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Purpose of review

Descemet’s stripping with automated endothelial keratoplasty (DSAEK) has recently

become the preferred surgical procedure replacing penetrating keratoplasty (PKP) for

corneal endothelial disorders. However, DSAEK may also be associated with

postprocedure intraocular pressure elevation and secondary glaucoma, and presents

unique surgical challenges in patients with preexisting glaucoma surgeries.

Recent findings

The relatively high rate of glaucoma induction or worsening after PKP has significant

implications leading to corneal graft failure and irreversible vision loss from

glaucomatous optic neuropathy. In contrast, DSAEK, in addition to providing excellent

visual outcomes with faster recovery, may provide advantages over PKP with lower risk

of serious, vision-threatening glaucoma-related complications. Pupillary block

glaucoma, steroid-induced intraocular pressure elevation, and less commonly

peripheral anterior synechiae development have been reported after DSAEK. In patients

with preexisting glaucoma surgical procedures (trabeculectomy or tube shunts), special

attention to techniques (which continue to evolve) are required to perform DSAEK safely

and effectively.

Summary

As DSAEK continues to gain popularity and advance with more studies performed, our

understanding of DSAEK-associated intraocular pressure elevation and secondary

glaucoma-related complications will become more complete. Current limited data

suggest that DSAEK may be a suitable surgical alternative to PKP in patients with

corneal endothelial disease and coexistent glaucoma with or without prior glaucoma

procedures with faster recovery and good visual outcomes.
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Introduction

Human corneal transplantation was first successfully

performed by Zirm in 1905 [1]. Since the first penetrating

keratoplasty (PKP) was performed, there have been

many changes in the technique of and indications for

corneal transplantation. Fresh tissue was used until the

mid-1970s when McCarey–Kaufman medium allowed

for tissue to be stored for up to 4 days at 48C. Prior to

1980, the primary indications for PKP were aphakic

bullous keratopathy and regrafting [2]. During the 1980s,

the number of transplants being performed doubled

to 36 037 in 1990s. The leading indication for trans-

plantation became pseudophakic bullous keratopathy

related to the use of closed-loop anterior chamber intra-

ocular lenses. Currently, the rate of PKP for pseudo-

phakic bullous keratopathy is on the decline. In 2008,
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keratoconus was the single leading indication for PKP

instead of pseudophakic bullous keratopathy. When bul-

lous keratopathy and Fuchs’ endothelial dystrophy are

taken together, patients with endothelial dysfunction

make up the largest indication for corneal transplantation.

The thought of selectively replacing diseased layers of

the cornea had its origin many years ago; it was Von

Hippel [3] who is credited with performing the first

successful human lamellar corneal transplant in 1886.

Tillett [4] later described selectively transplanting only

the posterior layers of the cornea. Using a similar tech-

nique, Melles et al. [5–8] are credited with the re-emer-

gence of posterior lamellar keratoplasty. Although Terry

and Ousley [9,10] later modified and changed the name

of the procedure, the technique of ‘descemetorhexis’

described by Melles et al. [5–8] has led to what we
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now call Descemet’s stripping with endothelial kerato-

plasty (DSEK) or Descemet’s stripping with automated

endothelial keratoplasty (DSAEK); terms that are now

used interchangeably [5–11]. From 2005 to 2008, the Eye

Bank Association of America reported an increase in the

number of endothelial transplants from 1429 to 17 468

[12]. During this same time period, the number of PKP

decreased from 45 821 to 32 524.
Limitations of penetrating keratoplasty
The goal of PKP is to restore an optically clear anterior

visual axis. Although mostly successful, the technique

does have its limitations. Optimal visual recovery typi-

cally takes several months to 1 year, as astigmatism is

reduced to the point wherein patients are stable enough

for refractive correction. Induced astigmatism typically

measures from three to six diopters [13–16]. When the

residual astigmatism is irregular, the use of a rigid gas

permeable lens may be required. This can be difficult to

manage, particularly for patients in older age groups.

