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Purpose: To study the clinical and tomographic characteristics and associations of keratoconus  (KC) 
patients visiting a tertiary eye care hospital. Methods: This was a cross‑sectional, observational study 
that included 242 newly diagnosed clinical KC patients. Detailed ocular and systemic history, visual 
complaints, habit of eye rubbing, best spectacle‑corrected visual acuity (BSCVA), retinoscopy reflex, detailed 
slit‑lamp examination and tomographic findings, and presence of any ocular and systemic associations 
were documented for the included patients. Severity of KC was further graded into stages 0, 1, 2, 3, and 
4 according to the ABCD grading system. Results: The most common visual complaint was blurred 
vision (82.64%), followed by itching (48.76%), tearing (43.80%), and photophobia (41.32%). A total of 44.62% 
of patients had the habit of eye rubbing and 4.54% had a family history of KC. Most common clinical signs 
were scissor reflex (94.21%), Rizutti’s sign (77.27%), corneal protrusion (69.83%), and Fleischer ring (67.35%). 
A total of 14.05% of patients had stage 0, 42.15% had stage 1, 19.83% had stage 2, 18.60% had stage 3, and 
5.37% had stage 4 KC. Of these patients, 70.25% had a BSCVA visual acuity of ≥6/12 or better; 26.45% had a 
BSCVA of ≥6/60 to <6/12; and 3.30% had a BSCVA of <6/60. Ocular allergies, atopy, and asthma were found 
in 32.32%, 4.96%, and 2.48% cases, respectively. Conclusion: This study gives an overview of the clinical 
findings of KC cases in western India. Our results suggest that use of retinoscopy should be promoted in 
early KC detection in primary eyecare screening programs.
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Keratoconus (KC) is a bilateral, noninflammatory multifactorial 
thinning disorder of the cornea, which causes stromal 
thinning and protrusion, resulting in irregular astigmatism 
and vision loss.[1] The pathophysiology of KC includes mainly 
genetic factors. However, biomechanical, biochemical, and 
environmental factors can also act as disease triggers.[1] 
Nowadays, KC is not an uncommon disease. The worldwide 
prevalence of KC is 1.38 per 1000 people.[2]

Various classifications of KC have been developed to define 
KC severity.[3] In the early stages of KC, patients are often 
asymptomatic and it is difficult to diagnose the condition only 
from clinical signs.[3] However, moderate to severe cases can be 
easily diagnosed on a slit‑lamp biomicroscope. Furthermore, 
the diagnosis of KC is confirmed with the use of corneal 
imaging techniques  (tomographer), which give details of 
corneal contours (curvature, thickness, anterior and posterior 
elevation, and aberration data).[3]

KC presents with a wide variety of clinical and topographic 
characteristics.[4,5] The knowledge of KC characteristics in 
subjects belonging to a particular region can help to understand 
the nature of the disease. Many studies have reported KC 
characteristics[4-11] and its association with various ocular 
and systemic conditions.[3] Literature search shows that large 
cross‑sectional studies on KC characteristics in India are 

lacking. This study aims to understand the visual complaints, 
clinical findings, and ocular and systemic associations of newly 
diagnosed KC patients who visited a tertiary eye care hospital 
located in western India.

Methods
This was a cross‑sectional, observational study conducted 
at a tertiary eye care hospital from January 2018 to October 
2022. The study protocol was approved by our institutional 
review board, and it adhered to the tenets of the Declaration 
of Helsinki.

Our tertiary eye care hospital provides low‑cost services 
to the patients. Many patients are referred to us for corneal 
imaging from small private sectors and primary and secondary 
eye health centers where advanced diagnostic facilities are 
not available. This study included newly diagnosed clinical 
KC patients who were associated with or without ocular 
inflammation and other systemic diseases and were willing 
to participate.

