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Abstract
Aims—To evaluate visual function and
vision specific health status in patients
undergoing penetrating keratoplasty for
keratoconus.
Methods—A prospective longitudinal
study measuring logMAR visual acuity,
contrast sensitivity, disability glare, bin-
ocular visual field, stereoacuity, and sub-
jective visual function (VF-14) was
conducted on 18 patients with keratoconus
undergoing penetrating keratoplasty
(PK), including six patients who had
already had PK in the fellow eye. Data
were collected preoperatively and at 3, 9,
and 18 months after surgery.
Results—Within 3 months of surgery
there was significant improvement in
aided visual acuity, contrast sensitivity,
and stereoacuity (p<0.05); disability glare
(p<0.05) no longer had a significant detri-
mental eVect on these variables. VF-14
score improved significantly throughout
the postoperative period (p<0.05). There
was significant correlation of the VF-14
score with aided visual acuity, binocular
visual field, and stereoacuity. Postopera-
tive astigmatism (<4D v >4D) did not
aVect the VF-14 score significantly.
Conclusions—There is substantial and
rapid improvement in visual function and
vision specific health status in keratoconic
patients as a result of uncomplicated pen-
etrating keratoplasty.
(Br J Ophthalmol 2000;84:60–66)

Keratoconus is the principal indication for
penetrating keratoplasty in young adults and
graft survival in this condition has been used as
a yard stick against which to measure the out-
come of corneal transplantation for other
conditions.1

Snellen visual acuity has long served as the
primary visual function test of surgical success.
However, some patients report limitations to
vision despite a clear graft and good corrected
visual acuity. Over the past two decades there
has been mounting evidence that aspects of
visual function other than acuity are impaired
in those who have media opacities (corneal
scarring and cataracts) and irregularities of the
cornea.2–5

At the same time, detailed visual function
assessments, which measure self rated disabil-
ity, have been developed for patients with cata-
ract and their response to surgery.6–9 Very few
such studies have been reported on patients
who have undergone penetrating keratoplasty;
most are retrospective and use a single point of

time for assessment.5 8–11 The purpose of this
study was to undertake a prospective longitudi-
nal evaluation of visual function and vision
specific health status in patients undergoing
penetrating keratoplasty for keratoconus.

Methods
Keratoconic patients undergoing penetrating
keratoplasty from January 1996 to March 1996
under the care of two corneal surgeons (AT
and AR) were invited to participate in this
study. The diagnosis of keratoconus was based
on slit lamp examination, computerised video
keratotopography, and refraction. The study
had approval from the local ethics committee
and all subjects gave informed consent. Pa-
tients were eligible for the study if they were
over the age of 16 years, willing to attend
assessments in addition to the routine clinical
visits, and understood English. Indications for
surgery were the inability to achieve good
vision with or intolerance of contact lens. This
study was not masked.

Donor corneas were provided by the United
Kingdom Corneal Transplant Service eye
banks. The donor corneas were stored in organ
culture at 34°C and were subject to quality
assessment and allocation procedures de-
scribed elsewhere.12

The surgery was standardised as far as possi-
ble. All patients had preoperative biometry to
establish vitreous cavity length (<16 mm, the
donor trephine was greater than the recipient
by 0.25 mm; if >16 mm the donor and recipi-
ent trephines were the same size).13 All
recipient and donor corneas were trephined
with hand held trephines. All corneas were
sutured using interrupted 10.0 nylon sutures.
Postoperative treatment was a combination of
topical antibiotic and steroid, the frequency,
duration and the strength of which depended
on each individual patient. Three months after
surgery, selective suture removal was initiated
to reduce astigmatism. At the time of the final
assessment (18 months) all sutures had been
removed.