An additional limitation of PKP is the comprised strength

of the healed wound, which can lead to wound dehis-

cence with even minor trauma. Obviously, graft dehis-

cence can result in disastrous consequences.

The sutures used to secure the graft frequently loosen or

break during the postoperative period. Presenting as

discomfort or a red eye, broken sutures can result in

wound infection, suture-related infiltrates, and dehis-

cence.

Secondary glaucoma occurs after PKP at varying rates.

Preexisting glaucoma has been reported to increase the

relative risk of developing postkeratoplasty glaucoma

four-fold [17]. The indication for PKP has a large impact

on developing postkeratoplasty glaucoma [17–21].

Development of postkeratoplasty glaucoma is significant

because it is a leading risk factor for graft failure and

irreversible vision loss [22,23�].

Graft rejection and graft failure remain significant chal-

lenges to successful PKP surgery. In a landmark study

[24��], the graft survival rate after 5 years in patients

primarily with endothelial disease was found to be 86%.

The survival rate declined significantly with preexisting

glaucoma. Other risk factors, such as aphakic bullous

keratopathy, vitrectomy, and smaller graft size, likely

contribute to lower survival rates.
Glaucoma after penetrating keratoplasty
Postkeratoplasty glaucoma develops at varying rates but

is typically within the range of 15–30% [18,19,25–28].

Development of postkeratoplasty glaucoma is significant
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because it is a leading risk factor for graft failure and

irreversible vision loss [22,23�]. One of the main risk

factors for developing glaucoma postkeratoplasty is the

indication for surgery. Keratoconus is reported to have a

1% incidence of induced glaucoma, whereas the inci-

dence rises to 29–44% in patients undergoing surgery for

aphakic bullous keratopathy [19,20,26].

The mechanisms of induced glaucoma include both open

and closed-angle glaucoma. Closed-angle glaucoma with

the formation of peripheral anterior synechiae is by far

the most commonly observed. Less commonly, open-

angle glaucoma can be caused by inflammation or steroid

use. Open-angle glaucoma can also occur from distortion

of the angle anatomy from long or tight sutures. Corneal

donor size may affect intraocular pressure (IOP) but there

are limited data to support this.
Departure from penetrating keratoplasty and
evolution of lamellar keratoplasty
The many forms of endothelial keratoplasty have

exploded in popularity in the last several years. Melles

et al. [5] started the recent trend in endothelial lamellar

keratoplasty when they described posterior lamellar ker-

atoplasty in 1998. Several years later, it was Terry and

Ousley [9,10] who modified the technique and renamed

it deep lamellar endothelial keratoplasty (DLEK).

Melles et al. [7] described the technique of ‘desceme-

torhexis’, but it was Price and Price [29] who first pub-

lished a series of patients using this technique by repla-

cing diseased corneal endothelium with donor corneal

endothelium, Descemet’s membrane and a small amount

of posterior stroma. Several months later, Gorovoy [11]

‘automated’ the procedure by using a microkeratome to

cut the donor tissue, DSAEK. Now the procedure of

choice for endothelial dysfunction, most authors use the

terms DSEK and DSAEK interchangeably. Most

recently, Melles et al. have [30] described transplantation

of a thinner graft composed of endothelial cells and

Descemet’s membrane (and lacking the thin layer of

donor stroma that is transplanted during DSEK). They

have termed this procedure, Descemet’s membrane

endothelial keratoplasty (DMEK).

In its current form, there are several advantages of

DSAEK over conventional PKP. Likely, the most

impressive is rapid healing and early visual rehabilitation.

The surgery requires few, if any, corneal sutures allowing

for an astigmatically neutral procedure. Another major

advantage is that the structural integrity of the recipient

eye is maintained. Instead of making a circular 7–8 mm

full thickness penetrating vertical incision as with PKP,

DSEK utilizes a tunnel 4–6 mm incision through the

cornea or sclera. If the epithelium is healthy, the ocular

surface undergoes minimal disturbance during the
orized reproduction of this article is prohibited.
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surgery and the postoperative course. Taken together,

these factors allow for rapid recovery of a good visual

outcome (although not always 20/20 vision). The oper-

ation is easily performed in combination with cataract

extraction.

