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Purpose of review

Atopic keratoconjunctivitis (AKC), the most severe and

chronic form of ocular surface allergy-related disorder, is the

ocular surface complication that some atopic dermatitis

patients can suffer. Its wide range of severity, from mild and

occasional problems to persistent and intense

inflammation, makes it difficult to appropriately select

uniform patients for clinical studies. This article proposes a

new classification system for AKC based on clinical

severity.

Recent findings

Recent reports on AKC have contributed to a better

understanding of the pathogenesis and clinical

manifestations, and are offering new therapeutic candidates

for AKC. No reports, however, have been found that

address a classification of this disease.

Summary

A new definition and classification for AKC is presented by

this review, based on clinical severity, grading the main

symptoms and signs. It intends to serve as a first forum of

discussion among clinicians and other scientists working in

the field of ocular surface inflammation. The final intention is

to have a common language helping develop efficient

clinical trials leading to successful approval of new

therapeutic compounds for this blinding ocular surface

condition.
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Introduction
AKC is the most severe and chronic form among the four

types of ocular surface allergy-related disorders [1–3]. It

is the most frequent and severe ophthalmic problem that

a patient suffering from atopic dermatitis, usually in

adulthood, can suffer [4,5]. In very old reports [reviewed

in 5], it has been reported to affect between 25–40% of

patients suffering from atopic dermatitis, but as there is

no universal agreement about its definition, its real

prevalence is unknown.

The wide range of severity of AKC has never been

attempted to be graded, probably due to the lack of a

uniform definition and nomenclature and a scarcity of

reports correlating etiopathogenesis and clinical findings.

The logical consequence is a difficulty to recruit patients

for clinical trials who have a similar degree of disease and,

therefore, to provide evidence of efficacy with new

potential therapeutic strategies.

A more accurate definition and a grading system for AKC

is offered by this article, based on a score given to the

principal symptoms and to the main signs involving three

main components of the ocular surface: eyelid margin,

conjunctiva, and cornea.

Origins of atopic keratoconjunctivitis
AKC was first described in 1952 by Hogan [6], and

almost forgotten to the ophthalmic community until

the description in 1990 of a series of 45 patients who

had severe ocular surface involvement and a background

of atopic dermatitis [5]. This series of patients made

the ophthalmic community aware again of the sight-

threatening potential capacity of an allergy-related pro-

blem. Since then, the number of publications on this

disease grew spectacularly. Clinicians described more

and more cases [7,8,9�,10], highlighting different aspects

of this disease that, although mentioned earlier, had not

been sufficiently emphasized, such as the high preva-

lence of severe blepharitis, or the increased risk of

secondary infections, including bacterial and herpetic

keratitis. Scientists, intrigued by what could be the

difference between AKC and other milder forms of

ocular allergies, have discovered some interesting etio-

pathogenetic facts [11–16,17�,18–20,21�,22]. Finally, it

has been possible to prove efficacy of already existent

drugs, such as cyclosporin [23–26], and potential thera-

peutic candidates are being considered [20,27,28,29�–

31�]. Unfortunately, the sequence of pathogenic events

giving rise to this severe disease is still unknown. We
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cannot explain why some atopic dermatitis patients have

AKC and others do not, or why AKC is mild in some cases

and severe in others. This discrepancy may explain the

lack of publications attempting to define and grade this

disease. This lack of knowledge hampers the correct

recruitment of patients for clinical trials. Pharmaceutical

companies may be discouraged from developing clinical

trials, the logical consequence being the lack of drugs and

the difficulties that clinicians encounter to have these

patients under adequate control. A possible first step

could be the development of a common language, by

reaching consensus among the present discrepancies

on AKC.

Discrepancies on atopic keratoconjunctivitis
AKC was first described by Hogan as the chronic mani-

festation of several ocular surface disorders in a context

of atopic dermatitis [6]. This definition implies that it is

necessary to have or have had atopic dermatitis as a

mandatory diagnostic criterion. Although some authors

have considered in the past that a small percentage of

patients might have AKC not related to atopic dermatitis,

this finding is considered debatable at present.

Unless a very careful clinical history is recovered, those

patients could have had atopic dermatitis in the past, not

be recognized at the time of ocular involvement. In

others, the skin involvement can be misdiagnosed

[32,33], or patients could have concomitant rosacea-

related ocular surface disorders, a condition that can

produce damage very similar to AKC and that can actually

be associated with AKC [5,34].