Patients were assessed for the study preop-
eratively and postoperatively at 3, 9, and 18
months. All assessments were undertaken on
both eyes of each patient by one examiner (AB)
in the same clinical area and using the same
equipment for each visit. Experienced optom-
etrists performed all refractions. Visual func-
tion tests were assessed using the best spectacle
correction for all postoperative assessments.
The vision specific health status questionnaire
(VF-14) score was based on corrected re-
fracted error (contact lens) preoperatively,
uncorrected refractive error at 3 and 9 months,

Br J Ophthalmol 2000;84:60–6660

Department of
Ophthalmology,
Manchester University
and the Royal Eye
Hospital, Manchester
A Brahma

Department of
Optometry, Royal Eye
Hospital, Manchester
F Ennis
R Harper

Royal Eye Hospital,
Manchester
A Ridgway
A Tullo

Correspondence to:
Andrew Tullo, Royal Eye
Hospital, Oxford Road,
Manchester M13 9WH

Accepted for publication
23 August 1999

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.84.1.60 on 1 January 2000. D

ow
nloaded from

 

http://bjo.bmj.com/


and spectacle/contact lens correction for the 18
month assessment.

VISUAL FUNCTION TESTS

Visual acuity
A Bailey-Lovie (logMAR)14 front illuminated
chart was used to measure visual acuity at 3
metres. The front luminance was 100 candela/
m2. Visual acuity was recorded in logMAR
units using the method recommended by
Bailey et al.15 A score of 0.00 and 1.00 are
equivalent to Snellen acuity of 6/6 and 6/60
respectively.

Contrast sensitivity
The Pelli-Robson low contrast letter charts16

(Clement Clarke International Ltd) were used
for assessing contrast sensitivity in this study,
because it had specificity/sensitivity and reli-
ability comparable with other contrast sensitiv-
ity tests17 and was quick and simple to
implement. The chart was used at 1 metre, as
per current test instructions18 although 3
metres was the original test distance recom-
mended by Pelli et al.16 The chart was
illuminated to 100 candela/m2.

Disability glare testing
The brightness acuity tester (BAT)19 is a hand
held instrument that consists of a hemispheric
bowl (diameter 60 mm) with an internally illu-
minated surface and the glare source (shielded
light bulb located superiorly). The subject held
the device to the eye and viewed the chart
through a central 12 mm aperture. Subjects
wore their refractive correction (spectacles,
trial frames, or contact lenses) during the test-
ing procedure. Visual acuity and contrast
sensitivity were measured with and without the
BAT at the brightest setting (1370 candela/
m2). A diVerent chart was used to avoid
memorisation.

Binocular visual field
The visual field was measured with the
Esterman test20 of the Humphrey field analyser
(HFA) 630 (Humphrey Instruments Inc, San
Leandro, CA, USA). Binocular testing was
carried out and scored according to the manu-
facturer’s recommendations.

Stereopsis
A quantitative assessment of stereopsis was
made using the TNO random dot stereograms
(Lameris Ootech, Groenakan, Netherlands).21

For each subject the presence of stereopsis was
ascertained using plates I–III. If present, the
degree of stereopsis was quantified using plates
V–VII. Subjects used their optimum refractive
correction. Stereoacuity was graded between 0
and 8, depending on the above plates (0 = no
stereopsis; 1 = gross stereopsis; 2 = plate 2; 3 =
plate 3; 4 = 480 seconds; 5 = 360 seconds; 6 =
240 seconds; 7 = 120 seconds; 8 = 60 seconds
(disparity).

Vision specific health status
The VF-1422 (a visual functioning index) was
used to give a measure of vision specific health
status. Final score ranges between 0 (unable to

do any of the activities) and 100 (able to do all
activities without any impairment).

Other information collected included demo-
graphic data and refractive error (mean spheri-
cal equivalent).

Statistical analyses were performed on the
collected data using SPSS version 7, 1995 (SPSS
Inc, USA) on a PC (IBM compatible).
Non-parametric statistical tests were used, as
the data were not normally distributed except
for the age of the subjects.

Results
Eighteen consecutive keratoconic patients
agreed to participate in the study. Of the 18
patients, one needed additional sutures due to
dehiscence of the wound in the immediate
postoperative period (data included). All as-
sessments were conducted within 1 week of the
appropriate postoperative date. At the 18
month assessment period all sutures had been
removed, all corneal grafts were clear, and
there had been no episodes of immunological
rejection. Assessments lasted approximately 1
hour per patient on each occasion.

Demographic data of the patients are given
in Table 1. There were six females and 12
males. All patients had bilateral disease of
varying severity. Six of the 18 patients had pre-
viously undergone penetrating keratoplasty in
the fellow eye.

