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Table 2 Analysis ofannual number of cases ofAcanthamoeba keratitis and contact lens
disinfectant type

1995
Disinfectant to end
type 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 Feb

Chlorine - - - - - - - 1 3 7 -

Peroxide - - 1 - - - - - - - 2
Chlorhexidine - - - - - - - -
Heat - - - - - - - - - 1
None - - 11 2 - -
Unknown 1 - - - - - - 1 1 1 -

DIAGNOSTIC DELAY
The average diagnostic delay, measured as the
time between initial presentation to an ophthal-
mology unit (either at Bristol or elsewhere) and
commencement of anti-amoebal therapy, was
11-0 weeks (range 3 days to 56 weeks) in the
22 patients who were treated in Bristol. There
has been a marked decrease in diagnostic delay
in the latter part of the series: the average was
15-6 weeks before 1994 (13 patients) and 3-4
weeks from January 1994 onwards (nine
patients). Of those presenting directly to
Bristol Eye Hospital since January 1994, 5/8
have been started on anti-amoebal therapy
within 1 week. The most common initial diag-
nosis, in 17/22 (77%), was of a viral keratitis
(either herpes simplex, adenovirus, or unspeci-
fied), and in 8/22 (36%) a working diagnosis of
herpes simplex keratitis was made at presen-
tation. The initial treatment reflects this, since
10/22 (46%) were started on acyclovir at
presentation. The early appearances were also
occasionally attributed to epithelial abrasion.

CLINICAL FEATURES
The general pattern was for initial mild epithe-
lial changes to progress to more marked epithe-
lial loss and to subepithelial and stromal
infiltrate in cases of late diagnosis (Table 3).
An initial punctate epithelial loss was seen in
10/23 eyes (44%) and an initial dendriform
appearance in 9/23 eyes (39%). Overall, 14
eyes (61%) displayed dendriform epithelial
loss at some stage in the disease. Rarer epithe-
lial signs at presentation were a ring-shaped
epithelial defect in two eyes (9%) and a large
central ulcer in two eyes (9%). Punctate
changes progressed to a dendriform appear-
ance in six eyes (26%) and dendriform epithe-
lial loss progressed to a central ulcer in six eyes
(26%). In eyes that developed a central ulcer,
the average diagnostic delay was 16 1 weeks
(range 4-56).
A variety of infiltrate patterns could be seen.

Table 3 Clinicalfeatures and needfor keratoplasty related
to diagnostic delay

Diagostic deay

<6 Weeks 6-12 Weeks >12 Weeks

Total number of patients 11 8 4
Punctate epithelial loss 8 3 0
Dendriform epithelial loss 5 7 2
Central ulcer 1 4 4
Subepithelial infiltrates 4 3 0
Perineural infiltrate 7 0 0
Ring infiltrate 4 0 2
Dense central infiltrate 0 3 4
Penetrating keratoplasty 0 5 4

Multiple subepithelial infiltrates were seen in
seven eyes (30%) and a dense central infiltrate
occurred in seven eyes (30%). A ring infiltrate
was noted in only six eyes (26%) and a
perineural infiltrate in seven eyes (30%). The
average diagnostic delay in eyes that developed
a dense central infiltrate was 24- 1 weeks (range
6-56).

Keratic precipitates were seen in 15 eyes
(65%) and anterior chamber cells in 10 eyes
(44%). Hypopyon occurred in one eye.
Intraocular pressure remained normal in all
cases and scleritis was seen in only one eye.
Cataract did not occur in any eyes.

LABORATORY DIAGNOSIS
Acanthamoeba was cultured from the cornea,
contact lens, or contact lens case in 17 patients
(77%). In 13 patients (59%) the organism was
cultured when a corneal epithelial scraping was
placed on an E coli seeded non-nutrient agar
plate. In an additional four patients (18%) the
organism was cultured from the contact lens or
contact lens case. Of the remaining five cases a
scrape was not performed in two (contact
lenses and cases were sent for culture but grew
no Acanthamoeba) but all were contact lens
wearers who had either perineural or ring infil-
trate and responded to anti-amoebal therapy,
and had not responded to other therapy. In the
bilateral case Acanthamoeba was cultured from
the corneal scrapings from one eye only, but
the organism was identified histologically in
the corneal buttons obtained from both eyes at
the time of penetrating keratoplasty.

Bacterial co-isolates from corneal scrapes
were not a prominent feature of this series.
One scrape grew Corynebacterium and three
grew coagulase negative Staphylococcus.
No corneal biopsies were performed.

