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‘‘Large-Bubble’’ Modification of the ‘‘Big-Bubble’’
Technique for Performing Maximum-Depth

Anterior Lamellar Keratoplasty
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Purpose: To describe a new technique for performing maximum-

depth anterior lamellar keratoplasty.

Methods: This was a case series study of a novel method. We

combined shallow trephination of the cornea with superficial

injection of air in 15 cases. This resulted in formation of a large

bubble over Descemet membrane extending to the peripheral cornea.

We deflated the bubble at the trephination wound and excised the

button from the host completely. The follow-up was from 3 to 8

months. The best spectacle–corrected visual acuity, intraocular

pressure, corneal clarity, endothelial cell count, and corneal thickness

were recorded preoperatively and 3 and 6 months postoperatively.

Results: Successful access to intact bare Descemet membrane was

obtained in all but one case, which required conversion to penetrating

keratoplasty. All corneas were clear at the end of follow-up. We found

a significant difference in the endothelial cell counts in the cases that

we compared. The postoperative central corneal thickness increased

significantly compared with preoperative levels.

Conclusion: The early outcomes in our initial series of cases using

the ‘‘large-bubble’’ technique suggest that it is a fast effective method.
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Over the past decade, lamellar keratoplasty has become an
increasingly important option for removing the diseased

part of the cornea and leaving the normal anatomic layers
intact. It has become more popular than penetrating kerato-
plasty as it avoids the complications associated with open-sky
surgery,1 while preserving the host endothelial cells2 and
reducing the rate of allograft rejection.3 The first lamellar
keratoplasty was performed and reported by Arthur Von

Hipple4 in 1888, and Hallermann5 first attempted to approach
Descemet membrane (DM) in lamellar keratoplasty. The term
‘‘deep lamellar keratoplasty’’ and the technique of dissecting
the cornea down to DM by injecting air into the corneal tissue
were introduced by Archila6 in 1984. Chau et al7 reported their
experience with deep lamellar keratoplasty that involved
injecting air into the stroma in 1989, whereas Anwar and
Teichmann8 introduced a technique that gave the corneal
surgeon access to bare DM by forming a big bubble in the
potential surgical plane just anterior to the membrane. This
resulted in vision comparable to that with penetrating
keratoplasty.8 They stated, ‘‘this technique considerably short-
ens the duration of the operation, lowers the risk of operation,
and has the potential to make maximum-depth LKP a popular
procedure.’’8 We developed a novel way to form a large bubble
at the DM–stroma interface that extends to the peripheral
cornea. Our technique facilitates access to bare DM and reduces
the patient’s residual stromal tissue to minimal amounts.

MATERIALS AND METHODS
Surgery was performed in 15 eyes of 15 patients

between April and September 2008. The corneal disorders
included keratoconus in 14 cases and nonspecific corneal
opacity without DM involvement in 1 case. All operations
were performed by 1 surgeon (F.D.). All patients gave
informed consent. The follow-up period ranged from 3 to 8
months. Manifest refraction (with spectacle correction), the
best spectacle–corrected visual acuity (BSCVA) with a stan-
dard Snellen optotype, corneal transparency, and intraocular
pressure (IOP) (mean of 2 measurements obtained along the
steepest and flattest corneal meridians using Goldmann
applanation tonometry) were recorded at each visit. The
central corneal thickness (CCT) using an ultrasound pachy-
meter (Tomey SP-3000) and endothelial cell count (ECC)
using a noncontact specular microscope (Topcon SP-2000p)
were recorded preoperatively and 3 and 6 months post-
operatively. In some cases, the preoperative ECC could not be
determined because of opacification or distortion of the cornea.
The preoperative and postoperative BSCVA, IOP, ECC, and
CCT of the participants were compared with paired t tests.

