
Repeated deep anterior lamellar keratoplasty combined
with phacoemulsification

Abstract
Objective: To report the clinical findings and results of a patient who
underwent deep anterior lamellar keratoplasty (DALK) combined with
phacoemulsification.
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Methods: Retrospective analysis of a case that underwent unsuccessful
DALK surgery with no visual gain due to striations on the posterior sur-
face of the donor, permanent interface irregularity, and scarring.
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developed during this period. The graft was clear with no signs of rejec-
tion or endothelial decompensation, and corrected distance visual acu-
ity was 6/10 in the postoperative last visit, one year after the surgery. 3 İzmir Biomedicine and

Genome Center, İzmir, TurkeyConclusions: Combining the DALK technique with phacoemulsification
in patients with coexisting cataracts may help to achieve a good visual
outcome and long-term graft survival. Even after an unsuccessful DALK
experience, insisting on preserving the patient’s own endothelium re-
sulted in successful vision restoration with no imposition of further risks
for graft survival.
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Introduction
Deep anterior lamellar keratoplasty (DALK) has gained
popularity in the past two decades. It is a valuable tech-
nique for patients with corneal stromal scarring associ-
ated with visual loss with an intact corneal endothelium
[1], [2].
Herein, we report a case in which we performed two
consecutive DALK surgeries, the second combined with
phacoemulsification for the nuclear cataract.

Case description
A 43-year-old female patient was treated for a year of
fungal keratitis in the right eye before being admitted to
Dokuz Eylul University, Department of Ophthalmology,
Cornea Division. Upon the first admission, her corrected
distance visual acuity (CDVA) in the Snellen lines was
2/10 on the right eye and 10/10 on the left eye. Stromal
scarring was observed in the right cornea, which seemed
to spare the endothelial layer. DALK surgery was per-
formed in the right eye to achieve visual gain and preserve
the patient’s endothelium. The big-bubble technique re-
sulted in the exposure of smooth Descemet’s membrane
of the host cornea. However, due to the inadequacy of the
operating microscope during the surgery, stripping the
Descemet membrane-endothelial complex of the donor
cornea was uneasy. Despite prolonged surgery, the entire
Descemet membrane-endothelial complex in the donor

cornea could be removed with the help of a 7.25 mm
diameter suction trephine, and the slightly deformed,
7.50 mm-diameter donor cornea was then transplanted
over the recipient bed using 16 interrupted sutures since
no backup graft tissue was present. Topical prednisolone
and moxifloxacin eight times daily were given with a slow
taper in the postoperative period in an effort to decrease
the inflammation and haze formation at the graft-
Descemet interface. Graft-bed apposition was rapidly
achieved postoperatively with no double anterior chamber
formation; however, CDVA remained at the level of 3/10
due to striations on the posterior surface of the donor,
permanent interface irregularity, and scarring.
During the follow-up, a nuclear cataract also developed
in this eye, resulting in additional visual loss. Two years
after the first surgery repeated DALK was performed in
combination with phacoemulsification of the cataract.
The video in Attachment 1 shows the combined surgical
procedure in this case. The main corneal incision was
created with a 2.4 mm blade. The anterior capsule was
stained with trypan blue injected under an air bubble,
followed by injection of a dispersive and a cohesive oph-
thalmic viscosurgical device (OVD) in soft shell technique,
creating a continuous anterior capsulorhexis. After two
side port incisions were made, a complete hydro-dissec-
tion was performed conventionally. Then, phacoemulsifi-
cation of the nucleus was done using the phaco-chop
nucleofractis technique. Complete cortical aspiration was
performed by bimanual irrigation-aspiration. The capsular
bag was inflated with a cohesive OVD, and a 23.00 diop-
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ter SA60AT (Alcon, Geneva, Switzerland) single-piece in-
traocular lens (IOL) was inserted in the bag. To avoid
hyperopic postoperative refraction, the IOL power calcu-
lation was performed using the SRK/T formula, based on
a postoperative estimated flat keratometry of 42.00 D.
The remaining OVD were removed; the main incision and
side ports were hydrated. During the phacoemulsification
of the cataract, it was not easy to obtain a satisfactory
visualization of the anterior chamber due to striations of
the posterior surface of the donor cornea. We eliminated
this challenge by using the retro-illumination technique
with the operating microscope.
The remaining corneal interrupted sutures from the pre-
vious DALK surgery were removed. The graft-host junction
was superficially separated with a stiletto knife to proceed
with the second DALK procedure. The anterior corneal
surface was trephined with a 7.50 mm diameter suction
trephine, the same size as the first graft, set to a depth
of about two-thirds of corneal thickness in the recipient’s
eye. Extreme care was exerted to centralize the trephina-
tion over the existing graft to coincide with its borders.
We ensured no fluid under the trephine, which might
cause sliding and vacuum loss, leading to oblique tre-
phination and an oval donor button with a resultant lack
of graft-host apposition and undesirable high postopera-
tive astigmatism.
After trephination, the graft-host junction was gently dis-
sected with a rounded blade. Air was then injected using
a 30-gauge cannula to form a “big bubble” between the
deep stroma and Descemet’s membrane and separate
these layers. Since the main corneal incision for phaco-
emulsification was long enough to transverse the graft
stroma, air bubble escape to the anterior chamber was
noted. However, this did not imply a Descemet’s tear, and
we continued DALK surgery as planned. The previous
graft was cut into two halves by rounded corneal scissors,
and Descemet’s membrane was separated and pushed
backward by viscoelastic dissection. The air bubble in the
anterior chamber guided us in better visualizing
Descemet’smembrane. Following the total removal of the
previous graft to expose the intact Descemet’s mem-
brane, we prepared the new donor tissue.
In the donor cornea, following trephination with a
7.75 mm punch, the endothelial surface of the graft was
stained with trypan blue. The Descemet’s membrane-
endothelium complex was removed by gently swabbing
the posterior corneal surface in a centripetal direction
with dry cellulose sponges and gentle dissection of the
Descemet’s membrane using thin suture forceps. The
graft was rinsed with a balanced salt solution to remove
any remaining trypan blue dye. Later, the graft was su-
tured to the host using 16 interrupted 10/0 nylon sutures
for a good graft-recipient apposition. The suture knots
were buried, and the operation was terminated after an
intracameral injection of 1 mg cefuroxime.
The patient was prescribed topical prednisolone andmoxi-
floxacin eight times daily, with a slow taper in the post-
operative period, followed by a four-day topical cyclospor-
ine treatment. The patient was also prescribed topical

