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Purpose. To evaluate the feasibility and the initial outcomes of a novel standardized surgical technique of femtosecond laser- (FSL-)
assisted big-bubble deep anterior lamellar keratoplasty (BBDALK) for eyes with keratoconus. Methods. This prospective
interventional case series included 11 consecutive FSL-assisted BBDALK procedures performed for the eyes with keratoconus
from September 2019 to December 2019. The FSL was used to create (i) an intrastromal channel incision (1.7 mm in length,
4.6 mm in width, 80% depth, and cut energy of 1.70 yJ) and (ii) a 9.0 mm diameter circular lamellar side cut 65ym above the
endothelium (cut energy of 0.90 yJ) intersecting the intrastromal incision. In the operating room, a blunt dissector was used to
open the intrastromal channel incision, through which a blunt spatula was inserted, tangentially advanced towards the center of
the cornea, and replaced with a blunt cannula for pneumatic dissection. The subsequent surgical steps did not differ from the
conventional technique. Main outcome measures were the success rate of pneumatic dissection and the percentage of intra-
operative complications. Results. Eleven eyes of 11 patients (6 males and 5 females; mean age: 34.54 + 13.23 years) underwent FSL-
assisted DALK. Using the FSL, both corneal incisions (lamellar side cut and intrastromal channel incision) were successfully
created in all cases without the need for repeat docking or additional dissection. Pneumatic dissection with type 1 bubble
formation succeeded in all 11 eyes (100%). DALK surgery was completed uneventfully in all cases. Descemet membrane
perforation did not occur in any case, and no procedure was converted to penetrating keratoplasty. Conclusion. Using stan-
dardized FSL parameters for both incision design and cut energy in BBDALK surgery, pneumatic dissection can be achieved in a
very high rate of cases with minimal risk of intraoperative complications.

1. Introduction

Deep anterior lamellar keratoplasty (DALK) has been rec-
ognized as the first-line surgical procedure for eyes with
corneal stromal disease but healthy endothelium [1, 2]. The
main advantages of DALK over penetrating keratoplasty
(PK) include the elimination of endothelial rejection, re-
duced endothelial cell loss, and improved long-term graft
survival [3-8]. Furthermore, since DALK is essentially an

extraocular procedure, the complications associated with an
open-sky surgery are avoided [1, 8, 9].

However, based on the 2019 statistical report of the Eye
Bank Association of America [10], the general popularity of
DALK has remained limited with only 11% of corneal
transplants for keratoconus performed using DALK com-
pared to 89% with PK. Though several techniques for DALK
have been proposed [1], there has been a slow adoption
among corneal surgeons, mainly due to technical challenges
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in achieving a smooth and regular graft-host interface
compatible with optimal vision [11].

Currently, one of the most commonly used methods is
the big-bubble (BB) technique, which involves intrastromal
injection of air to obtain a cleavage plane between the deep
stroma and either the pre-Descemetic layer (PDL) through a
type 1 bubble or Descemet’s membrane (DM) through a type
2 bubble [12]. Although successful pneumatic dissection
results in favourable visual and refractive outcomes, the
success rate of pneumatic dissection is variable even in the
hands of experienced surgeons ranging from 64 to 91%,
depending on the technique employed and/or the type and
severity of underlying corneal disease [13-18].

Using intraoperative optical coherence tomography
(OCT) imaging, we have previously demonstrated that what
is critical for successful BB formation is the depth at which
pneumatic dissection is attempted. When the cannula rea-
ches within 100 um of the posterior corneal surface, the
likelihood of successful big-bubble formation exceeds 90%
[19]. Based on this surgical principle, the femtosecond laser
(FSL) has been proposed to make intracorneal incisions of
appropriate depth, which in turn serve as a guide for can-
nular insertion and subsequent pneumatic dissection. In this
pilot study, we evaluate the feasibility and initial outcomes of
the first series of keratoconus eyes operated on with this
novel standardized technique of FSL-assisted BB-DALK.

