
Received: 2 February 1999
Revised version received: 30 March 1999
Accepted: 8 April 1999

Abstract ● Background: The
aetiology of most cases of keratitis
remains unclear because the caus-
ative agents respond to broad-spec-
trum antibiotics. Problems occur
when they become resistant to local
therapies. Further diagnostic mea-
sures such as corneal scrapings or bi-
opsies are then necessary. In order to
ensure early and gentle biopsy fol-
lowed by effective diagnosis within
24 h, corneal biopsy specimens were
obtained with a microtrephine.
● Patients and methods: Microbiop-
sies were obtained from 28 patients
suffering from corneal infiltrates or
ulcerative keratitis. Different stain-
ings were used to identify the patho-
gens. Photographs of the clinical
healing process were taken immedi-
ately after biopsy and during the fol-
low-up. ● Results: One hundred and
ten microbiopsies were performed.
One hundred and eighteen specimens
could be obtained. No perforation
occurred. In 5 of 10 cases in which
herpetic keratitis was predicted, her-
pes DNA could be confirmed. The
other five cases were found to be

caused by other microbes. In 15 of
18 cases, the bacterial pathogen
could be confirmed by Gram’s stain
diagnosis after microtrephination.
Corneal smear was positive in only 7
of these cases. In 2 of 6 cases, pre-
dicted to be caused by fungi, lacto-
phenol-blue staining of the microbi-
opsies showed positive results. Cor-
neal smear was positive in only 1 of
these 2 fungal cases. No intraopera-
tive or postoperative complications
occurred. No worsening of the dis-
ease as a result of treatment could be
observed. ● Conclusions: The con-
firmation of microbial cause of kera-
titis is more effective using microbi-
opsy than with corneal smears. As a
result of the effective treatment after
biopsy diagnosis, the majority of
cases of keratitis healed. Local thera-
py seems to have been optimised due
to the unroofing of infection during
biopsy as well. Therefore microbiop-
sy in combination with laboratory di-
agnosis may prove to be a very use-
ful diagnostic and possibly therapeu-
tic method in the clinical routine.
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Introduction

The aetiology of most cases of keratitis remains unclear
due to the response of the causative agents to broad-
spectrum antibiotics. Corneal smear is a well-established
and safe method for confirming a specific microbial
cause of an infiltrative keratitis and in the determination
of sensitivities of the specific microbes to antimicrobial

agents, such as antibiotics [4]. If prior to any antimicro-
bial therapy proper cultures are taken, a high proportion
of cases of bacterial or fungal keratitis will have a posi-
tive culture. Problems occur when keratitis becomes re-
sistant to local therapy or when there is progression de-
spite microbiologically negative smears [14]. These
complications are often followed by variable and ineffi-
cient antibiotic therapies resulting in hospitalisation. If
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preceded by antibiotic treatment, corneal smears often
show negative results because drug concentrations at the
site of infection are not always sufficient to kill infective
organisms rapidly [3]. In these cases a corneal biopsy is
a useful adjunct in the evaluation of pathogens [5, 9, 15].
For lack of sufficient and safe methods of obtaining cor-
neal biopsies, severe keratitis is often followed by pene-
trating keratoplasty.

We performed corneal biopsies with the microtre-
phine in order to verify the advantages and risks of this
technique [12, 13].

Patients and methods

Microtrephine

The microtrephine was designed in cooperation with Geuder En-
terprises (Heidelberg). It consists of a drill with an aperture of
160 µm and includes a 120-µm mandrel. It is driven at 30 000 rpm
in a dental drill unit.

Surgery

Microtrephination can be performed not only under general anaes-
thesia, but also using keracain eye drops for local anaesthesia. Be-
fore microbiopsy, povidone-iodine was dripped onto the corneas
to reduce surface contamination [2]. All patients were lying under
an operating microscope, and microtrephination was performed
under sterile conditions. During biopsy, the surrounding stroma
was carefully observed and the microtrephination was stopped as
soon as a stromal defect became visible [11]. Up to six biopsies
were performed on each cornea. Specimens were obtained at the
edge of the infiltrates, thereby avoiding the risk of perforation in
the necrotic and sometimes thin centre of the infectious process.
Afterwards, povidone-iodine was dripped onto the corneal defects
as antiseptic adjunct. The eyes were then rinsed with NaCl 0.9%.

Patients

Microbiopsy was performed on 28 patients. Preliminary studies
had been performed on burned rabbit corneas, healthy rabbit cor-
neas and enucleated human globes. This study was reviewed by
the appropriate ethics committee and was performed in accordance
with the ethical standards laid down in the 1964 Declaration of
Helsinki. All patients gave their informed consent prior to inclu-
sion.

