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Surgery plays an important part, but only a part, in the physician's total responsibility to
the patient with otologic disease. Comprehensive care begins with the careful preoperative history
and diagnostic workup and ends with close follow-up care for the acquisition and maintenance
of a satisfactory result. Otologic care has benefited considerably from rapid developments in
medical science and technology. New instrumentation and techniques have broadened the scope
of treatable otologic disease. Advanced microscopic laser systems, electronic miniaturization,
biocompatible grafting material, and high resolution imaging methods are but a few of the
improvements that have dramatically increased the sophistication of possible approaches to
otologic disease. This increased complexity has led some to promote otology as a recognized
subspeciality to otolaryngology. Research is moving beyond the microscopic level toward a better
understanding of those cellular and fluid dynamics that can potentially be influenced by surgical
treatment. The interaction between the inner ear and middle ear is just now becoming better
understood.

It is preferable to learn otologic surgical skills under expert guidance. Anatomic structures
of the temporal bone vary in size and location in the normal state and may be especially difficult
to cope with in the presence of disease. A formal program of dissection of temporal bones should
be followed prior to operating on the living patient. This program should include a systematic
study of anatomy coupled with exercises of surgical techniques. In residency training programs
it is advisable for each resident to dissect thoroughly at least a dozen specimens of human
temporal bone initially, and then to return to the temporal bone laboratory periodically thereafter
as the occasion dictates. Atlases depicting anatomy of the temporal bone and appropriate surgical
techniques are widely available and serve as important adjuncts for this study (Miglets et al,
1986; Goycoolea, 1988).

Preoperative Considerations

Every patient requires a careful preoperative diagnosis of the disease and a general or, if
possible, specific surgical plan of approach. A good clinical history is the most important first
step. A current audiogram should be made available for every operation performed in the middle
ear or mastoid. Tuning fork tests are very important to confirm the audiologic findings. The
Rinne test is the most important of the tuning fork tests for confirmation of a conductive hearing
loss. Conventional x-rays or high-resolution computerized tomographic scans of the temporal
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bone are helpful prior to all mastoid operations. although they are not always reliable for
determining the type and extent of disease in cases of otologic disease.

Before surgery every attempt is made to control or eliminate active infections in the ear.
In some patients, when continuing or active infection is suspected, we will prescribe a systemic
antibiotic by mouth for 1 week prior to surgery and maintain that same drug for at least 10
postoperative days. Regional diseases or infections of the head and neck are diagnosed and
managed, as are any systemic illnesses. It is a good clinical exercise to draw a picture of the
tympanic membrane in the chart, noting on the drawing the observed pathologic changes.

Findings during surgery for otitis media combined with histopathological studies of
temporal bone in the laboratory have allowed us an opportunity to assess the pathogenesis and
pathological continuum of types of otitis media. Otitis media (OM) can be considered to exist
along a continuum (Paparella, 1982). One form can become another form; for example, otitis
media with effusion (OME) may evolve along a continuum to chronic otitis media (COM). In
patients with COM, granulation tissue and/or cholesteatoma are found in association with
perforations of the tympanic membrane and otorrhea. Patients with an intact tympanic membrane
may have chronic silent otitis media (CSOM) with varying forms of pathologic conditions
(Paparella et al, 1980).

Aural polyps and polypoid mucosal changes usually indicate irreversible disease, osteitis,
and/or cholesteatoma of the tympanomastoid. Chemical and mechanical cleansing are of initial
benefit but usually do not suffice for definitive treatment. If time permits, every attempt is made
to treat the disease, over time, with adequate medical therapy including the appropriate selection
of antimicrobial medication, both systemically and topically. Avulsion of the polyp should be
performed with care, as this maneuver may lead to facial paralysis or other complications. Tissue
removed should be sent for histologic study.

Depending on the nature of the disease process, the patient should be counseled
preoperatively regarding the objective of the contemplated operation, possible sequelae and risks,
and the importance of and the extent of postoperative care.

Operative Considerations

At surgery, proper positioning of the patient is essential for an efficient operative
procedure. The patient should be placed supine in a semi-Fowler's position. When general
anesthesia is used, the patient is intubated and the ear to be operated on is oriented in a slightly
downward manner (approximately 20 to 30 degrees). The chin is turner toward the contralateral
shoulder and about 1.5 inches of hair is shaved from the periauricular area. Although not
essential, shaving is also recommended for transcanal surgery. The skin is then prepared and a
plastic adhesive drape applied.

The scrub nurse and appropriate instruments should be located next to the surgeon or, as
some surgeons prefer, across the operating table. An assortment of instruments should be
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available, including those for exposure, suction, and irrigation and appropriate drills and
microinstruments. Of special importance are instruments that allow for adequate exposure of the
operative field. During surgery, hemostasis may be obtained by judicious electrocautery or
topically applied adrenaline-soaked umbilical tapes. For certain anesthetic problems, the
anesthesiologist may advise against the use of epinephrine, in which case Neo-Synephrine
(phenylephrine hydrochloride) may be substituted. Absorbable ligature is used for stubborn soft
tissue bleeders, and bone bleeding is controlled by the use of a polishing bur or, if needed, bone
wax.

After the operation, a sterile dressing is applied. During the postoperative period, smaller
ear dressings are gradually used.

Exploratory Tympanotomy

For patients who have conductive deafness or other suspicious findings of uncertain
etiology, the middle ear can be explored (exploratory tympanotomy) for diagnostic purposes,
whereupon appropriate surgical correction may be indicated. For example, this procedure may
be used to confirm the presence of a tumor such as glomus jugulare of the middle ear, fixation
of the ossicles due to tympanosclerosis or bony fixation, or disarticulation or subluxation of the
ossicles following trauma or persistent adhesive otitis. In certain cases it is also indicated for the
removal of inspissated middle ear effusions of high viscosity and identification and removal of
cholesterol granuloma.

