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Abstract: Background: Early therapeutic penetrating keratoplasty (TKP) for Acanthamoeba keratitis
(AK) is thought to have a worse visual prognosis than the delayed optical penetrating keratoplasty
(OKP) after successful conservative treatment of AK. This has led to a tendency to prolong conservative
therapy and delay penetrating keratoplasty in patients with AK. This retrospective series presents the
results of patients with AK that underwent early penetrating keratoplasty after reducing the corneal
amoeba load through intensive conservative therapy, so-called “low load keratoplasty” (LLKP). Patients
and methods: The medical records of our department were screened for patients with AK, confirmed
by histological examination and/or PCR and/or in vivo confocal microscopy, which underwent ab
LLKP and had a follow-up time of at least one year between 2009 and 2023. Demographic data, best
corrected visual acuity (BCVA) and intraocular pressure at first and last visit, secondary glaucoma (SG),
and recurrence and graft survival rates were assessed. Results: 28 eyes of 28 patients were included. The
average time from initiation of therapy to penetrating keratoplasty (PKP) was 68 ± 113 days. The mean
follow-up time after LLKP was 53 ± 42 months. BCVA (logMAR) improved from 1.9 ± 1 pre-operatively
to 0.5 ± 0.6 at last visit (p < 0.001). A total of 14% of patients were under medical therapy for SG at the
last visit, and two of them underwent glaucoma surgery. The recurrence rate was 4%. The Kaplan–Meier
graft survival rate of the first graft at four years was 70%. The second graft survival rate at four years
was 87.5%. Conclusion: LLKP appears to achieve a good visual prognosis with an earlier visual and
psychological habilitation, as well as low recurrence and SG rates. These results should encourage us to
reconsider the optimal timing of PKP in therapy-resistant AK.

Keywords: low load keratoplasty; acanthamoeba keratitis; optic keratoplasty; therapeutic keratoplasty;
graft survival rate

1. Introduction

Acanthamoeba keratitis (AK) is a potentially sight-threatening infectious keratitis (IK)
caused by Acanthamoeba species [1]. The first AK case was described by Naginton et al.
after an ocular trauma [2]. AK accounts for 0–5% of all IK [3]. Incidence of AK is estimated
to be 0.33–1.49 per 10,000 contact lens wearers and 0.13–2.7 per million per year in the
general population [4–6]. While most AK occurs in contact lens (CL) wearers (71–91%) [3,7],
only 5% of CL-related IK is caused by Acanthamoeba [8,9]. AK can also occur in eyes
exposed to contaminated water, soil, or dust [3]. Early diagnosis of AK is decisive for a
good prognosis [10–12]. Patients with AK may suffer from photophobia, corneal epithelial
defect, perineural infiltration, ocular pain, multifocal stromal infiltration, ring-like stromal
infiltration, scleritis, and ultimately loss of vision or even of the eye itself [1,13–15] (Figure 1).
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infiltration, scleritis, and ultimately loss of vision or even of the eye itself [1,13–15] (Figure 
1). 

 
Figure 1. Clinical and histological findings of Acanthamoeba keratitis: (A) The left eye of a 45-year-
old male patient with Acanthamoeba keratitis. Visual acuity by admission was hand motion. Please 
notice the ring infiltrate (grey arrows) and the central corneal infiltrate (yellow arrow). (B) Post-
operative findings of the patient from (A). Visual acuity after ten years was 0.6 decimal. A penetrat-
ing excimer laser keratoplasty 7.5/7.6 mm was performed with corneal cryotherapy of the interface 
(“freezing-thawing-freezing”) before trephination. (C) The left eye of 21 year-old female patient 
with Acanthamoeba keratitis. Visual acuity by admission was hand motion. Please note the deep 
stromal neovascularization (grey arrows) and the central corneal infiltrate (yellow arrow). (D) Post-
operative findings of the patient from (C). Visual acuity after six weeks was 0.3 decimal. A penetrat-
ing keratoplasty with mechanical trephination 7.5/7.75 mm was performed with corneal cryother-
apy of the interface (“freezing-thawing-freezing”) before trephination. Please note the rapid regres-
sion of stromal neovascularization after removal of Acanthamoeba antigens with keratoplasty. (E) 

