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Purpose; We present a technique that preserves good vision in paracentral | Formatted: Font: 12 pt, Bold ]
[Formatted: Font: 12 pt ]

macroperforations and avoids challenges of tectonic lamellar or penetrating ( Formatted: Space Before: 0 pt, After: 10 pt )

keratoplasty in eyes with poor visual potential.

Method: A wet laboratory was implemented for mini-Descemet stripping endothelial [Formatted: Font: 12 pt, Bold ]
[Formatted: Font: 12 pt ]

keratoplasty to seal macroperforations ab interno. This included a suture support

technigue designed to prevent graft herniation. We also present 3 cases who were

treated successfully with this technique.

Results; The laboratory test confirmed that mini-Descemet stripping endothelial [Formatted: Font: 12 pt, Bold ]
[Formatted: Font: 12 pt ]

keratoplasty can successfully seal macroperforations without the need of large

incisions. The minidisc is introduced through the perforation, and a double mattress

suture prevents graft herniation. The techniqgue allowed us to preserve 20/15

unaided vision in a case with paracentral macroperforation. It also restored eye

globe integrity and achieved long-term stability in 2 cases with limbal stem- cell

deficiency.

Conclusions; Mini-Descemet stripping—automated endothelial keratoplasty ( Formatted: Font: 12 pt, Bold )
[ Formatted: Font: 12 pt ]

technigue can be an alternative approach to avoid poor visual outcomes of tectonic

keratoplasty in paracentral perforations. It also offers host tissue preservation in eyes

with high risk of rejection for tectonic grafts.
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Corneal perforation is a sight-threatening problem that requires urgent intervention. <. [Formatted: Font: (Default) Arial, 12 pt, Not Italic

A Formatted

Delay in treatment can result in enucleation or evisceration because of persistent *{Formaned: Line spacing: Double

aqueous leak and hypotony, leading to endophthalmitis, suprachoroidal hemorrhage, —{ Formatted

or phthisis bulbi.}~3 Corneal perforations can be traumatic or nontraumatic. Formatted

Ao Lol

Nontraumatic perforations result from progressive corneal stromal melting secondary

to infective keratitis, autoimmune, keratitis, chemical injury, drug toxicity, and

persistent corneal epithelial defects.3-> Nontraumatic corneal perforations are often

accompanied by significant tissue, loss.346

be effective. More commonly, cyanoacrylate glue or sutured closure is required 28

For perforations up to 2 mm diameter, layered closure with_ amniotic membrane and

cyanoacrylate glue patching can be effective.*’-° However, for larger perforations

(“macroperforations”), tectonic lamellar keratoplasty or penetrating, keratoplasty (PK) Formatted

There are a variety of approaches for surgical repair, and the choice of technigue is Formatted
primarily dependent on the _size and location of the perforation.23% In small traumatic,
perforations with no tissue loss, agueous tamponade using,a soft contact lens can

is almost always necessary.1011

Oversized PKs have a high risk of rejection and failure.'2 Custom-shaped or small < { Formatted: Font: (Default) Arial, 12 pt, Not Italic )

- | Formatted ﬁ
diameter circular tectonic keratoplasty, js therefore often the best repair option for  Formatted: Line spacing: Double ]
macroperforations outside the visual axis.}®14 Although tectonic keratoplasty, Formatted )

procedures can restore eye globe integrity, they often fail to,_restore clear vision.1:3:10-

12 Corneal sutures may cause deformation, jrregular astigmatism, and scarring in the

visual axis when tectonic keratoplasty is performed for eccentric perforations.%-15

Tectonic keratoplasty can also be time consuming and technically challenging and [ Formatted: Right: 0.63 cm
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may result in_corneal neovascularization, increasing the risk of rejection and_failure in __—{ Formatted

any subsequent central PK performed to restore

vision.10.12.16 /{ Formatted ﬁ
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Because of the complexity, cost, and poor visual results from tectonic keratoplasty, Formatted .

we set out to develop an alternate treatment suitable for use in eyes with good visual,

potential and peripheral or paracentral macroperforations and cases of central Formatted )

Jmacroperforation in eyes with poor,visual potential,, /A Formatted )
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Here, we describe the use of a small Descemet stripping_endothelial keratoplasty  «_{ Formatted
/| Formatted