If attic disease such as cholesteatoma or fixation of the head of the malleus is suspected,
a wide tympanomeatal flap should be elevated. The upper limb of the incision should arise from
at least the 1 or 2 o'clock position, which provides a flap of sufficient size to cover a surgical
attic defect. A longer flap (approximately 8 mm) is used, compared with situations that require
only mesotympanum exploration, in which a routine stapes flap (approximately 6 mm) is
adequate.

In cases in which extensive surgery in the region of the ossicles or antrum is anticipated,
it is best to use endaural incision (Lempert I and II). This also allows an approach to the mastoid
in the event that sufficient disease is discovered to warrant modified radical mastoidectomy. An
incision is made outward from the annulus at 6 o'clock. The superior incision from 1 to 3 o'clock
is usually unnecessary. By elevating the canal skin flap in continuity with the posterior drumhead,
it is possible to expose the malleus and incus in the epitympanum as well as the antrum and
mastoid. If extensive mastoid surgery is necessary, a postauricular incision for additional
exposure can also be added.

Postoperative Considerations

Postoperative care is considered to be an important responsibility of both the otologist and
the patient. Too often a successful operation will not have favorable results because the patient
has not kept return appointments and, for example, has allowed granulation tissue to result in an
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otherwise avoidable stenosis. When the ear operated on is found to be infected, the patient is
routinely placed on an antibiotic for at least 10 days postoperatively. Subsequent visits are
frequent, at least every week or two, during the immediate postoperative period, and then less
often, as healing takes place appropriately. It is important to remove all excess granulation tissue,
and although boric acid and Chloromycetin powder formerly were used in postoperative cavities,
Castellani's paint (carbol-fuchsin solution) is currently used to treat cavities at the time of
postoperative visits.

After an adequate period of healing, for example after the first few weeks, and if some
suppuration still exists, it may be useful to douche the ear gently, both in the office and at home,
instructing the patient to use 2 per cent acetic acid and 50 per cent hydrogen peroxide. Keeping
the ear clean and allowing it to heal properly without narrowing of the meatus are all-important
principles to follow during the postoperative period. If the ear develops a foul odor, the packing
is removed immediately, and a Pseudomonas infection may be suspected. The dressings should
be changed frequently in the beginning and less frequently as the ear heals.

The importance of the three phases of surgical therapy should be stressed to the patient:
(1) pre-operative management, (2) surgical management, and (3) postoperative management. Until
an absolutely dry ear has been achieved, the desired healing result has not taken place.
Occasionally, if the rosebud type of packing is utilized in certain cases, foreign material will
excite formation of granulation tissue. These granulations should be removed meticulously under
otomicroscopy.

A good way to treat the ear postoperatively during the healing period is to use sterile
cotton with hydrogen peroxide to swab the cavity or canal, followed by application of alcohol,
spot-suctioning, and the application of Castellani's paint. If the patient has a mastoid cavity and
if adequate healing has not taken place by the third or fourth week, in certain instances Thiersch
skin grafting may be used as an outpatient procedure to ensure an adequate healing result. If the
patient has a Pseudomonas infection, this presents a special problem. An anti-Pseudomonas cream
or ointment such as Garamycin (gentamycin) ointment may be injected routinely to fill the cavity
or, if the situation indicates, a systemic anti-Pseudomonas antibiotic such as carbenicillin may
be used. If a fungus infection develops, the ear should be meticulously cleaned with alcohol and
the cavity filled with a combination of nystatin and triamcinolone acetonide (Mycolog ointment).

The patient should be convinced of the importance of postoperative visits and, even after
the desired healing result is achieved, the patient is advised to return at least every 6 months, if
a mastoid procedure has been done, and at least once every year, even when the desired
tympanoplastic results has been achieved. The patients is also advised that if any new symptoms
arise, such as pain, drainage, vertigo, and so forth, he or she should come in immediately and
seek clinical office care.
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Myringotomy

Acute otitis media was clearly described by Hippocrates in 400 B.C. The first
myringotomy was performed in 1760 by Eli for the purpose of curing deafness. Cooper in 1801
advised paracentesis for deafness resulting from a blocked eustachian tube. Sanders in 1806 was
the first to advise myringotomy for acute otitis media. The first otoscope was devised by von
Tröltsch in 1860, and the first pneumatic otoscope by Siegle in 1864. Schwartze finally placed
paracentesis on a rational basis in 1885.

In adults, myringotomy may be performed without anesthesia if a sharp myringotomy
knife is used; in children, general anesthesia is usually required. A wide myringotomy incision
is made through the drumhead for patients with refractory purulent otitis media in whom
prolonged drainage of pus is desirable. In patients with other middle ear effusions, such as serous
otitis media, paracentesis or a small myringotomy stab incision can be used. It is important to
avoid the posterosuperior quadrant of the drumhead, where important structures of the middle ear
are located.

Adenoidectomy is often indicated for middle ear effusion and recurrent otitis media. This
procedure is described in Chapter 22, Volume III. Ventilation tubes may be inserted for chronic
middle ear effusion; these are described in Chapter 27 of this volume.

Myringoplasty

Perforations of the drumhead were first patched by Yearsley in 1850 with use of a cotton
wool pellet; a successful artificial drumhead made of a disc on a silver wire was invented by
Toynbee in 1860. The first myringoplasty, including removal of epithelium and grafting of skin,
was done by Berthold in 1878. Blake in 1887 used a paper patch for perforation of the tympanic
membrane, and Joynt proposed the use of cautery and patches for defects of the drumhead in
1919.

Most acute, small defects in the drumhead caused by trauma will heal spontaneously;
however, it may be helpful in such patients to cauterize the edges of the defect with trichloracetic
acid in order to encourage epithelialization. Patching of the tympanic membrane with paper is
also helpful, providing a scaffold against which healing may occur.

For our purpose, myringoplasty refers to a procedure in which a small defect in the
drumhead caused by an episode of trauma or infection is grafted without additional surgery on
the canal or middle ear. Type I tympanoplasty refers to more extensive grafting, usually requiring
surgery on the canal and exploration of the middle ear.

