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Abstract

Background: Penetrating keratoplasty has been considered the gold standard surgical treatment for corneal blindness, as it
involves the whole thickness of a diseased or scarred cornea being replaced by a healthy cornea from a donor.

Purpose: To present indications, risk factors, complications and visual outcomes of penetrating keratoplasty performed at a
training hospital in Turkey during 1994-1996, as a historical reference from the pre-lamellar period.

Methods: Retrospective analysis of 350 PKs where indications were ranked based on clinical and histopathological
pre-operative data. Corneae from the in-house eye bank were used. The primary outcome measures were graft clarity,
complications and best corrected visual acuity (BCVA). Wilcoxon signed ranked test (Bonferroni correction) was used for
statistical analysis performed with SPSS Version 26, with the threshold set at p < 0.05 for claiming statistical significance.
Results: The top indications were keratoconus (18.0%), regrafts (14.3%) and pseudophakic bullous keratopathy (10.6%).
The most frequently reported comorbidities were vascularisation (33.4%). Anterior vitrectomy and secondary IOLTA
(12.6% and 10.9%) were combined procedures. The postoperative complication rate consisted of graft failure (13.1%),
graft rejection (12.6%) and cystoid macular edema (3.7%). The success rate for clear grafts was 88.5% overall (96.8%
for keratoconus and 68.0% for aphakic bullous keratopathy). The proportion of eyes with vision of finger counting or less
reduced significantly postoperatively (86.9% to 32.6%, p<0.0001), with 28.6% of eyes having a vision of Snellen >0.5.
Conclusions: Penetrating keratoplasty was effective at visual rehabilitation in this Turkish cohort in the 90s, especially
in keratoconus. The primary challenges were graft failure and rejection, particularly in vascularised grafts and regrafting.
These results are used as a baseline for comparison with the modern lamellar techniques.
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1. Introduction 2026; Tanyildiz et al., 2022). These lamellar surgeries
Penetrating keratoplasty (PK) has been considered provide unique benefits including the maintenance of the
the gold standard surgical treatment for corneal blindness recipient’s endothelium (in DALK), sutureless surgery,
as it involves the whole thickness of a diseased or scarred quicker visual rehabilitation and much reduced incidences
cornea being replaced by a healthy cornea from a donor of immunologic rejection and long-term glaucoma (Atik et
(Mathews et al., 2018). Throughout the twentieth century, al., 2023; Tandra et al., 2026).
until the success rates of other corneal transplants increased, However, despite these developments, there is no reason
the success rate of PK in avascular, non-inflamed eyes to believe that PK is becoming obsolete, particularly in
made corneal transplantation the most successful form of LMICs, where corneal scarring due to infectious keratitis,
solid organ transplantation, especially for conditions such trauma and chemical burns is common, thereby requiring
as keratoconus and bullous keratopathy (Heger et al., 2025; the performance of PK at high volumes (Ting et al., 2022).
Hoffmann etal., 2025). However, the last 20 years have seen In addition, even in a well-equipped clinic, PK is essential
a paradigm shift in corneal surgery where Deep anterior when the corneal perforation is complete, where the scar
lamellar keratoplasty (DALK) for stromal diseases and involves all of the stromal layers and in the case of severe
Descemet membrane endothelial keratoplasty (DMEK) for anterior segment disorganisation, where lamellar dissection
endothelial diseases have been introduced and developed is technically unsafe (Moramarco et al., 2022; Roozbahani
to replace PK in many high income countries (Nair et al., et al., 2018). Hence, there is both clinical and historical
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relevance in understanding the indications, risk factors and
outcomes of PK, especially in the prelamellar period.
Turkey is currently in the middle of the global change
holding a reputed infrastructure for corneal surgery with
several corneal training hospitals conducting high volume
keratoplasty (Balikgr et al., 2025). The use of DALK and
DMEK has been gaining in popularity among Turkish
corneal surgeons over the last 10 years (Ababneh et al.,
2024). However, at a single tertiary centre, the percentage
of DMEK procedures increased from 4.6% in 2012 to
30.4% at the end of 2021 (Balike1 et al., 2025). However,
penetrating keratoplasty is still frequently performed,
especially in tertiary centres that treat patients with
advanced keratitis, failed keratoplasties, and keratitis as a
result of herpetic and traumatic keratitis. The indications
for PK in contemporary Turkey have changed due to the
new techniques of lamellar surgery, with regrafts being
more common, or vascularized leucomas and post-
traumatic scars in the high-risk areas where these newer
techniques might be difficult (Matthaei et al., 2017).