moxifloxacin six times daily, which was tapered and
ceased in 2 weeks upon complete re-epithelialization of
the graft. Corneal epithelization and healing occurred
quickly, without double anterior chamber formation or
other complications. The sutures were extracted at the
6-month follow-up. At the last visit, 1 year postoperatively,
CDVA was 0.6 in the right eye with a refraction of (–3.00
–2.50 @ 145). The graft was clear with no signs of rejec-
tion or anterior chamber reaction, and the IOL was cen-
tralized. The patient’s endothelial layer remained healthy
during this process. Specular microscopy examination
revealed an endothelial cell count of 1,779 cells/mm2.
This decreased cell density was thought to result from
fungal keratitis and accompanying intraocular inflamma-
tion. The magnitude of cell count was adequate to keep
the stroma dry and transparent.

Discussion
Lamellar keratoplasty is a selective tissue transplantation
technique in which the diseased layers of the cornea are
replaced, and the healthy layers of the cornea are re-
tained. DALK is one of the anterior lamellar keratoplasty
procedures that has gained popularity in the past two
decades for eyes with stromal pathologies that do not
affect the Descemet’smembrane and endothelium. Intact
recipient Descemet membrane and endothelium are re-
tained, and this procedure fully replaces the stroma [3].
A small amount of posterior stroma is left intact along
with Descemet’s membrane in “pre-Descemetic DALK”,
whereas in “Descemetic DALK”, all of the stroma is dis-
sected from Descemet’s membrane by using the “big-
bubble” technique, hydro dissection, viscodissection,man-
ual dissection or by using femtosecond lasers [3], [4].
DALK can be performed in eyes with dystrophies that af-
fect the corneal stroma and spare the endothelium-like
lattice and granular corneal dystrophies; keratitis which
healed with stromal scarring; ectasias like keratoconus
without acute hydrops, pellucid marginal degeneration
and keratoglobus [5]. This technique’s main advantage
isminimizing penetrating keratoplasty (PK) complications,
like immunologic rejection, and prolonging graft survival
[1], [2]. In a retrospective study of 206 patients who un-
derwent DALK or PK in a 1:1 ratio, Tan et al. [6] reported
that 2-year graft survival was 98–100% in the DALK
group, while it was 90% in the PK group. In another study
published by Ahmad et al. [7], the 5-year graft survival
rate for PKwas found to be 76%, whereas ameta-analysis
that evaluated 5-year graft survival after DALK reported
survival rates of 1,970 patients and merged the graft
survival rate as 90.4% [8].
Since the endothelium is protected, less immunosuppres-
sion is required in eyes with DALK in the postoperative
period compared to PK. Accordingly, side effects of ste-
roids will be seen less in patients with DALK [9]. Other
advantages include being more trauma-resistant than
full-thickness grafts, as in PK, since the recipient cornea
is not incised in full thickness [2]. Although there is no
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significant difference in terms of postoperative CDVA,
astigmatism is less common in patients with DALK since
sutures can be removed earlier. Therefore, suture-related
irritation and infections are less common [10]. Postoper-
ative loss of endothelial cells in eyes with DALK is known
to be less than in eyes with PK [1], [11]. Liu et al. [10]
reported that the endothelial cell count in the postoper-
ative 3rd month was significantly higher after DALK than
PK for necrotizing stromal keratitis. This favorable effect
on endothelial cell count was even more prominent after
cataract surgery [12].
Besides all these advantages, the DALK technique has
disadvantages, just like any other technique. First of all,
graft preparation is much more complicated than PK.
Prolonged surgery time, surface irregularity at the graft-
