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Abstract
We report the results of simultaneous astigmatic arcuate keratotomy (AK) and Descemet 
automated endothelial keratoplasty (DSAEK). A 55-year-old patient with a history of high 
myopia was referred for the management of bullous keratopathy secondary to an anterior 
chamber phakic intraocular lens (pIOL). IOL explantation through a 5.5-mm corneal incision, 
cataract extraction, and posterior chamber IOL implantation, combined with DSAEK, were 
performed. Postoperatively, increased astigmatism up to 2.0 diopters (Dpt) was observed, at-
tributed to the large corneal incision, and remained stable, despite suture removal at 3 months. 
One year postoperatively, the graft showed signs of progressive endothelial dysfunction. 
A combined procedure of astigmatic AK and DSAEK was thus performed. After 6 months, 
topographic astigmatism was significantly reduced to 0.5 Dpt and best-corrected visual acu-
ity increased. In conclusion, simultaneous astigmatic AK and DSAEK could be an effective 
combination for treating patients with well-documented pre-existing astigmatism and endo-
thelial decompensation.
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Introduction

Severe endothelial loss and consequent pseudophakic bullous keratopathy represent 
rare, yet severe, complications following phakic intraocular lens (pIOL) implantation for the 
correction of high refractive errors. More precisely, the Artisan (Artisan, Ophtec BV) IOL 
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phakic iris-claw implant has been associated with significant, long-term corneal endothelial 
cell loss [1, 2]. In patients who develop pIOL-related endothelial decompensation, a combined 
surgical approach involving pIOL removal, phacoemulsification, posterior chamber IOL 
implantation, and endothelial keratoplasty represents a favorable treatment option [3]. 
Descemet automated endothelial keratoplasty (DSAEK) has become the mainstay of surgical 
treatment for addressing corneal endothelial dysfunction [4]. Although it is a minimally 
invasive surgical technique with minor postoperative refraction changes [4], large corneal 
incisions, required in cases where DSAEK is combined with rigid pIOL removal, are known to 
induce astigmatism [5, 6]. To address post-keratoplasty astigmatism, both femtosecond laser 
and manual astigmatic arcuate keratotomy (AK) have been shown to be effective methods 
[7–9] with no significant differences in terms of postoperative outcomes [10].

Herein, we describe a combined procedure of astigmatic AK and DSAEK for the treatment 
of concurrent pre-existing corneal astigmatism and endothelial dysfunction in a patient with 
previous pIOL explantation. To our knowledge, this combined procedure is the first reported 
in the literature.

Case Report

A 55-year-old female patient with a history of high myopia and Artisan pIOL implantation 
15 years prior was referred to our clinic for the management of pseudophakic bullous kera-
topathy in the left eye. Upon presentation, best-corrected visual acuity (BCVA) was 0.1 
(decimal scale) in the involved eye, while slit-lamp examination revealed severe bullous kera-
topathy in the presence of an anteriorly fixated iris-claw Artisan IOL. The right eye status was 
within normal limits. Dilated fundus examination showed no signs of posterior segment 
pathology in both eyes. Corneal topography (Pentacam, Oculus Inc., Wetzlar, Germany) 
showed a central corneal thickness (CCT) of 683 μm. We decided to perform pIOL extraction 
through a 5.5-mm superior clear corneal incision, phacoemulsification, and posterior chamber 
IOL (Acrysof IQ SN60WF + 10D) implantation in the bag followed by a DSAEK procedure 
(graft thickness of 102 μm) through the same main incision. Corneal sutures were removed 
at 3 months after surgery. At 6 months postoperatively, BCVA increased to 0.3 (+0.5 Dpt; −3.0 
Dpt at 80°). Slit-lamp examination showed a clear cornea with a functional graft. The topo-
graphic and refractive astigmatism were 2.0 Dpt and −3.0 Dpt, respectively, with a CCT of 639 
μm. It is noteworthy that the past ocular history of the patient prior to presentation showed 
a maximum BCVA of 0.8.

Twelve months postoperatively, the patient reported ongoing visual discomfort. The 
cornea started showing signs of endothelial dysfunction with a continuous increase in CCT 
(up to 656 μm). In an attempt to address both increased postoperative astigmatism and 
corneal endothelial dysfunction, we decided to perform a combined surgery of astigmatic AK, 
followed by DSAEK.

Surgical Technique (online suppl. Video)

The procedure was performed under retrobulbar anesthesia. The left eye was prepared 
and draped in a sterile manner. Incisional AK was first created with a diamond micrometer 
blade. Two arcuate incisions were made at the steep corneal meridian with an angular 
length of 70°, aiming a depth of approximately 90% of the corneal thickness (Fig. 1a, b), and 
a 7-mm corneal optical zone diameter, using a nomogram for naturally occurring astig-
matism of 2.6–3.6 Dpt (based on preoperative patient’s refractive astigmatism of −3.0 Dpt, 
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before the development of corneal edema). The dysfunctional graft was then removed and 
exchanged with an ultrathin graft of 75 μm. After suturing the superior 3.2-mm main 
corneal incision, a bubble of air was injected in the anterior chamber. The postoperative 
course was uneventful.

