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Purpose: The purpose of this study was to assess the impact of early diagnosis using in vivo confocal microscopy and early
therapeutic penetrating keratoplasty (TPK) on the outcomes of severe cases of fungal keratitis.
Methods: This retrospective single-center study included 38 patients (40 eyes) with fungal keratitis who presented between
December 2013 and February 2020. Preoperative, intraoperative, and postoperative parameters were recorded to assess the role of
early correct diagnosis and early surgical therapy on visual acuity outcome and enucleation rate during follow-up.
Results: The mean patient age was 51 years (71% females). The initial external diagnosis was correct in 20 cases (50%). The mean time
from symptom onset until admission to our department was 46.8 ± 68.0 (median 28.5) days. The mean time to correct diagnosis after
admission to our department was 1 day with in vivo confocal microscopy (IVCM). IVCM was performed in 38 cases, of which 36
(sensitivity: 94.7%) were positive for fungal infection. Twenty-seven out of 40 (67.5%) eyes received a TPK 4.2 ± 3.9 days after admission,
with a mean graft size of 8.9 ± 1.9 mm. Three eyes (7.5%) were enucleated. The corrected distance visual acuity of the entire study
population increased from 2.0 ± 1.2 LogMAR to 0.96 ± 1.17 LogMAR.
Conclusion: In vivo confocal microscopy is a powerful tool for the early detection of fungal organisms in infectious keratitis. An
early TPK with a large graft helps to eradicate the infection timely and results in a favorable visual acuity outcome and lower
enucleation rate, especially when treating filamentous fungi.
Keywords: fungal keratitis, in vivo confocal microscopy, penetrating keratoplasty

Introduction
Fungal keratitis is a severe and potentially devastating eye disease. The global incidence is estimated at a minimum of
1 million cases annually, and probably about 100000 eyes are removed annually because of late diagnosis and poor
therapeutic outcome.1 Although the infection mostly affects male agricultural workers in developing countries following
eye trauma with organic material,2 in recent years, there has been a significant rise in fungal keratitis also in western
countries such as Germany, which is mostly attributed to an increase in soft contact lens (CL) wear.3,4

The large international outbreak of contact lens-associated fungal keratitis in 2005–2006 in developed countries and
recent results from the German Fungal Keratitis Registry showed how certain filamentous fungal species, such as
Fusarium sp., can lead to devastating disease, up to eye loss in otherwise young and healthy patients.4–7

The clinical picture of fungal keratitis varies and cannot be clearly differentiated in the early phase from other types of CL-
associated keratitis. The lapse of time until the correct organism is identified and the delay in administering the proper therapy
often results in a poor long-termoutcome and a higher enucleation rate in fungal keratitis than in other cases ofmicrobial keratitis.8

In addition, a contributing factor to severe outcomes of Fusarium sp. keratitis is the poor response to antifungal medication.9,10
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The purpose of this study was to analyze the impact of early diagnosis using immediate in vivo confocal microscopy and
early therapeutic penetrating keratoplasty (TPK) on the outcomes of severe cases of fungal keratitis (presenting intraocular
involvement) with regard to long-term eradication of fungal organisms, enucleation rate, and long-term visual acuity.

Materials and Methods
This retrospective single-center study included 40 eyes of 38 patients with confirmed fungal keratitis that were treated between
December 2013 and February 2020 at our Department. The study was conducted in accordance with the Declaration of Helsinki
and was approved by the local ethical committee (Ethikkommission der Ärztekammer des Saarlandes) with the nr. 128/21.

On the day of admission, all patients underwent slit lamp examination and in vivo confocal microscopy (IVCM)
(Heidelberg Retina Tomograph III with Rostock Cornea Module, Heidelberg Engineering GmbH, Dossenheim,
Germany). In addition, an A and B-scan ultrasonography was routinely performed to assess potential endophthalmitis
and the necessity of further surgical treatment with pars plana vitrectomy and intravitreal antibiotic/antifungal injections.

Microbiological confirmation of the fungal organism was performed by means of polymerase chain reaction (PCR),
microbiological growth culture, and histopathological examination (from the recipient’s corneal button, if penetrating kerato-
plasty). Only patients with at least one positive confirmation of fungal organisms with one of the aforementioned diagnostic
methods or a high suspicion of fungal organisms in the in vivo confocal microscopy (IVCM) were included in this study.

