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Abstract
Purpose To compare the efficacy of topical voriconazole 1% and the combination therapy of 0.02% polyhexamethylene
biguanide (PHMB) and 0.02% chlorhexidine for the treatment of Acanthamoeba keratitis (AK).
Methods This is a prospective, pilot, double-masked randomized comparative study. Twenty-three eyes of 23 patients with
microbiologically (smear and/or growth on culture) confirmed AK were randomized to group BG (PHMB 0.02% and
chlorhexidine 0.02%) or group VZ (voriconazole 1%). Primary outcome measure was change in geometric mean (GM) of
the corneal ulcer size at final visit. Secondary outcome measures were change in visual acuity.
Results Out of 71 patients with confirmed AK seen during study period, 23 patients were recruited and 18 patients
completed minimum 2 weeks of treatment and further analyzed. Ten patients received BG, whereas eight received VZ.
Median ulcer size measured as GM of infiltrate decreased from 5.7mm (IQR, 5.3–6.5mm) (p= 0.02) to 1mm (IQR, 0–4.3 mm)
in group BG and from 4.5mm (IQR, 1.8–5.1mm) (p < 0.05) to 0.7mm (IQR, 0–1.6 mm) in VZ group. Median visual
acuity improved from 1.79 (IQR, 1.48–2.78) to 1.10 (IQR, 0.48–1.79) in BG group (p= 0.02) and from 1.60 (IQR, 1.00–2.78) to
0.80 (IQR, 0.48–1.30) in VZ group (p= 0.18).
Conclusion These outcomes suggest that topical VZ as a monotherapy in AK treatment is effective and comparable to BG
combination therapy but needs trials with larger sample size and longer follow-up to provide conclusive evidence.

Introduction

Management of Acanthamoeba keratitis (AK) poses several
challenges [1–3] such as delayed diagnosis, non-availability
of approved drugs, and unpredictable response to medical
treatment. Biguanides (BG) or diamidines [4–6], the mainstay
drugs for this condition, are not available as commercial

licensed ophthalmic preparations. They are required to be
administered for a prolonged period often resulting in severe
ocular surface toxicity and, in some cases, even intraocular
damage in the form of dilated fixed pupil and cataract for-
mation [7, 8]. Despite a prolonged treatment, 20–40% patients
fail to respond and end up undergoing surgery [9–14] for the
eradication of infection [15]. Therefore, the search for newer
treatment with drugs having [16–20] superior efficacy and
reduced ocular surface toxicity is ongoing.

In the past 2–3 decades, voriconazole has been exten-
sively studied primarily for its activity against fungi but has
also been studied for Acanthamoeba infection by several
authors. The drug has been shown to be effective against
both trophozoite and cyst forms in in vitro susceptibility
studies [6, 21, 22]. Cabello–Vilchez et al. [20] found its
efficacy to be superior to chlorhexidine and proposed it as a
first line of management. It has been shown to induce
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programmed cell death [21] of Acanthamoeba. Mono-
therapy with topical voriconazole 1% was found to be
effective in a rat cornea model of AK [12]. Use of vor-
iconazole as an adjunctive treatment via topical [23] and
oral routes [17, 24] has been shown to result in faster
resolution of AK in anecdotal human case reports.

Since voriconazole is available as a commercial pre-
paration, both for topical and oral administration, we
intended to carry out a study to assess the efficacy of topical
voriconazole monotherapy in the treatment of AK. The
efficacy was assessed in comparison to the current standard
treatment at our center i.e. combination of poly-
hexamethylene biguanide (PHMB) and chlorhexidine, in a
prospective pilot randomized comparative masked study.

Methodology

The study protocol was approved by the Institutional Ethics
Committee (LEC 08/16/06/063) and followed the tenets of the
Declaration of Helsinki. The study was registered (CTRI/
2018/04/013133) with Clinical Trials Registry-India (CTRI)
and was conducted at a tertiary eye care center in southern
India between August 2016 and March 2018. Being a pilot
study and owing to low incidence of the infection, the arbi-
trary sample size of 30 was decided according to the Rules of
thumb [25] as described by Browne et al. [26].

