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Carcinoma of the ear: a case report of a possible
association with chlorinated disinfectants
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Abstract
In this report we present a case of squamous cell carcinoma developing in a mastoid cavity after prolonged
exposure to the chemical disinfectant, Eusol. The efficacy and safety of Eusol and other chloric acid
(hypochlorous acid) derivatives in clinical use is debated.
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Introduction

Primary squamous cell carinoma of the temporal bone is a
rare disease, however, it is the most common malignancy
occurring in this region. It has a female to male ratio of
1.2:1, and an incidence of 1 and 0.8 per million per year
respectively.

The aetiology of squamous cell carcinoma of the
external ear, middle ear, and the temporal bone is
unknown. A distinct relationship seems to exist between
chronic suppurative otitis media and otorrohea of many
years' duration and the development of the disease
(Moffat et al., in press). More than half the cases studied
in large series (Conley and Novack, 1960; Lewis, 1975)
supported this view. The latent period between the onset
of suppuration and the appearance of the neoplasia has
also been studied (Bizgalis et al., 1992). Cholesteatoma is
estimated to coexist in 25 per cent of cases (Michaels and
Wells, 1980; Bizgalis et al., 1992). Other authors (Coach-
man, 1951) concluded that progressive tumour growth
results in secondary infection of the middle ear via the
eustachian tube and the external auditory canal, and that
the otorrhoea is more likely to be a result of, rather than a
cause of, the carcinoma. Direct exposure to radium paint
(Beal et al., 1965) and previous history of head and neck
irradiation (Applebaum, 1979; Ruben et al., 1997) are
believed to have a direct aetiological role in the develop-
ment of this condition. Actinic ultraviolet rays have been
incriminated as a causal factor in external ear neoplasms
but their aetiological role in deep-seated tumours is
doubtful (Shaheen, 1997). Chronic irritation as in cases
of lupus vulgaris is said to play a role in producing the
carcinoma and it may be that the prolonged repetitive use
of an irritant disinfectant can also induce a squamous cell
carcinoma.

Sodium hypochlorite has gained attention in recent
toxicology literature since it was found to have mutagenic
activity in in vitro studies (Kawachi et al., 1980; Environ-
mental Protection Agency DPIM report, 1983) and has a
teratogenic effect on the developing rat foetus (Hasegawa
et al, 1986).

Case report

A 64-year-old Caucasian male who had had a left radical
mastoidectomy 40 years previously, presented to the ENT
department in 1995 complaining of blockage of his left ear
with intermittent discharge. After the original surgery he
failed to attend for follow-up and had since that time
consistently irrigated the cavity with the disinfectant Eusol.

On examination at the time the cavity was full of benign-
looking granulation tissue over the facial ridge which
regressed with conservative treatment, of combined
steroid-antibiotic ear drops. The patient then failed to

FIG. 1
Axial CT (in bone window) showing extensive bony erosion of
the lateral one half of left temporal bone involving the middle
ear, mastoid and sigmoid plate with extensive destruction of
the external auditory canal. There is no invasion of the otic

capsule.
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FIG. 2
Coronal CT view showing possible tegmental defect with
extensive temporal bone erosion laterally and the tumour
extending down the eustachian tube.

attend for review until he returned to the clinic, in 1998,
complaining of otalgia, blockage of the ear and recurrence
of the otorrhoea which recently had become blood-stained.
On examination, on this occasion the mastoid cavity was
filled with a granular firm and tender polypoid lesion,
which bled easily to touch. The coexistence of an ipsilateral
2 x 2 cm firm and non-tender neck mass, level II neck
nodes, was noted. His cranial nerve function including the
facial nerve was normal. Pure tone audiometric assessment
showed a left-sided conductive hearing loss of 75 dB
average across the frequency spectrum and in the
contralateral right ear he had a 35 dB high frequency
sensorineural loss. A nip biopsy was taken from the
polypoid lesion and histopathological examination
revealed a well-differentiated squamous cell carcinoma.
A high resolution axial and coronal computed tomography
(CT) of the temporal bones revealed a soft tissue mass in
the mastoid cavity extending into, and involving, the left
petrous apex with minor erosion of the inferior aspect of

FIG. 3
Tl-weighted axial MR image showing soft tissue mass

replacing the lateral one half of the left temporal bone.