A main limitation of DSEK, however, is the initial

learning that occurs with acquiring a new skill set. Graft

detachment rates, while learning the procedure, can be

very high (>30%). As with PKP, there is a risk of graft

rejection and failure. The risk of iatrogenic primary graft

failure is much higher during the initial learning curve

than with PKP, which is most likely due to direct manip-

ulation of the graft during surgery. The rate of primary

graft failure with an experienced surgeon is similar to

PKP [31�]. Epithelial downgrowth can occur especially

when venting slits are used. Sandwich infectious keratitis

has been termed for infections in the graft–host interface.

Graft and intraocular lens dislocation into the vitreous

have both been reported. Finally, visual acuity is often

reported to be better than 20/40, but the presence of mild

interface irregularity and increased corneal thickness may

preclude 20/20 vision. The DMEK procedure with its

Descemet’s membrane to stroma interface instead of a

stroma-to-stroma interface and thinner final corneal

thickness may improve visual outcomes.
Glaucoma after Descemet’s stripping with
endothelial keratoplasty
As DSEK is a relatively new procedure, the true inci-

dence of glaucoma after DSEK is not clearly known. In

early reports [10,11,31�,32�,33,34,35��,36��,37,38�,39��],

the incidence of induced glaucoma has been reported

to be from zero to 18%. Recently, Vajaranant et al. [39��]

reported a relatively high incidence of IOP elevation after

DSEK in 35% of patients with no prior glaucoma, 45% of

patients with prior glaucoma, and 43% of patients with

prior glaucoma with preexisting glaucoma surgery, but no

adverse visual outcomes related to IOP elevation in any

group. Glaucoma medications were started during the

first year after DSEK in 18% of patients without preex-

isting glaucoma and were increased in 33% of patients

with preexisting glaucoma. Although these rates appear

high, only one out of 315 (0.3%) patients without pre-

existing glaucoma went on to need glaucoma surgery,

seven of 85 (8%) patients with preexisting glaucoma

needed glaucoma surgery. Lee et al. [35��] reported an

IOP rise to greater than 30 mmHg during the first

6 months following DSEK surgery in 13 of 100 patients.

The mechanisms of glaucoma after DSEK may include

development of anterior synechiae and prolonged steroid

use. In the study by Vajaranant et al. [39��], their standard

practice was to use topical steroids four times daily for

4 months unless there was an increase in IOP. They
opyright © Lippincott Williams & Wilkins. Unautho
report their median IOP peaked 3 months postopera-

tively leading them to conclude that the mechanism of

increased IOP was steroid-induced. Another mechanism

of glaucoma after DSEK could be distortion of the angle

leading to increased IOP. However, this seems less likely

as the incision is much smaller than with traditional PKP.

Inflammatory glaucoma is also possible but less likely, as

a previous report [40] demonstrates a lower rate of rejec-

tion than with traditional PKP.

DSEK involves injecting air into the anterior chamber

and positioning the patient supine to assist in graft

attachment. The procedure typically involves an anterior

chamber air fill of 10 min to an hour followed by an

exchange of approximately half of the air for balanced

salt solution. Although necessary, injection of the air

bubble can lead to complications. If the air bubble

extends beyond the inferior pupillary border when the

patient is upright, pupillary block glaucoma can occur

[33,35��,37,38�,41]. To avoid pupillary block, the pupil

should be dilated with a longer acting medication at the

conclusion of the procedure. Many surgeons evaluate the

patient 1 h postoperatively in an upright position prior to

discharge to confirm that the graft is attached and that the

air bubble does not cover the pupil. If there is too much

air or signs of pupillary block, the air can easily be

removed while at the slit lamp. Some surgeons create

a preoperative inferior iridotomy or intraoperative iridect-

omy to avoid this complication routinely or in special

high-risk circumstances.

