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Abstract

As corneal transplantation has evolved, the spectrum of post-surgical infection has changed and
often presents a diagnostic and therapeutic challenge. Lamellar techniques hold the potential of
improved outcomes and decreased post-operative complications, however, they create a lamellar
interface, which is a potential space for sequestration of infectious organisms. In addition, while
keratoprosthesis offers vision to patients who are poor candidates for traditional keratoplasty,
infectious complications can be severe and sight threatening. Although antimicrobials remain the
mainstay of treatment, definitive management often requires surgical intervention.
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Introduction

Over the past decade, corneal transplantation has evolved rapidly. Newer lamellar
techniques to replace only the diseased layer of the cornea hold the promise of improved
outcomes and fewer complications. Deep anterior lamellar keratoplasty (DALK) replacing
only scarred or ectatic stroma while preserving healthy endothelium, may lead to lower
rejection rates and improved wound integrity[1]. Descemet's stripping endothelial
keratoplasty (DSEK), and Descemet's membrane endothelial keratoplasty (DMEK) which
replace only diseased endothelium, have led to faster recovery times, improved visual
outcomes, and reduced post operative complications compared with traditional penetrating
keratoplasty (PK).[2] The Boston Keratoprosthesis (KPro), an artificial cornea composed of
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a hybrid of donor cornea surrounding a non-biointegratable optic, has provided vision for
patients previously unable to receive corneal transplantation.[3]

With the introduction of new keratoplasty techniques there has been a change in the
spectrum of post-surgical infectious keratitis. Lamellar techniques create an interface, which
is a potential site for sequestration of infectious organisms. The KPro, which is never fully
epithelialized, is at risk of both infectious keratitis at the border of the optic zone as well as
endophthalmitis. This article will review diagnosis and management of infections after
newer keratoplasty techniques including lamellar grafts and the KPro.

Anterior Lamellar Keratoplasty

Presentation and Diagnosis

Treatment

There have been a number of reports on infectious keratitis after DALK and anterior
lamellar keratoplasty (ALK) (Table 1). The organisms reported are predominately fungal,
with only 4 reported cases of bacterial keratitis, including one case of mycobacterial
keratitis. The majority of cases were reported within the first 30 days after the procedure, but
some were described up to four months after surgery. Cases that presented early (within
days) after surgery, including one Aspergillus flavus [4] and one Klebsiella pneumoniae
interface keratitis[5], had a rapidly progressive course that worsened over hours to days and
required emergent surgical intervention. The cases that presented later (weeks to months
after surgery) were more likely to be Candida infections and have a more indolent course.
Later-presenting cases tended to have a delay in diagnosis. In some of these cases, the
infection was initially misdiagnosed as an episode of rejection[6] or epithelial down
growth[7, 8]. Figure 1 shows a DALK with Lecythophora interface infection. DALK
interface infection has been characterized by scattered interface deposits that are white or
cream-colored with little overlying inflammation [6-10]. Although there are fewer reports of
ulcerative keratitis after ALK in the literature, this is likely due to publication bias with the
more interesting interface infections getting reported more often.

Despite aggressive treatment with topical antibiotics, most reported cases required surgical
intervention to eradicate infection. Nine out of twelve reported cases ultimately required PK.
Of the three that did not, one improved after anterior lamellar graft exchange[4], one
improved after irrigation of the graft-host interface[6], and in one case of anterior lamellar
keratoplasty, the graft was simply removed and discarded[11]. While topical therapy can
deliver a high concentration of antimicrobial to the site of infection, limitations include
ocular penetration and achievement of steady-state drug concentration at the site of
infection. This is likely to be particularly true when the infection is in the deep cornea, such
as is the case with infections of the lamellar interface. Targeted anti-microbial therapy and
consideration of early surgical intervention are required to treat cases of infectious lamellar
keratitis after DALK.