Myringoplasty should be performed in an absolutely dry ear. There should be no active
or recent infection. A transcanal approach is used through as large a speculum as possible. The
edges of the perforation are denuded, on both the undersurface (using a small hook) and outer
surface. Temporalis fascia is preferable. Skin and venous grafts have also been used successfully.
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The graft can be placed beneath the defect and supported in the middle ear by a compressed
gelatin sponge saturated with a steroid antibiotic solution, or the graft can be placed on the outer
surface of the denuded drumhead. Of, if desired, both an inside and an outside fascial graft can
be placed sandwich-fashion. The ear canal is then packed, usually with compressed gelatin
sponge saturated with antibiotic solution.

Incisions

A convenient (postauricular) incision is made in a crease behind the ear. The inferior end
of the incision can deviate posteriorly to gain better exposure to the mastoid tip. The classic
postauricular incision is made 3/8 of an inch behind the postauricular sulcus. This incision is also
useful for initiating the Palva method of creating a subcutaneous flap for mastoid obliteration.
In an infant, the mastoid tip is not well developed and the facial nerve is very superficial as it
exits through the stylomastoid foramen. A high posterior incision will avoid injury to the facial
nerve in these patients.

Mastoidectomy

Simple Mastoidectomy

Prior to the introduction of antibiotics, mastoidectomy for acute inflammatory disease was
not uncommon and carried a grave prognosis. Antibiotics, although of immeasurable benefit, have
not totally eliminated acute coalescent mastoiditis, and surgical intervention, undeniably less
frequent than in the pre-antibiotic era, occasionally becomes necessary. Variations in host
resistance, bacterial pathogenicity, and delivery of health care help to perpetrate this disorder.

In 1649 Riolanus first described mastoid surgery to relieve obstruction of the eustachian
tube and tinnitus, and Petit, in 1736, was the first to perform successfully a mastoid operation
for mastoiditis. Wilde (1853) recommended an incision through the periosteum in the
postauricular area in fluctuant mastoiditis. Turnbull was the first in the USA to perform a
mastoidectomy, and Hinton (1863) the first in England.

The indications and techniques for simple mastoidectomy for resistant otitis media were
described by Schwartze in 1873. Hurried removal of diseased mucosa and bone, along with
incision and drainage, typified this procedure and gave it the customary name of "simple
mastoidectomy". Simple or cortical mastoidectomy may be indicated in cases of acute mastoiditis
with impending or coexisting complications or acute mastoiditis that does not resolve after
treatment with appropriate antibiotics and myringotomy drainage. If performed properly, this
operation is neither hurried nor simple.

A postauricular incision is carried down through the periosteum to bone. The periosteum
is reflected from the mastoid cortex. The linea temporalis and the fossa mastoidea (Macewen's
triangle) are identified. The spine of Henle and posterior bony margin of the meatus are also
defined. The entire mastoid cortex is exposed and, using an electrically powered bur, then
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removed in the area of the fossa mastoidea. This deficit is enlarged until the antrum is entered.
In exposing the antrum, a false bottom or Körner's septum (petrosquamous lamina) may be
encountered. If a Körner's septum is present, it must be removed to expose the true antrum.

The dome of the lateral semicircular canal and the short process of the incus are next
identified. Working from the antrum, all air-cell tracts are exenterated until the white bony plates
over the middle and posterior cranial fossae are exposed. The aditus is widened, and any
polypoid granulation tissue around the ossicles should be removed to ensure adequate
communication with the middle ear. Dura exposed by disease should be inspected and, if
involved with the disease process, should be further exposed until normal dura is identified at
all margins. The postauricular incision is closed in two layers and an incisional drain may be
placed for 48 to 72 hours. Antibiotics are continued until drainage has ceased, the wound is
healed, and the tympanic membrane appears normal.

Intact Canal Wall Mastoidectomy with Tympanoplasty

Closed Cavity Tympanomastoidectomy

An extension of the concept of a carefully done simple mastoidectomy that combines
tympanoplasty has been popularized in recent years by many otologists. This procedure has the
merit of preventing a tympanomastoid cavity and may be considered if there is a diploic or
pneumatic air-cell system with disease, in a reliable patient. It should be stressed, however, that
the primary objective should always be removal of disease, and not the preservation of the
posterior wall of the canal. Visualization in open-cavity mastoidectomy is better than in
mastoidectomy with an intact posterior wall.

The posterior bony wall of the canal is widened before proceeding to the mastoid through
the fossa mastoidea as in simple (cortical) mastoidectomy. A Körner septum may be encountered
and should be penetrated in order to expose the antrum itself. Cortical white bone should be
achieved in all directions, but saucerization of the outer cortex is not so important as in complete
mastoidectomy. The aditus should be enlarged so that the incus is readily seen, and the
epitympanum is inspected through the aditus ad antrum. The facial recess (suprapyramidal recess)
and sinus tympani (infrapyramidal recess) are exposed and cleared of disease, and tympanoplasty
is accomplished. It is undesirable to remove a large area of the posterosuperior bony wall of the
canal, which overlies these recesses as well as the area of the stapes and incus, since the
tympanoplastic graft will then adhere to the medial wall of the middle ear cleft. A silicone rubber
sheet may be placed, extending from the middle ear into the antrum; this ensures the free flow
of air between the middle ear and mastoid cavity.

Meatoplasty

Following an otherwise adequate operation for mastoid disease, a poor result often ensues
owing to stenosis or collapse of the meatus. This is because the canal and cavity do not aerate
properly to provide a "self-cleansing" action. Also, it is not possible for the otologist to visualize
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the mastoid or middle ear for proper care and postoperative maintenance. Our observations
suggest that the meatoplasty problem is most prevalent in postoperative tympanoplasty-
mastoidectomy procedures for chronic otitis media and in postoperative procedures for repair of
congenital stenosis.

The meatus is determined or defined by the following local tissues: skin, cartilage,
subcutaneous tissue, and bone. A common mistake in meatoplasty is to treat the soft tissues
adequately without surgical attention to the bony meatus, which may be too constrictive. This is
generally not true for meatoplasty in open cavity mastoidectomy.

