
Extended Long-term Outcomes of
Penetrating Keratoplasty for Keratoconus

Sudeep Pramanik, MD, MBA,1 David C. Musch, PhD, MPH,2 John E. Sutphin, MD,1 Ayad A. Farjo, MD1,3,4

Objective: To report graft survival results for initial penetrating keratoplasty (PK) performed more than 20
years ago for keratoconus. Secondary outcome measures included recurrent keratoconus, best spectacle-
corrected visual acuity (BSCVA), and rates of glaucoma.

Design: Retrospective, consecutive, noncomparative case series.
Participants: All patients with clinical and histopathological keratoconus who underwent initial PK at the

University of Iowa Hospitals and Clinics from 1970 to 1983. Patients with pellucid marginal degeneration were
excluded.

Methods: At baseline, age, preoperative BSCVA, keratometric astigmatism, and host/donor graft sizes for
each eye were recorded. Visual acuity and intraocular pressure were followed until the eyes reached 1 of 4 end
points: graft failure, recurrent keratoconus, loss to follow-up, or death. Kaplan–Meier survival analysis was
performed to estimate the long-term probability of graft failure and recurrent keratoconus.

Results: Among the 112 eyes of 84 patients who met entry criteria, there was a mean age at transplant of
33.7 years and preoperative BSCVA of 20/193. With a mean follow-up of 13.8 years (range, 0.5–30.4), 7 eyes
(6.3%) experienced graft failure. Recurrent keratoconus was confirmed clinically or histologically in 6 eyes (5.4%),
with a mean time to recurrence of 17.9 years (range, 11–27). Kaplan–Meier analysis estimated a graft survival rate
of 85.4% and a rate of recurrent keratoconus of 11.7% at 25 years after initial transplantation. Six eyes (5.4%)
developed open-angle glaucoma, and 2 eyes required trabeculectomy. At the last follow-up visit, 82 eyes (73.2%)
had BSCVA of 20/40 or better.

Conclusion: Penetrating keratoplasty offers good long-term visual rehabilitation for keratoconus. Relative to
other indications for PK, there is a low rate of graft failure. Late recurrence of disease occurs with increasing
frequency over time. Given the younger age at which keratoconus patients undergo corneal transplantation,
these long-term findings should be incorporated into preoperative counseling. Ophthalmology 2006;113:

1633–1638 © 2006 by the American Academy of Ophthalmology.
Keratoconus is a progressive, noninflammatory, bilateral
degeneration of the central and paracentral corneas that can
lead to progressive irregular astigmatism. Penetrating kera-
toplasty (PK) is a well-accepted treatment for advanced
keratoconus and is one of the leading indications for corneal
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transplantation in the United States and internationally.1–8

Long-range complications of PK for keratoconus include
graft rejection and failure, astigmatism, recurrence of kera-
toconus in the donor graft, and development of cataract or
glaucoma.9

Studies to date have reported �90% graft survival data
between 5 and 12 years from the time of transplant.10–20 It
has been suggested that early surgical intervention can be
advised based upon the results in the first several years after
PK among these patients.16 However, reports of late recur-
rence of keratoconus have been described from 7 to 40 years
after keratoplasty,21–23 with a mean latency of roughly 17
years.24 Many of these cases are supported by histologic
confirmation.21,24–27 Given the fact that most keratoconus
patients receive transplants at a relatively young age,28

longer follow-up data are necessary in the preoperative
counseling of these patients.

Materials and Methods

Approval from the institutional review board of the University of
Iowa Hospitals and Clinics was obtained before initiation of this
study. The Iowa Lions Eye Bank provided all donor tissue for

transplantation, and its records between 1970 and 1983 were
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reviewed to find all patients receiving PK for keratoconus before
1983. Cases before 1970 were excluded because the indication for
transplantation was not recorded. Cases of pellucid marginal de-
generation and repeat transplantation were excluded from the
subsequent chart review. The clinical diagnosis of keratoconus was
confirmed by histopathology in all cases.