(DSEK)/Descemet stripping—automated, endothelial keratoplasty (DSAEK) lenticule { Formatted

: Line spacing: Double

(mini-DSAEK) to seal macroperforations ab interno and laboratory testing of a suture Formatted

silals

support technigue designed to prevent mini-DSAEK herniation through larger

macroperforations. This builds on our, previous in vitro studies of ab interno __{ Formatted

patching!” and earlier case reports describing the use of normal diameter DSAEK Formatted

gl

donor lenticules in impending,or actual perforation.!8-20

Materials and methods < [ Formatted
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Ethical approval for the use of human corneal tissue designated for research was Formatted

L

obtained from the Moorfields Biobank Ethics Committee. Our review of case notes

was approved as a clinical audit project by the Moorfields Eye Hospital Clinical Audit

and Effectiveness Committee. The tenets of the Declaration of Helsinki were

followed with jnformed consent for surgery as part of routine clinical care. In

particular, patients were counseled that conventional tectonic keratoplasty may be ( Formatted

: Font: (Default) Arial, 12 pt, Not Italic
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We mounted test corneoscleral discs on a Barron Artificial Anterior Chamber (Katena [Formatted: Font: (Default) Arial, 12 pt, Not Italic ]
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Inc, Denville, NJ) infused with balanced salt solution (BSS), using a blood pressure ( Formatted: Font: (Default) Arial, 12 pt, Not ltalic )

fioi infusi b . W X d infusi [Formatted: Font: (Default) Arial, 12 pt, Not Italic ]

cuff to increase infusion pressure until bursting. We monitored infusion pressure ] [Formatted: Font: (Default) Arial, 12 pt, Not Italic ]

continuously using an Infiniti 540 intraarterial pressure sensor (Draeger GmbH, %Formaued: Font: (Default) Arial, 12 pt, Not ltalic %
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We obtained 3 test mini-DSEK corneal patches from a single-corneoscleral disc [Formatted: Font: (Default) Arial, 12 pt, Not Italic ]
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mounted on a Barron Artificial Anterior Chamber (Katena Inc) with BSS infusion at ( Formatted: Font: (Default) Arial, 12 pt, Not ltalic )

physiological pressure. We jnitiated full-width manual lamellar dissection at 300 mm ( Formatted: Font: (Default) Arial, 12 pt, Not Italic )
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depth using a guarded plade to make a 7-mm limbal groove. We then lifted the ‘ | Formatted: Font: (Default) Arial, 12 pt, Not talic )
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anterior lamella and marked the stromal surface of the posterior lamella wi { Formatted: Font: (Default) Arial, 12 pt, Not Italic ]

letters using a gentian violet pen. We confirmed posterior lamellar thickness (172— EFormamd: Font: (Default) Arial, 12 pt, Not ltalic %
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193 mm) using a handheld ultrasound pachymeter (Pachmate2; DGH technology, %Formatted: Font: (Default) Arial, 12 pt, Not Italic %
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Inc) measuring over each mark (172, 184, and 193 mm). We then punched out a 3-, [Formatted: Font: (Default) Arial, 12 pt, Not Italic ]

4-, and 5-mm diameter test mini-DSEK patch using disposable punch skin biopsy [Formatted: Font: (Default) Arial, 12 pt, Not Italic ]
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trephines (Stiefel, Schuco, United Kingdom) (Fig. 1). ( Formatted: Font: (Default) Avrial, 12 pt, Not talic ]
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We mounted a test corneoscleral disc with a peripheral macroperforation created %Forma ed - ED . I;A' | 12p ottt %
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using a disposable punch skin trephine on a Barron Artificial Anterior Chamber y %F"’m‘med: Font: (Default) Arial, 12 pt, Not Italic %
/| Formatted: Font: (Default) Arial, 12 pt, Not Italic

infused with BSS. We then used air tamponade to compress test mini-DSEK patches ~{ Formatted: Font: (Default) Arial, 12 pt, Not Italic )
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evenly over the internal aspect of the test macroperforation. We introduced the mini- ( Formatted: Font: (Default) Arial, 12 pt, Not Italic )
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patches into the anterior chamber through the test corneal perforation using ) [Formamd: Font: (Default) Arial, 12 pt, Not Italic ]

