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Managing Corneal Astigmatism
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Corneal astigmatism is a refractive error that creates an asymmetric blur in the vision. Corneal astigmatism can arise from
trauma, disease, following surgery, or be congenital. In assessing corneal astigmatism, a decision should be made as to whether
the astigmatic pattern is regular or irregular. Regular astigmatism is most common, can be congenital and is easier to manage
due to the uniform nature of the changes in corneal power. Irregular astigmatism is commonly caused by trauma disease and
may be induced by surgery. Corneal astigmatism can sometimes be prevented or its magnitude or irregularity reduced. Using
sealants following corneal trauma can reduce suture-induced astigmatism. Management options for corneal astigmatism include
glasses, contact lenses, and surgery such as incisional procedures, refractive laser surgery, intraocular lenses or rarely corneal
grafting. In children with corneal astigmatism, management of amblyopia is often needed. For keratoconus, which is often a
cause of irregular astigmatism, corneal cross-linking should be considered to stabilize progressive disease prior to refractive
management. New treatment modalities are needed to enable more patients with corneal astigmatism to have improved vision.
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INTRODUCTION

Corneal astigmatism blurs vision as it induces an asymmetrical
refractive error. Corneal astigmatism can be present from
birth (congenital), may follow trauma, be due to diseases
such as keratoconus, and can complicate surgical outcomes.
Corneal refractive power can be measured with topography
and tomography and centrally is described as having a steep
and flat meridian. The refractive power is derived from
the anterior and posterior corneal shape and its thickness.
The anterior corneal surface is responsible for the greatest
proportion of refractive power as it interfaces with air. There
has been increasing interest in the refractive power of the
posterior corneal surface, particularly as it as it may impact
outcomes following toric intraocular lens implantation.’

Classification of corneal astigmatism may be based on
the uniformity of the corneal refractive power. With corneal
astigmatism classified as regular if corneal refractive power
varies uniformly, and irregular when the variations in
power are not uniform. Management options for corneal
astigmatism include spectacles, contact lenses and/or surgery.
The appropriate management option to select for a patient
depends on their visual needs and potential, age, co-existent
ophthalmic and medical conditions, the underlying cause of
the astigmatism, and whether it is regular or irregular.
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Causes of Corneal Astigmatism

Corneal trauma

Corneal trauma is a common cause of corneal blindness and
a silent epidemic in developing countries as a superficial
corneal injury can be complicated by infection and/or
scarring due to delayed and inappropriate treatment.* In
developed countries, falls in the elderly and alcohol-related
assaults are associated with ocular trauma.’ Astigmatism
following trauma can result from direct injury to the cornea
and following corneal repair, such as with sutures.

Surgery

Cataract surgery, laser and incisional refractive procedures,
keratectomy for example, with pterygium removal and
corneal grafting are surgical procedures that can all result in
corneal astigmatism. Irregular astigmatism most commonly
arises if ectasia or scarring complicates refractive surgery
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and keratectomy and is not uncommon after penetrating
keratoplasty. Cataract surgery can lead to surgically induced
astigmatism; the magnitude and the magnitude of surgically
induced astigmatism may decrease for steep-meridian
incisions and increase for flat-meridian incisions.®

Corneal and ocular surface disease

Keratoconus is the most common corneal condition to
produce corneal astigmatism, which is often irregular due
to the inferior to superior refractive power asymmetry that
characterizes the disease.” Patients with keratoconus suffer
with reduced vision and photophobia and a quality of life
that is worse than that for macular disease.® Ocular surface
disease can affect the tear film, and changes in the tear film
can contribute to an uneven refractive power, inducing or
exacerbating astigmatism.’

Congenital astigmatism

Astigmatism may be present from birth and occur with myopia
or hyperopia. In many children, astigmatism is low and
does not necessarily require correction.'® Though in patients
presenting for cataract surgery, rates may be higher and
there may be need for toric intraocular lens implantation.!2
In males, against the rule, astigmatism has been found to
be greater and to have an earlier onset. This highlights that
changes in astigmatism can occur over time and should be
considered, along with gender, when planning astigmatic
correction surgery.!?

Classification of Corneal Astigmatism
Corneal shape and refractive power are described in terms of
aflat and steep meridian. Corneal astigmatism is classified as
regular or irregular depending on the uniformity across and
between the meridians.

Regular astigmatism is the most common type of corneal
astigmatism and is when consecutive variation in refractive

Figure 1: Corneal topography demonstrating regular astigmatism

power is from one meridian to the next (Figure 1). Each
meridian has a uniform curvature at every point across the
entrance pupil. Regular astigmatism can be further classified
as ‘with-the-rule’ where the vertical meridian at 90 degrees is
the steep meridian, or ‘against-the-rule’ where the horizontal
meridian at 180 degrees was steepest or ‘oblique’ where the
principal meridians are neither at 90 or 180 degrees.