Curr Ophthalmol Rep. Author manuscript; available in PMC 2016 September 01.
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Endothelial Keratoplasty

Presentation and Diagnosis

Treatment

There are multiple case reports of interface infection, ulcerative keratitis and
endophthalmitis after endothelial keratoplasty (EK). The peak time for infectious keratitis
after EK appears to be 1-3 months after surgery, but reports range from 3 days[12] to 16
months[13] post-operatively. Table 2 outlines reported cases of infectious keratitis after EK.
There are relatively equal numbers of bacterial and fungal keratitis, as well as one report of a
mycobacterial infection[14]. Corneal venting incisions may be a risk factor for infectious
keratitis after EK[15]. When looking at only interface keratitis, fungal infection is much
more common. Reported fungal interface keratitis cases after EK were all caused by
Candida species[16-20]. Much like after DALK, white or cream-colored interface infiltrates,
either solitary[20] or multiple[16, 18] are described. Because of the difficulty of obtaining a
culture from the interface, the interface infections were diagnosed either after anterior
chamber tap or explant of the donor lenticule.

Six out of eleven cases of lamellar keratitis ended up ultimately requiring PK for eradication
of the infection[12, 15, 17, 18, 21]. One case had an anterior chamber (AC) washout and
graft exchange that was successful in clearing the infection,[20] one sustained a corneal
perforation and underwent patch grafting[20], and one required AC washout with explant of
the graft[16]. Two cases of presumed fungal interface keratitis were successfully treated
with intrastromal injections of antifungals into the EK interface; both of these cases retained
their original grafts.[22] Another case of C. glabrata endophthalmitis required explantation
of the donor lenticule. [23] Although therapeutic keratoplasty is generally reserved for cases
resistant to antibiotics, these reports suggest that early surgical intervention may be
advisable for suspected infectious interface keratitis. Interestingly, surgical intervention
short of PK, which has the potential to keep infectious organisms sequestered in the
interface, may theoretically increase risk of spread of the infection.

Endophthalmitis after Endothelial Keratoplasty

Infectious endophthalmitis after keratoplasty is rare and has been reported to occur in 0.1%
to 0.7% of PK cases[24]. In recent years, the number of cases has declined, in part due to the
addition of broad-spectrum antibiotics, gentamicin and streptomycin, to corneal donor
storage media[25, 26]. With the reduction of bacterial endophthalmitis, the importance of
post-keratoplasty fungal endopthalmitis has grown. Preservation-to-surgery time greater
than 4 days appeared to increase the odds of fungal compared with bacterial endophthalmitis
by 3.4 in one study[26]. However, the benefit of adding antifungals to storage media
remains undetermined at this time.

There have also been at least four reports in the literature of infectious keratitis after EK
progressing to endophthalmitis. One case of Bacillus cereus interface keratitis presented on
the 3 post-operative day and rapidly progressed to panophthalmitis, resulting in
evisceration[12]. Two cases of interface Candida keratitis progressed to endophthalmitis
after initial misdiagnosis as epithelial down growth in one[19] and non-infectious keratitis in

Curr Ophthalmol Rep. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schallhorn and Rose-Nussbaumer Page 4

the other (Table 2)[15]. One case of Candida endophthalmitis after transmission from the
donor was diagnoses after the patient developed progressive pain and inflammation with
vitreous involvement approximately four weeks after undergoing EK.[23]

The Role of Donor Cultures

There are a number of reports of cases of infectious keratitis after lamellar procedures that
were from presumed graft-to-host transmission. Among these, there was one case of
bacterial keratitis (Klebsiella pneumonia) after a DALK]5], one case of fungal keratitis
(Candida albicans) after a DALK]9], and six cases of fungal keratitis after EK (five C.
albicansand one C. glabrata) [16-18, 20, 21]. There is also a case of transmission of C.
glabrata endophthalmitis after EK[23]. Given that there are only 33 reports of infectious
keratitis/endophthalmitis after EK and DALK combined in the literature, a surprisingly large
number (8/33) of them had positive donor cultures. It has been reported that a positive
fungal donor rim culture represents a 247-fold increase in the odds of contracting fungal
endophthalmitis in patients undergoing PK[27]. The Eye Bank Association of America, in
its pooled data over the period of 2007-2010, reported an overall incidence of 0.022% of
donor-related infectious keratitis and endophthalmitis in patients undergoing lamellar
keratoplasty, which was not statistically different than patients undergoing penetrating
keratoplasty[28]. Garg et al, in reporting their single-institution experience, noted one case
of infectious lamellar keratitis in 12 positive donor culture results from 127 cases of EK
total[18]. Overall, it would seem that a positive fungal culture result from a donor culture
after EK should be taken seriously, and the patient monitored for signs of infection.
Knowledge of the donor culture results may provide a guide to therapy, especially in the
case of interface keratitis where cultures are not readily obtainable.

