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Abstract
Objective: To evaluate the topographic pattern of keratoconus patient at first presentation in a tertiary eye 
hospital of Bangladesh. Methods: This was a cross sectional study conducted over 200 eyes of 100 keratoconus 
patients attending at National Institute of Ophthalmology & Hospital, Dhaka, for a period of 6 months. Selected 
patients underwent detail history, ocular and systemic examination as well as related investigations which 
includes corneal topography, keratometry and auto refractometry. Results: Mean age of the patients was 21.24 ± 
6.25(SD) years and among the patients male predominance was observed, male to female ratio was 2.1:1. The  
mean unaided visual acuity of better eye was 0.86 ± 0.38(SD) Log MAR and mean unaided visual acuity of worse 
eye was 1.16 ± 0.44 Log MAR. Among 200 eyes there were 36 mild (18.0%), 100 moderate (50.0%) and 64 
severe (32.0%) keratoconus eyes. Majority of the eyes (81.0%) showed three common topographic pattern, these 
are asymmetric bowtie with skewed axis (32.0%), asymmetric bowtie with inferior steepening (30.0%) and 
inferior steepening (19.0%). In mild keratoconus patients topography showed largely one pattern, inferior 
steepening (30.6% of mild keratoconus). In case of moderate keratoconus patients topography shows mainly three 
patterns, asymmetrical bowtie with skewed axis (19.0%), asymmetric bowtie with inferior steepening (16.5%) 
and inferior steepening (10.5%). In severe keratoconus patients topography shows mainly three patterns, 
asymmetrical bowtie with inferior steepening (10.5%), asymmetric bowtie with skewed axis (9.5%) and irregular 
pattern (8.5%). There was no round, superior steepening, symmetric bowtie or asymmetric bowtie with superior 
steepening pattern in severe keratoconus. Conclusion: The pattern of topography varies among the different 
stages of keratoconus patients. From the topography pattern we can diagnose the keratoconus early and also get 
the information of severity of the disease and treat accordingly.
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Introduction
Keratoconus is a progressive, non-inflammatory, 
bilateral, asymmetrical ectatic corneal disease 
characterized by paraxial stromal thinning and 
weakening, resulting in corneal surface 
distortion. Visual impairment is caused primarily 
by irregular astigmatism and myopia, and 
secondarily by corneal scarring.1 Keratoconus is a 
complex condition with an etiology involving 
both external factors such as allergies, eye 
rubbing and genetic factors.2,3,4 

The incidence of keratoconus in general 
population is approximately 2 per 100,000 
(0.002%) according to well designed United 
States study that collected data over a 48 years 
period.5 Other study undertaken in United 
Kingdom and Finland report similar incidences 
of 2.2 and 1.4 cases per 100,000 respectively. 
There is no reliable data available regarding the 
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incidence and prevalence of keratoconus in 
Bangladesh.

Identifying keratoconus is an extensive process 
which is based on certain clinical signs in 
addition to corneal topographic values. The 
mainstay of early detection, diagnosis and 
tracking of ectasia remain videokeratography 
specially the corneal topographic mapping of 
axial dioptric power with colour coded contour.

Corneal topography is classically defined as a 
non-invasive exploratory technique to analyze 
both qualitatively and quantitatively the 
morphology of the cornea,6 enabling its 
geometric characterization and differentiating 
standard patterns from those potentially 
devastating for vision disorders.

Keratoconus is classified into 3 stages; mild, 
moderate and severe on the basis of keratometry 
readings.7 On the basis of colour coded map of 
topography keratoconus can present following 
pattern: round, superior steepening, inferior 
steepening, asymmetric bowtie with inferior 
steepening, asymmetric bowtie with superior 
steepening, asymmetric bowtie with skewed axis, 
symmetric bowtie, symmetric bowtie with 
skewed axis, irregular pattern.8

The purpose of this study was to find out the 
pattern of topography of each keratoconus patient 
according to severity of keratoconus. This study 
will be helpful for recognization of severity of 
keratoconus and proper planning of treatment 
modality as well as for further research regarding 
this study.

