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ABSTRACT 
Objectives: To compare the outcomes of Descemet Membrane Endothelial Keratoplasty (DMEK) and Pene-
trating Keratoplasty (PK) in patients with pseudophakic bullous keratopathy (PBK). 
Methods: Records of 51 eyes of 51 PBK patients (32 male, 19 female) who underwent PK (Group1=38 eyes) 
and DMEK (Group 2=13 eyes) were reviewed retrospectively. The two groups were compared for Best-cor-
rected visual acuity (BCVA), graft survival rates, and complications.  
Results: The mean age was 69.1 and 67.1 years in group 1 and group 2, respectively. First-year cumulative 
survival rates for group 1 and group 2 were 92.1% and 61.5%, respectively, and 89.1% and 51.3% in the second 
year (P=0.001 by log-rank test). At the last follow-up visit, 2.7% of Group 1 and 30.8% of Group 2 had a 
BCVA of 0.3 or better (P=0.004). Graft failure was observed in 12 eyes (31.6%) in group 1 and 8 eyes (61.5%) 
in group 2 (P=0.056). At the last examination, the rates of transparent grafts were 73.7% and 69.2% in group 
1 and group 2, respectively (P=0.756). Postoperative glaucoma was observed in 4 eyes (30.8%) in the group 
2 and 4 eyes (10.5%) in the group 1 (P=0.083). There was no significant difference between the two groups 
regarding other complications (P>0.05).  
Conclusions: DMEK surgery offers a better visual outcome than PK for the treatment of PBK. Careful fol-
low-up of patients is required in terms of glaucoma and graft failure after DMEK. Although the graft survival 
rate was lower in the DMEK group, a similar rate of graft transparency was achieved at the final examination 
with repeated DMEK surgery.  
Keywords: Deep anterior lamellar keratoplasty, descemet membrane endothelial keratoplasty, penetrating ker-
atoplasty, macular corneal dystrophy
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 C orneal endothelial cells prevent the passage of 

anterior chamber fluid into the corneal stroma 
and keep the cornea transparent. When the bar-

rier and pump function of the endothelium is disrupted 

and the endothelial cell density falls below the critical 
threshold due to various reasons such as endothelial 
dystrophy, surgical trauma, infection, eye trauma, 
glaucoma, and uveitis, excessive fluid accumulates in 
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the stroma. As edema increases, the cornea becomes 
cloudy, and painful bullae form in the epithelium. This 
condition is called Bullous keratopathy (BK) [1]. Bul-
lous keratopathy is a common cause of corneal decom-
pensation, often requiring corneal transplantation. 
Intraocular cataract surgery may cause or accelerate 
endothelial decompensation [2]. Corneal edema may 
develop after cataract surgery due to defects in the pa-
tient's endothelial number or structure or problems 
caused by surgery. If BK develops despite medical 
treatment, it is defined as pseudophakic bullous ker-
atopathy (PBK), and surgical treatment is required. 
While painful and blind corneal tissue was replaced 
with full-thickness donor cornea until recent years, re-
placement of only the endothelial layer has now be-
come a more common surgery [3]. However, 
penetrating keratoplasty (PK) is still used in advanced 
BK that develop chronic fibrosis or when endothelial 
keratoplasty (EK) is contraindicated.  
      Endothelial keratoplasty has advantages over PK, 
such as preserving the integrity of the eye, reducing 
risks such as postoperative astigmatism, suture prob-
lems, traumatic wound dehiscence, providing faster 
visual rehabilitation, and creating a predictable change 
in postoperative corneal power [4]. Despite these ad-
vantages, some complications such as high intraocular 
pressure (IOP) that can lead to graft failure are still en-
countered after EK [5]. Additionally, extensive corneal 
decompensation during EK can reduce the visibility 
of the graft in the recipient's anterior chamber.  
      The study aims to compare the postoperative vi-
sual results, complications, and graft survival rates of 
Descemet membrane endothelial keratoplasty 
(DMEK) and Penetrating keratoplasty (PK) in patients 
with PBK. 
 
