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Purpose: To compare the postoperative outcomes of deep anterior lamellar keratoplasty 
(DALK) and penetrating keratoplasty (PKP) for macular corneal dystrophy (MCD).
Design: Single-center, retrospective, interventional case series.
Methods: A chart review was performed of 100 patients (157 eyes) who underwent 
primary DALK (DALK group) and PKP (PKP group) for histopathologically confirmed 
MCD for whom at least 12 months of follow-up were available. Between-group compar
isons were performed of visual acuity (VA), graft survival, and postoperative 
complications.
Results: There were 22 eyes in the DALK group and 135 in the PKP group. Postoperative 
best-corrected visual acuity (BCVA) of 20/40 or better was achieved in 90.9% of the DALK 
group and 76.3% of the PKP group (P=0.12). At last visit, graft survival was 95.5% (21 
eyes) and 91.1% (123 eyes) in DALK and PKP groups, respectively (P=0.69, Log rank test). 
Corneal graft rejection episodes occurred in 1 (4.5%) DALK graft and 19 (14.1%) PKP 
grafts. Five of the 19 graft rejections in the PKP group were irreversible. Microbial keratitis 
and cataract occurred in 6 (4.5%) and 15 (11.1%) PKP eyes. One (4.5%) eye in the DALK 
group had cataract and none of the DALK cases developed microbial keratitis. Clinically 
significant recurrence was observed in 4 (2.9%) PKP eyes and 1 (4.5%) DALK eye (P=0.69), 
respectively.
Conclusion: DALK is a viable option for MCD without Descemet membrane involvement. 
DALK had comparable medium-term visual and survival outcomes to PKP. DALK has the 
advantage of lower open sky intraoperative complications and lower graft rejection episodes.
Keywords: macular corneal dystrophy, keratoplasty, lamellar keratoplasty, penetrating 
keratoplasty

Plain Language Summary
There are a few studies comparing short-term outcomes of penetrating keratoplasty (PKP) 
and deep anterior lamellar keratoplasty (DALK) in macular corneal dystrophy (MCD) cases. 
One study concluded that DALK is associated with visually significant recurrence. Another 
two comparative studies reported comparable visual outcomes and superior safety of DALK. 
The current study presents the medium-term outcomes of DALK in comparison to PKP for 
MCD. To our knowledge, this is the largest series of patients reported to date, which had 
addressed many comparative variables, including: visual outcome, graft survival, complica
tion and recurrence of disease. Comparison of DALK and PKP in this study indicates DALK 
is a viable option for MCD without Descemet membrane involvement and carries advantages 
such as lower graft rejection.
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Introduction
Macular corneal dystrophy (MCD) is a bilateral progres
sive autosomal recessive disorder clinically characterized 
by stromal opacities with indistinct borders.1,2 Although 
MCD is less common than other types of stromal dystro
phies worldwide, it is the most common corneal dystrophy 
in Saudi Arabia due to higher consanguinity in the 
region.3,4 MCD is also the most prevalent stromal dystro
phy in India, Iceland and some regions of the USA.5

Histopathologically, MCD is characterized by accumula
tion of glycosaminoglycans under the epithelium, between 
stromal lamellae, within the keratocytes and endothelial 
cells, which stains positive with alcian blue, colloidal iron, 
metachromatic dyes and periodic acid-Schiff.1,6 Three var
iants of MCD (Type 1, 1A and 2) are distinguished based on 
immunoreactivity of antigenic keratan sulfates in the cornea 
and the serum.3,6–9 The most common subtypes of MCD in 
Saudi Arabia are Type 1 and 1A, which require earlier 
surgical intervention than type 2.3,8,10