Clinical KC was considered for the patients who showed 
clinical signs of KC in one or both eyes with central, 
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paracentral, or peripheral steepening on the curvature map 
and corresponding thinning of the cornea on the thickness 
map, along with a KC vertex front value of ≥12 µm and a KC 
vertex back value of ≥24 µm on the tomographer.[5]

After giving informed consent, patients underwent 
detailed ophthalmic examination of both eyes. In pediatric 
patients, informed consent was taken from parents. All the 
measurements were performed by a single qualified and 
experienced optometrist. Demographic details of the included 
patients were collected. A detailed ocular and systemic history 
was taken. Patients were asked about their previous history of 
using glasses or contact lenses, refractive or any other ocular 
surgery, and visual complaints (blurred vision, poor vision with 
glasses, frequent changes of glasses, diplopia, foreign body 
sensations, pain, redness, tearing, itching, photophobia), and 
their response was documented. Retinoscopy was performed, 
and the presence of an irregular reflex on retinoscopy (scissor 
reflex) was documented. Best spectacle‑corrected visual 
acuity  (BSCVA) was measured using Snellen’s visual acuity 
chart.

Corneal tomography was performed using a Sirius 
tomographer (Costruzione Strumenti Oftalmici, Florence, Italy). 
Clinical signs of KC[3]  [Fig.  1]  (corneal protrusion  [outward 
bulging of the cornea], Fleischer ring [dark brown ring in the 
peripheral cornea, resulting from iron deposition in the basal 
epithelial cells], Vogt’s striae  [vertical lines in the posterior 
stroma of Descemet’s membrane of cornea], prominent corneal 
nerves, Munson’s sign [v‑shaped protrusion of the lower eyelid 
on downward gaze], and Rizutti’s sign [conical reflection on 
the nasal cornea if light is shone from the temporal side]) were 
evaluated by a single cornea specialist using torch light and 
slit‑lamp biomicroscope, and the findings were documented 
for each eye.

A detailed slit‑lamp examination was done for the 
presence of ocular allergy  (conjunctival hyperemia, 
chemosis, lid eczema, conjunctival cicatrization, presence of 

papillae, cobblestones, Horner‑Trantas dots, pannus, tarsal 
scarring, superficial punctate epithelial erosion, focal and 
annular limbal inflammation, limbal stem cell deficiency, 
marcoerosions, superficial punctate keratitis, and corneal 
vascularization). The presence of ocular allergy was graded 
as mild, moderate, severe, or blinding based on the severity 
grading system classification.[12] The presence of any other 
specific ocular and systemic associations was documented. 
Eyes with corneal scars were specifically checked for the 
presence of any corneal flap to rule out post‑refractive 
surgery ectasia. Patients with previously diagnosed KC, 
bilateral suspected KC, pellucid‑like KC, pellucid marginal 
degeneration, and post‑refractive surgery ectasia were 
excluded from our study.

Data of BSCVA and tomographic indices  (anterior and 
posterior flat and steep keratometry, symmetry index of 
anterior and posterior curvature, apical keratoscopy: front and 
back, KC vertex: front and back, thinnest location, thinnest and 
apex corneal thickness, anterior chamber depth and volume, 
mean pupil power, corneal longitudinal spherical aberration, 
and root mean square value of anterior and posterior surfaces 
of the cornea) were collected and compared between the two 
genders.

The severity of KC was graded into stages 0, 1, 2, 3, and 4 
according to ABCD grading system,[13] which takes into account 
the anterior and posterior 3‑mm radius of curvature, thinnest 
corneal thickness, best distance‑corrected visual acuity, and 
presence of corneal scarring.

To avoid any bias in the results, only the right eye of the KC 
patient was considered for analysis. In cases with a forme fruste 
or suspected KC in the right eye, clinical and tomographic 
findings of the other eye were taken for analysis.

Data analysis was performed using IBM Statistical Package 
for the Social Sciences (SPSS) statistics software (version 20.0; 
IBM Corp., New York, USA) and Microsoft Excel 2019. 

Figure 1: Photographs of the clinical signs of keratoconus: (a) corneal protrusion, (b) Fleischer ring, (c) Vogt’s striae, (d) prominent corneal 
nerves, (e) Munson’s sign, (f) Rizutti’s sign, (g) corneal scar, and (h) scissor reflex on retinoscopy
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Descriptive statistics  (means, standard deviations, and 
percentages) were used to describe variables. Mann–Whitney 
U tests were used to analyze continuous variables, whereas 
Chi‑square test was applied for categorical variables. A P value 
of <0.05 was considered statistically significant.

