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Purpose: To study the dynamics of big bubble (BB) formation in eyes with advanced 
keratoconus (KC) during deep anterior lamellar keratoplasty (DALK).
Methods: A retrospective review of medical records and videos of DALK surgeries 
performed during the period from January 2013 to December 2019 on keratoconic eyes. 
Eyes with formed BB, in the presence of a relatively clear stroma, were included. We studied 
the following parameters the location of BB commencement, duration from the start of the 
bubble until complete formation, and the pattern of air passage during the formation process.
Results: A total of 37 eyes met the inclusion criteria. Type 1 BB was formed in 22 eyes with 
a mean formation time of 1.9 ± 1.1 seconds and a mean bubble diameter of 7.6 ± 1.1 mm. 
Type 1 BB started in the center as a small dome expanding centrifugally with preceding 
localized stromal whitening in 19 eyes and without whitening in three eyes. Type 2 BB was 
formed in 14 eyes with a mean formation time of 0.3 ± 0.12 seconds and a mean bubble 
diameter of 7.4 ± 1.8 mm. Type 2 BB started in the center in 13 eyes and the mid periphery 
in one eye, through either direct access to the plane between Descemet’s membrane and the 
pre-Descemet’s layer in six eyes, or preceded by a small intrastromal bubble in eight eyes. 
Mixed bubble was observed in one eye, which started as a small central Type 1 BB followed 
by the rapid formation of a Type 2 BB.
Conclusion: Eyes with KC are associated with central commencements of both Type 1 and 
Type 2 BB during DALK. Duration of BB formation was significantly faster in Type 2 BB, 
with most starting as a small intrastromal bubble before air gain access to the plane between 
DM and stroma.
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Introduction
Deep anterior lamellar keratoplasty (DALK) has replaced penetrating keratoplasty 
in treating corneal stromal pathologies with healthy endothelium such as keratoco-
nus, scars, stromal dystrophies and degenerations.1–3 The big bubble (BB) techni-
que is considered the most popular technique used in DALK, in which the air is 
injected in the corneal stroma to achieve separation at the posterior lamellae.4–6

The plane of cleavage during BB formation has been a topic of interest in many 
publications. It has been believed previously that BB DALK is a Descemet’s membrane 
(DM) baring technique. However, many studies have recently confirmed the presence of 
a stromal sheet (pre-Descemet’s layer [PDL]) covering DM after BB formation.7–9 

Consequently, three types of BB have been described. Type 1 BB (white margin), which 
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is the most common, forms between the stroma and the PDL. 
Type 2 BB (clear margin) forms between DM and the PDL 
and has previously been believed to form intra-DM between 
the banded and nonbanded zones.10 The third type is the 
mixed BB, in which both Type1 and Type 2 appear together, 
either complete or partial.9

The dynamics of BB formation have been studied 
in vitro by air injection in sclerocorneal buttons. Type 1 
BB has been described as starting as tiny central bubbles 
anterior to DM, which coalesce to form a dome-shaped BB 
expanding centrifugally to a mean diameter of 8.11 mm. 
On the other hand, type 2 BB starts as a thin-walled bubble 
in the periphery and expands as a thin transparent dome 
with a mean diameter of 10.2 mm. Mixed type bubble 
occurs during the formation of Type 1 BB, when air 
leaks through the stretched fibers of the PDL at the per-
iphery of the bubble and gains access to the plane between 
DM and the PDL.11

In this study the commencement locations of Type 1 
and Type 2 BB, the pattern of the air passage in the corneal 
stroma, and the total time required for BB formation in 
eyes with advanced keratoconus (KC) during DALK using 
the BB technique.

Materials and Methods
We conducted a retrospective review of medical records 
and videos of DALK surgeries performed on keratoconic 
eyes during the period from January 2013 to 
December 2019. This study was conducted in accordance 
with the tenets of the Declaration of Helsinki and was 
approved by the Ethics Committee of the Faculty of 
Medicine, Alexandria University. All patients provided 
written informed consent.