Consecutive cases of microbiologically confirmed AK
during the study period were included in the study. As we
were testing monotherapy with voriconazole for the first
time, we excluded advanced cases with widest infiltrate
diameter >8 mm, presence of gross thinning or corneal
perforation, associated limbitis or scleritis along with those
with age <18 years. We also excluded cases with mixed
infection, i.e., cases with some other infection along with
Acanthamoeba as confirmed on microbiological examina-
tion. Although confocal scan [27] is one of the tools to
recognize other coexisting infections, it could not be per-
formed in all cases owing to unavailability. Informed con-
sent was obtained from all the cases.

Cases were randomized to either group biguanides (BG)
(combination treatment with PHMB 0.02% and chlorhex-
idine 0.02%) or group VZ (voriconazole 1%) using random
allocation table (generated by computer allocation table) by
the microbiologist who also dispensed medication to both
the groups in look-alike dispensers. These had similar
appearances that could not be identified from outside. Both
the patient and the evaluating physician were masked to the
allocation group. All patients used two bottles (study drug
X and study drug Y) with a gap of 1 hour. In group BG, X
was PHMB and Y was chlorhexidine, whereas in group VZ,
both X and Y were voriconazole. Topical medications were
used hourly in day time, whereas every 2 hours during night

time for 1 week followed by continuation of two hourly
administration for 3 weeks and later reduction to six times a
day till the resolution of infection. Topical cycloplegics
were added in all cases. Patients were evaluated daily for
1 week and thereafter periodically based on the severity of
the disease by single physician who was responsible for
including, excluding, or withdrawing patients from the
study. As the physician was completely masked to the study
drug, decision about withdrawal of any patient was
unbiased and done essentially on clinical signs.

The clinical response was assessed by measuring the size
of corneal infiltrate and grading the anterior chamber
inflammation under slit-lamp examination. The size of the
infiltrate was measured in longest and widest perpendicular
diameters and geometric mean (GM) was calculated. The
severity of anterior chamber inflammation was graded using
SUN criteria [28]. Visual acuity of the patients was assessed
with Complog system [29] (computerized logMAR visual
acuity measurement). Other outcome measure was healing
time, i.e., the time for complete resolution of AK as defined
by development of corneal scar (GM being 0 mm) without
any signs of corneal and anterior chamber inflammation
(zero grade). All enrolled cases of both groups were
intended to treat for a minimum of 2 weeks duration to
assess the clinical response and, if found to be worsened
after 2 weeks or any point of time later, cases were with-
drawn from the study and shifted to either combination of
PHMB 0.02% and chlorhexidine 0.02% or subjected to
surgical treatment according to the severity of infection.
Treatment duration of minimum 2 weeks was decided based
on our previous experience and published literature [30].
However, owing to ethical reasons and pilot nature of this
trial, if the keratitis worsened within 2 weeks, appropriate
decision was taken in favor of the patient.

The statistical analysis was performed using the software
Origin v7.0 (OriginLab Corporation, Northampton, MA,
USA). The continuous data were checked for the normality
of distribution by Shapiro–Wilk test. The equality of var-
iance was assessed by Levene test. Mean and standard
deviation described the parametric data, whereas median
and inter-quartile range (IQR) described the non-parametric
ones. The categorical data were described in proportions.
Between groups, continuous data were compared by either
Student’s t-test (parametric data with equal variance) or
Mann–Whitney test (parametric data with unequal variance
or non-parametric data) and categorical data by Fisher’s
exact test. Comparisons between different visits were done
by paired t test or Wilcoxon signed-rank test for continuous
data and McNemar test for categorical data. Linear regres-
sion was performed to evaluate the relationship between
pre-treatment infiltrate size and change in infiltrate size.
Sensitivity analyses were performed after including cases,
which were originally excluded after randomization, by
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assuming both best and worst outcomes to determine the
effect of the loss of those participants on the change in ulcer
size. For this analysis, the worst outcome was defined as 2
mm increase in GM of infiltrate and the best one as clini-
cally resolved infection (GM being zero mm). A p value of
<0.05 was considered statistically significant.

Results

At the beginning of the study, we planned for 30 patients (15
in each group), however, the recruitment was terminated after
inclusion of 23 patients owing to extremely slow recruitment.
Despite seeing 71 patients of microbiologically proven AK
during the study period, majority of the patients could not be
recruited for various reasons (consort flow diagram).