New Techniques in Diagnosis of Infectious Lamellar Keratitis

Interface keratitis presents a diagnostic challenge given the difficulty in obtaining a
specimen for culture. A number of authors have reported using confocal microscopy to help
differentiate between infectious and non-infectious causes of interface keratitis after lamellar
grafting. It is difficult to detect bacteria with confocal microscopy[29]. However Nocardia, a
large filamentous acid-fast bacterium, has been visualized in one small case series as thin,
extensively branching, beaded filaments[30]. There is still debate in the literature regarding
the diagnostic accuracy of confocal microscopy in fungal keratitis. In one large series,
confocal microscope had a sensitivity of 88.3% and specificity of 91.1% for 93
microbiologically confirmed cases of filamentous fungal keratitis[29].

The characteristic features on confocal of Candida keratitis are still being established. Two
cases that have been culture positive for Candida species after DALK describe hyper-
reflective deposits seen with confocal microscopy measuring 3 to 5 um in diameter in the
graft interface with no inflammatory cells[7, 8]. Another case from the same author that was
culture positive for Candida albicans had high-contrast round structures that were 25-30 pm
in diameter in the interface, and appeared to be epithelial cells[8]. This finding of epithelial
cell-like deposits was also reported in another paper with culture-positive Candida interface
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keratitis[19]. In addition to diagnosis, this modality may be used to monitor response to
treatment.

Keratoprosthesis

Although multiple types of keratoprosthesis (Kpro) have been described, the predominant
one in use currently is the Boston keratoprosthesis. The combination of the severe
underlying diseases that necessitate KPro placement and lack of bio-integrated materials
makes KPro patients very susceptible to infections. One series of 300 Kpro eyes with a
mean follow-up of 17 months, found overall Kpro retention to be 93%, or an average of 1.42
years/implant[31]. In this series, nine were lost to infectious complications and fungal
organisms caused 7 of these.

Two recent large studies on infectious keratitis after KPro placement have recently been
published[32, 33]. One series by Chan and Holland reported an overall infectious keratitis
rate of 7.9% (10/126 eyes), or 0.04 infections per patient-year[32]. All patients in this series
were treated prophylactically with topical moxifloxacin and vancomycin (14mg/mL) twice a
day after the initial postoperative period, and wore a bandage contact lens that was
exchanged every 3 months. Of the seven culture-positive cases, five were fungi (3 Candida
species, 1 Fusariumand 1 Dactylaria constricta) and two were unusual gram-negative
bacteria (Rhodococcus equi and an non-specific gram negative cocci). Persistent epithelial
defects and cicatrizing conjunctival processes were significant risk factors for the
development of infectious keratitis. In this series topical vancomycin was not a risk factor
for the development of resistant organisms. A second series by Kim, et al, reported an
overall incidence of suspected infectious keratitis of 13.6% (15/110 eyes), or 0.073
infections per eye-year[33]. Patients in this study were managed with topical moxifloxacin
indefinitely and vancomycin (25mg/mL) for four months after surgery. Six eyes were
culture positive for gram-positive bacteria (5 cases of coagulase-negative staphylococci and
one case of S. aureus); none of these were on topical vancomycin when the infection
developed. Four cases were culture positive for fungi (3 Candida parapsilosis, 1
Acremonium species). A persistent epithelial defect was a significant risk factor for the
development of presumed infectious keratitis, and the use of topical vancomycin was a risk
factor for the development of fungal keratitis (p=0.01). Neither bandage contact lens use nor
the presence of cicatrizing conjunctival disease were significant risk factors (p=0.5 and 1.0,
respectively).

