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Abstract

Aims To report the surgical outcome of

tectonic graft using glycerol-preserved donor

corneas to treat perforated keratitis.

Methods The medical records were

reviewed of all patients treated for perforated

keratitis using glycerol-preserved corneas at a

single institution between 1 July 2004 and 31

June 2010. The clinical features, precipitating

factors, adjuvant therapies, and therapeutic

outcomes were analyzed. Success was

defined as re-epithelialization of the ocular

surface without evisceration.

Results Fourteen eyes from 14 patients

(6 male and 8 female) were included. Age

ranged from 58 to 84 years (average,

70.71±8.52 years) and the follow-up time

ranged from 7 to 56 months (mean,

25.35±16.84 months). The culture results

showed five bacterial infections, five cases of

fungal keratitis, and one mixed infection;

the culture results were negative for three

patients. Satisfactory anatomical integrity

was obtained in eight grafts (57.14%)

that healed with neovascularization.

Six grafts (48.85%) showed delayed

re-epithelialization and were repaired with

conjunctival flaps to maintain ocular surface

integrity. Three patients developed secondary

glaucoma and received trans-scleral

cyclophotocoagulation. Thirteen patients had

satisfactory anatomical integrity without

evisceration or exenteration, while one

patient received evisceration at

39-month follow-up because of intractable

glaucoma.

Conclusions Glycerol-preserved donor

corneas combined with anterior vitrectomy

with or without conjunctival flaps may

be effective substitutes for evisceration

surgery in patients with perforated keratitis.
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Introduction

The use of glycerol-preserved corneas for patch

grafts has allowed eye banks to utilize

nonviable tissue for emergency surgery1–4

in situations in which fresh donor corneas are

not available. Although the use of keratoplasty

to treat pathological corneas has been replaced

almost entirely by penetrating keratoplasty

(PKP) using viable donor corneas,5–11 the

supply of high-quality corneas is limited

in many countries due to unreliable

transportation, inconsistent distribution, and

limited tissue shelf life. Glycerol preservation is

a simple, effective technique that facilitates

long-term storage of acellular corneal tissue for

up to 5 years.

The objective of this article is to determine the

outcomes after use of glycerol-preserved

corneas in tectonic grafts in cases of perforated

keratitis with little visual potential. Tectonic

corneal patch graft combined with anterior

vitrectomy with or without conjunctival flap

may be a viable method to preserve the contour

of the eyeball preceding evisceration of the

infected eye.

Materials and methods

The research adhered to the tenets of the

Declaration of Helsinki and was approved by the

Human Research Ethics Committee at Chang

Gung Memorial Hospital, Taiwan (IRB:

97-0573B). The medical records of patients who

received glycerol-preserved corneal patch grafts

performed at the hospital from July 2004 through

June 2010 were reviewed retrospectively.

Fourteen patients with perforated keratitis

underwent tectonic patch grafts. Routine
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diagnostic smears and cultures were performed. The

demographic data gathered upon initial presentation

included gender, age, precipitating factors, systemic

disease, and keratitis severity. Other information

gathered included previous medication(s), treatment

methods, re-epithelialization time, complications, and

length of follow-up. Sequential photographic

documentation of the keratitis was obtained from each

patient. Each eye received topical antibiotics consisting of

Vancomycin, Cefazolin, Amikacin, Natamycin 5%

(Alcon, Fort Worth, TX, USA), or Amphotericin B

(1.5–5%) as an initial treatment (Table 1), according to

clinical conditions.

The donor corneas were obtained from corneas not

suitable for optical PKP and were preserved in a glycerol

environment at 4 1C.

We began the procedure by excising the ulcerated

areas from the corneas. We then removed the necrotic

tissue and intraocular lens, performed anterior

vitrectomy and made an intravitreous injection of

antibiotics. Then, we trimmed the glycerol-preserved

cornea to an appropriate size (range, 5–8 mm) according

to the size of the corneal infiltration (Table 1), and

sutured it onto the corneal base with 10-0 nylon-

interrupted sutures. After the surgery, the dose of

antibiotics was tapered gradually over 2 weeks, while

observing the patient for signs of infection.

Results

Fourteen eyes from 14 patients (6 male and 8 female)

were included. Their ages ranged from 58 to 84 years

(average, 70.71±8.52 years). The demographics and

clinical findings are listed in Table 1. In this group, mean

follow-up time was 25.35±16.84 months (range, 7–56

months). The culture results from corneal scrapings

revealed bacterial infection in five eyes, including

Mycobacterium abscessus (Patient 1), Pseudomonas

aeruginosa (Patients 2, 9, and 12) and Streptococcus

pneumoniae (Patient 7). Five patients had fungal keratitis,

including Fusarium solani isolated from Patients 3

(Figure 1), 6, 13, and 14 as well as Acremonium spp

keratitis in Patient 10 (Figure 2). One patient suffered

combined yeast and Acinetobactor baumaunnii (Patient 11)

infection. Cultures were negative in three other patients,

probably due to previous topical antibiotic usage.