Trauma is a common cause of irregular astigmatism. In
irregular stigmatism, the principal meridansare at any angle
aside from 90 degrees to each other, and each meridian’s
curvature is not uniform (Figure 2). Following trauma visual
recovery is linked to the length of the wound; with a wound
1 to 4 mm long 50% will achieve 6/12 but if greater than 4
mm only 20% achieve 6/12 and there is typically greater
than 3D of astigmatism. The pattern of astigmatism has been
reported to be bowtie in 50%, spherical or oval in 36% and
irregular in 14%.14-16

Recently, posterior corneal astigmatism has been
highlighted as having a role in refractive outcomes following
cataract surgery.”!8 Such astigmatism has been reported to be
more common in men and with higher amplitudes of myopia.”
Indeed, improved accuracy of the refractive outcomes after
implantation of toric intraocular lenses in patients with
higher anterior or posterior corneal curvature or with the
rule or against the rule astigmatism (rather than oblique) has
been reported when posterior corneal astigmatism has been
considered.''®

Prevention of Corneal Astigmatism

In some cases, it may be possible to take measures to avoid
inducing astigmatism or reduce the magnitude or non-
uniformity of the astigmatism. For example, to prevent
astigmatism after corneal trauma, smaller wounds (less than
2 mm) can be managed with bandage contact lenses or glue
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Figure 2: Corneal topography demonstrating irregular astigmatism
in keratoconus
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to avoid suture-related astigmatism (Figures 3 and 4).2%2' If
sutures are needed, suture length and placement should be
optimized to reduce inducing astigmatism. With cataract
surgery, consideration can be given to operating on the steep-
meridian as this may reduce the magnitude of surgically
induced astigmatism.® Post-operative suture management
following deep anterior lamellar or penetrating keratoplasty
can be used to manage astigmatism; sutures on the steep axis
can be removed to flatten the cornea in that meridian.

Management of corneal astigmatism
Management of corneal astigmatism can involve use of
spectacles, contact lenses and/or surgery. In some cases, if
the visual acuity meets a patient’s visual needs or the fellow
eye has good vision, no further management may be needed.
In children, therapy to manage amblyopia such as patching
often accompanies the management of the astigmatic error.
Regular astigmatism can be left uncorrected if small
and visual acuity is adequate to meet the patient’s needs. If
correction is required to improve vision, glasses, soft contact
lenses, toric intraocular lens, incisional corneal surgery,
and laser refractive surgery are options. With irregular
astigmatism rigid gas permeable or scleral contact lenses
can be trialed. If conservative measures fail in some cases a
corneal graft maybe needed. Photo-therapeutic keratectomy
(PTK) maybe suitable for superficial scars of recent onset.
Success rates of photo-therapeutic keratectomy for corneal
scarring are reported to be around 60%, with topographically
guided treatments aiming to improve treatment outcomes.

Figure 3: Central corneal scar following trauma. The wound was left to
self-seal to avoid suture-induced astigmatism. Final visual acuity 6/6.

Figure 4: Small corneal wound with minimal tissue loss suitable for
treatment with corneal gluing

Figure 5: Deep anterior lamellar keratoplasty for corneal scarring

Corneal grafting techniques to manage astigmatism include
deep anterior lamellar keratoplasty (Figure 5) and penetrating
keratoplasty. Deep anterior lamellar keratoplasty has been
recommended in keratoconus to reduce the risk of rejection
and may have a tectonic advantage.?>?* Deep anterior lamellar
keratoplasty may also be used to manage deep corneal scars
such as post-infectious scarring. When there is endothelial
involvement, a penetrating keratoplasty may be considered.

Intraocular lens surgery has also been used to address
corneal astigmatism. Toric intraocular lenses can be implanted
when the astigmatism is regular and stable.!"'22* (Table 1)
with consideration given to posterior corneal astigmatism."!°
Recently, pinhole devices have been introduced for irregular
astigmatism but may affect visual fields and dim vision.?>%’
Pinhole devices include secondary piggyback lenses. In one
case series, 11 pseudophmic eyes had a secondary piggyback
pinhole device inserted. Median uncorrected distance visual
acuity increased from 0.7 log MAR to 0.4 and 72% satisfaction
related. Two patients, however, had the device explanted due
to glare and floaters.?>?

For patients with keratoconus, there is a greater risk of
progression with steeper corneas and younger age.”** For
these patients prior to spectacles or contact lenses, corneal
cross-linking should be considered to stabilize corneal
astigmatism and improve quality of life.3!