Another point of discrepancy is the fact that, sometimes,

there are overlapping clinical pictures. For instance, a

young patient with a typical vernal keratoconjunctivitis

(VKC) picture can also have atopic dermatitis. Does this

patient have VKC or AKC? It is our personal experience

that these patients should be diagnosed and treated as

VKC with a clear prognostic difference: the disease,

instead of disappearing during puberty or adulthood, as

typical VKC usually does, may have transformed into

AKC. These patients usually start having typical signs of

AKC when they transform into adults, but most probably

conserve giant papillary reaction in their upper tarsal

conjunctivas [5,7]. On the contrary, it is possible for a

child suffering from atopic dermatitis to actually have

AKC and not VKC (based on the absence of typical VKC

findings).

Additionally, atopic dermatitis patients may only have

seasonal allergic conjunctivitis and not AKC, especially if

they only have seasonal typical ocular symptoms and

signs and are absolutely normal out of seasons. It is worth

remembering that typical AKC patients may have sea-

sonal flare-ups due to sensitization to seasonal allergens,
opyright © Lippincott Williams & Wilkins. Unauth
added to their background ocular disease. Even more

difficult would be the correct diagnosis of a patient who

has atopic dermatitis, mild chronic ocular surface invol-

vement, and allergy to a perennial allergen such as dust

mite. In cases like this, it would be difficult to ascertain

whether the diagnosis is mild AKC or perennial allergic

conjunctivitis or both.

In any case, clinicians and scientists dealing with allergies

need to understand that any disease can have overlapping

situations with similar clinical pictures and that this fact

does not invalidate a certain definition or classification.

All the above considerations affect the reported prevalence

for AKC. This rate is usually reported as between 25–40%

of patients affected with atopic dermatitis, extracted

by some authors from old dermatologic reports [reviewed

in 5]. This wide range suggests that the real prevalence or

incidence of AKC is unknown, and it may well be under-

estimated considering that the prevalence of its derma-

tologic counterpart, atopic dermatitis, seems to be growing

from a reported 3% of the population in the year 2000 [35],

to 6–15% in more recent years [36,37�,38]. Clinical studies

in which atopic dermatitis patients from different parts of

the world can be prospectively and carefully evaluated in

search of AKC with strict diagnostic criteria are clearly

needed to clarify these issues. Before this evaluation

can happen, ophthalmologists must better delineate its

definition and reach a consensus on severity grading.

Classification based on clinical severity
AKC has been defined as the chronic manifestation of

several ocular surface disorders in a context of atopic

dermatitis [5,6]. This definition can be still considered

appropriate, but the following slightly more elaborated

definition is proposed:

AKC is the chronic ocular surface noninfectious

inflammatory condition that atopic dermatitis patients

may suffer at any time point in the course of their

dermatologic disease and independent of its degree of

severity.

To understand this definition, the concept of ocular

surface, which is posterior to the first definition of

AKC, needs to be clear: epithelium, overlying tear film

and underlying supporting stroma of conjunctiva, cornea

and limbus. Other ocular manifestations involving other

tissues in the context of atopic dermatitis (episcleritis,

scleritis, uveitis, keratoconus, cataract, retinal detach-

ment) would be excluded and simply named as ophthal-

mic disorders in the context of atopic dermatitis, but

different from AKC.

The above definition implies that the diagnosis of atopic

dermatitis is mandatory. This diagnosis, however, may
orized reproduction of this article is prohibited.
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Table 1 Clinical grades of ocular symptoms and signs for each eye in atopic keratoconjunctivitis

Grading
Symptoms (itching, burning,
photophobia) degree/duration

Eyelid margin
involvement

Conjunctival involvement
(score of 0–4þ)

Corneal involvement
(score of 0–4þ)

Grade 1 Mild/occasional Anterior blepharitis Hyperemia/edema/papillae
only in tarsal conjunctiva

Superficial punctuate keratitis

Grade 2 Mild/persistent or
moderate/occasional

Posterior blepharitis
(meibomian gland
dysfunction)

Same as in grade 1
þ hyperemia/edema in
bulbar-limbal conjunctiva
(ciliary injection)

Epithelial defects (nonpersistent) in clear
cornea

Grade 3 Moderate/persistent
or severe/occasional

Posterior blepharitis
(meibomitis)

Same as grade 1 and 2
þ cicatrizing changes:
subepitheliall fibrosis

Neovascularization, thinning, scarring involving
less than 1/2 or persistent epithelial defects
lasting less than 1 month

Grade 4 Severe/persistent Mixed anterior and
posterior blepharitis

Same as grade 1, 2, and 3
þ cicatrizing changes:
fornix foreshortening or
symblepharon

Neovascularization, thinning, scarring involving
more than 1/2 or persistent epithelial defects
lasting more than 1 month
not be clear to the patient at the onset of ocular surface

inflammation for two reasons in our experience: (1) atopic

dermatitis was diagnosed in childhood and it has been

inactive for years. As AKC typically start during adult-

hood, the patient is not aware of his/her dermatologic

problem any more unless actively and specifically ques-

tioned; (2) atopic dermatitis has not been diagnosed

(i.e. its low grade of severity prevented the patient from

seeking a diagnosis) or misdiagnosed (rosacea, acne vul-

garis, psoriasis . . .), especially if a dermatologist was not

consulted. If this is the case, the ophthalmologist must

refer the patient again to an expert dermatologist [32].

