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KEY POINTS

� Chronic suppurative otitis media is a major cause of acquired hearing loss in the devel-
oping world.

� Goals of treatment are to create a dry, safe ear and restore hearing with tympanic mem-
brane repair.

� Health care workers should be trained to triage patients for surgery who do not respond to
medical therapy, and identify complications of chronic ear disease that require urgent sur-
gical care.

� Otosclerosis is prevalent and largely undertreated in the developing world.

� Surgeons on humanitarian missions should be prepared to address all complications of
stapes surgery, and can expect to encounter a higher rate of obliterative otosclerosis.
INTRODUCTION

Chronic suppurative otitis media (CSOM) is a recurrent and persistent infectious pro-
cess of the middle ear. In a subset of patients, the CSOM is associated with the
Disclosure Statement: The authors have nothing to disclose.
a House Ear Clinic, Department of Otolaryngology Head and Neck Surgery, Division of Otology,
UCLA, 2300 West Third Street, Los Angeles, CA 90059, USA; b House Ear Clinic, Department of
Otolaryngology Head and Neck Surgery, Division of Neurotology, UCLA, 2300 West Third
Street, Los Angeles, CA 90059, USA; c House Ear Clinic, Department of Otolaryngology Head
and Neck Surgery, Division of Skull Base Surgery, UCLA, 2300 West Third Street, Los Angeles,
CA 90059, USA; d House Ear Clinic, 2300 West Third Street, Los Angeles, CA 90059, USA;
e Global ENT Outreach, 1789 West Rebecca Drive, Coupeville, WA 98239, USA
* Corresponding author. House Ear Clinic, 2300 West Third Street, Los Angeles, CA 90059.
E-mail address: amaster@houseclinic.com

Otolaryngol Clin N Am 51 (2018) 593–605
https://doi.org/10.1016/j.otc.2018.01.017 oto.theclinics.com
0030-6665/18/ª 2018 Elsevier Inc. All rights reserved.

mailto:amaster@houseclinic.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.otc.2018.01.017&domain=pdf
https://doi.org/10.1016/j.otc.2018.01.017
http://oto.theclinics.com


Fig. 1. Otoscopic view of a patient’s right tympanic membrane perforation with discharge
indicative of chronic ear disease. (Courtesy of Richard Wagner, MD, Coupeville, WA.)
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presence of cholesteatoma. Both conditions are characterized by chronic aural
drainage, hearing loss, and often tympanic membrane perforation (Fig. 1).
CSOM is a major cause of acquired hearing loss in the developing world and, if un-

treated, can lead to further morbidity and mortality in rare cases. Access to effective
medical treatments, such as antibiotics, are often expensive and not widely available
in most developing countries.1 CSOM usually begins with one or more episode of
acute otitis media, which eventually leads to a tympanic membrane perforation and
a chronic infection. CSOM is defined by drainage lasting longer than 6 weeks, but
may last for months or years despite treatment.2

Chronic Suppurative Otitis Media

Global incidence and prevalence
CSOM occurs on every continent, but occurs at a higher frequency among developing
nations.3,4 In the United States, CSOM occurs at a rate of less than 1%, whereas in
many developing countries the higher rates of greater than 4% are observed.5 How-
ever, the global prevalence of CSOM cannot be explained fully by the socioeconomic
status of a particular country, with available prevalence data displaying heterogeneity
within regions with similar socioeconomic status (Fig. 2).
In sub-Saharan Africa, there are a number of studies that examine the preva-

lence rates of CSOM in school children, with rates of chronic otitis media from
0.4% to 4.2%.6,7 Studies from Thailand, Vietnam, Korea, and Malaysia showed a
prevalence of CSOM from 0.9% to 4.7%. A recent study in India had a higher prev-
alence of 7.8%. Australian Aborigines were observed to have the highest preva-
lence rate with a range of 28% to 43%. Native Alaskans and Greenlanders also
have high prevalence rates, ranging from 2% to 10%.5 An Australian study of rates
of hearing loss from CSOM varied among indigenous populations living in urban
and rural settings. 0.7% of urban indigenous children had a 30-dB hearing loss
or greater versus 20% of children in a Western Australian rural indigenous
community.8



