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Abstract 
Introduction: Descemet Stripping Automated Endothelial Keratoplasty 
(DSAEK) is currently considered the procedure of choice for the treatment of 
endothelial dysfunctions. Despite DSAEK being a promising procedure to 
improve visual acuity (VA), the ideal graft thickness donor still remains under 
discussion. Purpose: To analyze the influence of graft thickness on postopera-
tive VA and complications in DSAEK surgery. Methods: Retrospective study 
of 112 eyes that underwent DSAEK surgery. Donor grafts were obtained by 
dissection with automatic microkeratome, using different head sizes. Central 
corneal thickness (CCT) of donor corneas before dissection was measured by 
ultrasound pachymetry. The choice of the cutting depth was based on CCT 
measurements and the final desired residual corneal thickness, corresponding 
to the estimated donor graft thickness (EDGT). The eyes were divided into 3 
groups, depending on the EDGT: <180 μm (Group 1), 180 - 200 μm (Group 2) 
and >200 μm (Group 3). Intraoperative, postoperative complications and the 
best corrected visual acuity (BCVA) at 6 months postoperatively were eva-
luated, comparing these 3 groups. Results: The average EDGT was 164 ± 10 
μm in Group 1188 ± 7 μm in Group 2 and 234 ± 30 μm in Group 3. At 6 
months postoperative the average BCVA was significantly better in Group 1 
(BCVA: 0.74 ± 0.20), compared to Group 2 (BCVA: 0.54 ± 0.20) and Group 3 
(BCVA: 0.39 ± 0.18). Intraoperative and postoperative complications in-
cluded: graft perforation during cutting (0.9% of cases), graft rejection (3.6%), 
primary graft failure (4.5%), and graft detachment (3.6%). Its distribution was 
uniform between the 3 groups. Conclusion: The study proves that DSAEK is 
an effective surgical technique for the treatment of endothelial dysfunction, 
demonstrating that the use of thinner grafts (EDGT < 180 μm) can improve 
the final visual outcome, with a significant improvement on BCVA, without 
increasing the risk of complications. 
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1. Introduction 

DSAEK (Descemet Stripping Automated Endothelial Keratoplasty) is a type of 
posterior lamellar transplantation surgery of the cornea that allows a selective 
replacement of the pathological corneal endothelium and it can be characterized 
as a minimally invasive procedure [1] [2]. It is currently considered the proce-
dure of choice for the treatment of endothelial corneal diseases, such as Fuchs 
endothelial dystrophy or pseudophakic bullous keratopathy and it has largely 
replaced penetrating keratoplasty in the treatment of those diseases [1]-[6]. 

In DSAEK surgery, the corneal graft is obtained from automated mode using 
the automatic microkeratome. The corneal graft or lenticule consists of posterior 
stroma lamella, Descemet membrane and endothelium. The cut depth is deter-
mined by the cutting head size used [1] [3] [6]. 

DSAEK offers many advantages over penetrating keratoplasty: it provides 
better tectonic stability, minimal induced astigmatism, early refractive stability, 
faster visual recovery, and reduced intraoperative and postoperative complica-
tions [1] [3] [6] [7]. 

Although there is no questioning about the effectiveness of DSAEK surgery, 
with most patients achieving a best corrected visual acuity (BCVA) of 20/40 or 
better, there has been an ongoing discussion regarding the cause for only a rela-
tively small percentage of patients achieve BCVA of 20/20, despite completely 
transparent corneas in the postoperative period. In general, there are two main 
hypotheses to explain this phenomenon. The first hypothesis is that the stroma- 
to-stroma interface is a problem that somehow results in optical degradation. 
The second hypothesis is that the added stromal thickness itself is what degrades 
the vision and simultaneously leads to greater morphological changes of post-
erior corneal curvature with a greater refractive shift [5]. 

Even though isolated transplantation of Descemet membrane and endothe-
lium performed at DMEK surgery (Descemet membrane endothelial keratoplas-
ty) demonstrates superior visual outcomes compared to the DSAEK procedure, 
this technique is currently limited by the high surgical complexity (technical dif-
ficulty of preparation and handling of the lenticule, with a high risk of substan-
tial endothelial cells loss) and higher postoperative complication rates, including 
lenticule detachment and iatrogenic primary failure [5] [6]. 

In an attempt to improve the visual outcomes of DSAEK surgery and at the 
same time keep the reduced complication rates, several aspects of this procedure 
have been refined, and recently the attention has been turned to the graft thick-
ness [6]. Thus, several studies have sought to demonstrate if the donor graft 
thickness influences the final visual outcome. Some recent studies suggest that 
thinner grafts may be associated with a better visual outcome [1] [2] [4] [7]. 
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However, other studies found no correlation between graft thickness and vision 
[3] [5] [8] [9]. 

