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Purpose: To compare the incidence and characteristics of graft
rejection in keratoconus patients with and without self-reported atopy.

Methods: From November 2007 to February 2008, 75 consecutive
keratoconus patients who had undergone penetrating keratoplasty
completed a questionnaire regarding personal history of atopy. The
questionnaires were reviewed without knowledge of history of graft
rejection. The patients were divided into three groups: nonatopic
(group 1), mild atopic (group 2), and severe atopic (group 3). Charts
were retrospectively reviewed with regard to the incidence and
characteristics of graft rejection episodes for each patient.

Results: There were 13 patients in group 1, 36 patients in group 2,
and 26 patients in group 3. The incidence of graft rejection (rejection
episodes per 100 person-years) in groups 1, 2, and 3 was 7.3, 15.8,
and 13.4, respectively. Although the mild and severe atopic groups
had roughly twice the rate of rejection of the nonatopic group, there
was no statistically significant difference among the groups (P =
0.25). The mean age of 37.1 = 8.9 years at the time of surgery was
significantly lower (P = 0.004) and the rate of bilateral penetrating
keratoplasty was significantly higher (40/55 eyes 73%) (P =0.01) in
group 2 than in the two other groups. The majority of first graft
rejection episodes were mild or moderate in atopic patients (69% in
group 2 and 94% in group 3) and severe (50%) in nonatopic patients;
however, no significant difference was found among the groups
(P =0.13).

Conclusions: Atopic conditions may increase the incidence of graft
rejection in keratoconus patients, and the characteristics of graft
rejection in atopic patients may differ from those in nonatopics
because of the immune alteration, but differences in this study were
not statistically significant.
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INTRODUCTION

The high incidence of atopy in keratoconus patients
has been documented in the literature. ' It has been postulated
that one cause of keratoconus is eye rubbing, stimulated by
ocular itching or discomfort, resulting from atopic disease.’
Additionally, patients with high levels of IgE, as seen in
atopic conditions, have been thought to be more prone to
corneal graft rejection.? High IgE levels lead to an increase in
expression of complex immunological mediators in atopic
disease, including prostaglandins and interleukins.

Classically, corneal allograft rejection is mediated by
a type 1 T helper (Th 1) cell response. However, promoting
type 2 T helper (Th 2) immune response has been shown to
cause eosinophil-mediated rejection of cardiac and skin
allografts in mice.** Similarly, Th 2 cell mediated corneal
allograft rejection in a mouse model with a Th 2 cell immune
bias has been reported.® Since atopy causes an increase in
Th 2 cell immunity, it may play an important role in corneal
allograft rejection in atopic keratoconus patients.

Although the expected graft clarity rate is >95% in
keratoconus patients undergoing penetrating keratoplasty,”'°
clinical experience suggests that a history of allergic disease
may affect graft survival. Recently, Reinhard et al. showed that
atopic dermatitis negatively affects graft prognosis in keratoco-
nus eyes.'" In this study, our aim was to compare the incidence
and characteristics of graft rejection in keratoconus patients with
and without self-reported atopic disease, defined as allergic
rhinitis, perennial allergy, asthma, and atopic dermatitis.

MATERIALS AND METHODS

The study was approved by the Wills Eye Institute
Institutional Review Board and was in compliance with Health
Insurance Portability and Accountability Act (HIPAA) regula-
tions. The patients were enrolled over 4 months, between
November 1, 2007, and February 28, 2008, when they came
for a routine follow-up visit at the Wills Eye Institute, Cornea
Service. All patients had undergone previous corneal trans-
plant surgery for keratoconus, at the same institution, by one of
the authors. We excluded patients with <2 years of follow-up
after penetrating keratoplasty, a history of intraocular surgery
before penetrating karatoplasty, a history of additional surgery
at the same time or subsequent to penetrating keratoplasty, and
a history of penetrating keratoplasty before presentation to the
Wills Eye Institute, Cornea Service. All eligible patients were
invited to participate in the study.
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After informed consent was obtained, patients filled out
a questionnaire regarding their personal history of atopic
disease. The questionnaire was based on The European
Community Respiratory Health Survey (ECRHS) and on The
International Study of Asthma and Allergies in Childhood
(ISAAC)'*'3 and was used in previous studies reported from
Wills Eye Institute, Cornea Service.'*'