2. Materials and Methods

This prospective interventional case series evaluated the
outcomes of consecutive FSL-assisted BBDALK procedures
performed in eyes with keratoconus from September 2019 to
December 2019 at a single tertiary referral center (Depart-
ment of Ophthalmology, University of Magna Graecia,
Catanzaro, Italy). The study adhered the tenets of the 2013
Declaration of Helsinki and was approved by the local ethics
committee (Comitato Etico Regione Calabria—Sezione Area
Centro). Written informed consent for the surgery and
research was obtained from all participants.

All cases required corneal transplantation for unsatis-
factory corrected distance visual acuity (CDVA) due to
significant refractive errors and/or poor tolerance to rigid
gas permeable contact lenses. Eyes with previous hydrops,
evident lesions at the level of DM and endothelium, and
history of trauma or other ocular diseases were excluded.
Preoperatively, all patients underwent a complete ophthal-
mologic evaluation including CDVA testing, slit-lamp ex-
amination, and anterior segment optical coherence
tomography (AS-OCT, Casia; Tomey, Tokyo, Japan). CDVA
was recorded using the Snellen visual acuity chart. All op-
erated patients were evaluated 6 months after surgery. The
main outcomes were the success rate of pneumatic dissection as
well as the percentage of intraoperative complications. Sec-
ondary outcomes were postoperative complications, final
CDVA, and refractive results.

2.1. Surgical Technique. FSL-assisted BB-DALK surgery was
performed in all eyes by a single high-volume corneal
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surgeon (V. S.) as demonstrated in Video 1 (Supplemental
Digital Content). In all cases, anaesthesia and akinesia were
obtained by means of peribulbar injection of 10mL of a
0.75% ropivacaine solution. A single drop of tropicamide 1%
(Visumidriatic 1%, Visufarma, Roma, Italy) was instilled
preoperatively to induce pharmacologic mydriasis and
improve intraoperative visualization [20]. All laser treat-
ments were performed using the Victus FSL platform
(Bausch & Lomb, Bridgewater, NJ, USA). The FSL param-
eters of the corneal incisions were calibrated based on the
corneal thickness in the area of intended cuts using the real-
time swept-source OCT imaging integrated into the FSL
platform. Applying the software developed and approved for
intracorneal ring segment (ICRS) implantation, the intra-
stromal channel incision parameters were set to 1.7 mm in
length, 4.6 mm in width, and 80% depth at the superior
cornea, usually at 10-11o’clock position, using 1.70 uJ of
cutting energy. The inner edge of this channel was 3.0 mm
from the center of the cornea. Using 0.90 4] of cutting
energy, the 9.0 mm diameter circular lamellar side cut was
designed to intersect with the first planar incision, leaving a
residual thickness of 65um above the endothelium
(Figure 1(a)).

In the operating room, a blunt dissector (Model JDBBOI,
E. Janach, Como, Italy) was used to open the intrastromal
channel incision. The blunt spatula (Model AE-2900, Asico,
Westmont, USA) was inserted through the intrastromal
channel and advanced tangentially to the cornea posterior
surface towards the center of the cornea, maintaining the
same depth of the entrance plane. The spatula was then
replaced with a blunt 27-gauge Fontana cannula (Model
J2641.58, E. Janach, Como, Italy), and pneumatic dissection
was attempted (Figure 1(b)). Following debulking of about
80% of the anterior stroma, the roof of the bubble was
incised using a 30° blade under viscoelastic (IAL-F, Fidia,
Padova, Italy) protection. The slit of the incised bubble was
enlarged through blunt Vannas scissors, and removal of the
bubble roof was completed using corneal scissors. The donor
cornea was punched from the endothelial side with a Barron
donor punch (Katena Products, Inc., Parsippany, NJ, USA)
to the same diameter as the recipient cornea (9.0 mm). After
staining with 0.06% trypan blue dye (VisionBlue; D.O.R.C,,
Zuidland, the Netherlands), DM and endothelium were
gently stripped off using a dry Weck-Cel sponge. Four
interrupted 10-0 nylon sutures initially secured the graft into
the recipient bed, and the graft was sutured into the recipient
bed with 16-bite double running, 10-0 nylon suture. The
astigmatism was checked under the guidance of a micro-
scope-mounted digital keratoscope (Figure 1(c)).