New Directions in Managing Corneal Astigmatism
Despite the range of treatments available for corneal
astigmatism, many patients remain untreated due to the
limitations of current treatments. In the future, stem cell-

Table 1: Summary of the indications for use of a toric vs non-toric
intraocular lens in corneal astigmatism. (IOL = intraocular lens)

Non-toric IOL Toric IOL

Patient characteristic

Irregular astigmatism X
Apical scarring X
Stable refraction
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based therapies hope to regenerate corneal shape and
structure. Initial studies of mesenchymal stem cells have
reported positive outcomes, such as an increase in vision in
advanced keratoconus.** Corneal sealants will likely also have
arole in reducing the need for sutures.?®* Finally, collecting
patient-reported outcomes in assessing the benefit to patients
of new and existing treatments will be important.>

REFERENCES

1.

10.

11.

12.

13.

W -

Mohammadi SF, Khorrami-Nejad M, Hamidirad M. Posterior
corneal astigmatism: a review article. Clinical optometry.
2019 Aug 12:85-96.

Robaei D, Watson S. Corneal blindness: a global problem.
Clinical & experimental ophthalmology. 2014 Apr 1;42(3):213-
214.

Wang H, Zhang Y, Li Z, Wang T, Liu P. Prevalence and causes
of corneal blindness. Clinical & experimental ophthalmology.
2014 Apr;42(3):249-53.

Wang E, Kong X, Wolle M, Gasquet N, Ssekasanvu J, Mariotti
SP, Bourne R, Taylor H, Resnikoff S, West S. Global trends
in blindness and vision impairment due to corneal opacity
1984-2020: a meta-analysis. Ophthalmology. 2023 Mar 22.

Beshay N, Keay L, Dunn H, Kamalden TA, Hoskin AK, Watson
SL. The epidemiology of open globe injuries presenting to
a tertiary referral eye hospital in Australia. Injury. 2017 Jul
1;48(7):1348-54.

Wendelstein J, Casazza M, Riaz KM, Fischinger I, Fuchs B, Bolz
M, Seiler TG, Kohnen T, Langenbucher A. Characteristics
of surgically induced astigmatism after standardized
microincisional cataract surgery with a superior limbal
incision. Journal of Cataract & Refractive Surgery. 2022
May 13:10-97.

Krachmer JH, Feder RS, Belin MW. Keratoconus and related
noninflammatory corneal thinning disorders. Survey of
ophthalmology. 1984 Jan 1;28(4):293-322.

Kandel H, Nguyen V, Piermarocchi S, Ceklic L, Teo K,
Arnalich-Montiel F, Miotto S, Daien V, Gillies MC, Watson
SL. Quality of life impact of eye diseases: a Save Sight
Registries study. Clinical & Experimental Ophthalmology.
2022 May;50(4):386-97.

Benitez-Del-Castillo, J., et al., Visual acuity and quality of life
indry eye disease: Proceedings of the OCEAN group meeting.
Ocular Surface, 2016: p. 1-34.

Read SA, Collins MJ, Carney LG. A review of astigmatism and
its possible genesis. Clinical and Experimental Optometry.
2007 Jan 1;90(1):5-19.

Hashemian SJ, Hashemian SM, Karimian F, Hadavandkhani
A, Jafari ME, Hashemian MS, Hadi Y, Semnani FN. Ocular
biometric values and prevalence of corneal astigmatism in
patients candidate for cataract surgery. Journal of Current
Ophthalmology. 2022 Jan;34(1):56.

Joshi RS, Jadhav SA. Frequency of corneal astigmatism in
patients presenting for senile cataract surgery at a teaching
hospital in Indian rural population. The Asia-Pacific Journal
of Ophthalmology. 2020 Mar 1;9(2):126-129.

Hayashi K, Sato T, Sasaki H, Hirata A, Yoshimura K. Sex-
related differences in corneal astigmatism and shape with
age. Journal of Cataract & Refractive Surgery. 2018 Sep
1;44(9):1130-1139.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Jain S, Azar DT, Pineda R. Management of astigmatism after
corneal trauma. International ophthalmology clinics. 2002
Jul 1;42(3):47-55.

Eagling EM. Perforating injuries of the eye. The British Journal
of Ophthalmology. 1976 Nov;60(11):732.

Navon SE. Topography after repair of full-thickness corneal
laceration. Journal of Cataract & Refractive Surgery. 1997
May 1;23(4):495-501.

Liu W, Yang L, Liu J. The Impact of Posterior Corneal
Astigmatism on Surgically Induced Astigmatism in Cataract
Surgery. International Journal of General Medicine. 2022
Jan 1:8417-8425.