Figure 1. Clinical and histological findings of Acanthamoeba keratitis: (A) The left eye of a 45-year-old
male patient with Acanthamoeba keratitis. Visual acuity by admission was hand motion. Please
notice the ring infiltrate (grey arrows) and the central corneal infiltrate (yellow arrow). (B) Post-
operative findings of the patient from (A). Visual acuity after ten years was 0.6 decimal. A penetrating
excimer laser keratoplasty 7.5/7.6 mm was performed with corneal cryotherapy of the interface
(“freezing-thawing-freezing”) before trephination. (C) The left eye of 21 year-old female patient
with Acanthamoeba keratitis. Visual acuity by admission was hand motion. Please note the deep
stromal neovascularization (grey arrows) and the central corneal infiltrate (yellow arrow). (D) Post-
operative findings of the patient from (C). Visual acuity after six weeks was 0.3 decimal. A penetrating
keratoplasty with mechanical trephination 7.5/7.75 mm was performed with corneal cryotherapy of
the interface (“freezing-thawing-freezing”) before trephination. Please note the rapid regression of
stromal neovascularization after removal of Acanthamoeba antigens with keratoplasty. (E) Several
Acanthamoeba pathogens in the excised cornea of a patient with Acanthamoeba keratitis, some of
them are marked with arrows (periodic acid-Schiff “PAS” coloring).
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The indication, time, and success rate of keratoplasty (KP) for treatment of AK has
changed greatly over time but remains poorly defined [1]. Prior to the emergence of effective
medical treatment of AK, therapeutic Keratoplasty (TKP) was mainly performed to debulk
and control the infection. The prognosis of the procedure was frequently poor, with a high
recurrence rate of the infection in the graft, graft failure, and loss of the eye [16–19].

In 1985, Wright et al. reported the first medical cure using a combination of topical
neomycin and propamidine isethionate (Brolene®) [20]. Since then, medical treatments
with propamidines and biguanides have revolutionized the treatment of AK with good
success rates and relatively few side effects [13,21–23]. Approximately 75% of AK cases can
be successfully treated medically with a good visual acuity and without the need for future
KP [24]. Therefore, the old approach with early TKP has been abandoned in favor of a
second approach with medical treatment until a cure is achieved [18]. Optical keratoplasty
(OKP) for visual rehabilitation is only performed in eyes that have shown no signs of
infection/inflammation for 1–3 months after medical therapy has been stopped [13,25,26].
TKP was reserved for cases with (pending) corneal perforation, persistent keratitis under
prolonged medical treatment, and persistent epithelial defect. OKP had a better visual
prognosis and longer graft survival than late TKP in several studies [25–30].

However, the second approach has its own drawbacks. In about 25% of patients
with AK, it takes a very long time to achieve a medical cure, with several episodes of recur-
rence/exacerbation of infection/inflammation, and the spread of the infection/inflammation
to the sclera causing severe chronic pain and possibly loss of the eye [26,31,32]. In approxi-
mately 50% of these patients, a cure may never be achieved, leading to KP being performed
under very unfavorable conditions, such as in eyes with perforated corneas, major limbal
stem cell deficiency (LSCD), and severe corneal neovascularization or neurotrophic ker-
atopathy, consequently resulting in a poor visual prognosis, advanced glaucoma and, not
rarely, phthisis bulbi [33,34].

On the other hand, one of our previous studies showed that an early PKP in less than
five months after the onset of the symptoms in refractory cases may be associated with a
better visual prognosis and survival rate than a late PKP [8]. Another study from Moon
et al. also showed the possible benefits of TKP performed for treating infectious keratitis
within 30 days from symptom onset compared to TKP performed after 30 days [35].

Hence, the aim of this study is to explore the effect of performing PKP after reducing
the amoebic load in the cornea using intensive conservative antiamoebic therapy (AAT)
that we call “low load keratoplasty” (LLKP), and using a larger cohort and a minimal
follow-up time of one year.

2. Patients and Methods

This is a retrospective case series with patients who underwent a penetrating LLKP
in our department for AK. LLKP is defined as penetrating keratoplasty performed after
intensive AAT for some weeks, and before discontinuation of medical therapy, in patients
with deep stromal infiltrates progressing to limbus and/or visually significant corneal scar-
ring (Figure 2). The study was performed in accordance with the Declaration of Helsinki
and approved by the Ethics Committee of the Medical Association of Saarland, Germany
(Nr. 84/17). Written informed consent was waived due to the retrospective nature of the study.
All data were collected as part of the regular clinical examination and treatment process.

The medical records of the Department of Ophthalmology at the Saarland University
Medical Center, Saarland, Germany were reviewed for patients who underwent a pene-
trating LLKP between 2009 and 2023 for AK, and who had a follow-up of at least one year.
AK was confirmed by PCR, histology, microbiology, and/or in vivo confocal microscopy
(IVCM). Excluded were patients who underwent OKP or TKP with pre-operative conserva-
tive AAT for less than one week, or who had ocular comorbidities pre-operatively, which
severely reduce visual acuity (e.g., advanced glaucoma, posterior uveitis with damage to
the fovea, or a history of retinal detachment with foveal involvement). In patients with
two eligible eyes, only the more severely affected eye was selected. During this time period,
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67 patients with AK were treated in our department (18 patients conservatively and 48
with PKP). A total of 28 eyes met the above-mentioned inclusion and exclusion criteria.