Open Cavity Mastoidectomy

Excision of conchal cartilage, the cornerstone of meatoplasty, may be performed through
either an endaural or postauricular approach; however, a postauricular approach is easier and in
most instances preferable. Either a Körner flap or endaural incision to create a flap can be
constructed by making longitudinal incisions in the skin of the external auditory canal at 6
o'clock and 12 o'clock and connecting them with a posterior incision parallel to the tympanic
annulus. The incisions at 6 o'clock and 12 o'clock are then extended from the posterior annular
incision in the external auditory canal, to the conchal bowl. A large, crescent-shaped piece of
conchal cartilage is then removed, taking care not the injure the meatal skin and retaining its
continuity with the Körner flap. To provide an opening adequate to allow drainage and self-
cleansing of the surgical defect, a meatoplasty should comfortably accept the surgeon's index
finger.

As the meatoplasty procedure results in some troublesome bleeding, it can be deferred
until the middle ear and mastoid work have been completed and the tympanoplastic graft is
packed securely in place.

It is important to prevent postoperative stenosis by controlling formation of granulation
tissue in the region of the meatus. This is done with a steroid-impregnated firm pack. This pack
also serves as an obturator, allowing squamous epithelium to heal around the raw areas. The pack
is left in place for two weeks. Any healing granulations are controlled by curettage, steroid
antibiotic ointments, or, if need be, a tight cotton wick saturated with Corticosporin drops applied
every 2 to 3 hours.

Three weeks after surgery, if raw areas persist, granulations can be lightly curetted and
Thiersch grafting, using very thin split-thickness skin, can be done as an outpatient procedure.
This should be necessary only occasionally. It should also be noted that if stenosis occurs months
and years later, it is usually due to poor maintenance and follow-up and often to bony spicules
or ridges (osteogenesis) that form at the level of the mastoid cortex. If stenosis occurs, it will be
necessary to elevate and preserve meatal skin and to drill or curette the bone widely to create a
large meatus.
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Closed Cavity Mastoidectomy

Here the meatoplastic procedure goes hand-in-glove with canaloplastic methods that
accommodate the surgical requirements of tympanoplasty or mastoidectomy. In an intact wall
tympanomastoidectomy or simple mastoidectomy we perform the following procedure: Endaural
incisions are made first with a Lempert I incision at a level approximately 7 millimeters or so
below the level of the mastoid cortex. The Lempert II and, if required, Lempert III incisions are
made as above, to admit the surgeon's forefinger freely. The bony canal is then enlarged,
especially the posterior bony canal. Conchal cartilage is removed. This can be done by everting
the conchal skin carefully and using a sharp scissors or knife or, as is done in many cases, the
postauricular exposure to the mastoid is also used, facilitating this step.

Other methods, such as packing, apply as described for open cavity mastoidectomy.
Frequently we will apply two permanent sutures to pull the meatus open permanently. These are
placed between the subcutaneous surface of the conchal edge and the subcutaneous layer of the
posterior margin of the postauricular incision. Both sutures should be placed at the concha first,
and then they can be sutured together and tied to the postauricular wound.

Modified Radical Mastoidectomy

In 1873 Jansen described a conservative radical mastoidectomy in which the ossicles and
tympanic membrane were preserved. The procedure of classic modified radical mastoidectomy
is attributable to Bondy (1910). He removed the wall of the canal and exteriorized and preserved
the inner matrix of the cholesteatoma while preserving the drumhead and contents of the middle
ear. Matte in 1901 described a technique of mastoidectomy in which the drumhead was placed
on the head of the stapes to improve hearing.

The main indication for this operation is an attic or antral cholesteatoma with a normal
mesotympanum and defect only in the pars flaccida. Hearing is essentially normal. The modified
radical operation can be performed through either an endaural or postauricular approach. A large
tympanomeatal flap is fashioned by incisions brought down to the annulus in two places: one is
at 6 o'clock and the other is at 3 or 9 o'clock, the "nose and toes" incision. This large flap is
elevated and the cholesteatoma in the attic is exposed but, unlike the Bondy procedure, it is
totally removed, after which the tympanomeatal flap is replaced into the mastoid cavity. In this
procedure the contents of the middle ear preserved while the mastoid air-cells system is
exenterated and the posterior wall of the canal is removed. Since the introduction of the operating
microscope, the modified radical mastoidectomy usually includes an inspection of the middle ear
and use of tympanoplastic techniques, when indicated.

Radical Mastoidectomy

Küster in 1889 described the procedure used in the radical mastoid operation as we know
it today. He advocated removal of the posterior wall of the canal to gain access to areas of
disease. Zaufal (1890) and Stacke (1891) reduced the attic, tympanum, and antrum to a common
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cavity. Many authors have contributed to our knowledge of cholesteatoma, including Toynbee
(1860) and Hinton (1863). The electric drill was introduced for mastoid surgery in 1940 by
Boettcher.

Radical mastoidectomy is indicated in patients with chronic infection in the middle ear
and mastoid in whom restoration of auditory function and middle ear space is not possible, and
in those patients with disease associated with intracranial complications in whom reconstruction
is not advisable. It can also be used for certain neoplastic diseases. The objective of this
procedure is complete exenteration of the disease process and exteriorization of the surgical
defect. In the classic sense, a radical mastoidectomy is performed infrequently at the present time.
Radical mastoidectomy can be done through an endaural incision, but for adequate exposure it
is preferable to use a postauricular incision.