Endophthalmitis is a serious complication of the KPro, and has been reported to occur in as
high as 12.7%][34] and as low as <1% of cases[3, 35]. A recent review examined all
published cases of endophthalmitis after KPro placement up to September 2011 and found a
pooled incidence of 5.4%][36]. The predominant organisms identified in this series were
coagulase negative staphylococcus and streptococcus, comprising 49% of the total
infections, followed by S. aureus, which caused 13% of the infections. The majority of the
gram-positive infections occurred before topical vancomycin prophylaxis was instituted, or
after it had been discontinued in individual patients. Ten percent of endophthalmitis cases
were caused by fungus. There is some evidence that continuous use of topical vancomycin
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Prevention

Treatment

alters the microbial flora of the eye and makes it more susceptible to fungal endophthalmitis
in KPro patients[37].

The majority of the literature supports routine, lifetime use of topical antimicrobial
prophylaxis, including vancomycin for the prevention of infectious complications in Kpro
patients. However, a recent publication by the Massachusetts Eye & Ear Infirmary group
recommended moving away from routine vancomycin use in binocular patients without an
underlying autoimmune etiology, and suggested polymyxin-trimethoprim as a broad-
spectrum, economical alternative[38]. The authors of this study suggest that the goal of
antimicrobial prophylaxis should not be the complete sterilization of the ocular surface,
rather to decrease the load of pathogenic bacteria. Some have suggested routine surveillance
cultures, or periodic use of anti-fungal drops, particularly in regions with a high prevalence
of fungal Kkeratitis. There is some suggestion that the addition of topical 5% povidone-iodine,
either as an ocular surface wash at clinic visits or as a daily application may be useful to
prevent colonization by harmful pathogens.[38, 39]

The continuous use of topical antibiotics has raised the question of causing resistance in
KPro eyes. Robert et al., looked at routine conjunctival surveillance cultures taken from
KPro, post-PK, and control eyes and compared the culture positivity rate and the rate of
resistance. In this series, patients with KPros were maintained on only moxifloxacin once
daily for prophylaxis.[40] They found 44% of KPro patients had growth of bacteria resistant
to 4t generation fluoroquinolones as compared to 20% of eyes that had undergone PK and
8% of controls.

None of the measures described completely prevent infectious keratitis or endophthalmitis,
and a significant proportion of patients develop these complications despite prophylaxis. A
high index of suspicion and clinical vigilance must be maintained in eyes that have
undergone KPro. Once infection has occurred, it can be difficult to treat medically for
numerous reasons. These include the development of a biofilm on the prosthetic, as well as
lack of penetration of topical medications under the optic flange.[41, 42] In the literature a
high proportion of reported KPro infections required removal of all hardware for adequate
control of the infection[32, 33]. Figure 2 shows Candida keratitis in a Boston
Keratoprosthesis patient. Removal of the device resulted in complete resolution of the
infection.

There is little evidence to guide the management of endophthalmitis in Kpro patients. It is
unlikely that the recommendations of the Endophthalmitis Vitrectomy Study[43] apply.
Some advocate inclusion of anti-fungal medications along with antibiotics for tap and inject
given the higher proportion of fungal organisms compared with post-cataract
endophthalmitis patients[44]. Others advocate consideration of earlier pars plana vitrectomy
due to the poor visual prognosis[41].

Curr Ophthalmol Rep. Author manuscript; available in PMC 2016 September 01.
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Infectious Kkeratitis remains a concern with newer corneal grafting techniques. The advent of
lamellar keratoplasty has resulted in cases of interface keratitis that present a diagnostic and
therapeutic challenge. Although antimicrobials remain the mainstay of treatment, definitive
management often requires surgical intervention. Infectious complications following
keratoprosthesis are common and may be vision-threatening. Prevention with measures such
as bandage contact lens, antibiotic prophylaxis and surveillance cultures may reduce
infection rates.