Nakano S, lida M, Hasegawa Y, Hiraoka T, Oshika T. Influence
of posterior corneal astigmatism on the outcomes of toric
intraocular lens implantation in eyes with oblique astigmatism.
Japanese Journal of Ophthalmology. 2021 Mar;65:288-94.

Motamed-Gorji N, Jafari A, Mohammadi SF, Ashrafi E, Aliyari
R, Emamian MH, Hashemi H, Fotouhi A. Associated factors
and distribution of posterior corneal astigmatism in a middle-
aged population. Clinical and Experimental Optometry. 2022
Nov 17;105(8):806-812.

Tan J, Foster LJ, Watson SL. Application of a novel film sealant
technology for penetrating corneal wounds: an ex-vivo study.
Applied Sciences. 2020 May 3;10(9):3193.

Tan J, Foster LJ, Watson SL. Corneal sealants in clinical
use: a systematic review. Current Eye Research. 2020 Sep
1;45(9):1025-1030.

Watson SL, Tuft SJ, Dart JK. Patterns of rejection after deep
lamellar keratoplasty. Ophthalmology. 2006 Apr 1;113(4):556-
560.

Watson SL, Ramsay A, Dart JK, Bunce C, Craig E. Comparison
of deep lamellar keratoplasty and penetrating keratoplasty
in patients with keratoconus. Ophthalmology. 2004 Sep
1;111(9):1676-1682.

Lake JC, Victor G, Clare G, Porfirio GJ, Kernohan A, Evans
JR. Toric intraocular lens versus limbal relaxing incisions
for corneal astigmatism after phacoemulsification. Cochrane
Database of Systematic Reviews. 2019(12): p. CD012801.

Agarwal P, Navon SE. Xtra focus pinhole IOL (Morchers
GMBH) a novel approach to tackle irregular astigmatism and
large pupillary defects with a single step surgery. BMJ Case
Reports CP. 2019 Apr 1;12(4):¢228902.

Agarwal P, Navon SE, Subudhi P, Mithal N. Persistently poor
vision in dim illumination after implantation of XtraFocus
small-aperture IOL (Morcher). BMJ Case Reports CP. 2019
Nov 1;12(11):¢232473.

Ho VW, Elalfy M, Hamada S, Lake D. One-year visual outcome
of secondary piggyback pinhole device implantation in
pseudophakic eyes with irregular corneal astigmatism and
iris trauma. Eye. 2022 Apr;36(4):812-7.

Agarwal P, Navon SE. Persistent troublesome floaters
necessitating the explantation of XtraFocus Pinhole IOL
(Morcher). BMJ Case Reports CP. 2019 Apr 1;12(4):¢229057.

Ferdi AC, Nguyen V, Gore DM, Allan BD, Rozema JJ, Watson
SL. Keratoconus natural progression: a systematic review
and meta-analysis of 11 529 eyes. Ophthalmology. 2019 Jul
1;126(7):935-45.

Ferdi A, Nguyen V, Kandel H, Tan JC, Arnalich-Montiel
F, Abbondanza M, Watson S. Predictors of progression
in untreated keratoconus: a Save Sight Keratoconus

Volume 11 | Issue 3 | 2023




Managing Corneal Astigmatism

Registry study. British Journal of Ophthalmology. 2022 Sep
1;106(9):1206-11.

31. Kandel H, ChenJY, Sahebjada S, Chong EW, Wiffen S, Watson
SL. Cross-Linking Improves the Quality of Life of People
With Keratoconus: A Cross-Sectional and Longitudinal
Study From the Save Sight Keratoconus Registry. Cornea.
2022 May 13:10-97.

32. Ferdi AC, Kandel H, Nguyen V, Tan J, Arnalich-Montiel F,
Abbondanza M, Watson SL. Five-year corneal cross-linking

outcomes: A Save Sight Keratoconus Registry Study. Clinical
& Experimental Ophthalmology. 2023 Jan;51(1):9-18.

33, El Zarif M, Ali6 JL, Del Barrio JL, Jawad KA, Palazon-Bru
A, Jawad ZA, De Miguel MP, Makdissy N. Corneal stromal
regeneration therapy for advanced keratoconus: long-term
outcomes at 3 years. Cornea. 2021 Jun 1;40(6):741-54.

34. Deshpande PR, Rajan S, Sudeepthi BL, Nazir CA. Patient-
reported outcomes: a new era in clinical research. Perspectives
in clinical research. 2011 Oct;2(4):137.

@ UP Journal of Ophthalmology

Volume 11 | Issue 3 | 2023