All patients were intensively treated with biguanides and diamidines pre-operatively
for at least one week, ideally until the signs of inflammation decreased considerably.

Demographic data, corneal status, and time from initiation/intensification of antiamoe-
bic therapy due to new infection/exacerbation to performing PKP (time to PKP), number,
technical details of PKP, and best corrected visual acuity (BCVA) (uncorrected, contact lens,
pinhole, or spectacle-corrected) were documented. Counting fingers were documented as
logMAR 2, hand motion as logMAR 3, and light perception as logMAR 4 [36]. In addition,
graft survival, lens status, development of glaucoma, phthisis bulbi, and enucleation were
documented. As the decimal visual acuity chart is neither the standard nor easy to use
for statistical analysis, BCVA was converted to logMAR and Snellen units to match the
standard and to allow for comparison to the results of other studies. AK stage was defined as
described by Robaei et al. [24,26,37]: Stage 1 included patients with corneal epitheliopathy
only. Stage 2 included patients with corneal epithelial defect, stromal infiltration, and/or
perineural infiltration. Stage 3 included patients with stage 2 and corneal ring infiltrate.

All patients were initially hospitalized and treated conservatively. Conservative
therapy for AK consists of topical combination therapy of polyhexamethylene biguanide
(Lavasept®; B. Braun, Melsungen, Germany), propamidine isethionate (Brolene®; Sanofi,
Guildford, Surrey, UK), and neomycin sulfate 3500 IU/mL + gramicidin 0.02% + polymyxin
B sulfate 7500 IU/mL (Polyspectran®; Alcon Pharma, Freiburg, Germany) every half-hour
for 48 h, day and night, then every hour during the daytime for 3 days, and then reduced
to 5–8 times a day [8].

A riboflavin-UVA cross-linking was performed in 10/28 eyes pre-operatively using
the CCL 365 System (Peschke, Waldshut-Tiengen, Germany) [8].

Intraoperatively, corneal trephination of host and donor tissues was done using either
the 193-nm excimer laser (MEL80; Carl Zeiss, Jena, Germany, or SCHWIND Eye-Tech-
Solution, Kleinostheim, Germany) or Hessburg–Barrone vacuum trephine (Jedmed Instru-
ment, St. Louis, MO, USA). A donor diameter with oversize of 0.1 mm for excimer laser
and 0.25 or 0.5 mm for Hessburg-Barrone trephination was used [38–41]. Simultaneous
cryotherapy of the host cornea was applied at the graft–host junction in 17/28 eyes before
trephination (“freezing-thawing-freezing”) [8].

Post-operatively, patients were treated with Brolene 0.1%, Lavasept 0.02% (or 0.08%
starting at late 2023) [23], and Polyspectran or moxifloxacine hydrochloride (Vigamox®) eye
drops 5 times a day each. The eye drops were tapered every 6 weeks by 1x/day. Cortisone
eye drops were used post-operatively twice a day until epithelial closure and then 5x/day
with tapering 1x/day every 6–8 weeks [8].

Statistical analysis was performed using Microsoft Excel version 2402. Continuous
data were described as mean and standard deviation. Categorical variables were described
as percentages. When continuous variables were normally distributed, they were compared
using the Student t-test. Categorical variables were compared using the Chi-Square test.
A p-value of less than 0.05 was considered a statistically significant result. Graft survival
was assessed using Kaplan–Meier analysis.
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Figure 2. Flow chart for treatment of Acanthamoeba keratitis.