Traditionally, penetrating keratoplasty (PKP) has been 
performed to restore visual acuity with excellent result in 
MCD.1,10 However, due to the risk of endothelial rejection 
and intraocular complications, several anterior lamellar 
keratoplasty techniques have been described such as deep 
anterior lamellar keratoplasty (DALK). “Big bubble” 
DALK is a popular technique proposed initially by 
Dr Anwar in 1974 and described in details in 2002 by 
Anwar and Teichmann in Saudi Arabia. This technique 
involves partial-thickness trephination followed by injec
tion of air into the corneal stroma to create a large bubble 
between DM and corneal stroma.11 DALK is considered 
an alternative to PKP in MCD without Descemet’s mem
brane or endothelium involvement.12,13 Although DALK 
offers several advantages over PKP, some investigators 
believe that DALK is not a good option for MCD due to 
the higher rate of interface opacity and endothelial cell 
loss.14,15 A retrospective comparative study reported that 
DALK was associated with greater recurrence of MCD 
and lower visual acuity than PKP.16 However, two other 
comparative studies reported comparable visual outcomes 
and superior safety of DALK.17,18 The aim of this study is 
to compare the postoperative outcomes of DALK and PKP 
in a large series of MCD patients.

Methods
The study (RP 1460-R) was approved by Institutional 
Review Board (IRB)/Ethics Committee at the King 

Khaled Eye Specialist Hospital (KKESH), Riyadh, Saudi 
Arabia. Moreover, the tenets of the Declaration of Helsinki 
were followed at each step of the study. This study eval
uated patients who had undergone DALK and PKP at 
KKESH Hospital between January 1, 1997 and 
December 31, 2013. Patients were included in the study 
if they were diagnosed with MCD with histopathologic 
confirmation and a minimum of 12 months postoperative 
follow-up. Consent to review their medical records was 
not required by the IRB, and all data was coded to ensure 
privacy and confidentiality of patients.

All surgeries were performed by members of Anterior 
Segment Division at King Khaled Eye Specialist Hospital. 
Sizing of the host trephine depended on several factors, 
including host corneal size, recurrence, and risk of rejec
tion. The donor tissue trephine was routinely sized 0.5 mm 
larger than the host trephine. For patients with a larger- 
than-average corneal horizontal diameter (limbal white-to- 
white measurement ≥12.5 mm) an 8.0 or 8.25 mm host 
trephine was used, and for patients with a smaller than- 
average corneal diameter (white-to-white measurement 
≤11.5 mm), a 7.0 or 7.25 mm trephine was used. 
A number of different methods were used for DALK, but 
3 dissection techniques were used to facilitate removal of 
host tissue down to Descemet membrane including viscoe
lastic, hydration, or the “big bubble” technique. The sur
gical technique varied based on the extent of corneal 
pathology and personal experience. The postoperative 
regimen included a combination of topical antibiotic and 
steroid. Topical Ofloxacin 0.3% (Optiflox, Jamjoom) or 
moxifloxacin 0.5% QID (vigamox, Alcon) were prescribed 
for 2–3 weeks. Topical prednisolone acetate 1% (Pred 
Forte, Allergan) were used for at least the first 6–9 months 
in PKP eyes and for at least 6 months for eyes that under
went DALK. Postoperatively, most patients were evalu
ated at 1 day, 1 week, 1 month and every 3 months for 2 
years and yearly thereafter. Suture removal varied among 
different surgeons. Some removed all the sutures at 12 to 
36 months while others selectively removed either loose or 
tight sutures to correct astigmatism.

A chart review was performed to collect data on 
patients’ demographics, preoperative uncorrected visual 
acuity (UCVA) and best corrected visual acuity (BCVA), 
intraoperative and postoperative complications, and subse
quent surgical procedures. Postoperative graft clarity, 
UCVA and BCVA were recorded in the last follow-up 
visit. Graft failure was defined as irreversible loss of 
central graft clarity, irrespective of the level of the VA. 
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Clinically significant recurrence was defined as biomicro
scopic evidence of recurrent disease and deterioration of 
BCVA to 20/40 or worse.

Statistical analysis was performed with Statistical 
Package for Social Sciences (SPSS 25; IBM Corp., 
Armonk, NY, USA). In patient who underwent bilateral 
surgery, each eye was analyzed separately. Demographic 
variables were summarized as frequency (percentage), 
mean ± standard deviation, or median (interquartile 
range) according to the type and distribution of variables. 
The proportions of all categorical variables (gender, type 
of surgery, causes of graft failure, graft survival) were 
analyzed. Categorical variables were compared with the 
Chi squared test and the Mann Whitney U-test was used to 
compare continuous variables. Log rank test was utilized 
for survival comparison. A P value less than 0.05 was 
considered statistically significant. Graft survival curves 
were produced using the standard Kaplan-Meier method.

