
Page 1/11

Comparison of ACIOL Exchange and Descemet
Membrane Endothelial Keratoplasty with ACIOL
Retention and Descemet Stripping Automated
Endothelial Keratoplasty in the Setting of
Pseudophakic Bullous Keratopathy
Biana Dubinsky-Pertzov 

Yitzhak Shamir Medical Center Assaf Harofeh
Gissela Santaella 

University of Toronto
Nir Sorkin 

Tel Aviv Ichilov-Sourasky Medical Center: Tel Aviv Sourasky Medical Center
Lior Or 

Yitzhak Shamir Medical Center Assaf Harofeh
Inbal Gazit 

Yitzhak Shamir Medical Center Assaf Harofeh
Clara C. Chan 

University of Toronto
David S. Rootman 

University of Toronto
Adi Einan-Lifshitz  (  adi.einan@gmail.com )

Yitzhak Shamir Medical Center Assaf Harofeh

Research Article

Keywords: ACIOL, PBK, DMEK, DSAEK, Intraocular lens

Posted Date: May 17th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-499850/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-499850/v1
mailto:adi.einan@gmail.com
https://doi.org/10.21203/rs.3.rs-499850/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/11

Abstract
Objective: To compare the clinical outcomes and complications of anterior chamber intraocular lens
(ACIOL) exchange and Descemet membrane endothelial keratoplasty (DMEK) with ACIOL retention and
Descemet stripping automated endothelial keratoplasty (DSAEK) in patients with PBK.

Methods: A multicenter retrospective cohort study. Patients with ACIOL who underwent endothelial
keratoplasty procedure due to PBK between 2012-2018 in two tertiary medical centers, were identi�ed.
Clinical and demographical data including preoperative and postoperative characteristics were collected.

Results: Thirteen eyes in the “DMEK and ACIOL exchange” group and 15 in the “DSAEK and ACIOL
retention” group were included in the analysis. Mean BCVA six months postoperatively was 0.51±0.20
LogMAR (Snellen 20/64) and 0.57±0.22 LogMAR (Snellen 20/83) in the “DMEK and ACIOL exchange”
group and “DSAEK and ACIOL retention” group, respectively (P=0.38). Graft failure occurred in 6 eyes
(40%) in the “DSAEK and ACIOL retention” group; four of them were secondary failures occurring at an
average follow-up time of 15±11.9 months. In the “DMEK and ACIOL exchange” group, graft failure
occurred in one eye and was a primary failure (P=0.046). In the “DMEK and ACIOL exchange” group,
postoperative complications were seen in 4 eyes (30.7%). No postoperative complications were recorded
in the “DSAEK and ACIOL retention” group (P=0.035).

Conclusion: Despite the lower complication rate, the higher incidence of graft failure and the need for
second keratoplasty in the DSAEK group along with the similar visual outcomes, might suggest that in
the indication of PBK, ACIOL exchange with DMEK offers a good alternative to ACIOL retention with
DSAEK.

Introduction
Pseudophakic bullous keratopathy (PBK) in the presence of an anterior chamber intraocular lens (ACIOL)
carries a challenge for endothelial keratoplasty (EK). In the planning of such surgery, two main issues
need to be addressed – the retainment or extraction of the ACIOL and the type of EK. Due to its relative
procedural simplicity and the ability to perform in the presence of ACIOL, Descemet stripping automated
EK (DSAEK) with retention of the ACIOL served as the procedure of choice in complicated eyes such as
those with ACIOL (1).

Descemet membrane EK (DMEK) in the setting of ACIOL poses a few challenges, including unfolding the
DMEK scroll by tapping on the cornea (2), and DMEK graft tamponade in a unicameral eye (anterior
vitrectomy is usually performed in eyes with ACIOL). Although there are some publications describing
DMEK in the presence of ACIOL, many surgeons prefer performing DSAEK in eyes with ACIOL.

However, in a study describing the results following DSAEK in eyes with PBK and a retained ACIOL, the
graft survival and endothelial cell (EC) loss were signi�cantly inferior compared with DSAEK in eyes with
posterior chamber IOL, suggesting that retention of ACIOL leads to less desirable outcomes. Hence,
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removing the ACIOL might allow better results (3). Tannan et al. compared ACIOL retention and DSAEK
with ACIOL exchange and DSAEK, and showed that IOL exchange was correlated with more intraoperative
and postoperative complications (4).

Over the last years, DMEK has become the preferred procedure in the treatment of corneal endothelial
dysfunction, demonstrating better visual outcomes, refractive results, and healing time with lower
rejection rate and similar surgical hazards and EC loss (1, 5–7). Combining DMEK with ACIOL exchange
and IOL �xation to the sclera might be an acceptable alternative encompassing the advantages of DMEK
without probable endothelial damage from the retained ACIOL.

