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Accepted / - 20/12/2025 Background: The aim is to evaluate graft survival, visual outcomes, and the
key prognostic factors influencing graft clarity following penetrating

Corresponding Author: keratoplasty (PK) across common corneal pathologies.

Materials and Methods: This prospective study included 30 eyes that
underwent PK for indications such as corneal opacity, healed keratitis,
dystrophies, keratoconus, and prior graft failure. Donor characteristics (age,
endothelial clarity, death-to-enucleation interval), host factors (corneal
vascularisation, etiology), graft size, suturing technique, and postoperative
complications were recorded. Graft clarity and visual acuity outcomes were
assessed at 1, 3, and 6 months postoperatively.

Results: At 6 months, 50% of grafts were clear, 30% were hazy, and 20% were
opaque. Donor age between 11-20 years yielded the best results, with all grafts
remaining clear. Shorter death-to-enucleation intervals and graft sizes between
7-7.5 mm were associated with superior clarity. Postoperative complications
included suture-related issues (45%), epithelial defects (40%), graft
vascularisation (37%), and secondary glaucoma (17%). Among eyes with clear
grafts, 43% achieved an improvement of two or more Snellen lines.
Conclusion: Penetrating keratoplasty continues to provide meaningful visual
rehabilitation for advanced corneal disease. Donor age, preservation intervals,
graft size, and early detection and management of postoperative complications
play critical roles in determining graft survival and visual outcomes.
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INTRODUCTION

Corneal blindness remains one of the leading causes
of visual impairment worldwide, particularly in
developing countries where infectious keratitis,
trauma, and corneal scarring are common.!]
Penetrating keratoplasty (PK) continues to be the
most frequently performed corneal transplantation
procedure for full-thickness corneal disease, despite
the growing global shift toward lamellar keratoplasty
techniques.>3 PK remains indispensable in settings
where stromal scarring, advanced keratoconus,
corneal dystrophies, and untreated infectious keratitis
are prevalent.[*]

Graft survival after PK is influenced by multiple host,
donor, and surgical factors. Host vascularisation,
prior inflammation, and etiology of corneal opacity
significantly affect postoperative outcomes.> Donor-

related variables such as age, endothelial cell quality,
and death-to-preservation interval also play
important roles, as demonstrated in large multicentre
corneal  transplant  studies.*7l  Furthermore,
postoperative factors such as suture-related issues,
epithelial defects, and secondary glaucoma are well-
established contributors to graft failure.®]

In India, healed infectious keratitis and post-
inflammatory scars constitute major indications for
PK, and these eyes often present with vascularised
and high-risk beds, resulting in variable outcomes
compared with low-risk indications such as
keratoconus.™!% Given these challenges, evaluating
prognostic factors specific to Indian clinical settings
remains essential.

The purpose of this study is to assess graft clarity,
visual outcomes, and the influence of donor, host, and
postoperative factors on graft survival following
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penetrating keratoplasty in a tertiary care centre in
South India.

This prospective, hospital-based clinical study was
conducted in the Department of Ophthalmology at a
tertiary care centre in South India from January 2025
to June 2025. The study adhered to the Declaration of
Helsinki and received approval from the Institutional
Ethics Committee. Written informed consent was
obtained from all participants.

MATERIALS AND METHODS

Study Population

Inclusion Criteria

Patients were eligible if they required full-thickness

corneal transplantation for:

*  Corneal opacity or scarring

*  Healed infectious keratitis

»  Keratoconus

*  Corneal dystrophies

*  Failed grafts requiring regrafting

These indications reflect standard criteria for PK in

clinical practice.l>¥

Exclusion Criteria

*  Active infectious keratitis

*  Uncontrolled glaucoma

*  Severe ocular surface disease

*  Eyes with no visual potential

These criteria align with accepted contraindications

for corneal transplantation.!'!]