Starting the following day, betamethasone 0.2% and
chloramphenicol 0.5% eye drops were administered every 2
hours for 1 week. Subsequently, antibiotic treatment was
discontinued while dexamethasone 1 mg/ml was prescribed
4 times daily and then slowly tapered off during the fol-
lowing 6 months.

2.2. Data Analysis. Statistical analysis was performed using
SPSS Statistics (SPSS, Inc., Chicago, IL) for data analysis.
Values were expressed as mean + standard deviation (SD).
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FiGuRre 1: Intraoperative and postoperative images of a representative patient who underwent femtosecond laser- (FSL-) assisted big-bubble
deep anterior lamellar keratoplasty: (a) shape and size of FSL incisions; (b) successful formation of big bubble; (c) end of the surgery with

keratoscopy control of final astigmatism.

The Wilcoxon signed-rank test was used to compare the
continuous variables. A p value less than 0.05 was consid-
ered statistically significant.

3. Results

This series included 11 eyes of 11 patients that underwent
FSL-assisted DALK. The mean age at the time of surgery was
34.54 +13.23 years, and 6 patients (55%) were males. Based
on the Amsler-Krumeich classification, 4 cases (36%) were
classified as stage II, 5 (45%) as stage III, and 2 (18%) as stage
IV. All cases had a follow-up of at least 6 months (7.2 +1.5
months).

Utilizing the FSL, both corneal incisions (lamellar side
cut and intrastromal channel) were successfully created in all
cases without the need for repeat docking or additional
dissection. Pneumatic dissection with type 1 bubble for-
mation succeeded in all 11 eyes (100%). DALK was com-
pleted uneventfully in all cases. DM perforation did not
occur in any case, and no procedure was converted to PK.

Preoperative mean Snellen CDVA significantly in-
creased from 0.34+0.11 to 0.58+0.07 at final follow-up
(p <0.001), while mean keratometric astigmatism and mean
K steep significantly decreased from 3.71 + 1.95 to 2.40 + 0.57
diopters (D) (p = 0.04) and from 55.20 + 3.09 to 45.60 + 1.35
D (p<0.001), respectively. Complete attachment of the
donor lamella was achieved with corneal clarity restored in
all cases. No episode of double anterior chamber formation,
immunologic rejection, graft failure, or any other postop-
erative complications was observed.

4. Discussion

Although DALK has clear advantages over PK in terms of
graft survival, technical challenges of the procedure along
with poor reproducibility still limit its widespread adoption
among corneal surgeons [21, 22]. Injecting air at the proper
depth using a reproducible technique represents the sig-
nificant surgical challenge, especially among novice corneal
surgeons [23].

Though several studies have described the use of FSL for
the creation of an intrastromal channel for the air injection

[24-27], FSL settings for DALK have not been standardized
thus far. Unlike FSL-based procedures for cataract surgery
and ICRS, no dedicated software has been developed,
possibly due to technical challenges and concerns regarding
the safety and efficacy of FSL for creating DALK incisions. In
fact, laboratory studies have demonstrated that FSL creates
uneven interfaces at greater corneal depths (as required
during DALK surgery) and may possibly induce endothelial
cell damage [28-30].