Pupillary block, although uncommon, often leads to

significant complications such as graft failure and chronic

glaucoma [4,33,35��,37,38�,41]. In Tillett’s [4] original

description of posterior lamellar keratoplasty, air was

trapped behind the iris with a clear postoperative day

one cornea. The iris was pushed forward against the graft

creating anterior synechiae and increased IOP.

Peripheral anterior synechiae can be formed if pupillary

block occurs. Peripheral anterior synechiae may also be

formed if air enters the posterior chamber during the

procedure and remains behind the iris while the patient

remains supine. Air behind the iris pushes anteriorly

which closes areas of the angle leading to peripheral

anterior synechiae. Lee et al. [35��] described a patient

of pupillary block glaucoma and six patients of air in the

posterior chamber leading to iridocorneal adhesions and

increased IOP. Only two of the seven patients had clear

grafts 6 months after surgery; all of the others failed.
Concerns regarding Descemet’s stripping
with endothelial keratoplasty and glaucoma
Patients with glaucoma who have had an iridotomy are at

low risk for pupillary block after DSEK. Those patients
rized reproduction of this article is prohibited.
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who have had a large iridectomy are at risk for passage of

air through the iridectomy into the posterior chamber. In

the supine position, air behind the iris produces a shallow

anterior chamber mimicking positive vitreous pressure.

Movement of the iris anteriorly makes instrumentation

and tissue manipulation inside the anterior chamber

difficult. It also may cause the iris to come into contact

with the transplanted tissue. Excess manipulation and

damage to the endothelium can lead to graft dislocation

and primary graft failure.

Superior iridotomies and iridectomies can be particularly

challenging in the setting of a unicameral eye, as air

escapes from the anterior chamber into the vitreous

cavity. Once air enters the vitreous space, repositioning

the patient may not fully correct the situation. In these

cases, Peng et al. [42] advocate the placement viscoelastic

between the graft and the iris to block the escape of air

from the anterior chamber, thereby helping to maintain

the bubble in the anterior chamber.

An additional concern in patients who have previously

undergone trabeculectomy or implantation of a glaucoma

drainage implant is the possibility of air escaping through

the trabeculectomy sclerostomy or tube [43�]. As air is

injected into the anterior chamber, it may escape into

the subconjunctival space. However, once equilibrium

between the pressure in the subconjunctival space and

anterior chamber has been reached, it should be possible

to increase the IOP to the level required to achieve

successful tissue attachment. As these eyes almost always

have iridotomies, the DSEK surgeon can leave more air

than usual at the end of procedure without risking

pupillary block.

There are published reports [35��,39��,43�,44,45�,46�,

47,48�] of successful DSEK in eyes with both functioning

trabeculectomies and glaucoma drainage implants

including an eye with two-tube implants. At the 2009

Annual Meeting of the American Association of Cataract

and Refractive Surgery, there were two reports of

DSAEK in eyes with prior glaucoma surgery. One series

of 18 patients who underwent DSEK (nine eyes had

trabeculectomies and nine eyes had tube shunts) was

compared with 58 control eyes (Aldave A, Yu F, 2009

Annual Meeting of the American Association of Cataract

and Refractive Surgery, unpublished data). The report

found no statistical difference between the dislocation

rates of the study and control eyes (22.2 vs. 24.1%,

respectively). Rates of primary graft failure were also

similar between the two groups; 5.6% in eyes that had

undergone glaucoma surgery and 5.2% in control eyes. In

two of the 18 patients, the tubes were trimmed at the

time of surgery. The second series compared 19 eyes

with trabeculectomies and nine with tube shunts with

431 time-matched controls (Phillips P, Terry M, Shamie
opyright © Lippincott Williams & Wilkins. Unauth
N, et al., 2009 Annual Meeting of the American Associ-

ation of Cataract and Refractive Surgery, unpublished

data). There was one case of dislocation (3.6%) and one

case of decentered graft (3.6%) in the eyes that had

previously undergone glaucoma surgery. There was no

significant difference between the rate of dislocation or

decentered grafts between the two groups. There were

no cases of primary graft failure in the eyes with previous

glaucoma surgery.