 
METHODS 
 
The study was conducted by retrospectively reviewing 
the file records of patients who developed BK after 
cataract surgery with intraocular lens implantation 
(İOL) and underwent keratoplasty in a tertiary cornea 
clinic between 2010 and 2020. Records of 51 eyes of 
51 PBK patients (32 male, 19 female) who underwent 
PK (Group 1=38 eyes) and DMEK (Group 2=13 eyes) 
(group 2) were reviewed. The hospital's ethics com-
mittee approved this retrospective study (Decision no.: 

17/2024, Date: 21.02.2024) and the study adhered to 
the tenets of the Declaration of Helsinki.  
      Eligible subjects for the study were patients with 
subepithelial fibrosis, anterior stromal scarring, and 
corneal edema caused by corneal endothelial decom-
pensation for more than 1year after cataract surgery. 
Inclusion criteria: Patients who were followed up for 
≥1 year postoperatively, who were between the ages 
of 50-85, who had their first corneal transplant, who 
had not undergone eye surgery other than cataract, 
who did not have a systemic disease causing eye com-
plications, and who did not have a history of chronic 
drug use were included in the study. Exclusion criteria: 
aphakic bullous keratopathy, being <50 years and >85 
years of age, presence of fundus lesions affecting post-
operative vision, and postoperative follow-up periods 
being less than 1 year.  
      Age, gender, follow-up period, postoperative com-
plications, best-corrected visual acuity (BCVA) at the 
first year and the last examination, and whether the 
graft was transparent at the last examination were 
recorded from the patient's files. The data of the two 
groups were compared statistically. Graft survival 
rates were determined. Visual acuity was measured by 
Snellen charts was converted to logarithm of the min-
imum angle of resolution (logMAR) value for analy-
sis. The BCVA of the two groups at the first year and 
at the last examination were recorded. Vision rates 
>0.3 and <1 were compared statistically between the 
two groups.  
      All donor corneas were examined for transparency 
and smoothness by slit lamp microscope. The mor-
phology and number of endothelial cells were evalu-
ated by specular microscopy. The density of all 
donors’ corneal endothelial cells was >2.000/mm2. In-
traocular pressure was measured with a Goldmann ap-
planation tonometer. The following criteria were used 
to diagnose secondary glaucoma: IOP or estimated 
IOP ≥24 mmHg and need medication to lower it; post-
operative IOP is 10 mmHg greater than the preopera-
tive IOP. Translucent long-lasting (≥ 1 year), 
irreversible corneal edema following surgery is re-
ferred to as primary graft failure.  
      Graft rejection was treated the same in both 
groups. The patient was hospitalized, and 1mg/kg sys-
temic steroid (prednisolone) treatment and dexametha-
sone drops administered hourly were started. The dose 
was reduced according to the recovery status.  
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DMEK Surgery  
      All DMEK surgeries were carried out by the same 
surgeon (ZYA). First, the donor corneal endothelium 
obtained from the eye bank and planned to be trans-
ferred to the recipient's eye was prepared. For this, the 
donor corneal endothelium was stripped, stained with 
0.06% trypan blue, and then suctioned into a DMEK 
syringe (DORC International BV) to insert the tissue 
into the anterior chamber. An 8-mm central area was 
marked on the recipient cornea to determine the des-
matorexis border. The corneal epithelium was scraped 
with a crescent blade to increase visibility. The tem-
poral and nasal side ports were opened with a 23-
gauge blade. The anterior chamber was filled with air. 
Desmatorexis was performed using a reverse sinskey 
hook. The anterior chamber was entered through a 2.4 
mm wide corneal tunnel at 12 o'clock in the upper 
cornea. The stripped endothelium was removed 
through the main incision. Air was evacuated from the 
anterior chamber. Iridectomy was performed with a 
vitrectomy probe at 6 o'clock. The donor corneal en-
dothelium was injected into the anterior chamber 
through the main incision using the DMEK syringe. 
The endothelial roll was opened in the anterior cham-
ber with the endothelium side down, using appropriate 
maneuvers. Air was injected under the endothelium 
through the side port. Postoperatively, broad-spectrum 
antibiotic drops were given 8 times a day and Dexam-
ethasone drops 8 times a day for 2 weeks. Dexametha-
sone was gradually tapered and then loteprednol was 
given 4 times a day. It was tapered off at 6 months.  
 