Initial treatment of fungal keratitis required the use of topical voriconazole 2% after admission if the infectious
pathogen was unknown. The most commonly used antifungals included topical and systemic voriconazole, topical
amphotericin B 0.5%, and topical natamycin 5%. For Fusarium sp. keratitis, topical natamycin 5% was the drug of
choice.11 In addition, a combination with polyhexamethylene biguanide was used in selected cases. In severe cases of
fungal keratitis (presenting intraocular involvement), systemic allylamines such as terbinafine hydrochloride 250 mg and
systemic voriconazole 2×200 mg were added.

Multiple anterior chamber irrigations with antifungal medication were performed every two days in cases of anterior
chamber involvement (in the sense of therapy-refractory hypopyon).

If necessary, TPK was performed under general anesthesia. The donor and host trephination was performed
mechanically or by utilization of a 193-nm excimer laser.12,13 A large-size host excision with a safe distance to the
corneal stromal infiltrate was preferably used if feasible. The graft (oversize 0.1 to 0.5 mm) was fixed using 24–32 deep
single sutures. Postoperative therapy included topical antifungal and antimicrobial agents, and regular checkups twice
daily. Topical and systemic corticosteroids were started 1–2 weeks after the TPK, when the initial infection had subsided,
in order to prevent immunological graft reactions. As an interim solution until the use of corticosteroids, cyclosporin
A was alternatively applied systemically for immunosuppression.

Patients with endophthalmitis underwent pars plana vitrectomy with or without intravitreal injections of antifungal agents.
Routine follow-ups were performed to assess the long-term corrected distance visual acuity (CDVA) and successful

eradication of the fungal organism. In the absence of improvement after multiple TPKs with persistence of the fungal
organism, the patients` eyes were enucleated.

Preoperative patient data such as demographics, onset of symptoms until the first surgery, medical history, and CDVA
were collected, analyzed, and correlated with the follow-up data. CDVAwas tested with spectacles, counting fingers were
registered as LogMAR 2, hand motion was counted as LogMAR 3, and light perception as LogMAR 4.

Statistical evaluation was performed using SPSS version 27 (SPSS Inc., Chicago, IL, USA). Values were expressed as
mean ± standard deviation (SD) (minimum – maximum). Wilcoxon signed-rank test was used to compare CDVA at
admission and at the last follow-up (14.9 ± 17.6 months). Statistical significance was set at P < 0.05.

Results
Twenty-seven out of 38 patients were female (71%) and the mean age of the patients was 50.6 ± 17.9 (16–88) years.
Twenty-seven patients (71%) wore contact lenses with a female-to-male ratio of 5.75:1. Seven patients (18.4%) had
a history of ocular trauma. Farm or garden work preceding ocular symptoms was reported in three patients (7.9%). The
mean time interval between symptom onset and first presentation at our department was 46.8 ± 68.0 (1–410, median
28.5) days. The demographic characteristics and preoperative data are summarized in Table 1.

https://doi.org/10.2147/OPTH.S358709

DovePress

Clinical Ophthalmology 2022:162246

Sourlis et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Fungal keratitis was diagnosed by external physicians prior to admission in 20 eyes (50%). The most common misdiagnoses
were bacterial keratitis in 8 cases (20%), herpetic keratitis in 8 cases (20%), and acanthamoeba keratitis in 4 cases (10%).

IVCMwas performed in 38 cases, of which 36 (sensitivity: 94.7%) were positive for fungal infection. PCRwas performed in
33 cases, ofwhich 25 (75.7%)were positive for fungal organisms.Microbiological culturewas performed in 38 cases, ofwhich 26
(68.4%) were positive for fungal growth. Histopathological examination of the cornea was performed in 29 cases, of which 18

Table 1 Patient Demographics, Symptom Onset, Time Before TPK After Admission, Pre- and Postoperative Outcome

Case
No.

