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Purpose: To determine the clinical efficacy of modified deep lamellar keratoplasty for the treatment of
advanced-stage keratoconus with steep curvature.
Design: Retrospective, noncomparative clinical trial.
Participants: Fifty-nine keratoconus patients with a curvature of more than 60 diopters (D) in 65 eyes were
studied. All affected eyes were in the advanced stage with typical clinical characteristics, and 31 of the eyes had
midstromal scars in the central cornea.
Methods: All patients were treated with modified deep lamellar keratoplasty. Briefly, four-fifths thickness of
the corneal lamellae was cut using a Hessburg-Barron vacuum trephine (with a diameter of 7.75 mm). The incisal
edge of the cornea was drawn using toothed forceps, and the lamellae were cut with a diamond knife along the
stromal fibers. At the top of the cone, 2 mm (in diameter) of Descemet’s membrane was left. A corneal graft (8.0
mm in diameter) was sutured to the recipient using a gradual pressure technique to decrease the occurrence of
folds in the central cornea. Complications during and after the surgery were recorded. The transparency of the
graft, eye vision, and cornea curvature were monitored during follow-ups.
Main Outcome Measures: Surgical effect and visual acuity after modified deep lamellar keratoplasty in
patients with keratoconus.
Results: No corneal perforation occurred during the operations. Nine patients had mild liquid accumulation
underneath the graft, but it disappeared 1 to 2 days after the surgery. The corneal graft attached to the patient’s
eye well, and there was no obvious fold in the center. The average best-corrected visual acuity was 20/32
between 3 months and 1 year after surgery and reached 20/25 at 1 year after the operation. There was no
detectable corneal graft rejection during the follow-ups.
Conclusions: This modified deep lamellar keratoplasty procedure for the treatment of keratoconus in
patients with advanced-stage disease and steep curvature seems to provide similar efficacy to penetrating
keratoplasty and may decrease the risk of immune rejection when compared with historical outcomes.
Financial Disclosure(s): The authors have no proprietary or commercial interest in any materials discussed
in this article. Ophthalmology 2010;117:226 –231 © 2010 by the American Academy of Ophthalmology.

Corneal transplantation surgery for the treatment of keratoconus has gone through a long and winding road. Until now,
3 different types of surgery have been developed: penetrating keratoplasty (PK), epikeratophakia,1 and deep lamellar
keratoplasty (DLKP). All continue to be used to treat keratoconus, but each has its own advantages and shortcomings. Penetrating keratoplasty can achieve good visual acuity shortly after the operation,2 but immune rejection of the
graft develops in approximately 10% of patients. Epikeratophakia is much safer than PK, but may be appropriate only
for patients whose curvature is lower than 55 diopters (D)
and for those with no scars on the cornea.3 Deep lamellar
keratoplasty generally is accepted as the best choice for
treating keratoconus.4 This type of surgery is advantageous
because there is no endothelial rejection (the host’s endothelium remains intact), and its demand for donor tissue
quality is low (even stored cornea can be used). However,
because of the high rate of perforation during operation and
poor postoperative visual acuity, this type of surgery has not
been widely applied in the clinic. Herein, a modified deep
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lamellar keratoplasty for the treatment of advanced-stage
keratoconus with steep curvature (more than 60 D) is described. This new surgery seems to provide similar efficacy
to PK but with a reduced risk of immune rejection.

Patients and Methods
This study was approved by the institutional review board and
conformed to the guidelines of the Declaration of Helsinki. One
hundred thirty-seven keratoconus patients were treated in the
Shandong Eye Hospital from June 2004 through January 2008.
The curvatures of 65 eyes from 59 patients were higher than 60 D,
and 7 of them had curvatures beyond the measuring range of the
curve meter. Of the 59 patients selected for this study, 52 (with 58
affected eyes) were men and 7 (with 7 affected eyes) were women.
The average age was 21 years (range, 12– 44 years). Before surgery, the average visual acuity was 20/250, and the average BCVA
was 20/80. All patients exhibited typical clinical features of keratoconus, which include cornea protrusion and thinning, Vogt’s
striae, Fleischer’s ring, and Munson’s sign. Thirty-one eyes had
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Figure 1. Intraoperative photographs. A, Using a Hessburg-Barron vacuum trephine to cut the cornea. B, Pulling the incisal edge of the cornea and
cutting through the corneal fiber between the 2 layers. C, Suturing the graft edge loosely to the recipient bed at 12, 6, 3, and 9 o’clock, ensuring that three
quarters of the central recipient bed attaches tightly to the donor. D, Sewing the next sutures and pressing the recipient tissue gradually.

middle stromal scars in the central cornea. Corneal topography
displayed the typical features of keratoconus, with an average
central corneal thickness of 353 m.

