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Large‑diameter deep anterior lamellar 
keratoplasty: A narrative review
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Abstract:
Deep anterior lamellar keratoplasty (DALK) involves the selective replacement of diseased corneal 
stroma while preserving healthy unaffected endothelium. While DALK has failed to gain widespread 
popularity, improved visual and refractive outcomes of large‑diameter grafts, which patients directly 
perceive following suture removal, may represent a compelling reason to shift toward DALK. Since 
the unaffected host endothelium is retained, DALK offers the opportunity to use large‑diameter grafts, 
which reliably achieves maximum visual potential without an increased risk of immune‑mediated 
stromal rejection. In this narrative review, we evaluate the current evidence on large‑diameter DALK 
including surgical technique and clinical outcomes.
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Introduction

Despite its established benefits of deep 
anterior lamellar keratoplasty (DALK) 

over penetrating keratoplasty  (DALK), 
DALK has failed to gain popularity 
among corneal surgeons. According to 
the 2022 statistical report of the Eye Bank 
Association of America, penetrating 
keratoplasty  (PK) accounts for 38% of 
all corneal transplantation procedures 
performed, whereas DALK represents 
only <2% of the total.[1] In a recent survey 
of 100 corneal specialists, 89% of surgeons 
reported performing DALK.[2]

The evident discrepancy between the annual 
number of DALK surgeries and the number 
of surgeons who reportedly perform DALK 
underscores the reluctance of corneal 
surgeons to incorporate DALK in routine 
clinical practice.[3] Common misconceptions 
such as the rarity of complications of 
PK, lack of standardization of the DALK 
technique, and limited substantial benefit in 

visual and refractive outcomes have likely 
prevented widespread adoption of DALK.[4] 
Moreover, because the safety advantages of 
DALK, such as the elimination of the risk 
of immune endothelial rejection and lower 
endothelial cell loss, become fully apparent 
only several years after the surgery, many 
surgeons may not find a strong enough 
motivation to overcome the learning curve 
required to perform this procedure.[5]

As in endothelial keratoplasty, which has 
been widely embraced despite its inherent 
technical difficulties, corneal surgeons 
may be more motivated to overcome the 
learning curve of DALK surgery if clinical 
outcomes are significantly better compared 
with that of traditional PK.[6] Consequently, 
it is crucial to take into account the visual 
and refractive results when enhancing the 
DALK technique. Since the unaffected host 
endothelium is retained, DALK confers the 
opportunity to use large‑diameter grafts, 
which reliably achieves maximum visual 
potential without an increased risk of 
immune rejection and graft failure.[7] In this 
narrative review, we evaluate the current 
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evidence on large‑diameter DALK including surgical 
technique and clinical outcomes.

Advantages of Deep Anterior Lamellar 
Keratoplasty over Penetrating Keratoplasty

Currently, there is increasing evidence that refutes 
widely held misconceptions regarding DALK. DALK 
addresses the major safety issues associated with PK. As 
an extraocular procedure, DALK eliminates the risk of 
open‑sky surgery and maintains the tectonic integrity of 
the globe.[8] In addition, DALK does not require long‑term 
topical corticosteroid therapy, which in turn reduces the 
risk of secondary glaucoma.[9] More importantly, DALK 
eliminates the risk of immune endothelial rejection 
and resultant graft failure.[10] Long‑term longitudinal 
studies have demonstrated excellent cumulative survival 
probabilities and higher predicted endothelial cell 
densities after DALK compared with PK.[8‑10]

Despite the fact that larger diameter DALK places grafts 
in closer proximity to the limbal blood vessels, research 
has shown that increasing graft size does not increase 
the risk of corneal neovascularization or immune 
rejection.[11,12] Furthermore, in cases where rejection 
did occur, it was effectively managed through medical 
means. In addition, while larger grafts theoretically 
carry a higher risk of suture‑related complications due to 
faster wound healing near the limbus, both groups in the 
study did not experience issues such as suture loosening 
or breakage. Consequently, because the primary target 
for graft rejection, which is the host endothelium, 
remains intact, DALK offers the possibility of utilizing 
larger grafts without an increased risk of postoperative 
complications.