Postoperative bullous keratoplasty (pseudophakia/

aphakia and glaucoma) were the major risk factors for

the occurrence of keratitis in nine patients (64.3%;

Patients 1, 2, 5, 6, 9, 10, 11, 12, and 13). Patients 3, 13, and

14 (21.4%) were field workers with Fusarium keratitis. Six

patients (Patients 2, 3, 7, 9, 13, and 14) received amniotic

membrane grafts, and one patient (Patient 11) had

received cyanoacrylate glue for corneal perforation

before patch graft. Postoperatively, three patients

(Patients 8, 10, and 13) had secondary glaucoma and

received trans-scleral cyclophotocoagulation (TSCP) to

relieve pain. Glycerol-preserved cornea grafts ranging

from 6� 6 mm to 8� 8 mm in diameter. Pre-tectonic

patch graft visual acuity ranged from no light perception

to hand motion. Delayed re-epithelialization occurred in

most grafts, and six grafts (48.85%, Patients 1, 5, 7, 11, 12,

and 13) were repaired with conjunctival flaps to maintain

ocular surface integrity. Other grafts (8/14, 57.14%)

Table 1 Summary of clinical information

Case No/age/
sex/eye

Pre-existing disease
or risk factor/culture

1st OP Size of graft (mm)/
adjuvant therapy

Re-epithelialization
(days)

VA initial/
final

Complication F/U
months

1/74/F/OD PBK/Mycobacteria abscessus No 8� 8/Conjunctival flap No HM/NLP Delayed
re-epithelialization

27

2/84/M/OS PBK, NVG/Pseuodmonas aeruginosa AMT 7.5� 7.5 14 HM/NLP No 15
3/60/F/OD Farmer/Fusarium solani AMT 7� 7 12 HM/HM No 34
4/67/M/OD Pseudophakia, pterygium

op/culture negative
No 7.5� 7.5 14 LP/NLP No 60

5/83/M/OD PBK/culture negative No 7.5� 7.5/Conjunctival
flap

No NLP/NLP Delayed
re-epithelialization

7

6/58/M/OS PBK, trichiasis/Fusarium spp No 7.5� 7.5 10 HM/NLP N 56
7/81/M/OD Pseudophakia, leucoma/Streptococcus

pneumoniae
AMT 7� 7/Conjunctival flap No LP/NLP Delayed

re-epithelialization
9

8/72/F/OD Leucoma adherence/culture negative No 6� 6/TSCP 19 HM/CF Glaucoma 18
9/58/F/OD PACG, trabeculectomy/Pseudomonas

aeruginosa
AMT 7� 7 12 LP/HM N 17

10/68/F/OS PDR, NVG, PBK/acremonium No 6.0� 6.0/TSCP 9 LP/NLP Glaucoma 14
11/68/F/OD PBK/yeast, Acinetobacter

baumannii
Glue/
TSCL

7� 7/Conjunctival flap No LP/LP Delayed
re-epithelialization

13

12/76/F/OD DM, PBK/Pseudomonas aeruginosa No 6� 6/Conjunctival flap No HM/LP Delayed
re-epithelialization

10

13/72/F/OS PBK, DM/Fusarium keratitis AMT
ICA

7� 7/TSCP
Conjunctival flap

No LP/NLP Glaucoma
Delayed
re-epithelialization
Evisceration

45

14/M/69/OS Farmer/Fusarium keratitis AMT
ICA

7.5� 7.5 16 LP/NLP Glaucoma 36

Abbreviations: AMT, amniotic membrane transplantation; CF, counting finger; HM, hand motion; ICA, intracameral amphotericin injection; LP, light

perception; NV, neovascularization; NLP, no light perception; NVG, neovascular glaucoma; PBK, pseudophakic bullous keratopathy; PDR, proliferative

diabetic retinopathy; PAS, peripheral anterior synechiae; TSCP, trans-scleral cyclophotocoagulation; VA, visual acuity.
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healed with neovascularization. One patient (Patient 13)

suffered from secondary angle-closure glaucoma

postoperatively that was refractory to TSCP and received

evisceration at 39-month follow-up.

Conclusion

The source for fresh donor corneas in Southeast Asia is

limited and mostly reserved for cases of optical PKP. The

alternative method is to use the corneal buttons not

suitable for PKP, preserving them in a 4 1C glycerol

environment, and saving them for emergency

therapeutic keratoplasty. Glycerol is a dehydrating agent

with antimicrobial and antiprotease properties. However,

glycerol will not preserve endothelial viability, a

condition needed for optical PKP; cryopreservation12,13

and 34 1C organ culture14 will allow long-term storage of

viable corneal tissue. Cryopreservation and organ

culture, because of their technical complexity and cost,

have limited application in the areas, which lack fresh

donor corneas.