The procedure was performed as follows. A partial-
thickness trephination of the cornea approximating about
20%–30% of the depth was performed using a Hessburg–
Barron vacuum trephine (Katena Products). In most cases,
the depth of the cut was 2½ ‘‘quarter circles’’ of the
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Hessburg–Barron trephine. A 27G or 29G needle attached to
a 5-mL air-filled syringe was bent approximately 5 mm from
its tip so that it made an obtuse angle with the shaft of the
needle. The needle was introduced bevel down into the corneal
stroma from a superior point in the circumference of the
trephination wound near 12-o’clock. Under direct visual
control, the needle was advanced superficially into the corneal
stroma to about 20%–30% of its depth. The tip of the needle
approached the central area of the cornea. If the thinnest point
of the cornea was in the central area, the surgeon directed the
needle to the paracentral area, while carefully avoiding getting
too close to the trephination wound. The plunger of the air-
filled syringe was pressed gently until whitening of the
corneal tissue over about one-sixth of the surface was seen
(Fig. 1). Air was injected forcefully thereafter, and a white disk
formed in the entire cornea (Fig. 2). The plunger was released
immediately, and the needle was withdrawn from the cornea.
To prevent high pressure on the globe, performing a para-
centesis along the posterior limbal line in a convenient location
was necessary, with the knife directed toward the center of
the lens or in a more vertical direction so as not to violate the
bubble. The paracentesis was widened, and its posterior lip
was depressed to drain most of the aqueous fluid. The cornea
was touched gently; if ballottement was felt, the surgeon
proceeded by grasping the central lip of the trephination
wound and rotating the globe in a down-gaze position. A 15-
degree, stab knife (Eagle Laboratories) was used to cut the
remaining stromal tissue at the bottom of the trephination
wound with a tangential horizontal movement of the knife. The
small amount of fluid over the cornea helped to visualize the
bubbles escaping through the incision (Fig. 3). Viscoelastic
hydroxypropyl methyl cellulose (Coatel; Bausch & Lomb) was
injected over DM via the opening in the bubble cavity to push
DM back so as to facilitate cutting the host button. Blunt-tip
curved scissors (18010; Moria) were used to excise the button
circumferentially (Fig. 4). Finally, DM and the endothelium of
corneoscleral donor tissue were stripped off by disinserting the

membrane peripherally using a dry Weck-Cel sponge and then
wiping off the membrane from the posterior surface of the
cornea completely with a Weck-Cel sponge. Using a punch,
the donor tissue was cut to the desired size from the endothelial
side. The sizes of the trephine and endothelial punch were
selected according to the white-to-white distance of the
recipient’s cornea, and the axial length was reported from an
echogram of the recipient’s eye. In all 15 cases, an 8-mm
trephine was used for the recipient corneas and an 8.25-mm
endothelial punch was used for the donor tissues. The donor
tissue was sutured to the recipient site over the bare DM with
combined interrupted and continuous sutures (10-0 nylon). If
a large bubble did not form, we planned to continue with
a conventional deep lamellar keratoplasty using described
methods.6,9,10

FIGURE 1. Slow injection of air is performed until one-sixth of
the corneal surface whitens.

FIGURE 2. After the second injection, a white disk develops
through out the entire cornea. The center of the cornea
steepens and the IOP rises.

FIGURE 3. The air escapes from the opening that is made by
a stab knife at the bottom of the trephination wound.
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RESULTS
The mean age of the 15 patients was 25.53 years (range

18–58 years). Of the patients, 66.7% were men and 33.3%
were women. Of the treated eyes, 60% were left eyes and 40%
were right eyes. The corneal disorder was keratoconus in 14
cases and nonspecific corneal opacity without DM involve-
ment in 1 case. In one of the keratoconus cases, we found
a horizontal transverse tear in the center of DM after we
excised the recipient’s button; we postulated that DM had been
detached from the stroma and subsequently ruptured because
of overfilling of the bubble cavity or it less likely may be
because of previous hydrops in the recipient’s cornea. We
converted to penetrating keratoplasty in this case.

All of the corneas were clear 3 and 6 months
postoperatively (Fig. 5). The length of follow-up ranged from
3 to 8 months. Preoperatively, the BSCVA ranged from 1.3 to
0.3 logarithm of the minimum angle of resolution (median
1.00). The BSCVA at the last visit ranged from 0.5 to 0.1
logarithm of the minimum angle of resolution (median 0.3),
and 53.33% of the eyes achieved vision of 20/40 or better. A
significant increase was observed in the postoperative BSCVA
compared with the preoperative BSCVA (P , 0.001). The
ECC measured preoperatively when possible ranged from
2200 to 3121 cells per square millimeter (mean 2639 cells per
square millimeter). The average postoperative ECC was 2516
cells per square millimeter (range 1920–3079 cells per square
millimeter) at 3 or 6 months postoperatively. The difference
between the pre- and postoperative ECC was significant (P ,
0.008). The preoperative CCT ranged from 298 to 430 mm
(mean 6 SD, 364 6 65.62 mm), whereas the postoperative
CCT ranged from 410 to 530 mm (mean 6 SD, 470 6 29.02
mm); a significant increase occurred in the postoperative CCT
(P , 0.001). No significant difference was detected between
the pre- and postoperative IOP (P , 0.001; Table 1).