In February 2008, after patient recruitment was
completed, the questionnaires were reviewed by one of the
authors (KMH), who was blind to the patient’s history of graft
rejection. The patient’s atopic status was determined on the
basis of the presence of at least one of the following disorders:
allergic rhinitis (hay fever or seasonal allergies), perennial
allergies (year-long allergies to dust or mold), atopic dermatitis
(eczema), and asthma. Patients were divided into three
different groups according to the severity of the atopic
conditions. Group 1 (nonatopic) included the patients without
atopic conditions, group 2 (mild atopic) included the patients
with allergic rhinitis and/or perennial allergies, and group 3
(severe atopic) included the patients with asthma or atopic
dermatitis, in addition to allergic rhinitis and/or perennial
allergies.

In February 2008, after the evaluation of questionnaires
was completed, charts were retrospectively reviewed without
knowledge of the atopic status of each patient, and the
characteristics of graft rejection episodes compared between
atopic and nonatopic patients. The diagnosis of graft rejection
was made by one of the authors (KMH, CJR, PRL, or EJC),
and the rejection episodes were further classified into three
categories (mild, moderate, and severe). The mild rejection
category included patients with epithelial rejection line and/or
subepithelial infiltrates (SEIs), and the moderate rejection
category included patients with keratic precipitates (KPs), with
or without SEIs. The severe rejection group comprised patients
with stromal edema, with or without KPs, and patients with
stromal rejection.

All corneal transplant surgeries were performed by one
of the authors (KMH, CJR, PRL, or EJC), using similar
surgical techniques.'® All patients received postoperative
topical antibiotics and topical prednisolone 1%, 4 times
a day. Steroid frequency was usually decreased by 1 drop
per month after the first or second postoperative month
and tapered gradually over 1 year or longer. The dose and
frequency of the steroid used at the time of the first rejection
episode were also categorized in 4 potency groups (high,
medium, low, and no steroid), which were described and used
previously in another study by our group.'®

The main outcome measure was the incidence of graft
rejection episodes (episodes per year of follow up), classified
into three categories (mild, moderate, and severe rejection), in
three groups (nonatopic, mild atopic, severe atopic). Follow-up
time was calculated from the surgery to the last follow-up visit.
If the patient underwent any additional surgery after
penetrating keratoplasty, then the end of follow-up was
considered the last visit before this surgery. Patients who
underwent any additional surgery less than 2 years after the
penetrating keratoplasty were excluded. Secondary outcome
measures included characteristics of first graft rejection,
steroid potency at the time of first graft rejection episode,
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seasonal distribution of the first graft rejection episodes, and
the time interval between transplant surgery and first graft
rejection episode. Other variables, including age, gender, and
bilaterality of corneal transplantation, were reviewed.

Sample size and statistical analysis

The sample size was calculated by assuming (1) an
incidence rate of rejection of 30 per 100 person-years'’ among
the atopic subjects, (2) a 50% rate of atopy in the sample, and
(3) a 5-year average follow-up for each person. To have 80%
power to detect an incidence rate ratio (atopic vs. nonatopic)
with a P value of <0.05 in Poisson regression would require
data from 88 eyes.