VISUAL FUNCTION TESTS

Visual acuity
LogMAR visual acuity scores at each assess-
ment for the operated eyes are graphically
shown in Figure 1. The median values for the
four assessments for the operated eyes were
0.76, 0.24, 0.11, and 0.07. The preoperative
median logMAR visual acuity was low but at
the 3 months’ assessment visual acuity had sig-
nificantly improved (p= 0.002, Wilcoxon test).
There was further significant improvement
between 3 and 9 months (p = 0.044) and this
improvement in vision continued between the
9 and 18 months but not significantly (p =
0.168). The most significant improvement

Table 1 Demographic data of all patients completing the
study

No Age range (years) Mean age (years)

Male 12 20.3–61.2 32.4
Female 6 22.0–36.2 30.3
All 18 20.3–61.2 31.7

Figure 1 The median corrected logMAR visual acuity
scores for the operated and fellow eyes.
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occurred within 3 months of surgery. Overall,
the visual acuity improved over the duration of
the study period (p = 0.000, Friedman test).
The unaided vision for the operated eye
improved most significantly within the first 3
months (Wilcoxon test) and throughout the 18
months (Friedman test). The data are shown
in Table 2.

The median visual acuities of the fellow eyes
were 0.19, 0.27, 0.23, and 0.25 at the four
assessments and did not vary significantly over
the 18 months (p= 0.746, Friedman test). Data
for the fellow eye are shown in Table 2 and Fig-
ure 1 to aid comparison with the operated eye.

Contrast sensitivity
Contrast sensitivity scores for the operated and
fellow eyes are illustrated in Table 2 and Figure
2. For the operated eyes, the improvement in
contrast sensitivity parallels logMAR scores.
The median values for the four assessments for
the operated eyes were 0.825, 1.625, 1.80, and
1.75. There was significant change between the
preoperative and 3 months assessment (p =
0.000, Wilcoxon test) and between 3 and 9
months (p = 0.001), but not between 9 and 18
months (p = 0.242). There were significant
correlations (p <0.05, Spearman) between the
visual acuity and contrast sensitivity scores
preoperatively and at 18 months but not at the
other assessments. There was no significant

change in the contrast sensitivity scores in the
fellow eyes for the four assessments (median
values were 1.55, 1.50, 1.50 and 1.55: p =
0.546, Friedman test).

Disability glare
Visual acuity and contrast sensitivity scores
using the BAT are illustrated in Figures 1 and
2, respectively. Glare only significantly reduced
visual acuity preoperatively (p = 0.033, median
preoperative diVerence = −0.088, Wilcoxon
test). There was no significant diVerence at 3
months or thereafter. Preoperative contrast
sensitivity function was similarly significantly
reduced (p = 0.000, median diVerence =
0.125). Thus, only before penetrating kerato-
plasty did the glare source have a significant
detrimental eVect on visual acuity and contrast
sensitivity. Data for the fellow eye are shown in
Table 2 for comparison.

Esterman fields
The binocular Esterman field of vision scores
did not alter significantly over the 18 months
assessment period (p = 0.441, Friedman test).
The median and the range of scores are
tabulated in Table 3.

Stereopsis
Stereoacuity based on the TNO test improved
significantly (p = 0.009, Friedman test) over
the duration of the study. Stereoacuity results
are shown in Table 3 (preop median = 0, 18
months median = 5). The most significant
change occurred after surgery at the 3 months
assessment (p= 0.002, Wilcoxon), further
significant improvement occurred between 3
and 9 months (p= 0.016, Wilcoxon) but there
was no further significant improvement be-
tween 9 and 18 months (p= 0.12, Wilcoxon).
The levels of stereopsis at the initial preopera-
tive and the final postoperative assessment
showed significant correlation (Spearman)
with visual acuity (p=007/p=0.013) and with
contrast sensitivity (p=0.006/p=0.048).