References

Papers of particular interest, published recently, have been highlighted as:
*Of importance
+«Of major importance

1. Reinhart WJ, Musch DC, Jacobs DS, Lee WB, Kaufman SC, Shtein RM. Deep anterior lamellar
keratoplasty as an alternative to penetrating keratoplasty a report by the american academy of
ophthalmology. Ophthalmology. 2011; 118:209-218. [PubMed: 21199711]
2. Price FW Jr, Price MO. Evolution of endothelial keratoplasty. Cornea. 2013; 32(Suppl 1):S28-32.
[PubMed: 24104929]
3. Aldave AJ, Kamal KM, Vo RC, Yu F. The Boston type | keratoprosthesis: improving outcomes and
expanding indications. Ophthalmology. 2009; 116:640-651. [PubMed: 19243830]
4. Jafarinasab MR, Feizi S, Yazdizadeh F, Rezaei Kanavi M, Moein HR. Aspergillus flavus keratitis
after deep anterior lamellar keratoplasty. J Ophthalmic Vis Res. 2012; 7:167-171. [PubMed:
23275826]
5. Zarei-Ghanavati S, Sedaghat MR, Ghavami-Shahri A. Acute Klebsiella pneumoniae interface
keratitis after deep anterior lamellar keratoplasty. Jpn J Ophthalmol. 2011; 55:74-76. [PubMed:
21331700]
6. Sedaghat MR, Hosseinpoor SS. Candida albicans interface infection after deep anterior lamellar
keratoplasty. Indian J Ophthalmol. 2012; 60:328-330. [PubMed: 22824609]
7. Bahadir AE, Bozkurt TK, Kutan SA, Yanyali CA, Acar S. Candida interface keratitis following
deep anterior lamellar keratoplasty. Int Ophthalmol. 2012; 32:383-386. [PubMed: 22450560]
8. Kanavi MR, Foroutan AR, Kamel MR, Afsar N, Javadi MA. Candida interface keratitis after deep
anterior lamellar keratoplasty: clinical, microbiologic, histopathologic, and confocal microscopic
reports. Cornea. 2007; 26:913-916. [PubMed: 17721287]
9. Fontana L, Parente G, Di Pede B, Tassinari G. Candida albicans interface infection after deep
anterior lamellar keratoplasty. Cornea. 2007; 26:883-885. [PubMed: 17667630]
10. Caretti L, Babighian S, Rapizzi E, Ponzin D, Galan A. Fungal keratitis following deep lamellar
keratoplasty. Semin Ophthalmol. 2011; 26:33-35. [PubMed: 21275603]

11. Lyall DA, Srinivasan S, Roberts F. A case of interface keratitis following anterior lamellar
keratoplasty. Surv Ophthalmol. 2012; 57:551-557. [PubMed: 22542911]

12. Basak SK, Deolekar SS, Mohanta A, Banerjee S, Saha S. Bacillus cereus infection after Descemet
stripping endothelial keratoplasty. Cornea. 2012; 31:1068-1070. [PubMed: 22262217]

13. Hannush SB, Chew HF, Eagle RC Jr. Late-onset deep infectious keratitis after descemet stripping
endothelial keratoplasty with vent incisions. Cornea. 2011; 30:229-232. [PubMed: 21045667]

14. Chang V, Karp CL, Yoo SH, Ide T, Budenz DL, Kovach JL, et al. Mycobacterium abscessus
endophthalmitis after Descemet's stripping with automated endothelial keratoplasty. Cornea. 2010;
29:586-589. [PubMed: 20335806]

Curr Ophthalmol Rep. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schallhorn and Rose-Nussbaumer Page 8

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Chew AC, Mehta JS, Li L, Busmanis I, Tan DT. Fungal endophthalmitis after descemet stripping
automated endothelial keratoplasty--a case report. Cornea. 2010; 29:346-349. [PubMed:
20118788]

Yamazoe K, Den S, Yamaguchi T, Tanaka Y, Shimazaki J. Severe donor-related Candida keratitis
after Descemet's stripping automated endothelial keratoplasty. Graefes Arch Clin Exp Ophthalmol.
2011; 249:1579-1582. [PubMed: 21584763]

Lee WB, Foster JB, Kozarsky AM, Zhang Q, Grossniklaus HE. Interface fungal keratitis after
endothelial keratoplasty: a clinicopathological report. Ophthalmic Surg Lasers Imaging. 2011;
42(Online):e44-48. [PubMed: 21485974]

Garg S, Said B, Farid M, Steinert RF. Prevalence of positive microbiology results from donor
cornea tissue in different methods of corneal transplantation. Cornea. 2013; 32:137-140.
[PubMed: 22580430]