Data from patient records were analyzed for age, gender, laterality,
preoperative best spectacle-corrected visual acuity (BSCVA), preop-
erative astigmatism, surgical technique, and donor/host graft sizes.
Transplantation was performed by or under the supervision of a
cornea faculty or fellow; a total of 18 different faculty or fellows
did so for this patient series. Donor age, death-to-preservation
time, and preservation-to-transplant time were not available. Ad-
ditional information, including BSCVA and presence of glaucoma,
was collected annually until the patient reached 1 of 4 end points:
graft failure, recurrent keratoconus in the donor cornea, loss to
follow-up, or death. The primary end point in this study, graft
failure, was defined as endothelial failure and/or immune rejection
with a persistent cloudy graft for �3 months. The secondary end
point was recurrent keratoconus based on histopathology of the
donor cornea and/or clinical features, including inferior paracentral
corneal thinning and Vogt’s striae manifest in the donor cornea.
Patients with topography documenting progressive high oblique
astigmatism and those with thinning in the inferior host cornea
only were not defined as having recurrent keratoconus.

All data were entered into a spreadsheet, and statistical analyses
were performed with SAS software (SAS Institute Inc., Cary, NC).
Snellen visual acuities (VAs) were converted to the logarithm of
the minimum angle of resolution for statistical analysis. When nec-
essary, nonparametric testing (i.e., Mann–Whitney U test) was per-
formed. P�0.05 was considered significant. Kaplan–Meier survival
curves were calculated for time to recurrence and failure, and Cox
proportional hazards analysis was performed to adjust for intereye
dependence and evaluate risk factors for recurrence and failure.

Table 1. Preoperative Characteristics of Transplanted Eyes

Characteristic n (% total)

Gender (patients) 84
Male 47 (56.0)
Female 37 (44.0)

Laterality of operated eye 112
Right eye 55 (49.1)
Left eye 57 (50.9)

BSCVA 112
20/40–20/80 44 (39.3)
20/100–20/200 28 (25.0)
�20/200 40 (35.7)

Age at surgery (yrs) 112
�20 9 (8.0)
20–29 29 (25.9)
30–39 48 (42.9)
40–49 14 (12.5)
50–59 10 (8.9)
�59 2 (1.8)

Keratometric astigmatism (D) 112
1–3.9 8 (7.1)
4–6.9 33 (29.5)
�7 29 (25.9)
Too steep to measure 42 (37.5)
BSCVA � best spectacle-corrected visual acuity; D � diopters.
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Results

Data were obtained on 112 eyes of 84 patients, of whom 47
(56.0%) were male (Table 1). There was almost equal representa-
tion of right (55) and left (57) eyes, and the mean age at the time
of PK was 33.7 years (median, 32.5; standard deviation [SD], 10.6;
range, 14–67). Mean preoperative BSCVA was 20/193 (median,
20/150; SD, 0.6; range, 20/40–20/2000). Forty-three eyes (38.4%)
of 36 patients (42.9%) had keratometry too steep to measure; of the
remaining 69 eyes, the mean preoperative keratometric astigma-
tism was 6.65 diopters (median, 6.0; SD, 3.2; range, 1–17.75).
Mean follow-up was 13.8 years (median, 14; SD, 7.9; range,
0.5–30.4). One hundred ten eyes (98.2%) were available for follow-up
at 1 year postoperatively, 105 eyes (93.8%) at 2 years, 92 eyes
(82.1%) at 5 years, 75 eyes (67%) at 10 years, 53 eyes (47.3%) at 15
years, 29 eyes (25.9%) at 20 years, and 10 eyes (8.9%) at 25 years.
There were no statistically or clinically significant differences
between the preoperative characteristics of patients with more than
15 years of follow-up and those who were lost to follow-up before
15 years (Table 2).