With the conventional "outside in" approach, the antrum is widely opened through the
fossa mastoideum as described previously for simple mastoidectomy. The "inside out" approach
can also be used. Here, the external auditory canal is first enlarged by drilling of the posterior
wall of the canal and this is followed by an atticotomy and exposure of the antrum from the
aditus outwards. This technique immediately exposes and thereby allows the protection of several
important structures that may otherwise be subject to injury, such as the stapes, facial nerve,
lateral semicircular canal, and incus. The posterior bony (facial) buttress is lowered with a drill
and the mastoid portion of the temporal bone carefully and completely exenterated. After the
mastoidectomy has been completed, the remnant of the tympanic membrane is removed, along
with the diseased malleus and incus. The stapes is carefully preserved when possible, the mucosa
of the middle ear is removed, and the tensor tympani muscle is stripped from its canal. The
orifice of the eustachian tube is denuded and obliterated using tensor tympani muscle or cartilage
or bone. It is preferable to apply thin skin grafts to line the mastoid cavity to insure adequate
healing and a subsequently dry cavity.

Complete Mastoidectomy with Tympanoplasty

In certain instances in which disease is widespread throughout the mastoid and middle ear,
it is necessary to eradicate all air-cells in the mastoid cavity completely, but it is still possible
to reconstruct the hearing mechanism. This can be thoroughly accomplished only by removal of
the posterior wall of the canal. Another indication for this operation is the presence of a sclerotic
mastoid, in which case preservation of the posterior bony wall of the canal is unnecessary and
undesirable. With this operation, the principles of radical mastoidectomy apply; the goal is to
achieve white cortical bony walls in all directions. The outer cortex of the mastoid is widely
saucerized, which reduces the size of the cavity considerably, in some instances by as much as
one-third or more. This is accomplished by removal of the tip inferiorly and removal of cortical
bone superiorly (close to the dura) and posteriorly (to the lateral sinus). The forefinger should
palpate smooth bony contours (no cortical bony ridges) and the lateral sinus plate will become
the lateral margin of the mastoid cavity.
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A large meatoplasty should be made by removing a crescent-shaped strip of conchal
cartilage. This can be done at the beginning or end of the procedure. A Körner flap may be
fashioned so that the skin of the posterior canal is attached to the posterior conchal skin. The
meatus should be large enough to admit the surgeon's forefinger freely. Just prior to placement
of the tympanoplastic graft, a crescent of Silastic sheeting is placed between the round window
and the eustachian tube to ensure an air space in the cavum minor, and the tympanoplastic graft
is placed and packed into position.

Tympanoplasty

The credit for establishing the field of middle ear reconstructive surgery or tympanoplasty
goes to Zollner (1951) and Wullstein (1952). They classified the operations as types I through
V, based on the principle of protection from sound for the round window. Subsequently, Guilford,
Schuknecht, and other otolaryngologists have made additional contributions to our current
knowledge of tympanoplasty. The cardinal principles of tympanoplasty have been and still are
(1) control of infection through eradication of disease, and (2) reconstruction of the middle ear's
sound-conducting mechanism.

Grafting

The original tympanoplastic grafts consisted of full-thickness elliptical skin removed from
the postauricular region. Later, split-thickness skin was and still is widely used. A convenient
method utilizes a small dermatome (DaSilva) to remove a graft 0.0012 to 0.0013 of an inch thick
from the upper medial arm. Skin of the canal is preferred by some, as either a free or a pedicle
graft. Temporalis fascia is used commonly and can be removed through either a postauricular or
endaural incision.

When type III or type IV tympanoplasty is indicated, it is preferable to use thin skin for
grafting to enhance conduction of sound to the footplate and to prevent impedance from
formation of fibrous tissue in the oval window. Skin also has the advantage over grafts of
connective tissue in withstanding infection and formation of granulation tissue. In selected
situations, temporalis fascia can be used sandwich-fashion with thin skin; this cannot be used,
however, in the region of the oval window for type III or type IV tympanoplasty.

Temporalis fascia contains biologically inert collagen fibers. It is removed at the
beginning of the procedure and placed in Ringer's solution. Immediately prior to use, it is placed
in a press for several minutes, which allows it to be handled with much greater ease. It is cut and
shaped on a plastic block, using a No. 10 Bard-Parker knife, similar to the way in which a
microscopic butcher knife might be used.

Autogenous grafts are readily available and preferred. Homologous grafts have gained
recent attention and widespread usage. Heterologous grafts are probably unnecessary and are
dangerous because of allergic reactions. Because connective tissue is biologically and
immunologically inert, homologous grafts of connective tissue can be used successfully. Of the
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many homologous grafts attempted, temporalis fascia and tympanic membranes have the
advantage of an attached malleus and have been most commonly used. It is helpful to maintain
a "bank" in the operating room for tympanoplastic needs as they arise; it should include such
tissues as fascia, ossicles, and homograft drumheads that may be harvested from the autopsy
room and preserved in alcohol or formaldehyde. They may also be saved and preserved from
patients receiving earlier ear surgery.

Classification

Type I Tympanoplasty

Type I tympanoplasty herein refers to sizable defects of the drumhead requiring surgery
on the canal for exposure or grafting. Drilling of the bony canal for exposure requires elevation
of skin flaps from the canal, or skin of the canal can be used as a graft. While myringotomy
usually can be performed through a speculum, in type I tympanoplasty it is preferable for the
otologist to work bimanually through an endaural approach, using conservative endaural incisions
and self-retaining retractors. In type I tympanoplasty it is a good habit to evaluate the middle ear
and ossicles routinely to rule out ossicular fixation or discontinuity. This can be done by
elevating a tympanomeatal flap, but it is important to prepare the recipient site for the graft first,
since it is difficult to denude the drumhead after it becomes flaccid.

A wide recipient site should be established; in the presence of a total defect in the
drumhead, it will be necessary to reflect the graft up onto the adjacent denuded bony wall of the
canal for at least several millimeters. It is especially important to position the graft tightly in the
anterior sulcus, where failure of grafts occurs most commonly as a result of technical error. It
is here that the branches of the anterior tympanic and deep auricular arteries provide a critical
blood supply to the graft. The graft may be positioned on the denuded outer surface of the
remnant of the drumhead; if fascia or vein is used, it may be placed on the inner surface and
supported by a gelatin sponge in the middle ear.