MEDICAL TREATMENT
Topical PHMB was used in combination with
Brolene in 20 eyes. In two of these eyes treat-
ment with PHMB was added to treatment with
Brolene alone after intervals of 13 and 17
weeks, as PHMB became available. In three
eyes Brolene was used alone, since these cases
occurred before PHMB was available. Initial
frequency of instillation of PHMB drops
was either hourly or 2 hourly depending on
severity, and treatment continued at this
frequency for an average of 5-9 weeks (range
0 5-9 weeks), after which it was continued four
times daily and eventually tailed off and dis-
continued. Out of 16 PHMB treated patients
who had stopped treatment by April 1995, the
average length of treatment was 24-7 weeks.

All but one patient received cycloplegics,
either atropine or cyclopentolate, and in 18/23
eyes (78%) topical steroids were used for at
least 2 months. In seven cases, where the
disease was mild, steroids were not used. No
patients were treated with systemic steroids
except post keratoplasty (see below) but oral
non-steroidal anti-inflammatory drugs were
used in eight cases. Supplementary antibiotics
were not used except in eyes that underwent
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corneal grafting. Most patients were admitted
to hospital for treatment except for five with
relatively mild symptoms and signs.

Results of medical treatment have mainly
been good. Of those eyes treated with medical
therapy alone, 10/14 regained a corrected
visual acuity of 6/6 or better after treatment
and 3/14 achieved an acuity of 6/9. All of these
eyes had been followed up for at least 3 months
by April 1995, and all had become quiet. None
has developed any subsequent reactivation of
inflammation. However, one eye became blind
despite lengthy treatment. In this case a severe
anterior uveitis was recorded and PHMB only
became available after 17 weeks of treatment
with Brolene, by which time the visual acuity
was already recorded at no perception of light.
One patient developed intolerance to topical
therapy, manifested as extreme discomfort on
application of the drops, and treatment was
discontinued after 2 months without any sub-
sequent relapse. No other toxic effects were
seen in the series.

SURGICAL TREATMENT
Penetrating keratoplasty was performed in
nine eyes. All but one of these had dense
central infiltrate with poor vision before graft-
ing and they were all characterised by a lengthy
period between first presentation and institu-
tion of anti-amoebal therapy (average 22-4
weeks, range 6-56 weeks). The patient without
dense infiltrate had been treated with Brolene
for 19 weeks and with PHMB for 4 weeks
before keratoplasty with little sign of improve-
ment, and was experiencing severe pain. The
average length of time between institution of
anti-amoebal therapy and keratoplasty was 45
days (range 3-120 days). None of the patients
treated since January 1994 has had a kerato-
plasty. All of the patients who underwent
keratoplasty were treated with topical anti-
amoebal agents and steroids postoperatively,
and two were given systemic steroids. Only one
has had a rejection episode, which settled
rapidly after treatment with topical steroids.
One has required suture adjustment but none
has required other refractive surgery.
Postoperative cylinder averages 3-08 dioptres
(range 0 5-6 00). All have a corrected visual
acuity of 6/6 or better except one with a visual
acuity of 6/7 5. The minimum follow up period
was 15 months.

Discussion
These results corroborate many of the findings
of other series of cases ofAcanthamoeba kerati-
tis. Especially prominent are the increase in
numbers of cases, especially since 1992, the
increase in numbers of patients wearing dis-
posable contact lenses, and the decrease in
diagnostic delay as the disease has become
more common. This series differs from earlier
ones in certain ways, particularly in the pres-
ence of contact lens wear as a predisposing
factor in every case, the high proportion of
patients attaining a very good visual outcome
from either medical or surgical treatment, and

the use of topical steroids in most cases. We
have also presented results relating to contact
lens cleaning and disinfection, which show
a predominance of cases associated with
chlorine disinfection.
The reason for the apparent increase in cases