Ortiz-Gomariz A, Higueras-Esteban A, Gutierrez-Ortega AR, Gonzalez-Meijome JM, Arance-Gil
A, Villa-Collar C. Late-onset Candida keratitis after Descemet stripping automated endothelial
keratoplasty: clinical and confocal microscopic report. Eur J Ophthalmol. 2011; 21:498-502.
[PubMed: 21240860]

Kitzmann AS, Wagoner MD, Syed NA, Goins KM. Donor-related Candida keratitis after
Descemet stripping automated endothelial keratoplasty. Cornea. 2009; 28:825-828. [PubMed:
19574899]

Koenig SB, Wirostko WJ, Fish RI, Covert DJ. Candida keratitis after descemet stripping and
automated endothelial keratoplasty. Cornea. 2009; 28:471-473. [PubMed: 19411972]

Tu EY, Hou J. Intrastromal antifungal injection with secondary lamellar interface infusion for late-
onset infectious keratitis after DSAEK. Cornea. 2014; 33:990-993. [PubMed: 25055150]

Weng CY, Parke DW 3rd, Walter SD, Isom RF, Chang JS, Flynn HW Jr. Candida glabrata
endophthalmitis transmitted from graft to host after descemet stripping automated endothelial
keratoplasty. JAMA ophthalmology. 2014; 132:1381-1383. [PubMed: 25124791]

Kloess PM, Stulting RD, Waring GO 3rd, Wilson LA. Bacterial and fungal endophthalmitis after
penetrating keratoplasty. American journal of ophthalmology. 1993; 115:309-316. [PubMed:
8442489]

Jeng BH. Preserving the cornea: corneal storage media. Current opinion in ophthalmology. 2006;
17:332-337. [PubMed: 16900023]

Hassan SS, Wilhelmus KR. Medical Review Subcommittee of the Eye Bank Association of A.
Eye-banking risk factors for fungal endophthalmitis compared with bacterial endophthalmitis after
corneal transplantation. American journal of ophthalmology. 2005; 139:685-690. [PubMed:
15808165]

Wilhelmus KR, Hassan SS. The prognostic role of donor corneoscleral rim cultures in corneal
transplantation. Ophthalmology. 2007; 114:440-445. [PubMed: 17324694]

Aldave AJ, DeMatteo J, Glasser DB, Tu EY, lliakis B, Nordlund ML, et al. Report of the Eye
Bank Association of America medical advisory board subcommittee on fungal infection after
corneal transplantation. Cornea. 2013; 32:149-154. [PubMed: 23051906]

Vaddavalli PK, Garg P, Sharma S, Sangwan VS, Rao GN, Thomas R. Role of confocal microscopy
in the diagnosis of fungal and acanthamoeba keratitis. Ophthalmology. 2011; 118:29-35.
[PubMed: 20801515]

Vaddavalli PK, Garg P, Sharma S, Thomas R, Rao GN. Confocal microscopy for Nocardia
keratitis. Ophthalmology. 2006; 113:1645-1650. [PubMed: 16828508]

Ciolino JB, Belin MW, Todani A, Al-Arfaj K, Rudnisky CJ. Retention of the Boston
keratoprosthesis type 1: multicenter study results. Ophthalmology. 2013; 120:1195-1200.
[PubMed: 23499061]

Chan CC, Holland EJ. Infectious Keratitis after Boston type 1 keratoprosthesis implantation.
Cornea. 2012; 31:1128-1134. [PubMed: 22960647]

Kim MJ, Yu F, Aldave AJ. Microbial keratitis after Boston type | keratoprosthesis implantation:
incidence, organisms, risk factors, and outcomes. Ophthalmology. 2013; 120:2209-2216.
[PubMed: 23747162]

Curr Ophthalmol Rep. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schallhorn and Rose-Nussbaumer Page 9

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Greiner MA, Li JY, Mannis MJ. Longer-term vision outcomes and complications with the Boston
type 1 keratoprosthesis at the University of California, Davis. Ophthalmology. 2011; 118:1543—
1550. [PubMed: 21397948]