Preoperative Evaluation

All patients underwent:

*  Uncorrected and best-corrected visual acuity
(UCVA, BCVA)

*  Slit-lamp biomicroscopy

*  Assessment of corneal vascularisation

e Tonometry (Goldmann applanation)

e B-scan ultrasonography where the posterior
segment was not visible

Preoperative evaluation methods followed standard

corneal transplantation protocols.!?!

Donor Tissue Assessment: Donor corneas were

retrieved and evaluated according to Eye Bank

Association of India (EBAI) standards and

international tissue banking guidelines.[!>!4]

Parameters assessed:

»  Donor age

*  Cause of death

*  Endothelial clarity using
biomicroscopy

*  Death-to-enucleation interval

*  Enucleation-to-transplantation interval

* Corneal storage in McCarey—Kaufman (MK)
medium at 2—-8°C

Younger donor age and shorter preservation intervals

are known predictors of better endothelial

survival.[67]

Surgical Procedure: All PK surgeries were

performed by the same experienced surgeon under

peribulbar or general anesthesia.

slit-lamp

Surgical steps:

* Recipient trephination using 6.5-7.5 mm
trephines

*  Donor cornea punched 0.25-0.5 mm larger than
host bed

»  Full-thickness trephination and graft placement

*  Suturing using either:

— 16 interrupted 10-0 nylon sutures, OR

— Combined 8 interrupted + 12-bite continuous

running sutures, following established microsurgical

techniques!!

*  Anterior chamber reformation using balanced
salt solution

*  Subconjunctival injection of dexamethasone (4
mg/mL) and gentamicin (20 mg/mL) at the end
of surgery

Postoperative Medication

»  Topical prednisolone acetate 1%, 6—8 times/day
tapered over 6—12 weeks

» Topical moxifloxacin 0.5%, 4 times/day for 2
weeks

»  Cyclopentolate 1%, 2-3 times/day for 1 week

* Antiglaucoma medications when necessary
(timolol 0.5% twice daily)

This regimen follows American Academy of

Ophthalmology (AAO) guidelines.['®]

Follow-up and Outcome Measures

Follow-up was done at:

* Dayl

e Week1
e Month 1
* Month 3
* Month 6

At each visit, the following were evaluated:

*  Graft clarity (clear, hazy, opaque)

+ BCVA

*  Suture-related complications

»  Epithelial defect

*  Vascularisation

*  Rejection episodes

* Intraocular pressure

Graft clarity definitions followed internationally

accepted standards.[”]

Statistical Analysis: Data were analyzed using IBM

SPSS Statistics for Windows, Version 26.0 (IBM

Corp., Armonk, NY, USA)

* Categorical variables were expressed as
frequencies and percentages.

*  Continuous variables were expressed as mean =+
SD.

* Associations between donor/host factors and
graft clarity were assessed using chi-square test
or Fisher’s exact test where applicable.

* A P value <0.05 was considered statistically
significant.

RESULTS

A total of 30 eyes of 30 patients underwent
penetrating keratoplasty. The mean age was 45 + 12
years, with 18 males (60%) and 12 females (40%),
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comparable to demographic patterns reported in
Indian keratoplasty cohorts.[!%]

Indications for Penetrating Keratoplasty

The most common indication was healed keratitis
(40%), followed by corneal opacity (33%),
keratoconus (13%), corneal dystrophies (7%), and
failed grafts (7%). Healed infectious keratitis is a
well-documented major indication for PK in South
Asian populations.'®!] Eyes with healed keratitis
showed higher preoperative vascularisation, a finding
consistent with high-risk host bed characteristics
described in previous studies.!

Donor and Surgical Parameters: Donor age ranged
from 10-65 years.Tissues from donors aged 11-20

years demonstrated the best clarity, with 100% clear
grafts at final follow-up. The beneficial effect of
younger donor age on endothelial survival is well
supported by the Cornea Donor Study.[®! A death-to-
enucleation interval <6 hours was associated with
better graft clarity, in agreement with evidence that
shorter retrieval intervals reduce endothelial loss.[-14
Graft sizes between 7.0-7.5 mm showed superior
clarity (80%), whereas larger grafts had a higher
tendency for postoperative vascularisation. Larger

graft sizes are known to carry increased immunologic
risk.2%

Table 1: Donor age and graft clarity- 100 % of grafts remained clear in the age group of 20 years followed by 60% in
the age group of 21 -40 years followed by 50% in age group 41 to 50 but only 40% of graft were clear when the donor

age was more than 60 years.