27-gauge blunt tying forceps. We used air and a small volume of cohesive ocular %F‘“mmed: Font: (Default) Arial, 12 pt, Not ltalic %
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20-gauge paracentesis, to support the mini-DSEK patch beneath the test perforation.
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We ensured that the mini-DSEK patch overlapped the internal aspect of the test

perforation evenly by mobilizing jt across the posterior corneal surface with a reverse

Sinskey hook and then using a 20-gauge needle to engage the stromal side of the

mini-DSEK patch and fine-tune its position. We then injected air through the
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paracentesis to initiate internal tamponade. After ab jnterno sealing was confirmed,

we used a plood pressure cuff to increase BSS jnfusion pressure until bursting. We

monitored infusion pressure continuously using an Infiniti 540 intraarterial pressure

sensor (Draeger GmbH) to record the bursting pressure.
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Test perforations were 2 or 3 mm in diameter. For each test perforation, we used a <

1- or 2-mm oversized mini-DSEK patch to test bursting pressure, measuring bursting

pressure n = 4 times in each condition. Finally, we tested the effect of placing a

mattress suture (Fig. 1) across the 3-mm perforation to prevent herniation of the

mini-DSEK patch as intraocular pressure was raised.
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sealing the anterior chamber with a conventional cyanoacrylate glue and

polyethylene patch technique. Two cases were treated with mini-DSEK discs and 1

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

/| Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
[ Formatted:
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

| Formatted: Font: (Default) Arial, 12 pt, Not Italic
case with a mini-DSAEK disc. We prepared all minidiscs oversized by 2 mm versus { Formatted: Font: (Defaul) Arial, 12 pt, Not lalic
{Formatted: Font: (Default) Arial, 12 pt, Not Italic
the largest diameter of the corneal perforation measured at a slit lamp, using punch [ Formatted: Font: (Default) Arial, 12 pt, Not Italic
y [ Formatted: Font: (Default) Arial, 12 pt, Not Italic
trephination as described above from either manually dissected (DSEK) or precut [Formatted: Font: (Default) Arial, 12 pt, Not Italic
) ) ) [ Formatted: Font: (Default) Arial, 12 pt, Not Italic
(DSAEK) donor corneas with a target thickness in the range 100 to 200 mm. Surgery [Formaﬁed: Font: (Default) Arial, 12 pt, Not Italic
. . . . Formatted: Font: (Default) Arial, 12 pt, Not Italic
was performed using either a sub-Tenon block or general anesthesia. After cleaning [ -
[Formatted: Right: 0.63 cm
[ Formatted

7+

1/;/\_/;/\_/;/\_/;/\_/;/;/;/\_};/;/;/;}\_} o L U A L ) o A U A U U U U




MiniDSAEK for Macroperforatio

n

[ Formatted:

Font: Italic

necrotic tissue, glue remnants, and corneal epithelium from around the perforation,
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we reposited the iris using a small amount of cohesive ocular viscosurgical device to

deepen the anterior chamber beneath the perforation. We then created a 1.5-mm

cut-down paracentesis at the superior limbus. We introduced a mini-DSEK or mini
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DSAEK donor disc through the perforation, and then, a reverse Sinskey hook and a
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20-gauge heedle were used for centering of the donor disc beneath the perforation,

as described before. For larger perforations (case 3), we placed a 10/0 nylon

mattress suture to help prevent donor disc herniation. We sealed the anterior

chamber with air jnjected through the paracentesis incision to tamponade the mini

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

| Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

| Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

DSEK against the posterior aspect of the perforation at a physiological intraocular

pressure as judged by gentle palpation. After drying the corneal stromal defect

anterior to the mini-DSEK, we applied fibrin sealant (Tisseel; Baxter, Newbury,

United Kingdom) and then filled the stromal defect with donor corneal stromal tissue

followed by 3 layers of amniotic membrane, each secured with further applications of
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fibrin sealant. We then removed the air and Provisc from the anterior chamber with

manual irrigation/aspiration through the paracentesis incision and completed surgery

with an injection of intracameral cefuroxime 1 mg/0.1 mL (see Video, Supplemental

Digital Content, http://links.lww.com/ICO/B192).