To our knowledge, there are no publications comparing the outcomes of these two popular techniques:
ACIOL exchange with scleral �xated IOL and DMEK with ACIOL retention and DSAEK. The aim of the
proposed study was to compare the outcomes of these two techniques to optimize the management of
PBK in the setting of ACIOL.

Methods

Study design and population
This is a multicentered retrospective cohort study. Patients who underwent ACIOL exchange and trans-
scleral IOL �xation combined with DMEK or DSAEK with ACIOL retention due to PBK between 2012–2018
at Toronto Western Hospital, Canada and Shamir medical center, Israel were included. Patients were
included if it was their �rst corneal transplantation surgery and had a minimum follow-up time of 6
months.

Between 2012–2015, the procedure of choice was DSAEK with ACIOL retention and starting from 2016,
ACIOL exchange combined with DMEK became the common practice.

Data collection
Data extracted from patient charts included: demographic and corneal donor characteristics, best-
corrected visual acuity (BCVA) before and after surgery during all follow-up appointments (based on
subjective refraction on each follow-up visit), intraoperative and postoperative complications and clinical
outcomes including rebubble procedure and incidence of primary or secondary graft failure graft
rejection, regarded as dichotomous variables.

Primary and secondary outcomes
Primary outcome was the incidence of graft failure in the two groups. Secondary outcomes included
BCVA at six months postoperatively, incidence of graft rejection, and rebubble rate.

Primary graft failure was diagnosed when the cornea failed to clear three months postoperatively.
Secondary failure was diagnosed when corneal edema developed after a period of corneal clarity. Graft
rejection was diagnosed when otherwise unexplainable corneal edema developed or upon the new
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appearance of endothelial precipitates on the corneal graft. Follow-up time was calculated as the time
passed from surgery until a diagnosis of graft failure or until the last documented visit.

Ethical considerations
This study adhered to the tenets of the Declaration of Helsinki and was approved by the Medical center's
IRB in both sites.

Surgical Technique
Graft preparation was performed immediately prior to transplantation. Surgeries were performed using
sub-tenon anesthesia.

“DMEK and ACIOL exchange” group - ACIOL exchange with
DMEK:
Prior to the beginning of surgery, the DMEK graft was prepared by separating Descemet membrane from
the stroma starting from the non-pigmented area of the trabecular meshwork 360 degrees .The stripping
technique has been described previously by our group (8).

The ACIOL optic size was measured and a clear corneal incision was performed accordingly (usually 6
mm wide) with subsequent removal of the ACIOL and partial suturing of the corneal incision. A scleral
�xation, using Hoffman pockets technique (9) was used to �xate the new IOL (MA30BA, AcrySof, Alcon).
After removal of Descemet membrane, insertion of the DMEK graft into the anterior chamber using the
Geuder injector (Heidelberg, Germany) was performed (10), and the tapping technique was used to unfold
the graft (2)(10). After placing the graft in the correct orientation and location, an air bubble was inserted
into the anterior chamber. BSS was then injected between the air bubble and the iris to deepen the
anterior chamber, leaving an air bubble that is slightly larger than the graft’s diameter.

“DSAEK and ACIOL retention” group – DSAEK with ACIOL
retention:
DSAEK surgery was performed by a standardized technique as described previously (11, 12), using the
Busin glide and pull-through technique (13).

Statistical analysis
Baseline and outcome variables were compared between the two groups. Incidence of graft failure was
analyzed using the chi-square test for bivariate analysis. Survival analysis using the Kaplan-Meier curve
was used to adjust for follow-up time. Continuous variables were analyzed using the Student T test or the
Mann-Whitney U test according to their distribution. Normal distribution was evaluated with Q-Q plot,
Shapiro-Wilk test, and histogram chart with a normal distribution curve.
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P-values beneath 0.05 on a two-sided test were considered statistically signi�cant.

The IBM SPSS Statistics 25 (IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY; IBM Corp) was
used.

Results
Thirteen eyes of 13 patients in the “DMEK and ACIOL exchange” group and 15 eyes of 15 patients in the
“DSAEK and ACIOL retention” group were included in the analysis. The patients did not differ signi�cantly
in their demographic and clinical preoperative characteristics (Table 1). Average follow-up time was 16.4 
± 6.73 and 19.21 ± 10.36 months in the “DMEK and ACIOL exchange” group and the “DSAEK and ACIOL
retention” group, respectively (P = 0.34).

