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Purpose: To report the incidence, indications, and clinical outcomes of repeat deep anterior lamellar keratoplasty (DALK) in
keratoconus patients.

Methods: Case series.

Results: This retrospective study included all repeat DALK procedures for keratoconus performed at King Khaled Eye Specialist
Hospital (KKESH) between 2016 and 2024. Patient demographics, surgical techniques, complications, and outcomes were analyzed.
Among 2136 primary DALK procedures, only 0.66% (14 eyes) required repeat keratoplasty. The mean age at the time of repeat DALK
was 32 and the mean follow-up duration was 30 months. Indications included lipid keratopathy (28.6%), persistent epithelial defect
with severe immune reaction (14.3%), high irregular astigmatism (14.3%), and stromal scarring (7.1%). Graft exchange alone was
sufficient in most cases (64%), while larger trephination and further dissection (22%) were performed for stromal scars or host rim
ectasia. Postoperative complications (43%) included loose sutures (36%), elevated intraocular pressure (7%), and cataract formation
(7%). The overall graft survival rate was 93%, with one failure due to poor compliance with postoperative steroids and follow-ups.
Visual recovery was favorable, with 57% achieving 20/40 or better.

Conclusion: Repeat DALK is a safe and effective alternative to penetrating keratoplasty (PK) for failed primary DALK, offering high
graft survival and favorable visual outcomes while minimizing immune-related complications. Postoperative adherence and timely
steroid management are critical for optimizing success. Further studies comparing repeat DALK and repeat PK are needed to assess
long-term endothelial health and visual stability.
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Introduction
Over the last decade, deep anterior lamellar keratoplasty (DALK) have gained popularity and been accepted as the
preferred treatment modality for patients with keratoconus. Although the refractive and visual outcomes of DALK and
penetrating keratoplasty (PK) for the treatment of keratoconus are reported to be similar,’ compared to PK, DALK has
the advantage of maintaining the structural integrity of the eye, lowering the risk of wound dehiscence in the occurrence
of trauma, also, the ability to discontinue topical steroid at an earlier stage compared to PK has ultimately reduced the
risk of steroid-induced glaucoma and cataract progression.” * Most importantly, performing DALK eliminates the risk of
endothelial rejection which is one of the most dreaded complication following PK.> Due to the higher reported
complications associated with PK, a study has also proven that although DALK is a more expensive procedure, the
overall incremental cost of management was lower for DALK, making it a more cost effective procedure for patients.’
Thus far, most of the published literature has focused on the outcomes of primary keratoplasty, and little data exist on
the outcomes of repeat keratoplasty. Few studies have reported the outcomes of repeat penetrating keratoplasty in patients
with primary diagnosis of corneal ectasia and it was confirmed that the overall prognosis for was excellent, however, the

rate of rejection following re-PKP was found to be high (75%), necessitating closer follow-up.®’ However, to the best of
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our knowledge, this is the largest case series reporting the outcomes of repeat deep anterior lamellar keratoplasty in
Keratoconus patients. This study aims to assess the incidence, patient demographics, causes of graft failure and clinical
outcomes of repeat DALK in keratoconus patients.

Methods

This retrospective study included all repeat DALK procedures for keratoconus performed at King Khaled Eye Specialist
Hospital (KKESH) between 2016 and 2024. Patient demographics, surgical techniques, complications, and outcomes
were analyzed.

Eyes with a primary diagnosis other than keratoconus and patients with ocular comorbidities such as glaucoma,
uveitis, cataract, or other conditions that could affect surgical outcomes were excluded.

The decision between performing a graft exchange alone versus further stromal dissection was guided by intraopera-
tive assessment of the host bed. If the recipient stromal bed appeared smooth and regular without residual scarring, graft
exchange was performed without additional dissection. In contrast, further stromal dissection was undertaken when the
host bed showed surface irregularity or residual stromal scarring, to improve graft-host interface quality. All surgeries
were performed by experienced corneal surgeons. A standardized postoperative regimen was applied to all patients,
including topical corticosteroids tapered over 9 months and prophylactic topical antibiotics for 2 weeks.

Patient demographics, clinical characteristics, surgical details, and postoperative outcomes were collected from
medical records. Data included baseline characteristics such as age, sex, laterality, and preoperative best-corrected visual
acuity (BCVA), along with indications for repeat DALK, donor characteristics, intraoperative details, and postoperative
complications.

The primary outcome measure was final BCVA following repeat DALK. Secondary outcome measures included the
incidence of repeat DALK in keratoconus patients within the study period, indications for repeat DALK, second graft
survival, and postoperative complication rates. Graft survival was defined as the presence of a clear graft at the last
follow-up visit.

