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Otorhinolaryngology, Diakonessen Hospital, Utrecht, the Netherlands

Abstract

Background. Subtotal petrosectomy for chronic suppurative otitis media requires obliteration
of the mastoid cavity and middle ear. Usually, abdominal fat is used for this purpose.
However, infection is a risk of using fat, which might require revision surgery. The use of
S53P4 bioactive glass with antibacterial properties seems an attractive alternative.

Methods. Two patients with a history of chronic suppurative otitis media, complicated by
profound perceptive hearing loss, had already been surgically treated, and were thereafter
extensively treated conservatively. Because of recurrent chronic otorrhoea and pain, subtotal
petrosectomy with obliteration of the cavity with S53P4 bioactive glass was performed.
Results. Follow-up duration was 84 months and 18 months, respectively. No complications
occurred peri-operatively. A dry ear was obtained and no late adverse events were observed.
Conclusion. S53P4 bioactive glass is feasible to use for obliteration after subtotal petrosect-
omy. Elimination of chronic suppurative otitis media can be achieved with this technique.
The bioactive glass granules might be an attractive alternative to abdominal fat, which has
a risk of infection.

Introduction

Subtotal petrosectomy is an effective surgical technique for treating chronic suppurative
otitis media (CSOM) when the affected ear has no serviceable hearing."* It involves com-
plete exenteration of all air cells of the temporal bone (middle ear and mastoid), closure of
the Eustachian tube, and closure of the external auditory canal with a blind sac. Finally,
the middle ear and tympanomastoid cavity are obliterated.

Obliteration provides a relatively safe and secure closure of the surgical defect in the
temporal bone, and eliminates problems associated with an open mastoid cavity, such
as the need for regular cleaning, infection, and possible vertigo after exposure to water
or wind. Usually, abdominal fat is used for this purpose.””> However, there is a consider-
able risk of complications (ranging from 10-40 per cent) when using fat for obliteration,
such as infection or fat necrosis, which may necessitate revision surgery.*

In general, patients requiring subtotal petrosectomy are compromised because of prior
surgery or co-morbidities, and therefore might have a higher risk of complications such as
infections. However, patient burden and considerable additional hospitalisation costs can
be avoided if infection rates can be lowered.

Bioactive glass might be a candidate to reduce infection rates after obliteration. S53P4
bioactive glass (BonAlive Biomaterials, Turku, Finland) has been successfully used in the
treatment of bone and bone cavity infections.”™® S53P4 consists of 53 per cent silicon
dioxide (silica) and 4 per cent phosphorus pentoxide, which has antibacterial properties.
Furthermore, it is readily available; hence, no extra time or abdominal incision is neces-
sary for its harvesting. It cannot be contaminated with diseased cells as opposed to autolo-
gous material, and has osteoconductive and osteostimulative properties.'”!!

Several long-term studies have already shown successful mastoid cavity obliteration
with S53P4 bioactive glass for patients with cholesteatoma, troublesome radical cavities
or CSOM.>'*"!* This case series describes the follow up of two patients after subtotal pet-
rosectomy and obliteration of the tympanomastoid cavity with S53P4 bioactive glass in
chronically discharging ears. With these cases, we would like to illustrate our experience
with S53P4 bioactive glass as an obliteration material in subtotal petrosectomy, an alter-
native to the widely used autologous abdominal fat.

Cases

Patient A was a 59-year-old male well known at the department of otorhinolaryngology
because of a history of pain and discharge of the right ear caused by CSOM, complicated
by profound perceptive hearing loss. He had already been surgically treated with a mas-
toidectomy twice, and subsequently extensively treated conservatively with topical and
systemic antibiotics. However, chronic disabling otorrhoea continued.

https://doi.org/10.1017/50022215122001116 Published online by Cambridge University Press


https://www.cambridge.org/jlo
https://doi.org/10.1017/S0022215122001116
https://doi.org/10.1017/S0022215122001116
mailto:cobylindeboom@live.nl
https://orcid.org/0000-0003-2201-4713
https://doi.org/10.1017/S0022215122001116

106

Fig. 1. Coronal computed tomography scan of the right middle ear of patient A,
showing homogeneous distribution of S53P4 in the surgical cavity of the middle
ear and epitympanic space.

Patient B was a 76-year-old male patient with a history of
diabetes type 2 and CSOM of the right ear with cholesteatoma
since the age of 59 years. He had already been surgically trea-
ted with a radical modified mastoidectomy and subsequent
revisions, including a bony obliteration, complicated by a pro-
found perceptive hearing loss. Furthermore, both local and
systemic antibacterial therapies were unsuccessful, and chronic
fetid otorrhoea persisted.

In order to control the chronic ear infection, we decided to
perform a subtotal petrosectomy with S53P4 bioactive glass
obliteration of the cavity in both patients. Total follow-up dur-
ation for patient A and patient B was 84 months and 18
months, respectively. No complications occurred peri-
operatively and complete control of the CSOM with pain relief
was obtained for both patients. In both cases, follow up con-
sisted of diffusion-weighted magnetic resonance imaging.