Standardizing the Technique for 
Large‑diameter Deep Anterior Lamellar 

Keratoplasty

Because of the steep learning curve associated with 
DALK, various surgical techniques have been proposed 
including pneumatic dissection by Archila,[13] the 
big‑bubble technique by Anwar and Teichmann,[14] 
hydrodelamination by Sugita and Kondo,[15] and 
viscoelastic‑assisted dissection by Manche et  al.[16] 
Currently, the big‑bubble technique is the most widely 
used approach.[14]

As originally described by Anwar and Teichmann 
in 2002,[15] the big‑bubble technique involved partial 
thickness corneal trephination, angled insertion of a 
disposable needle into the paracentral corneal stroma, 
and injection of air to obtain the so‑called “big bubble.” 
Pneumatic dissection may be attempted before or after 

removal of the anterior stroma.[3,17] One of the main 
challenges with the big‑bubble technique is the need 
to subjectively assess the proper depth of the needle 
or cannula within the paracentral corneal stroma 
before injection of air. However, what is essential to 
achieve successful pneumatic dissection is not the 
radial distance of the tip of the cannula to the center 
of the cornea but rather the depth at which 1–2 mL of 
air is injected intrastromally.[18,19] Even with minimal 
advancement of the cannula into the central cornea, 
the likelihood of big‑bubble formation can surpass 90% 
when the tip of the cannula is positioned within 100 μm 
from the posterior corneal surface.[20] The speed of air 
injection has not been found to influence the success of 
big‑bubble formation. At the end of the procedure, the 
anterior chamber can be simply filled with balanced 
salt solution.

Advances in corneal imaging and surgical instrumentation 
have also driven improvements in the traditional 
big‑bubble technique. Specifically, accurate pachymetry 
measurements can be obtained through anterior segment 
optical coherence tomography (OCT).[21]

To eliminate the need for subjective judgment of the 
depth reached while advancing the cannula/needle up 
to the central cornea, adjustable guarded trephines can 
be calibrated based on pachymetry values such that the 
depth of the corneal trephination can be used to guide 
subsequent insertion of the cannula for pneumatic 
dissection.[22] Instead of trying to reach the proper 
depth during the advancement of the cannula toward 
the center of the cornea, the insertion of the cannula 
can be initiated at the base of a deep trephination with 
minimal centripetal advancement to avoid air reflux.[21] 
This minimizes the risk of perforating the Descemet 
membrane or injecting air into the superficial stroma 
alone.

In highly irregular corneas with significant asymmetry 
in peripheral corneal thickness, peripheral intrastromal 
hydration with balanced salt solution can be performed 
in zones with relative thinning to ensure safe, deep 
trephination.[22]

The development of the big‑bubble technique has 
allowed deep lamellar dissection along a smooth regular 
plane, thereby achieving outcomes more comparable to 
PK. However, because both the sutures required to fixate 
the donor graft into the recipient bed and the graft size 
used for DALK are essentially identical to those routinely 
used for PK, it is not surprising that conventional DALK 
has failed to provide superior visual outcomes. In an 
attempt to maximize the refractive advantage of DALK, 
the use of grafts larger than the usual range between 
7.5 mm and 8.5 mm has been proposed.[6]
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However, since type 1 bubble formation is often limited 
within 7–8‑mm optical zone, we prefer to combine 
large‑diameter keratoplasty with limited stromal 
clearance within the central 6 mm.[23] Several investigators 
have likewise adopted limited stromal clearance for 
femtosecond laser‑assisted DALK [Figure 1].[24,25]

When a perforation occurs during trephination, the site 
can be initially sutured before attempting pneumatic 
dissection. The sutured wound allows completion of 
the procedure because bubble formation typically does 
not extend as far as the 9‑mm site of trephination. By 
considering the anatomy of the pre‑Descemet layer,[26,27] 
restricting deep dissection to the central cornea reduces 
the risk of Descemet membrane perforation and 
conversion to PK.[28‑30] If a microperforation occurs during 
lamellar dissection, the anterior chamber is filled with 
air to complete the DALK procedure. In cases in which 
there is either unsatisfactory clearance of the optical 
zone of a full‑thickness opacity or a macroperforation 
of the DM, the procedure is converted to 2‑piece 
microkeratome‑assisted mushroom‑shaped PK instead 
of full‑thickness PK, according to the authors’ previously 
described technique [Figure 2].[31] Briefly, after a 9‑mm 
diameter anterior keratectomy is performed, the central 
6‑mm optical zone is excised, leaving a 1.5‑mm posterior 
corneal crown of approximately 100‑  to 150‑mm 
thickness. Using the automated lamellar keratoplasty 
system with a 350‑µm microkeratome head, the donor 
cornea is split into anterior and posterior lamellae 
which are punched to the corresponding diameters 
of the recipient beds of 9 and 6 mm, respectively. The 
posterior lamellar graft is placed into the central hole of 
the recipient bed and attached without sutures onto the 
anterior lamellar graft which in turn is sutured in place 
with double‑running sutures. Cases of postoperative 
double‑anterior chamber formation following DALK or 
posterior lamella detachment following MK are managed 
with rebubbling of the anterior chamber with a complete 
filling of air, which is partially released after 2 h. Minimal 
endothelial transplantation in mushroom PK combines 
excellent visual and survival outcomes with a lower 
risk of immune rejection related to less antigenic load.[32]