Table 2 LogMAR, contrast sensitivity and disability glare data for the operated and fellow
eyes

Operated eye Fellow eye

Median Min Max n=18 Median Min Max

LogMAR visual acuity (unaided vision)
0.76 (1.14) 0.1 (0.72) 1.77 (1.78) Preop 0.19 −0.20 0.94
0.24 (0.74)* 0.0 (0.38) 0.72 (1.26) 3 months 0.27 −0.18 0.80
0.11 (0.7) 0.0 (0.20) 1.06 (1.22) 9 months 0.23 −0.20 1.27
0.07 (0.8) −0.2 (0.0) 1.10 (1.32) 18 months 0.25 −0.20 1.36
Contrast sensitivity (unaided contrast sensitivity)
0.82 (0.65) 0 (0.0) 1.50 (1.50) Preop 1.55 0.9 2.00
1.62 (1.46)* 1.30 (0.85) 1.85 (1.70) 3 months 1.50 0.75 1.80
1.80 (1.50) 1.50 (1.00) 1.95 (1.80) 9 months 1.50 0.75 1.90
1.75 (1.45)* 1.40 (0.90) 2.10 (1.80) 18 months 1.55 0.75 2.00
Disability glare, logMAR
1.10§ −0.18 2.00 Preop 0.26 −0.18 0.94
0.21 0.00 0.68 3 months 0.26 −0.20 0.84
0.10 −0.08 0.90 9 months 0.29 −0.20 1.18
0.09 −0.20 0.72 18 months 0.24 −0.20 1.28
Disability glare, contrast sensitivity
0.65§ 0.00 1.40 Preop 1.67 0.90 1.80
1.62 1.15 1.80 3 months 1.60 0.60 1.85
1.75 1.35 1.90 9 months 1.42 0.80 1.80
1.65 1.20 2.00 18 months 1.55 0.15 2.05

*Significant change compared with previous assessment, Wilcoxon test; §significant eVect preop-
eratively only.

Figure 2 Median corrected contrast sensitivity scores for
the operated and fellow eyes.
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Table 3 Descriptive data on binocular visual field,
stereoacuity, mean spherical equivalent, anisometropia, and
VF-14 questionnaire

Median Minimum Maximum

Esterman binocular visual field
Preop 100 86 100
3 months 99.5 97 100
9 months 100 96 100
18 months 100 90 100

TNO stereoacuity (see text for grading)
Preop 0 0 4
3 months 1.5 0 8
9 months 3.5 0 7
18 months 5 0 8

Mean spherical equivalent (D)
Preop (n=10) −4.00 −18.25 4.38
3 months −3.25 −7.63 5.25
9 months −4.50 −9.20 5.13
18 months −3.75 −10.0 4.00

Anisometropia
3 months 1.75 −3.5 16.63
9 months 0.50 −7.25 16.25
18 months 0.12 −7.38 17.25

VF-14 questionnaire
Preop 72.9 14.58 100
3 months 87.9 35.4 100
9 months 90.9 52.1 100
18 months 97.2 52.1 100

62 Brahma, Ennis, Harper, et al

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.84.1.60 on 1 January 2000. D

ow
nloaded from

 

http://bjo.bmj.com/


Refractive error
Mean spherical equivalent (MSE) values of the
refractive error are given in Table 3. There was
a significant reduction in the MSE in the post-
operative period between 3 and 18 months (p
= 0.008, Friedman). The preoperative MSE
data were not included in the statistical analy-
sis because accurate refraction could not be
performed in eight of the 18 operated eyes, as a
result of severe distortion of the reflex but the
available data are tabulated in Table 3.
Preoperative MSE of the 10 patients showed a
wide range (>22.5D), but this reduces to
12.88D at 3 months, 14.33D at 9 months, and
14D at 18 months.

Anisometropia (diVerence between MSE of
both eyes) for each of the postoperative assess-
ments is tabulated in Table 3.

VF-14
The VF-14 questionnaires were scored by the
patients without optical aids except at the
preoperative and the 18 month assessments
because all patients had not obtained appropri-
ate correction during the first postoperative
year.