Results,

Bursting pressures for each test condition are detailed in Table 1. Oversizing by 2

mm resulted in a higher bursting pressure than oversizing by 1 mm (unpaired t test;
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P =0.001). Reinforcement with a mattress suture resulted in further jncreases in

burst strength (unpaired t test; P = 0.001).
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Case 1 [Formatted: Font: (Default) Arial, 12 pt

A 29-year-old man with a history of staphylococcal blepharitis and keratitis since [Formatted: Font: (Default) Arial, 12 pt, Not Italic
[Formatted: Font: (Default) Arial, 12 pt, Not Italic

childhood presented with a 4-day history of redness and pain. Examination revealed

a collapsed anterior chamber and a 2.0-mm paracentral perforation with partial iris

prolapse. We performed corneal scrapes from the margin of the perforation with

o) W
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samples sent for microbiological testing.
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After failure of glue patching, we performed a 4-mm diameter mini-DSEK under local

anesthesia aiming to tamponade the corneal perforation ab interno without inducing

jrreqular astigmatism. Postoperatively, we treated the patient with moxifloxacin
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(0.5%) eye drops and preservative free dexamethasone (0.1%) eye drops both 4

times daily for 1 month, together with doxycycline 100 mg once daily orally for 2

months after surgery.

Staphylococcus epidermidis was isolated from microbiological cultures, but there i

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Line spacing: Double

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

was no recurrence of inflammation or leakage. Corneal epithelial regeneration was

complete at 1 week, with stromal regeneration and partial clearing of the cornea in

the subsequent months. The mini-DSEK disc remained in place, and the uncorrected

distance visual acuity was 20/15 at a 2-year review (Fig. 2).
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for perforations larger than 3 mm to prevent donor herniation during air tamponade.

A 1- mm oversized donor in combination with a mattress suture can be used to keep
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in combination with an ab interno patching technique, such as mini-DSEK, or jn

isolation as an effective therapy for corneal perforation.!”

Corneal perforation remains a common, sight-threating problem worldwide. Here, we

present a simplified endothelial keratoplasty technique, with advantages for host
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Table 1. Wet-lab bursting pressures (mmHgq) for different perforations and mini-discs sizes
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Case

2mm perforation

3mm perforation

Suture mattress

(3mm perforation)

1mm oversized disc

29 (range 22-36)

(3mm disc, 172 microns)

26 (range 21-32)

(4mm disc, 184 microns)

41(range 35-51)
(4mm disc, 184 microns)

37 (range 31-44)

(5mm disc, 193 microns)

44 (range 39-50)
(4mm disc, 184 microns)

66 (range 61-75)

(5mm disc, 193 microns)

2mm oversized disc
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Figure 1, Mini-DSEK wet laboratory. A, “S” marks on the posterior Jamella after
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manual dissection before trephination of minidiscs. B, Second cornea on the artificial

Halalal
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anterior chamber with a paracentral perforation. C, Tamponade with a 2-mm

oversized mini-DSEK, the borders of the perforation are marked with white dots. D,

Suture mattress technigue preventing mini-DSEK herniation.
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Fiqure 2. Case 1. A, Paracentral perforation with iris prolapse. B, Air tamponade “

with mini-DSEK sealing the perforation. C, One-week postop anterior segment

optical coherence tomography showing attached posterior mini-DSEK. D, Slit-lamp

photograph after 1 month showing visual axis-free, visual acuity was 20/20

uncorrected.
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because of candida keratitis. B, Double suture mattress to prevent herniation of the

mini-DSEK. C, A second lamellar disc is customized to fit in the anterior defect. D,

p
{

Formatted:

Font: Bold

(

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Slit-lamp photograph after 1 month showing mini-DSAEK and mattress sutures.

17+

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

(
(
(
(
(
(
(
(
(
(
(
(

Formatted:

Font: (Default) Arial, 12 pt, Not Italic

o U U G L

[Formatted: Right: 0.63 cm

)

{

Formatted: Position: Horizontal: Right, Relative to: Margin,

Vertical: 0 cm, Relative to: Paragraph, Wrap Around

|




MiniDSAEK for Macroperforation [Formatted: Font: Italic

[Formatted: Font: Bold

( Formatted: Font color: Auto
\ Formatted: Space After: 0 pt, Don't adjust space between
Latin and Asian text, Don't adjust space between Asian text

and numbers

J

/{ Formatted: Right: 0.63 cm
/| Formatted: Position: Horizontal: Right, Relative to: Margin,
Vertical: 0 cm, Relative to: Paragraph, Wrap Around