Methods

Slit-lamp examination as well as conjunctival smears and antibiot-
ic treatment of the assumed infection had been performed in all
patients. At the beginning of the presented study, three patients
underwent microtrephination under general anaesthesia immedi-
ately before enucleation in order to test the handling of the micro-
trephine in living human corneae. Even in severe keratitis with lyt-
ic stroma no perforation occurred. Then three patients underwent
microbiopsy under general anaesthesia followed by corneal trans-
plantation. Since no intraoperative complications occurred, the ac-
quisition of microbiopsy specimens from patients suffering from
corneal infiltrates or ulcerative keratitis resistant to antimicrobial
therapy followed. Keracain eye drops were used for local anaes-

thesia. Corneal tissue was available for corneal transplantation if
corneal perforation occurred during biopsy.

Three different stainings were used to identify the pathogens:
(1) Gram’s stain to confirm bacterial infections, (2) lactophenol-
blue staining to ascertain fungal keratitis, (3) haematoxylin-eosin
staining to evaluate immunological processes, and a herpes PCR
for the evaluation of herpes DNA (HSV and VZV). In no case was
Acanthamoeba infection suspected; thus, calcofluor white staining
was not performed.

Photographs of the clinical healing process were taken imme-
diately after biopsy and during the follow-up (68–863 days after
biopsy).

Results

Twenty-eight corneae were punctured. One hundred and
ten microbiopsies were performed. One hundred and
eighteen specimens could be obtained. In eight cases one
part of the specimen remained in the hole and the other
part was found in the microtrephine. Electron microsco-
py was performed on specimens from a case of known
macular corneal dystrophy and the diagnosis could be
confirmed. Corneal biopsies were also obtained from a
patient with cystinosis, proven by histological results of
renal biopsies. The patient had a dense corneal opacity
with deposits and severe pain in the affected eye. Infra-
red spectroscopy of a microbiopsy specimen revealed a
deposit of calcium phosphate. Cystine itself could not be
confirmed with certainty using this method. Histological
preparation of these specimens was not useful for lack of
sufficiently specialized histological techniques.

Altogether 34 biopsy specimens from 20 corneas
were examined. Eighty-four specimen are still frozen.
Even from this small number of analysed biopsies, it was
possible to define a diagnosis so that a specific therapy
could be initiated.

Histological results

Gram’s stain

Eighteen corneal infiltrates that were predicted to be due
to bacterial infections were punctured. After Gram’s
stain, the bacterial origin of the infiltrates could be con-
firmed in 15 cases (83%). There were 10 infections with
Gram-positive, 3 infections with Gram-negative and 2
mixed infections of Gram-positive and Gram-negative
bacteria. The three cases without proof of bacteria could
be defined as a herpetic infection, a fungal infection and
a rosacea keratitis excluding an assumed superinfection.
Due to specific antibiotic treatments, all of these cases of
keratitis healed.

Corneal smears had been obtained in all of these
cases. Bacterial infection could be confirmed in only 7
cases (Table 1). McNemar’s test confirmed that microbi-
opsy was significantly more effective than a corneal
smear (P=0.005).
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Lactophenol-blue staining [1]

Six cases were investigated for fungal keratitis. This di-
agnosis could be confirmed by corneal smear in one case
of severe eye-burn. Microbiopsy also confirmed this case
and revealed a second case of fungal keratitis. Both were
treated successfully by local application of amphotericin
B (Table 2). The other four cases were proved to be her-
petic and/or bacterial infections.

Haematoxylin-eosin staining / rosacea keratitis

Microtrephination was performed in a patient with se-
vere keratitis of suspected bacterial or herpetic origin.
Gram’s stain and herpes PCR showed negative results.
Figure 1 shows HE staining of a microbiopsy at high
magnification. The finding of lymphocytes led to the as-
sumption of a chronic disease. Dermatological examina-
tion in combination with the histological results revealed
a rosacea keratitis. The keratitis healed under systemic
therapy with minocycline and local application of cor-
ticosteroids and antibiotics.

Herpes PCR

Herpes PCR is able to identify herpes DNA even in very
small specimens such as microbiopsies. The diagnostic
criterion for this method was decreased corneal sensitivity
with no specific morphological signs for a herpes infec-
tion, e.g. keratitis dendritica. In five of ten cases in which
herpetic keratitis was assumed, herpes DNA could be con-
firmed on herpes PCR. The other five cases were found to
be bacterial infections (four cases) or rosacea keratitis.

Clinical follow-up

No intraoperative or postoperative complications were
observed. No perforation occurred. At least one speci-
men could be obtained from each biopsy.
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Table 1 Gram’s stain: relation between proof of pathogens after
microbiopsy and corneal smear

Proof of pathogens Microbiopsy Corneal
in Gram’s stain scraping

Yes 15 7
No 3 11
Total 18 18

Table 2 Lactophenol-blue staining: relation between proof of
pathogens after microbiopsy and corneal smear

Proof of pathogens Microbiopsy Corneal
in lactophenol-blue staining scraping

Yes 2 1
No 4 5
Total 6 6

Fig. 1 Microbiopsy, specimen (St stroma, E epithelial cells, L
lymphocyte)

Fig. 2a–c Four microbiopsies in herpetic keratitis. a One day after
biopsy. b Same cornea 1 day after biopsy in high magnitude.
c Same cornea 9.5 months after biopsy



Figure 2a and Figure 2b show a cornea 1 day after mi-
crobiopsy. The clinical diagnosis was herpetic keratopa-
thy, confirmed by herpes PCR after microbiopsy. Figure
2b shows that the stromal defects are already epitheliali-
sed but can still be delineated in the stroma. Figure 2c
shows the cornea of the same patient at high magnifica-
tion 9.5 months after microbiopsy. The four minute pale
scars are hardly visible.