Year Sex Age CL Time Period
Since

Symptom
Onset [Days]

TPK Time to TPK
After First
Presentation

[Days]

IVCM CDVA at
Admission
[LogMAR]

CDVA at
Follow-Up
[LogMAR]

Enucleation

1 2013 F 22 Yes 49 Yes 3 Positive 1.8 3 No

2 2014 M 73 No 61 Yes 1 Positive 3 4 Yes

3 2014 F 44 Yes 12 Yes 8 Positive 3 0.1 No
4 2014 F 16 Yes 58 Yes 3 Positive 4 3 No

5 2015 F 58 Yes 49 Yes 2 Positive 1.3 0.3 No

6 2015 F 30 Yes 3 No - Positive 0.5 0.1 No
7 2015 F 30 Yes 3 No - Positive 0.5 0 No

8 2015 F 65 No 2 No - Positive 0.7 0.05 No

9 2015 F 36 Yes 4 Yes 3 Positive 1.8 0.1 No
10 2015 F 60 Yes 73 Yes 7 Positive 3 1.8 No

11 2015 F 54 Yes 61 Yes 2 Positive 3 1 No

12 2015 F 45 Yes 8 Yes 2 Positive 1.8 0 No
13 2015 M 52 Yes 100 Yes 5 Positive 3 3 Yes

14 2015 F 34 Yes 12 No - Positive 0.7 0 No

15 2016 F 52 Yes 77 Yes 1 Positive 4 1 No
16 2016 F 64 No 94 Yes 4 Positive 4 1 No

17 2016 F 68 No 18 Yes 6 n.a. 3 3 No

18 2016 M 75 No 28 Yes 2 Positive 3 0.5 No
19 2016 M 66 No 18 No - Positive 3 2 No

20 2016 F 22 Yes 151 Yes 4 Positive 1.8 0 No

21 2016 F 33 Yes 48 Yes 21 Positive 1.8 0.5 No
22 2016 F 55 Yes 75 Yes 3 Positive 0.7 0.2 No

23 2016 M 50 Yes 61 Yes 5 Positive 3 0.4 No

24 2016 F 22 Yes 29 Yes 7 Positive 3 0.6 No
25 2017 M 61 No 3 No - Positive 2 0.1 No

26 2017 F 53 Yes 31 Yes 6 Positive 3 0.2 No

27 2017 M 61 No 76 Yes 3 Positive 3 3 No
28 2017 M 50 Yes 14 Yes 1 Positive 2 3 Yes

29 2017 F 42 Yes 30 Yes 2 Positive 1.8 0 No

30 2017 F 52 Yes 21 No - Positive 0.7 0.1 No
31 2018 F 71 Yes 410 Yes 4 Positive 0.7 1 No

32 2018 M 68 No 14 No - Negative 1.8 0.5 No

33 2018 F 52 No 7 No - Positive 0.1 0 No
34 2018 F 30 Yes 2 No - Positive 0.4 0.3 No

35 2019 M 78 No 1 Yes 3 n.a. 1.8 1.8 No

36 2019 M 28 Yes 3 No - Positive 0.3 0.1 No
37 2019 F 57 No 2 No - Positive 0.4 0 No

38 2019 F 88 No 44 Yes 4 Negative 4 2 No

39 2019 F 40 Yes 104 Yes 1 Positive 1 0.4 No
40 2020 F 29 Yes 15 No - Positive 0 0 No

Abbreviations: CL, contact lens; TPK, therapeutic penetrating keratoplasty; CDVA, corrected distance visual acuity; IVCM, in vivo confocal microscopy; n.a., not available.

Clinical Ophthalmology 2022:16 https://doi.org/10.2147/OPTH.S358709

DovePress
2247

Dovepress Sourlis et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


(62.1%) showed fungal organisms. The absolute numbers of examinations performed and positive results are displayed in
Figure 1.

Coinfection with two fungal species was present in seven (17.5%) cases. The fungal species identification obtained by either
microbiological culture or PCR revealed in 14 out of 47 (29.8%) casesFusarium sp., in 9 out of 47 (19.1%) cases Aspergillus sp.,
in 7 out of 47 (14.9%) cases Candida sp. and in 17 out of 47 (36.2%) cases “others”. The subgroup “others” included the fungal
species Malassezia sp., Pseudallescheria boydii, Sarocladium kiliense, Purpureocillium lilacinum and fungal species without
further classification, only identified by IVCMor histopathological examination. In total, 7 cases (17.5%) could only be identified
by fungal hyphae present in IVCMor histopathologywithout further classification. After admission to our Department, it took on
average 0.6 ± 1.0 (0–4) days to confirm the diagnosis of fungal keratitis with IVCM, 7.6 ± 12.6 (1–61) days with PCR, 15.0 ±
14.4 (1–57) days with microbial culture growth and 8.2 ± 5.1 (3–21) days with histopathological examination.