All procedures were performed by a single surgeon, 
Goweida MB, using the BB technique previously 
described by Anwar and Teichmann.4 Some modifications 
of the original technique have been made, such as per-
forming paracentesis before bubble formation for injecting 
small air bubbles in the anterior chamber and using 
a Fogla 27-gauge air-injection cannula (Bausch & Lomb, 
Rochester, NY) introduced in the central or paracentral 
area to create the BB.

All videos were reviewed by slow motion video editing 
using Final Cut software on a MacBook Pro computer 
(Apple Inc. USA) to study the dynamics of BB formation 
from the start of air injection until the complete BB for-
mation. The inclusion criteria included eyes with Type 1 
and Type 2 bubbles with relatively clear stroma during all 

stages of BB formation, permitting clear study of the 
process. Videos meeting the inclusion criteria were 
assessed regarding the location of BB commencement, 
duration from the start of bubble until the formation, and 
the pattern of air passage during the process of formation. 
The start of the BB was described as being central (within 
the central 4 mm of the cornea), mid-peripheral (within 
4–6 mm from the corneal center), or peripheral (if beyond 
the central 6 mm). The size of the BB was measured 
relative to the size of the trephination. The duration was 
recorded in seconds.

The exclusion criteria included eyes with failed BB, 
eyes with marked stromal whitening obscuring the start of 
the BB, eyes with preexisting DM tears or stromal scar-
ring, and eyes with burst BB.

Results
A total of 286 videos of BB DALK for advanced KC were 
reviewed: 142 eyes had a Type 1 BB (49.7%), 45 eyes had 
a Type 2 BB (15.7%), six eyes had a mixed BB (2.1%), 
and 93 eyes had a failed BB (32.5%). Of the reviewed 
cases, 37 eyes met the inclusion criteria. Type 1 BB was 
formed in 22 eyes, Type 2 BB in 14 eyes and mixed 
bubble was formed in one eye.

Type 1 BB
The mean age of the patients with Type 1 BB was 25 ± 5.6 
years. The mean preoperative central corneal thickness 
(CCT) and average keratometric (K) readings were 366.1 
± 73.9 μm and 64.6 ± 5.3 diopters, respectively. The 
average trephination diameter was 8.1 ± 0.21 mm. 
A mean formation time of 1.9 ± 1.1 seconds was recorded 
from the start of the BB until its complete formation, and 
the mean bubble diameter was 7.6 ± 1.1 mm.

Two patterns were observed during BB formation. In 
the first pattern, 19 eyes showed stromal whitening (Video 
S1) starting from the location of air injection and extend-
ing to one side of the limbus (Figure 1A), followed by the 
appearance of the BB as a small dome in the center 
(Figure 1B), and expanding centrifugally (Figure 1C). In 
the second pattern, formation of the BB without stromal 
whitening (Video S2) was observed in three eyes starting 
from the center and expanding centrifugally (Figure 2).

Type 2 BB
The mean age of patients with Type 2 BB was 31.8 ±10.1 
years. The mean preoperative CCT and average K readings 
were 298.5 ± 118.3 μm and 69.6 ± 6.1 diopters, 
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respectively. The average trephination diameter was 8.2 ± 
0.23 mm. The mean time of bubble formation was 0.3 ± 
0.12 seconds, and the mean bubble diameter was 7.4 ± 
1.8 mm. The bubble expanded from the starting point to 
the periphery in nine eyes, whereas five eyes showed 
concentric enlargement similar to that of type 1 BB. Two 
patterns were observed during bubble formation. In the 
first pattern, in eight eyes, the bubble started as a minute 
intrastromal bubble (Figure 3A) with sudden and rapid 
formation of a clear margin bubble (Figure 3B and C, 
and Video S3). Mid-peripheral commencement of the bub-
ble was observed only in one eye (Figure 4 and Video S4), 
while the remaining seven had a central commencement. 
The second pattern was direct access of air to the plane 
between DM and PDL at the site of air injection in six 
eyes with a central commencement in all of them (Figure 5 
and Video S5).