PK Surgery  
      The corneal tissue obtained from the eye bank was 
prepared by cutting it with a punch trephine to be 0.5 
mm larger than the recipient bed. The center of the re-
cipient's cornea was marked, and the edematous 
cornea was cut at the center with a vacuum trephine 
to a size of 7.25-7.75 mm (adjusted according to the 
corneal size). It was cut to full thickness with the help 
of side scissors and removed from the eye. The pre-
pared donor corneal tissue was sutured to the recipient 
bed with continuous or interrupted sutures. Postoper-
atively, broad-spectrum antibiotic drops and Dexam-
ethasone drops were given 8 times a day for 2 weeks. 
Dexamethasone drops were used gradually for 12 
months.  
      Postoperatively, patients were examined on day 1, 

week 1, and then at 1, 3, 6, 12, and 24 months. At each 
visit, data were collected by examining BCVA, IOP, 
graft status, lens, optic nerve head, and macula. Com-
plications that developed and their treatments were 
recorded. 
 
Statistical Analysis  
      The Shapiro-Wilk test was used to examine 
whether the data showed normal distribution. Categor-
ical variables are presented as frequency and percent-
age, and continuous variables are presented as mean 
± standard deviation. Categorical variables were com-
pared with the Pearson Chi-square test. Normally dis-
tributed data were compared with independent 
samples t-test. Chi-square analysis was used to com-
pare the complications between the two groups. Graft 
survival curves were generated with the log-rank test 
and using the standard Kaplan-Meier method. Statis-
tical analyses were performed using IBM SPSS Sta-
tistics 23.0 (IBM Corp. Released 2015. IBM SPSS 
Statistics for Windows, Version 23.0. Armonk, NY: 
IBM Corp.). P-values below 0.05 were regarded as 
significant. 
 
 
RESULTS 
 
The mean age was 69.13±9.68 and 67.15±10.59 years 
(P=0.538), and the mean follow-up period was 
56.76±36.68 and 29.07±20.17 months (P=0.013) in 
group 1 and group 2, respectively. Gender ratios were 
similar in both groups (P=0.575) (Table 1). Graft re-
jection was seen in 12 eyes in group 1. Two eyes im-
proved with treatment, but irreversible graft rejection 
occurred in 10 eyes. Irreversible graft rejection oc-
curred in 1 eye in group 2. Graft failure was observed 
in 12 eyes (31.6%) in group 1 and in 8 eyes (61.5%) 
in group 2 (P=0.056). Endophthalmitis (2.6%), retinal 
detachment (2.6%), and postoperative ectasia (5.3%) 
were observed in low numbers only in the PK group. 
Postoperative glaucoma was observed in 4 eyes 
(10.5%) in the group 1 and 4 eyes (30.8%) in the group 
2 (P=0.083). Pupillary block developed in 3 eyes in 
group 2 and IOP was regulated by postoperative air 
reduction and anti-glaucomatous medications. How-
ever, graft failure developed in these 3 eyes. In group 
1, glaucoma was regulated with medications in 2 eyes, 
and glaucoma surgery was required in the other 2 eyes 
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(trabeculectomy in 1 eye, valve implant in 1 eye). 
There was no significant difference between the two 
groups regarding other complications (P>0.05). Re-
grafting was made for 6 eyes (15.8%) in group 1 and 
8 eyes (61.5%) in group 2 (P=0.001) (Table 2).  
      The BCVA rates of both groups at the first-year 
visit and the last follow-up visit are shown in Table 3. 
BCVA levels were better in Group 2 in both examina-
tions (Table 3).  
 
Graft survival Rates 
      Kaplan-Meier curves for graft survival in the two 
groups are presented in Fig. 1. The cumulative sur-
vival rates for PK and DMEK were 92.1% and 61.5% 
at 1 year and 89.1% and 51.3% at 2 years, respectively. 
Median survival time was 108 months in the group 1 

and 42 months in the group 2 (P=0.001). At the last 
examination, the rates of transparent grafts were 
73.7% and 69.2% in group 1 and group 2, respectively 
(P=0.756).  
 