Due to the lack of clear evidence to support the use of thinner grafts in 
DSAEK procedure, the purpose of this study was to analyze the influence of graft 
thickness in visual acuity and in intraoperative and postoperative complications 
rates. 

2. Materials and Methods 

This is a retrospective study of 112 eyes with bullous keratopathy who under-
went DSAEK surgery in Centro Hospitalar Lisboa Central (CHLC) between 
January 2014 and December 2015. Local research ethics committee approval was 
obtained, and the study adhered to the tenets of the Declaration of Helsinki. 

The donor corneas were mounted on an artificial anterior chamber. The 
pressure in the system was standardized by raising the infusion bottle to a height 
of 180 cm above the level of the artificial anterior chamber and then clamping 
the tube at 50 cm from the entrance into the chamber.  

The donorlenticules were prepared from the donor corneas by a single-pass 
dissection with an automated microkeratome (MORIA®), using different cutting 
heads (300 μm, 350 μm, 400 µm or 450 μm). Prior to the microkeratome cut, the 
central corneal thickness (CCT) of the donor corneas were measured by ultra-
sound pachymetry, subsequent to epithelial removal. 

The choice of the cutting depth was based on CCT measurement´s and the fi-
nal desired residual corneal thickness that corresponds to the estimated donor 
graft thickness (EDGT).  

Pachymetry was performed to all corneas before the cutting procedure to de-
termine the real tissue thickness and choose the appropriate microkeratome 
head(s). Thickness measurements were taken and an average of 5 pachymetry 
readings was calculated.  

The tissue remained mounted on the artificial anterior chamber. Microkera-
tome dissection was made using a 300- to 450-microkeratome head, depending 
on the tissue thickness, with the goal of ultimately creating a graft with a desired 
thickness of approximately 150 μm. Thus, the CCT was used to select the cutting 
head size predicted to achieve the desired graft thickness. 

The donor lenticules were then placed on a Teflon block with endothelial side 
up and trephined using an appropriately sized corneal trephine (8.0 or 8.5 mm). 

DSAEK surgeries were performed by one of four experienced surgeons, and in 
all of them was used the following surgical technique: a nasal 4.5 mm and tem-
poral 1.5 mm incisions were made in the clear cornea at 3 and 9 o’clock; a 1.5 
mm incision was made in the clear cornea at 6 o’clock to the anterior chamber 
maintainer infusion line filled with balanced salt solution; a “T” shaped DSAEK 
stripper was used to remove the host endothelium and Descemet membrane 
along the circumference corresponding to the epithelial 9 mm ring mark; it was 
also performed a peripheral iridectomy at 6 o’clock; the donor lenticule was in-
troduced in the anterior chamber and the coaptation of the lenticule was made 
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to the host posterior corneal stroma with an air bubble. 
The main exclusion criteria from this analysis were patients with significant 

ocular comorbidities, which could affect the final visual acuity, such as severe 
glaucoma, retinal macular diseases and amblyopia or patients submitted to other 
previous intraocular surgeries, except for cataract surgery with intraocular lens 
implant. 

The eyes were divided into 3 groups, depending on the EDGT: <180 μm 
(Group 1), 180 to 200 μm (Group 2) and >200 μm (Group 3). Intraoperative and 
postoperative complications, preoperative BCVA and BCVA at 6 months post-
operatively were evaluated, comparing the 3 groups of this study. Visual acuity 
evaluation was performed using standard Snellen chart (decimal scale). 

All the collected data were analyzed using SPSS version 23 (IBM Corp., Ar-
monk, NY). The quantitative data were expressed as average ± SD and qualita-
tive data were expressed as a percentage. The statistical significance of quantita-
tive variables was determined by paired Student t test or univariate analysis of 
variance (one-way ANOVA). In the comparison between one pair of groups 
with one-way ANOVA, when the test result was significant, the pair of groups 
were compared by post-hoc tests (Student t test) with Bonferroni’s correction. 
For comparing the statistical significance of categorical variables, the χ2 test was 
applied. A p value < 0.001 was considered as the indication of statistical signi-
ficance. The Pearson correlation coefficient was performed to analyze the corre-
lation between variables. 