FIG. 4
Coronal MR image, with gadolinium, demonstrating that the
tumour has eroded superiorly through the tegmen and
superior surface of temporal bone to involve the dura in the
middle cranial fossa and temporal lobe of the brain.

the cochlea (Figure 1) and the floor of the middle cranial
fossa (Figure 2). Magnetic resonance (MR) imaging, dual
echo axial and coronal, before and after gadolinium-
DTPA, showed enhancement of the lesion in the lateral
two thirds of the left petrous bone (Figure 3) and
meningeal enhancement at the lateral portion of the
temporal lobe (Figure 4). The patient underwent an
extended left temporal bone resection which included a
Crile's radical neck dissection with primary reconstruction
(Moffat et al., 1997). Six weeks post-operatively he
received a full course of radiotherapy consisted of 64 Gy
in 32 fractions over 6.5 weeks. The patient tolerated the
treatment remarkably well and showed complete recovery.
He is currently under surveillance in our combined
Oncology clinic.

Discussion
The development of squamous cell carcinoma in long-

standing mastoid cavities has been well documented
(Coachman, 1951; Issing et al., 1995) but the precise
aetiology is not known. Disinfectants have been used
empirically since 800 BC. Early reports of their use came
into light in the Greek classic, The Odyssey, where sulphur
dioxide was said to have been used. Chlorine was
discovered by the Swedish chemist Scheele in 1774 (Rutala
and Weber, 1997) and was later introduced for general
sanitation by the Frenchman Labarraque. In France, in
1825, Parisian surgeons used diluted solutions of hypo-
chlorites in managing wounds, gangrene and ulcers (Block,
1991) and reported great success. Chlorinated solutions
have been used as disinfectants for the last 200 years
(Morgan, 1989). They were widely used in various forms
during the First World War when introduced by Lorrain-
Smith (Lorrain-Smith et al., 1915). Many microbiologists
(Block, 1991) have questioned the efficacy of hypochlorites
as disinfectants. They have a wide spectrum of antimicro-
bial activity; ranging from human immune-deficiency virus
(HIV) (Resnick et al, 1986), through bacterial spores
(Sykes, 1970), protozoan species (Cursons et al., 1980) to
fungal pathogens (Whitmore and Denny, 1992).
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Chlorinated solutions are bleaching agents that have
proved to be powerful skin and mucous membrane
irritants (Dakin, 1915) due to the production of free
oxygen radicals as a by-product of their reaction with
organic material and water (Sax and Lewis, 1989). They
are said to be effective in cleansing wounds but delay
healing (Centers for Disease Control (CDC), 1982).
Laboratory studies (CDC, 1982) and Martindale's Phar-
macopoeia (Martindale, 1996) recommend that these
solutions should not be used in clinical circumstances,
and if Eusol is used to irrigate a wound the skin around the
wound should be protected with soft paraffin. Their use as
wound desloughers has been discouraged as they cause
superficial tissue damage (Dakin, 1915). It has been
suggested that their irritant effect on healing tissues may
be sufficient to preclude their clinical use (Brennan and
Leaper, 1985).