3. Results

A total of 28 eyes of 28 patients (age: 37 ± 16 years, range: 12–75 years) were eligible for
analysis. A total of 46% of the eyes had AK stage 2, and 54% had AK stage 3. The mean time
from onset of symptoms to LLKP was 123 ± 112 days (median: 78 days, 25th–75th percentiles:
[47.0–147.0]) (Figure 3A). The average time from initiation of adequate conservative AAT to
PKP was 68 ± 113 days (median: 12.5, 25th–75th percentiles: [10.0–58.0]) (Figure 3B). The
mean follow-up time after LLKP was 53 ± 42 months. The mean preoperative BCVA was
1.9 ± 1 logMAR (median: 1.8, 25th–75th percentiles: [1.0–3.0]) and the post-operative BCVA
at the last visit was 0.5 ± 0.6 logMAR (median: 0.25, 25th–75th percentiles: [0.2–0.48]). The
difference between pre-operative and post-operative BCVA was highly significant (p < 0.001).
BCVA results are summarized in Table 1 (Figure 3C). Of the eyes with visual acuity > 1.3,
one patient had a post-operative macula edema, one developed a limbal stem cell deficiency,
and one had advanced cataract. Eight eyes (29%) required a second PKP, and two of them
(7%) eventually required a third PKP. Only one eye (4%) suffered a recurrence after LLKP,
diagnosed through histological examination of the excised cornea. Excimer laser trephination
was used in 26 eyes (93%), and Hessburg–Barrone trephination was used in 2 eyes (7%).
One LLKP was performed combined with cataract surgery (4%). Round trephination was
performed in 25 eyes, and elliptic trephination was performed in 3 eyes. The average diameter
of the round trephinations was 8.1 ± 0.4 mm. Cryotherapy of the host cornea was performed
in 17 eyes (61%). None of the eyes was enucleated. Eleven eyes required amniotic membrane
transplantation after the keratoplasty to achieve epithelial stability (40%). Eight eyes developed
an acute ocular hypertension (29%), four of them required topical glaucoma treatment until
the last visit (14%), and two of these required one glaucoma surgical intervention each (7%).
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One of the repeated keratoplasties in our study was performed for recurrence of AK, one for
mycotic infection, three for immunologic rejection, and three for persistent epithelial defect
and melting of the transplant. The first graft survival rate at four years was 70% (Figure 4A).
The second graft survival rate at four years was 87.5% (Figure 4B). Additionally, there was
no significant difference between eyes which underwent cross-linking and those which did
not before LLKP regarding pre- and post-operative BCVA, rates of recurrence, glaucoma,
post-keratoplasty epithelial defect, and repeat keratoplasty (Table 2).

Table 1. Changes in best corrected visual acuity (BCVA) pre-operatively and at last visit in patients
who underwent a low load keratoplasty.

Pre-Operative BCVA a

(n = 28)
BCVA a at Last Visit

(n = 28) p-Value

Mean ± SD b (logMAR) 1.9 ± 1 0.5 ± 0.6 <0.001 c

Median [25th–75th percentiles] 1.8 [1.0–3.0] 0.25 [0.2–0.48]

BCVA > 20/32 0 (0%) 14 (50%)

BCVA 20/40–20/60 2 (7%) 7 (25%)

BCVA 20/80–20/200 7 (25%) 2 (7%)

BCVA < 20/200 19 (68%) 5 (18%)
a BCVA: best corrected visual acuity. b SD: standard deviation. c p-value of paired Student t-test. Bold: refers to a
significant p-value.

Table 2. Comparison between eyes which underwent cross-linking before low-load Keratoplasty and
those which did not.

Cross-Linking Group
(n = 10)

No Cross-Linking Group
(n = 18) p-Value

Pre-operative BCVA a

Mean ± SD b (logMAR) 2.2 ± 1 1.7 ± 1 0.19 d

Post-operative BCVA a

Mean ± SD b (logMAR) 0.5 ± 0.5 0.5 ± 0.6 1 d

Comparison of pre- and post-operative BCVA a

(p-value) 0.002 c <0.001 c

Acanthamoeba keratitis stage
(Stage 2:Stage 3) 6:4 7:11 0.26 e

Need for AMT-Patch after Keratoplasty
(yes:no) 5:5 6:12 0.37 e

Acute ocular hypertension after keratoplasty
(yes:no) 3:7 5:13 0.9 e

Use of topical glaucoma treatment at last visit
(yes:no) 2:8 2:16 0.49 e

Need for glaucoma surgical intervention
(yes:no) 1:9 1:17 0.64 e

Recurrence rate after keratoplasty
(yes:no) 0:10 1:17 0.44 e

Repeat keratoplasty
(yes:no) 2:8 6:12 0.43 e

a BCVA: best corrected visual acuity. b SD: standard deviation. c p-value of paired Student t-test. d p-value of
two-tailed Student t-test. e Chi-square test. Bold: refers to a significant p-value.
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Several drugs besides biguanides and propamidines have also shown some effective-
ness in treating eyes with AK. Miltefosine is an antiparasitic drug used to treat leishman-
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Figure 4. Kaplan–Meier charts for survival rate of the first and second corneal grafts. (A) Survival
rate of the first keratoplasty in years. (B) Survival rate of the second keratoplasty in years.