The length and location of glaucoma drainage implant

tubes is of concern. It is possible that tube position is a

contributing factor to corneal decompensation. A tube

within the anterior chamber, which extends centrally into

the 8–9-mm DSEK graft, should be trimmed or relo-

cated. Alternatively, Sansanayudh et al. [49�] described

one case of a successful DSEK procedure using a novel

technique to cut the edge of the donor graft to accom-

modate a preexisting glaucoma tube shunt in the anterior

chamber that could not be repositioned. If the tube is

peripherally located or closer to the iris, the tube may be

left alone. Tube placement in the posterior chamber

(through the ciliary sulcus) or into the vitreous cavity

should not prevent successful DSEK surgery and may

provide greater protection to the endothelium. Although

the optimal tube location for DSEK patients is not

known, primary tube insertion into the posterior chamber

may become the preferred option.

A factor to consider postoperatively is the measurement

of IOP in eyes that have undergone DSAEK. The graft

inserted typically has a preoperative thickness of 100–

200 mm. After the cornea has cleared, most DSAEK eyes

have a corneal thickness near 700 mm [11,33,50,51��,52�].

Corneal thickness typically affects the accuracy of the

Goldmann applanation tonometry reading. Dynamic con-

tour tonometry has been shown to be less dependent on

corneal thickness and its shape. Two studies [51��,52�]

have assessed the effect of increased corneal thickness on

IOP measurements from both Goldmann and dynamic

contour tonometry. These studies suggest good corre-

lation between Goldmann applanation and dynamic con-

tour tonometry in eyes following DSAEK surgery. It also

suggests that Goldmann tonometry performed in corneas

thickened after DSAEK does not provide artificially

elevated measurements. Therefore, IOPs measured by

Goldmann tonometry should not be corrected for a post-

operative increase in corneal thickness, as this could miss

a truly elevated IOP.

Finally, eyes with advanced glaucomatous damage

especially with vision loss into the four central visual

field points may be at particular risk. An elevation in IOP

during surgery or shortly after surgery could cause loss of

vision to these patients. During the surgery, it is common

to raise the IOP with air to aid graft attachment. This
orized reproduction of this article is prohibited.



C

148 Glaucoma
concern may be compounded by the fact that these

patients typically receive a retrobulbar block, which

may also raise the IOP for a short period of time and

when patients do not take regular topical glaucoma

medications while the eye is patched. These periopera-

tive concerns should be included in the perioperative

discussion of the risks and benefits of the procedure.
Conclusion
In summary, DSEK is quickly becoming the standard of

care for the management of corneal endothelial disorders.

It allows for quick recovery of good visual outcomes

with a lower complication profile when compared with

traditional PKP. Although the glaucoma-related compli-

cations from DSAEK may be less frequent, less severe or

both as compared with those following PKP, additional

studies and longer follow-up are needed. Although the

procedure may be technically more challenging in eyes

that have undergone glaucoma surgery, DSAEK remains

an option. As these cases continue to be performed,

techniques will evolve to minimize the intraoperative

difficulties induced by prior glaucoma surgery.
References and recommended reading
Papers of particular interest, published within the annual period of review, have
been highlighted as:
� of special interest
�� of outstanding interest

Additional references related to this topic can also be found in the Current
World Literature section in this issue (p. 159).

1 Zirm E. A successful total corneal transplant. Graefes Arch Ophthalmol 1906;
64:580–593.

2 Smith RE, McDonald HR, Nesburn AB, Minckler DS. Penetrating keratoplasty:
changing indications, 1947 to 1978. Arch Ophthalmol 1980; 98:1226–
1229.

3 Von Hippel A. A new method of corneal transplantation. Arch Ophthalmol
1888; 34:108–130.

4 Tillett CW. Posterior lamellar keratoplasty. Am J Ophthalmol 1956; 41:530–
533.

5 Melles GR, Eggink FA, Lander F, et al. A surgical technique for posterior
lamellar keratoplasty. Cornea 1998; 17:618–626.

6 Melles GR, Lander F, Beekhuis WH, et al. Posterior lamellar keratoplasty for a
case of pseudophakic bullous keratopathy. Am J Ophthalmol 1999; 127:
340–341.

