability of the BaViS suggests that this device is valuable for quantifying the visual 
field extent in those patients who cannot perform conventional testing.

The conventional automated static perimetry using HFA requires patient concentration, 
cooperation, stable head position on the chinrest, steady eye fixation for prolonged time-
period in a dark room, and a button press to register the response. These prerequisites make it 
a cognitively challenging task for most patients, particularly children and older patients, even 
those without any cognitive impairment. They find this task difficult and tiring [17]. Unlike 
manual perimetry, automated static perimetry diminishes the role of the perimetrist in patient 
performance surveillance [18,19]. Multiple catch trials (false positive, false negative, and 
fixation loss) are introduced to measure the reliability of the test. High false positive indicates 
“trigger-happy” patients and the subsequent test result may show no field defect, whereas high 
rates of false negatives indicate “inattentive” patients, and the subsequent test result could 
show an advanced field defect [19]. In the current study, advanced visual field defects were 
observed in the majority of the patients (75%) tested with the 30-2 testing program because of 
the high false negative (Table 1). Beyond inattention, visual fatigue and diminished alertness 
in patients with epilepsy could have also resulted in this unreliable result, with high fixation 
losses [20]. To minimize this challenge, with assiduity, the perimetrist should closely monitor 
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patients with epilepsy compared to cognitively healthy patients, reemphasize instructions 
throughout the test and provide multiple breaks to alleviate test-induced fatigue. As a result, 
when these criteria were followed in the current study for three patients tested with the 
60-4, 120-2, and Esterman binocular test, the reliability indices improved. Such a solution of 
providing multiple breaks with constant monitoring will prolong the test duration and may 
not be practical, particularly in busy clinics. Patients may get tired due to the prolonged test 
duration. Also, the purpose of the “automation” is lost if it requires constant supervision by 
the perimetrist.

In such a scenario exploring alternative methods such as tangent screen perimetry and 
BaViS are worthwhile pursuits. Both these methods eliminate the need for a stable head 
position on a chin rest and the need to press a button after target appearances, thereby making 
the task less demanding. Also, the targets used in these tests are suprathreshold-only and are 
closer to real-world targets, unlike the tiny spot of light that is presented in the HFA. How-
ever, it must be noted that HFA can measure thresholds and so give the depth of the visual 
field loss. In contrast, with suprathreshold targets only absolute but not relative defects can be 
observed. This could explain the variability in different tests seen in case 7 (Fig 4). In auto-
mated perimeters, the test cannot be modified on the fly after it has begun, whereas in the 
alternative methods, the perimetrist can modify the order of target presentation during test-
ing, based on the individual’s performance. In addition to assessing visual field extent, BaViS 
also quantifies reaction time to peripheral stimuli. Studies demonstrate that patients with 
glaucoma exhibit delayed reaction times corresponding to their visual field defects [21–25]. 
Eye movement perimetry is also shown to be helpful in children with intracranial lesions [26]. 
Therefore, alternative techniques looking at reaction time and eye movements shows promise 
for assessing functional integrity of the visual field.