recipient bed interface leading to reduced visual gain,
and the possibility of failure in graft-Descemet’s mem-
brane attachment leading to the double anterior chamber
in the early postoperative period are among the disadvan-
tages of the DALK technique [1], [3], [13]. These chal-
lenges lead to a steep learning curve for DALK.
Patients who have advanced corneal scarring and coex-
isting cataracts also present surgical challenges. Phaco-
emulsification can be performed either before or after
keratoplasty (sequential surgery) or simultaneously (com-
bined surgery), depending on the severity of the cataract
and the stage of the corneal pathology [14]. The combina-
tion of cataract surgery and corneal graft transplantation
in the same session has several benefits over the two-
staged procedure. Fewer follow-up visits, shorter visual
rehabilitation time, and lower costs are themain benefits
of the combined procedure [15]. Conventional “triple pro-
cedure” combines PK, cataract extraction, and IOL im-
plantation. Phacoemulsification is themodern technique
for cataract surgery and should be preferred over “open-
sky” cataract extraction whenever corneal pathology al-
lows adequate visualization of the anterior chamber.
DALK surgery combined with phacoemulsification and
IOL implantation is defined as a “modern triple procedure”
in recent studies [16], [17]. No significant loss in endo-
thelial cell density was found after phacoemulsification
in eyes that developed cataracts after DALK, unlike those
after PK [12], [18].
In a recent study, Alfonso-Bartolozzi et al. [14] reported
the clinical outcomes of the triple procedure involving
DALK, phacoemulsification, and IOL implantation in
43 eyes of 43 patients. They adjusted the sequence of
procedures based on the level of corneal visibility. In
26 eyes with good corneal visibility, phacoemulsification
was performed before stromal dissection, while 17 eyes
with poor visibility underwent the DALK procedure to en-
hance clarity, enabling subsequent lensectomy. Eighty
percent of patients experienced an improvement of 2 or
more lines, and 70% achieved postoperative refraction
within a ±2.0 D range. The authors concluded that the
combined surgery of DALK, phacoemulsification, and IOL
implantation is both effective and safe. They emphasized
that surgical techniques can be modified according to
corneal transparency to optimize efficacy and safety.

There are two main challenges when combining DALK
and phacoemulsification. Firstly, performing phacoemul-
sification in an eye with a cloudy corneamight be difficult.
Endo-illumination-assisted cataract surgery may help
achieve better visualization of the anterior chamber.
Secondly, there is an inherent disadvantage to the pre-
dictability of biometry measurements because of corneal
power changes after keratoplasty [14], [16]. In our pa-
tient, anterior chamber visualization was complex due to
striations on the posterior surface of the donor, interface
irregularity, and scarring. We used retro illumination to
visualize the anterior chamber better and injected trypan
blue to visualize the anterior capsule better. The postoper-
ative target refraction for our patient was –0.25 D, calcu-
lated with the SRK/T formula based on a postoperative
estimated flat keratometry of 42.00 D; however, the
postoperative refraction was (+3.25 –1.50 @ 175) in the
1st month; (–3.00 –2.50 @ 145) in the 1st year.
In conclusion, combining the DALK technique with phaco-
emulsification in patients with corneal stromal scarring
and coexisting cataracts may help achieve a good visual
outcome and long-term graft survival. Even in the pres-
ence of scarring and opacification in the graft-recipient
interface, if the endothelium and Descemet’smembrane
are intact, insisting on preserving the patient’s endothe-
lium even after an unsuccessful lamellar keratoplasty
can provide a good visual outcome with fewer complica-
tions than full-thickness grafts.