The disease spectrum of most research from the 1990s
and early 2000s has been mainly from North America
and Western Europe, where the spectrum of disease is
significantly different from Southern and Eastern Europe,
the Middle East and Central Asia (Matthaei et al., 2017;
Qureshi & Dohlman, 2023). It is difficult to determine if
the conversion to lamellar surgery has been as effective
or more successful in higher-risk, scarred and vascularized
eyes without region-specific historical data (Song et
al., 2021). The lack of knowledge is important because
extrapolating the results from low-risk Fuchs patients to the
high-risk post-trauma or herpetic eye could lead to over- or
under-estimating the benefit of lamellar techniques and the
ongoing role of PK.

In addition, the long-term results of the PK results
obtained in the 90s with the old method of donor storage
(Optisol GS at 4°C), manual and vacuum trephination,
interrupted and continuous suturing are not systematically
recorded in the Turkish population (SINGAR et al., 2023).
Historic information is needed not merely for quality
improvement but also for health-economic evaluations for
comparing the cost and lifetime of the PK and lamellar
alternatives in a middle-income country environment.
The claims of modern techniques for their superiority are
not completely substantiated without a well-documented
historical standard. Thus, the purpose of this study is to
report indications, risk factors, combined procedures,
complications and visual outcomes in this historical cohort

to provide a strong regional baseline for comparison of
current results of lamellar keratoplasty.

2. Materials and Methods
2.1 Study Design and Setting

The study design was a retrospective, single-center,
historical cohort conducted at the 2nd Ophthalmology
Clinic of Dr. Liitfi Kirdar Kartal Training and Research
Hospital, Istanbul, Turkey which is a tertiary referral center
for corneal and anterior segment diseases. The study period
occurred over 24 months of continuous study (January
1994-January 1996). The surgeons were two experienced
corneal surgeons, while all the surgeries were performed
using the standard surgical procedures. Donor corneas
were stored in a vacuum bag (Optisol GS) at 2—8°C in the
eye bank, the cornea was trephinated under vacuum, and
10/0 nylon sutures were placed (continuous or interrupted).
Combined procedures (anterior vitrectomy, synechiolysis,
secondary IOL implantation, cataract extraction with IOL,
IOL exchange, trabeculectomy) were done if clinically
indicated.

2.2 Inclusion and Exclusion Criteria

All patients who had penetrating keratoplasty
during the period of the study were included. Patients
included were primary or repeat PK, completion of
a comprehensive clinical record before surgery and
documentation on the donor cornea and at least one
postoperative follow-up visit. There were 335 patients
with 350 eyes that fulfilled the inclusion criteria, the rest
were excluded.

2.3 Variables and Data Sources

Archived paper medical records and operative
logs were used to obtain data. Demographics (age, sex);
clinical data before surgery (indication, BCVA, corneal
vascularization, glaucoma, cataract, uveitis, surface
pathology, perforation); parameters of the donor (age,
harvest time, storage time, trephine diameter); parameters
of the surgery (trephine diameter of the recipient, suture
technique, combined procedures); and postoperative results
(graft clarity, complications, final BCVA) were recorded.
Visual acuity was categorised according to the Snellen
scale as follows: Light perception with projection (LPP),
hand motion (HM), finger counting (FC), Snellen 0.1-0.2,
Snellen 0.3—0.4, and Snellen > 0.5. For statistical analysis,
the observations were converted to approximate LogMAR
values (LPP=3.0,HM =23, FC=1.9,0.1-0.2 =1.0-0.7,
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0.3-0.4 =0.52-0.4,>0.5 =<0.3), acknowledging that LPP,
HM and FC are ordinal non-LogMAR categories.

2.4 Statistical Analysis

The data was analysed statistically with IBM SPSS
Statistics version 26.0. Data are described as mean + SD or
median (range) for continuous variables or as a frequency
(%) for categorical variables. The Wilcoxon signed ranked
test was used to analyse the changes in BCVA from pre- to
post-operative. Two-ratio Z-test or Pearson chi-square test
were used to compare categorical proportions. Bonferroni
correction was used to account for multiple comparisons
(p <0.0083). Statistical significance was considered at p <
0.05.