Result
The study sample was comprised of 157 eyes of 100 patients 
with histopathologically proven MCD. DALK was per
formed in 22 eyes (18 patients; DALK group) and 135 eyes 
(82 patients; PKP group) underwent PKP. The mean post
operative follow-up was 7.2 ± 6.20 years for the DALK 
group and after PKP was 9.7 ± 4.1 years. Table 1 presents 
the characteristics of patients in both groups.

Visual Outcomes
Table 2 presents the postoperative visual outcomes after 
DALK and PKP. At last follow up, the BCVA was not 
significantly different between groups (P = 0.4). BCVA of 
20/40 or better was achieved in 20 (90.9%) eyes in the 

DALK group and 103 (76.3%) eyes in the PKP group (P = 
0.12). Figure 1 presents the preoperative BCVA and 
BCVA at last follow up in both groups.

Graft Survival
At the most recent visit, graft survival was 95.5% (21 eyes) 
and 91.1% (123 eyes) in the DALK and PKP groups, respec
tively (P = 0.69 by Log rank test). Figure 2 presents the graft 
survival probabilities for both groups. In PKP group, the 
main causes of graft failure were irreversible rejection in 5 
eyes (41.6%) and recurrence of MCD in 4 eyes (33.3%). 
Graft failure secondary to endothelial decompensation was 
observed in 3 PKP eyes, 2 eyes after phacoemulsification and 
one after severe blunt trauma that resulted in graft dehis
cence, glaucoma and aphakia. However, only 1 graft failed in 
DALK which was secondary to recurrence of MCD.

Complications and Recurrence
Intraoperatively, Descemet membrane microperforation 
occurred in 4 eyes (16%) after DALK which was managed 
intraoperatively without visual sequelae. In PKP, the most 
common complications were rejection (14.1%), cataract 
(10.7%), and microbial keratitis (4.2%) (Table 3). 
Clinically significant recurrence occurred in 1 eye (4.5%) in 
the DALK group after 5.1 years. After PKP, recurrence 
occurred in 4 eyes (2.9%) over a mean interval of 9.6 ±5.1 
years (range, 1.8 to 15.9 years). There was no statistically 
significant difference in recurrent episodes between groups 
(P = 0.69). A common risk factor of recurrence identified in 
both groups, which was a small recipient and donor size. In 
the PKP group, the size of the graft donor and recipient was 
7.5 mm and 7.13 mm respectively. In the DALK group, the 
size of the graft donor and recipient was 7.50 mm and 
7.0 mm respectively.

Table 1 Characteristics of Macular Corneal Dystrophy Patients 
Who Underwent Deep Anterior Lamellar Keratoplasty and 
Penetrating Keratoplasty

Parameters DALK 
(n=22)

PKP 
(n=135)

P-value

Sex, Female: Male 12:6 43:39 0.27

Laterality, OD: OS: OU 9:5:4 11:18:53 <0.001
Mean age at surgery ± SD 

years

28.2 ± 7.5 31.5 ± 8.4 0.76

Mean follow-up ± SD years 7.2 ± 6.2 9.7 ± 4.1 0.08
Mean donor size ± SD 7.8 ± 0.28 7.7 ± 0.26 0.05

Mean recipient size ± SD 7.5 ± 0.35 7.3 ± 0.31 0.1

Abbreviations: DALK, deep anterior lamellar keratoplasty, PKP, penetrating ker
atoplasty; OD, right eye; OS, left eye; OU, both eyes; BCVA, best corrected visual 
acuity; UCVA, uncorrected visual acuity; SD, standard deviation.