4. Discussion

In the following we will discuss the benefits and inherent limitations of medical
therapy, the possibility of compensating for these limitations with early LLKP, how to avoid
conservative and surgical overtreatment of AK patients, and the potential benefits and
limitations of LLKP compared with TKP and OKP.

Limitations of current medical treatment for AK and the early predictability of
failure of medical treatment:

The current standard treatment for AK consists of one biguanide compound (PHMB
0.02–0.08%, chlorhexidine 0.02%) as monotherapy or combined with a diamidine (propami-
dine 0.1% or hexamidine 0.1%) [42]. Antibiotics as eye drops are usually added as prophy-
laxis in cases of corneal epithelial defect and to reduce the bacterial load which provides
the trophozoites with nourishment [42].

Several drugs besides biguanides and propamidines have also shown some effective-
ness in treating eyes with AK. Miltefosine is an antiparasitic drug used to treat leishmaniasis,
and was reported to contribute to successfully resolving several AK cases. Natamycin is an
antifungal agent which also showed cysticidal effect against Acanthamoeba in vitro and
was successfully used in combination with chlorhexidine to treat AK. The antifungal drug
Voriconazole has also demonstrated positive results against AK [43].

Depending on the initial clinical findings of AK, the duration of medical treatment
could vary widely without a guarantee of success. In general, a favorable response could be
achieved within 14 days of biguanide monotherapy in approximately 80% of the cases re-
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sponding to adequate conservative therapy [44]. The median conservative therapy duration
for AK, including tapering time, in positively responding cases is, on average, 4.5 months
compared to 11.5 months in refractory cases requiring KP [26].

The previously mentioned variation in time of treatment between responsive and
refractory cases is indicative of two distinct courses of the AK (responsive vs. refractory)
rather than a gradual spectrum of response to medical therapy. Early differentiation between
the two courses could help guide the decision between conservative therapy alone and early
surgical intervention after intensive AAT, which we called “low load keratoplasty (LLKP)”.

The main predictor of a responsive course to AAT is an early diagnosis of AK [10–12,45].
Another important factor is the depth of the corneal infection. Patients with deep stromal
involvement have a significantly higher rate of prolonged conservative therapy, conservative
treatment failure, and worse visual outcomes than those with epithelial and superficial stromal
involvement only [22,46]. Interestingly, Tu et al. [46] even showed that deep stromal involve-
ment and/or the presence of a ring infiltrate at presentation were associated with worse visual
outcomes independent of symptom duration before diagnosis in 12/19 (63%) cases (odds ratio:
10.2, confidence interval: 2.9–36.1). They recommended using the presence of ring infiltrate
and involvement of deep corneal stroma to predict prognosis and guide decisions for more
aggressive conservative and surgical treatment, rather than the less reliable patient-reported
duration of symptoms. Additionally, anterior segment ocular coherence tomography (AS-OCT)
and IVCM can be very helpful in determining the depth of stromal infiltration [45,47].

There are several possible explanations for failure of treatment in AK. Although some
studies have highlighted the emergence of Acanthamoeba strains resistant to propami-
dine [42,48,49], biguanides still show very high cytocidal activity against Acanthamoeba
trophozoites and cysts in vitro, but lower activity in vivo. Therefore, resistance to therapy
alone cannot explain refractory cases.

On the other hand, the high affinity of biguanides for the corneal stromal tissue appears
to reduce their ability to penetrate the cornea, and consequently their bioavailability and
cytocidal activity against Acanthamoeba cysts in the deep stroma [50]. This limitation of
biguanides may explain the discrepancy between in vitro and in vivo sensitivity [13,48],
why early diagnosis is essential for the success of conservative therapy of AK [10–12], and
why cases with involvement of the deep stroma are unlikely to respond even to prolonged
and intensive conservative therapy.

Based on the above arguments, we believe that the use of intensive conservative AAT
followed by early LLKP in cases of AK involving the deep stroma would lead to a rapid and
substantial reduction or elimination of the amoeba load in the superficial corneal stroma, where
the drugs are most effective, and to an early surgical resection of persistent Acanthamoeba
pathogens located deep in the stroma, thus utilizing the advantages of both approaches.

Avoiding conservative and surgical overtreatment of patients with Acanthamoeba
keratitis:

An optimal approach to treating AK should take several factors into consideration.
It must avoid performing LLKP early in patients who would otherwise have responded
well to conservative AAT and, therefore, would not have needed keratoplasty. On the
other hand, it is important to avoid delaying keratoplasty in patients with advanced AK.
Otherwise, limbal and/or scleral tissues will become infected, and LSCD, deep stromal
neovascularization, or secondary glaucoma may develop, with devastating consequences
for the prognosis (Table 3). In addition, large-diameter corneal grafts will be unavoidable for
total excision. Such grafts are associated with an increased risk of corneal rejection [39,51].
It is also important not to delay visual rehabilitation with keratoplasty unnecessarily when
indicated, and to avoid prolonged conservative AAT in refractory cases, which increases
the likelihood of adverse effects of such therapy [52].