It is helpful to have an adequate middle ear space and normal function in the eustachian
tube. In certain instances in which the eustachian tube does not ventilate normally, it may be
possible to insert a tympanostomy (ventilation) tube in the anterior remnant of the drumhead
while simultaneously applying a graft to the perforated posterior drumhead.

Type II Tympanoplasty

Type II tympanoplasty consists of placement of a graft directly upon the incus or another
object interposed upon the stapes capitulum. This may be required in the case of a destroyed
malleus, but more commonly it is seen in instances in which a wide atticoantrotomy or removal
of the posterior bony wall of the canal is done with mastoidectomy, in which case the graft
necessarily rests upon the body of incus. Other variations of type II tympanoplasty may be used
for lesions of the long process of the incus; this is the most common ossicular lesion seen. If
only the lenticular process is missing, a sculptured wedge of bone can be interposed. If more than
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the long process is missing, an incudal transpositioning procedure can be done. If the incus is
totally missing or diseased, and a homologous incus is not available, a cortical incus can be
interposed (physiologic type II). If the malleus is present and in a normal position, the incus can
be sculptured with a microdrill and designed to "snap" into place between the head of the stapes
and the neck of the malleus.

Type III and Type IV Tympanoplasty

Type III and type IV tympanoplasty are more often done in association with complete
mastoidectomy. It is important to expose the facial recess (suprapyramidal recess) and sinus
tympani (infrapyramidal recess) for removal of the disease (granulations or cholesteatoma) that
lurks in these spaces, and for proper placement of the graft.

If the mucosa is greatly thickened by disease, it should be stripped down to the thickened
periosteum or removed entirely; a crescent of silicone rubber (Silastic) sheeting is placed between
the round window niche and the mouth of the eustachian tube. This helps form a cavum minor
and serves as a scaffold for regeneration of mucosa from the eustachian tube to the round
window. It is important that all disease be removed and than an adequate recipient site be
prepared, especially in the region of the oval window. The oval window must be meticulously
cleaned to prevent impedance of sound by a plug of fibrous tissue.

Anatomic variations such as a deep oval window niche in type IV, a high-riding stapes
in type III, or a high promontory and wide hypotympanum (types III and IV) plus a eustachian
tube that ventilates adequately are desirable prerequisites for achieving a good hearing result.
Thin skin is preferable for type II and type IV tympanoplasty. A fascial graft can be placed
below the skin graft to strengthen the graft but should not be used in the region of the oval
window.

In patients who have an absolutely dry ear with an excellent graft, a subsequent procedure
to employ a total ossicular replacement prosthesis (TORP) can be done, if conditions permit. A
TORP procedure will work only if the eustachian tube ventilates adequately, and it works better
if there is a mesotympanic space that is assisted by the presence of a high facial buttress. In such
cases, as a second-stage procedure, we have successfully used a TORP to achieve a good hearing
result in cases requiring type III tympanoplasty, in which case the graft is elevated contiguous
with the lining of the mastoid cavity. Perichondral cartilage or fascia is used to strengthen the
graft above the TORP to prevent subsequent extrusion. In selected cases, this procedure can work
nicely, as described by Shea (1976).

Type V Tympanoplasty

It is disconcerting when performing tympanoplasty to find rare fixation of the stapes, due
either to otosclerosis or, more commonly, to tympanosclerosis. When tympanosclerotic fixation
is found, it is best to effect a mobilization by removal of the tympanosclerotic tissue, if possible.
If this is not possible, all infected tissues should be removed, a graft applied, and the ear
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observed for at least 6 to 12 months. After that time, assuming a dry ear with no tendency toward
infection, good tubal function, and good auditory function in the opposite ear, a type V
tympanoplasty can be considered.

The originally described type V tympanoplasty consisted of fenestration of the horizontal
canal (type Va). If anatomic characteristics are suitable, stapedectomy can be performed (type
Vb). The characteristics that result in a good or bad hearing result as described for type IV
tympanoplasty hold for type V tympanoplasty as well.

Stapedectomy with tympanoplasty is best accomplished when a malleus remains. In such
cases, the defect in the drumhead is grafted. After healing has taken place with complete absence
of infection for at least 12 months, a stapedectomy with a wire-tissue prosthesis from malleus
to oval window can be reintroduced. It is important in such cases that stapedectomy not be
considered in conjunction with the original tympanoplasty, since scarring will depress the
prosthesis into the inner ear, causing damage to the inner ear. Initially, type Vb tympanoplastic
results provided useful hearing. Long-term results in such cases, however, have not been as
satisfactory. If there is a good mesotympanic space and a useful malleus is present, stapedectomy
with tympanoplasty has provided excellent long-term hearing results to date.

Use of Alloplastic Materials

In 1968, Paparella and Sugiura described the use of silicone in middle ear reconstructive
surgery. In their animal and human subjects, silicone rubber (Silastic) sheeting was found to be
inert and useful in tympanoplasty. It is now routinely used in many cases of tympanoplasty to
line the meso- and hypotympanum between the eustachian tube and the round window. The
authors have had occasion to witness the use of this material during revisional surgery and have
found it to be completely inert.

As with any other useful material, however, it must be properly utilized. It must not be
too large so as to create pressure necrosis on the graft; therefore, its posterior location must be
in the sinus tympani. A common mistake is for the edge of the material to rest in the ear canal;
this will interfere with healing of the graft. Silicone rubber sheeting is very soft and malleable
and contours nicely to the tympanomastoid. It can also be used to help maintain an air space
between the mastoid and middle ear in certain cases of closed cavity or intact wall
tympanomastoidectomy. Teflon sheeting is also inert and useful for some purposes, but it is
stiffer than Silastic. Silicone sheeting will never dissolve, remains inert, and prevents adhesions
from forming between the graft and the promontory, a common occurrence in tympanoplasty.