Results
A total of 632 newly diagnosed patients with clinical KC 
were examined from January 2018 to October 2022. Of these 
patients, 242 were included in the study as the remaining were 
not willing to participate. The mean age of included patients 
was 20.09 ± 5.65 (range: 8–41) years. There were 148 males and 
94 females. Twenty‑five patients had forme fruste KC (10.33%) 
in their right eye.

A total of 14.05%  (34/242) patients had stage 0, 
42.15%  (102/242) had stage 1, 19.83%  (48/242) had stage 2, 
18.60% (45/242) had stage 3, and 5.37% (13/242) had stage 4 
KC. Of these patients, 70.25% (170/242) had a BSCVA visual 
acuity of ≥6/12 or better, 26.45% (64/242) had a BSCVA of ≥6/60 
to  <6/12, and 3.30%  (8/242) had a BSCVA of  <6/60. Table  1 

shows the corneal tomographic indices and BSCVA of male 
and female KC patients. Our results showed no significant 
difference in corneal tomographic indices and BSCVA between 
the two genders.

Visual complaints
The most common visual complaint was blurred vision (82.64%, 
200/242), followed by itching (48.76%, 118/242), tearing (43.80%, 
106/242), and photophobia (41.32%, 100/242).

Least reported visual complaints were pain (21.07%, 51/242), 
redness  (21.07%, 51/242), foreign body sensations  (17.35%, 
42/242), and diplopia (15.29%, 37/242).

A total of 61.98% (150/242) patients had a previous history of 
using glasses. Of these 150 patients, 41.33% (62/150) complained 
about frequent changes in glasses, while 54.66%  (82/150) 
felt that they had poor vision even after using glasses. Only 
2.89%  (7/242) gave a previous history of using soft contact 
lenses. However, none of them gave a history of using rigid 
gas‑permeable lenses at the time of diagnosis.

Table 1: Corneal tomographic indices, severity grades, and best spectacle‑corrected visual acuity of included KC patients

KC patients (n=242) Males KC (n=148) Females KC (n=94) P

Flat K (D) 47.57±6.32 46.87±4.53 48.68±8.27 0.073a

Steep K (D) 51.34±6.65 50.77±5.44 52.25±8.11 0.232a

Posterior flat K (D) −6.84±1.38 −6.73±1.54 −7.01±1.04 0.114a

Posterior steep K (D) −7.91±1.67 −7.77±1.84 −8.13±1.31 0.125a

Thinnest location (mm) 0.68±0.26 0.69±0.28 0.65±0.22 0.303a

Thinnest corneal thickness (µm) 447.05±45.90 447.30±43.71 446.67±49.13 0.854a

Aqueous depth (mm) 3.37±0.30 3.40±0.31 3.33±0.27 0.160a

Anterior chamber volume (mm3) 178.50±34.47 182.57±37.38 172.27±28.24 0.002*a

Apex corneal thickness (µm) 458.25±49.33 459.58±46.0 456.25±53.88 0.684a

Mean pupil power (D) 48.76±4.92 48.39±45.71 49.33±5.19 0.072a

LSA (D) ‑1.08±2.63 ‑0.85±2.56 ‑1.43±2.73 0.307a

SIF (D) 4.64±3.76 4.41±4.05 4.99±3.24 0.261a

SIB (D) 1.31±1.50 1.30±1.78 1.33±0.87 0.272a

AKF 57.12±8.09 57.03±8.77 57.28±6.89 0.304a

AKB −9.32±1.80 −9.20±1.86 −9.52±1.85 0.133a

KVF 31.11±19.62 31.48±21.24 30.67±16.53 0.693a

KVB 67.26±44.27 66.46±44.66 69.56±42.30 0.415a

RMS/A 0.28±0.35 0.26±0.27 0.30±0.44 0.739a

RMS/B 0.44±0.26 0.44±0.28 0.44±0.25 0.799a

KC severity grades

Stage 0 14.05% (34) 73.53% (25) 26.47% (9) 0.340b

Stage 1 42.15% (102) 62.75% (64) 37.25% (38)

Stage 2 19.83% (48) 60.42% (29) 39.58% (19)

Stage 3 18.60% (45) 51.11% (23) 48.89% (22)

Stage 4 5.37% (13) 53.85% (7) 46.15% (6)