Therefore, to avoid conservative and surgical overtreatment while considering the previous
aspects, the following approach should be contemplated: conservative AAT remains the therapy
of choice if the deep stromal corneal infiltrates do not progress to the limbus. Otherwise, LLKP
should ideally be performed after a few weeks of conservative AAT, and before a large diameter
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graft (>8.5 mm) is required. It should also be performed in cases with visually significant corneal
scarring after a few weeks of conservative therapy to achieve visual rehabilitation as soon as
possible while avoiding unnecessarily long conservative AAT (Figure 2).

Table 3. Main complications of long-standing therapy-resistant Acanthamoeba keratitis.

➢ Extension of infiltration to the corneal limbus and possibly to the sclera;
➢ Excessive stromal neovascularization of the cornea;
➢ Limbal stem cell deficiency with persisting epithelial defects/ulcer;
➢ Neurotrophic keratitis;
➢ Iris atrophy with persisting pupil dilation and peripheral anterior synechiae;
➢ Mature cataract;
➢ Ciliary body detachment with ocular hypotony;
➢ Sterile chorioretinitis/retinal vasculitis.

Benefits and limitations of early low load keratoplasty compared to late therapeutic
or optic keratoplasties:

Best corrected visual acuity: BCVA varies among studies depending on the type of
KP performed (TKP vs. OKP), and the indications of TKP (persistent keratitis unresponsive
to AAT or corneal perforation). The BCVA achieved with LLKP appears to be better than
that achieved with TKP in several published series (Table 4), especially in patients who
received TKP mainly for impeding corneal perforation [26]. Interestingly, though, studies
in which the TKP was performed for failed medical treatment achieved a BCVA close to the
present study [25,30]. On the other hand, BCVA after LLKP appears to be slightly inferior
to that after OKP. This is probably because patients in the present series who had severe
complications of AK, such as LSCD, were much more likely to undergo TKP rather than
OKP if KP had been actively delayed. Another reason is that several patients in the current
series had their last follow-up visit right before removing the second part of corneal sutures,
which is likely to lead to a better BCVA [53].

Table 4. Comparison of results of best corrected visual acuity and various time spans related to
keratoplasty of the current series with other studies.

OKP b TKP c LLKP d (Current Series)

Robaei et al. [26] BCVA a > 20/32 13 (54%) 7 (26.9%) 14 (50%)

BCVA 20/40–20/60 6 (25%) 3 (11.5%) 7 (25%)

BCVA 20/80–20/200 3 (12.5%) 2 (7.7%) 2 (7%)

BCVA < 20/200 2 (8.3%) 14 (53.9%) 5 (18%)

Median time lag to keratoplasty
[25th–75th percentiles] (months) 17 [12.5–26.0] 7 [3.8–13.0] 0.4 [0.3–2.0]

Scruggs et al. [25] BCVA: median e

[25th–75th percentiles] (n) - 0.3 [0.00–1.1] (44) 0.25 [0.2–0.48] (28)

Kitzmann et al. [30] BCVA: median e [Range] (n) 0.1 [0–0.4] (9) 0.3 [0–2.0] (22) 0.25 [0–2.0] (28)

BCVA > 20/40 8 (89%) 11 (50%) 18 (64%)

BCVA < 20/200 0 (0%) 7 (32%) 5 (18%)

Onset of symptoms to initial
keratoplasty. Mean [Range] (months) 19 [85.0–70.0] 6 [1.0–23.0] 2.6 [0.5–5.0]

Zhang et al. [54]
(n = 59) BCVA > 20/60 - 29 (49%) 21 (75%)

BCVA 20/60–20/400 - 18 (31%) 4 (14%)

BCVA < 20/400 - 12 (20%) 3 (11%)

Awwad et al. [18] Median e [Range] (n) 0.2 [−0.1–0.3] (12) - 0.25 [0–2.0] (28)

Time from initiation of AAT to PKP.
Median [Range] (months) 13.5 [8.0–56.0] 0.4 [0.25–14.7]

a BCVA: Best corrected visual acuity. b OKP: Optic keratoplasty. c TKP: Therapeutic keratoplasty. d LLKP: Low
load keratoplasty. e Visual acuity is converted to logMAR for comparison.
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A major advantage of LLKP is that visual rehabilitation is achieved much earlier than
in patients who undergo a TKP or OKP. While 75% of patients in the current study received
LLKP within two months after initiating AAT, patients in whom KP is deliberately delayed
received TKP after more than six months, on average, and OKP after 13–17 months, on
average (Table 4). Such early rehabilitation is crucial for these young, working-age patients.