Eusol (̂ Edinburgh Solution of Lime) is a well-known
hospital disinfectant. The official chemical formula for
Eusol (BNF, 1998) is: 1.25 per cent chlorinated lime and
1.25 per cent boric acid mixed in purified water, freshly
prepared and cooled. It is one of the most commonly used
hypochloric acid derivatives with a minimum amount of
available chlorine of 0.25 per cent. There are no data
supporting the theory that hypochlorites may act as
carcinogens but data linking hypochloric acid to genetic
mutation (Kawachi et al., 1980; Environmental Protection
Agency DPIM report, 1983) do exist. Sodium hypochlorite
in particular has been the focus of attention since it was
revealed to have mutagenic activity in in vitro tests,
notably producing chromosomal aberrations in Chinese
hamster cells (Kawachi et al., 1980). Similar tests using
human embryo fibroblasts showed aberration in sister
chromatid exchange tests. Interaction of halogenated
compounds and nucleic acids (Olivieri et al., 1978) and
teratogenesis in the developing rat foetus (Abdel-Rahman
et al., 1982) have been reported. Short-term and long-term
bioassay studies on the carcinogenicity of sodium hypo-
chlorite in F344 rats (Hasegawa et al., 1986) demonstrated
an increasing incidence in both benign and malignant
neoplasia. Interestingly there was an increased incidence
of benign tumours in the rat ear duct system (Zymbal's
gland). A definite causal relationship with carcinoma was
not established. However, a potential synergistic carcino-
genic effect was observed when fibrosarcomas and
squamous cell carcinoma developed after topical applica-
tion of combined 10 per cent sodium hypochlorite with 4-
nitroquinolone I-oxide to the skin of the mouse (Hayatsu
et al., 1979); neither of these chemicals proved to produce
malignancy when applied alone. Hypochlorite agents have
been shown to cause overgranulation, local oedema, burn
and reduced capillary blood flow (Dakin, 1915). In
concentrations of 0.5 per cent and above intense cell
toxicity can occur (Martindale, 1996). Respiratory tract
irritation by released chlorine is a documented side-effect
of their usage. Furthermore, halogenated by-products have
been reported as a causal factor in gastrointestinal tract
cancer in several animal models (IARC working group,
1979; NIOSH, 1985). Ingestion of concentrated hypochlor-
ite solutions leads to chronic toxicity and the development
of active hepatic hyperplastic nodules and hepatocellular
carcinoma (Kurokawq et al., 1986).

Boric acid, the other component of Eusol, is a potent
skin and mucous membrane irritant (Martindale, 1996)
but, despite this, it has been used as the preferred
antifungal treatment in certain conditions in the past.
Boric acid has no known carcinogenic or mutagenic effect
on human or animal tissues. It is known to be a potent
respiratory tract irritant.

Both the ingredients of Eusol have toxic effects when
ingested (Martindale, 1996) and fatalities have been
reported.

We hypothesize that the continuous use of the irritant
disinfectant Eusol in the mastoid cavity of this patient may
be the aetiological factor in the development of his
squamous cell carcinoma. It is possible that the long-term
Eusol irrigation caused a mutagenic effect in the basal
layers of the epithelium or altered the growth rate of the
cells. Research into the efficacy of hospital and wound
disinfectants and their safety continues to evolve, but there
are no long-term studies of their effects on human tissues.
In many hospitals, the use of Eusol has been discontinued
because of its chemical instability, short shelf life, time-
consuming preparation and its cost. However, in view of
their recently revealed role in carcinogenesis, all oxidant
chemicals should be used cautiously. Diluted concentra-
tions of these compounds are still in common usage.
Current clinical applications include decontamination of
environmental spills of potentially infectious material and
chlorination of water distribution systems in haemodialysis
centres. Hyperchlorination is used in treating colonization
with Legionella species. The emergence of new groups of
compounds and their relative safety, and lower cost has
reduced the usage of chlorinated disinfectants.

Conclusion
This report highlights the controversy surrounding the

use of chlorinated disinfectants on human tissues. How-
ever, it has to be clear that there is no epidemiological data
suggestive of a carcinogenic effect of these compounds.
Many reports showed that chlorinated disinfectants can be
very irritant to the skin and mucous membranes (Dakin,
1915; Brennan and Leaper, 1985), others showed a
mutagenic effect on animal tissues (Kawachi et al., 1980)
and teratogenesis (Abdel-Rahman et al., 1982). Never-
theless, one has to recall that the above studies have all
employed high concentrations of these compounds far
beyond the safety limits allowed for human usage, and for
relatively short periods of time.
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