3. Results 

This study analyzed a total of 112 eyes from 95 patients, who were treated with 
DSAEK surgery. These eyes were divided into 3 groups, depending on the 
EDGT: <180 μm (Group 1), 180 to 200 μm (Group 2) and >200 μm (Group 3). 
Group 1 included 37 eyes, Group 2 included 36 eyes and Group 3 included 39 
eyes. The average EDGT was 164 ± 10 μm, 188 ± 7 μm and 234 ± 30 μm in 
Group 1, Group 2 and Group 3, respectively (Table 1). Statistically there was no 
significant difference between the 3 groups with regards to the age, gender and 
preoperative BCVA (Table 2). 

Six months after endothelial transplantation, the 3 groups showed a signifi-
cant improvement in BCVA (P < 0.001). In Table 3 are presented the preopera-
tive and postoperative BCVA according to the donor graft thickness. 

 
Table 1. Comparison of donor graft estimated thickness (EDGT) between the 3 study 
groups. 

 EDGT, interval (μm) EDGT, average ± SD (μm) Number of eyes, N 

Group 1 140 - 178 164 ± 10 37 

Group 2 180 - 200 188 ± 7 36 

Group 3 203 - 310 234 ± 30 39 

Total 140 - 310 196 ± 35 112 
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Table 2. Baseline demographics of patients that underwent DSAEK surgery. 

 Group 1 Group 2 Group 3 P value 

Age, 
average (years) ± SD 

70.3 ± 6.2 73.7 ± 5.9 72.7 ± 6.5 0.062a 

Female gender, 
n (%) 

26 (70.3%) 24 (66.7%) 27 (69.2%) 0.943b 

Preoperative BCVA, 
average (decimal) ± SD 

0.14 ± 0.11 0.12 ± 0.13 0.13 ± 0.13 0.827a 

aOne-way ANOVA; bχ2 test. 
 

Table 3. Comparison of preoperative and postoperative BCVA between the 3 study 
groups. 

 
Preoperative BCVA, 

average (decimal) ± SD 
Postoperative BCVA, 

average (decimal) ± SD 
P value 

Group 1 0.14 ± 0.11 0.74 ± 0.20 

<0.001a Group 2 0.12 ± 0.13 0.54 ± 0.20 

Group 3 0.13 ± 0.13 0.39 ± 0.18 

aStudent t test. 
 

Table 4. Preoperative BCVA, postoperative BCVA, and difference between preoperative 
and postoperative BCVA: comparative study of the 3 groups. 

 Group 1 Group 2 Group 3 P value* 

Preop. BCVA, 
average (decimal) ± SD 

0.14 ± 0.11 0.12 ± 0.13 0.13 ± 0.13 0.827 

Postop. BCVA, 
average (decimal) ± SD 

0.74 ± 0.20a 0.54 ± 0.20b 0.39 ± 0.18c <0.001 

Difference 
Preop.-Postop. BCVA 

average (decimal) ± SD 
0.60 ± 0.34a 0.42 ± 0.27b 0.26 ± 0.20c <0.001 

*Comparison between groups (One-way ANOVA). The presence of a different letter in superscript indi-
cates a significant difference between the pair of groups (post-hoc tests with Bonferroni’s correction). 

 
The postoperative BCVA was significantly better (P <0.001) in Group 1 

(BCVA: 0.74 ± 0.20), compared to Group 2 (BCVA: 0.54 ± 0.20) and Group 3 
(BCVA: 0.39 ± 0.18). The difference between preoperative and postoperative 
BCVA was 0.60 ± 0.10 in Group 1, 0.42 ± 0.09 in Group 2 and 0.26 ± 0.06 in 
Group 3 (Table 4 and Figure 1). 

A Pearson correlation analysis was performed to determine if there was a sta-
tistically significant relationship between 6-month postoperative BCVA and 
donor graft thickness (EDGT). This analysis demonstrated a moderate negative 
statistically significant correlation indicating a worse postoperative BCVA with 
an increasing graft thickness (r = −0.54, P < 0.001; Table 5 and Figure 2). 

Intraoperative and postoperative complications obtained included: corneal 
perforation during the cut, which was registered in only 1 patient (0.9%); graft 
rejection that occurred in 4 eyes (3.6%), primary graft failure found in 5 eyes  
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Figure 1. Preoperative and postoperative BCVA: Comparison of the 3 study groups. 

 
Table 5. Analysis of Pearson correlation coefficient (r), concerning the relationship be-
tween postoperative BCVA and donor graft thickness (EDGT), for the study population. 

 Total (n = 112) 

EDGT, average (μm) 196 

Postop. BCVA, average (decimal) ± SD 0.56 ± 0.24 

EDGT variance 1237.52 

Postop. BCVA variance 0.06 

Covariance −4.64 

Pearson r −0.54 

P value <0.001 

 

 
Figure 2. Graphic representation of Pearson correlation between postoperative BCVA 
and donor graft thickness (EDGT), for the study population. 
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Table 6. Intraoperative and postoperative complications. 