Aldave AJ, Sangwan VS, Basu S, Basak SK, Hovakimyan A, Gevorgyan O, et al. International
results with the Boston type | keratoprosthesis. Ophthalmology. 2012; 119:1530-1538. [PubMed:
22512986]

Robert MC, Moussally K, Harissi-Dagher M. Review of endophthalmitis following Boston
keratoprosthesis type 1. The British journal of ophthalmology. 2012; 96:776-780. [PubMed:
22493035]

Barnes SD, Dohlman CH, Durand ML. Fungal colonization and infection in Boston
keratoprosthesis. Cornea. 2007; 26:9-15. [PubMed: 17198007]

Behlau I, Martin KV, Martin JN, Naumova EN, Cadorette JJ, Sforza JT, et al. Infectious
endophthalmitis in Boston keratoprosthesis: incidence and prevention. Acta ophthalmologica.
2014

Magalhaes FP, do Nascimento HM, Ecker DJ, Sannes-Lowery KA, Sampath R, Rosenblatt MI, et
al. Microbiota evaluation of patients with a Boston type | keratoprosthesis treated with topical
0.5% moxifloxacin and 5% povidone-iodine. Cornea. 2013; 32:407-411. [PubMed: 22488148]
Robert MC, Eid EP, Saint-Antoine P, Harissi-Dagher M. Microbial colonization and antibacterial
resistance patterns after Boston type 1 keratoprosthesis. Ophthalmology. 2013; 120:1521-1528.
[PubMed: 23601798]

Nouri M, Terada H, Alfonso EC, Foster CS, Durand ML, Dohlman CH. Endophthalmitis after
keratoprosthesis: incidence, bacterial causes, and risk factors. Arch Ophthalmol. 2001; 119:484—
489. [PubMed: 11296013]

Behlau I, Mukherjee K, Todani A, Tisdale AS, Cade F, Wang L, et al. Biocompatibility and
biofilm inhibition of N,N-hexyl,methyl-polyethylenimine bonded to Boston Keratoprosthesis
materials. Biomaterials. 2011; 32:8783-8796. [PubMed: 21903257]

Results of the Endophthalmitis Vitrectomy Study. A randomized trial of immediate vitrectomy and
of intravenous antibiotics for the treatment of postoperative bacterial endophthalmitis.
Endophthalmitis Vitrectomy Study Group. Arch Ophthalmol. 1995; 113:1479-1496. [PubMed:
7487614]

Chhablani J, Panchal B, Das T, Pathegay A, Motukupally SR, Pappuru RR, et al. Endophthalmitis
in Boston keratoprosthesis: case series and review of literature. Int Ophthalmol. 2014

Curr Ophthalmol Rep. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Schallhorn and Rose-Nussbaumer Page 10

Figure 1.
Deep anterior lamellar keratoplasty with the ascomycete fungus Lecythophora interface

infection. Photo courtesy of Bennie H. Jeng, MD.
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Figure2.
Boston keratoprosthesis complicated by Candida keratitis, requiring removal of the device.

Photo courtesy of Bennie H. Jeng, MD.
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Table 1

Infectious Kkeratitis cases reported in the literature after anterior and deep anterior lamellar keratoplasty.

Page 12

voriconazole, PK

Procedure  Diagnosis Timeto Presentation  Treatment Organism
DALK[4] Lamellar keratitis 4 days Topical natamycin, oral fluconazole Graft exchange ~ Aspergillus flavus
DALKI[5] Lamellar keratitis 2 days Topical vancomycin, ceftazadime, PK Klebsiella pneumoniae
DALK][6] Lamellar keratitis 4 months Corticosteroids, topical vancomycin, ceftazidime, Candida albicans

topical natamycin, interface irrigation
DALK][7] Lamellar keratitis 4 weeks PK, topical amphotericin, oral itraconazole Candida Albicans
DALK]I8] Lamellar keratitis 2 months Irrigation of the interface, PK Candida glabrata
DALKI8] Lamellar keratitis 2.5 months PK Candida albicans
DALKI[9] Lamellar keratitis 4 weeks Topical/lV amphotericin B, graft exchange, PK Candida albicans
ALK[10] Lamellar keratitis 7 days Medical treatment, PK Actinomyces
ALKI11] Lamellar keratitis 4 months gemoval of ALK graft, Cefuroxime and gentamycin ~ Gram+ cocci

rops

DALK][45] Lamellar keratitis 5 days Irrigation of interface, anti-mycotics PK Candida orthopsilosis
DALK[46] Lamellar keratitis 3 months Antimicrobials, Repeat DALK, PK Mycobacterium cheloniae
DALK[47] Lamellar keratitis 7 days Topical Voriconazole, anterior chamber Lecythophora mutablis
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Table 2