7 Melles GR, Lander F, Rietveld FJ. Transplantation of Descemet’s membrane
carrying viable endothelium through a small scleral incision. Cornea 2002;
21:415–418.

8 Melles GR, Wijdh RH, Nieuwendaal CP. A technique to excise the Descemet
membrane from a recipient cornea (descemetorhexis). Cornea 2004;
23:286–288.

9 Terry MA, Ousley PJ. Endothelial replacement without surface corneal inci-
sions or sutures: topography of the deep lamellar endothelial keratoplasty
procedure. Cornea 2001; 20:14–18.

10 Terry MA, Ousley PJ. Deep lamellar endothelial keratoplasty in the
first United States patients: early clinical results. Cornea 2001; 20:
239–243.

11 Gorovoy MS. Descemet-stripping automated endothelial keratoplasty. Cor-
nea 2006; 25:886–889.

12 Eye Banking Statistical Report. Washington, District of Columbia, USA: Eye
Bank Association of America; 2007.

13 Clinch TE, Thompson HW, Gardner BP, et al. An adjustable double
running suture technique for keratoplasty. Am J Ophthalmol 1993; 116:
201–206.
opyright © Lippincott Williams & Wilkins. Unautho
14 Davis EA, Azar DT, Jakobs FM, Stark WJ. Refractive and keratometric results
after the triple procedure: experience with early and late suture removal.
Ophthalmology 1998; 105:624–630.

15 Karabatsas CH, Cook SD, Figueiredo FC, et al. Combined interrupted and
continuous versus single continuous adjustable suturing in penetrating
keratoplasty: a prospective, randomized study of induced astigmatism
during the first postoperative year. Ophthalmology 1998; 105:1991–1998.

16 McNeill JI, Aaen VJ. Long-term results of single continuous suture adjustment
to reduce penetrating keratoplasty astigmatism. Cornea 1999; 18:19–24.

17 Simmons RB, Stern RA, Teekhasaenee C, Kenyon KR. Elevated intraocular
pressure following penetrating keratoplasty. Trans Am Ophthalmol Soc 1989;
87:79–91; discussion 91–93.

18 Ayyala RS. Penetrating keratoplasty and glaucoma. Surv Ophthalmol 2000;
45:91–105.

19 Ing JJ, Ing HH, Nelson LR, et al. Ten-year postoperative results of penetrating
keratoplasty. Ophthalmology 1998; 105:1855–1865.

20 Kirkness CM, Ficker LA. Risk factors for the development of postkeratoplasty
glaucoma. Cornea 1992; 11:427–432.

21 Sihota R, Sharma N, Panda A, et al. Postpenetrating keratoplasty glaucoma:
risk factors, management and visual outcome. Aust N Z J Ophthalmol 1998;
26:305–309.

22 Rahman I, Carley F, Hillarby C, et al. Penetrating keratoplasty: indications,
outcomes, and complications. Eye 2009; 23:1288–1294.

23

�
Sugar A, Tanner JP, Dontchev M, et al. Recipient risk factors for graft failure in
the cornea donor study. Ophthalmology 2009; 116:1023–1028.

Part of Cornea Donor Study, prospective, double-masked, randomized trial of
1090 participants either received donor age less than 65 or age 66–75 years.
Pseudophakic, aphakic corneal edema and eyes with a history of glaucoma were
significant risk factors for graft failure.

24

��
Gal RL, Dontchev M, Beck RW, et al. The effect of donor age on corneal
transplantation outcome results of the cornea donor study. Ophthalmology
2008; 115:620.e6–626.e6.

Cornea Donor Study, prospective, double-masked, randomized trial of 1090
participants either received donor age less than 65 or age 66–75 years. Revealed
similar survival of grafts up to donor age of 75 years.

25 Chien AM, Schmidt CM, Cohen EJ, et al. Glaucoma in the immediate post-
operative period after penetrating keratoplasty. Am J Ophthalmol 1993; 115:
711–714.