In this study, we have demonstrated the feasibility of
FSL-assisted BB-DALK according to our standardized
technique. Firstly, the FSL has allowed to create precise
and large-diameter side cut incision. At the 9 mm optical
zone, the cornea tends to be less affected by ectasia and
more regular with less variability in zonal pachymetry.
Consequently, a deeper incision based on the thinnest
point pachymetry is created and could account for the
consistent surgical outcomes observed. Secondly, the FSL
has allowed the creation of accurate and reproducible
intrastromal incisions that represents a deep entrance
plane for the advancement of the cannula at the appro-
priate depth, thereby resulting in high rates of successful
big-bubble formation in this series. Unlike conventional
DALK using manually calibrated trephines, FSL allows a
precise deep trephination, which is associated with high
rates of successful pneumatic dissection independent of
surgical experience [18], eliminating the risk of perforation
in this surgical step. Interestingly, pneumatic dissection
resulted in the formation of a type 1 bubble in all cases. The
presence of PDL confers additional strength to the floor of
the bubble and accounts for the absence of intraoperative
and postoperative complications observed in this series
despite the inclusion of eyes with more advanced stages of
keratoconus [11, 31]. Although the FSL settings used were
originally developed for ICRS implantation, the modifi-
cations presented in this series could represent a major
improvement in the DALK technique.

Another important feature of this procedure is the
design of the intrastromal channel. Instead of a straight
narrow tunnel, we created a large intrastromal pocket
that is more easily identifiable by the surgeon in the
operating room. Additionally, a large stromal pocket



would allow insertion of the cannula through a different
intrastromal tunnel in case of failure of the first attempt.
In order to prevent air from escaping through the large
intrastromal channel, before injecting air for bubble
formation, the cannula was advanced tangential to the
corneal posterior surface maintaining the same depth of
the entrance plane. Though limited follow-up is currently
available, the significant improvements of CDVA and
keratometric outcomes in this series seem to support
other studies that have reported stable and faster wound
healing after FSL-assisted DALK [32, 33]. However, al-
though the visual and refractive outcomes of FSL-assisted
DALK have been reported as comparable to conventional
DALK, further studies are required to evaluate long-term
differences.

Besides FSL, other approaches have been described to
assist surgeons during BB-DALK and improve the success of
the pneumatic dissection. For instance, ultrasound pachy-
metry and intraoperative OCT are helpful tools to achieve a
proper depth of air injection [34-36]. However, the former
approach appears less precise and standardized compared to
our technique and requires dedicated instruments such as a
corneal pachymeter and a micrometer-controlled knife [34].
The latter approach is useful in cases with decreased visu-
alization under the operating microscope, but the main
limitation is represented by the obstruction of the OCT
image acquisition by metallic instruments [35]. As dem-
onstrated by our preliminary results, FSL may help to
overcome these limitations, thereby improving the pneu-
matic dissection success rate while maintaining high stan-
dards of safety. In addition, this technology may increase the
safety and reproducibility of the circular lamellar
trephination.

Although the present case series is an appealing attempt
at standardizing FSL-assisted BB-DALK, there are some
limitations in this study. Firstly, this is a pilot study with
limited sample size and no control group. Larger studies are
required to validate these data, and randomized clinical trials
are desirable to establish the superiority of this approach
over the conventional DALK. Moreover, long-term longi-
tudinal observation is required to evaluate the influence of
FSL-assisted DALK on postoperative refractive and visual
outcomes. Though the laser setting used in this series was
developed for ICRS implantation, the promising initial
surgical outcomes of FSL-assisted DALK support the need
for the development of dedicated settings for DALK. With
greater understanding of the principles behind successful BB
formation [19], FSL settings can be further optimized by
improving the reproducibility and overall outcomes of the
procedure.

In conclusion, using standardized FSL parameters for
both incision design and cut energy in DALK surgery,
pneumatic dissection can be achieved in a very high rate of
cases with minimal risk of intraoperative complications.

Data Availability

The data used to support the findings of this study are in-
cluded within the article.

Journal of Ophthalmology

Disclosure

This article was presented at the 38th Congress of the Eu-
ropean Society of Cataract and Refractive Surgery (ESCRS),
2-4 October, 2020.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Authors’ Contributions

Andrea Lucisano and Giuseppe Giannaccare contributed
equally to the work and should be considered co-first
authors.