Atopy groups were compared with respect to de-
mographic and clinical variables. The Kruskal-Wallis test
was used to detect a difference among groups in continuous
measurements, whereas Fisher’s exact test was used to detect
differences in categorical variables. The incidence rate for
rejection events (total number of rejection events, divided by
total follow-up time) was calculated for each atopy group. A
generalized linear model, where the number of events was
assumed to follow a negative binomial, was used to test for
differences among groups in the incidence of rejection events.
This comparison was adjusted for any differences in groups
with respect to other important clinical and demographic
variables. The Kaplan-Meier method was used to estimate the
distribution of time to first rejection episode, and the log-rank
test was used to test for differences among groups. Association
of steroid potency and severity of rejection at the first rejection
episode were evaluated with mixed-effects linear regression.

RESULTS

From November 1, 2007, to February 28, 2008, 75
consecutive keratoconus patients completed a questionnaire
regarding their personal history of atopy After the retrospec-
tive chart review was performed, it was determined that 31
patients underwent bilateral penetrating keratoplasty. Among
these patients, 3 second eyes and 2 first eyes were excluded
because of the following reasons: 2 of the second eyes received
PK in 2007 (<2 years follow up); one of the second eyes
and one of the first eyes received penetrating keratoplasty
elsewhere; and one of the first eyes was lost to follow-up for
10 years. In the end, 106 eyes of 75 patients were included in
this study. Group 1 (nonatopy) comprised 17 eyes of 13 patients,
group 2 (mild atopy) comprised 55 eyes of 36 patients, and
group 3 (severe atopy) comprised 34 eyes of 26 patients.

The mean age at the time of surgery was 45.7 = 12.3
years in group 1 (range, 18 to 72 years), 37.1 £ 8.9 years in
group 2 (range, 21 to 62 years), and 43.5 = 8.9 years in group
3 (range, 26 to 63 years). The mild atopy group (group 2) was
found to be statistically significantly younger than the other
two groups at the time of surgery (P < 0.004). Male/female
ratio was 6/7 in group 1, 25/11 in group 2, and 14/12 in group
3. No statistically significant difference was found between the
groups (P = 0.64). Caucasian/noncaucasian ratio was 11/2 in
group 1, 31/5 in group 2, and 21/5 in group 3. Mean follow-up
time was 19.7 = 9.8 years in group 1 (range, 2 to 33.3 years),
11.2 = 7.7 years in group 2 (range, 2.4 to 32 years), and
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TABLE 1. Demographic Characteristics of the Study Population

Nonatopic Mild Atopic Severe Atopic Total
n=13 n =36 n =26 n =75
Characteristic (17 eyes) (55 eyes) (34 eyes) (106 eyes) P Value
Age,* mean = SD7} 45.7 = 123 37.1 £ 89 43.5 = 8.9 40.6 = 10.1 0.004§
Range 18-72 21-62 26-63 18-72
Male/female 6/7 25/11 14/12 45/30 0.64
Follow-up, mean * SD 19.7 £ 9.8 112 £ 7.7 8.8 =55 109 = 7.5 0.54
Range 2-33.3 2.4-32 2-25 2-333
Bilateral PKi 9 eyes (53%) 40 eyes (73%) 18 eyes (53%) 67eyes (63%) 0.01

*Mean age in years at the time of surgery.

tStandard deviation.

fPenetrating keratoplasty.

§Mild atopic group is statistically significantly younger than the other two groups.

8.8 = 5.5 years in group 3 (range, 2 to 25 years). There was no
statistically significant difference in terms of mean follow-up
time between the groups (P = 0.54). Bilateral penetrating
keratoplasties had been performed in 5 (38.5%) of 13 patients
in group 1, 21 (58.4%) of 36 patients in group 2, and 10 (30%)
of 26 patients in group 3. Bilateral penetrating keratoplasty
was performed statistically significantly more often in the mild
atopy group (P = 0.01) (Table 1).

The nonatopic group had the lowest incidence of
rejection episodes (incidence rate [IR], 7.32 episodes per 100
person-years), whereas the mild and severe atopy groups had
roughly twice the rate of rejection (IR = 15.8 and 13.4,
respectively). However, there was no statistical difference
among the groups (P = 0.25). After adjustment for differences
in age at the time of surgery and bilaterality, the estimated rate
of rejection in the nonatopic group increased slightly, whereas
the rates in the other groups remained roughly the same. There
was still no statistically significant difference among the
groups (P = 0.54) (Table 2).