At the time of admission to our department, themeanCDVAwas 2.0 ± 1.2LogMARand improved highly significantly to 0.96
±1.17LogMAR(p<0.001) at the end of the follow-up. In 16 patients, the initialCDVAwas particularly poor,with 12 cases (30%)
presenting hand movements and 4 cases (10%) presenting light perception. The cases that did not need further surgical treatment
had a favourable outcome with a mean initial CDVA of 0.9 LogMAR and 0.25 LogMAR visual acuity at the end of follow-up.

Prior to presentation at our department, 8 patients were surgically treated externally. Three eyes had already received a photo-
activated chromophore for Keratitis-Corneal Cross-linking (PACK-CXL) and another 3 eyes had a small-size TPK, without
success in eradicating the fungal organisms. Of the three PACK-CXL cases, two eyes could be durably treatedwith one TPK after
PACK-CXL. The last eye presented a severe reinfection after the PACK-CXL, needed two TPKs and was enucleated in the
course.

Twenty-seven out of 40 cases (67.5%) underwent anterior chamber irrigation, including sample aspiration for PCR
testing on the day of admission. The mean number of all anterior chamber irrigations was 4.8 ± 6.6 (1–29), whereas 6
cases received more than 10 anterior chamber irrigations.

In total, 27 (67.5%) of all cases received a TPK 4.2 ± 3.9 (1–21) days after admission, including the 3 eyes that had
previously received a small-size TPK externally. A large graft with at least 24–32 single sutures was performed, when
feasible, because of the risk of early suture loosening and the subsequent need for resuturing. In 9 of the 27 TPKs (33.3%),
we carried out re-TPK due to the recurrence of fungal keratitis in 7 cases and due to graft failure in 2 cases. The mean time
interval between the first and second TPK was 147.1 ± 152.3 (6–422) days. Nine patients received two, 5 patients received
three and 2 patients received four TPKs, respectively. The fungal species present in the eyes that received multiple TPKs
were Fusarium sp. in 6/9 cases, Aspergillus sp. in 2/9 cases and Pseudallescheria boydii in 1/9 cases.

The mean size of the grafts used at our Department was 8.9 ± 1.9 (7.75–13.0) mm for the first TPK. The indication for
re-TPKs was a recurrence of the fungal keratitis in 8 cases, with a mean graft size of 8.4 ± 0.7 (7.5–10.0) mm, and graft
failure in 1 case, with a graft size of 10.5 mm. One patient received a 13.0 mm graft (case no. 15) in the first TPK,

Figure 1 Total examinations performed and the number of positive examinations obtained for fungal infection in absolute numbers.
Abbreviations: IVCM, in vivo confocal microscopy; PCR, polymerase chain reaction.
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without recurrence of the fungal keratitis and received a small-sized 7.6 mm optical re-keratoplasty after 317 days due to
secondary endothelial graft failure (Figure 2).

Severe cases of fungal infection with intraocular involvement (endophthalmitis) underwent further surgical treatment.
Seven out of the 40 (17.5%) eyes needed at least one pars plana vitrectomy (PPV), including the 3 patients who had
received TPK prior to admission to our department. Six patients required more than 3 PPVs. The mean time interval from

Figure 2 Slit lamp examination: 52-year-old female patient (case no. 15) with a Fusarium keratitis, referred 77 days after onset: (left) first presentation with CDVA of light
perception only; (right) two years after receiving a second optical keratoplasty with a 7.6 mm graft due to endothelial graft decompensation after initial therapeutic
keratoplasty with 13.0 mm graft; CDVA 1.0 LogMAR.