DISCUSSION
The current trend in anterior lamellar keratoplasty is

toward achieving the deepest smoothest possible interface

between the donor and host tissues. From a theoretical
perspective, bare DM constitutes the deepest smoothest
interface surface.

The preliminary results of the ‘‘large-bubble’’ technique
reported here indicate that the method is effective for accessing
bare DM in the recipient’s cornea, with a perforation rate of
6.67%. In this case series, all of the eyes had clear grafts at the
last postoperative visit. Except for the case that was converted
to a penetrating keratoplasty, all of the corneas had an ECC of
more than 2000 cells per square millimeter. Nevertheless, we
found a statistically significant decrease in the ECC after the
procedure. Draining the aqueous fluid and the touch between
endothelial cells and the iris surface may have had a role in the
decrease in ECC.

Excluding the case that was converted to a penetrating
keratoplasty, the postoperative CCT ranged from 410 to 495
mm. A statistically significant increase was noted in the
postoperative CCT.

Many reports have described anterior lamellar kerato-
plasty using different techniques. Archila6 described air
injection into the corneal stroma, and Price9 subsequently
used the method in 10 cases. Chau et al7 used air injection for
lamellar keratoplasty both in vitro and clinically and used
prelathed lyophilized donor lenticules in 4 patients. Sugita and
Kondo10 used saline injection for hydrodelamination of the
corneal stroma and applied spatula delamination to expose
DM, but perforation occurred in 39.2%. Manche et al11 and
Melles et al12 used viscoelastic material for this purpose.
Anwar and Teichmann8 introduced the relative safer and faster
‘‘big-bubble’’ technique to access bare DM with a perforation
rate of 9%. Fournié et al13 reported a modification of the ‘‘big-
bubble’’ technique that reduced the risk of perforation by
making a stromal corneal nick after a lamellar keratectomy and
inserting a blunt cannula for air injection; they also used
viscoelastic material and had the advantage of an extraocular
procedure with a perforation rate of 15.3%.13 Tan and Mehta14

developed the Singapore National Eye Center modification of
the technique of Anwar and Teichmann8; they injected air into
the posterior half of the stroma after manual dissection of the
anterior stroma and reported a perforation rate of 7%.14

Our ‘‘large-bubble’’ technique differs from the original
‘‘big-bubble’’ technique in that we performed a shallow
trephination followed by the superficial injection of air into the
corneal stroma. One of us (F.D.) found that if peripheral
dissection of DM from the stroma occurs, we can deflate the
bubble from the periphery at the bottom of the trephination
wound and remove the host button easily. In addition, he found
that no need exists for deep insertion of a needle into the
stroma if the trephination wound is not too deep and that this
will result in a large bubble extending to the peripheral cornea.
To explain our experience in these cases, we hypothesized that
one may encounter different situations after injecting air into
the corneal stroma relative to the depth of the trephination
wound and the depth of the needle inserted to inject air.

First, if the needle is inserted too deep into the corneal
stroma, air will reach a relatively small area of DM. Pressure is
the force per unit area applied to a surface; in this situation, the
force of the air creates great pressure, which may result in DM
rupture and the immediate presence of air in the anterior

FIGURE 4. The host button is excised using blunt-tip curved
scissors leaving the DM intact.
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chamber. In fact, we need enough pressure to dissect DM from
the posterior stromal surface without applying too much
pressure to overcome the shearing force of the membrane that
will result in rupture. In contrast, the deep injection of air may
result in a big bubble, which may extend peripherally but not
reach the circumference of the trephination wound. The
undissected area in the center of the trephination wound may be
subject to a higher risk of DM rupture when the surgeon tries to
excise the recipient’s stromal tissue.

Alternatively, if the needle is inserted superficially into
the stroma and the trephination wound is deep, the air will
reach the trephination wound and escape from the cornea
before accumulating over DM and creating enough force to
detach it. In this situation, the tissue within the trephination
wound will whiten but no bubble will form.

Finally, if the trephination wound is superficial and
insertion of the needle is also superficial, the air accumulates
over a large area over DM and creates a large detachment. The
uncut stromal tissue beneath the trephination wound provides
a corridor for air passing to the peripheral cornea. This results
in detachment of the peripheral DM, as we experienced in our
series. We postulate that the initial insufflation of a small
amount of air into the stromal tissue before the forceful
injection of air helps widen the distribution of air over DM.