2.5 Ethical Considerations
The study adopted a retrospective design and

utilised anonymised archival data hence, institutional
review board approval was obtained with a waiver of
informed consent. The study was conducted in accordance
with the ethical principles of the Declaration of Helsinki.
Patient confidentiality was maintained throughout data
collection and analysis.

3. Results

Table 1 illustrates the demographics and baseline
characteristics of patients. During the study period, 350
eyes of 335 patients were treated with PK. Among these,
153 patients (45.7%) were women and 182 (54.3%) were
men. The age of the patients was 15 days to 82 years, with
a mean of 39.6 years. The mean age of the 15 patients
less than 4 years old was 6 months. The average length of
follow-up was 10.5 months (range 4-28).

Table 1: Demographic and Baseline Characteristics

Parameter

Value Distribution

Total number of cases/eyes

335 cases - 350 eyes

Gender

Women 153 (45.67%), Men 182 (54.33%)

Average age

39.6 years old (between 15 days and 82 years old)

Average follow-up period is months.

10.5 months (4-28)

Average donor age

32.5422 years (3.5-67)

Donor procurement time

2.2 + 1.2 hours (15 minutes - 8 hours)

Donor transplant time

30424 hours (0.5-120)

Type of Anaesthesia

Local 297 (85%) - General 53 (15%)

The most frequent indications were keratoconus
(63 eyes, 18.0%), regrafts (50 eyes, 14.3%) and
pseudophakic bullous keratopathy (37 eyes, 10.6%) as
illustrated in Table 2. Amongst 50 regraft cases, 34 were
due to immunological or non-immunological rejection
of the graft and 16 were due to primary donor failure. In
37 pseudophakic bullous keratopathy cases, five had had
previous IOLens removal.

Table 3 exhibits preoperative comorbidities,
where additional pathologies were most commonly
vascularisation (117 eyes, 33.4%). From these, 45 eyes had
superficial or deep vascularisation in one or two quadrants,
while 62 eyes had involvement in three or four quadrants.
51(14.6%) had glaucoma (medically/surgically controlled)
while 32 eyes (9.1%) had cataract.

Table 4 suggests that, in a subpopulation, surgery

was performed in combination with other surgeries as part
of PK. Most frequently performed combined procedure
was anterior vitrectomy (44 eyes, 12.6%), anterior segment
reconstruction through synechiolysis (38 eyes, 10.9%) and
secondary IOL implantation for aphakic eyes (38 eyes,
10.9%).

Table 5 summarises postoperative complications,
where graft rejection was diagnosed in 44 eyes (12.6%)
with 15 (34.1%) of the rejection episodes leading to
failure despite medical treatment. In 4 eyes (1.1%),
an endophthalmitis developed, 3 of which required
enucleation and developed into phthisis.

Table 6 indicates that the preoperative visual
acuity had been determined in 300 healthy children which
is 320 eyes (15 children had an age of less than 4 years,
9 had poor records and 6 were unable to cooperate). A
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Table 2: Indications for penetrating keratoplasty (N=350 eyes)

Order | Diagnosis Number %
1 Keratoconus 63 18
2 Reggraft 50 14.28
3 Pseudophak bullous keratopathy 37 10.57
4 Interstisiel keratit 33 9.43
5 Travmatik scar 31 8.86
6 Viral keratitler 31 8.86
7 Afakik biilloz keratopati 30 8.57
8 Corneal ulcer 15 4.29
9 Congenital opacity 15 4.29
10 Corneal dystrophy 13 3.71
11 Kimyasal yanik 12 3.43
12 Degenerations 9 2.57
13 Others 6 1.71
14 Graft abscess 3 0.85
15 Fuch's Dystrophy 2 0.58
Total 350 100%

Table 3: Preoperative comorbidities (N=350 eyes)

Pathology Number %
Vascularization 117 33.42
Glaucoma 51 14.57
Cataract 32 9.14
Perforation 8 2.28
Uveitis 6 1.71
Ocular surface pathology 6 1.71

Table 4: Combined procedures performed with PK (N=350 eyes)

Surgical Intervention Number %
Anterior vitrectomy 44 12.57
synechiolysis 38 10.85
Secondary IOL implantation 38 10.85
EKKE + IOL implantation 32 9.14
IOL replacement 4 1.14
Trabeculectomy 1 0.28