//
//
//

/

18+



MiniDSAEK for Macroperforation [Formatted: Font: Italic ]

Fig. 2 [Formatted: Font: Bold ]

[Formatted: Right: 0.63 cm ]

Formatted: Position: Horizontal: Right, Relative to: Margin,
Vertical: 0 cm, Relative to: Paragraph, Wrap Around

19«



MiniDSAEK for Macroperforation [Formatted: Font: Italic ]

Fig. 3 [Formatted: Font: Bold ]

[Formatted: Right: 0.63 cm ]

Formatted: Position: Horizontal: Right, Relative to: Margin,
Vertical: 0 cm, Relative to: Paragraph, Wrap Around

20+



MiniDSAEK for Macroperforation { Formatted: Font: Italic )

[Formatted: Space After: 10 pt ]

/{ Formatted: Right: 0.63 cm ]

/| Formatted: Position: Horizontal: Right, Relative to: Margin,
Vertical: 0 cm, Relative to: Paragraph, Wrap Around

21+



MiniDSAEK for Macroperforation { Formatted: Font: Italic )

[ Formatted: Right: 0.63 cm ]

Formatted: Position: Horizontal: Right, Relative to: Margin,
Vertical: 0 cm, Relative to: Paragraph, Wrap Around

224



MiniDSAEK for Macroperforation { Formatted: Font: Italic )

[ Formatted: Right: 0.63 cm ]

Formatted: Position: Horizontal: Right, Relative to: Margin,
Vertical: 0 cm, Relative to: Paragraph, Wrap Around

23+



MiniDSAEK for Macroperforation { Formatted: Font: Italic )

[ Formatted: Right: 0.63 cm ]

Formatted: Position: Horizontal: Right, Relative to: Margin,
Vertical: 0 cm, Relative to: Paragraph, Wrap Around

24¢



MiniDSAEK for Macroperforation { Formatted: Font: Italic )

[ Formatted: Right: 0.63 cm ]

Formatted: Position: Horizontal: Right, Relative to: Margin,
Vertical: 0 cm, Relative to: Paragraph, Wrap Around

25¢



MiniDSAEK for Macroperforation { Formatted: Font: Italic )

[ Formatted: Right: 0.63 cm ]

Formatted: Position: Horizontal: Right, Relative to: Margin,
Vertical: 0 cm, Relative to: Paragraph, Wrap Around

26+



MiniDSAEK for Macroperforation { Formatted: Font: Italic )

[ Formatted: Right: 0.63 cm ]

Formatted: Position: Horizontal: Right, Relative to: Margin,
Vertical: 0 cm, Relative to: Paragraph, Wrap Around

27¢



MiniDSAEK for Macroperforation { Formatted: Font: Italic )

[ Formatted: Right: 0.63 cm ]

Formatted: Position: Horizontal: Right, Relative to: Margin,
Vertical: 0 cm, Relative to: Paragraph, Wrap Around

28+



MiniDSAEK for Macroperforation { Formatted: Font: Italic )

[ Formatted: Right: 0.63 cm ]

Formatted: Position: Horizontal: Right, Relative to: Margin,
Vertical: 0 cm, Relative to: Paragraph, Wrap Around

29+



MiniDSAEK for Macroperforation { Formatted: Font: Italic )

[ Formatted: Right: 0.63 cm ]

Formatted: Position: Horizontal: Right, Relative to: Margin,
Vertical: 0 cm, Relative to: Paragraph, Wrap Around

30+



MiniDSAEK for Macroperforation { Formatted: Font: Italic )

[ Formatted: Right: 0.63 cm ]

Formatted: Position: Horizontal: Right, Relative to: Margin,
Vertical: 0 cm, Relative to: Paragraph, Wrap Around

31¢



MiniDSAEK for Macroperforation { Formatted: Font: Italic )

[ Formatted: Right: 0.63 cm ]

Formatted: Position: Horizontal: Right, Relative to: Margin,
Vertical: 0 cm, Relative to: Paragraph, Wrap Around

32+



MiniDSAEK for Macroperforation { Formatted: Font: Italic )

[ Formatted: Right: 0.63 cm ]

Formatted: Position: Horizontal: Right, Relative to: Margin,
Vertical: 0 cm, Relative to: Paragraph, Wrap Around

33