Age in years No of donors Total % | Clear No. % Hazy No. % Opaque No. %
1-10 - - - - - - - -
11-20 3 10 3 100 - - -
21-30 5 17 3 60 1 40 1 20
31-40 5 17 3 60 1 40 1 10
41-50 3 10 2 66 1 33

51-60 4 13 1 25 2 50 1 25
>60 10 33 4 40 3 30 3 30
Total 30 100 15 50 9 30 6 20

Table 2: Recipient age and graft clarity- maximum no. of recipientswas from the age > 60 years. In the age group of 11
to 20years, 67% of grafts were clear, followed by 80% in the age group of 21 to 40 years. Maximum no. of graft hazy
50% and opacity 50% was seen in age groups more than 1 to 10 years. Followed by maximum no. of hazy and opaque

raft in age group > 60 years.

Age in years | Total no No. % Clear No. % Hazy No. % Opaque No. %
1-10 2 7 - 1 50 1 50
11 -20 3 10 2 67 1 33 - -
21-40 5 20 4 80 1 20 - -
41-50 5 16 3 60 1 20 1 20
51-60 5 17 3 60 1 20 1 20
>60 10 33 3 30 4 40 3 30
Total 30 100 15 50 9 30 6 20

Table 3: Graft size and graft clarity- As evident from this table 80% grafts were clear when graft size is 7 mm . the
graft clarity from 7.5 mm and 8 mm were 70 % and 50 % respectively, 67 % graft opaque 8.5 mm graft and 49%

rafts were opaque when the graft size was > 8.5 mm.

Size of graft (in mm) No of cases No. % Clear No. % Hazy No. % Opaque No. %
<7 2 7 1 50 1 50 -- -

7 5 17 4 80 1 20 - -
7.5 10 33 7 70 1 10 2 20
8 4 13 2 50 2 50

8.5 3 10 - - 2 67 1 33
>8.5 6 20 1 16 2 33 3 49

Postoperative Complications

The most common complications seen were:
*  Suture-related problems (45%)

*  Epithelial defects (40%)

e QGraft vascularisation (37%)

*  Secondary glaucoma (17%)

*  Rejection episodes (10%)

These complication rates are comparable to those
reported in previous PK outcome studies evaluating
similar high-risk populations.®*!7]

Most complications occurred within the first 6—8
weeks, consistent with the critical early postoperative
period described in literature.!'"’

Table 4: postoperative complications

Post Operative Complication Total

No %
Stitch abscess 14 45%
Epithelial ulcer 12 40%
Vascularisation cornea 11 37%
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Corneal infiltration 9 30%
Graft rejection 6 20%
Secondary glaucoma 5 17%
Anterior synechie 3 10%
Wound dehiscence 3 10%
Graft ectasia 2 7%
Corneal abscess 1 3%
Retro corneal membrane 1 3%
Iris prolapsed 1 3%
No complication 4 13%

Graft Survival and Clarity

At 6 months:

*  50% of grafts remained clear

*  30% were hazy

*  20% were opaque

Graft clarity was highest in keratoconus and lowest
in eyes with preoperative vascularisation, an
association frequently reported as a major predictor
of graft failure.>!®)

Visual Outcomes: Among clear grafts, 43%
achieved >2-line improvement in visual acuity, while
33% maintained stable vision.The degree of visual
recovery is comparable to ecarlier PK series that
demonstrated meaningful improvement in clear
grafts.® Eyes with vascularisation or persistent
epithelial defects showed poorer recovery, as these
are known risk factors for graft decompensation and
optical failure.>]

Table 5: Pre and postoperative visual outcome - Preoperative Perception of light (PL) to Hand movement (HM) vision
was seen in 22 eyes; 68% showed improvement to Finger counting (FC), face-counting(Fc), or 6/60—6/36 levels. Among
seven FC eyes, four improved, two remained unchanged, and one deteriorated, with one eye achieving >6/24 vision.