We then proposed that evidence of atopic dermatitis at

any time point and regardless of its severity must be

present to make the diagnosis of AKC. It is also crucial to

understand that AKC may evolve independently from its

dermatologic counterpart [5,39].

Mixed or overlapping forms can be defined as the coinci-

dence of AKC and VKC, or AKC and allergic conjuncti-

vitis, provided that the patient meets the criterion of

having, or having had, in the past atopic dermatitis

regardless of its duration or severity. Lastly, AKC patient

are especially predisposed, because of the immune altera-

tions due to their atopic dermatitis condition [40,41], to

infectious complications of the eyelids, conjunctiva or

cornea such as bacterial, fungal, and viral (typically

herpes simplex keratitis) [5,41]. These complications

should be listed as secondary complications of AKC.

Severity of AKC can adopt a wide range. AKC can be mild

or very severe; it can affect only eyelids or it can also

affect conjunctiva and cornea. Cornea can display only

some mild punctate keratitis or severe chronic persistent

epithelial defects that easily get infected, eventually

leading to scarring and neovascularisation. No prospec-

tive studies on the disease can actually clarify its natural

course, although some longitudinal reports have been

published [7,9�]. Is AKC a progressive disease? Do symp-

toms begin as mild and progress to severe? Can patients

have severe forms from the beginning? Do patients who
opyright © Lippincott Williams & Wilkins. Unautho
begin with a mild involvement have a tendency to remain

as such? To answer these questions, we first need to know

the natural progression of this disease, so that scientists

can further investigate the basis of what is seen in the

clinical arena.

Based on the degree of involvement of the different

tissues of the ocular surface at the moment of clinical

examination, the grading system explained in Table 1 is

proposed. Several clarifications need to be made regard-

ing this proposed grading system:
(1) I
riz
t is proposed that each eye be judged independently,

as AKC can be highly asymmetric.
(2) O
nly the most relevant signs are considered, in order

to simplify the classification.
(3) C
onjunctival injection and edema are considered the

key factors to evaluate activation and potential future

corneal involvement if not adequately controlled.
(4) T
he eyelid involvement due to atopic dermatitis is

not considered in this classification.
(5) A
ssociations (i.e. keratoconus, cataract) or compli-

cations (i.e. herpetic keratitis) would be listed sep-

arately and would not be considered in the core of

this classification.
(6) I
f the patient has another disease, either atopy-

related (i.e. seasonal allergic conjunctivitis) or not

(i.e. rosacea), these should be listed separately.
Conclusion
AKC is the chronic ocular surface noninfectious inflam-

matory condition that atopic dermatitis patients may

suffer at any time point in the course of their dermato-

logic disease and independent of its degree of severity.

Although some progress has been made in terms of its

therapeutic management, there is still a scarcity of mar-

keted drugs to control this inflammatory disease. Its wide

range of severity, from mild and occasional problems

to persistent and intense inflammation eventually leading

to loss of corneal transparency and blindness, make it
ed reproduction of this article is prohibited.
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difficult to appropriately select uniform patients for

clinical studies.

A new classification system for AKC severity is proposed,

based on the grading of main symptoms and signs. This

classification intends to create a forum for debate and

further discussions that can eventually lead to a consen-

sus, and can subsequently facilitate the development of

clinical trials.

Acknowledgements
CIBER-BBN, Carlos III Institute of Health, Ministry of Health, Spain.

References and recommended reading
Papers of particular interest, published within the annual period of review, have
been highlighted as:
� of special interest
�� of outstanding interest

Additional references related to this topic can also be found in the Current
World Literature section in this issue (p. 456).

1 Calonge M. Classification of ocular atopic/allergic disorders and conditions:
an unsolved problem. Acta Ophthalmol Scand 1999; 77 (Suppl 228):10–13.

2 Stahl JL, Barney NP. Ocular allergic disease. Curr Opin Allergy Clin Immunol
2004; 4:455–459.

3 Ono SJ, Abelson MB. Allergic conjunctivitis: update on pathophysiology and
prospects for future treatment. J Allergy Clin Immunol 2005; 115:118–
122.