One year post-operatively, patient A noticed a feeling of
pressure in the right temporal region, but no signs of an
(ear) infection such as otorrhoea or pain were observed.
Computed tomography (CT) showed a homogeneous obliter-
ated cavity (Figure 1). Magnetic resonance imaging showed no
signs of diffusion restriction. The former imaging could not
explain the complaints; therefore, it was decided to perform a
fluorine-18 (18F) fluorodeoxyglucose (FDG) positron emission
tomography (PET)/CT (18F-FDG-PET/CT), which showed
FDG uptake in the obliterated cavity only (Figure 2). The level
of FDG uptake seemed too low for an infection, and was more
likely to reflect (reactive) metabolic activity in the obliterated mas-
toid cavity. However, a distinction between new bone formation, a
foreign body reaction or scar tissue could not be made based on
this 18F-FGD-PET/CT scan. Three years post-operatively, an
18F sodium fluoride (NaF) PET/CT (18F-NaF-PET/CT) was per-
formed to attempt to visualise new bone formation, which showed
increased uptake of 18F-NaF at the cavity border (Figure 3). This
was considered as osteoblast activity induced by the S53P4 bio-
active glass, indicating new bone formation.

Discussion

The use of abdominal fat to obliterate the tympanomastoid
cavity in subtotal petrosectomy has a long history and is
well accepted by the otologist community; hence, it is surpris-
ing that high rates of post-operative complications persist.*'>
Abdominal fat tends to shrink (or become atrophic), reversing
the desired effect. There are risks of infection and fat necrosis,
necessitating antibiotic treatment or revision surgery, and its
harvesting involves a superfluous abdominal incision. These
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Fig. 2. Axial fluorine-18 fluorodeoxyglucose (FDG) positron emission tomography/
computed tomography (18F-FDG-PET/CT) scan, revealing increased FDG uptake in
the obliterated area of the right middle ear and mastoid, without FDG uptake in
the contralateral mastoid.

Fig. 3. Axial fluorine-18 (18F) fluorodeoxyglucose positron emission tomography/
computed tomography scan, showing increased uptake of 18F-sodium fluoride on
the edges of the obliterated cavity of the right middle ear and mastoid, indicating
active bone formation.

issues have prompted the search for a safer and more effective
obliteration material that is ideally accessible at any time and
in any amount, is easy to handle, and maintains a stable size
and shape over time.

In recent years, there has been an increasing interest in the
potential properties of bioactive glass.””'" Bioactive glass has
significant advantages associated with two main features: bac-
terial growth inhibition and stimulation of new bone forma-
tion. Various mechanisms have been proposed regarding
these features’ modes of action. These include: the leak of
ions resulting in bactericidal action against micro-organisms;
an increase of environmental pH and osmolarity in the sur-
rounding environment; and ‘needle-like’ sharp glass debris
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that could potentially damage bacterial cell walls and facilitate
the penetration of antimicrobial agents in the microbial cyto-
plasm.'*'®

In this case series, both patients showed that obliteration
with bioactive glass resulted in complete elimination of
CSOM, with no post-operative wound infection. Therefore,
bioactive glass granules might be viable as an alternative filler
material to abdominal fat, to reduce the risk of post-operative
infections. Moreover, by using synthetic bioactive glass,
there is no need to harvest abdominal fat using a transverse
midline incision below the umbilicus, thereby eliminating
the risk of infection and fat necrosis, and resulting in a shorter
operating time. Furthermore, bioactive glass stimulates various
biological responses, prompting osteostimulation and osteo-
conduction. Osteostimulation refers to osteoblast cell recruit-
ment and differentiation, as well as osteoblast activation to
produce new bone in a bony environment. When immersed
in physiological fluids, bioactive glass causes a leak of ions, cul-
minating in the development of a bone-like hydroxyapatite
layer on the granules’ surface, starting the process of osseoin-
tegration. Osteoconduction by bioactive glass occurs by pro-
viding latticework or scaffolding for the bone to grow along
in vivo.''71°

The 18F-NaF PET/CT scans in this case series showed
increased uptake of 18F on the edges of the obliterated cavity.
Timmermans and colleagues, in 2019, showed that 18-NaF-PET/
CT is suitable for detecting new bone formation.”” The mechanism
of 18F-NaF uptake in bones is based on the exchange of 18F ions
with hydroxyl ions (OH™) on the surface of the hydroxyapatite
layer to produce fluorapatite. The uptake of 18F is higher in new
bone because of the higher availability of binding sides; therefore,
nearly all causes of increased new bone formation have increased
18F localisation.”® Thus, in addition to its antibacterial property,
bioactive glass S53P4 also induces new bone formation.

Despite the promising results, we need to acknowledge that
bioactive glass is a costly material, which adds to the overall
expenses related to the procedure. However, it facilitates
wound healing, reduces wound infection and obviates the
need, and associated time taken, to harvest abdominal fat.
Furthermore, we realise that this is explorative research con-
ducted on a very small population. Consequently, further
research with higher case numbers and a longer follow-up per-
iod is required to confirm our findings and expand our
knowledge.

Conclusion

S53P4 bioactive glass is a promising effective and safe obliter-
ating material for use following subtotal petrosectomy, and
elimination of CSOM can be achieved with this technique. It
has comparable outcomes to autologous abdominal fat, with
the advantages of antibacterial properties, the potential for
complete osseointegration and no donor site morbidity.
Avoiding revision surgery for infection of obliteration material
reduces burden and hospital costs.
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