We observed that the curvature of the central cornea
steepens and the IOP rises just after formation of the large
bubble. We believe that in the presence of a large bubble, the
cornea does not collapse after the paracentesis is performed
and most of the aqueous fluid is drained and ballottement is
felt when it is touched gently. In addition, we postulate that any

TABLE 1. Clinical Data of Patients

Case Sex
Age
(yrs) Eye

Corneal
disorder Surgery

Preoperative
BSCVA

(logMAR)
Preoperative
CCT (mm)

1 F 58 OD Nonspecific
corneal opacity

DALK 1.3 533

2 M 29 OD KCN DALK 1 390

3 F 27 OS KCN DALK 1.3 307

4 M 25 OS KCN PK 1.3 310

5 M 24 OD KCN DALK 1 374

6 F 19 OS KCN DALK 1.3 298

7 M 21 OS KCN DALK 0.7 341

8 F 20 OD KCN DALK 0.5 407

9 M 28 OS KCN DALK 0.3 420

10 M 19 OS KCN DALK 0.5 354

11 M 24 OD KCN DALK 1.3 308

12 M 21 OS KCN DALK 0.5 420

13 M 26 OD KCN DALK 1.3 302

14 M 24 OS KCN DALK 0.7 350

15 F 18 OS KCN DALK 0.5 430

Case
Preoperative

ECC (cells/mm2)
Preoperative
IOP (mm Hg)

Last
Postoperative

BSCVA (logMAR)

Last
Postoperative
CCT (mm)

Last
postoperative

ECC (cells/mm2)

Last
postoperative
IOP (mm Hg)

Follow-up
(mo)

Last
Postoperative
SE (diopters)

1 NA 13 0.4 480 2010 14 8 +1.5

2 2300 11.5 0.1 468 2266 12 8 +0.25

3 2310 16 0.3 471 2222 13.5 7 +1

4 NA 15 0.3 530 1920 14 6 21

5 2650 17 0.3 495 2600 15 6 +3

6 NA 11 0.3 470 2730 13 6 +1.5

7 2920 11 0.3 441 2910 12.5 6 +2.5

8 2830 12.5 0.2 488 2790 14 5 +0.5

9 3121 14 0.3 469 3079 15 5 +1.5

10 2930 11 0.4 485 2895 12 4 +3

11 NA 15 0.4 476 2780 13 4 +2.5

12 2200 17 0.3 430 2153 15 4 +0.25

13 NA 11 0.4 490 2540 14 4 +4

14 2700 14 0.5 472 2658 15 3 +6

15 2589 14 0.4 449 2517 11 3 +5

DALK, deep anterior lamellar keratoplasty; F, female; KCN, keratoconus; logMAR, logarithm of the minimum angle of resolution; M, male; NA, not applicable; PK, penetrating
keratoplasty; SE, spherical equivalent.
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bubble smaller than what we described as a large bubble
cannot prevent the cornea from collapsing at this stage.
However, DM did not rupture in any of our cases during
deflation of the bubble.

Our modified technique has several advantages. First,
the omission of the resection of stromal tissue with a spatula
and blade presumably reduces the risk of DM perforation.
Second, it is less time consuming. Third, peripheral dissection
of DM from stroma gives more room for maneuvering scissors
in a more vertical position, which minimizes the residual
stromal tissue near the trephination wound, which is one of the
sources of corneal astigmatism after anterior lamellar kerato-
plasty. Fourth, it overcomes the difficulty and variable rate of
success in achieving the ‘‘big bubble’’ among inexperienced
surgeons,13 and finally, it eliminates the accidental opening of
the anterior chamber during deep trephination. One drawback
of this technique is the potential risk of DM rupture because of
overfilling and extension of the bubble if the force of air
injection is high and the opposing intraocular and vitreous
pressures are low. Note that the power of the analysis in this
study is likely to be low, given the small sample size.

In conclusion, in attempts to achieve the best visual
results and least hazards in lamellar keratoplasty, many
techniques have been put forward by pioneers and experts in
corneal surgery. The ‘‘big-bubble’’ technique is among the
most efficient ways to expose bare DM, which serves to create
a smooth interface with donor tissue. Our modified ‘‘large-
bubble’’ technique has many advantages compared with the
original ‘‘big-bubble’’ method. However, our technique should
not be performed routinely until more extensive comparative
studies have revealed all the risks and benefits of this
procedure.
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FIGURE 5. Case 2: 255 days after surgery, the manifest
refraction was +1 (21.5 3 131) just after removal of radial
suture at 7-o’clock.
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