4 Calonge M. Atopic keratoconjunctivitis: a potentially blinding complication of
atopic dermatitis. Dev Allergy Asthma Immunol 2001; 1:49–55.

5 Foster CS, Calonge M. Atopic keratoconjunctivitis. Ophthalmology 1990;
97:992–1000.

6 Hogan MJ. Atopic keratoconjunctivitis. Trans Am Ophthalmol Soc 1952;
50:265–281.

7 Power WJ, Ilkurn TT, Foster CS. Long-term follow-up of patients with atopic
keratoconjuctivitis. Ophthalmology 1998; 105:637–642.

8 Tuft SJ, Kemeny DM, Dart JK, Buckley RJ. Clinical features of atopic kera-
toconjunctivitis. Ophthalmology 1991; 98:150–158.

9

�
Onguchi T, Dogru M, Okada N, et al. The impact of the onset time of atopic
keratoconjunctivitis on the tear function and ocular surface findings. Am J
Ophthalmol 2006; 141:569–571.

This study concludes that AKC patients had a greater ocular surface epithelial
damage (in terms of Schirmer and Rose Bengal scores) if their disease started in
infancy vs. adulthood.

10 Tanaka M, Dogru M, Takano Y, et al. The relation of conjunctival and corneal
findings in severe ocular allergies. Cornea 2004; 23:464–467.

11 Hingorani M, Calder VL, Buckley RJ, Lightman SL. The role of conjunctival
epithelial cells in chronic ocular allergic disease. Exp Eye Res 1998; 67:491–
500.

12 Calder VL, Jolly G, Hingorani M, et al. Cytokine production and mRNA
expression by conjunctival T-cell lines in chronic allergic eye disease. Clin
Exp Allergy 1999; 29:1214–1222.

13 Takano Y, Fukagawa K, Dogru M, et al. Inflammatory cells in brush cytology
samples correlate with the severity of corneal lesions in atopic keratocon-
junctivitis. Br J Ophthalmol 2004; 88:1504–1505.

14 Asano-Kato N, Fukagawa K, Okada N, et al. TGF-beta1, IL-1beta, and Th2
cytokines stimulate vascular endothelial growth factor production from con-
junctival fibroblasts. Exp Eye Res 2005; 80:555–560.

15 Yamagami S, Ebihara N, Amano SY. Chemokine receptor gene expression in
giant papillae of atopic keratoconjunctivitis. Mol Vis 2005; 11:192–200.

16 Dogru M, Asano-Kato N, Tanaka M, et al. Ocular surface and MUC5AC
alterations in atopic patients with corneal shield ulcers. Curr Eye Res 2005;
30:897–908.

17

�
Dogru M, Okada N, Asano-Kato N, et al. Alterations of the ocular surface
epithelial mucins 1, 2, 3, 4 and the tear function in patients with atopic
keratocojunctivitis. Clin Exp Allergy 2006; 36:1556–1565.

This study showed that corneal sensitivity, tear film stability, and mRNA expression
of some ocular surface mucins decreased and inflammatory cells in the epithelium
increased in AKC patients with severe epithelial disease compared with AKC
patients with insignificant epithelial disease or controls.
opyright © Lippincott Williams & Wilkins. Unauth
18 Okada N, Fukagawa K, Takano Y, et al. The implications of the upregulation
of ICAM-1/VCAM-1 expression of corneal fibroblasts on the pathogenesis of
allergic keratopathy. Invest Ophthalmol Vis Sci 2005; 46:4512–4518.

19 Kimata H. Brain-derived neurotrophic factor selectively enhances allergen-
specific IgE production. Neuropeptides 2005; 39:379–383.

20 Leonardi A. Emerging drugs for ocular allergy. Expert Opin Emerg Drugs
2005; 10:505–520.

21

�
Leonardi A, Curnow SJ, Zhan H, Calder VL. Multiple cytokines in human tear
specimens in seasonal and chronic allergic eye disease and in conjunctival
fibroblast cultures. Clin Exp Allergy 2006; 36:777–784.

This study concludes that the tear film is a useful source of allergic mediators to
evaluate inflammation as it reflects the same pattern of cytokine production by cells.

22 Cook EB, Stahl JL, Esnault S, et al. Toll-like receptor 2 expression on human
conjunctival epithelial cells: a pathway for Staphylococcus aureus involve-
ment in chronic ocular proinflammatory responses. Ann Allergy Asthma
Immunol 2005; 94:486–497.

23 Hoang-Xuan T, Prisant O, Hannouche D, Robin H. Systemic cyclosporine A in
severe atopic keratoconjunctivitis. Ophthalmology 1997; 104:1300–1305.