 
DISCUSSION 
 
Bullous keratopathy after cataract surgery may be pa-
tient-related or caused by surgery. If existing endothe-
lial numbers are low or endothelial changes such as 
Fuchs endothelial corneal dystrophy (FECD) are pres-
ent, there is a risk of developing BK, even after an un-
complicated surgery. Endothelial decompensation may 
develop due to depletion such as using too much 
phaco energy during surgery, performing phacoemul-
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sification too close to the endothelium, the surgical in-
strument or cataract piece touching the endothelium, 
or severe toxic anterior segment syndrome (TASS). 
The preferred treatment for PBK in recent years has 
been EK, which permits selective replacement of the 

host endothelium rather than PK [6]. Studies on the 
effectiveness of PK [7] and EK [6, 8] after BK have 
been previously conducted. However, studies compar-
ing the surgical results of PK and EK in PBK are lim-
ited [9-11]. In these studies, PK and Descemet 
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Fig. 1. Comparison of graft survival rates between groups.



Eur Res J. 2024 DMEK and PK in psuedophakic bullous keratopathy

stripping endothelial keratoplasty (DSEK) were com-
pared. To our knowledge, the current study is the first 
to compare PK with DMEK in PBK. In the current 
study, the differences between PK and DMEK surger-
ies in the treatment of PBK were evaluated in terms 
of visual outcomes, complications, and graft survival.  
      Since PK has been used in the treatment of BK for 
many years, the follow-up period was longer in the PK 
group. The rate of graft rejection is expected to be 
higher in PK compared to DMEK due to the entire 
corneal tissue change. In this study, although the rate 
was higher in the PK group, no statistically significant 
difference was detected between the two groups. Two 
other studies comparing PK and DSEK results in the 
BK also reported that graft rejection rates did not differ 
significantly [10, 11]. Although the difference was not 
significant in this study, graft failure was slightly 
higher in the DMEK group. We think that this is be-
cause the learning curve of DMEK surgery is high and 
the rate of graft failure due to endothelial loss may 
have increased in surgeries performed in the first 
years.  
      Previous studies have shown reduced IOP and 
steroid needs in EK compared to PK for up to 2 years 
postoperatively [12]. However, in this study, the glau-
coma rate was slightly higher after DMEK, but the dif-
ference was not statistically significant (P=0.083). 
After surgery, an IOP elevation can be caused by sev-
eral factors, including the use of viscoelastic, the re-
action to steroids, damage to outflow mechanisms, 
loss of angle support, and angle closure as a result of 
synechiae [13]. In the study by Maier et al., the inci-
dence of IOP elevation and glaucoma was found to be 
lower after DMEK than after DSEK and PK. In this 
study, steroid-induced IOP elevation was the most 
common cause [14]. In a study by Sharma et al., in 
eyes that underwent keratoplasty with different etiolo-
gies, IOP increase occurred at a lower rate in the early 
period after DSEK than in PK. However, there was no 
significant difference in IOP between the DSEK and 
PK groups at the 24th week [15]. In the study compar-
ing the glaucoma therapy escalation (GTE) after PK 
and DSEK in eyes with PBK, no significant difference 
was found between the two groups [16]. In the current 
study, the most important reason for the high glau-
coma rate after DMEK was the development of the 
pupillary block. If the air given to ensure adhesion of 