After randomization, groups BG and VZ had 11 and 12
patients, respectively. Within BG group, one patient was
withdrawn from the study after 1 day of treatment owing to
reluctance for admission and follow-up. From VZ group, one

patient was withdrawn on third day of recruitment owing to
prior missing history of using topical voriconazole. Another
three patients in VZ group received treatment only for
7–8 days and were later lost to follow-up. These subjects were
excluded from the main analysis. Sensitivity analysis was
performed to see the effect of including these subjects
assuming best and worst outcomes (see later).

Remaining 18 (78.2%) patients were analyzed for their
outcomes at last visit. There were 10 patients in BG group and
8 patients in VZ group. As shown in Table 1, both the groups
(BG and VZ) were similar in the demographic details and
clinico-microbiological features. Mean age of the patients was
39.8 ± 14.3 years (range, 19–67 years) and male: female ratio
was 11:7. Median logMAR visual acuity was 1.80 (IQR,
0.86–2.78). Median duration from the onset of infection to
presentation was 30 days (IQR, 7–60 days) in BG group and
20 days (IQR, 10–30 days) in VZ group. Median ulcer size
measured as GM of the longest and widest perpendicular
diameters of infiltrate was 5.7 mm (IQR, 5.3–6.5mm) in
group BG and 4.5 mm (IQR, 1.8–5.1 mm) in group VZ. Both

Table 1 Demographic features
of the patients in group
(biguanides) BG and
(voriconazole) VZ at the time of
enrollment.

Features Group BG (PHMB and
chlorhexidine) N= 10 patients

Group VZ (voriconazole)
N= 8 patients

p value

Age (years), mean ± SD 37.4 ± 14.0 42.9 ± 14.2 0.38

Gender (male:female) 6:4 5:3 1.00

History of trauma, N (%, 95% CI) 7 (70 35.4–91.9) 6 (75, 35.6–95.6) 1.00

Duration of symptoms (days),
median (IQR)

30 (7–60) 20 (10–30) 0.60

Treatment at presentation

Antibiotics, N (%, 95% CI) 7 (77.8, 40.2–96.1) 6 (75, 35.6–95.6) 1.00

Antifungals, N (%, 95% CI) 3 (33.3, 9–69.1) 5 (62.5, 25.9–89.8) 0.35

Antivirals, N (%, 95% CI) 3 (33.3, 9–69.1) 3 (37.5, 10.2–74.1) 1.00

Steroids, N (%, 95% CI) 1 (11.1, 0.6–49.3) 2 (25, 4.5–64.4) 0.58

Visual acuity (logMAR),
median (IQR)

1.79 (1.48–2.78) 1.60 (1.00–2.78) 0.56

Limbitis, N (%, 95% CI) 1 (10, 0.5–45.9) 2 (25, 4.5–64.4) 0.56

Scleral involvement,
N (%, 95% CI)

1 (10, 0.5–45.9) 0 (0, 0–40.2) 1.00

Depth of infiltrate

Anterior stromal, N (%, 95% CI) 5 (50, 20.1–79.9) 5 (62.5, 25.9–89.8) 0.66

Mid stromal, N (%, 95% CI) 5 (50, 20.1–79.9) 3 (37.5, 10.2–74.1) 0.66

Posterior stromal, N (%, 95% CI) 0 (0, 0–34.5) 3 (37.5, 10.2–74.1) 0.07

Size of infiltrate: geometric mean,
median (IQR)

5.7 (5.3–6.5) 4.5 (1.8–5.1) 0.17

Ring infiltrate, N (%, 95% CI) 5 (50, 20.1–79.9) 4 (50, 17.5–82.6) 1.00

Radial keratoneuritis,
N (%, 95% CI)

2 (20, 3.5–55.8) 3 (37.5, 10.2–74.1) 0.61

Acanthamoeba cysts seen in
microscopy, N (%, 95% CI)

9 (90, 54.1–99.5) 8 (100, 59.8–100) 1.00

Acanthamoeba grown in culture, N
(%, 95% CI)

10 (100, 65.6–100) 7 (87.5, 46.7–99.3) 0.44

CI confidence interval, IQR inter-quartile range, PHMB polyhexamethylene biguanide, SD standard
deviation.
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the groups were similar in proportions of negative and posi-
tive smear and culture results.