24 Hingorani M, Moodaley L, Calder VL, et al. A randomized, placebo-controlled
trial of topical cyclosporin A in steroid-dependent atopic keratoconjunctivitis.
Ophthalmology 1998; 105:1715–1720.

25 Hingorani M, Calder VL, Buckley RJ, Lightman S. The immunomodulatory
effect of topical cyclosporin A in atopic keratoconjunctivitis. Invest Ophthal-
mol Vis Sci 1999; 40:392–399.

26 Akpek EK, Dart JK, Watson S, et al. A randomized trial of topical cyclosporin
0.05% in topical steroid-resistant atopic keratoconjunctivitis. Ophthalmology
2004; 111:476–482.

27 Zierhut M, Stubiger N, Siepmann K, Deuter CM. MMF and eye disease. Lupus
2005; 14 (Suppl 1):s50–s54.

28 Williams PB, Sheppard JD Jr. Omalizumab: a future innovation for treatment
of severe ocular allergy? Expert Opin Biol Ther 2005; 5:1603–1609.

29

�
Virtanen HM, Reitamo S, Kari M, Kari O. Effect of 0.03% tacrolimus ointment
on conjunctival cytology in patients with severe atopic blepharoconjunctivitis:
a retrospective study. Acta Ophthalmol Scand 2006; 84:693–695.

These authors suggest that the use of tacrolimus ointment for eyelid eczema in
AKC patients may actually improve their ocular surface condition.

30

�
Stumpf T, Luqmani N, Sumich P, et al. Systemic tacrolimus in the treatment of
severe atopic keratoconjunctivitis. Cornea 2006; 25:1147–1149.

This study reminds us of the fact that AKC can be a systemic condition by
successfully managing some refractory patients with systemic tacrolimus.

31

�
Nivenius E, van der Ploeg I, Jung K, et al. Tacrolimus ointment vs steroid
ointment for eyelid dermatitis in patients with atopic keratoconjunctivitis. Eye
2007; 21 (7):968–975. [Epub ahead of print].

This study proves a slightly superior beneficial effect of tacrolimus ointment vs.
steroid ointment for eyelid eczema in 20 AKC patients.

32 Guin JD. Eyelid dermatitis: a report of 215 patients. Contact Dermatitis 2004;
50:87–90.

33 Willis-Owen SA, Morar N, Willis-Owen CA. Atopic dermatitis: insights from
linkage overlap and disease co-morbidity. Expert Rev Mol Med 2007; 9:1–13.

34 Calonge M. Ocular allergies: association with immune dermatitis. Acta
Ophthalmol Scand Suppl 2000; 230:69–75.

35 Bielory L. Allergic and immunologic disorders of the eye. Part II: Ocular allergy.
J Allergy Clin Immunol 2000; 106:1019–1032.

36 Nnoruka EN. Current epidemiology of atopic dermatitis in south-eastern
Nigeria. Int J Dermatol 2004; 43:739–744.

37

�
Hanifin JM, Reed ML. A population-based survey of eczema prevalence in the
United States. Dermatitis 2007; 18:82–91.

This study concludes that the prevalence of atopic dermatitis and other eczematous
conditions in the United States is higher than reported when over 100 000 patients
answered a self-administered questionnaire. Empirically defined atopic dermatitis
was diagnosed in 6%, and only 37% of patients with symptoms reported a physician
diagnosis, then highlighting the fact that this disease is underdiagnosed.

38 Jepsen KF, Flyvholm MA. Identification of subjects with atopic dermatitis in
questionnaire studies. Contact Dermatitis 2007; 56:218–223.

39 Carmi E, Defossez-Tribout C, et al. Ocular complications of atopic dermatitis
in children. Acta Derm Venereol 2006; 86:515–517.

40 Nivenius E, Montan PG, Chryssanthou E, Jung K, et al. No apparent associa-
tion between periocular and ocular microcolonization and the degree of
inflammation in patients with atopic keratoconjunctivitis. Clin Exp Allergy
2004; 34:725–730.

41 Nakata K, Inoue Y, Harada J, et al. A high incidence of Staphylococcus aureus
colonization in the external eyes of patients with atopic dermatitis. Ophthal-
mology 2000; 107:2167–2171.
orized reproduction of this article is prohibited.


	Clinical grading of atopic™keratoconjunctivitis
	Introduction
	Origins of atopic keratoconjunctivitis
	Discrepancies on atopic keratoconjunctivitis
	Classification based on clinical severity
	Conclusion
	Acknowledgements
	References and recommended reading


