
B-ENT, 2016, 12, 125-130

Introduction

Active mucosal chronic otitis media (COM), 
previously known as chronic suppurative otitis 
media, is a condition characterised by persistent 
otorrhoea secondary to chronic inflammation of the 
middle ear and mastoid mucosa, often with 
associated granulations, in the presence of a 
tympanic membrane (TM) defect.1 In those cases 
that are refractory to conservative treatment, 
surgical intervention is invariably required.1 The 
principal aims of such surgery are to obtain a stable 
intact TM, to eradicate all pathologic mucous 
membrane tissue and osteitis, to create a sound-
conducting mechanism in a well-aerated middle ear 
cleft, and to preserve these outcomes over time.2,3 
Although contention exists as to the optimal 
surgical approach, most notably surrounding the 
role of mastoid exenteration,3 reported success rates 
for mucosal COM surgery in general are high.3 It is 
recognised, however, that achieving a successful 
outcome in the presence of active disease, 

particularly when extensive granulations are 
present, is more challenging.2,4-6 Indeed, active 
mucosal COM with granulations has been reported 
to be even more difficult to control than 
cholesteatomatous COM.7

Recognising this, it is curious to consider that 
ancillary laser use in this context remains 
unexplored. Although the literature abounds with 
reports of laser applications in middle ear surgery, 
these focus almost exclusively on use in stapes 
surgery. Lasers, however, may have broad applica­
tions in the setting of chronic middle ear disease, to 
which they are putatively well suited owing to their 
ability to cut, ablate, and/or vapourise tissues in a 
contactless, vibration-free, precise and bloodless 
fashion.8,9 In support of this, encouraging clinical 
outcomes have been reported in the handful of 
studies examining laser utilisation in surgery for 
cholesteatomatous COM.8,10-12 

In view of such ostensible attributes, it has been 
the routine practice of the senior author (JT) to 
perform laser-assisted tympanomastoidectomy for 
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epithelium both in the middle ear cleft and the 
pneumatised mastoid. Additionally, the laser was 
applied to heat the surface of all bone and soft 
tissue, from which the disease had been removed in 
an attempt to eradicate any microscopic foci of 
disease (Figure 1). Simultaneous normal saline 
irrigation was used for regular cooling, while the 
laser was always used on continuous mode with 
characteristic power settings of 1 W, 2 W, and 3 W 
around the facial nerve, in the remainder of the 
middle ear cleft (with the exception of the oval 
window and round window; 1 W was utilised on 
the oval window and no laser was used at the round 
window), and in the pneumatised mastoid 
respectively. Prior to application around the facial 
nerve the status of the fallopian canal was always 
checked and if dehiscent the laser was not utilised 
in this area. Thereafter, ossicular chain 
reconstruction was undertaken if indicated, and TM 
repair performed by the standard underlay technique 
using harvested temporalis fascia as the graft 
material.

Outcomes and analysis

Hospital records were reviewed for demographics; 
operative details and findings; duration of inpatient 
stay; complications; and clinical outcomes with 
respect to disease control and hearing. In relation to 

cases of active mucosal COM, in the belief that 
therapeutic laser application to vapourise granula
tions and hyperplastic epithelium would enhance 
the likelihood of disease control. The purpose of 
this study, which constitutes the first report of such 
practice, is to present the outcomes and our 
experience of this approach, and to attempt to define 
its role in managing mucosal COM.

Methods

Patients and setting

All patients undergoing tympanomastoid surgery at 
our institution (2007-2012), a United Kingdom 
district general hospital serving a population of 
approximately 400 000, were identified retrospecti­
vely from theatre records. Operative indications 
and findings were scrutinised, and revision cases 
and those performed for cholesteatoma were 
excluded from further analysis. In order to ensure 
study of a relatively homogenous patient group all 
with active granulating mucosal COM, only those 
with a persistently wet ear (grade 3)13 and with 
middle ear cleft and/or mastoid granulations 
identified intra-operatively were included. Thus, 
cases of dry TM perforations (inactive COM), 
intermittently draining perforations (quiescent 
COM), and those in which no granulations were 
identified intra-operatively were also excluded. All 
patients underwent surgery following failure of 
medical therapy, comprising both aural toilet and 
ototopical antimicrobials and corticosteriods, and 
had at least six months post-operative follow-up 
data available.