Subjective visual function scores ranged
from 14.58 to 100 before surgery and from 52
to 100 at 18 months (Table 3). The median
scores for the four assessments were 72.9, 87.9,
90.9, and 97.2. The improvement in the VF-14
score is significant over the 18 month period (p
= 0.012, Friedman) but the improving scores
between each of the assessments did not reach
significance. Data on the ability of patients to
perform specific tasks in the questionnaire
were analysed for driving and hand-eye coordi-
nating tasks. Preoperatively, 90.9% patients
who could drive did not do so because of lack
of confidence in their vision; this decreased to
54.45% at 18 months. The VF-14 question
that assessed hand-eye coordination (threading
a needle, carpentry, etc) did not reach
significance over the 18 months (p = 0.069,
Friedman) but nearly reached significance
when the preoperative and the 18 months were
compared (p=0.051, Wilcoxon).

Correlation between VF-14 and visual function
tests
Correlation of the visual function in the
operated eye (logMAR, contrast sensitivity,
binocular field, and stereoacuity) with the
improvement in the VF-14 scores were exam-
ined for each assessment (Table 4). The
logMAR acuity of the operated eye correlates
significantly with VF-14 scores at the last two
assessments. Contrast sensitivity did not sig-
nificantly correlate with the VF-14 at any of the
assessments.

Correlation was carried out between the
unaided visual acuity and contrast sensitivity
and the VF-14, since the VF-14 scores for the
3 and 9 months assessments were based on
unaided vision. Significant correlation was
found only between the 9 months unaided
contrast sensitivity and VF-14 (rho = 0.547/p
= 0.019).

Binocular visual field and stereoacuity had
significant correlation with VF-14 scores at the
18 months assessment only.

To assess the impact of refractive error
(MSE) on the subjective data, Spearman
correlations were performed using refraction
derived from both the operated and the fellow
eye (Spearman values for the fellow eye are not
illustrated). There were no significant correla-
tions between VF-14 scores and MSE (data for
the operated eye are only quoted).

The VF-14 scores were further categorised
into groups based on (a) previous penetrating
keratoplasty in the fellow eye, (b) astigmatism,
(c) anisometropia (>5D), and (d) good visual
acuity in both eyes (logMAR scores less than
0.2).

There was no significant diVerence in the
VF-14 score at any of the assessments when
the 18 patients were divided into those who
had or had not undergone penetrating kerato-
plasty in the fellow eye (p >0.33 for each
assessment, Kruskal–Wallis).

When the patients were divided in to two
groups by the level of astigmatism (4D or less
and above 4D) there was no significant
diVerence in their subjective visual function
score (p = 0.15, Mann–Whitney) at any of the
assessments. Anisometropia of more than 5D
did not have any statistical eVect on the VF-14
score (p = 0.3, Mann–Whitney).

Patients with good vision in both eyes had
significantly better VF-14 scores than those
who had poorer vision (acuity greater than 0.2
in both eyes) at the 18 months assessment (p =
0.014, Mann–Whitney). There were significant
correlations between logMAR visual acuity
and contrast sensitivity visual function tests of
the fellow eye and the VF-14. For visual acuity,
the Spearman values being −0.697 (p = 0.001)
preoperatively; −0.742 (p = 0.000) 3 months;
−0.551 (p = 0.018) 9 months. These signifi-
cant correlations is to be expected as good
visual acuity would give a higher VF-14 score
compared with low visual acuity. For contrast
sensitivity, the Spearman value reached signifi-
cance only at 9 months: 0.614 (p = 0.007).

Discussion
Penetrating keratoplasty is generally consid-
ered to be a successful procedure and the graft
clarity rate in keratoconic patients can be as
high as 97% at 4 years.23 However, although
numerous studies have provided information
on visual acuity and refraction following
penetrating keratoplasty, only one identified
study has described the continual change in
visual acuity for a large group of patients. In a
retrospective study, Price et al 24 found that the
visual acuity changed for the better over 5 years
following penetrating keratoplasty for a variety
of disorders. Our study is the first longitudinal

Table 4 Correlations between VF-14 and visual function of the operated eyes (Spearman
value rho/p values, significant*)

Preoperative
VF-14

3 months
VF-14

9 months
VF-14

18 months
VF-14

logMAR acuity −0.144/0.556 −0.034/0.894 −0.533/0.023* −0.608/0.007*
Contrast sensitivity −0.174/0.476 0.407/0.094 0.435/0.071 0.286/0.25
Esterman fields 0.236/0.331 0.398/0.102 −0.162/0.521 0.627/0.005*
Stereoacuity −0.156/0.984 0.021/0.935 −0.056/0.079 0.627/0.000*
Mean spherical equivalent N/A 0.211/0.402 −0.034/0.893 0.166/0.420

Visual function after penetrating keratoplasty for keratoconus 63
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prospective report on the continual change
from before surgery in a single disease group of
technically successful clear corneal grafts using
a wide range of visual function variables and a
vision specific quality of life questionnaire.