Fig. 2. Global prevalence of chronic suppurative otitis media. (Adapted from Campbell JL,
Chapman MS, Dinulos JGH, et al. Leishmaniasis [Chapter 24]. In: Campbell JL, Chapman MS,
Dinulos JGH, et al, editors. Skin disease: diagnosis and treatment. 3rd edition. Elsevier; 2011.
p. 632–7; with permission; and Data from Acuin J. Chronic suppurative otitis media: burden
of illness and management options. World Health Organization; 2004; and Muftah S, Macken-
zie I, Faragher B, et al. Prevalence of chronic suppurative otitis media (CSOM) and associated
hearing impairment among school-aged children in Yemen. Oman Med J 2015;30(5):358–65.)
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CSOM development is multifactorial and may be related to a combination of risk
factors such as:

� Crowded living conditions,
� Limited access to medical care including vaccinations,
� Inadequate antibiotic treatment,
� Exposure to tobacco smoke at home,
� History of bottle feeding, and
� Poor nutrition and hygiene.

The World Health Organization (WHO) considers a prevalence of CSOM of greater
than 4% to be indicative of a “critical public health problem.” Potentially addressing
some of these correctable risk factors may improve rates of chronic ear disease.
Establishing interventions at the primary care and community level can potentially
impact the prevalence rates of CSOM. A study of Maori children in New Zealand sup-
ported this hypothesis when prevalence rates of CSOM were shown to decrease by
one-half from 9% to 4% from 1978 to 1987, during which time efforts were made to
improve treatment access and education.9,10

Community education and primary care interventions have also been shown to be
effective for other global health issues.11,12 In an effort to address such basic educa-
tion issues, the WHO has developed Primary Ear and Hearing Care Manuals for basic,
intermediate, and advanced levels of training.13 The manual provides a tool detailing
simple, effective methods for educating and motivating health care workers and com-
munity members to reduce the impact of ear and hearing disorders. The manual de-
tails all aspects of ear care, ranging from how to properly care and clean ears as
well as the benefits of hearing aids.
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Morbidity in chronic ear disease
Hearing loss occurs commonly in CSOM with a mild to moderate conductive hearing
loss (CHL) in up to 50% of cases.3 CHL may occur secondarily to tympanic membrane
perforation or ossicular continuity. Ossicular continuity is much more frequent in the
presence cholesteatoma. Bacterial infection of the middle ear may also spread to
the inner ear, which may lead to permanent toxicity of cochlear hair cells The resulting
hearing loss may be a CHL, permanent sensorineural hearing loss, or a mixed hearing
loss. An estimated 534 million people are affected worldwide by some degree of hear-
ing loss, of which 80% are in developing countries.5 Higher rates of hearing loss in
these regions may be related to the higher rates of CSOM in developing countries.
For example, available hearing loss prevalence data of developing Pacific Island na-
tions shows 3 to 5 times higher rate compared with other Australasian nations.14

Treatment for hearing loss is often very limited in developing countries. Hearing
aids, are often not within the economic reach of most citizens in developing countries
without the support of nonprofit organizations. Discounted hearing aids may be pur-
chased by such nonprofit organizations through the International Humanitarian Hear-
ing Aid Purchasing Program. Additionally, there is a dire need for hearing health
professionals, including otologic surgeons. In a survey of Latin American countries
examining the availability of hearing health providers, including otolaryngologists, au-
diologists, and speech pathologists, it was found that there was a scarcity of all 3 pro-
viders when compared with the United States.15 Other studies examining Latin
America concluded that hearing impairment is of low priority for most health systems
and existing services are poor.16,17 Similar, results were found in a survey of 18 African
nations finding limited access to basic ear, nose, and throat (ENT) services, which are
found primarily in major cities. Compared with the UK there was a shortage of 4755
ENTs, 20,856 audiologists, and 84,343 speech therapists in these African nations.
Additionally, some countries have no ENT training programs, making it difficult to fill
this large need.18 There has been some recent success in establishing otologic health
care in countries where such services were previously not available. In Malawi, a coun-
try of 18 million people, the lone otolaryngologist has established the first permanent
ENT services and organized a team of clinical officers to provide services for 15,284
consults in 2012. Surgery was performed on 3% of these patients.19,20
Complications of chronic ear disease
Complications of CSOM can be subdivided based on the affected location. Compli-
cations are generally the result of spread of the infection from the middle ear and
mastoid to adjacent sites. Spread may be intratremporal, extratemporal, or can
even extend to involve intracranial structures. In the setting of mastoiditis, the highly
pneumatized architecture of mastoid cortex can become “coalescent” secondary to
bacterial erosion of the mastoid septae, which can be viewed on computed tomog-
raphy (see Fig. 2). Bacteria can also access disseminate along veins or preformed
pathways (eg, the labyrinth) to surrounding structures. Besides tympanic membrane
perforation and hearing loss, the most common infectious complication of mastoiditis
is the development of subperiosteal abscess from erosion through the temporal bone
laterally (Fig. 3). The spread of otologic infections intracranially can be life threatening
and should be treated as a medical emergency requiring urgent medical and surgical
treatment.