Operative technique

In all cases surgery was undertaken by the senior 
author (JT), under general anaesthetic, via a post-
auricular approach, and using facial nerve 
monitoring throughout. Fashioning of a tympano-
meatal flap and mastoid exenteration was performed 
in a standard manner while leaving the posterior 
canal wall intact. Typically, thorough exteriorisation 
of the mastoid air cells was undertaken given the 
propensity for extensive disease in cases of long-
standing active mucosal disease. The retro facial air 
cells were also exenterated completely where 
possible. Subsequently, a hand-held fibre-delivered 
980 nm diode laser (Biolitec AG, Jena, Germany) 
was utilised to remove granulations and hyperplastic 

Figure 1
Typical example of using the laser to “paint” the surface of all 
bone and soft tissue, with a view to eradicating any microscopic 
foci of disease.
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more prolonged, this was a result of either transient 
vertigo or active co-morbidities requiring medical 
consult.

In 67 cases (95.7%) there had been no further 
episodes of otorrhoea at most recent follow-up. In 
one such case, however, the graft had failed to close 
the TM defect, and as such the rudimentary success 
rate for disease control was 94.3%. For those cases 
in which there was failure of disease control, mean 
time to failure was 10 months (range 3-18 months). 
The temporal estimate for disease control at one 
and two years was 97.1% and 91.8% respectively 
(Figure 2).

With regards to hearing outcomes, mean pre- 
and post-operative four-frequency air-bone gaps 
(ABGs), for the study cohort as a whole and 
subdivided by those in whom ossicular chain 
reconstruction was performed, are depicted in 
figure 3. A post-operative mean four-frequency 
ABG of ≤ 20 dB was achieved in 52 cases (74.3%). 

Discussion

Findings from the present study, which represents 
the first to evaluate the role of lasers in the context 

clinical outcomes, our primary outcome measure of 
interest was disease control, as defined by successful 
TM repair together with resolution of otorrhoea 
lasting for at least six months post-operatively. 
Hearing was a secondary outcome measure, 
evaluated by the mean pre- and post-operative air-
bone gaps across four frequencies (0.5, 1, 2 and 
4 kHz) on pure-tone audiometry as recommended 
by the Committee on Hearing and Equilibrium of 
the American Academy of Otolaryngology-Head 
and Neck Surgery.14

All data were collated in, and descriptive 
statistics calculated using Microsoft Excel for Mac 
2011 (Redmond, WA, USA). Time-to-event 
analysis using the Kaplan-Meier method was 
employed to estimate the temporal probability of 
disease control, and was performed using IBM 
SPSS version 21 (Armonk, NY, USA). 

Ethical considerations

All data collection and analysis were carried out in 
accordance with our institution’s Clinical Informa­
tion and Audit Department regulations and approval 
(reference 3308).

Results

A total of 70 ears in 66 patients (30 male, 36 female) 
were eligible for inclusion. Mean patient age was 
46 years (range 9-84 years) at time of surgery, and 
mean duration of follow-up was 22 months (range 
6-50 months).

In 45 cases (64.3%) simultaneous ossicular chain 
reconstruction was also performed. In 31 such cases 
(68.9%) partial ossicular reconstruction was 
undertaken where the stapes supra-structure was 
still present, while in the remainder (n = 14; 31.1%) 
total ossicular reconstructions were performed 
where both incus and stapes supra-structures were 
absent. In all cases reconstruction was performed 
using re-fashioned autologous ossicle and/or 
cortical bone grafts.

No major surgical complications were recorded, 
while table 1 details minor complications observed. 
In the case of temporary facial nerve palsy, palsy 
was delayed and incomplete, with complete 
resolution within four weeks. The majority of cases 
were completed as day-case procedures (n = 43, 
61.4%), with 66 (94.3%) discharged within 
24 hours. In the four cases in which admission was 