Infectious Kkeratitis cases reported in the literature after endothelial keratoplasty.

Page 13

tobramycin, biopsy of the
posterior lamella, topical
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Procedure Diagnosis Timeto Presentation  Treatment Organism
DSAEK([12] Lamellar keratitis 72 hours Topical cefazolin, amikacin,  Bacillius cerus
progressing to limbus-to-limbus PK, IOL
panophthalmitis explantation, evisceration
within 48 hours of diagnosis
DSAEK Ulcerative keratitis at 16 months Topical antibiotics, Pseudomonas aeroginousa
with vent vent incision therapeutic PK
incision[13]
DSAEK Ulcerative keratitis 3 months Topical antibiotics, Sreptococcus pneumoniae
with vent therapeutic PK
incision[13]
DSAEK Ulcerative keratitis at 7 weeks Topical antibiotics, oral Enterococcus faecalis
with vent vent incision moxifloxacin, therapeutic
incision[13] PK
DSAEK([15] Lamellar keratitis First seen 2 days, Topical antibiotics, AC Candida parapsilosis
progression to treated at 3 months washout, oral voriconazole,
endophthalmitis PPV, IOL explant,
therapeutic PK
DSAEK([16] Lamellar keratitis 34 days Topical/lV voriconazole, Candida albicans
0.1% micafungin, explant of
lenticule, with AC washout
DSAEK([17] Lamellar keratitis 1 month Medical therapy, PK Candida albicans
DSAEK([17] Lamellar keratitis 1 month Medical therapy, PK Candida glabrata
DSAEK([18] Lamellar keratitis 1 month Topical voriconazole, Candida albicans
intracameral voriconazole,
PK
DSAEK([19] Chronic endophthalmitis 3 months Topical and systemic Candida albicans
antibiotics, explant of
DSAEK with PPV, topical
and systemic voriconazole
DSAEK([20] Lamellar keratitis 39 days Topical amphotericin B, oral ~ Candida albicans
fluconazole, graft exchange
with AC washout with
amphotericin B
DSAEK[20] Lamellar keratitis 41 days Topical and intracameral Candida albicans
amphotericin B, oral
fluoconazole, corneal
perforation with gluing,
patch graft
DSAEK([21] Lamellar Keratitis 7 days Topical moxifloxacin, Candida albicans
explant of the donor
lenticule, topical and oral
anti-fungals, therapeutic PK
DSAEK([22] Lamellar Keratitis 3 months Oral voriconazole, No culture, presumed fungal infection
intrastromal voriconazole
DSAEK([22] Lamellar Keratitis 3 months Intrastromal amphotericin B, ~ No culture, presumed fungal infection
oral fluconazole
DSAEK][23] endophthalmitis 4 weeks Explant of donor lenticule, Candida glabrata
intravitreal, intracameral and
topical amphotericin B
DSAEK[48] Ulcerative keratitis 5 weeks Topical cefazolin/tobramcyin ~ Staphylococcus aureus
DSAEK[48]  Ulcerative keratitis 4 months Topical cefazolin, topical Aspergillus fumigatus
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Procedure Diagnosis Timeto Presentation  Treatment Organism
natamycin, oral
voriconazole, PK
DSAEK[49] Ulcerative keratitis 4 months Topical antibiotics Methicillin-resistant Saphylococcus aureus
DSAEK([50] Ulcerative Keratitis 6 weeks Topical antibiotics Pseudomonas aeruginosa
DSAEK([50] Ulcerative Keratitis 7 weeks Topical antibiotics Pseudomonas aeruginosa
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