Methodology
This cross sectional study was conducted among 
100 keratoconus patients with both eyes affected 
attending at National Institute of Ophthalmology 
& Hospital, Dhaka from May 2018 to October 
2018. All the patients fulfilling the selection 
criteria were included in the study. Patients 
suffering from other ocular surface diseases, 
having history of ocular injury and ocular surgery 
were excluded. Selected patients underwent 
detail history, ocular and systemic examination 
as well as related investigations which includes 
corneal topography, keratometry and 

autorefractometry. Ethical clearance was taken 
from the Ethical Review Committee of National 
Institute of Ophthalmology and Hospital. The 
pattern of corneal topography was categorized 
into nine different types9- 
1. Round: The steepest part of the cornea is 
round and often decentered.
2. Superior steepening: The steepest part of the 
cornea is localized in the upper part of the cornea.
3. Inferior steepening: The steepest part of the 
cornea is localized inferior to the apex of the 
cornea

Fig. Corneal topography (symmetrical bowtie 
pattern)

4. Symmetric bowtie: When the difference 
between curvature power of segment “a” and 
segment “b” is less than 1.4D. 
5. Asymmetric bowtie with inferior steepening: 
The curvature power of segment “a” is higher 
than that of segment “b”. If the difference is more 
than 1.4 D on the 3 mm central circle, it is 
considered significant.
6. Asymmetric bowtie with superior steepening: 
The curvature power of segment “b” is higher 
than that of segment “a”. If the difference is more 
than 2.5 D on the 3 mm central circle, it is 
considered significant.
7. Asymmetric bowtie with skewed axis: It is an 
asymmetric bowtie with angulation between the 
axes of the two segments. Angulation is 
considered clinically significant when it is >22°.
8. Symmetric bowtie with skewed axis: It is a 
asymmetric bowtie with angulation between the 
axes of segments “b” and “a”. Angulation is 
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considered clinically significant when it is >22°.
9. Irregular. Corneal surface has no particular 
shape, that is, in this pattern steep areas are mixed 
with flat areas.

Patient’s corneal topography were analyzed and 
put into any of the above categories. 
Severity of keratoconous can be graded by the 
highest axis of corneal power on keratometry as 
mild (<48 D), moderate (48-54 D) and severe 
(>54 D).10

Data were recorded in a pre-designed data 
collection sheet.  Statistical analysis was carried 
out by using SPSS v26.0. Descriptive statistics 

was used for the interpretation of the findings. 
The results were given as number and 
percentages for qualitative variables and mean 
and standard deviation for quantitative variables.

Results
Mean age of the patients was 21.24±6.25 (SD) 
years where 44 (44.0%) patients were in 11-20 
years age group and 40 (40.0%) patients were in 
21-30 years age group. Out of 100 patients 68 
(68.0%) were male and 32 (32.0%) were female 
with a male to female ratio of 2.1:1 (table 1).

Table 1. Age and sex distribution of patients (n=100)

Figure 1: Distribution of unaided visual acuity of study subjects

Criteria No. of patients Percentage
Age groups (in years)

    0-10 6 6.0
    11-20 44 44.0
    21-30 40 40.0
    31-40 8 8.0
    41-50 2 2.0

Mean ±SD 21.24±6.25
Sex

    Male 68 68
    Female 32 32
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In the worse eye, no patient had 6/6-6/9 visual acuity while 44 (44.0%) patients in their worse eyes had 
6/60-3/60 visual acuity (figure 1).

In this study, 100 (50.0%) eyes had moderate keratoconus.  The ratio of mild, moderate and severe 
keratoconus was 0.36:1:0.64 (table 2).

The study showed that among moderate keratoconus eyes (50.0%) most eyes (92.0%) follow three 
common patterns; asymmetric bowtie with inferior steepening (33.0%), asymmetric bowtie with 
skewed axis (38.0%) and inferior steepening (21.0%). Severe keratoconus eyes (32.0%) follow three 
common patterns; asymmetric bowtie with inferior steepening (32.8%), asymmetric bowtie with 
skewed axis (29.7%) and irregular pattern (26.6%) (table 3).

Severity of keratoconus Number of eyes Percentage

Mild (<48 D) 36 18.0
Moderate (48-54 D) 100 50.0
Severe (>54 D) 64 32.0

D=Diaptor

Table 2: Severity of keratoconus depending on keratometry

Figure 2. Corneal topography: Asymmetric 
bowtie with skewed axis pattern

Figure 3. Corneal topography: Asymmetric
bowtie with inferior steepening pattern

Table 3: Distribution of topographic pattern of keratoconus according to severity

Topographic pattern Mild Moderate Severe Total

Round 2 (5.5%) (0.0%) (0.0%) 2 (1.0%)
Superior steepening 3 (8.3%) 4 (4.0%) (0.0%) 7 (3.5%)
Inferior steepening 11 (30.6%) 21 (21.0%) 6 (9.4%) 38 (19.0%)
Asymmetric bowtie with inferior 
steepening

6 (16.7%) 33 (33.0%) 21 (32.8%) 60 (30.0%)

Asymmetric bowtie with superior 
steepening

3 (8.3%) 2 (2.0%) (0.0%) 5 (2.5%)