Figure 2
Kaplan-Meier curve representing the temporal estimate of 
disease control. Estimated disease control rates at one and two 
years (represented by vertical lines) were 97.1% and 91.8% 
respectively.
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that all patients in our study cohort underwent 
mastoidectomy rather than tympanoplasty alone, a 
surgical tenet that several investigators have 
correlated with successful outcome,17,18 we surmise 
that adjuvant laser use is more likely attributable: a 
recent systematic review demonstrated no clear 
benefit of mastoidectomy over tympanoplasty in 
improving clinical outcomes,3 and regardless, 
mastoidectomy was performed in the overwhelming 
majority of cases of active disease in the 
aforementioned studies. Indeed, it seems intuitive 
to suggest that adjuvant laser use may assist in 
effective and more complete disease eradication. In 
order to effectively address active COM, be it 
mucosal or squamosal, surgical debridement of 
disease is required, which is often demanding not 
only due to disease extent, but also the complex 
anatomy within the temporal bone, which typically 
allows for disease infiltration into elusive areas. 
Furthermore, chronic middle ear pathology is 
frequently adherent, or in close approximation to 
the ossicular chain or other sacrosanct anatomical 
structures, which may be subject to unwanted 
mechanical energy transfer when traditional manual 
dissection techniques are employed. Therapeutic 
laser use mitigates these ramifications as tissue can 
be cut, ablated, and/or vapourised without 
mechanical force and can be delivered in a tactile 
manner around corners when using a hand-held 
fibre-delivered device, enabling more liberal 

of mucosal COM surgery, suggest that ancillary use 
of the diode laser confers favourable outcomes in 
active granulating disease. We observed excellent 
disease control outcomes, with a crude control rate 
of 94.3% for all patients at most recent follow-up 
and one- and two-year temporal estimates of disease 
control of 97.1% and 91.8% respectively, which are 
at least comparable with previous reports of 
mucosal COM surgery in general.3 Comparison 
with previous studies, however, is challenging 
given the significant variation in reported success 
rates in the literature, which, to a large extent, is the 
result of disparity in outcome measures employed 
and the heterogeneous groups of patients typically 
studied. Scrutiny of the majority of previous studies 
reveals intra-study variations in surgical technique, 
TM perforation size, proportions of primary and 
revision surgery, and perhaps most notably the 
activity and severity of mucosal disease, something 
which many authors have recognised as an 
important determinant of outcome2,4,5 and which 
features in prognostic models for chronic middle 
ear surgery.13 Indeed, the ability to more completely 
debride inflammatory tissue forms much of the 
rationale for mastoid exenteration in such cases, 
while persistent middle ear disease is the most 
common reason for late re-perforation and failure 
of disease control.15 Considering this, our observed 
rates of disease control appear laudable when 
compared to those reported for patient groups 
afflicted by similarly active and severe disease. 
Albu et al noted a success rate of 70% in such cases 
in a recent randomised controlled trial investigating 
the role of mastoid pneumatisation,2 while in a 
large-scale retrospective study of 323 patients a 
success rate of 82% was reported in those with 
discharging ears.16 Furthermore, in two series 
evaluating prognostic factors in mucosal COM 
surgery success rates as low as 64.1% and 75% 
were observed in those with active disease.4,6

Whilst we acknowledge that the reason for our 
favourable outcomes could be ascribed to the fact 

Table 1
Surgical complications rates

Complication n (%)
Transient vertigo 2 (2.9)
Temporary facial nerve palsy 1 (1.4)
Superficial wound infection 2 (2.9)

Figure 3
Hearing outcomes for study cohort as a whole, and subdivided 
by the requirement for ossicular chain reconstruction. The 
depicted air-bone gap values represent the mean of the four-
frequency values.
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surgery, therapeutic laser use has more recently 
been reported to improve hearing outcomes in such 
cases by augmenting disease removal without the 
requirement to dismantle the ossicular chain11. 
Whilst this is of limited direct relevance to mucosal 
COM surgery, the laser may also contribute to 
improved hearing outcomes by facilitating disease 
removal without the transfer of mechanical force to 
the ossicles, which may otherwise transmit energy 
to the cochlea sufficient to cause permanent loss of 
cochlear function.8-10 Consistent with this, we 
observed no impairment of bone-conduction 
thresholds following surgery in any case in our 
series.