the descemet to the recipient bed also closes the irido-
tomy, the pupillary block may develop. The IOP of 
these 3 eyes was regulated by reducing the amount of 
postoperative air and using anti-glaucomatous treat-
ment. However, graft failure occurred because en-
dothelial cells were affected. Although the IOP 
increased significantly after DMEK, none of them de-
veloped glaucoma surgery. However, in the PK group, 
glaucoma could be regulated by surgery in 2 patients. 
Since steroid treatment after DMEK is used for a 
shorter duration and in lower doses, steroid-induced 
IOP elevation is less expected than after PK surgery. 
Therefore, in long-term follow-up, the number of eyes 
with uncontrolled glaucoma requiring surgery after 
DMEK can be expected to be lower compared to the 
PK group.  
      Endophthalmitis, retinal detachment, and postop-
erative ectasia were observed only in the PK group. 
Although follow-up periods are different, the risk of 
endophthalmitis and retinal detachment is a less ex-
pected complication in DMEK surgery performed 
with a more closed system. However, since the entire 
cornea is opened in PK, the risk of these serious com-
plications increases. Since tissue is not sutured in 
DMEK surgery, unlike PK, ectasia complications are 
not expected.  
      In this study, reDMEK surgery was performed in 
all 8 eyes that developed graft failure after DMEK. 
However, after PK, only 6 eyes underwent re-kerato-
plasty. This may be because replacing the endothelium 
alone is more advantageous and less risky than full-
thickness surgery. Additionally, some patients could 
not undergo re-keratoplasty surgery because they did 
not want to have keratoplasty again or because it was 
thought that a new surgery would be risky due to other 
health conditions. As a result of these grafts, the trans-
parent graft rates at the last examination were 73.7% 
and 69.2% in the PK and DMEK groups, respectively.  
In this study, BCVA levels were found to be signifi-
cantly higher in the DMEK group at the first year and 
at the last visit. This is similar to previous studies [10, 
11]. The astigmatism resulting from the sutures placed 
after PK and the altered anterior corneal surface cur-
vature from the whole corneal alteration were consid-
ered to be the causes of the DMEK group's better 
visual acuity.  
      Contrary to previous studies, in this study, the 
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graft survival rate was found to be higher in the PK 
group. First-year cumulative survival rates for PK and 
DMEK were 92.1% 61.5%, and 89.1% and 51.3% at 
2 years, respectively (P=0.001). The reason for this 
difference may be early graft loss due to endothelial 
loss during DMEK surgeries performed in the early 
years. In the study by Chen et al., at the last follow-
up 1 year after surgery, the graft survival rate in the 
DSEK group was found to be significantly higher than 
that in the PK group (91.17% vs. 70.37%, P=0.039) 
[10]. In the study by Kim et al., the 2-year graft sur-
vival rates for DSAEK and PK were 93.3% and 
81.8%, respectively, and the median graft survival was 
56 and 44 months, respectively (P=0.344) [11]. In a 
similar study by Wai et al., 2-year survival rates for 
DSEK and PK were found to be 80.8% and 75%, re-
spectively [9]. The difference between the studies may 
be due to less endothelial loss due to easier manipula-
tion of the DSEK graft. Another reason may be that 
the number of patients in the groups differs in the stud-
ies. Manipulation of the endothelial roll in DMEK sur-
gery is a little more difficult than in DSEK and 
DSAEK surgery. Therefore, until experience is gained 
during surgery, endothelial loss and subsequent graft 
failure may occur. To our knowledge, no study com-
paring DMEK and PK has been conducted before. Ad-
ditionally, in this study, DMEK surgeries performed 
in the last year could not be included in the study be-
cause their follow-up period was short, and therefore 
the DMEK numbers are slightly low. For all these rea-
sons, graft survival rates may have been different com-
pared to other studies.  
 
Limitations  
      There were some limitations of the current study. 
Due to the retrospective nature of the study, variables 
including patient selection, astigmatism adjustment 
following PK, and endothelial number comparison 
could not be assessed. The smaller number of patients 
in the DMEK group, the longer surgical time until ex-
perience in DMEK surgery was gained, and the higher 
rate of graft failure due to endothelial loss that may 
develop due to the high number of surgical manipula-
tions, may have affected the results of the study. 
Therefore, prospective studies with more patients are 
required. However, we believe that this study can pro-
vide insight as a pioneering study and that better stud-
ies can be carried out by evaluating the deficiencies. 

CONCLUSION 
 
DMEK surgery offers a better visual outcome than PK 
for the treatment of PBK. However, care must be taken 
in terms of postoperative glaucoma and graft failure. 
Even though the DMEK group's graft survival rate 
was lower in the study, repeat DMEK surgery led to a 
comparable rate of graft transparency at the final as-
sessment.  
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