Loss of the eye: None of the eyes in the current series developed phthisis bulbi,
glaucoma leading to reduced visual acuity, or had to undergo evisceration/enucleation
within a follow-up time of 53 ± 42 months. This contrasts with the findings from the series
of TKP. The enucleation rate was 4/44 (9%) in the study by Scruggs et al. [25]. In a study by
Robaei et al. [26], 3–5/26 (12–19%) of patients who underwent late TKP developed phthisis
bulbi eventually, and 3–5/26 (12–19%) of them developed severe glaucoma leading to
reduced visual potential. This is probably because LLKP is performed on eyes with intact
global integrity and without (prolonged) limbal and/or anterior chamber involvement. In
addition, Acanthamoeba antigens are debulked through LLKP, as these could otherwise
induce severe and recurrent episodes of keratitis, limbitis, and scleritis even when the
pathogens are no longer viable [15,47,48,55].

Recurrence of Acanthamoeba keratitis: Recurrence rate after TKP varies widely in
the literature, depending on pre-operative treatment, type of KP (DALK vs. PKP), and
diagnostic criteria for recurrence. Only a positive culture for Acanthamoeba obtained from
the patient’s corneal tissue can prove the presence of viable Acanthamoeba pathogens in
cases of recurrence with certainty. However, the accuracy of culture is limited due to the
high rate of false negatives [56]. On the other hand, positive histological findings, PCR, and
IVCM results can prove the initial diagnosis with a high degree of certainty. However, they
cannot prove recurrence with certainty [6,43,45,56]. The recurrence rate in the present study
was 1/28 (3%), diagnosed with positive histological findings in the excised corneal button
obtained during repeat PKP. The recurrence rate is estimated to be 4–41% in patients with
pre-operative treatment with biguanides and with/without propamidines who underwent
TKP [26,30,57]. Recurrence after OKP is estimated to be 0–22% [26,30]. Therefore, early
intervention in LLKP seems to achieve a lower risk of recurrence compared to TKP and
OKP. This is probably due to the early surgical removal of pathogens in the deep stroma
before they spread further to the deep peripheral stroma at the limbus.

Secondary glaucoma after keratoplasty: After many months of unsuccessful con-
servative treatment, persistent wide pupils with iris base structures blocking the anterior
chamber angle is not uncommon. In addition, mature cataracts do not rarely develop in
long-standing AK under high dosage of conservative treatment. The rate of secondary
glaucoma after KP for AK varies in the literature between 8 and 40% after TKP [30,54,57]. In
the TKP series by Kitzmann et al., 1/22 patients required glaucoma surgery (5%). The rate
of secondary glaucoma after OKP was 1/9 (11%) with no surgical intervention required [30].
In the current study, eight eyes developed acute ocular hypertension at some time after
keratoplasty (26%), four of which required topical glaucoma treatment at the last visit
(13%), and two out of these required glaucoma surgery (7%). The rate, therefore, appears to
be within previously published limits.

Graft survival rate: Graft survival in patients with AK is known to be reduced
compared to other types of infectious keratitis, and was 76% at one year, 67% at two years,
and 56% at three years in a large cohort of eyes undergoing OKP or TKP [28], and 52% at
two years for eyes which underwent TKP. Kashiwabuchi et al. [57] reported a graft failure
rate as high as 56% after TKP. Graft survival at 12 months was 55% for the first PKP and 45%
for the second PKP. Interestingly, the two-year survival rate in eyes that did not develop
glaucoma after keratoplasty was approximately 70%, which was significantly better than
in patients who developed glaucoma after keratoplasty [57]. Kitzmann et al. showed a
survival rate of 45% at one and two years after TKP (22 patients), and a survival rate of
100% at one and two years after OKP (nine patients) [30]. Robaei et al. [26] reported a repeat
PKP rate of 27% after TKP and 13% after OKP. However, it was not clear whether the eyes
that underwent TKP and developed phthisis bulbi all underwent repeat keratoplasty or not.
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Therefore, a direct comparison with our results is not possible. In the present study, the
four-year survival rate was 70%, with the majority of rejections occurring in the first year
(6/8). Consequently, the rate in the current series seems to be better than that after TKP
in both studies by Veugen et al. and Kashiwabuchi et al. [28,57] similar to the general rate
after PKP for AK and that in eyes without glaucoma after keratoplasty, and somewhat
worse than that after OKP.