The mean host corneal bed size was 8.15 mm (median, 8.0; SD,
0.42; range, 7–10), and the mean donor corneal button size was
8.30 mm (median, 8.25; SD, 0.46; range, 7–10). The most common
host bed sizes were 8.0 mm, used in 66 eyes (59.0%), followed by
8.5 mm, used in 23 eyes (20.5%). Donor graft button sizes were
distributed more evenly among eyes, with sizes of 8.0 mm
(26.8%), 8.25 mm (28.6%), and 8.5 mm (21.4%) accounting for
the majority. In 56 eyes (50.0%), donor and host sizes were the
same; in 47 eyes (42.0%), a 0.25-mm oversized donor graft was
selected; in 8 eyes (7.1%), a 0.5-mm oversized graft was used; and
in 1 eye (0.9%), a 1-mm oversized graft was transplanted. Suture
techniques varied between cases, with a single running suture used
in 49 eyes (43.7%), a single running suture and 4 interrupted
sutures used in 32 eyes (28.6%), and 16 interrupted sutures used in
31 eyes (27.7%).

Graft failure occurred in 7 of the 112 transplanted eyes (6.3%),
with one episode of bilateral graft failure (Fig 1). The timing of
graft failure ranged from 6 months to 23.3 years after transplant
(mean, 12.6). The Kaplan–Meier estimates of graft survival prob-
ability at 20 and 25 years (Fig 1) were 93.7% (standard error [SE],
2.8%; 95% confidence interval [CI], 88.1%–99.3%) and 85.4%
(SE, 6.3%; 95% CI, 72.8%–98.0%), respectively. Nonimmuno-
logic failure occurred in 3 eyes at 142, 181, and 276 months after
surgery, whereas immunologic failure occurred in 4 eyes at 6, 50,
65, and 259 months after surgery. The causes of nonimmunologic
failure were endothelial failure without active or previous history

Table 2. Preoperative Characteristics of Patients Lost
to Follow-up

Follow-up <15 yrs >15 yrs

Right eye transplanted 28 27
Left eye transplanted 31 26
Mean age (yrs) � SD 34.6�10.7 32.7�10.4
Mean (median) preoperative

BSCVA
20/196 (20/200) 20/190 (20/100)

Mean keratometric astigmatism
(D) � SD (no. of eyes analyzed)

6.84�3.8 (31) 6.5�2.7 (38)

Mean host size (mm) � SD 8.22�0.5 8.04�0.4
Mean donor size (mm) � SD 8.35�0.4 8.25�0.5
Mean graft oversize (mm) � SD 0.14�0.2 0.17�0.2

BSCVA � best spectacle-corrected visual acuity; D � diopters; SD �
standard deviation.
of rejection in 2 eyes and endothelial failure after complicated
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cataract extraction (CE) in 1 eye. No statistically significant pre-
dictors of graft failure were identified. Two of the 7 grafts that
failed (28.6%) developed open-angle glaucoma (OAG) during
follow-up after PK, versus 4 of the 105 grafts (3.8%) that did not
fail over time. Using Cox regression with adjustment for intereye
dependence, neither age (hazard ratio, 1.05 [95% CI, 0.97–1.13];
P � 0.19), postoperative glaucoma (hazard ratio, 4.86 [95% CI,
0.50–47.48]; P � 0.17), nor host size (hazard ratio, 1.56 [95% CI,
0.10–25.04]; P � 0.75) was associated significantly with graft
failure.
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Figure 1. Kaplan–Meier estimate of graft survival.
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Figure 2. Kaplan–Meier estimate of recurrent keratoconus.
Recurrent keratoconus was documented in 6 eyes (5.4%) of 5
patients (6.0%). In 4 eyes, recurrence was confirmed by histopa-
thology, with breaks in Bowman’s layer seen in the donor graft.
Two patients had clinical features of keratoconus, including Vogt’s
striae in the donor cornea and a scissor reflex on retinoscopy. An
additional 8 eyes (7.1%) had a pattern of high irregular astigma-
tism suggestive of keratoconus. As these optical recurrences were
not confirmed by histopathology or characteristic clinical features,
they were excluded from the Kaplan–Meier analysis (Fig 2). The
probabilities of recurrence were estimated to be 7.1% (SE, 3.5%;
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95% CI, 0.2%–14.0%) and 11.7% (SE, 5.6%; 95% CI, 0.5%–
22.9%) at 20 and 25 years postoperatively. Mean time to recur-
rence was 17.9 years (median, 17.2; SD, 6.3; range, 11–27).
Among those eyes that experienced recurrence, the mean host bed
size was 8.25 mm (median, 8.0; SD, 0.38; range, 8–9), with a
mean donor button size of 8.45 mm (median, 8.25; SD, 0.55;
range, 8–10). Using Cox regression with adjustment for intereye
dependence, neither age (hazard ratio, 1.01 [95% CI, 0.97–1.06];