Extracranial complications Mastoiditis accounts for 70% of extracranial complica-
tions, followed by facial nerve paralysis (12%), bezold abscess (10%), and labyrinthi-
tis, sensorineural hearing loss, encephalocele, and petrous apicitis accounting for 2%



Fig. 3. Computed tomography image depicts a patient with a left-sided coalescent mastoid-
itis with erosion of sigmoid sinus plate and extension into the subperiosteal area. (Courtesy
of John L. Go, MD, Los Angeles, CA.)
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or less.21 Overall rates of mastoiditis in developed nations are low. Available data for
Australia, the Netherlands, and Denmark show rates of mastoiditis at 2, 3.5, and 4.2
per 100,000 individuals, respectively.22,23 Similar population-based data are not avail-
able for developing nations; however, a review of the available literature of all patients
presenting to ENT facilities for all complaints in Zaire, Nigeria, Tanzania, Angola, and
Sudan demonstrates rates of mastoiditis ranging from 1.5% to 5.0%.6,24–27 In 1 study,
18% of patients with chronically draining ears presenting to an Ugandan ENT clinic
had mastoiditis28 (Fig. 4).

Intracranial complications Meningitis is the most common intracranial complication
accounting for 51% of intracranial complications; brain abscesses are slightly less
frequent occurring 42%, followed by sigmoid thrombosis at 19%.23 Multiple intracra-
nial complications may occur in 25% of cases reported from developing countries.29

Prudent identification of patients with signs of intracranial disease is necessary, owing
to the risk of death or permanent neurologic sequelae. A list of complications are pre-
sented in Table 1.

Global deaths from disease
Despite its generally benign nature, CSOM can lead to fatal complications in rare
cases. In the preantibiotic era, mortality from complications of otitis media was com-
mon. In a 1935 review by Kafka20 of 3225 cases of mastoiditis, the mortality rate was
as 76.4%. The introduction of antibiotics has decreased but not eliminated the fre-
quency and severity of complications. In a review of 93 Turkish patients with otitis me-
dia complications from 1990 to 1999, the mortality rates were 16.1% for all
complications and 26.3% for patients with intracranial complications.21 In a report
of 155 cases of intracranial complications of otitis media from Brazil reveled that the
majority were from CSOM (80%) rather than acute otitis media. The overall mortality
rate in this study was 7.8%.30 In another review of more than 24,000 patients from
1978 to 1990 with CSOM, intracranial complications occurred in 0.36% of the total
with a mortality rate of 18.4%.31 The WHO estimates that 28,000 deaths occurred



Fig. 4. Patient with marked postauricular erythema and swelling diagnostic of a subperios-
teal abscess secondary to mastoiditis. (Courtesy of Richard Wagner, MD, Coupeville, WA.)
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worldwide in 1990 as a result of complications of otitis media.5 Current estimates of
the Global Burden of Disease project indicate a revised global mortality from chronic
otitis media to be 3194 deaths in 2015 (0.043 per 100,000).5

Global health management of chronic ear disease
The goal in managing patients with chronic ear disease is to create a dry, safe ear that
no longer becomes infected and to establish a healed tympanic membrane to optimize
hearing outcomes. There are 3 treatment options available for patients with chronically
Table 1
Potential intracranial complications