Table 2 describes the comparison between the outcome
of patients from both the groups. At last follow-up, median
infiltrate size (in GM) decreased significantly (p= 0.02) to
1 mm (IQR, 0–4.3 mm) in BG group and decreased sig-
nificantly (p < 0.05) to 0.7 mm (IQR, 0–1.6 mm) in VZ
group. The final infiltrate size was comparable between BG
and VZ groups (p= 0.62). Statistical power was calculated
for the decrease in GM in both the groups and was found to
be 95.6% in BG group and 92.1% in VZ group. Median
inflammation score decreased significantly (p= 0.03 in BG
group and p < 0.05 in VZ group) from 2.0 to 0.5 in both the
groups. Median visual acuity improved from 1.79 (IQR,
1.48–2.78) to 1.10 (IQR, 0.48–1.79) in BG group (p=
0.02), whereas the improvement from 1.60 (IQR,
0.80–1.79) to 0.90 (IQR, 0.48–1.30) in VZ group did not
achieve statistical significance (p= 0.18).

Clinically, although there was complete clinical resolution
(Figs. 1 and 2) achieved in 4/10 patients from BG group and
4/8 patients from VZ group, 3/10 (30%) patients from BG
group and 3/8 (37.5%) patients from VZ group were still in
stage of clinical resolution at their last follow-up. The keratitis
in 3/10 (30%) patients from group BG and 1/8 (12.5%)
patient from group VZ worsened on the study treatment.
Although one of these three patients from BG group wor-
sened at 8 days of treatment and, based on clinical decision,
was withdrawn, other two patients initially showed signs of
clinical resolution with later worsening. Two of these three
exited patients responded with medical treatment completely
on follow-up while one patient continued to worsen and
required keratoplasty. The patient withdrawn from group VZ
owing to worsening of infection responded and healed com-
pletely when changed to biguanides.

The median healing time for resolution was 77.5 days in
BG and 52 days in VZ group. On evaluating the relationship
between pre-treatment infiltrate size (GM) and change in
infiltrate size (change in GM) in both groups, it was found
that in BG group, there was no significant (p= 0.06) rela-
tionship; however, in VZ group, there was a significant (p=
0.008) positive relationship between ulcer GM at presentation
and change in GM (R= 0.85; y= 1.27x−2.39).

Assuming best outcome, median change in infiltrate size
(in GM) was 5.3 mm (IQR, 0.5–6.1 mm) in BG group that
was comparable (p= 0.77) to 5mm (IQR, 0.5–5.9 mm) with
exclusion. Similarly, median change in infiltrate size (in GM)
was 5.1mm (IQR, 1.8–5.8 mm) in VZ group that was com-
parable (p= 0.47) to 3mm (IQR, −0.4 to 5.1 mm) with
exclusion. Assuming worst outcome, median change in infil-
trate size (in GM) was 4.7 mm (IQR, −1 to 5.9 mm) in BG
group that was comparable (p= 0.86) to 5mm (IQR, 0.5–5.9
mm) with exclusion. Similarly, median change in infiltrate
size (in GM) was 0.7 mm (IQR,−1.4 to 3.2mm) in VZ group
that was comparable (p= 0.30) to 3mm (IQR, −0.4 to 5.1
mm) with exclusion. Hence, sensitivity analyses based on
including the unfavorable cases showed no significant differ-
ence from when excluding those cases, providing confidence
in the findings. After the resolution, all patients were asked to
follow-up regularly for a duration of 1 year to watch for any
possible relapse of Acanthamoeba infection. Although 2/8
cases completed their 1 year follow-up after resolution, median
duration of follow-up was 85 days (IQR, 30–180) days.

Discussion

Voriconazole [31] is well established as an adjuvant or
monotherapy in the management of fungal keratitis [32]. As

Table 2 Comparison of clinical response between patients in group (biguanides) BG and (voriconazole) VZ.

Clinical signs/duration of response Group BG (PHMB and chlorhexidine)
N= 10 patients

Group VZ (voriconazole)
N= 8 patients

p value

Resolving keratitis at last visit, N (%, 95% CI) 3 (30, 8.1–64.6) 3 (37.5, 10.2–74.1) 1.00

Completely resolved, N (%, 95% CI) 4 (40, 13.7–72.6) 4 (50, 17.5–82.6) 1.00

Size of infiltrate: geometric mean, median (IQR)
at final visit

1 mm (IQR, 0–4.3 mm) 0.7 mm (IQR, 0–1.6 mm) 0.89

Days of treatment, median (IQR) 34 (19.5–87.5) 33.5 (24.5–50.5) 0.40

Median visual acuity at last visit 1.10 (IQR, 0.48–1.79) 0.90 (IQR, 0.48–1.30) 0.86