Acknowledgments

The authors wish to thank Daniele Gottfried (Bausch &
Lomb) for his technical assistance.

Supplementary Materials

Channel incision parameters are set to 1.7mm in length,
4.6 mm in width, and 80% depth at the superior cornea. A
9.0 mm diameter circular lamellar side cut is designed. In the
operating room, a blunt spatula is inserted, then it is replaced
with a blunt 27-gauge cannula, and pneumatic dissection is
attempted. Subsequently, the bubble roof is removed. In the
donor cornea, the Descemet membrane and endothelium
are stripped off after staining with trypan blue dye. Finally,
the graft is sutured into the recipient bed with 16-bite double
running sutures. The astigmatism is checked under the
guidance of a microscope-mounted keratoscope. (Supple-
mentary Materials)

References

[1] W. J. Reinhart, D. C. Musch, D. S. Jacobs, W. B. Lee,
S. C. Kaufman, and R. M. Shtein, “Deep anterior lamellar
keratoplasty as an alternative to penetrating keratoplasty,”
Ophthalmology, vol. 118, no. 1, pp. 209-218, 2011.

[2] V. Scorcia, G. Giannaccare, L. Logozzo, and M. Soda,
“Keratoconus: advances in anterior lamellar keratoplasty
techniques,” Expert Review of Ophthalmology, vol. 15, no. 1,
pp. 59-66, 2020.

[3] M. A. Terry, “The evolution of lamellar grafting techniques
over twenty-five years,” Cornea, vol. 19, no. 5, pp. 611-616,
2000.

[4] S.L.Watson, A. Ramsay, J. K. G. Dart, C. Bunce, and E. Craig,
“Comparison of deep lamellar keratoplasty and penetrating
keratoplasty in patients with keratoconus,” Ophthalmology,
vol. 111, no. 9, pp. 1676-1682, 2004.

[5] V. M. Borderie, O. Sandali, J. Bullet, T. Gaujoux, O. Touzeau,
and L. Laroche, “Long-term results of deep anterior lamellar
versus penetrating keratoplasty,” Ophthalmology, vol. 119,
no. 2, pp. 249-255, 2012.

[6] M. Keane, D. Coster, M. Ziaei, and K. Williams, “Deep an-
terior lamellar keratoplasty versus penetratingkeratoplasty for
treating keratoconus,” Cochrane Database of Systematic Re-
views, vol. 22, no. 7, Article ID CD009700, 2014.


http://downloads.hindawi.com/journals/joph/2020/5496162.f1.mp4
http://downloads.hindawi.com/journals/joph/2020/5496162.f1.mp4

Journal of Ophthalmology

(7]

(8]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

G. Giannaccare, J. S. Weiss, L. Sapigni et al., “Immunologic
stromal rejection after deep anterior lamellar keratoplasty
with grafts of a larger size (9 mm) for various stromal dis-
eases,” Cornea, vol. 37, no. 8, pp. 967-972, 2018.

A. C. Yu, L. Mattioli, and M. Busin, “Optimizing outcomes for
keratoplasty in ectatic corneal disease,” Current Opinion in
Ophthalmology, vol. 31, no. 4, pp. 268-275, 2020.

S. Gutfreund, P. Leon, S. Graffi, and M. Busin, “Deep anterior
lamellar keratoplasty after Descemet stripping automated
endothelial keratoplasty,” American Journal of Ophthalmol-
ogy, vol. 175, pp. 129-136, 2017.

Eye Bank Association of America, 2019 Eye Banking Statistical
Report, Eye Bank Associationof America, Washington, DC,
USA, 2019, https://restoresight.org/wpcontent/uploads/2020/
04/2019-EBAA-Stat-Report-FINAL.pdf.