The majority of the first rejections were mild or
moderate in atopic patients, whereas severe rejection was
the most common type of rejection in the nonatopy group.
There was no statistically significant difference in severity of
rejection among the groups (P = 0.13); however, pairwise

comparisons indicated possible differences. Moderate re-
jection was seen more often in the severe atopy group than in
the mild atopy group (P = 0.058) (Table 3) Distribution of the
first graft rejection episodes by months showed that a majority
of the first rejections in the mild and severe atopy group were
during the allergy season from March to October (26/32 [81%)]
in the mild atopy group and 11/18 [61.1%)] in the severe atopy
group) (Figure 1).

Kaplan-Meier analysis for the time to first rejection
episode by group indicates that the median time and 95%
confidence interval (CI) to first rejection in the mild and severe
atopy groups were 70 months (95% CI, 19-336) and 32
months (95% CI, 18—x), respectively. Although rejections
occurred earlier in the severe atopic group than in the mild
atopic group, there was no statistically significant difference
(P =0.26). The median time to the first rejection episode could
not be estimated in the nonatopy group because only a small
number of patients were nonatopic, and fewer than 50% of the
eyes had a rejection episode.

There was some evidence of correlation among severity
of rejection and potency of steroid (P = 0.052), with those on
the highest dose of steroids having the greatest percentage of
rejections categorized as mild (epithelial rejection and/or SEIs)
(Table 4).

TABLE 2. Association of Atopy With Incidence of Rejection Episodes

Atopy Group IR* CIt Unadjusted IRR Overall P value Adjusted IR§ and CI Adjusted IRR! Overall P Value
Group 0 7.32 1 0.25 8.3 1 0.54
(Nonatopy) (3.1-17.2) (3.7-19.0)

Group 0 7.32 1 0.25 8.3 1 0.54
(Nonatopy) (3.1-17.2) (3.7-19.0)

Group 1 15.83 2.16 17.4 2.1

(Mild atopy) (11.1-22.5) (0.9-5.4) (12.0-25.1) (0.8-5.2)

Group 3 13.42 1.83 14.0 1.8

(Severe atopy) (8.3-21.7) (0.7-4.9) (9.0-23.7) (0.7-4.5)

*Incidence rate (episodes/100 person-years).

195% Confidence interval.

fIncidence rate ratio.

§Adjusted incidence rate for age at the time of surgery.
HAdjusted incidence rate ratio for age at the time of surgery.
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TABLE 3. Association of Atopy With Severity of First Rejection Episode

Mild Rejection

Atopy Group (Epithelial and/or SEI¥)

Moderate Rejection
(KP+ with/without SEI)

Severe Rejection
(Stromal Edema)

Non atopy 2 (33%)
Mild atopy 16 (50%)
Severe atopy 8 (44%)

1 (17%) 3 (50%)
6 (19%) 10 (31%)
9 (50%) 1 (6%)

P value for test of association: 0.13.

P values for pairwise group comparisons: nonatopy vs. mild atopy, 0.67; mild atopy vs. severe atopy, 0.058; nonatopy vs. severe atopy, 0.10.

*Subepithelial infiltrates.
FKeratic precipitates.

DISCUSSION

Our results showed that a majority of keratoconus
patients enrolled in this study had atopic conditions (82.6%),
higher than the expected 50% used in our sample size
calculation, and that the most commonly seen allergic diseases
were allergic rhinitis and perennial allergy, which were also
found to be associated with a higher rate of bilateral PKP and
a younger mean age at the time of surgery (in comparison with
nonatopic patients). The association between keratoconus and
atopy has been shown to be via eye-rubbing.**"'” Our results
indicate that the progression of keratoconus may be faster in
atopic patients, possibly because conjunctival itching leads to
eye-rubbing.