1IOL = intraocular lens, ECCE = extracapsular cataract extraction
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Table 5: Postoperative complications (N=350 eyes)

Complication Number %
Graft failure 46 13,14
Graft rejection 44 12.57
Cystoid mucosal edema 13 3.71
Cataract 13 3.71
Glaucoma 10 2.85
Endophthalmitis 4 1.14
Graft abscess 3 0.85
Holes in the macula 2 0.57
Retinal detachment 2 0.57

Table 6: Preoperative best-corrected visual acuity (N=320 eyes)

Visual acuity LogMAR equivalent* | Preoperative (N=320) [ Postoperative (N=304)

LPP (light perception projection) |3 70 (21.9%) 7 (2.3%)

HM (hand motion) 23 93 (29.1%) 36 (11.8%)

FC (finger counting) 1.9 115 (35.9%) 56 (18.4%)

0.1-0.2 1.0-0.7 31 (9.7%) 76 (25.0%)

0.3-0.4 0.52-0.4 11 (3.4%) 42 (13.8%)

>0.5 <0.3 0 (0%) 87 (28.6%)

Total 320 (100%) 304 (100%)

Table 7: Preoperative and postoperative best-corrected visual acuity

Visual Acuity | LogMAR Previous After that, Z-Score P-value Result (Bonferroni )
(Definition/ Equivalent | N=320 n (%) | N=304 n (%)
Decimal)
LPP 3 22.36 2.3 7.93 <0.0001 Significant decrease
HM 2.3 28.89 11.84 5.37 <0.0001 Significant decrease
FC 1.9 35.72 18.42 4.89 <0.0001 Significant decrease
0.1-0.2 1.0-0.7 9.62 25 -5.13 <0.0001 Significant increase
0.3-0.4 0.52-0.4 341 13.82 -4.61 <0.0001 Significant increase
0.5 or better <0.3 0 28.62 -10.63 <0.0001 Significant increase

total of 304 eyes (with 3 excluded for enucleation and 13
excluded because they were lost to follow-up) provided
postoperative visual acuity at final follow-up.

Table 7 illustrates the pre and postoperative
visual acuity with their statistical comparison. The
BCVA categorisation pre- and post-operatively showed
a statistically significant improvement overall (Wilcoxon
signed-rank test, p<0.0001). The proportion of eyes in
each of the three lowest vision categories (LPP, HM,

FC) decreased significantly and the proportion in each
of the three higher vision categories (0.1-0.2, 0.3-0.4,
>0.5) increased significantly, as confirmed by pairwise
comparisons with Bonferroni correction (p<0.0083).

4. Discussion

In the last 20 years, the field of corneal transplant
surgery has undergone significant change (Matthaei et
al., 2017; Singh et al., 2019). Lamellar surgery has been
increasingly used for more indications and has gradually
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replaced penetrating keratoplasty (Sun et al., 2019).
The study comprising 7130 corneal transplants from
high volume tertiary centres suggested PK has dropped
from 95% of total transplants in 2004 to 11% in 2023,
whereas DMEK has risen from 48% to 82% during the
same time period (Bastakis & Thill, 2025). This shift has
been fueled by an increasing amount of data indicating
that lamellar surgery provides significant benefits with
regard to endothelial preservation, immunologic rejection,
visual rehabilitation, and postoperative complications
(including glaucoma) (Shams et al., 2022). However, the
contemporary literature states that PK is not unnecessary,
but rather the indications have been restricted to high-risk,
complex or full thickness corneal diseases where lamellar
dissection is technically unsafe or contraindicated (Alio et
al., 2024; Shemiakin & Arzhimatova, 2025).

Long-term outcomes of PK and DALK showed that
these procedures led to very high 20-year graft survival
rates of > 95%, and there was no statistically significant
difference between the two techniques in final VA
outcomes (Arundhati et al., 2021). Aldebasi et al. (2024)
found that the cumulative incidence of postoperative
ocular hypertension requiring treatment and endothelial
cell loss rates were significantly higher after PK than after
DALK, which were about twice the incidence of DALK.
The importance of these findings in relation to the present
results is significant as the graft success rate was 96.8% for
keratoconus patients in this Turkish group of 1994-1996,
which is similar to the PK graft success rates in recent years
(Dugan & Mian, 2022). The reason for this is that modern
patients may enjoy the same visual outcome with fewer
long-term complications from glaucoma and endothelial
decompensation when using DALK.