Asymmetric bowtie with skewed axis 7 (19.4%) 38 (38.0%) 19 (29.7%) 64 (32.0%)
Symmetric bowtie 3 (8.3%) 1 (1.0%) (0.0%) 4 (2.0%)
Symmetric bowtie with skewed axis 1 (2.8%) 1 (1.0%) 1 (1.6%) 3 (1.5%)
Irregular pattern 0 (0.0%) 0 (0.0%) 17 (26.6%) 17 (8.5%)
Total 36 (100.0%) 100 (100.0%) 64 (100.0%) 200 (100.0%)
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Discussion
Identifying keratoconus is an extensive process 
which is based on certain clinical signs in 
addition to corneal topographic values. In this 
study, the keratometric and morphological data 
of 200 eyes with keratoconus were analyzed. All 
participants had both eyes affected.

In this study, mean age of study population was 
21.24 ± 6.25(SD) years. Mohd-Ali et al.11 
evaluated the demographic profile of 
keratoconus patients in Malaysia and showed that 
the mean age at the time of diagnosis was 21.46 ± 
6.17(SD) years. Rashid et al.12 evaluated 
characteristics of keratoconus patients attending 
at eye hospital in Kenya and showed that mean 
age at presentation to the clinic was 20.97 ± 11.13 
years. Both of which fairly correspond with our 
study.

In the present study, we found that majority of the 
study population were male (68.0%), whereas the 
female were (32.0%). The male to female ratio 
was 2.1:1, which was almost 2 times higher than 
female. Study done by Rashid et al.12 in Kenya 
showed that male to female ratio was 1.5:1. 
Vinay13 in India showed that male to female ratio 
was 2.2:1. This is compatible with the findings of 
our study. The reason behind this ratio was 
female group were comparatively neglected and 
they come lately or even do not come to seek 
treatment at all.

In our study the mean unaided visual acuity of 
better eye was 0.86 ± 0.38(SD) Log MAR and 
mean unaided visual acuity of worse eye was 
1.16 ± 0.44 Log MAR. Mahadevan et al.14 in 
India showed that at presentation mean visual 
acuity of better eye was 0.48±0.39 Log MAR and 
mean visual acuity of worse eye was 1.22 ± 0.49 
Log MAR. The visual acuity of worse eye of this 
study corresponds with our study but the visual 
acuity of better eye does not correspond. Late 
presentation in the hospital may be the reason 
behind it.

Depending on average keratometry reading, 
keratoconus is classified into three categories; 
mild (<48 D), moderate (48-54 D) and severe 
(>54 D). In our study we found 36 mild (18.0%), 
100 moderate (50.0%) and 64 severe (32.0%) 

keratoconus eyes. Vinay13 showed that at 
presentation mild keratoconus was 12.04%, 
moderate keratoconus was 72.26% and severe 
keratoconus was 15.69% depending on average 
keratometry readings. Mahadevan et al.14 

evaluated that mild keratoconus was 5.7%, 
moderate keratoconus was 36.27% and severe 
keratoconus was 53.37%. It is noted in our study 
and the study done by other mentioned 
researchers, the majority of patients presented 
during the moderate or severe stages of 
keratoconus. The reason is in mild stage most of 
the time keratoconus remains undiagnosed and 
treated as simple refractive error.

In this study we evaluated the topographic 
pattern of keratoconus of 200 eyes. Majority of 
the eyes (81.0%) showed three common 
topographic pattern, these were asymmetric 
bowtie with skewed axis (32.0%), asymmetric 
bowtie with inferior steepening (30.0%) and 
inferior steepening (19.0%). In mild keratoconus 
patients topography showed largely one pattern, 
inferior steepening (30.6% of mild keratoconus), 
other pattern share small percentages. Inferior 
steepening (21.0%), asymmetric bowtie with 
skewed axis (38.0%), asymmetric bowtie with 
inferior steepening (33.0%) were found more in 
moderate keratoconus (46.0% of total eyes). In 
severe keratoconus patients topography showed 
mainly three patterns, asymmetric bowtie with 
inferior steepening (32.8%), asymmetrical 
bowtie with skewed axis (29.7%), and irregular 
pattern (26.6%). Irregular pattern were present 
only in severe keratoconus (8.5% of total eyes). 
There was no round, superior steepening, 
symmetric bowtie or asymmetric bowtie with 
superior steepening in severe keratoconus. 
Amreeh et al.8 evaluated the topographic pattern 
of keratoconus of  210 eyes in Jordanian patients 
and found that the most common pattern is the 
inferior steepening (40.9%), followed by the 
asymmetric bowtie with skewed axis (22.8%), 
the asymmetric bowtie with inferior steepening 
(18.6%) and the symmetric bowtie (8.6%). This 
study had similar topographic pattern with our 
study. One thing is noticeable here that in our 
study there was considerable number of irregular 
pattern (8.5%). Late presentation of the patient 
may be the reason for that. Jordan et al.15 
evaluated topographic pattern of keratoconus eye 
in New Zeeland found  asymmetric bowtie with 