Figure 3 (top left) Slit lamp examination: a 44-year-old female patient (case no. 3) referred 12 days after symptom onset with CDVA hand movement only; (top right)
follow-up examination 2 years after TPK, CDVA 0.1 LogMAR; (bottom left) a 36-year-old female patient (case no. 9) referred 4 days after symptom onset with CDVA 1.8
LogMAR; (bottom right) follow-up examination 1 year after TPK, CDVA 0.1 LogMAR.
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admission to the first PPV was 31.3 ± 31.6 (5–81) days. In addition, 7 patients received a mean of 8.2 ± 7.1 (1–21)
intravitreal antifungal injections.

Three patients (7.5%) with an unfavorable course before admission to our department (58.3 ± 43.1 days) showed
a destructive course despite therapy and had to be enucleated. They all presented with Fusarium sp. keratitis, one with
coinfection with Aspergillus sp. All three patients were treated for a prolonged time at an external hospital before
admission to our department. Patients who were directly referred to our department for first-line treatment did not require
enucleation in any of the cases. The 15 cases that were referred to our department in the first two weeks from symptom
onset showed a favorable outcome with the aforementioned combined conservative and surgical treatment. Those cases
showed a mean CDVA of 1.2 ± 0.85 LogMAR at admission, which improved to 0.41 ± 0.82 LogMAR at the last follow-
up (Figure 3).

Discussion
In developed countries, fungal organisms are rare agents of keratitis and are frequently associated with poor prognosis. In
particular, contact lens wearers have a higher risk of developing a highly resistant strain of Fusarium sp. This underlines
the role of contact lenses as a substantial risk factor for fungal keratitis in developed countries such as Germany.4 Our
epidemiologic data are consistent with similar comparable studies conducted in Europe (Table 2).14–16

The type of fungal species seems to be an important factor in determining the long-term outcome of fungal keratitis.
All three enucleated eyes in our study showed infection with Fusarium sp. This fungal organism belongs to the family of
filamentous fungi, which is reported to cause severe outcomes of fungal keratitis with a higher enucleation rate than other
species.2 The main reason seems to be the high intrinsic resistance of Fusarium sp. to antifungal medication or
disinfection solutions,3 which enables the organism to survive for a prolonged time and progress from superficial
keratitis to endophthalmitis.17 Our study showed that those organisms can nonetheless be eradicated by applying
polyenes intracamerally multiple times early on, in order to reach a high antifungal concentration locally while
diminishing the systemic toxicity in humans. A favorable effect in the reduction of hypopyon and fungi with intracameral
polyene drugs has been reported previously.18

The decisive factor for a poor outcome of fungal keratitis is the long delay from clinical manifestation to the
establishment of the correct diagnosis. Since the clinical picture of CL-associated fungal keratitis can be similar to that of
other microbial pathogens in the early stages, this circumstance leads to a delayed onset of the correct therapy.

By using IVCM, a faster diagnosis of fungal keratitis can be made in the hospital at the time of admission, even in the
case of atypical clinical manifestations, thus before microbiological detection with PCR or culture. In vivo confocal
microscopy helps to visualize fungal hyphae instantaneously, nonetheless depending on the examiner`s expertise.19 This
allows a fast adjustment of the therapy to the fungal species.20,21

Case no. 21 in our cohort is a perfect example of the role of IVCM as a diagnostic tool. This patient underwent
multiple PCR, microbial cultures, and histopathological examinations of corneal scrapings externally, and all were
negative for any microbial or fungal infection. The IVCM examination showed fungal hyphae with a typical parallel
“railway tracks” pattern22 at a depth of over 200 µm in the cornea (Figure 4, right). At this depth, most corneal scrapings

Table 2 Comparison of the Data of European Studies with Comparable Climate and Study Design

Characteristics Nielsen et al14 Roth et al15 Tuft et al16 Sourlis et al

Country Denmark Germany England Germany
Type of study Multicenter Multicenter Multicenter Single center
Study period 2000–2013 2000–2017 2003–2005 2013–2020
Case numbers 25 102 39 40
Female 64% 64% 61% 71%
Mean age 57 52 57 51
TPK (%) 52 66 29 67.5
Enucleation (%) 12 9 9 7.5

Abbreviation: TPK, therapeutic penetrating keratoplasty.
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for PCR would be negative because of insufficient depth. The sensitivity of confocal microscopy has repeatedly been
reported in the range of 80–94%,23–25 which coincides with our findings.