is not clear, although an obvious factor might
be an increase in the number of contact lens
wearers in recent years. An additional possi-
bility is a change in the pattern of use of con-
tact lens disinfectant systems, particularly in
the case of disposable contact lenses, where the
use of chlorine disinfectants has been suggested
as a possible aetiological factor.18 19 Acantha-
moeba cysts have been reported to be resistant
to chlorine disinfection,20 and Acanthamoeba
has been isolated from contact lens cases disin-
fected by this method.21 In this series chlorine
is the most common type of disinfectant used
by patients who went on to develop
Acanthamoeba keratitis, and all of the cases in
users of chlorine have occurred since 1992. In
addition, some patients did not follow normal
contact lens cleaning and disinfection proce-
dures, either using no disinfectant or using dis-
infectant only seldom, or failing to use a
surfactant cleaner before lens disinfection. The
use of a surfactant cleaner has been shown to
be an effective way of removing Acanthamoeba
trophozoites and cysts.22 In the light of these
findings further research into the types of dis-
infectant used by patients with Acanthamoeba
keratitis is required, with a view to calculating
the relative risks of different lens type and dis-
infectant combinations. This series also shows
that it is important that contact lens practition-
ers should ensure at the time of prescribing
lenses that patients have understood disinfec-
tant procedures. A few patients reported occa-
sional overnight wear of lenses, which may
increase the risk of infection, since users of
extended wear disposable contact lenses have
been reported to have an increased risk of
developing bacterial keratitis.23
Another striking feature is the number of

patients whose initial diagnosis was of a viral
keratitis, especially herpes simplex. Increasing
clinical suspicion in contact lens wearers who
develop an apparent viral keratitis has led to
faster diagnosis as Acanthamoeba keratitis has
become more common. Our findings also con-
firm the therapeutic effectiveness of PHMB,
since all but three eyes in our series were
treated with this compound and 18/23
achieved a visual acuity of 6/6 after treat-
ment, while only one case resulted in a post-
treatment acuity of less than 6/9. Penetrating
keratoplasty is likely to be necessary only where
diagnosis has been delayed. The one poor
visual outcome in the series occurred in a
patient who was treated with PHMB only after
a lengthy period of treatment with Brolene
alone, by which time the eye was already
severely damaged. Overall, the results show a
considerable improvement on earlier experi-
ence of treating Acanthamoeba keratitis which
we believe is due to the effectiveness ofPHMB
and to increasingly early diagnosis. We also
used topical steroids in most patients, which
has in the past been reported to be relatively
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contraindicated in Acanthamoeba keratitis.24 In
our experience steroids have proved safe if
used in moderate doses when clinical improve-
ment has occurred after 1 to 2 weeks of anti-
amoebal therapy.
An encouraging feature of this series is that

all nine of the eyes that have undergone
penetrating keratoplasty have achieved a very
good visual result, and that there has so far
been only one rejection episode in one eye,
which resolved quickly. A review of previous
reports would not lead one to expect such a
high success rate for keratoplasty in
Acanthamoeba keratitis, but it should be noted
that seven of these eyes were treated with
PHMB (rather than other anti-amoebal
compounds) both before and after the opera-
tion, which could be expected to improve
prognosis. Most ofthe graft failures reported in
the literature were not treated with PHMB.
However, the total number of patients is small
and is likely to remain so, since the need for
keratoplasty has diminished with earlier
diagnosis, and it is therefore difficult to draw
definite conclusions about the prognosis for
keratoplasty.
The main recommendation that arises from

this series is that an increasingly high index of
suspicion is necessary in contact lens wearers
who have an atypical keratitis. This is espe-
cially the case in disposable contact lens
wearers and in lens wearers who have a dendri-
form keratitis that responds poorly to antiviral
medication, as well as in other unusual forms
of keratitis. We would recommend that these
patients undergo epithelial sampling and cul-
ture, since this is a simple procedure, and also
culture of contact lenses, lens cases, and solu-
tions. A negative culture does not rule out
Acanthamoeba keratitis, however, and in a few
cases where the clinical features are suspicious
a trial of PHMB for at least 2 weeks may be
necessary. In patients with a definite diagnosis
intensive treatment at an hourly or 2 hourly
frequency should be continued until marked
clinical improvement is seen, and then con-
tinued at a maintenance level for a further 4-6
months. Long term treatment is thought to be
necessary to eliminate the cyst form of the
amoebae which is more resistant to anti-
amoebal agents than the active trophozoite."1
Current treatment may be over cautious, but
recurrence of infection has been noted in
previous series, and therapy using topical
PHMB has so far proved relatively free of toxic
effects. In general, the prognosis may now be
said to be very good, especially if the diagnosis
is made early, when medical treatment alone is

likely to be effective. It can also be concluded
that penetrating keratoplasty remains a viable
option in severe disease, but is now usually
unnecessary except in cases of late diagnosis.
This study was supported in part by the Wellcome Trust.
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