Figure 3. Best spectacle-corrected visual acuity at last follow-up visit.

Figure 4. Mean best spectacle-corrected visual acuity. Conf. � confid

preoperative.
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P � 0.63) nor host size (hazard ratio, 1.31 [95% CI, 0.45–3.80];
P � 0.62) was associated significantly with keratoconus recurrence.
As none of the cases of recurrent keratoconus had postoperative
glaucoma, a hazard ratio could not be estimated for this factor.

A BSCVA of 20/40 or better was achieved in 82 eyes (73.2%)
at the last follow-up visit (Fig 3). Nine eyes (8.0%) saw between
20/50 and 20/200, and 21 eyes (18.8%) were worse than 20/200 at
the last follow-up visit. Among eyes with more than 15 years’
follow-up, 35 of 53 eyes (66.0%) obtained a final BSCVA at the
last follow-up examination of 20/40 or better. Eight of 53 eyes
(15.1%) obtained BSCVA between 20/50 and 20/200, and 10 eyes
(18.9%) had acuity worse than 20/200. Visual acuity remained
relatively stable throughout the first 20 years’ follow-up (Fig 4).

Six eyes (5.3%) developed OAG at a mean time of 10.8 years
after surgery (median, 12.5; SD, 8.7; range, 0.5–20). Two eyes
were from the same patient, who underwent combined PK, intra-
capsular CE (ICCE), and anterior vitrectomy in each eye and
required treatment for glaucoma within 6 months postoperatively.
The other 4 eyes underwent PK alone, and mean time to develop-
ment of glaucoma was 16 years (median, 16.5; SD, 4.2; range,
11–20). None of these patients had a family history of OAG. Four
eyes were managed successfully with topical aqueous suppres-
sants, and 2 required trabeculectomy. One of these eyes experi-
enced a suprachoroidal hemorrhage during trabeculectomy and
subsequently lost all vision.

Discussion

The goals of this study were to assess the long-term graft
survival of PK for keratoconus, determine the rate of recur-
rent keratoconus, and appraise the functional visual results
as well as the development of glaucoma. In this series of

logMAR � logarithm of the minimum angle of resolution; pre-op �
ence;
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corneal transplants performed at our institution, the point
estimate of graft failure was 6.3% at 20 years. This is
similar to the 7% graft failure rate noted by Paglen et al in
their cohort of 326 eyes with 11.3 years’ follow-up.11 Early
graft failure was rare in this series, with only 1 graft (0.9%)
failing before 24 months. Olson et al16 reported no cases of
graft failure in their 24-month follow-up period, and Paglen
et al11 had only 5 cases (1.5%) of early graft failure. Price
et al29 found a 98% 5-year graft survival rate among patients
who received PK for keratoconus and Fuchs’ dystrophy,
comparable to the results in our series. Our ability to deter-
mine risk factors for graft failure was limited, given the few
occurrences of this untoward outcome in our graft series.
However, the possibility that glaucoma might place a pa-
tient at a higher risk for failure is supported by past stud-
ies10,14,15,18–20 and, although not statistically significant, is
suggested by the hazard ratio of 4.86 for postoperative
glaucoma from the Cox regression model.