Worsened keratitis, N (%, 95% CI) 3 (30, 8.1–64.6) 1 (12.5, 0.7–53.3) 0.59

Application of tissue adhesive, N (%, 95% CI) 1 (10, 0.5–45.9) 1 (12.5, 0.7–53.3) 1.00

Therapeutic penetrating keratoplasty,
N (%, 95% CI)

1 (10, 0.5–45.9) 0 (0, 0–40.2) 1.00

Median duration taken for clinical resolution, 77.5 days (four patients) 52 days (four patients) N/A*

Final visual acuity (logMAR), median (IQR) 1.10 (0.48–1.79) 0.80 (0.48–1.30) 0.86

CI confidence interval, IQR inter-quartile range, PHMB polyhexamethylene biguanide. *Not applicable owing to small sample size.
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shown in in vitro trials [20, 21, 24, 33], there was an
inhibitory role of voriconazole when used as the sole agent
on Acanthamoeba cysts as well as trophozoites. In clinical
cases [17, 23], it has been used as adjuvant treatment (both
oral and topical) for refractory cases, but in contrast, in vitro
experiments performed by Talbott et al. [34] showed
antagonism between voriconazole and chlorhexidine. We
realized that results of in vitro testing cannot be directly
extrapolated to clinics owing to variability in the metho-
dology of trials [35], different host-immune responses, and
variation in the strains of Acanthamoeba used. Based on
these information in the literature, we performed this pilot
trial and observed an efficacious role of voriconazole as
monotherapy in some of our patients. Topical voriconazole
has its additional benefit than oral one owing to less-

systemic toxicity [36] and better affordability by patients.
We also compared their outcome with BG in combination
as the later were considered as standard treatment for AK.

We analyzed all cases who received any of the study
drug (BG or VZ) for minimum of 2 weeks and assessed
their outcome. Although treatment duration of 2 weeks
might not be appropriate for decision making in infection
like Acanthamoeba, it was considered for our study in view
of a pilot trial and ethical reason to assess timely manage-
ment and plan alternative intervention in case of worsening.
No patient in our series in either group showed signs of
toxicity of the ocular surface, which is in concordance with
the earlier reports of safety of voriconazole and BG in the
dosage used for the treatment of AK [7, 37]. The clinical
response in terms of resolution and worsening of keratitis

Fig. 1 Slit-lamp biomicroscopy in diffuse illumination showing the outcome of three cases in which Acanthamoeba keratitis resolved
completely with the use of topical voriconazole 1% alone. a at presentation and b after complete resolution.
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was almost similar in both the groups. The outcome of BG
group in the present study in terms of clinical resolution (7/
10) was similar to the study [9] done by Duguid IG et al.
[9]. Although relapse of infection is one of the complica-
tions in the medical management of AK on reduction or
stoppage of the treatment, none of the patients from our
study had recurrence reported on follow-up. This observa-
tion could be because of lesser duration of follow-up as
well. One other observation related to the positive rela-
tionship in between pre-treatment size of ulcer and its
change with treatment in case of VZ and not with BG, needs
further studies to see its clinical significance.

So, this study has the limitations like heterogeneity of the
groups in terms of previous treatment and severity of the
disease, smaller sample size, and shorter treatment period.
Yet as a proof of concept, this study provides important

information related to efficacy of topical voriconazole as a
monotherapy and additional studies with multicentric
trial with larger sample size with lesser limitations will be
able to add more evidence related to the utility of
voriconazole.

Summary

What was known before

● Voriconazole has been used as an adjuvant therapy for
the management of Acanthameoba keratitis.

● In animal trial, it has been used as a primary therapy and
single therapy with good outcome in terms of eradica-
tion of infection.

Fig. 2 Slit-lamp biomicroscopy in diffuse illumination showing the outcome of three cases with the combined use of biguanides (PHMB
0.02% and Chlorhexidine 0.02%). a at presentation b at complete resolution.
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● It has proven good in vitro efficacy against
Acanthamoeba.

What this study adds

● We are trying topical voriconazole as a first-line therapy.
● This will increase the options of management.
● As voriconaole is commercially available and less toxic

to ocular surface, it may be good alternative for the
treatment of AK.
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