26 Foulks GN. Glaucoma associated with penetrating keratoplasty. Ophthalmol-
ogy 1987; 94:871–874.

27 Karesh JW, Nirankari VS. Factors associated with glaucoma after penetrating
keratoplasty. Am J Ophthalmol 1983; 96:160–164.

28 Kirkness CM, Moshegov C. Postkeratoplasty glaucoma. Eye 1988; 2 (Suppl):
S19–26.

29 Price FW Jr, Price MO. Descemet’s stripping with endothelial keratoplasty in
50 eyes: a refractive neutral corneal transplant. J Refract Surg 2005;
21:339–345.

30 Melles GR, Ong TS, Ververs B, van der Wees J. Descemet membrane
endothelial keratoplasty (DMEK). Cornea 2006; 25:987–990.

31

�
Terry MA, Shamie N, Chen ES, et al. Endothelial keratoplasty a simplified
technique to minimize graft dislocation, iatrogenic graft failure, and pupillary
block. Ophthalmology 2008; 115:1179–1186.

Prospective case series of 200 eyes describing simplified technique of DSEK.

32

�
Bahar I, Kaiserman I, Sansanayudh W, et al. Busin guide vs forceps for the
insertion of the donor lenticule in Descemet stripping automated endothelial
keratoplasty. Am J Ophthalmol 2009; 147:220.e1–226.e1.

Prospective, nonrandomized study of 63 eyes with DSEK graft inserted by either
Busin glide or forceps. Demonstrated less endothelial cell loss in the Busin glide
insertion after 6 months.

33 Covert DJ, Koenig SB. New triple procedure: Descemet’s stripping and
automated endothelial keratoplasty combined with phacoemulsification and
intraocular lens implantation. Ophthalmology 2007; 114:1272–1277.

34 Koenig SB, Covert DJ. Early results of small-incision Descemet’s stripping and
automated endothelial keratoplasty. Ophthalmology 2007; 114:221–226.

35

��
Lee JS, Desai NR, Schmidt GW, et al. Secondary angle closure caused by air
migrating behind the pupil in Descemet stripping endothelial keratoplasty.
Cornea 2009; 28:652–656.

Retrospective case series of 100 patients undergoing DSEK. Thirteen patients
develop increased IOP in early postoperative period; six thought to be related to air
behind pupil.

36

��
Lee WB, Jacobs DS, Musch DC, et al. Descemet’s stripping endothelial
keratoplasty: safety and outcomes – a report by the American Academy of
Ophthalmology. Ophthalmology 2009; 116:1818–1830.

A review of safety and outcomes of DSEK surgery.
rized reproduction of this article is prohibited.



C

DSAEK and glaucoma Banitt and Chopra 149
37 Price FW Jr, Price MO. Descemet’s stripping with endothelial keratoplasty in
200 eyes: early challenges and techniques to enhance donor adherence.
J Cataract Refract Surg 2006; 32:411–418.

38

�
Suh LH, Yoo SH, Deobhakta A, et al. Complications of Descemet’s stripping
with automated endothelial keratoplasty: survey of 118 eyes at One Institute.
Ophthalmology 2008; 115:1517–1524.

Retrospective case series reporting all complications from 118 DSEK surgeries.
Most common complication was graft dislocation occurring in 23% of eyes.

39

��
Vajaranant TS, Price MO, Price FW, et al. Visual acuity and intraocular
pressure after Descemet’s stripping endothelial keratoplasty in eyes with
and without preexisting glaucoma. Ophthalmology 2009; 116:1644–1650.

A retrospective review of 805 DSEK patients evaluating incidence of IOP elevation
in eyes with and without preexisting glaucoma. Eighteen percent of patients
without preexisting glaucoma were started on glaucoma medications thought
to be a result of steroid response.

40 Allan BD, Terry MA, Price FW Jr, et al. Corneal transplant rejection rate and
severity after endothelial keratoplasty. Cornea 2007; 26:1039–1042.

41 Cheng YY, Hendrikse F, Pels E, et al. Preliminary results of femtosecond laser-
assisted Descemet stripping endothelial keratoplasty. Arch Ophthalmol
2008; 126:1351–1356.