With the use of deep trephination during large‑diameter 
DALK, the success rate of pneumatic dissection can 
approach up to 85%.[33] Studies evaluating the factors for 
successful big‑bubble formation have found that both 
increased trephination diameter and depth positively 
influence successful big‑bubble formation.[34,35]

Complications such as double anterior chamber 
formation following DALK and detachment of the 
posterior lamella following two‑piece mushroom PK can 
be managed by completely filling the anterior chamber 
with air and subsequently removing the air 2 h after.

For patients with keratoconus, large lamellar grafts 
may have the additional advantage of extending more 
peripherally the excision of pathologic recipient stroma, 
thereby reducing the rate of the recurrence of ectasia.

The presence of a peripheral stromal shoulder also 
protects the recipient bed during suturing, which has 
been reported to cause up to 21% of intraoperative 
Descemet membrane perforations during conventional 
DALK surgery.[36] Remodeling of the peripheral stromal 
shoulder with loss of the step configuration at the 6.0‑mm 
zone has been observed over time [Figure 3].[3,7]

Regardless of the disease severity or the presence of 
scarring and/or neovascularization, it is reasonable to 
attempt DALK than to have never given each patient 
with isolated anterior corneal pathology a fair chance 
to receive the better surgical option. In challenging 
cases including inflammatory corneal disease, herpetic 
keratitis,[37] intracorneal ring segments,[38] previous radial 
keratotomy,[39] anterior lamellar keratoplasty,[40,41] and 
even previous Descemet stripping automated endothelial 
keratoplasty (DSAEK) surgery,[42,43] large‑diameter 
DALK can be performed to maximize the refractive 
benefit of a large‑diameter graft while minimizing 
the risk of endothelial failure. In post‑PK eyes with 
recurrence of stromal disease, large‑diameter DALK can 
be performed through stromal peeling along a natural 
plane of separation.[44‑46]

Optimizing Visual Outcomes

In the past, surgical success following corneal 
transplantation was defined as the presence of a clear 
corneal graft.[47] Today, however, visual acuity is 
considered the primary criterion for surgical success. 
Based on some earlier comparative studies, it seemed 
that visual outcomes were less favorable following 
DALK. This was likely due to the inclusion of cases, 
which were not reflective of the contemporary surgical 
technique and cases with irregular or incomplete 
lamellar dissection.[48‑50] Although randomized clinical 
trials are ideally required to make robust comparisons, 
designing trials that randomize patients to either PK 

Figure 1: Preoperative (a) and postoperative (b) photograph of a patient who underwent 
large‑diameter deep anterior lamellar keratoplasty for herpetic scarring
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or DALK can no longer be justified, especially in view 
of the disproportionately higher risk for potentially 
severe complications after PK. Nevertheless, empirical 
evidence from large interventional case series has thus 
far validated the clinical benefits of DALK.[6,9,11]

From a refractive standpoint, large‑diameter DALK has 
been shown to provide superior visual outcomes with 
lower degrees of myopia and astigmatism.[6,23] In a series 
of 346 cases that underwent large‑diameter DALK for 
keratoconus, 94% achieved Snellen vision ≥20/40 and 
up to 89% had a refractive astigmatism  <4.5 diopters 
postoperatively.[6]