Figure 3a shows three microbiopsies at the centre of a
corneal ulcer due to rosacea keratitis 1 day after biopsy.
Three and a half months later the corneal ulcer is healed
(Fig. 3b), and biomicroscopy at high magnification
shows scarring of the ulcerative area and three pale biop-
sy scars.

In one case of severe eye burn, the stromal defects
were already invisible 2 weeks after microbiopsy due to
extensive corneal scarring and opacity.

Healing process

The median duration of follow-up was 250 days. No
worsening of the disease as a result of the treatment was
observed.

In 13 of 20 histologically analysed cases, the healing
process could be observed after application of a specific
therapy based on the histological and microbiological re-
sults. Clinical findings showed improvement in 5 cases.
In 2 cases neither progression nor improvement could be
observed. None of the patients showed progression of
the disease after microtrephination; in particular, no in-
traocular infection occurred. All corneal defects caused
by microtrephination healed. Closure of the epithelium
could be observed after 3–4 days. Most of the patients
were discharged with small scars. Two corneas showed
extensive scarring caused by herpetic keratitis. Penetrat-
ing keratoplasty will be performed after systemic therapy
with acyclovir.

Discussion

Microbiological culture of corneal smears or scrapings
are the basic diagnostic techniques in the clinical routine
[11]. The standard procedure of proper smears and cul-
tures should be made initially in a potentially sight-
threatening keratitis. If these standard procedures are
negative and the keratitis is not responding to treatment,
then other diagnostic procedures, such as biopsy, should
be considered in the attempt to differentiate between
bacterial, fungal, viral and immunological inflammation.
Additionally, corneal biopsy is recommended in cases of
deep stromal infiltrates such as infections with Acanth-
amoeba or fungal keratitis, which may cause problems
due to the depth of the pathogen [7].

Various biopsy techniques have been described [8].
Most ophthalmologists have used small trephines or
small wedge biopsies for years to help in the diagnosis
of keratitis when standard procedures of smears and cul-
tures have failed. These methods are known to induce
scarring and changes of corneal refraction [5]. Modifica-
tions of biopsy procedures such as the corneal flap ac-
cording to Hwang aim to minimise these refractive
changes [6]. Microbiopsy offers the possibility of diag-
nosing several diseases with a minimised risk of sight-
threatening scarring and refraction changes due to its
small diameter. Experiments on cadaver globes show
that a single puncture alters the topography only mini-
mally. Serial micropunctures in certain patterns may
cause a discrete corneal flattening. Clinically and histo-
logically, the scars after microbiopsy appear to be similar
to tensile scars caused by small corneal foreign bodies.
As long as these wounds are located peripherally, the pa-
tients do not notice them.

There are two possible ways of controlling the cutting
depth during surgery: (1) During surgery the surrounding
stroma is carefully observed. As soon as a white halo be-
comes visible around the tip of the instrument, the mi-
crotrephine must be removed from the cornea. 2. Look-
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Fig. 3 a Corneal ulcer in rosa-
cea keratitis 1 day after biopsy.
b The same cornea 3.5 months
after biopsy



ing through the operating microscope, a probationary
shallow microtrephination can be performed. After re-
moval of the microtrephine the stromal defect becomes
visible and the surgeon may assess its depth. If neces-
sary, the biopsy may be repeated. Nevertheless, micro-
trephination should be practiced on enucleated pig or
rabbit eyes before attempting microbiopsy in human cor-
neas. In agreement with other users of the microtrephine
we believe that microbiopsy is safe.

The main advantage of the microtrephine is that it is a
smooth biopsy which yields a fast and effective diagno-
sis. In our study, corneal scarring and two corneal trans-
plantations could be prevented due to early and specific
treatment.

As an additional therapeutic effect, microtrephination
allows better bioavailability of the antimicrobial agents

to the infection because of the biopsy, which unroofs the
corneal infection and reduces the pathogens [10]. Herpes
PCR offers the possibility of documenting the activity of
herpetic disease in a longitudinal study. Since the ocular
surface is constantly exposed to viruses, contamination
with HSV cannot be ruled out. At the moment, there are
no available studies to evaluate the contamination of
healthy eyes with HSV or the sensitivity of the Herpes
PCR. We assume that the fact that all cases of keratitis in
our study healed and that 5 of 10 biopsies were found to
be negative in herpes PCR confirms high sensitivity.

Microbiopsy is a comfortable and clinically useful di-
agnostic technique. It helps to ascertain clinically unreli-
able diagnoses and may serve as an adjunct in the treat-
ment of keratitis.
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