Table 1

Preoperative demographic and clinical characteristics 

  ACIOL exchange and
DMEK (n=13)

ACIOL retention and
DSAEK (n=15)

P
value

Age, years (mean ± SD) 76.7 ± 12.7 76.8 ± 11.2 0.96

Gender      

      Female (%) 4 (31%) 5 (33.3%) 0.61

Preoperative BCVA logMAR (mean ±
SD)

1.84 ± 0.95 1.97 ± 0.82 0.65

Ocular comorbidity      

      Glaucoma 1 (7.6%) 3 (20%) 0.35

     AMD 2 (15.4%) 1 (6.7%) 0.44

Corneal graft characteristics      

      Donor age, years (mean ± SD) 65.3 ± 4.7 65.5 ± 11.7 0.17

      Graft Diameter, mm (mean ± SD) 8.0 8.2 ± 0.4 0.18

      Time from harvest to
transplantation, days (mean ± SD)

6.0 ± 1.9 6.1 ± 2.7 0.10

Graft failure requiring another corneal transplant occurred in 6 eyes in the “DSAEK and ACIOL retention”
group (40%). Of those, four were secondary graft failures with an average follow-up time of 15 ± 11.9
(range 4–32) months to failure and the other two were primary graft failures. In the “DMEK and ACIOL
exchange” group, primary graft failure occurred in one eye due to persistent hyphema (7.7%) and there
was no secondary graft failure during the follow-up time. Incidence of graft failure differed signi�cantly
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between groups both in a bivariate analysis (P = 0.04) and when adjusting for follow-up time in a
subgroup analysis of secondary failure (survival analysis P = 0.046) (Fig. 1). 

Graft detachment requiring rebubble was diagnosed in four eyes (30.8%) in the “DMEK and ACIOL
exchange” group at an average follow-up of 13.7 days (range 7–21 days). In all eyes, the graft
reattached, and the cornea cleared up following one rebubble attempt. In the “DSAEK and ACIOL
retention” group, rebubble was performed in three eyes at an average follow-up time of 10 days (range 1–
20 days) after surgery. In two of the three eyes, the cornea failed to clear and resulted in primary graft
failure. There was no between-groups difference in rebubble rate (P = 0.41).

BCVA improved signi�cantly in both groups. In the “DMEK and ACIOL exchange” group, BCVA improved
from 1.84 ± 0.95 (Snellen 20/1383, range 0.6-4) LogMAR prior to surgery to 0.51 ± 0.20 (Snellen 20/64,
range 0.3-2) LogMAR six months after surgery (p = 0.01). In the “DSAEK and ACIOL retention” group,
BCVA improved from 1.97 ± 0.82 (Snellen 20/1866, range 0.5-3) LogMAR prior to surgery to 0.57 ± 0.22
(Snellen 20/83, range 0.39–0.87) LogMAR six months after surgery (P = 0.027). Postoperative BCVA
outcomes are presented in Fig. 2, no statistically signi�cant difference was found between the groups. 

An episode of graft rejection occurred in one eye (7.7%) in the “DMEK and ACIOL exchange” group, and
one eye (6.6%) in the “DSAEK and ACIOL retention” group, 11 and 18 months after surgery respectively (P 
= 0.46). In both eyes, the rejection episode resolved after a course of topical steroids. Neither were
diagnosed with graft failure during follow-up time.

In the “DMEK and ACIOL exchange” group, postoperative complications were seen in 4 eyes (30.7%).
Hyphema reported in two eyes immediately after surgery, macular edema reported three months
postoperatively in one eye, and retinal detachment reported 22 days after surgery in one eye. No
complications were recorded in the “DSAEK and ACIOL retention” group (P = 0.035).

Discussion
PBK in the setting of ACIOL presents a surgical dilemma for the cornea surgeon.

The decision regarding the optimal surgical management consists of two main components: �rst,
whether to retain the ACIOL or to replace it with a sutured posterior chamber IOL, and second, to evaluate
which type of EK is more suitable in this speci�c setting and would result in a better outcome.

On the one hand, retention of the ACIOL and coping only with the decompensated cornea is an easier and
quicker procedure that could be performed under local anesthesia. However, ACIOL retention could cause
a higher rate of postoperative EC loss and graft failure (14). As previously mentioned, the DMEK graft
needs to be unfolded when inserted into the anterior chamber, unlike the DSAEK graft which is inserted
already spread open. The presence of ACIOL makes this process more challenging and might cause
excessive endothelial loss and higher rate of graft detachment with lower graft survival rate (15). Hence,
in eyes with ACIOL retention, DSAEK might have a better outcome.
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Tannan et al. compared ACIOL retention and DSAEK with ACIOL exchange and DSAEK and found no
difference in the incidence of graft rejection and primary or secondary graft failure (13). The question
remaining unanswered is whether ACIOL exchange combined with DMEK results in better outcomes
regarding graft survival, intraoperative and postoperative complications, and visual outcome compared
with ACIOL retention and DSAEK.