Mixed Bubble
One eye with mixed bubble met the inclusion criteria, in 
which air injection resulted in the formation of a small central 
Type 1 BB with a diameter of 3 mm, followed by the rapid 

formation of a Type 2 BB, starting at one edge of the formed 
Type 1 with a diameter of 6 mm (Figure 6 and Video S6). 
The age of this patient was 29 years. The preoperative CCT 
and average K readings were 338 μm and 67 diopters, 
respectively. The trephination diameter was 8.25 mm.

Discussion
Since the popularization of the BB technique in lamellar 
corneal surgery, the mechanism of BB formation during 
DALK has been an interesting research topic. The pre-
sence of stromal emphysema during the process of BB 
formation has resulted in some delay of the understanding 
of the types and mechanism of BB formation. To over-
come this difficulty, the dynamics of BB formation have 
been studied on sclerocorneal buttons by stromal air injec-
tion endothelial side up.9,11,12

However, the postulated mechanisms may not be simi-
lar to BB formation during DALK surgery owing to sev-
eral reasons. First, the examined sclerocorneal buttons are 
considered having normal stroma, whereas surgeries are 
performed in pathological corneas with the expected 
change of the stromal microarchitecture, resulting in 

Figure 1 Type 1 big bubble formation with stromal whitening. (A) Stromal whitening extending from the site of air injection to the limbus on one side. (B) Central commencement 
of Type 1 bubble (black arrows) with displacement of the anterior chamber (AC) bubbles to the periphery (white arrows). (C) Complete formation of Type 1 bubble.

Figure 2 Incomplete Type 1 big bubble formation without stromal whitening. (A) Central commencement of Type 1 bubble in a clear cornea (black arrows). (B and C) 
Enlargement of Type 1 bubble (black arrows) with AC bubble displacement to the periphery (white arrows).
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Figure 3 Type 2 bubble formation after a small intrastromal bubble. (A) Air injection with the formation of a small intrastromal bubble (black arrows). (B) Rapid formation 
of Type 2 bubble as a small central bubble (white arrows). (C) Centrifugal enlargement of Type 2 bubble (white arrows).

Figure 4 Midperipheral formation of Type 2 bubble after a small intrastromal bubble. (A) Air injection with the formation of a small intrastromal bubble (black arrows). 
(B and C) Formation of Type 2 bubble enlarging inferiorly (white arrows).

Figure 5 Direct access of air to the plane between the DM and stroma to form Type 2 bubble. (A and B) Central commencement of Type 2 bubble (white arrows). (C) 
Centrifugal enlargement of Type 2 bubble (white arrows).

Figure 6 Mixed bubble without stromal whitening. (A) Central commencement of Type 1 bubble (black arrows). (B) Enlargement of the bubble towards one side (black 
arrows). (C) Rapid formation of type 2 bubble (white arrows).
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different mechanism of BB formation. Second, the used 
buttons are usually of old age donors with anticipated 
change in the stromal collagen, and there is a possibility 
of higher incidence of the formation of Type 2 BB.13 

Finally, the placement of the buttons endothelial side-up 
will eliminate the counterbalancing effect of intraocular 
pressure during air injection.

The integrity of the PDL is considered to be the con-
tributing factor responsible for the type of bubble formed 
during pneumodissection. The criteria of the PDL have 
been described by Dua and his associates as being 15 to 
20 microns thick, devoid of keratocytes, and impervious to 
air.9 Normally, injected air will diffuse through the corneal 
stroma and on reaching the posterior lamellae, it separates 
the PDL from the deep stroma forming a Type 1 BB. 
A defect in the PDL may allow air passage to separate 
the DM resulting in the formation of Type 2 BB.