Table 2 Visual Outcome (LogMAR) After Deep Anterior 
Lamellar Keratoplasty and Penetrating Keratoplasty for Macular 
Corneal Dystrophy

Parameters DALK 
(n=22)

PKP 
(n=135)

P value

Pre-operative mean UCVA ± SD 0.88 ± 0.2 0.82 ± 0.3 0.25

Pre-operative mean BCVA ± SD 0.78 ± 0.25 0.75 ± 0.29 0.61

Mean UCVA at last follow-up ± SD 0.43 ± 0.21 0.51 ± 0.58 0.23

Mean BCVA at last follow-up ± SD 0.26 ± 0.15 0.28 ± 0.27 0.64

Improvement in UCVA ± SD 0.45 ± 0.35 0.3 ± 0.6 0.1

Improvement in BCVA ± SD 0.52 ± 0.28 0.47 ± 0.32 0.47

Note: P<0.05 is statistically significant. 
Abbreviations: DALK, deep anterior lamellar keratoplasty; PKP, penetrating ker
atoplasty; BCVA, best corrected visual acuity; UCVA, uncorrected visual acuity; SD, 
standard deviation.
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Re-Grafting
In the DALK group, no patient required regrafting. In the 
PKP group, regrafting was required in 6 eyes, 3 eyes due 

to irreversible rejection, 2 eyes secondary to endothelial 
decompensation after phacoemulsification, and one eye 
secondary to recurrence of MCD. However, in the other 

Figure 1 Best corrected visual acuity preoperative and at last follow-up of patient who underwent deep anterior lamellar keratoplasty and penetrating keratoplasty for 
macular corneal dystrophy. 
Abbreviations: BCVA, best corrected visual acuity; DALK, deep anterior lamellar keratoplasty; PKP, penetrating keratoplasty; F/U, follow-up.

P-value= 0.6927 by log-rank test
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Figure 2 Graft survival curve and probabilities after deep anterior lamellar keratoplasty and penetrating keratoplasty for macular corneal dystrophy. 
Abbreviations: DALK, deep anterior lamellar keratoplasty; PKP, penetrating keratoplasty.
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failed cases, the patients preferred to wait until VA was 
significantly impaired.

Discussion
This comparative case series presents the visual outcome, 
graft survival, complication and recurrence of disease in 
eyes undergoing DALK or PKP for MCD. Successful 
outcomes of PKP for MCD have been previously reported. 
However, few studies have reported the outcomes of 
DALK in comparison to PKP for MCD.14,16–18 The cur
rent study presents the medium-term outcomes of DALK 
in comparison to PKP for MCD. To our knowledge, this is 
the largest series of patients reported to date, which had 
addressed many comparative variables, including: visual 
outcome, graft survival, complication and recurrence of 
disease.

Unequal distribution of cases between both groups 
related to many factors including: surgeon experience, 
surgeon preference and extent of central corneal thinning. 
In early 1990s, most of corneal surgeons in our institute 
noticed more recurrence of the disease in eyes that under
went anterior lamellar keratoplasty; therefore, many were 
conservative in performing DALK for eyes with same 
pathology. In addition, it is technically more difficult and 
time consuming to do DALK than PKP for eyes 
with MCD.

In the current study, there was no statistically signifi
cant difference in the postoperative visual outcomes 
between DALK and PKP. Postoperatively, UCVA and 
BCVA improved significantly in both groups. This concur 
with the previously published studies.14,15,17–20 In our 
series, 90.9% of eyes in the DALK group and 76.3% of 

eyes in the PKP group achieved 20/40 or better vision. 
These outcomes are better than those reported by Reddy 
et al and Sari et al17,18 (67–70.7%) for DALK and for PKP 
(60–68.5%). Improved surgical techniques for DALK and 
advances in refractive surgery after keratoplasty may 
explain the difference between the current study and pre
vious studies.17,18

Excellent long-term graft survival in corneal dystro
phies has been linked to the avascular nature of these 
disorders, minimal ocular surface disease, and operating 
on a young, compliant patient who has easy access to 
healthcare facilities.10,21,22 In the current study, at the 
most recent follow up visit, 95.5% of DALK cases were 
clear which is slightly higher than previously published 
studies (80–85.7%).14,16,17 In the PKP group, 91.1% of the 
grafts were clear in our series which is comparable to the 
graft survival (77–90%) reported in three large series of 
PKP for MCD.10,16,17