V. Scorcia, G. Giannaccare, A. Lucisano et al., “Predictors of
bubble formation and type obtained with pneumatic dis-
section during deep anterior lamellar keratoplasty in kera-
toconus,” American Journal of Ophthalmology, vol. 212,
pp. 127-133, 2020.

M. Anwar and K. D. Teichmann, “Big-bubble technique to
bare Descemet’s membrane in anterior lamellar keratoplasty,”
Journal of Cataract ¢ Refractive Surgery, vol. 28, no. 3,
pp. 398-403, 2002.

R. Fogla and P. Padmanabhan, “Results of deep lamellar
keratoplasty using the big-bubble technique in patients with
keratoconus,” American Journal of Ophthalmology, vol. 141,
no. 2, pp. 254-259, 2006.

L. Fontana, G. Parente, and G. Tassinari, “Clinical outcomes
after deep anterior lamellar keratoplasty using the big-bubble
technique in patients with keratoconus,” American Journal of
Ophthalmology, vol. 143, no. 1, pp. 117-124, 2007.

S. Feizi, M. A. Javadi, H. Jamali, and F. Mirbabaee, “Deep
anterior lamellar keratoplasty in patients with keratoconus:
big-bubble technique,” Cornea, vol. 29, no. 2, pp. 177-182,
2010.

M. Busin, P. Leon, Y. Nahum, and V. Scorcia, “Large (9 mm)
deep anterior lamellar keratoplasty with clearance of a 6 mm
optical zone optimizes outcomes of keratoconus surgery,”
Ophthalmology, vol. 124, no. 7, pp. 1072-1080, 2017.

M. Unal, B. Bilgin, I. Yucel, Y. Akar, and C. Apaydin,
“Conversion to deep anterior lamellar keratoplasty (DALK):
learning curve with big-bubble technique,” Ophthalmic Sur-
gery, Lasers, and Imaging, vol. 41, no. 6, pp. 642-650, 2010.
J. Myerscough, C. Bovone, V. Scorcia et al., “Deep trephi-
nation allows high rates of successful pneumatic dissection for
DALK independent of surgical experience,” Cornea, vol. 38,
no. 5, pp. 645-647, 2019.

V. Scorcia, M. Busin, A. Lucisano, J. Beltz, A. Carta, and
G. A. Scorcia, “Anterior segment optical coherence tomog-
raphy-guided  big-bubble technique,”  Ophthalmology,
vol. 120, no. 3, pp. 471-476, 2013.

V. Scorcia, A. Lucisano, R. Pietropaolo, V. Savoca Corona,
G. Scorcia, and M. Busin, “Red reflex-guided big-bubble deep
anterior lamellar keratoplasty,” Cornea, vol. 34, no. 9,
pp. 1035-1038, 2015.

T. D. L. Keenan, F. Carley, D. Yeates, M. N. A. Jones,
S. Rushton, and M. J. Goldacre, “Trends in corneal graft
surgery in the UK,” British Journal of Ophthalmology, vol. 95,
no. 4, pp. 468-472, 2011.

D. A. Godefrooij, R. Gans, S. M. Imhof, and R. P. L. Wisse,
“Trends in penetrating and anterior lamellar corneal grafting
techniques for keratoconus: a national registry study,” Acta
Ophthalmologica, vol. 94, no. 5, pp. 489-493, 2016.

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

M. Busin, V. Scorcia, P. Leon, and Y. Nahum, “Outcomes of
air injection within 2 mm inside a deep trephination for deep
anterior lamellar keratoplasty in eyes with keratoconus,”
American Journal of Ophthalmology, vol. 164, pp. 6-13, 2016.
R. B. Vajpayee, P. K. Maharana, N. Sharma, T. Agarwal, and
V. Jhanji, “Diamond knife-assisted deep anterior lamellar
keratoplasty to manage keratoconus,” Journal of Cataract &
Refractive Surgery, vol. 40, no. 2, pp. 276-282, 2014.