Descriptive statistics were used to summarize patient demographics and clinical characteristics. The incidence of
repeat DALK was calculated as a proportion of total keratoplasties performed for keratoconus during the study period.
Graft survival was reported as the percentage of grafts remaining clear at the last follow-up. A paired #-test was used to
compare pre and postoperative BCVA and keratometry readings. Statistical significance was set at P < 0.05.

Informed consent was obtained from all patients including consent for publication of their clinical details. The study
adhered to the tenets of the Declaration of Helsinki and was approved by the Institutional Research Board of King
Khaled Eye Specialist Hospital (KKESH, RP 23039-R).

Results
This study included 14 eyes from 14 patients with keratoconus who underwent repeat deep lamellar keratoplasty (DALK)
at King Khaled Eye Specialist Hospital (KKESH) between 2016 and 2024. During this period, a total of 2136 DALKSs
were performed for keratoconus, with an incidence of repeat DALK of 0.66%. Details of the eyes included in this study
is shown in Table 1.

The indications for repeat grafting varied among patients. High irregular astigmatism was the cause in two eyes
(n = 2, 14.3%), while lipid keratopathy secondary to corneal neovascularization was identified in four eyes (n = 4,
28.6%). Two eyes had persistent epithelial defects with severe immune reactions to sutures (n = 2, 14.3%). One eye had
poor graft quality with stromal scarring (n = 1, 7.1%), and another was found intraoperatively to have a donor cornea
with a Laser-assisted in situ keratomileusis (LASIK) flap (n = 1, 7.1%). One eye developed keloid formation following
PRK on the first DALK (n = 1, 7.1%), while another had high irregular astigmatism and a graft scar following trauma
that required graft re-suturing (n = 1, 7.1%). One case had a scarred graft post microbial keratitis (n = 1, 7.1%), and
another developed a stromal scar due to rejection (n = 1, 7.1%).

The mean age at the time of repeat DALK was 32 + 8.7 years. The majority of patients were male (n =9, 64%), and
all were medically free. A history of vernal keratoconjunctivitis (VKC) was present in 36% of eyes (n = 5).
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Table | Characteristics of Eyes with Repeated Lamellar Keratoplasty

# | Agel Eye | VKC | Time to Cause of Failure Surgical Technique | Surgical Technique | Pre-op | Final Post-op FU 2nd Graft
Gender Failure of Ist Graft of 2nd Graft BCVA BCVA | Complications | Duration Outcome
(Months) (Months)
| 21/F OS | No 3 Scarred graft, ?poor graft Manual dissection Further dissection 20/80 20/25 None 83.4 Survived
quality
2 36/F OS | No 31 High irregular astigmatism | Big bubble Graft exchange 20/400 20/50 None 724 Survived
3 18/M OD | Yes 3.5 PED, severe immune Manual dissection Graft exchange 20/160 20/30 High IOP, loose 70.3 Survived
reaction sutures
4 35/F OD | No 46 High irregular astigmatism | Manual dissection Graft exchange 20/50 20/200 | Cataract 35 Survived
and graft haze, post trauma
5 29/F OD | No 120 Lipid keratopathy Manual dissection Further dissection 20/40 2/200 Vascularization, 18 Failed
loose sutures
6 32/M OS | No 72 Scarred graft due to MK Manual dissection Graft exchange 20/70 20/30 None 25 Survived
7 | 52/IM OD | No 209 Lipid keratopathy Manual dissection Larger trephine and 20/50 20/30 None 25.4 Survived
further dissection
8 37/M OD | Yes 15 Lipid keratopathy Manual dissection Graft exchange 20/125 20/40 Loose sutures 16.6 Survived
9 36/M OD | No 52 Keloid formation post PRK | Big bubble Graft exchange 20/160 20/30 None 14.4 Survived
10 | 38/F OD | No 77 Scarred graft due to Manual dissection Graft exchange 20/60 20/30 Loose sutures 13 Survived
stromal rejection
11| 26/M OD | Yes 46 Lipid keratopathy Manual dissection Larger trephine and 20/60 20/40 None 10 Survived
further dissection
12 | 25/M OS | No 2 I'st donor graft with LASIK | Big bubble Graft exchange 20/160 20/50 None 10 Survived
flap
13 | 25/M oS Yes 04 PED, severe immune Manual dissection Graft exchange 20/100 20/60 Loose sutures 7.6 Survived
reaction
14 | 38/M OD | Yes 172 High irregular astigmatism | Manual dissection Larger trephine and 20/50 20/50 None 16.5 Survived
further dissection

Abbreviations: M, male; F, female; OD, right eye; OS, left eye; VKC, vernal keratoconjunctivitis; Pre-op, preoperative; Post-op, postoperative; PED, persistent epithelial defect; MK, microbial keratitis; PRK, photorefractive keratectomy;
LASIK, Laser-assisted in situ keratomileusis; BCVA, best corrected visual acuity.
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The primary DALK was performed using a manual dissection technique in 78.5% of eyes (n = 11), while the big-
bubble technique was used in 21.5% of eyes (n = 3). The mean time to failure of the first LKP was 60.6 £+ 65.34 months.
Postoperative complications following the first DALK included persistent epithelial defect (n = 2, 14%), high intraocular
pressure (n = 2, 14%), corneal neovascularization (n = 4, 28.5%), and loose sutures (n = 4, 28.5%), while 50% of patients
had no reported complications (n = 7).