DALK is a more technically challenging procedure 
with a steep learning curve and carries a high risk of 
intraoperative complication such as double anterior cham
ber which can be a major cause for failure.14,17 However, 
DALK does not violate the intraocular structures of the 
eye, reducing the chance of postoperative glaucoma, catar
act formation, retinal detachment, cystoid macular edema, 
expulsive choroidal hemorrhage and epithelial ingrowth. 
Intraoperative complications vary depending on surgeon 
experience. In the current study, corneal surgeons have 
been performing DALK since 2002. In our series, four 
cases had Descemet membrane perforation which was 
managed successfully intraoperatively without subsequent 
double anterior chamber. Although PKP is technically 
easier, it increases the risk of postoperative complications 
such as cataract and increases intraocular pressure due to 
disturbed intraocular structures and prolonged use of 
steroid.14 Additionally, endothelial rejection is a major 
complication after PKP which occurs in 12–24% of all 
cases.10,16–18 In our series, graft rejection episodes 
occurred in 14% of PKP group and of which 26.3% were 
irreversible. Stromal rejection occurred in only 1 eye 
(4.5%) in the DALK group and responded well to medical 
treatment. In their comparative study, Sari et al18 reported 
a higher percentage (8.5%) of stromal rejection after 
DALK that were all successfully treated with topical 
steroids.

Recurrence of MCD in grafts requiring keratoplasty 
has been documented in literature.22–24 These cases 
appeared to be the result of the replacement of donor 

Table 3 Complications After Deep Anterior Lamellar 
Keratoplasty and Penetrating Keratoplasty for Macular Corneal 
Dystrophy

Complication DALK (22) PKP (135)

Intra-operative microperforation 4 0

Descemet’s membrane detachment 0 0
Graft Rejection 1 19

Microbial keratitis 0 6

Traumatic wound dehiscence 0 3
Glaucoma 0 1

Cataract 1 15
Fixed dilated pupil 0 2

Rhegmatogenous retinal detachment 0 2

Abbreviations: DALK, deep anterior lamellar keratoplasty; PKP, penetrating ker
atoplasty; MCD, Macular stromal dystrophy.
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keratocytes by genetically defective host cells.24 As pre
viously reported in a large retrospective series of PKP for 
MCD, the incidence of recurrence correlated with the 
length of follow-up and inversely with the size of donor 
graft and recipient trephination.10 Akova et al reported 
recurrence times ranging from 20 months to 30 years.22 

Perhaps the question of the more frequent recurrence rate 
on the graft in DALK vs PKP cannot yet be conclusively 
assessed here, based on a mean follow-up of 7.2 ± 6.2 
years (DALK group) vs 9.7 ± 4.1 years (PKP group). In 
the current series, clinically significant recurrence of MCD 
occurred in 2.9% of the PKP group and 4.5% of the 
DALK group. The size of the graft donor and recipient 
were smaller than the total mean in both groups. Cheng 
et al reported that the recurrence risk after DALK is 5.066 
higher than PKP.16 However, clinically significant recur
rence of MCD after PKP ranged from 4.8% to 5.2% and 
2.3% to 5.7% after DALK.10,12,18 These observations are 
comparable to our results.10,12,18

Descemet membrane and endothelial involvement has 
been histopathologically documented in patients with 
MCD.6,25 Kawashima et al14 reported progressive loss of 
endothelial density in patients with MCD who underwent 
DALK compared to PKP which might be attributed to the 
natural progression of the disease. However, several stu
dies showed similar or lower endothelial cell loss in 
patients with MCD who underwent DALK in comparison 
to PKP.16,18,26 The retrospective nature of our study limits 
the availability of endothelial cell density measurements in 
all patients. Furthermore, the infrequent finding of MCD 
without Descemet membrane involvement limits the num
ber of DALK cases in our series.

In conclusion, DALK is a viable alternative to PKP for 
managing MCD without Descemet membrane involve
ment. Our study demonstrated medium-term comparable 
visual and survival outcomes of DALK and PKP for 
MCD. DALK carries the advantage of better intraocular 
safety profile and lower graft rejection episodes. Further 
long-term studies are warranted on the endothelial cell 
density after DALK in MCD utilizing a larger sample size.

Abbreviations
DALK, deep anterior lamellar keratoplasty; PKP, penetrating 
keratoplasty; MCD, macular corneal dystrophy; VA, visual 
acuity; BCVA, best-corrected visual acuity; UCVA, uncor
rected visual acuity; SPSS, Statistical Package for Social 
Sciences.
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