Previous studies on sclerocorneal buttons have 
described Type 2 BB starting in the periphery, owing to 
the presence of clusters of fenestrations in the periphery of 
the impervious PDL.9,11 In this case series, Type 2 BB 
started in the center in 13 eyes and in the midperiphery in 
one eye. Peripheral commencement was not observed in 
any of the studied eyes. An explanation is that KC is 
associated with disruption of the collagen lamellae, and 
degradation of elastin in the PDL renders it pervious to 
air,14,15 contrary to sclerocorneal buttons, with normal 
stromal microarchitecture, where air should pass through 
the fenestrations in the periphery of the PDL to form 
a Type 2 BB.11 Detecting the type of BB after air injection 
is a crucial step for a successful DALK surgery, as Type 2 
BB has special techniques of handling different than Type 
1 BB.16 Therefore, surgeons should not rely on the per-
ipheral commencement of Type 2 BB if the clear margin 
of the bubble was not evident owing to the small size of 
the bubble or the presence of stromal whitening.

Although Type 2 BB formed in sclerocorneal buttons 
was described to be of large diameter (mean, 10.2 mm) 
[10], smaller size was reported in this study (mean, 
7.4 mm). This is attributed to slow stromal air injection 
during DALK to avoid possible bursting and to allow 
cessation of injection as soon as Type 2 BB was noticed. 
It has been demonstrated that the bursting pressure of Type 
2 BB is much lower than that of type 1.9,12 Limiting the 
size of the formed Type 2 BB may also hypothetically 
lower the possibility of double anterior chamber in the 
postoperative period, through decreasing the peripheral 
extension of the bubble.16

The duration of formation of Type 2 BB has not pre-
viously been discussed in the literature. The rapid formation 
of Type 2 BB reported in this study (mean, 0.3 ± 0.12 s), 
compared with that of Type 1 BB (mean, 1.9 ± 1.1 s), could 
be attributed to the loose interfacial matrix attachment 
between the DM and PDL, compared with the relatively 
strong attachment between PDL and the posterior stroma.15

An interesting observation is the presence of a minute 
intrastromal bubble preceding most of Type 2 BB, which 
usually pass unnoticed owing to the small size and the 
quick progression to the more obvious Type 2 BB. This 
intrastromal bubble may be a small Type 1 BB; Therefore, 
it could be concluded that the number of mixed bubbles is 
usually underestimated. Intraoperatively, this small bubble 
may guide the surgeon to the plane between the PDL and 
stroma, thereby avoiding the hazards of DM baring.16

Limitations of this study include the small sample size, 
which is owing to the rarity of BB formation without stromal 
whitening, especially in Type 1 BB which is usually preceded 
by varying degrees of stromal whitening, depending on the 
corneal thickness and the proximity of air injection cannula 
to the DM. However, previous studies describing the criteria 
and dynamics of Type 1 and 2 bubbles have had a sample size 
between 22 and 57 sclerocorneal buttons and between 3 and 
9 eyes with formed Type 2 BB.9,11,12 Therefore, we believe 
a sample size of 14 keratoconic eyes with Type 2 BB, starting 
in the center and midperiphery may be considered enough to 
conclude that Type 2 BB in eyes with keratoconus can start 
anywhere, not necessary in the periphery. Moreover, the 
study was limited to keratoconic eyes owing to the preserved 
corneal clarity in keratoconus, allowing analysis of the air 
path during BB formation. It was not possible to include eyes 
with corneal scars or stromal dystrophies in this study, as the 
scars usually obscure the process of BB formation. Another 
limitation is that the study was restricted to eyes with mini-
mal stromal whitening, even though other mechanisms may 
be present in eyes with marked whitening. Other tools such 
as intraoperative optical coherence tomography may assist in 
studying these eyes, which was not available in this study.

In conclusion, eyes with advanced KC were associated 
with central commencements of Type 1 and Type 2 BB 
during DALK using the BB technique. Unlike previously 
described in vitro, peripheral commencement of Type 2 
BB was not observed in keratoconic eyes. This may prove 
the central affection of the PDL in advanced KC, allowing 
air path to gain access to the plane between the DM 
and PDL.
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