The most important finding of this study is
that most aspects of visual function tested and
the subjective disability rating improve early
on—that is, within the first 3 months after pen-
etrating keratoplasty, and this improvement
continues, albeit only slowly. There is signifi-
cant improvement in visual acuity following
surgery and this change continues to be statis-
tically significant between 3 and 9 months but
not thereafter. Optical correction was not
dispensed until around 1 year after the surgery
and therefore both aided and unaided vision
has been reported because day to day activities
were based on the unaided vision and gave a
better representation of functional vision.25 It
has been our practice not to correct refractive
errors within 3 months of surgery but since
visual function changes earlier than this,
optical correction could be prescribed earlier
which would be reflected in visual function
questionnaire scores.

The preoperative contrast sensitivity was
reduced compared with normal but improved
to normal levels soon after surgery, indicating
the beneficial eVects of penetrating kerato-
plasty. Mannis et al 5 demonstrated that altera-
tions in contrast sensitivity are associated with
keratoconic patients’ symptoms of reduced
vision even before there was a decrease in
visual acuity. They found that following
penetrating keratoplasty the contrast sensitivity
function at a variety of spatial frequencies
improved and patients preferred vision in the
eye, which had been grafted even if both eyes
had comparable vision. This suggests that
visual function is impaired due to the distor-
tion and scarring. Hess and Carney9 investi-
gated the eVect of induced corneal distortion
and found a reduction in high spatial frequen-
cies of contrast sensitivity function, a similar
eVect to that of keratoconus. Miller and
Sanghvi26 found that once scarring developed
in the keratoconic cornea, all frequencies
became attenuated. They recommended that
contrast sensitivity testing, with or without a
glare source, may be an useful way of following
the progression of keratoconus. This has been
recommended by a number of clinical guide-
lines and studies.27–29 Since the Pelli-Robson
chart measures contrast sensitivity function in
the low to mid spatial frequencies16 this should
pick up changes without the need to test the
whole frequency range and could easily and
quickly be administered in a clinical setting.

Preoperatively, disability glare produced by
the BAT significantly depressed both visual
acuity and contrast sensitivity, whereas the
decrease in glare postoperatively was not
significant. This result concurs with similar
improvements following surgery for
cataracts.2 30 The light scattering, which is
attributed to corneal distortion and scarring
often seen in keratoconus, decreases following
penetrating keratoplasty leading to improved
visual function. This is consistent with the

improvement in vision reported by patients
despite a limited visual acuity in the early post-
operative period.

In contrast with these findings, however,
Carney and Lembach31 found that keratoconic
patients who had undergone penetrating
keratoplasty were more susceptible to glare
than those with unoperated keratoconic eyes,
while eyes which had undergone epikerato-
plasty exhibited the poorest visual perform-
ance. However, they did not collect preopera-
tive data and the eVect of glare on the operated
eyes may well have been more pronounced
before penetrating keratoplasty.

The Esterman binocular visual field score did
not show any statistically significant change,
inferring that keratoconic patients do not have
functional impairment of their visual fields. This
was unexpected since patients with successful
grafts may report improved navigation (personal
observation). The anecdotal improvement in
visual field reported by patients may be due to
the improvement in contrast sensitivity func-
tion. Threshold analysis of the central field may
yield more information. Faschinger32 found that
eyes with corneal lattice dystrophy had a general
reduction in light sensitivity, an eVect also seen
in eyes with cataract. Wood et al 33 found that the
attenuation of the perimetric response arising
from cataract was related to the degree of
cataract quantified by glare sensitivity, which
may well be the case in corneal disease. Another
important aspect of an impaired visual field is its
eVect on the orientation and mobility of the
subject. Marron and Bailey34 investigated which
visual factors aVect orientation and mobility and
found that contrast sensitivity and visual field
had more influence than visual acuity.