BSCVA

≥6/12 or better 70.25% (170) 73.65% (109) 64.90% (61) 0.305b

≥6/60 to <6/12 26.45% (64) 22.97% (34) 31.91% (30)
<6/60 3.30% (8) 3.38% (5) 3.19% (3)

AKB=apical keratoscopy back, AKF=apical keratoscopy front, BSCVA=best spectacle corrected visual acuity, K=keratometry, KC=keratoconus, 
KVB=keratoconus vertex back, KVF=keratoconus vertex front, LSA=corneal longitudinal spherical aberration, SIB=symmetry index of the posterior curvature, 
SIF=symmetry index of the anterior curvature, RMS/A=root mean square value of the anterior surface of cornea, RMS/B=root mean square value of the posterior 
surface of cornea. aMann–Whitney test. bChi‑square test
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Ocular signs
A scissor reflex on retinoscopy was present in 94.21% (228/242) 
of patients. Rizutti’s sign was appreciable in 77.27% (187/242) 
of patients. Corneal protrusion was visible in 69.83% (169/242) 
of cases. Fleischer ring was visible in 67.35%  (163/242) of 
cases.

Munson’s sign was present in 66.94%  (162/242), 
prominent corneal nerves in 26.86% (65/242), Vogt’s striae in 
24.79% (60/242), and corneal scar in 9.91% (24/242) of cases.

Ocular allergy
A total of 44.62% (108/242) cases had the habit of eye rubbing. 
Ocular allergies were found in 32.32%  (78/242) of patients. 
Vernal keratoconjunctivitis (VKC) was the most common form 
of ocular allergy. Among 78  patients with ocular allergies, 
43.59%  (34/78) had mild, 38.46%  (30/78) had moderate, and 
17.95% (14/78) had severe and blinding eye allergies.

Various ocular associations among the included KC patients 
are shown in Fig. 2. Various systemic associations among the 
included KC patients are shown in Fig. 3.

Asthma and atopy were found in 2.48%  (6/242) and 
4.96%  (12/242) of patients, respectively  [Fig.  3]. A  total of 
4.54% (11/242) of patients gave self‑reported family history of 
KC. KC was seen in three pairs of twins.

Discussion
KC starts at puberty and either progresses rapidly to an advanced 
stage of the disease or progresses slowly and may remain stable 
in cases of delayed onset.[3] Current understandings of KC 
suggest that it has a male preponderance.[2] The number of 
males being more than that of females in our study concurs 
with the finding that KC has male preponderance.

Our study did not find any significant differences in 
tomographic indices  (except for anterior chamber volume) 
and BSCVA among males and females [Table 1]. The results 
of tomographic indices of our KC populations are comparable 
with previous studies.[14,15] In our study, we found higher 
anterior chamber volumes in males than females, which can 
be due to male patients having physiologically larger anterior 
chamber dimensions than female patients. To the best of our 
knowledge, no literature has reported a difference in anterior 
chamber volume between male and female KC.

KC is a bilateral disease, but few cases can have significant 
asymmetric presentation (so‑called unilateral KC). We found 
10.33% patients with unilateral KC disease at the time of 
diagnosis. Previous studies have reported percentages of 
unilateral KC ranging from 4.3% to 11.4%.[6-8] The discrepancy in 
the results could be because various studies have used different 
criteria to define unilateral KC.

Our study used the most recent grading system of KC (the 
ABCD grading) to define the severity of KC.[13] We found 14.05% 
had stage 0, 42.15% had stage 1, 19.83% had stage 2, 18.60% had 
stage 3, and 5.37% had stage 4 KC. Our results are comparable 
to the findings of Elbedewy et al.[8] in Egypt and Naderan et al.[9] 
in Iran, who reported that approximately 40% of patients had 
stage 1 KC. A study in Palestine by Shanti et al.[10] reported that 
62% of patients presented with a mild form of disease [Table 2]. 
The greater number of patients with stage 1 KC in our study 
could be explained by two facts. First, there is an increasing 
trend for refractive surgery. As a part of the refractive surgery 
workup, many asymptomatic patients are being diagnosed at 
an early stage of the disease. Secondly, improved diagnostic 
techniques such as Scheimpflug and Oct‑based tomography 
can detect KC earlier.[16]

Table 2: Keratoconus severity grades reported in several studies from different countries