Despite the discernible advantages of the laser, 
there is also the potential for inadvertent thermal 
damage, something of which the surgeon must be 
mindful, particularly in relation to energy spread 
beyond the site of vision.8,10 Indeed, it has been 
demonstrated that laser use during stapedotomy can 
increase perilymph temperatures, which can 
adversely affect inner ear function.23,24 Whilst laser 
use in the context of COM surgery takes place at a 
safer distance from the inner ear than during stapes 
surgery, it is plausible that such undesirable transfer 
of thermal energy may be attributable to the cases 
of temporary facial nerve palsy and vertigo noted in 
our series. These cases were undertaken during our 
earlier experience with the laser and our practice 
was modified in light of these initial complications. 
Specifically, we reduced the length of laser bursts 
in eloquent anatomical areas and began employing 
more liberal irrigation during application of the 
laser to allow for a greater cooling effect, the latter 
a technique particularly applicable to the diode 
laser given its relatively high absorption in water.19 
Accordingly, no such complications were observed 
following these practice refinements. Indeed, the 
capacity for unwanted spread of energy is common 
to all powerful energy sources, and with judicious 
and cautious application the likelihood of significant 
adverse outcomes should be minimal. Consonant 
with this, no significant complications were 
observed in any previously reported cases of laser 
use for squamosal COM,8,10-12 while laser-assisted 
stapes surgery has an excellent and well-tested 
safety profile.25 Furthermore, specific to use of the 
980 nm diode laser, a recent study using an inner 
ear model demonstrated minimal mechanical, 
thermal, and acoustic effects, which were well 
within safety limits.19

disease removal, while minimising collateral 
damage.8,9 The lack of a comparator group in our 
study, however, hinders inference of a causal link 
between our propitious disease control outcomes 
and use of the laser, something which requires 
further appraisal in a more experimentally robust 
prospective study; ideally a randomised controlled 
trial.

Nonetheless, consistent with the favourable 
disease control outcomes observed in the present 
study, there are a small number of studies reporting 
enhanced results with adjuvant use of the laser in 
surgery for cholesteatomatous COM.8,10 In an early 
descriptive communication Thedinger reported 
crudely on such efficacy drawing on experience 
from 103 cases,8 and subsequently Hamilton 
demonstrated more convincingly a significant 
improvement in the rate of complete cholesteatoma 
removal with therapeutic laser use in a randomised 
controlled trial.10 In the latter study, 30.3% of 
patients treated using conventional techniques were 
noted to have residual disease at second look, while 
this was the case in only 2.8% when the laser 
was  applied, with such improvement remaining 
significant after adjustment for potentially 
confounding variables.10 Whilst these studies 
reported on the use of the KTP laser, the 980 nm 
diode laser utilised in the present study shares 
broadly similar desirable characteristics: hand-held 
fibre delivery can be easily accomplished and there 
is a high degree of absorption in pigmented tissues, 
typical of chronic middle ear disease, allowing for 
optimal ablative effects on offending tissue.8,9,19

Although eradication of disease and closure of 
the TM are the primary goals of surgery for COM, 
improvement of hearing is also a secondary aim. To 
this end, we observed satisfactory hearing outcomes, 
with ≤ 20 dB obtained in 74.3% of cases and a post-
operative mean four-tone ABG of 17.5 dB for our 
study cohort as a whole. Again, although comparison 
with previous reports is fraught with difficulties 
owing, principally, to the differing measures of 
hearing used and the varying inclusion of ossicular 
pathology, our outcomes appear broadly consistent: 
in studies examining predominantly or exclusively 
active disease cases, and by association higher rates 
of ossicular pathology, the proportion of cases in 
which a post-operative ABG of ≤ 20 dB has been 
achieved is typically in the order of 60-80%.20-22 In 
addition to the demonstrated disease control 
benefits of ancillary laser use in cholesteatoma 
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Conclusions

The present report provides the first perspective on 
adjuvant laser use in tympanomastoid surgery for 
active mucosal COM. The favourable disease 
control outcomes observed attest to the ostensible 
therapeutic attributes of the laser in the context of 
surgery for chronic middle ear disease, which may 
enable more vigorous disease eradication, while 
minimising collateral damage. Indeed, these 
findings will certainly engender continuation of this 
practice in our department, and we hope that such 
encouraging outcomes will also prompt other 
suitably specialised and motivated units to consider 
this approach as part of their armamentarium in the 
treatment of active mucosal COM. It must be 
acknowledged, however, that the conclusions 
drawn from this study should be interpreted in light 
of its frailties – notably its retrospective nature and 
absence of a comparator control group. Notwith­
standing, the evidence presented is, at the very 
least, hypothesis generating and should foster 
further appraisal of ancillary laser use in this setting 
in larger prospective studies.
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