Operative Procedures
The upper and lower rectus muscles were fixated. Four-fifths
thickness (about 450 m) of the cornea was dissected using a

Hessburg-Barron vacuum trephine with a diameter of 7.75 mm
(the cornea of keratoconus patients was thinner in the center—an
area of 5 to 6 mm in diameter—and the average thickness of the
cornea in this area was 353 m in this study, whereas that of the
periphery was 550 to 600 m). The lamellae was cut off with a
diamond knife along the stromal fibers, and at the top of the cone,
approximately 2 mm in diameter of the Descemet’s membrane was
left. A corneal graft (8.0 mm in diameter) was sutured to the

Figure 2. The operative technique. A, Arrow indicates the corneal fiber between the 2 layers. B, Arrow indicates the Descemet’s membrane left in the
center with an area of approximately 2 mm in diameter; also shown is the process of releasing aqueous humor.
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cornea graft, which disappeared 1 or 2 days after the surgery. All
65 grafts were transparent during the follow-up and attached to the
patient tissue well (Fig 4). Twenty-one eyes had tiny folds at the
periphery, but none had folds in the center of the graft. From 3
months to 1 year after surgery, the average BCVA was 20/32; at 1
year after surgery, the average BCVA reached 20/25.
Regarding postoperative complications, 11 patients (11 eyes)
had looseness of sutures within 2 months after the operation. After
checking the corneal curvature and astigmatism, resuturing was
performed. Twenty eyes had high astigmatism 3 months after the
operation. The cornea was resutured and a Placido disc was used
to adjust the suture. The visual acuity of all the 20 patients
improved, and the astigmatism decreased. There was no immune
rejection or recurrence of keratoconus during the follow-up.
One patient had acute corneal hydrops. After 1 week of drug
treatment, the corneal edema disappeared and the Descemet’s
membrane became transparent. The patient then was treated by
modified deep lamellar keratoplasty, and both the donor and recipient beds became transparent.

Discussion

Figure 3. Schematic diagram showing the operation. A, The cone-shaped
recipient bed was more apparent after the lamellar stroma was removed. B,
When the first 4 sutures were fixed, the central three quarters of the
recipient bed attached tightly with the graft, and airspace existed near the
edge. C, After sewing the left sutures, press the recipient tissue gradually.
The microfold is located at the periphery.

recipient using a gradual pressure technique to decrease the occurrence of folds in the central cornea.
The main steps of the gradual pressure technique are as follows.
First, the limbus is punctured at 2 or 10 o’clock and 0.2 ml aqueous
humor is withdrawn to lower the intraocular pressure and to ease
the flattening of the central cornea. Second, the graft edge is
sutured loosely to the recipient bed at 12, 6, 3, and 9 o’clock, but
one must ensure that it attaches tightly to the middle three fourths
of the recipient bed. Third, proper strength must be used to make
an additional 12 sutures, perfectly merging the edges of the graft
and the recipient bed. The first 4 sutures are dismantled, and the
graft is resewn tightly with the remaining 12 sutures. A Placido
disc is used to adjust tightness of the suture to reduce postoperative
astigmatism (Figs 1, 2, and 3). In this study, all surgeries were
performed using 16 interrupting sutures to fixate the graft.
After surgery, patients were treated as described for conventional lamellar keratoplasty. Glucocorticosteroids were used topically and systematically and were decreased gradually over the
course of 1 month. Complications during and after surgery were
recorded. Transparency of the graft, eye vision, and corneal curvature were monitored. The graft was resewn for those who
demonstrated large astigmatism during the follow-ups.

Results
All the operations were successful, without recipient cornea perforation. Nine patients had liquid accumulation underneath the
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The use of keratoplasty to treat advanced-stage keratoconus
has become well known recently. Penetrating keratoplasty
can lead to good visual acuity rapidly after operation, but
needs a high-quality graft, especially the endothelium of the
graft. Additionally, the rate of immune rejection is more
than 10%. Some patients can experience endothelium superphysiologic decrease, even in the absence of acute immunologic rejection, which may have to be treated with a
second transplantation. Epikeratophakia is not used widely
because it can be used only for patients in earlier stages of
keratoconus with a corneal curvature less than 55 D. Lamellar keratoplasty has had 3 main problems in the past.
First, the visual acuity after operation is not as good as PK
and is affected by the surgical instruments and handiwork.
Second, there is a high probability of folds forming in the
recipient bed in eyes with high curvature. Third, the risk of
corneal perforation during operation is high, especially in
lamellar keratoplasty with only the Descemet’s membrane
remaining.
In 1977, Wood5 performed lamellar keratoplasty (LKP)
on 18 eyes with keratoconus and found that the refractive
error after LKP was better than that after 7.5-mm PKs, but
the vision was not as good. Therefore, the author concluded
that LKP probably should be reserved for those with large
eccentric cones and patients who are not good candidates
for penetrating transplantations. Watson et al6 and Funnel et
al7 compared PK and DLKP in patients with keratoconus
and found that the best-corrected visual acuity was the same
in the 2 groups, although the latter has the advantage of no
endothelial graft rejection.
However, DLKP has a high risk of corneal perforation
during operation. Amayem and Anwar8 used a balanced salt
solution to facilitate corneal dissection down to Descemet’s
membrane; 8.4% of corneas were perforated during surgery.
Fogla and Padmanabhan9 used big-bubble techniques successfully in 69.2% of patients. Noble et al10 reported that of
the 68 patients undergoing deep anterior lamellar keratoplasty, Descemet’s membrane perforation occurred in 11
eyes, 7 of which required conversions to PK. This is a high
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Figure 4. The clinical manifestation of keratoconus with steep curvature and the effect of the operation. A, B, Corneal thinning and protrusion. C, D,
One year after modified deep lamellar keratoplasty, the graft is transparent, which is similar to the results after penetrating keratoplasty.