Author (year) Country Severity classification Mild KC Moderate 
KC

Advanced 
KC 

Severe 
KC

Zadnik et al.[17] (1998) USA Based on keratometry 4.6% 48.7% 46.7% ‑

Saini et al.[18] (2004) India Based on keratometry 0 32.8% 67.2% ‑

Sharma et al.[19] (2009) India Based on keratometry 17.5% 40.4% 42.1% ‑

Mahadevan et al.[20] (2009) India Based on keratometry 26.0 32.6 41.4% ‑

Bilgin et al.[7] (2009) Turkey Based on keratometry 7.40% 55.0% 30% 8%

Fatima et al.[21] (2010) India Based on keratometry 14.4% 36.7% 32.4% 16.6%

Agrawal et al.[22] (2011) India Based on keratometry 12.0% 72.3% 15.7% ‑

Abu‑Ameerh et al.[23] (2012) Jordan Based on keratometry 6.3% 21.6% 72.1% ‑

Naderan et al.[4] (2015) Iran Based on keratometry 15.2% 43.8% 41% ‑

Rashid et al.[11] (2016) Kenya Based on keratometry 6.2% 22.9% 71% ‑

Naderan et al.[9] (2017) Iran Keratoconus severity score 41.5% 34.0% 24.5% ‑

Al‑Mahrouqi et al.[24] (2018) Oman Amsler–Krumeich classification 37% 30% 18% 16%

Shanti et al.[10] (2018) Palestine Based on keratometry 62% 28.1% 9.9% ‑

Elbedewy et al.[8] (2019) Egypt Amsler–Krumeich classification 38.4% 29.9% 15.3% 16.4%

Rafati et al.[25] (2019) Iran Based on keratometry 15.2% 56.4% 28.4% ‑

Alzahrani et al.[26] (2021) Saudi Arabia Based on keratometry 30.6% 64.3% 5.1% ‑

Alqudah et al.[27] (2021) Jordan Based on keratometry 63.3% 24.7% 11.9% ‑
Present study India ABCD classification 42.15% 

(stage 1)
19.83% 
(stage 2)

18.60% 
(stage 3)

5.37% 
(stage 4)

KC=keratoconus
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In contrast to our study, other studies[11,18,22,26] have reported 
slightly higher numbers of patients with KC stages 2 and 3. Of 
these studies, Alzahrani et al.[26] in Saudi Arabia reported that 
64.3% of patients had a moderate stage of the disease. In Kenya, 
71% of patients reported having a severe stage of the disease.[11] 
In India, Agrawal[22] reported 72.3% of patients presented with 
a moderate stage and Saini et al.[18] reported 67.2% of patients 
presented with a severe stage of the disease [Table 2].

The discrepancy in the results among different studies 
could be because of ethnicity, differences in sample size, 
different diagnostic criteria and technology, different grading 
systems used, the inclusion of previously diagnosed KC, and 
the inclusion of rigid contact lens wearers, resulting in corneal 
scarring due to poor fitting and presenting with a severe 
form of disease. In our study, though, it is still strange that 
43.8% (stages 2: 19.83%, stage 3: 18.60%, and stage 4: 5.37%) of 
patients were diagnosed at their moderate to severe stage of 
disease, and these patients noticed their symptoms after their 
disease had progressed.

In our study, 70.25% had BSCVA visual acuity of  ≥  6/12 
or better. Our result is comparable to the study findings of 
Fatima et al.[21] (70.3% had BSCVA of 6/18 or better) in India, 
Al‑Mahrouqi et al.[24] (65% of eyes had BSCVA of >0.5 log of 
minimum angle of resolution [logMAR]) in Oman, and Shanti 
et al.[10]  (71.5% had ≥6/12 in most affected eyes) in Palestine. 
A CLECK study by Zadnik et al.[17] reported best spectacle– or 

contact lens–corrected visual acuity of 6/12 or better in 95.5% 
of eyes in the USA, Assiri et  al.[28] reported 98% in Saudi 
Arabia, Khor et al.[6] reported 94.5% in Singapore, and Rashid 
et al.[11] reported 75% in Kenya. In short, KC rarely causes total 
blindness.