This series provides the first survival analysis-based es-
timate of the rate of recurrent keratoconus after PK. The
mean time to recurrence of 17.9 years is longer than the
follow-up obtained in most other studies. One possible
explanation for recurrence could be incomplete excision of
the ectatic area of cornea at the time of original surgery, as
has been suggested in patients who underwent smaller ex-
cisions of the host cornea in the 4- to 6-mm range.30,31

Arguing against this mechanism in our patients were 2
observations: the mean host bed size was 8.15 mm, and we
found no recurrences among those eyes with a host bed size
that was �8.0 mm. Another possibility for recurrent keratoco-
nus is that of undetected or preclinical keratoconus in the donor
cornea. Although this is a plausible mechanism, one case
report of recurrent keratoconus documents the absence of
ectasia in the fellow eye of a donor 12 years after surgery,32

and another, 7 years after surgery.21 We were unable to locate
the recipients of the opposite donor cornea in our patients with
recurrence, and therefore, we cannot determine if the donor
tissue we used was predisposed to ectasia. A final hypothesis
suggests that recurrence of keratoconus is the manifestation in
donor tissue of the same mechanisms that caused ectasia in the
host cornea. This could be due to degradative enzymes liber-
ated by abnormal host epithelium,33 infiltration of the graft by
abnormal host keratocytes that produce abnormal collagen,34

or another mechanism. As the time to recurrence was fairly
lengthy and close to the time for keratoconus to manifest in the
original host cornea, this process could explain recurrence of
keratoconus in these eyes.

Visual rehabilitation after keratoplasty was good, with
average BSCVAs of 20/50 at 6 months, 20/40 at 1 year, and
20/20 by 2 years after transplantation. Visual acuity re-
mained fairly stable throughout the first 20 years’ follow-
up. These VA findings were consistent with previous re-
ports,11,16,35 suggesting that our results are valid despite the
attrition of patients over time. With longer follow-up, it is
anticipated that VA may further decline as cataract or other
age-related ocular conditions develop. Likewise, more eyes
may develop optical recurrences with high irregular astig-
matism over time.

None of the patients had glaucoma before PK, and 6 eyes

developed this condition postoperatively. In 4 eyes, the
glaucoma was felt to be steroid induced. In 2 eyes of one
patient, ICCE resulted in vitreous prolapse into the anterior
chamber and secondary glaucoma. This patient required
trabeculectomy in one eye, resulting in complete loss of
vision through a suprachoroidal hemorrhage. The increased
intraocular pressure in the other eyes was controlled ade-
quately with aqueous suppressants.

The findings of this study should be interpreted in the
context of several limitations. Two factors led to limited
statistical power to detect risk factors of potential relevance:
our sample size decreased with increasing follow-up, and
we had a low number of graft failures and recurrent kera-
toconus occurrences. Although all surgical procedures were
performed at a single institution, multiple surgeons were
involved, and it is possible that variations in technique may
account for some of the findings. Likewise, although 47.3%
of eyes had over 15 years’ follow-up, there was notable
attrition of patients and eyes over time, and it is possible that
the outcomes could have been much worse among those
patients lost to follow-up. Additionally, reporting the BSCVA
results at the last follow-up visit rather than predetermined time
points could have introduced bias. However, given the similar
characteristics and results of eyes lost to follow-up and those
that remained with �15 years’ follow-up, it appears reasonable
to assume that this bias may be minimal. In particular, our
point estimate of the graft failure probability at 25 years,
14.6%, had an upper 95% confidence limit of 26.9%, based
on statistical considerations. However, given the serious
nature of graft failure that compels patients to return for
evaluation and the fact that most censoring events in our
follow-up were losses to follow-up, not deaths, we believe
the true expected rate is close to our point estimate. Finally,
it is possible that even longer follow-up would reveal in-
creasing rates of graft failure or recurrence, especially as
these eyes undergo CE.

In summary, this study provides an important long-term
benchmark of PK for keratoconus. As other surgical proce-
dures such as epikeratoplasty36 and deep anterior lamellar
keratoplasty37 are utilized, it is important to compare the
results of these techniques with the standard set by PK.
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