In previous studies, some authors advised performing a TPK mostly in cases of very severe fungal keratitis with
pending corneal perforation or in case of therapy-resistant infections after prolonged use of topical and systemic
antifungal medication, mostly presenting hypopyon.26,27 Gao et al reported the treatment of fungal keratitis performing
a deep anterior lamellar keratoplasty (DALK) with a recurrence rate of 9% due to fungal hyphae persistence in the deep
stroma.28,29 In our study, no DALK was performed.

Other recent studies have reported favorable results after early TPK in fungal keratitis. Xi et al showed that early TPK
only 2 days after admission, in combination with anterior chamber irrigation, was very effective in treating fungal
keratitis, with a low rate of recurrence while improving the CDVA. In more than half of the patients, the graft size was
larger than 8.5 mm, similar to our approach.30

Another study included 28 patients with very severe fungal keratitis who received TPK with an oversized graft (mean
10.5 mm) within the first week of admission.31 In 80% of these cases, the anatomic integrity of the eye was reduced, the
infection was completely eradicated, and vision was saved or improved. The enucleation rate was 14%. Similar findings
were reported by Rangel et al in a study assessing the outcome of large-diameter keratoplasty in severe cases of
infectious keratitis.8 In which the enucleation rate was 17%.

Koçluk et al compared two groups of cases of fungal/bacterial keratitis. One group received an early TPK within 15
days of symptom onset, and the second group received a TPK much later. The first group had a 100% therapeutic success
with clear grafts, improved vision, and no recurrence, whereas the second group had only 83.3% therapeutic success,
with 16.7% recurrence and one eviscerated eye.32 Laurik et al reported similar findings comparing two groups of patients
with therapy-resistant acanthamoeba keratitis, where one group receiving early TPK showed better visual rehabilitation
and graft survival than the second group receiving a TPK later on with an enucleation rate of 4.3%.33

Chatterjee et al showed that the ability of fungi to infiltrate usually inaccessible tissue is a major factor for the recurrence
of fungal keratitis. Since filamentous fungi may easily penetrate Descemet’s membrane, they spread quickly into the anterior
chamber angle and even into the retroiridal space.34 The authors reported that a misplaced optimism regarding the success of
conservative therapy associated with the limited availability of donor cornea delayed the decision for a TPK. For this reason,
early TPK should be considered and remain an effective treatment for filamentous fungal keratitis.

To allow early detection of fungal keratitis, we proposed the use of IVCM on the day of admission or the first
examination. This should always be performed by an experienced examiner prior to corneal scrapping. In vivo confocal
microscopy can be used as a recurrence marker in unclear situations, also after TPK.22

Regarding the TPK, a large graft is favorable with a safe distance from the infectious infiltrate and multiple (24–32)
single sutures (Figure 5). After completion of the suture placement, a circular intrastromal voriconazole injection using

Figure 4 In vivo confocal microscopy findings. Many hyphae in the form of bright branched hyperreflective lines of varying width (left, middle, right) some of which appeared
parallel (“railways tracks” - white arrow) in the corneal stroma, in the sense of fungal hyphae in context of fungal keratitis; (left) 44-year-old female patient as described in
Figure 3 (case no. 3); (middle) 52-year-old female patient as described in Figure 2 (case no. 15); (right) 33-year-old female patient (case no. 21) with fungal hyphae at a depth
over 200 µm in the cornea identified with in vivo confocal microscopy.
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a 30 gauge needle at the excision site of the host stroma may add to the safety of the procedure in terms of preventing
recurrence of the infection.35,36

The main limitation of this study is that the patient population was referred to a tertiary cornea-specialized referral
center. The most severe cases at a late stage of the infection were referred to our department. For this reason, it is difficult
to generalize our results to an “average population” with fungal keratitis.

In conclusion, fungal keratitis is a severe and difficult to treat infectious disease. This outcome is influenced by
multiple factors. The delayed correct diagnosis enables the pathogen to spread deep into the eye, resulting in a poor
visual outcome. Our results underline the following: (1) the important role of in vivo confocal microscopy for the
immediate diagnosis of fungal keratitis and (2) the need for early TPK with a sufficiently large graft diameter and safety
distance. These considerations could improve the outcomes of patients with fungal keratitis.
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