 
Corneal perforation,  

n (%) 
Graft rejection,  

n (%) 
Primary graft  
failure, n (%) 

Graft detachment,  
n (%) 

Group 1 (n = 37) 1 (2.7) 1 (2.8) 1 (2.7) 1 (2.7) 

Group 2 (n = 36) 0 (0) 1 (2.8) 2 (5.6) 1 (2.8) 

Group 3 (n = 39) 0 (0) 2 (5.1) 2 (5.1) 2 (5.1) 

Total 1 (0.9) 4 (3.6) 5 (4.5) 4 (3.6) 

 
(4.5%) and 4 cases of graft detachment (3.6%). Surgical complications were 
evenly distributed over the 3 groups (Table 6). 

4. Discussion 

DSAEK is currently the procedure of choice for the treatment of endothelial 
corneal diseases. Compared to penetrating keratoplasty, the main advantages in-
clude: better tectonic stability, less induced astigmatism, early refractive stability, 
faster visual recovery and reduction of intraoperative and postoperative compli-
cations [3] [6] [7]. 

In an attempt to improve the visual outcomes in DSAEK, several studies have 
sought to demonstrate the influence of donor graft thickness on visual acuity, 
even though the results are still not completely consensual. Some studies suggest 
that thinner lenticules may be associated with a better visual outcome [1] [2] [4] 
[7]. On the other hand, other studies found no correlation between the graft 
thickness and visual acuity [3] [5] [8] [9]. 

The current study demonstrated that DSAEK significantly improved the visu-
al acuity in patients of all the 3 groups analyzed. This result is consistent with the 
previous studies [1]-[9], confirming the effectiveness of this surgical technique 
in the treatment of endothelial pathologies.  

The visual improvement was significantly better in transplants made with 
“thinner” grafts (Group 1), with a postoperative BCVA of 0.74 ± 0.20, compared 
to transplants performed with “medium-thickness” grafts (Group 2) and “thick-
er” grafts (Group 3), which had a postoperative BCVA of 0.54 ± 0.20 and 0.39 ± 
0.18, respectively.  

There was no statistically significant difference between the 3 groups regard-
ing age, gender and preoperative BCVA. 

A Pearson correlation analysis was performed on the study population de-
monstrating a moderate negative statistically significant correlation between 6- 
month postoperative BCVA and donor graft thickness, indicating a worse post-
operative BCVA with an increasing graft thickness. 

The intraoperative and postoperative complications obtained in this study 
were evenly distributed over the 3 groups and included: corneal perforation 
(0.9% of cases); graft rejection (3.6%), primary graft failure (4.5%) and graft de-
tachment (3.6%). 

There are several limitations in our study. First of all, the graft thickness was 
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calculated based on an estimative, through the difference between the CCT 
measurement obtained by ultrasound pachymetry and the depth of cut per-
formed according to the cutting head used during graft preparation. Ideally, in 
order to obtain a precise measurement of graft thickness, it must be carried out 
an anterior segment optical coherence tomography (AS-OCT), during the post-
operative period. A prospective study could evaluate the correlation between 
EDGT (calculated during graft preparation) and the thickness measured in the 
postoperative period using AS-OCT. Secondly, DSAEK surgery was performed 
by four different surgeons, which might involve subtle differences in surgical 
technique, preferences and management. Another limitation is the fact that the 
population analyzed is not homogeneous, including patients with both Fuchs 
dystrophy and bullous keratopathy, which influences different visual prognosis 
from the outset. Furthermore, this is a retrospective review and there are some 
inherent limitations that cannot be avoided, such as: some patients lose the 
monitoring by abandonment or opt for alternative ophthalmologic consulta-
tions; some data from eye examination and results from complementary diag-
nostic exams are not always available for all patients. Therefore it would be per-
tinent to perform a prospective study, more comprehensive and including other 
possible variables such as endothelial cell count, spherical equivalent, keratome-
tric astigmatism, intraocular pressure and contrast sensitivity.  

5. Conclusion 

In conclusion, our study showed that DSAEK is an effective surgical technique 
in the treatment of endothelial dysfunction, demonstrating that the use of thin-
ner grafts (EDGT < 180 μm) can improve the final visual outcome, with a signif-
icant increase in BCVA without increasing the risk of complications. However, 
remains to be determined what will be the ideal graft thickness that is simulta-
neously effective and safe. Therefore, more prospective studies are still needed. 
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