Preoperative visual acuity Postoperative visual acuity

Visual Acuity No of cases | PL to HM F.C Fc > 3 feet 6/60 6/36 >6/24

PL to HM 22 7 7 5 2 1

F.C 7 1 2 2 1 1

6/60 1 - - - - - 1
DISCUSSION vascularisation demonstrated poorer survival and

The present study highlights several important
determinants of graft clarity and visual outcome
following penetrating keratoplasty (PK), particularly
the influence of donor age, preservation intervals,
graft size, and postoperative complications. The
finding that donor age between 11-20 years yielded
the highest graft clarity aligns strongly with the
Cornea Donor Study, which demonstrated that
younger donor age is associated with superior
endothelial survival and lower long-term failure
rates.[! This reinforces the importance of targeted
donor selection in settings where tissue availability is
limited.

The association between shorter death-to-enucleation
intervals and improved graft clarity is consistent with
earlier reports showing that reduced preservation
time decreases endothelial cell loss and enhances
graft survival.>!®! This is particularly relevant for
Indian eye banks, where logistical delays in retrieval
and transport continue to pose challenges. Efficient
coordination between retrieval centres and transplant
units may therefore directly improve surgical
outcomes.

The predominance of postoperative complications
such as suture-related issues, epithelial defects,
vascularisation, and secondary glaucoma mirrors
patterns observed in previous PK studies performed
in high-risk populations. 221 Corneal
vascularisation remains a critical risk factor for graft
failure due to its role in promoting alloimmune
sensitisation and rejection.’ Our study confirms this
relationship, as eyes with extensive preoperative

reduced clarity.

In contrast, eyes with keratoconus exhibited
favourable clarity and visual outcomes, consistent
with global evidence identifying keratoconus as a
low-risk indication for PK due to the absence of
inflammation or vascularisation.*! This differential
prognosis underscores the need to stratify grafts by
risk profile when counselling patients.

Visual outcomes in our series demonstrated that
nearly half of the eyes with clear grafts achieved >2-
line improvement, which is comparable to other
regional reports.'?’! However, outcomes were poorer
in eyes with persistently hazy grafts, postoperative
vascularisation, or uncontrolled intraocular pressure,
highlighting the essential role of postoperative
monitoring and timely intervention.

The strengths of this study include its prospective
design and uniform surgical technique performed by
a single surgeon, which minimizes variability.
Nonetheless, limitations include a relatively small
sample size, short follow-up duration, and lack of
multivariate analysis to identify independent
predictors of graft failure. Future research with
longer follow-up, endothelial cell count assessment,
and comparative analysis of various keratoplasty
techniques (e.g., Deep anterior lamellar keratoplasty
(DALK) vs PK) would provide deeper insights.
Overall, this study reinforces that PK remains an
effective procedure for visual rehabilitation, but
outcomes depend heavily on optimizing donor
parameters, reducing preservation delays, controlling
postoperative  inflammation, and  managing
complications promptly.
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CONCLUSION

Penetrating keratoplasty remains an effective
surgical option for visual rehabilitation in advanced
corneal disease. The present study demonstrates that
graft outcomes are strongly influenced by donor age,
preservation intervals, graft size, preoperative
vascularisation, and early postoperative
complications. Younger donor tissue and shorter
death-to-enucleation intervals are associated with
better graft clarity, while vascularised and high-risk

host beds experience poorer survival. Early
recognition and management of postoperative
complications  significantly = improve  visual

outcomes. Optimizing donor selection, strengthening
eye-bank coordination, and ensuring meticulous
postoperative care can substantially enhance graft
survival in clinical practice.
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