Extracranial Intracranial

Extratemporal Intratemporal Extradural Intradural

Postauricular
abscess

Bezold’s abscess
Temporal root

abscess

Acute/chronic mastoiditis
Coalescent mastoiditis
Labyrinthine fistula
Petrous apicitis
Facial nerve paralysis
Suppurative labyrinthitis
Encephalocele

Epidural abscess
Meningitis
Lateral sinus thrombosis

Brain abscess
Otitic hydrocephalus
Subdural epyema

Data from Osma U, Cureoglu S, Hosoglu S. The complications of chronic otitis media: report of 93
cases. J Laryngol Otol 2000;114:97–100; and Kangsanarak J, Navacharoen N, Fooanant S, et al.
Intracranial complications of suppurative otitis media: 13 years’ experience. Am J Otol
1995;16:104–9.
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draining ears: aural toilet, antibiotics, and surgery. Infection with cholesteatoma may
be improved with antibiotics, but will recur unless definitive surgical management is
pursued. Health care personnel must be able to determine the likelihood of patients
responding to medical therapy, so as to prevent delays in surgical management.

Aural toilet
Aural toilet involves cleaning the ear canal using suction, forceps, basic irrigation, or
other tools. It can be performed by family members or trained health care workers.
The goal of aural toilet in theory is to reduce the bacterial load in the middle ear to
help the immune system fight the infection and remove large collections of debris
that may be a nidus for bacteria. Aural toilet is an important adjuvant to topical antibi-
otics; however, the benefit of aural toilet as a stand-alone treatment is questionable. A
Cochrane review found there was no significant increase in resolution of infection or
tympanic membrane healing with aural toilet alone compared with no treatment.32

Antibiotics
Antibiotics may be administered to the ear topically, orally, or parentally. Topical an-
tibiotics have been proven to be more effective than parental and oral antibiotics in
resolving drainage associated with chronic ear disease and are significantly less
expense when compared with oral or parental antibiotics, thus, becoming the
preferred choice.33 Among topical antibiotics quinolones are more effective than other
topical antibiotics.34,35 Cost-effectiveness analysis demonstrates that topical antibi-
otics in combination with aural toilet is more cost effective compared with other treat-
ments.36 Based on this demonstrated efficacy and cost effectiveness, the current
recommendations from the WHO include the combination of topical antibiotics and
aural toilet as the medical treatment of choice for CSOM.

Surgery
Medical management is frequently only a temporizing measure in CSOM to decrease
or temporarily stop aural discharge. Surgery including tympanomastoidectomy has
the potential to remove diseased tissue and improve hearing deficits. Surgery is indi-
cated in any patient with CSOM that does not respond to medical therapy or are un-
likely to respond based on the severity of their disease. Patient with complications of
CSOM require urgent surgical treatment. Unfortunately, the cost of surgery is prohib-
itive in most developing countries. The resources and equipment for performing oto-
logic surgery is often relegated only to tertiary care referral centers in the major
metropolitan areas. CSOM is often prevalent in the rural setting where the availability
of surgical services is scarce. According to WHO estimates, 90% of patients with
CSOM in Africa and 50% in South East Asia do not have access to surgical care.5

These deficits in surgical care can be addressed by the training of surgeons in these
regions, as well as providing the necessary infrastructure and equipment. The provi-
sion of care through humanitarian projects can be an important interim step toward
this goal.
Establishing mobile clinics that bring surgeons with training in otologic surgery to

areas of high need may be beneficial to provide short-term care, but is not sustainable
if continuity of care is not fostered. The primary goal of humanitarian missions should
be to help establish specialty otologic care among local providers in these commu-
nities so that the large need for otologic surgery can be met.
Various training initiatives have made attempts to develop clinical programs in

developing countries. The “Oye Amigos” project performed 150 surgeries spanning
5 years with 15 four-day trips to Tepic Mexico in conjunction with the Mexican govern-
ment.37 Their tympanoplasty success rate improved from 41% to 74% after the first
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2 years. They attributed this to the development of better patient education, and
establishment of follow-up with local providers. Local providers may be able to see
patients for follow-up visits, ear cleaning, and so on, and can assume eventual care
of surgical patients.
One strategy that has been implemented in Malawi is to develop a certification pro-

gram for midlevel providers to provide ENT services.19 Before 2007, there were no
ENT services in the country of 13 million people. With the establishment of an ENT
Hospital in the capital, Blantyre, a 1.5-year certification program was developed in
ENT and audiology for clinical officers. Clinical officers are not physicians, but have
previously had 2 years of training and can act as midlevel providers. This local network
of ENT care by clinical officers has vastly expanded the delivery of specialty care to the
local districts. Establishing a permanent ENT service helps to improve international
collaboration and allows opportunities for local physicians and providers to contribute
to training and education. “Vertical” models such as these allow a limited number of
physician otolaryngologists to establish a long lasting and self-sustaining model of
health care in such low-resource settings.38