rate of complication. Fourine et al11 reported that the perforation rate was 33%. These reports indicate that perforation during operation is the main complication of DLKP,
whatever the technique used in dissection. Therefore, DLKP
that retains only Descemet’s membrane is not suitable for
wide clinical application because of the high risk of perforation. Tan and Ang12 used a modified automated lamellar
therapeutic keratoplasty technique to treat a patient with
keratoconus in 2006. After 2 months of follow-up, the
BCVA reached 20/25. This illustrated that deep lamellar
keratoplasty (retaining only Descemet’s membrane) may
not be the only method to receive better visual acuity.
Ardjomand et al13 studied the quality of vision and graft
thickness and found that the quality of vision was related to
the recipient corneal bed thickness. An eye with a deep

anterior lamellar keratoplasty with a residual bed of less
than 20 m can achieve a similar visual result as one that
has undergone PK. Saw et al14 reported 2 cases of keratoconus treated by maximum-depth anterior lamellar keratoplasty using the manual dissection technique described by
Melles in 2006. Lamellar keratoplasty was performed by
exposing the smooth Descemet’s membrane of the recipient
bed.
A Hessburg-Barron vacuum trephine was used to make
sure that the cutting depth was approximately 450 m. In
this way, the thickness of the central recipient bed is approximately 20 m, which proved to provide the same
visual acuity as PK. Toothed forceps were used to draw the
incisal edge of the cornea and cut off the lamellar stroma
with a diamond knife along the stromal fibers, avoiding

Figure 5. A, B, The arrows indicate folds located at the periphery; the transparency of the pupil area is ensured.
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Figure 6. A, B, The arrow indicates a large fold of recipient cornea caused by the traditional lamellar keratoplasty technique, often located at the central
cornea, blocking the pupil and influencing visual acuity.

cornea recipient perforation and ensuring a smooth recipient
surface. Technically, when cutting at the top of the cone,
caution must be exercised because there is no fiber in the
central area (approximately 2–3 mm) of the recipient bed,
where only Descemet’s membrane is present. In this study,
59 patients (65 eyes) were treated with modified deep lamellar keratoplasty, and no perforation occurred, indicating
that the new method is safe and effective.
The donor graft used in this study is the full cornea, with
only the endothelium removed. This ensures the smoothness
of the graft. As a consequence, the recipient tissue and the
graft attach well, as in patients treated with PK.
The gradual pressure technique led to satisfactory outcomes for patients with advanced-stage keratoconus. After
four fifths of the anterior lamellar stroma is cut off, the
cone-shaped recipient bed becomes more apparent. The
center of the recipient bed is left with Descemet’s membrane only, and the surface area of the recipient bed is
larger than the graft covering it. This makes it highly
likely that a large fold in the central cornea could be
formed if treated with traditional LKP suturing, which
would affect visual acuity. This gradual pressure tech-

nique ensures that three fourths of the central recipient
bed attaches tightly with the graft, effectively decreasing
the fold in the central cornea of the recipient. Although
folds still can form in the peripheral cornea, the transparency of the pupil area can be maintained (Figs 5 and
6). In this study, no large folds formed in the central
cornea of any patients.
During the follow-up examinations, which took place up
to 2 months after the operation, if a loose suture led to a
large astigmatism, the graft was resewn immediately,
guided by a Placido disc (to reduce astigmatism and to
improve visual acuity). The visual acuity of modified DLKP
is similar to that of DLKP, as previously reported by other
researchers.6,9,15
In the past, it was thought that keratoconus with scaring
in the central cornea could not be treated by LKP and should
be treated with PK. However, it was found through careful
examination that some scars do not reach the full thickness
of the cornea, but only exist in the middle stroma. Modified
DLKP can remove all of the scars in the cornea stroma (Fig
7). Additionally, a patient with acute hydrops was treated
successfully with the modified DLKP. This indicates that

Figure 7. A, A scar in the central cornea stroma before the surgery. B, Postoperative photograph obtained after modified deep lamellar keratoplasty.
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some patients with acute hydrops do not necessarily need
PK treatment.
In summary, DLKP was modified by using a gradual
pressure technique during the surgery to treat advancedstage keratoconus with steep curvature. The cornea was
dissected manually and a full-thickness graft was used.
These modifications solve the problem of recipient fold and
make the operation safe, with fewer complications.
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