Pseudophakic bullous keratopathy (PBK) was the third
most frequent indication in this series (10.6%). As per
Baliker et al. (2024), DMEK has been shown to produce
significantly better visual outcomes at final follow-up, with
30.8% of eyes in the DMEK group having a BCVA of 0.3
or better versus 2.7% of eyes in the PK group. However,
it was noted that the first-year graft survival rate was
lower for the DMEK group than for the PK group (61.5%
versus 92.1%), indicating the shallower learning curve
and different complication rate of endothelial techniques
(Baliker et al., 2024). A large Indian registry study also
showed that both DSEK and DMEK surgical procedures
improved vision by 0.7 LogMAR units, with41% of DMEK
surgeries improving to 6/18 or better (Basak et al., 2018).
The rate of clear graft in pseudophakic bullous keratopathy

among the patients of the present study (87.4%) was good,
but would now yield better visual results with endothelial
keratoplasty, with a caveat that the rate of early graft failure
and postoperative glaucoma with these newer procedures
is higher.

As found in the present study, graft rejection and failure
are the main challenges to successful PK, with 12.6% of
grafts rejecting and 13.1% failing. These rates are within
the range of those reported in the recent literature, about
10-30% in uncomplicated PK, and are much higher in
high-risk recipients (Doroodgar et al., 2023; Jabbehdari et
al., 2017). The study by Shalaby et al. (2025) found that
previous keratoplasty, neovascularisation of two or more
quadrants of the cornea and graft inflammation during
surgery are major risk factors for graft failure. There was
a significant level of vascularisation (33.4%) and regrafts
(14.3%) in the present cohort, thus putting a significant
number of patients in high-risk category. As per Qedair
et al. (2025), topical calcineurin inhibitors (TCls), and
in particular tacrolimus, decrease the risk of graft failure
by 75% in high-risk patients on PKs when compared to
steroids alone. The findings are important to consider when
interpreting historical cohorts that have received protocols
of only topical steroids and in a very limited number of
high-risk patients’ systemic cyclosporine, which has since
been optimised.

The present results are consistent with the changing
evidence of keratoplasty over the past several years in
various series. In contrast, Fuchs endothelial dystrophy has
become the most prevalent indication in many high-income
countries, decreasing from 24% to 72% of all transplants
from 2004 to 2023, while contact lens fitting and corneal
crosslinking have led to a decrease in keratoconus cases,
from 25% to 4% during that same time period (Niazi et
al., 2024). The current group of 1994-1996, on the other
hand, represents an earlier time period when keratoconus
continued to be the most common indication, regrafts
were already common (14.3%), and bullous keratopathies,
both pseudophakic and aphakic (combined 19.1%), were
becoming significant indications. Notably, a few cases of
Fuchs dystrophy (2, 0.6%) were observed in this series and
were not typical of the contemporary Western European
and North American series in which this condition is more
common (Soh et al., 2020), as there was a relatively higher
incidence of infectious, traumatic and vascularised corneal
conditions in the patients treated at this Turkish tertiary
centre.
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5. Conclusion

The study investigating historical groups proves
that penetrating keratoplasty was effective in the treatment
of corneal blindness in the pre-lamellar age, especially
in keratoconus. The high incidence of graft rejection and
failure, particularly in vascularized and regrafted cases,
however, indicated the biological constraints of full-
thickness allotransplantation. In modern practice, the use
of lamellar techniques should be considered for elective
indications when technically possible. However, in more
complicated and full thickness corneal disease, PK is an
essential tool, and progressive surgeons need to be well
versed in this classic surgery.

6. Strengths and Limitations

One of the strengths of the study is that it
considered a reasonable sample of 350 eyes from a single
tertiary centre with standard surgical and postoperative
procedures, offering a robust historical data set in a
Turkish population in the pre-lamellar era. All consecutive
cases were captured to reduce selection biases and
indications, co-morbidities, combined procedures and
complications were systematically recorded, allowing
for comprehensive outcome assessment. However, the
method was retrospective, leaving the exclusivity aspect.
The average follow-up period was 10.5 months which
is a relatively short time to evaluate late graft failure,
chronic endothelial attrition, or delayed onset glaucoma.
Visual acuity was obtained in clinical categories instead
of standardised LogMAR testing and measurement of
endothelial cell density was lacking to assess subclinical
graft deterioration.
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