The VF-14 questionnaire, which was devel-
oped to assess the benefits of cataract surgery,
addresses tasks that are dependent on central
rather than peripheral vision. This may give an
incomplete picture of functional ability that
requires good peripheral vision. The only
aspect of peripheral vision that is assessed indi-
rectly in the VF-14 is driving. In this study
there was marked preoperative impairment in
visually dependent tasks, even in such a young
group of patients. This confirms that these
young patients have significant disability. Fol-
lowing surgery, visual impairment decreased
and this trend continued up to the final assess-
ment, when it approached normality.

In a retrospective study of corneal graft
recipients, Musch et al 35 determined the extent
of visual disability by administering the VF-14
questionnaire by telephone. They found that at
least 1 year after penetrating keratoplasty for a
variety of corneal diseases (only 13% were
keratoconic subjects) the mean VF-14 score
was 77, but no data on visual impairment were
available before surgery. Their score would be
expected to be lower for a number of reasons
such as age of the subjects and the presence of
macular changes in some cases. Visual disabil-
ity is further illustrated by the fact that, preop-
eratively, 90% of patients had given up driving
because of their vision, but at the end of the
study period only 54.5% did not drive.

64 Brahma, Ennis, Harper, et al
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In our study two factors, moderate to high
anisometropia and astigmatism, which have
been thought to cause spectacle intolerance, did
not have any impact on subjective visual
function scores, concurring with Musch et al,35

who did not find any significant correlation
between anisometropia and keratometric astig-
matism and the VF-14 score. However, Musch
et al 35 found that when using the SF-36
questionnaire,36 which assesses health related
quality of life, astigmatism showed a negative
association with the patients’ social functioning
scores. This may be because social functioning
requires the recognition of faces. Similarly, Lee
et al,37 also using the SF-36, found that blurred
vision had a negative impact on functional
status.

In the present study, visual acuity significantly
correlated with the VF-14 score at 9 and 18
months and the most significant association was
at 18 months. This may reflect the fact that
patients were wearing some form of refractive
correction by then, and their ability to perform
visually dependent tasks was improved. Con-
trast sensitivity did not correlate with the VF-14
scores, probably because the questionnaire was
developed to assess acuity based tasks.

Williams et al 11 administered a questionnaire
to elicit information on patients’ opinions as to
the success of penetrating keratoplasty 2 years
after surgery. The authors found that 75% of
patients were more satisfied with their graft and
improvement in their lifestyle if the vision was
better than the ungrafted eye. Dissatisfaction
was associated with graft failure and the need for
contact lens wear. The authors suggested in
view of their findings that patients with unilat-
eral diseases were poor candidates for corneal
transplantation since it was unlikely they were
likely to achieve better vision in the grafted than
in the fellow eye. However, distinction needs to
be made between satisfaction and change in
visual function because unilateral disease may
aVect binocular function.38 39

Williams et al 11 also recommended assess-
ment of stereopsis following penetrating kerato-
plasty. Although in our study analysis of the
items in the VF-14 questionnaire that addresses
stereopsis did not reach significance there was
significant improvement after surgery based on
quantitative testing (TNO test).

In view of our findings, we feel that further
prospective studies are needed to ascertain the
benefits of penetrating keratoplasty in unilat-
eral diseases taking into account ocular domi-
nance and to assess visual outcome as early as
1 month postoperatively. Since this study was
initiated, a specific instrument to assess visual
disability in keratoconus (CLEK-VFQ)40 has
been developed and could be used in future
studies.

In summary, both visual function and vision
specific health status improved within 3
months of penetrating keratoplasty. For kera-
toconic patients, who tend to be young and in
their most productive years, corneal transplan-
tation can oVer rapid visual rehabilitation.
Although visual acuity remains important in
routine visual assessment, other variables give
a more global picture of visual function.

Increasingly, the benefits of surgical proce-
dures and change in visual status are being
assessed using a wide range of methods, which
will help surgeons in the selection of patients
and in the measurement and prediction of
outcome.
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