Graft failure in AK appears to be multifactorial, with glaucoma [57,58], recurrent
infection, immune response, and persistent epithelial defect, most likely due to neurotrophic
keratitis associated with AK [56,59,60], playing a role. AK is often reported to reduce corneal
sensation [56,59,60], often leading to misdiagnosis as herpetic keratitis [45]. Acanthaporin,
an Acanthamoeba toxin, is cytotoxic to human nerve cells and may be one of the factors
responsible for corneal nerve damage [1]. In cases of advanced AK, extensive nerve damage
may explain the persistent epithelial defects after PKP, and may therefore play a role in
graft failure and prognosis. The lower rate of secondary glaucoma, as well as that of
recurrence after LLKP, may partly explain the lower rate of graft failure compared to
TKP. In addition, LSCD and severe stromal neovascularization typically develop after
long-lasting therapy-resistant disease, which results in the deterioration of graft survival.

To wait or not to wait?
To determine the role of the optimal timing of PKP in AK in maximizing graft survival

and overall prognosis, the question is how the timing of PKP influences the development
of complications associated with AK (Table 3).

The best timing should minimize the risk of all the above factors, not just some of
them, while increasing the risk of others. Deliberately delaying PKP to achieve OKP may
reduce graft failure due to immunologic rejection in those eyes that eventually respond to
medical therapy (29–48%) [26], but it increases the risk of recurrence, glaucoma, LSCD, and
perforation without avoiding surgery on the inflamed eye in those who do not respond
(52–71%) [26,30].

In addition, to the best of our knowledge, there are no known modifiable factors that
could sway the odds towards OKP and away from TKP in patients undergoing deliberately
delayed keratoplasty with conservative AAT. Therefore, the results of OKP and TKP should
not be considered as two separate groups, but as one large group resulting from deliberately
delaying keratoplasty, with a subgroup that eventually responds to conservative therapy
(OKP) being better than the subgroup that does not respond (TKP).

On the other hand, the current series shows that earlier LLKP may reduce secondary
glaucoma and recurrence while preserving global integrity, probably resulting in an overall
better prognosis and earlier visual rehabilitation than those achieved by actively delaying
PKP, despite resistance to conservative therapy, and certainly a much better prognosis than
in patients treated with PKP alone before the advent of effective conservative AAT.

We recommend performing LLKP in cases with deep stromal infiltrates, or central
corneal infiltrates/scarring that would require future KP, ideally after a few weeks of
medical treatment, as mentioned in the Methods section (Figure 2). However, we do not
recommend actively postponing PKP if the clinical findings suggest otherwise, because the
optimal timing of PKP should be determined based on clinical findings and should not be
considered an independent prognostic factor.

The comparison between eyes which underwent cross-linking and those which did
not before LLKP demonstrates that the use of cross-linking as an adjuvant therapy does
not appear to increase the rate of any of the complications of AK after LLKP. On the other
hand, the effectiveness of cross-linking cannot be adequately assessed based on the current
data, due to the low number of eyes and to the low recurrence rate. Additionally, due to
the retrospective nature of the study, a selection bias cannot be excluded.

This study is limited by its retrospective design, the lack of our own control group
using other approaches, and the relatively small number of cases, which does not allow
further understanding of the role of glaucoma, epithelial defect, or recurrence in the results
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obtained. Further studies are needed to determine the modifiable risk factors for secondary
glaucoma, recurrence, persistent epithelial defects, LSCD, and immunologic graft rejection.

In summary, intensive treatment of AK with antiamoebic agents for a few weeks to
reduce the amoebal load, followed by an LLKP in cases of visually significant corneal scar-
ring or deep stromal infiltrates progressing to limbus, appears to combine two advantages:
1. The high efficacy of medical therapy in eradicating the amoeba in the superficial stroma
and reducing its overall load, and 2. the efficacy of PKP in eradicating the Acanthamoeba
pathogens and their antigens in the deep stroma before they spread further to the periphery
or cause recurrent episodes of severe inflammation. The current approach appears to
achieve good visual outcomes, with much faster visual rehabilitation, fast psychological
relief, and lower recurrence and secondary glaucoma rates than TKP, similar to OKP. Al-
though graft survival was superior to TKP, it was still inferior to OKP. Nevertheless, the
overall benefits of LLKP should encourage us to reconsider the optimal timing of PKP in
patients with AK therapy-resistance and to further investigate the factors behind it.
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