At 6-month follow-up, BCVA was 0.4 (−1.0 Dpt; −0.75 Dpt at 130°), while the cornea was 
clear with no signs of graft dysfunction (Fig. 1a). Topographic and refractive astigmatism 
were 0.5 Dpt (Fig. 2) and −0.75 Dpt, respectively, while CCT was 568 μm.

a

b

Fig. 1. Postoperative slit-lamp photo (a) and 
anterior segment OCT (Heidelberg Engineer-
ing, Heidelberg, Germany) (b) showing the 
manual astigmatic AK (dotted arrow) and the 
endothelial graft (plain arrow). AK, arcuate 
keratotomy.

a b c

Fig. 2. Preoperative (a) and postoperative (b) corneal topography (Pentacam, Oculus Inc., Wetzlar, Germa-
ny) with comparison (c), showing a decrease in postoperative astigmatism.
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Discussion

DSAEK offers the advantage of minimum induced astigmatism, as previously described 
in the literature [4]. In patients with corneal dysfunction, cataract, and significant amounts of 
astigmatism, simultaneous endothelial keratoplasty, phacoemulsification, and toric IOL 
implantation remain viable options [11, 12]. However, in cases where only a DSAEK procedure 
is required (with no concurrent lens implantation), the management of coexisting astig-
matism remains a challenge.

Astigmatic AK, consisting of corneal relaxing incisions at the steep meridian of the midpe-
ripheral cornea, is considered an effective surgical procedure for reducing astigmatism. 
Traditionally, the incisions are made with a diamond micrometer blade. More recently, femto-
second laser has been proposed as an alternative, offering possibly a safer and more predictable 
AK procedure. Nevertheless, in a recent study that compared the 2 techniques, Al-Qurashi et 
al. [10] found no significant differences in terms of postoperative BCVA, refractive cylinder 
and keratometric astigmatism. Overall, regardless of the technique used for incisions, it has 
been shown that AK allows a statistically significant improvement in topographic and 
refractive astigmatism [10], and it is considered a safe procedure in the treatment of post-
keratoplasty astigmatism [8]. In our case, manual astigmatic incisions were selected, hence 
allowing this double surgical intervention to be performed simultaneously in the operating 
room and to reduce the overall cost of the operation.

Previous studies have described surgical techniques combining astigmatic AK with 
different anterior segment procedures, such as cataract extraction, with satisfactory 
postoperative results regarding safety and astigmatism reduction [13]. Similarly, we 
combined astigmatic AK and DSAEK for the treatment of pre-existing, surgically induced 
astigmatism and corneal endothelial dysfunction. This simultaneous approach would 
benefit the patient by hastening visual recovery and reducing the overall cost of the oper-
ation as mentioned earlier. In our case, the 5.5-mm corneal incision, required for the 
removal of the rigid pIOL, led to a significant increase in the postoperative astigmatism 
of our patient. In order to plan an accurate AK procedure, it is essential to have a complete 
record of patient’s refraction and astigmatism (both topographic and refractive) before 
the onset of endothelial decompensation and the development of corneal edema as the 
latter can significantly modify the refractive status. The astigmatism of our patient had 
been well-evaluated and documented before the development of the corneal edema and 
remained relatively stable, despite the mild worsening of the latter. Therefore, the calcu-
lations made for the AK were based on the patient’s astigmatism prior to endothelial 
decompensation. Nevertheless, if these data were not available, a second, separate AK 
procedure at a subsequent time would have been required in order to achieve a precise 
refractive outcome.

As a result of this combined procedure, 6 months postoperatively, the cornea was clear 
with no signs of dryness. Topographic astigmatism improved from −2.0 Dpt preoperatively 
(before endothelial decompensation) to −0.5 Dpt (Fig.  2), while refractive astigmatism 
decreased from −3.0 Dpt to −0.75 Dpt. BCVA increased up to 0.4, and gradual further 
improvement would be expected over time [14].

In conclusion, to the best of our knowledge, this is the first report of simultaneous astig-
matic AK and DSAEK in the literature. Well-documented pre-existing refractive and astig-
matism data, prior to the development of corneal edema, are essential when considering 
this combined technique. Moreover, our approach may be more suitable for cases of 
UT-DSAEK and Descemet membrane endothelial keratoplasty that induce relatively minor 
refractive changes compared to the relatively less predictable refractive outcomes of 
DSAEK [15].
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