Concerning graft survival, we found a signi�cantly higher rates of graft failure (both primary and
secondary) in the “DSAEK and ACIOL retention” group, compared to the “DMEK and ACIOL exchange”
group, where ACIOL was removed and a new IOL �xated to the sclera. Since previous publications
comparing primary DMEK to primary DSAEK have established that there is no signi�cant difference in the
ECD loss as a result of the procedure itself (1), the higher rate of secondary graft failure could be related
to the retention of the ACIOL rather than to a different EK techniques.

Ang et al (3) showed that in eyes after DSAEK with retained ACIOLs, the EC loss three years
postoperatively was signi�cantly higher compared with eyes with posterior chamber IOL. Although ECD
was not documented during follow-up time in our study, secondary failure is the clinical result of
signi�cant ECD loss (16,17).

With these �ndings considered, we presume that the higher rate of secondary graft failure was a result of
the retention of the ACIOL. Therefore, in younger patients with otherwise healthy eyes, we suggest
considering ACIOL removal and �xation of the posterior chamber IOL rather than performing DSAEK
surgery with retention of the ACIOL.

DMEK combined with ACIOL exchange and trans-scleral �xation is a more complicated procedure than
DMEK or DSAEK alone as previously reported (18). Nevertheless, there was no statistically signi�cant
difference in primary graft failure, rebubble rate, or BCVA six months postoperatively between the groups.

The main disadvantage of DMEK with ACIOL exchange is a higher rate of complications compared with
DSAEK and ACIOL retention in the immediate postoperative time and during the �rst three months after
surgery. It has been reported that EK combined with ACIOL exchange is associated with a higher
complication rate. In the mentioned above study by Tannan et al (19), it was reported that postoperative
complications in which surgical or medical interventions were required, were more common in the ACIOL
exchange group. This �nding suggests that the higher complication rate in the “DMEK and ACIOL
exchange” group in our study is a result of the removal of ACIOL and scleral �xation of the new IOL.

Considering the aforementioned assumptions that the ACIOL should be removed and a new IOL re-�xated
and that the probable cause of the higher rate of complications is the process of IOL exchange itself, we
now reach the �nal step in our pursuit of the preferred management of PBK in the setting of ACIOL,
examining the type of EK. As mentioned above, the advantages of DMEK over DSAEK are widely
reported(5–7). It is also known that in the setting of PBK the overall graft survival with either technique is
lower than in other EK indications such as Fuchs’ endothelial dystrophy. Nevertheless, graft survival after
DMEK remains higher compared to DSAEK (20). As with other surgeries, we believe that “practice makes
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perfect” and since DMEK is a more challenging and complicated procedure, the impact of an experienced
and skilled surgeons would be greater, resulting in better visual outcomes. 

When assessing the patient prior to surgery, several parameters should be addressed before deciding on
the type of procedure; age and presumable life expectancy, functional state, and ability to undergo
general anesthesia or tolerate the discomfort of a longer procedure under local anesthesia. A younger
patient with a relatively long lifespan is the most suitable candidate for ACIOL exchange with DMEK
procedure, which provides a longer graft survival and probably improved visual outcome. Nonetheless, an
older patient whose well-being is satisfying, can also bene�t from this procedure, although longer and
more complicated. Most importantly, these issues should be initially discussed with the patient. The
patient should be presented with the higher risk of complications in the DMEK and ACIOL exchange
procedure versus the higher rate of corneal graft failure in the DSAEK and ACIOL retention procedure.
Above all, the procedure performed should be the one the surgeon is most comfortable with, in adherence
to the principle of 'primum non nocere'.

Another matter to consider when approaching a decision regarding patients with ACIOL and PBK is the
visual potential. Previous studies show that the visual improvement following these procedures, which
are complicated to begin with, is limited. This �nding coincides with the BCVA results in this study (4,18).

Our study has several limitations. First, its retrospective nature and probable residual confounders.
Second, the possible variability between surgeons in the different medical centers, although this was
regarded in the statistical analysis. Third, the lack of endothelial cell count and the relatively small
number of patients in each group.

 In summary, ACIOL exchange combined with trans-scleral �xation of a posterior chamber IOL and DMEK
for the treatment of PBK is a more complex procedure. Nevertheless, the higher rates of graft failure and
the need for second keratoplasty with retainment of ACIOL and DSAEK, might suggest that in this speci�c
setting, ACIOL exchange with DMEK would provide a better alternative, especially in younger patients and 
eyes with poorly positioned ACIOL.
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Figures

Figure 1

Kaplan-Meier curve of corneal graft survival in the two groups.
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Figure 2

Postoperative best corrected visual acuity in the two groups on each follow-up visit after surgery; Mean
(SD). The visual outcomes did not differ signi�cantly between the groups.