The most prevalent complaint in our study was blurred 
vision  (82.64%), followed by poor visual acuity with 
spectacles (54.66%). A similar result was reported by Naderan 
et al.,[4] Weed et al.,[29] and Rashid et al.,[11] who also found blurred 
vision to be the most common complaint in their study patients.

Only 2.89% had a previous history of using soft contact 
lenses and none had worn rigid contact lenses at the time of 
diagnosis, indicating that our patients had very little awareness 
of or poor motivation toward contact lenses. However, they will 
have to depend on contact lenses (as a nonsurgical management 
option) to improve and enhance the quality of their vision.

Studies have reported that the most common clinical 
sign of KC is Fleischer ring, with a prevalence of 76%–
81%.[22,29] However, a study by Naderan et al.[9] stated corneal 
protrusion as the most common clinical sign in 71.7% of 
eyes, followed by scissor reflex in 64.2% of eyes. In contrast 
to this, our study found the presence of the scissor reflex on 
retinoscopy (94.21%), followed by Rizzuti’s sign (77.27%) and 
corneal protrusion (69.83%) as the common prevailing signs. 
A study by Al‑Mahrouqi et al.[24] reported retinoscopy reflex test 
as a reliable test even in early KC detection, which supports 
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Figure 2: Bar graph of the various ocular associations of the included keratoconus patients
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the result of our study. Studies have reported that Vogt’s striae 
ranges from 7.5% to 68%[7,17,18,29]  [Table 3]. Vogt’s striae were 
present in 24.79% of our patients. Vogt’s striae are generally 
seen in the moderate‑to‑advancing stage of the disease. The 
results might vary in different studies due to differences in 
severity of the included patients.

In our study, 61.98% of patients had a previous history of 
wearing glasses. However, these patients became symptomatic 
only after the disease had progressed, making it mandatory 
to undergo regular ophthalmic checkups. As a part of routine 
primary eye care examinations, we should encourage eye 
care practitioners to check for scissor reflex and Rizutti’s sign, 
especially in vision screening programs or refraction checkup 
evaluations, for early detection of KC.

Allergic eye diseases include IgE‑mediated and non–
IgE‑mediated ocular allergic disorders.[31] The most common 
forms of ocular allergies are seasonal conjunctivitis, perennial 
conjunctivitis, VKC, atopic keratoconjunctivitis, giant papillary 
conjunctivitis, and contact blepharoconjunctivitis.[31] Of these, 
VKC is the most persistent and severe form of ocular allergy 
that affects children and young adults.[31] The most common 
ocular association of KC is ocular allergy.[32] In our study, we 

found ocular allergies in 32.32% of patients. Our result is similar 
to that of Shneor et al.,[30] who found it in 34.4% of patients. In 
our study, 48.76% of patients complained of itching, 43.80% of 
tearing, and 41.32% of photophobia. Habit of eye rubbing was 
seen in 44.62% of cases. These symptoms are mostly linked 
to ocular allergy, which causes corneal stromal keratocyte 
thinning and may play a role in triggering KC progression.[33]

Most commonly reported systemic associations of KC 
are atopy, asthma, Down’s syndrome, and connective tissue 
disorders.[3] We found atopy in 4.96% of patients. Studies have 
reported association of eczema to range from 6.6% to 18.4% 
in KC.[6,17,30] However, we found little association with asthma 
and Down’s syndrome, which may be due to less number of 
patients with major systemic diseases visiting our exclusive eye 
care hospital. Complete systemic evaluation of all KC patients 
is required to find out the actual systemic associations.

In our cohort, we found KC in three pairs of twins and in 
association with endothelial dystrophy, which supports the 
evidence for the role of genetics in KC pathophysiology.[34] 
Family histories of KC have been reported in 1.1%–27.9% of 
KC patients[6,28‑30] [Table 3]. In our study, only 4.54% of patients 
gave a self‑reported family history of KC. Complete clinical and 
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Figure 3: Bar graph of the various systemic associations of the included keratoconus patients
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tomographic evaluation of eyes of family members with KC 
can give us an idea about the actual familial association of KC.

Conclusion
KC patients present with a wide variety of ocular and systemic 
associations. Our study gives an overview of the clinical 
findings of KC cases in western India. Blurred vision was the 
most common complaint. The use of retinoscopy should be 
promoted in early KC detection in primary eyecare screening 
programs.
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