During the second DALK, the most commonly performed technique was graft exchange alone (n =9, 64%), followed
by larger trephination with further dissection (n = 3, 22%) and further dissection alone (n = 2, 14%). Intraoperative
complications were uncommon, with Descemet membrane perforation occurring in two eyes.

Postoperative complications following the repeat DALK were observed in 43% of eyes (n = 6). The most common
complications were loose sutures (n = 5, 36%), high intraocular pressure (n = 1, 7%), corneal neovascularization (n = 1,
7%), and cataract formation (n = 1, 7%). Subconjunctival Avastin injection was administered in 36% of eyes (n = 5), and
cautery for corneal neovascularization was performed in one eye.

The mean preoperative BCVA was 0.65 + 0.27 logMAR, which improved to 0.43 + 0.42 logMAR postoperatively.
This improvement was found to be not statistically significant (P = 0.1).

At the final follow-up, BCVA improved to 20/40 or better in 57% of eyes (n = 8), while 43% had a final visual acuity
worse than 20/40 (n = 6). The mean postoperative keratometry values were 43.1 + 3.6 D (K1) and 47.1 + 2.4 D (K2),
demonstrating a reduction from preoperative values (46.5 = 9.04 D (K1) and 53.4 = 10 D (K2)). The decrease in K2 was
statistically significant (P = 0.03), while the change in K1 did not reach statistical significance (P = 0.1), based on paired
t-test analysis.

The overall success rate of repeat DALK was 93% (n = 13), with failure occurring in 1 eye only at a mean of 5.7
months postoperatively. Subsequent surgical interventions were required in 14% of cases (n = 5), including re-suturing
(two eyes), amniotic membrane transplantation (one eye), cataract surgery (one case), and deep sclerectomy (one eye).
The mean follow-up duration after the second DALK was 29.8 + 25.8 months.

Discussion

As DALK continues to gain widespread acceptance as the preferred surgical approach for keratoconus,” the management
of failed DALK cases has become an important clinical challenge. While PK has traditionally been the standard option
for regrafting, repeat DALK has emerged as a viable alternative, offering the advantage of endothelial preservation and
reducing the long-term risk of endothelial failure. However, despite these advantages, there is limited literature on the
outcomes of repeat DALK, particularly in keratoconus patients.®® This study represents the largest series to date
investigating the outcomes of repeat DALK in keratoconus, demonstrating a high graft survival rate (93%), favorable
visual outcomes, and a low risk of rejection.

Our study found that out of 2136 DALK procedures performed for keratoconus at KKESH between 2016 and 2024, only
0.66% required repeat keratoplasty, which is significantly lower than previously reported failure rates for DALK and more
than 12 times lower than the 8% failure rate observed after PK in keratoconus.’ The need for regrafting in our series arose from
a variety of indications, reflecting the complex nature of graft failure mechanisms. Lipid keratopathy was the most common
cause (28.6%), followed by persistent epithelial defect with severe immune reaction to sutures (14.3%) and high irregular
astigmatism (14.3%). Other causes included poor graft quality, trauma-related complications, and microbial keratitis, each
accounting for 7.1% of cases. These findings suggest that while primary DALK failure is uncommon, it can occur due to
diverse and sometimes unexpected factors, necessitating individualized surgical approaches.

Among the cases in this study, one patient developed stromal scarring in the first graft, which was noted immediately
postoperatively and is illustrated in Figure 1. This suggests that poor graft quality or intraoperative factors may have
contributed to early opacification, reinforcing the need for meticulous donor selection and intraoperative assessment.
Additionally, two young male patients, with a known history of vernal VKC, experienced severe conjunctival injection,
persistent epithelial defect, and early stromal opacity soon after their initial DALK surgeries (Figures 2 and 3). These findings
led to their classification as early graft failures, necessitating repeat DALK within 1-3 months. However, before proceeding
with regrafting, both patients were prepped with intensified topical steroid therapy and systemic oral steroids to control the
severe immune response observed postoperatively. The presence of VKC in these cases may have contributed to the
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Figure | Slit-lamp photograph of Patient | who developed stromal scarring in the first graft, which was noted immediately postoperatively after primary DALK. The image
demonstrates temporal stromal opacity.