In a retrospective interventional case series comparing 
124  cases of large 9.0‑mm DALK with 133  cases of 
conventional 8.0‑mm DALK, the 9.0‑mm DALK group 
had a significantly higher percentage of eyes achieving 
higher Snellen BSCVA levels of 20/20 or better (9.0‑mm 
DALK: 44%, 8.0‑mm DALK: 26%, P = 0.01) and 20/25 
or better  (9.0‑mm DALK: 74%, 8.0‑mm DALK: 59%, 
P = 0.03).[5] In the same comparative study, 9.0‑mm DALK 
resulted in significantly lower degrees of astigmatism. 
The average postoperative refractive astigmatism 
in the 9.0  mm DALK group was 1 D lower than in 
the conventional 8.0‑mm DALK group. High‑degree 
astigmatism defined as refractive astigmatism >4.5 D 
was observed in only 7% of cases.[5] These findings are 
consistent with a previous study by Huang et al. who 
demonstrated improved refractive outcomes when 
increasing the graft size of DALK from 8.0  mm to 
8.5 mm.[36]

Postoperative refractive errors can be managed through 
corneal‑based or lens‑based interventions.[51] Incisional 
keratotomy, which can be performed manually or 
using the femtosecond laser, has been found to reduce 
astigmatism but with low refractive predictability.[52] 
An advantage to large‑diameter DALK with limited 
central stromal clearance would be the ability to 
create deep arcuate blunt relaxing incisions within 
the graft–host interface which result in satisfactory 

outcomes with minimal risk of perforation.[53] In the 
presence of a cataract, lens extraction with implantation 
of monofocal or even toric intraocular lenses can also be 
contemplated.[54,55]

Leveraging Emerging Technologies

The use of anterior segment OCT has been explored 
to address the technical challenges associated with 
DALK.[56] Cross‑sectional imaging can theoretically 
reduce the surgeon’s dependence on subjective cues and 
influence intraoperative decision‑making.[57] Whereas 
earlier external or microscope‑mounted platforms 
necessitated the surgery to be interrupted for image 
acquisition, currently available microscope‑integrated 
OCT platforms permit continuous real‑time imaging of 
the anterior segment and allow instantaneous quantitative 
analysis of acquired OCT scans using a built‑in caliper 
tool.[20,58] Quantitative analysis of intraoperative OCT 
scans can be used to assist decision‑making on whether 
to proceed with pneumatic dissection or extend the 
trephination groove, thereby facilitating the insertion 
of the air injection cannula at the proper depth.[58] While 
intraoperative OCT theoretically provides improved 
visualization, further work is still needed to establish 

Figure  3: Anterior segment optical coherence tomography following large 9‑mm 
diameter big‑bubble deep anterior lamellar keratoplasty with limited stromal clearance 
of the optical zone showing the transition between the 6‑mm central zone and the 9‑mm 
outer zone with the residual recipient stroma. One day postoperatively, a peripheral 
stromal shoulder is clearly visible (a) but eventually disappears through spontaneous 
stromal thinning and remodeling of posterior corneal curvature 1 year (b), 2 years (c), 
and 4 years (d) after surgery

d

c
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a

Figure 2: Preoperative (a) and postoperative (b) photograph of a patient who underwent 
two‑piece mushroom keratoplasty following an unsuccessful deep anterior lamellar 
keratoplasty for herpetic scarring
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and achieve the full potential of intraoperative OCT for 
intraoperative guidance of lamellar surgery.

Several investigators have also explored the use of 
femtosecond lasers for DALK surgery.[59‑64] Customized 
trephination patterns can be created to theoretically provide 
superior wound strength, induce faster wound healing, 
and allow earlier suture removal.[59] The femtosecond laser 
system can also be used to create a deep intrastromal tunnel 
for the air injection cannula for pneumatic dissection.[60] 
However, one of the main drawbacks of femtosecond 
laser‑assisted DALK is the poor laser penetration through 
opacified and neovascularized corneal tissue, which can 
result in incomplete or irregular dissection.[60] Although 
Li et  al. demonstrated better visual outcomes after 
femtosecond laser‑assisted DALK,[64] visual performance 
in the manual DALK group was poorer due to greater 
residual bed thickness obtained in diamond knife‑assisted 
lamellar dissection. Moreover, all other published studies 
comparing manual and femtosecond laser‑assisted DALK, 
thus far, consistently find no significant differences in the 
final visual acuity.[58‑64] Randomized controlled trials based 
on sufficient sample size and standard protocol would be 
necessary to allow direct comparison and assessment of 
the true benefit of femtosecond laser technology for DALK.

Conclusions

With its superior safety profile and favorable postoperative 
outcomes, current evidence supports that large‑diameter 
DALK outperforms PK for the management of anterior 
corneal pathology sparing the endothelium. Large‑diameter 
DALK with limited stromal clearance within the 6.0‑mm 
optical zone optimizes visual and refractive outcomes 
while minimizing the risk of complications.
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