Compressed gelatin sponge may also be used; it is first placed in Ringer's solution to
soften it, after which it can be cut easily and placed readily in the middle ear. This is absorbable
over a period of several months but provides a mesotympanic space for tympanoplasty. It may
be used to cover ossicles and used between the facial recess and the eustachian tube, whereupon
a fascial graft may be placed as an underplanting procedure. Saturated gelatin sponge should be
avoided whenever possible in the middle ear, however, especially since eustachian tubal
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dysfunction is the primary problem in tympanoplasty. Materials such as these or cartilage or bone
can also be used to repair large atticotomy defects. Anything that can be done to enhance tubal
ventilation postoperatively is used, and Gelfilm assists in this regard.

Tympanoplasty for Atelectatic Ears

Seromucinous otitis media can occasionally lead to the sequelae of an atelectatic ear. In
such an ear, if an early cholesteatoma is developing or if there is a permanent conductive hearing
loss, a tympanoplasty and middle ear reconstruction can successfully be accomplished. Typically,
such a patient has a history of having fluid in the middle ear, and perhaps has had many
myringotomy tubes inserted over a period of many years. Characteristically, the tympanic
membrane is exceedingly thin, as it has lost its membrana propria, and the transparent, thin
tympanic membrane is collapsed and attached to the medial wall of the middle ear. Loculated
fluid may be present. The incudostapedial joint is skeletonized and the ear has the appearance
of a perforation, either in whole or in part.

In such cases, the following method of tympanoplasty has been employed. Using an
endaural incision, a large tympanomeatal flap is created. The posterior bony wall is widened
carefully, using a bur. The attic is carefully explored, and if any disease exists, it is eradicated.
In elevating the tympanomeatal flap, every possible precaution is taken to preserve the very thin
epithelium which has collapsed on the promontory. A No. 24 suction is used with the finger off
the hole, and every attempt is made to preserve this important epithelium. Often there will be
necrosis of the lenticular process and, if so, this area is reconstructed. There may be
tympanosclerosis fixating the ossicles, and these lesions are corrected. A common finding in such
instances is fixation of the tensor tympani tendon, including the cochleariformis process. This is
severed, which allows the malleus to be mobile and the mesotympanic space to be widened. The
malleus is often adherent to the promontory.

Once the ossicles are reconstructed and the thin tympanic membrane elevated, a crescent
rubber sheeting extends from the eustachian tube to the sinus tympani and round window niche.
A compressed gelatin sponge is placed above the ossicles between the eustachian tube and the
fascial recess, and then fascia is placed as an underplant below the very thin epithelium. Usually,
there is a slightly thicker anterior remnant of the drumhead through which a No. 1 ventilation
aeration can be inserted to help ensure postoperative aeration and healing of the middle ear. After
healing, the appearance of the tympanic membrane is normal, the middle ear space is
reestablished, and the hearing deficit is corrected.

Flexible Otologic Surgery

Studies in patients and in the temporal bone laboratory have led us to observe that the
pathogenesis of chronic otitis media can be influenced by pathologic and anatomic obstructive
sites along the middle ear cleft (the eustachian tube, middle ear, and mastoid). Such pathologic
obstruction (i.e. cholesteatoma, granulation tissue, tympanosclerosis, scar tissue, and so forth) or
anatomic physiologic obstruction can lead to generalized or localized pathologic conditions. An
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understanding of the interrelationship between disease and location dictates the need for a
surgical procedure that will allow enough flexibility in the intra-operative context to expose and
eradicate the disease as it is followed through the various anatomic locations within the ear.
Patients with a sclerotic or hypopneumatized mastoid as determined by x-ray would not be
candidates for the mastoidotomy step of the following method.

Method

A series of defined steps make up the flexible approach. A sequence is followed and
modified according to the pathologic or abnormal anatomy encountered.

Step I: Incision

The ear is approached endaurally. The endaural incision for a mastoidectomy was
described by Thies, Sr., in 1907. Further descriptions of the endaural incision were made by
Heerman and then by Lempert, during the 1930s. Sequentially, the first endaural incision
(Lempert I) is made semicircumferentially between 6 o'clock and 12 o'clock on the posterior wall
at the bony cartilaginous junction immediately below the meatus. A second connecting incision
(Lempert II) does not cut into cartilage but divides the tragus and helix in the incisura. It is
through this extended second incision that temporalis fascia can be removed when desired for
grafting purposes. The remaining skin of the posterior canal is preserved as a large
tympanomeatal flap, when special problems in exposing the middle ear and attic exist. To
facilitate mobilization of the flap, incisions can be made connecting to the Lempert I incision
from the annulus at 6 o'clock or (seldom necessary) from 1 o'clock. A Körner flap (skin flap
from the posterior canal connected to the concha) can be fashioned when desired, using either
a postauricular or endaural incision.

The standard Lempert incisions Nos. I, II, and III are modified in three ways. A small
endaural approach involves the Lempert No. I incision combined with a small nick placed in the
incisural region to facilitate placement of small, self-retaining retractors that would allow
bimanual surgery. A medium exposure involves an extension of the Lempert No. II incision more
superiorly, as well as the use of the Lempert No. III incision in such a way as to allow adequate
retraction of the posterior flap to expose a small aspect of the mastoid cortex adjacent to the
posterior canal. The large version of this endaural incision includes Lempert No. II incisions
extending up into the region of the temporalis fascia and a Lempert No. III incision carried
inferiorly enough to allow retraction of soft tissue and exposure of the mastoid cortex and tip in
its entirety. If necessary, the smaller endaural incision can be converted readily into a medium
or large incision.

Step 2: Canalplasty

Incisions are begun at the annulus at both the 12 o'clock and 6 o'clock positions. These
incisions are carried out toward the Lempert No. II incision. A posterior flap is elevated and the
osseous canal is exposed from the annulus laterally. This flap is usually quite thickened laterally.
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It is thinned out from below with cup forceps and scissors.