Y.-C. Liu, V. V. Wittwer, N. Z. M. Yusoff et al., “Intraoperative
optical coherence tomography-guided femtosecond laser-
assisted deep anterior lamellar keratoplasty,” Cornea, vol. 38,
no. 5, pp. 648-653, 2018.

F. W. Price Jr., M. O. Price, J. C. Grandin, and R. Kwon, “Deep
anterior lamellar keratoplasty with femtosecond-laser zigzag
incisions,” Journal of Cataract & Refractive Surgery, vol. 35,
no. 5, pp. 804-808, 2009.

L. Buzzonetti, A. Laborante, and G. Petrocelli, “Standardized
big-bubble technique in deep anterior lamellar keratoplasty
assisted by the femtosecond laser,” Journal of Cataract ¢
Refractive Surgery, vol. 36, no. 10, pp. 1631-1636, 2010.

C. Zhang, L. Liu, M. Tang, Y. Li, W. Chamberlain, and
D. Huang, “Laboratory evaluation of femtosecond laser la-
mellar cuts in gamma-irradiated corneas,” Cornea, vol. 34,
no. 11, pp. 1499-1503, 2015.

P. M. Phillips, L. J. Phillips, H. A. Saad et al., ““Ultrathin”
DSAEK tissue prepared with a low-pulse energy, high-fre-
quency femtosecond laser,” Cornea, vol. 32, no. 1, pp. 81-86,
2013.

K. R. Kopani, M. A. Page, J. Holiman, A. Parodi, B. Iliakis, and
W. Chamberlain, “Femtosecond laser-assisted keratoplasty:
full and partial-thickness cut wound strength and endothelial
cell loss across a variety of wound patterns”,” British Journal of
Ophthalmology, vol. 98, no. 7, pp. 894-899, 2014.

H. S. Dua, L. A. Faraj, D. G. Said, T. Gray, and J. Lowe,
“Human corneal anatomy redefined,” Ophthalmology,
vol. 120, no. 9, pp. 1778-1785, 2013.

J. L. Alio, A. A. Abdelghany, R. Barraquer, L. M. Hammouda,
and A. M. Sabry, “Femtosecond laser assisted deep anterior
lamellar keratoplasty outcomes and healing patterns com-
pared to manual technique,” BioMedResearch International,
vol. 2015, Article ID 397891, 6 pages, 2015.

R. Salouti, M. Zamani, M. Ghoreyshi, I. Dapena,
G. R. J. Melles, and M. H. Nowroozzadeh, “Comparison
between manual trephination versus femtosecond laser-
assisted deep anterior lamellar keratoplasty for keratoconus,”
The British Journal of Ophthalmology, vol. 103, no. 12,
pp. 1716-1723, 2019.

R. C. Ghanem and M. A. Ghanem, “Pachymetry-Guided
intrastromal air injection (“Pachy-Bubble”) for deep anterior
lamellar keratoplasty,” Cornea, vol. 31, no. 9, pp. 1087-1091,
2012.

L. De Benito-Llopis, J. S. Mehta, R. I. Angunawela, M. Ang,
and D. T. H. Tan, “Intraoperative anterior segment optical
coherence tomography: a novel assessment tool during deep
anterior lamellar keratoplasty,” American Journal of Oph-
thalmology, vol. 157, no. 2, pp. 334-341.e3, 2014.

J. Au, J. Goshe, W. J. Dupps, S. K. Srivastava, and J. P. Ehlers,
“Intraoperative optical coherence tomography for enhanced
depth visualization in deep anterior lamellar keratoplasty
from the PIONEER study,” Cornea, vol. 34, no. 9,
pp. 1039-1043, 2015.


https://restoresight.org/wpcontent/uploads/2020/04/2019-EBAA-Stat-Report-FINAL.pdf
https://restoresight.org/wpcontent/uploads/2020/04/2019-EBAA-Stat-Report-FINAL.pdf