Choice of surgical technique
Generally in humanitarian circumstances, patients will not be seen on a regular basis
and should be presumed to be noncompliant with follow-up visits or surgery. As
such, most cases of humanitarian chronic ear surgery involving the mastoid should
be canal wall down procedures. Staging chronic ear surgery in the humanitarian envi-
ronment is rarely advisable. Patients must he presumed to be unreliable for follow-up,
and procedures should be planned to be performed in 1 stage. Tympanoplasty may be
sufficient for vast majority of patients with CSOM without cholesteatoma, but Horlbeck
and colleagues39 found that the addition of mastoidectomy (either intact canal wall or
canal wall down) in draining ears resulted in better surgical outcomes. This result was
presumed to be due to the removal of inflammatory tissue within the mastoid antrum.
OTOSCLEROSIS

Performing stapes surgery in a humanitarian setting or overseas requires that the sur-
geon be competent in the surgery, knowledgeable about potential surgical complica-
tions, and comfortable working in a new operative environment and with unfamiliar
staff of different skill levels. When treating patients with otosclerosis in developing
countries, the surgeon should:

� Be able to confirm the diagnosis with a tuning fork;
� Be able to treat obliterative otosclerosis without lasers; and
� Have an adequate supply of pistons in a variety of sizes.
Global Incidence

Although the true global incidence of otosclerosis is unknown, literature reviews
demonstrate variation among races. Altman and associates40 in 1967 compared the
incidence of otosclerosis in the populations of whites and nonwhites. In the United
States, the histologic incidence of otosclerosis is about 10% in the white popula-
tion—even though, clinically, only 0.4% present with the characteristic CHL symp-
toms, with women having a slightly higher preponderance of clinical presentations
than males.
Guild41 performed histologic studies comparing blacks with Caucasians living in the

United States and found the lower incidence of otosclerosis to be statistically
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insignificant, although the literature states that otosclerosis is about 7 times less
frequent among blacks than among whites.
Although some reports suggest that otosclerosis is rare or nonexistent among Afri-

cans, these results may vary tremendously with the specific country. Otosclerosis has
been described in indigenous blacks of South Africa 42 and otologists working on hu-
manitarian projects with Global ENT Outreach have found otosclerosis to be relatively
prevalent in Ethiopia (personal communication).
Likewise, there are variations in the prevalence of otosclerosis in the Americas. After

examining 1258 temporal bones of Native Americans, Gregg and colleagues43 found
none with otosclerosis. Otosclerosis has been described in both Honduras and El Sal-
vador, but personal experience of one of the authors suggests that it is more common
in the El Salvador (personal communication). Honduras has a large multiracial popu-
lation with some Caribbean heritage being relatively common, whereas El Salvador
is isolated from the Caribbean. These racial differences may explain a potential differ-
ence in otosclerosis prevalence in these neighboring countries.
Many studies from Japan indicate that otosclerosis is more frequent among Japa-

nese than among Africans, although less frequent than among Caucasians
(Table 2).44–50 Data on otosclerosis in the Chinese population are scarce. Choa48

found that 100 of 1700 subjects from Hong Kong had otosclerosis.
There are no studies from the Pacific Basin other than that of Joseph and Frazer,51

which studied the Japanese in Hawaii. The authors’ experience in American Samoa,
Fiji, and the Marshall Islands supports that otosclerosis is very rare in this region of
the world. These studies are summarized in Table 2.
Audiologic Evaluation of Otosclerosis

In most developing countries, audiometric studies are performed by individuals who
are often not adequately trained in audiology. Therefore, it is imperative to confirm
the audiometric results by the use of tuning forks before a patient is operated on.
This step will reduce the rate of false positives for CHL generated by improper masking
or poor testing skills. The otologist should perform both Weber and Rinne testing with
Table 2
Global incidence study summary