In cases of recalcitrant keratitis with perforation which

have been scheduled for evisceration, an alternative

procedure to evisceration or enucleation may be

resection of the necrotic cornea with removal of the

anterior chamber exudation and intraocular lens. After

this, an anterior vitrectomy may be combined with an

antibiotic injection into the vitreous. Finally, a patch graft

may be used to restore surface integrity.

Using glycerol-preserved cornea has several potential

benefits. First, it is readily available for emergency

conditions and costs less than fresh cadaver corneas.

Second, the use of devitalized tissue reduces the risk of

potential graft rejection, especially for patients with poor

follow-up care or compliance with long-term

immunosuppressive medications. Third, it is stored in

highly concentrated glycerol, reducing the possibility

of microbial contamination. The incidence of

postkeratoplasty ocular infection of recipients related to

donor contamination is very rare. However, it remains a

major concern in corneal transplantation.15–20

In the current study, postoperative bullous

keratoplasty (9/14, 64.3%) was the major risk factor for

keratitis due to ocular surface diseases with recurrent

erosion of the epithelium.21,22 Fusarium infection is the

most common pathogen leading to cornea perforation

(28.8%), followed by P. aeruginosa keratitis (21.4%). This is

consistent with the literature that Pseudomonas and

Fusarium keratitis are the most virulent and rapid

progressive pathogens. Moreover, Pseudomonas keratitis/

scleritis infections account for 44.4% of endophthalmitis

cases at our institute.23–27

Our patients had very good postoperative courses

(Table 1). With a mean follow-up time of 25.35 months

Figure 1 Fusarium keratitis with imminent perforation despite previous amniotic membrane transplantation. (a) Anterior chamber
exudation is evident. (b) Ocular surface integrity maintained at day 12 after glycerol-preserved cornea patch graft. (c) At eight months
follow-up, the cornea healed, showing opacity and neovascularization.

Figure 2 Acremonium keratitis perforation with iris protrusion. (a) Iris protrusion evident. (b) Patch graft re-epithelialized at 2 weeks
postoperative follow-up. High intraocular pressure was managed with trans-scleral cyclophotocoagulation. (c) Graft neovasculariza-
tion was evident at three months postoperative follow-up.
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(range, 7–56 months), infections were eradicated without

recurrence in all eyes, satisfactory anatomical integrity

was obtained in eight grafts (57.14%) that healed with

neovascularization; six grafts (48.85%) with delayed re-

epithelialization and graft melting were repaired with

conjunctival flaps to maintain ocular surface integrity.

According to the literature, older age, past ocular

surgery, severe keratitis, and poor visual acuity at

presentation account for the poor prognosis of

keratitis.28,29 In our study, 57.1% of patients (Patients 1, 2,

5, 6, 10, 11, and 13) had a chronic debilitating medical

condition (such as stroke) that precluded the early

intervention of keratitis, medication compliance or

regular follow-up care. All patients in this study had

previous ocular surgery that left the eyes pseudophakic

or aphakic, thus facilitating the progression of infection

to the posterior segments.

The common complications of PKP (especially in

patients with infective keratitis) are rejection, infection

recurrence, and glaucoma. No graft rejection was noted

during follow-up in our study, because the glycerol-

preserved corneas contained no viable cells. A 24–27%

recurrence and rejection rate has been reported for the 5-

year follow-up to post therapeutic keratoplasty using

fresh donor corneas.30–32 Owing to the low or negative

rejection rate, we plan to reduce the postoperative use of

corticosteroids, in hopes of decreasing the chance of

recurring infection while using glycerol-preserved

corneas.

Moreover, three (21.4%) patients received TSCP for

postoperative high intraocular pressure. Disruption of

the anterior chamber structure due to infection,

preoperative glaucoma, and aphakia/pseudophakia are

risk factors for secondary glaucoma. The reported

incidence of secondary glaucoma after PKP ranges

10–53%.33–37 One subject (7.1%, Patient 13) suffered

from secondary glaucoma with painful red eye and no

light perception and received evisceration at 39 month

follow-up.

Compared with fresh donor corneas, glycerol-

preserved corneas remained opaque after re-

epithelialization and offered a less satisfactory cosmetic

effect. Infection eradication without recurrence was

obtained all eyes with the excision of the corneal

infiltration; anterior vitrectomy; intravitreous injection of

Ceftazidime, Amikin and Amphotericin B; and

postkeratoplasty topical antibiotic usage. At the end of

follow-up, satisfactory anatomical integrity was obtained

in 13 (92.8%) patients; 1 patient (Patient 13) received

evisceration due to intractable glaucoma with painful

blindness.

In summary, glycerol-preserved cornea patch graft

with or without a conjunctival advancement flap may be

an option to avoid evisceration or enucleation in specific

cases, but special care must be taken to eradicate

infection.

Summary

What was known before
K The most common management of severe perforated eye

infection has been evisceration.

What this study adds
K Glycerol-preserved donor corneas combined with

anterior vitrectomy with or without conjunctival flaps
may be effective substitutes for evisceration surgery for
perforated keratitis.
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