Notes

Video of surgical procedure in
Attachment 1

The video in Attachment 1 shows the combined surgical
procedure: Phacoemulsification with the phaco-chop
technique was combined with repeated DALK surgery
after a previous unsuccessful lamellar grafting. Visualiza-
tion during phacoemulsification was improved by using
retroillumination and trypan blue anterior capsular stain.
The main corneal incision, long enough to transverse the
former graft, led to air bubble escape into the anterior
chamber during “big-bubble” formation. However, this
did not impede a successful repeated DALK surgery.

Ethics statement and patient consent

The study followed the tenets of the Declaration of Hel-
sinki. The patient signed written informed consent for the
research use of clinical records and data included in the
study.

Conference presentation

This study was presented as a poster at the Turkish
Ophthalmology Society’s 55th National Congress, Turkey,
from 3 to 7 October 2021.

3/4GMS Ophthalmology Cases 2025, Vol. 15, ISSN 2193-1496

Kayabaşı et al.: Repeated deep anterior lamellar keratoplasty combined ...



Authors’ ORCIDs

• Mustafa Kayabasi: 0000-0003-2059-0696
• Canan Asli Utine: 0000-0002-4131-2532

Competing interests

The authors declare that they have no competing in-
terests.

Attachments
Available from https://doi.org/10.3205/oc000252
1. oc000252_Attachment1.mp4 (95965 KB)

Video of surgical procedure

References
1. Luengo-Gimeno F, Tan DT, Mehta JS. Evolution of deep anterior

lamellar keratoplasty (DALK). Ocul Surf. 2011 Apr;9(2):98-110.
DOI: 10.1016/s1542-0124(11)70017-9

2. Aldebasi T, Gangadharan S, Alshammari YS, Alruhaimi SS,
Alrashid SO, Ardah H, Shahrani JA, Shahrani SA, Badri M, Alfardan
F. Comparison of clinical outcomes, complications and patient
satisfaction following deep anterior lamellar keratoplasty and
penetrating keratoplasty. BMCOphthalmol. 2024Nov;24(1):501.
DOI: 10.1186/s12886-024-03766-2

3. Henein C, NanavatyMA. Systematic review comparing penetrating
keratoplasty and deep anterior lamellar keratoplasty for
management of keratoconus. Cont Lens Anterior Eye. 2017
Feb;40(1):3-14. DOI: 10.1016/j.clae.2016.10.001

4. Amayem AF, Hamdi IM, Hamdi MM. Refractive and visual
outcomes of penetrating keratoplasty versus deep anterior
lamellar keratoplasty with hydrodissection for treatment of
keratoconus. Cornea. 2013 Apr;32(4):e2-5.
DOI: 10.1097/ICO.0b013e31825ca70b

5. AlTaan SL, Mohammed I, Said DG, Dua HS. Air pressure changes
in the creation and bursting of the type-1 big bubble in deep
anterior lamellar keratoplasty: an ex vivo study. Eye (Lond). 2018
Jan;32(1):146-51. DOI: 10.1038/eye.2017.121

6. Tan DT, Anshu A, Parthasarathy A, Htoon HM. Visual acuity
outcomes after deep anterior lamellar keratoplasty: a case-control
study. Br J Ophthalmol. 2010 Oct;94(10):1295-9.
DOI: 10.1136/bjo.2009.167528

7. Ahmad S, Klawe J, Utine CA, Srikumaran D, Jimenez J, Akpek E.
Survival of penetrating keratoplasty: a claims-based longitudinal
analysis. Can J Ophthalmol. 2021 Feb;56(1):12-6.
DOI: 10.1016/j.jcjo.2020.07.019

8. Guan M, Zhao W, Zhang Y, Geng Y, Chen Z, Feng L, Li D, Yuan L.
Graft survival rate of deep anterior lamellar keratoplasty for
keratoconus: A meta-analysis. Medicine (Baltimore). 2018
Jul;97(28):e11404. DOI: 10.1097/MD.0000000000011404