Although the rate of clear graft after penetrating
keratoplasty exceeds 95% in keratoconus patients, up to
31% of these patients can have at least 1 episode of
rejection.'®?° Traditional belief indicates that Th 1 immune
responses induce allograft rejection, whereas Th 2 immune
responses induce allograft tolerance. However, preliminary
evidence from Hargrave et al. showed a statistically significant
increase in the number of eosinophils in the rejected grafts in
keratoconus patients.” Based on these findings, there may be
a component of Th 2-mediated corneal allograft rejection
in patients with Th 2 immune bias, such as atopics. We also
found a tendency of first graft rejection episodes to occur
between May and September (22/32; 68.7% of first rejections).
This increase in first graft rejection episodes during the allergy
season may result in promoting systemic Th 2 immune
response to corneal graft donor alloantigens triggered by the
common allergens in humans, such as pollen. Supporting these
findings, a two times higher incidence of graft rejection was
seen in atopic versus nonatopic patients, although the result
was not statistically significant. We believe that this lack of
statistical significance is due to the limited number of patients
identified as nonatopic.

One of the secondary outcomes of this study was to
analyze the difference between the groups with regard to time
until first graft rejection episode. Our hypothesis was that the
time to first graft rejection episode would be less in atopic
patients because of the enhanced immunity caused by atopic
conditions. However, we were unable to compare the groups
because of the few graft rejection events in the nonatopic
patients. We also thought characteristics of graft rejections
would be different between the groups because of the
enhanced immunity toward Th 2 cells in atopic patients.
Conversely, our results indicated that nonatopic patients tend
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to have more severe first rejection episodes than those in
atopics.

We are aware of some weaknesses of this study.
Although our original sample size calculation required data
from 88 eyes and we included 106 eyes, the sample size was
recalculated on the basis of an incidence rate of rejection of
7.3/100 person-years in the nonatopic group and a nonatopic
rate of 15% (as found in this current study), and the result was
171 eyes. We believe higher numbers of patients could change
the statistical analysis results. The diagnosis of atopy was
based on the questionnaire, which may be subject to patient
bias, and the study did not include any objective test such as
skin sensitivity or serum IgE testing. However, Kim et al.*!
reported that an elevation of serum IgE is usual but not always
seen in atopic patients, and there is still no single objective
laboratory test for the diagnosis of atopy. Moreover, the
ISAAC questionnaire used in this study was previously found
to be sensitive and specific for atopy.?* Another weakness of
this study was that ocular information was obtained by
retrospective chart review. However, the long mean follow-up
time (19.7 years in nonatopics, 11.2 years in mild atopics, and
8.8 years in severe atopics) would be extremely difficult to
achieve in a prospective study.

CONCLUSIONS

In conclusion, our results indicate that atopic conditions
may increase the incidence of graft rejection in keratoconus
patients who undergo penetrating keratoplasty. On the basis of
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FIGURE 1. Distribution of first graft rejection episodes, by
month (months 1-12 correspond to January—December).
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TABLE 4. Association of Steroid Potency and Severity of
First Rejection

Mild Rejection Moderate Severe
Steroid (Epithelial Rejection Rejection
Potency and/or SEI) (KP = SEI) (Stromal Edema)
No steroid 6 6 6
Low 7 6 5
Medium 5 3 1
High 8 1 2

P value for association (mixed-effects model): 0.054.
P value for difference of association by atopy group: 0.27.

our findings, we recommend treatment of allergy in
keratoconus patients to try to decelerate the progression of
keratoconus by preventing eye-rubbing and to perhaps reduce
the incidence of graft rejection after penetrating keratoplasty.
All graft patients need to be taught to seek immediate care for
new symptoms that may indicate rejection. This is especially
important for atopic patients who may attribute new symptoms
to their allergies.
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