42 Peng RM, Hao YS, Chen HJ, et al. Endothelial keratoplasty: the use of
viscoelastic as an aid in reattaching the dislocated graft in abnormally
structured eyes. Ophthalmology 2009; 116:1897–1900.

43

�
Ide T, Yoo SH, Leng T, O’Brien TP. Subconjunctival air leakage after
Descemet’s stripping automated endothelial keratoplasty(DSAEK) in a
post-trabeculectomy eye. Open Ophthalmol J 2009; 3:1–2.

A case report of air bubble leaking through sclerostomy seen postoperative day
one after successful DSEK surgery.

44 Bahar I, Kaiserman I, Buys Y, Rootman D. Descemet’s stripping with
endothelial keratoplasty in iridocorneal endothelial syndrome. Ophthal Surg
Lasers Imaging 2008; 39:54–56.

45

�
Duarte MC, Herndon LW, Gupta PK, Afshari NA. DSEK in eyes with double
glaucoma tubes. Ophthalmology 2008; 115:1435.e1.

Two case reports of successful DSEK surgery in eyes with double glaucoma tubes.
opyright © Lippincott Williams & Wilkins. Unauth
46

�
Esquenazi S, Rand W. Safety of DSAEK in patients with previous glaucoma
filtering surgery. J Glaucoma 2009. [Epub ahead of print]

Four cases of successful DSEK surgery in eyes with previous glaucoma filtering
surgery.

47 Price MO, Price FW Jr. Descemet stripping with endothelial keratoplasty for
treatment of iridocorneal endothelial syndrome. Cornea 2007; 26:493–
497.

48

�
Riaz KM, Sugar J, Tu EY, et al. Early results of Descemet-stripping and
automated endothelial keratoplasty (DSAEK) in patients with glaucoma
drainage devices. Cornea 2009. [Epub ahead of print]

Four cases of successful DSEK surgery in eyes with previous glaucoma drainage
implants.

49

�
Sansanayudh W, Bahar I, Rootman D. Novel technique in preparing a donor
DSAEK lenticule in a patient with a glaucoma drainage device. Br J Ophthal-
mol 2009; 93:1267–1269.

A technique to trim graft instead of repositioning or trimming glaucoma drainage
implant tube.

50 Price MO, Price FW Jr. Descemet’s stripping with endothelial kerato-
plasty: comparative outcomes with microkeratome-dissected and
manually dissected donor tissue. Ophthalmology 2006; 113:1936–
1942.

51

��
Vajaranant TS, Price MO, Price FW, et al. Intraocular pressure measurements
following Descemet stripping endothelial keratoplasty. Am J Ophthalmol
2008; 145:780–786.

Prospective cross-sectional study of 50 eyes comparing IOP measured by Gold-
mann applanation tonometer, pneumotonometer, and dynamic contour tonometer.
Contrary to expectation, thicker corneas after DSEK did not give falsely elevated
Goldmann applanation tonometry readings.

52

�
Bochmann F, Kaufmann C, Becht C, et al. Comparison of dynamic contour
tonometry with Goldmann applanation tonometry following Descemet’s strip-
ping automated endothelial keratoplasty (DSAEK). Klin Monatsbl Augenheilkd
2009; 226:241–244.

A prospective study in 50 eyes comparing Goldmann applanation tonometry to
dynamic contour tonometry demonstrating IOP reading by Goldmann were not
influenced by increased corneal thickness.
orized reproduction of this article is prohibited.


	Descemet&apos;s stripping with automated endothelial keratoplasty and™glaucoma
	Introduction
	Limitations of penetrating keratoplasty
	Glaucoma after penetrating keratoplasty
	Departure from penetrating keratoplasty and evolution of lamellar keratoplasty
	Glaucoma after Descemet&apos;s stripping with endothelial keratoplasty
	Concerns regarding Descemet&apos;s stripping with endothelial keratoplasty and glaucoma
	Conclusion
	References and recommended reading