36

  

Journal of National Institute of Ophthalmology                                                                                                            Vol. 5, Issue 2, June 2022

References
1. Wisse RP, Kuiper JJ, Gans R, Imhof S, Radstake TR,  
 Van der Lelij A. Cytokine expression in keratoconus  
 and its corneal microenvironment: a systematic  
 review. The ocular surface. 2015 Oct 1;13(4):272-83.

2. Karseras AG, Ruben M. Aetiology of keratoconus. Br  
 J Ophthalmol 1976; 60(7): 522-5.

3. Gordon-Shaag A, Millodot M, Shneor E. The  
 epidemiology and etiology of keratoconus. Int J  
 Keratoco Ectatic Dis.  2012; 1(1): 7-15.

4. Sugar J, Macsai M. What causes keratoconus? Cornea  
 2012; 31(6): 716-9.

5. Kennedy RH, Bourne WM, Dyer JA. A 48-year  
 clinical and epidemiologicalstudy of keratoconus. Am  
 J Ophthal 1986; 101: 267-73.

6. Cruz-Becerril, A., Valdivia, A., Peralta, R.,   
 Domínguez-Fernández, R. N., Castro-Reyes, M. A.  
 Prevalence of refractive errors in Mexican patients  
 with keratoconus. Clinical Optometry 2015; 7: 39–44.

7. Piñero DP. Technologies for anatomical and  
 geometric characterization of the corneal structure  
 and anterior segment: a review. Semin Ophthalmol.  
 2015; 30(3): 161–70.

8. Ameerh MA, Bussières N, Hamad GI, Al Bdour MD.  
 Topographic characteristics of keratoconus among a  
 sample of Jordanian patients. International journal of  
 ophthalmology. 2014;7(4):714-9.

9. Hashemi H, Beiranvand A, Khabazkhoob M, Fotouhi  
 A. Corneal topography patterns in the Tehran eye  
 study: Warning about the high prevalence of patterns  
 with a skewed radial axis. Middle East African  
 Journal of Ophthalmology. 2014 Jan;21(1):72.

10. Salmon, J., 2019. Cornea. In: Kanski's Clinical  
 Ophthalmology: A Systematic Approach. 9th edition.  
 Philadalphia: Elsevier Health Sciences,204-73.

11. Mohd-Ali B, Abdu M, Yaw CY, Mohidin N. Clinical  
 characteristics of keratoconus patients in Malaysia: a  
 review from a cornea specialist centre. Journal of  
 Optometry. 2012 Jan 1;5(1):38-42.

12. Rashid ZA, Michel M, Katharine S. Characteristics of  
 keratoconic patients attending a specialist contact lens  
 clinic in Kenya. Middle East Afr J Ophthalmol. 2016  
 Oct-Dec; 23(4): 283–7.

13. Vinay BA. Characteristics of Keratoconus Patients at  
 a Tertiary Eye Center in India. J Ophthalmic Vis Res.  
 2011 Apr; 6(2): 87–91.

14. Mahadevan R, Arumugam AO, Arunachalam V,  
 Kumaresan B. Keratoconus-a review from a tertiary  
 eye-care center. Journal of Optometry. 2009 Jan  
 1;2(4):166-72.

15. Jordan CA, Zamri A, Wheeldon C, Patel DV, Johnson  
 R, McGhee CN. Computerized corneal tomography  
 and associated features in a large New Zealand  
 keratoconic population. Journal of Cataract &  
 Refractive Surgery. 2011 Aug 1;37(8):1493-501.

inferior steepening (29.0%), round (18.0%), or 
inferior steepening (17.0%). Geographical 
variation and racial variation may be contributing 
factor for this dissimilarity.

Limitations: Study setting was the drawbacks of 
this study; we studied keratoconus patients who 
visited our hospital, reducing the results 
generalizability and increasing the selection bias. 
In this regard more population based studies are 
therefore warranted.

Conclusion 
A high percentage of the patients in our study had 
moderate to severe keratoconus and age of the 
presentation was younger. Pattern of topography 
depends on severity of keratoconus. Asymmetric 

bowtie with inferior steepening and asymmetric 
bowtie with skewed axis are the commonest 
topography pattern we found. Irregular pattern 
found only in severe kertoconus. From the 
topography pattern we can diagnose the 
keratoconus early and also get the information of 
severity of the disease and treat accordingly.
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