Figure 2 Slit-lamp photograph of Patient 3, a young male patient, who developed a persistent epithelial defect (PED) and severe immune reaction soon after primary DALK.
The image shows conjunctival injection, persistent epithelial breakdown, and early stromal melt.

Figure 3 Slit-lamp photograph of Patient 13, who similarly presented with severe conjunctival injection, and stromal opacity shortly after primary DALK.
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heightened inflammatory reaction and need for more aggressive perioperative immunosuppression. This pattern of early
postoperative immune reaction aligns with findings from Hos et al'® who described stromal and subepithelial immune
reactions following lamellar keratoplasty. Their study highlights that while DALK eliminates endothelial rejection, it does
not prevent immune responses within the stroma and epithelium, particularly in younger patients with heightened immune
activity. Our experience suggests that aggressive early intervention with intensified steroid therapy may help stabilize high-
risk cases and potentially improve graft survival before considering repeat transplantation.

In our cohort, graft exchange was the most frequently performed surgical approach (64%), followed by larger
trephination with further dissection (22%) and further dissection alone (14%), depending on the specific nature of the
primary graft failure. We found that in most cases, graft exchange alone was sufficient, and we were able to bluntly
detach the failed graft using a Sinskey hook, minimizing trauma to the underlying host tissue. Larger trephination and
further dissection were performed only when residual stromal scarring, uneven dissection, or host rim ectasia was
identified, ensuring a smoother recipient bed for the new graft. Our approach aligns with Scorcia et al''*'* who described
a technique for repeat DALK where the donor lamella was bluntly detached without requiring pneumatic dissection,
allowing for a straightforward graft exchange while preserving the host endothelium. In contrast to their study, which
primarily addressed stromal opacity-related failures, our series included a broader range of failure mechanisms, reinfor-
cing the versatility of graft exchange in managing various complications following primary DALK.

In cases with progressive peripheral corneal neovascularization, subconjunctival Avastin (bevacizumab) was admi-
nistered during the early postoperative period to help suppress vessel growth and support graft clarity. Although its
precise impact could not be conclusively evaluated in our limited sample, previous studies have demonstrated its efficacy
in reducing corneal neovascularization and improving graft survival in high-risk settings.'?

The overall success rate of repeat DALK was 93%, with only one case (7%) experiencing graft failure after a mean of 5.7
months. This failure occurred in a patient with poor compliance to postoperative steroid use and irregular follow-up visits,
highlighting the critical role of adherence to postoperative care. This high survival rate aligns with previous reports suggesting
that repeat DALK, when carefully planned and executed, can achieve comparable outcomes to primary DALK.®® Visual
recovery was favorable, with 57% of eyes achieving a final best spectacle-corrected visual acuity (BCVA) of 20/40 or better.
Only one eye had a final BCVA of 20/200, which was attributed to cataract formation following trauma. Additionally,
postoperative keratometry values demonstrated an improvement in corneal curvature, with K1 decreasing from 46.5 + 9.04
Dto43.1 +£3.6 D and K2 from 53.4+ 10 D to 47.1 £ 2.4 D. These findings confirm that repeat DALK not only restores graft
clarity but also improves corneal shape and refractive outcomes in keratoconus patients.

While postoperative complications were observed in 43% of cases, they were predominantly non-immune in nature.
The most common complication was loose sutures (36%), followed by high intraocular pressure (7%), corneal
neovascularization (7%), and cataract formation (7%). Notably, none of the graft failures were due to rejection,
emphasizing the critical role of proper postoperative care, adherence to immunosuppressive therapy, and patient
education on recognizing early signs of graft failure.

This study supports repeat DALK as the preferred approach for failed primary DALK when the host endothelium
remains viable, offering a graft-preserving alternative to penetrating keratoplasty (PK) while minimizing immune-
mediated complications. The findings highlight the critical role of patient compliance, consistent follow-up, and extended
postoperative steroid use in optimizing graft survival, as underscored by the single case of graft failure due to
noncompliance.

With a high graft survival rate of 93% and favorable visual outcomes, these results reinforce the safety and efficacy of
repeat DALK. Future directions should include prospective or multicenter studies comparing repeat DALK with repeat
PK, as well as long-term monitoring of endothelial cell density and functional visual outcomes. Developing standardized
surgical and postoperative management protocols—including the potential use of adjunctive therapies such as anti-VEGF
agents—may further enhance outcomes in this patient population.

This study is limited by its retrospective design, small sample size, and lack of a control group. Nonetheless, the data
provide a strong foundation for positioning repeat DALK as a viable, tissue-sparing strategy in keratoconus patients

requiring regrafting.
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