9. Fu H, Larkin DF, George AJ. Immune modulation in corneal
transplantation. Transplant Rev (Orlando). 2008 Apr;22(2):105-
15. DOI: 10.1016/j.trre.2007.12.005

10. Liu H, Liu S, Tao H, Hu S, Deng Z, Tan J. A retrospective study
comparing DALK and PKP in the treatment of necrotizing stromal
keratitis. Int Ophthalmol. 2020 Jul;40(7):1713-21.
DOI: 10.1007/s10792-020-01339-y

11. Maier P, Reinhard T. Keratoplastik: Lamellieren oder perforieren?
Teil 2: Lamelläre Keratoplastik [Keratoplasty: laminate or
penetrate? Part 2: lamellar keratoplasty]. Ophthalmologe. 2009
Jul;106(7):649-62; quiz 663.
DOI: 10.1007/s00347-009-1943-z

12. Acar BT, Utine CA, Acar S, Ciftci F. Endothelial cell loss after
phacoemulsification in eyes with previous penetrating
keratoplasty, previous deep anterior lamellar keratoplasty, or no
previous surgery. J Cataract Refract Surg. 2011
Nov;37(11):2013-7. DOI: 10.1016/j.jcrs.2011.05.033

13. Lucisano A, Mancini A, Taloni A, Giannaccare G, Yu AC, Carnevali
A, Scalzo GC, Scorcia V. Surgical Strategies to Manage Stromal
Interface Irregularity Following Deep Anterior Lamellar
Keratoplasty. Cornea. 2024 Dec;43(12):1581-8.
DOI: 10.1097/ICO.0000000000003668

14. Alfonso-Bartolozzi B, Fernández-Vega-Cueto L, Fernández-Vega
L, Martínez-Alberquilla I, Madrid-Costa D, Alfonso JF. Triple
Procedure: A Stepwise Combination of Deep Anterior Lamellar
Keratoplasty and Cataract Surgery. Cornea. 2024Mar;43(3):301-
6. DOI: 10.1097/ICO.0000000000003364

15. Lucisano A, Scorcia V, Rossi C, Scalia G, Giannaccare G.
Phacoemulsification Under the Complex Dua Layer-Descemet-
Endothelium for Combined Cataract Surgery and Penetrating
Keratoplasty After Failed Deep Anterior Lamellar Keratoplasty.
Cornea. 2023 Oct;42(10):1297-300.
DOI: 10.1097/ICO.0000000000003338

16. Coelho RP, Messias A. Phacoemulsification with big-bubble deep
anterior lamellar keratoplasty: Variant of the triple procedure. J
Cataract Refract Surg. 2019 Aug;45(8):1064-6.
DOI: 10.1016/j.jcrs.2019.04.005

17. Panda A, Sethi HS, Jain M, Nindra Krishna S, Gupta AK. Deep
anterior lamellar keratoplasty with phacoemulsification. J
Cataract Refract Surg. 2011 Jan;37(1):122-6.
DOI: 10.1016/j.jcrs.2010.07.031

18. Leccisotti A, Islam T, McGilligan VE, Moore TC.
Phacoemulsification after deep anterior lamellar keratoplasty.
Eur J Ophthalmol. 2010;20(4):680-3.
DOI: 10.1177/112067211002000406

Corresponding author:
Canan Asli Utine, MD, MSc
Dokuz Eylul University Faculty of Medicine, Department
of Ophthalmology, Mithatpaşa cad No. 1606 Balçova,
35340 İzmir, Turkey, Phone: +90 (232) 4123067, Fax:
+90 (232) 4123069
cananutine@gmail.com

Please cite as
Kayabaşı M, Utine CA. Repeated deep anterior lamellar keratoplasty
combined with phacoemulsification. GMS Ophthalmol Cases.
2025;15:Doc04.
DOI: 10.3205/oc000252, URN: urn:nbn:de:0183-oc0002529

This article is freely available from
https://doi.org/10.3205/oc000252

Published: 2025-05-02

Copyright
©2025 Kayabaşı et al. This is an Open Access article distributed under
the terms of the Creative Commons Attribution 4.0 License. See license
information at http://creativecommons.org/licenses/by/4.0/.

4/4GMS Ophthalmology Cases 2025, Vol. 15, ISSN 2193-1496

Kayabaşı et al.: Repeated deep anterior lamellar keratoplasty combined ...

https://orcid.org/0000-0003-2059-0696
https://orcid.org/0000-0002-4131-2532