Study
No. of
Subjects Race Findings Cases (%)

Gregg et al,44 1965 1258 American Indians No cases of otosclerosis 0

Tato & Tato,45 1967 6000 South American
Pure Indians

2 cases of otosclerosis 0.03

Tato & Tato,45 1967 4500 South American
Mestizos

6 cases of otosclerosis 0.13

Goto & Takimoto,46

1967
1891 Japan 52 cases of otosclerosis 2.7

Takahara et al,47

1966
4082 Japan 21 cases of otosclerosis 0.5

Choa,48 1965 1700 Hong Kong 100 cases of otosclerosis 5.9

Nizar,49 1960 — Indonesia No cases of otosclerosis —

Kapur & Patt,50

1966
414 East Indians 120 cases of otosclerosis 29
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512-Hz tuning forks if the patient is seen in the clinic before surgery or in the surgical
suite just before surgery.
Impedance audiometry, which includes both tympanometry and acoustic reflex

testing, may not be available in developing countries. In cases of otosclerosis, espe-
cially when the disease is advanced, the height of the tympanometric peak decreases
(type As). As the stapes becomes fixed, ipsilateral and contralateral acoustic reflexes
are also affected. Normal reflexes in a patient with a normal otoscopic examination
and CHL can signal the possibility of superior canal dehiscence syndrome. It is impor-
tant for the surgeon working in developing countries to identify these cases without
relying on routine computed tomography scans.

Hearing Aids

Hearing aids are an option for those with otosclerosis when surgical intervention is
either unavailable or unwanted. However, the cost of the hearing aid, as well as the
cost of the annual supply of batteries and servicing, may unrealistic for a patient living
in a developing country where the annual income is less than $US2000.52

Role of Anesthesia in Stapes Surgery

Local anesthesia with sedation is well-suited to stapes surgery, especially in devel-
oping countries and in humanitarian work.53 The advantages of local anesthesia and
sedation enables one to make assessments in real time for immediate hearing
improvement on insertion of the prosthesis, immediate vertigo potentially from an
elongated prosthesis, and integrity of the facial nerve.
Although many drugs are available for sedation and analgesia, a combination of the

following meets the requirements of safe anesthesia for surgery:

� Fentanyl 100 to 150 mg IV, once only.
� Versed 1 to 2 mg IV, once only.
� Lidocaine 1% to 2% with epinephrine, 1:30,000.
� Dexamethasone 12 mg IV, once only.

Surgery

Stapes surgery, whether it be stapedectomy or stapedotomy, is performed by sur-
geons with the same skill and planning in developing countries as in the surgeon’s
native setting. The surgeon should:

� Rule out other causes for CHL by reviewing the preselected cases;
� Confirm the CHL by testing with tuning forks;
� Ensure that all necessary instruments are available and ready;
� Prepare the prosthesis for implantation;
� Coordinate staff to assist with the surgery; and
� Counsel the anesthesiologist about the requirements for the surgery.

Prosthesis Selection

Many prostheses can be implanted in patients with otosclerosis to replace the
diseased stapes and eliminate the CHL. In planning for stapes surgery overseas, it
is helpful to:

� Use a prosthesis that can be cut to different piston lengths;
� Have a cutting block or similar tool; and
� Carry a few special pistons for incus necrosis.
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One option is the titanium K-Pistons (4.5 mm length � 0.6 mm diameter; Kurz, Dus-
slingen, Germany) using the Fisch cutting block to cut the 4.5-mm pistons to any
length between 3.5 and 4.5 mm.

Obliterative Otosclerosis

In developing countries, some otosclerosis patients may have CHL for years and even
decades before undergoing surgery. Such patients are more likely to suffer from oblit-
erative otosclerosis, in which the footplate can be thickened to between 0.5 and
2.0 mm. The incidence of obliterative otosclerosis among otosclerosis patients ranges
from 7% to 11%.54 Because of the higher percentage of obliterative cases, the sur-
geon should not rely on a hand drill or a pick to open or remove the footplate. Although
these tools will suffice in many cases, a microdrill or a portable laser may be required
for less traumatic removal of the superstructure and footplate fenestration.
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