Campimetry has been used to quantify the visual field in children with epilepsy [27]. In 
principle, tangent screen perimetry is similar to Campimetry. A verbal response is needed 
from the patient in these methods, to indicate target detection [14]. This could be a chal-
lenge for those patients who will be unable to give that response. The perimetrist can observe 
the patient’s eye movement toward the target as a surrogate measure for detection. But this 
again will be a challenge, in those patients who are unable to maintain steady fixation, and 
frequently search for the target which might induce false positive results. For those patients 
who are unable to sit for the duration of the test, using these devices will also be a challenge. 
Additionally, the visual field extent that can be measured with the tangent screen perime-
try is limited. These challenges can be overcome to some extent with BaViS. Patients can be 
tested in both supine and seated position. In the cohort of our patients, 91% were tested in 
the supine position. Head stability is better in the supine position and the peripheral distrac-
tors are also cut off because of the dome of the BaViS device. The BaViS requires less time to 
quantify visual field extent. The entire test took 5–10 minutes in this study cohort. As patients’ 
reflexive eye movements toward the peripheral target are monitored and video recorded, the 
test video can also be reviewed if in doubt about the fixation loss. Unlike the tangent screen 
perimetry, the target speed of the BaViS and HFA is constant. This reduces the variation 
in target presentation speed between examiners, which is a limitation in the tangent screen 
perimetry. In our study, we found that all patients were able to perform the test with BaViS. 
BaViS appeared to have good repeatability, but this could only be shown in one patient (case 
15). The better repeatability in this patient could be due to the ease of the test that encourages 
reflexive fixation. Further studies are needed to understand the repeatability of BaViS with a 
larger cohort. Other alternative techniques such as objective perimetry using pupil responses 
are also promising for patients with epilepsy [28] and the time taken to assess the visual fields 
are also rapid with this method [29].
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Visual field defects were noted in 36% of the tested patients with tangent screen perim-
etry and BaViS. In cases where both tangent screen perimetry and BaViS were used to 
assess the visual field extent both the devices revealed comparable visual field defects. Since 
tangent screen perimetry is a well-established technique to quantify neurological visual field 
defects [30,31], obtaining similar results from both techniques is encouraging for BaViS. In 
one patient (case 7) a left homonymous hemianopia was documented with both HFA and 
BaViS. This hemianopic visual field defect in this patient also correlated with his presenting 
complaints. This finding indicates BaViS will be a valuable tool for identifying hemianopic 
visual field defects in patients with epilepsy. HFA showed a larger area of visual field defect 
when compared with the alternative perimetric techniques (BaViS and tangent screen 
perimetry) in one patient (case 7). This could have occurred because of the supra-threshold 
targets used in the alternative perimetric techniques. These targets are not sensitive to 
identify the relative depth of visual field defects. This is a limitation of these devices. It must 
be noted that BaViS and tangent screen perimetry can mostly detect neurological types of 
visual field defects and are limited in detecting central scotoma or enlarged blind spots, 
which can appear in individuals with raised intracranial pressure [32,33], or glaucoma [34]. 
These defects can only be detected using conventional automated perimetry, like HFA. 
However, as BaViS has software and hardware components, it can be modified to present 
light stimuli of lower or higher intensity and as static stimuli as well. The other possible rea-
son for the discrepancy between HFA, and other techniques could also be the phenomenon 
of stato-kinetic dissociation. The patients might have perceived moving but not stable tar-
gets. Because of stato-kinetic dissociation, the margins of field loss detected by Humphrey 
(static Perimetry) can be larger as compared to the field loss detected by Kinetic perimetry 
[35]. Nonetheless, the primary objective of assessing visual field defects in patients with 
epilepsy is to ascertain whether the presence of these defects affects their ability to perform 
daily living tasks. To measure such a functional visual field, both tangent screen perimetry 
and BaViS could be useful.

This study also reports the ophthalmic clinical profile of patients with epilepsy. Visual 
fields were intact in 64% of the tested patients, which is similar to the prevalence reported in 
a studies done on adults and children with epilepsy [27,36,37]. Exodeviation was observed 
in 53% of the tested patients with DR-PCE. Exotropia has been reported in individuals with 
neurological damage [38]. Subnormal vision was observed in 43% of the tested patients. For a 
few patients (cases 6, 7, and 12) the subnormal vision is explained by the presence of the optic 
atrophy. For others, the reason for subnormal vision needs further evaluation.

This study had a few limitations. A small sample size should be considered when general-
izing the results of this study. Additionally, these patients were referred from the neurology 
clinic, and hence there is a selection bias to this sample, and they are not representative of all 
DRE patients in general. However, since the scope of this study was to demonstrate alterna-
tive techniques to conventional perimetry, the selection bias is not a major limitation. Not all 
patients were tested in all the devices, to make comparisons between the devices. The retro-
spective nature of this study was also a reason for this, along with the practical difficulty that 
these patients may not endure many tests in a single visit. However, the study does show the 
feasibility of using alternative perimetric techniques to estimate the visual fields. While there 
were no control subjects in this group, an earlier study [11] showed comparable visual fields 
with HFA and earlier version of BaViS on patients without epilepsy.

5.  Conclusion
In conclusion, the BaViS and tangent screen perimeters can be used to assess the visual fields 
in patients with epilepsy, who are unable to do the conventional perimetry. BaViS allows 
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testing a wide angle of the visual field (>50°) that is limited in other perimetry techniques such 
as HFA, Campimetry, and tangent screen perimetry. Detection of visual field defects preoper-
atively will be helpful for the neurosurgeon to plan the surgery and also to counsel the patients 
and caregivers regarding the visual prognosis. Postoperative detection of new visual field 
deficits will also help the clinician counsel the patient and plan for rehabilitation if needed. 
Further studies will be required with more patients to determine the repeatability of these 
alternative perimeters.
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