The osseous canal is drilled lateral to the annulus in a way that allows better exposure of
the annulus and associated mesotympanum. As drilling continues more posteriorly, a first glimpse
of a few mastoid air-cells can be obtained. Anteriorly, the 12 o'clock and 6 o'clock positions can
be connected with a curvilinear incision, a few millimeters from the annulus. A laterally based
anterior flap may be elevated and the anterior osseous canal may be drilled, allowing better
exposure of the anterior aspect of the mesotympanum. Care must be exercised to avoid entering
the temporomandibular joint.

Step 3: Exploratory Tympanotomy

Virtually every approach to the temporal bone can be considered an exploratory
investigation. Until the pathologic condition is actually observed, one cannot be entirely certain
of its nature or extent. Often when a procedure such as closed cavity tympanomastoidectomy
(CCTM), open cavity tympanomastoidectomy (OCTM), or intact bridge tympanomastoidectomy
(IBM) is scheduled, pathologic conditions will be identified during the course of this procedure
that will vary or differ from what was anticipated preoperatively (Paparella and Jung, 1983).

The fibrous annulus is carefully identified and elevated. The mesotympanum is entered.
Exposure of the posterior as well as the anterior aspect of the mesotympanum is accomplished.
The chorda tympani may be preserved. Exploration of the entire middle ear is sought. If the
tympanic membrane and malleus are medialized, then the tensor tympani tendon is severed and
the malleus lateralized, which opens the mesotympanic space (Paparella and Jung, 1981). Care
is taken not to disrupt the ossicular chain during this maneuver.

The protympanum is carefully examined and sites of obstruction are looked for. These
may include bony prominences in various regions of the middle ear, thickened mucosa or
granulation tissue in the middle ear, and disease of the anterior tympanic membrane or anterior
mesotympanum such as tympanosclerosis. The contour of the promontory is observed, to look
for obstruction at this level of the mesotympanum. The regions of the round window, sinus
tympani, and facial recess are assessed as well. The shape and depths of the oval and round
windows are noted. The region of the round window is carefully studied and treated if
sensorineural hearing loss exists. A high promontory (associated with deep windows) and a
retracted malleus can cause anatomic mesotympanic obstruction.

Pathologic conditions in the middle ear are eradicated thoroughly but meticulously. A
variety of types of ossiculoplasty are done, depending on the type of ossicular disease. Silicone
rubber sheeting is routinely placed between the eustachian tube and the round window niche. A
No. 1 (or rarely a No. ") Paparella ventilation tube is usually inserted in the anterior tympanic
membrane to assist healing and ventilation in the middle ear. If the tympanic membrane is
deficient owing to atelectasis or perforation, then fascial grafts and/or adjacent skin flaps are
utilized at this step or a later step, using a variety of tympanoplastic techniques.
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Step 4: Atticotomy

The posterosuperior aspect of the bony canal is carefully removed with either a stapes-
type curette, mastoid curette, or drill. The atticotomy or amount of bone removed can be
categorized as small, medium, or large - whichever is appropriate to facilitate exposure of the
pathologic condition at hand. Removal may be done to allow better exposure of the ossicles or
to follow mesotympanic disease extending in a direction toward the aditus ad antrum. Anatomic
dimensions of the attic and its parts can vary and pathologic conditions certainly can exist in the
attic, contributing to obstruction at this site. Anatomic and/or pathologic obstruction of the attic
or aditus ad antrum results in pathologic conditions that can occupy the mastoid, even though
preserving normal or near-normal findings in the middle ear.

Step 5: Mastoidotomy

If pathologic conditions in the mastoid are suspected clinically or by x-ray, the fossa
mastoideum (Macewen's triangle) is identified, and the mastoid cortex in this region is removed
with a large drill bur. A good examination of the antrum and aditus, but a limited examination
of the mastoid air-cell system, is obtained. This procedure can only be done in those patients in
whom good pneumatization is identified. This mastoid exposure will provide a better
understanding of the extent of pathologic conditions in the mastoid, and communication between
the mesotympanum and mastoid via the aditus ad antrum can be checked.

Step 6: Mastoidectomy, Tympanoplasty

If the pathologic conditions encountered so merit, a complete (thorough) mastoidectomy
can then be carried out. Closed cavity, open cavity, or intact bridge mastoidectomy can be
employed. Closed cavity tympanomastoidectomy are used only in pneumatic mastoid air-cell
systems, whereas the other two procedures are employed in diploic or sclerotic mastoids
associated with (most) cases of chronic otitis media. Grafted reconstruction of the tympanic
membrane and associated ossicular chain may be carried out.

Intact Bridge Tympanomastoidectomy

Open cavity and closed cavity tympanomastoidectomies have both advantages and
disadvantages. In order to optimize the advantages and reduce or eliminate the disadvantages, the
intact bridge tympanomastoidectomy was developed (Paparella and Jung, 1983). This operation
combines salient features of both the open and closed methods. Closed cavity
tympanomastoidectomy procedure or combined-approach tympanoplasty/posterior tympanotomy
can be considered a modern-day version of the classically described simple mastoidectomy with
posterior opening of the suprapyramidal (facial) recess. The intact bridge tympanomastoidectomy
operation can similarly be thought of as a contemporary version or modification of the classic
modified or Bondy-modified radical mastoidectomy, but with preservation, sculpturing, and
shaping of the bridge, and again application of current tympanoplastic methods.
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In the late 1950s, Janssen (1968) first described what he currently terms posterior
tympanotomy (intact wall tympanomastoidectomy or closed cavity tympanomastoidectomy). The
procedure, as described, requires a two-stage approach: first, removal of pathologic tissues and
second, months later, tympanoplastic reconstruction. Many authors have advocated a look-see
third stage for identification and removal of any residual or current disease one or more years
later. The major advantages of closed cavity tympanomastoidectomy are to avoid postoperative
problems with the cavity, preserve the external auditory canal, preserve and enhance hearing in
tympanoplasty, and develop a reservoir for air in the mastoid. The advantages of open cavity
tympanomastoidectomy are obvious. It provides for better visualization and for eradication of
pathologic conditions during tympanomastoid surgery. The disadvantages, of course, represent
the loss of the ear canal, and it is difficult for certain patients with open cavity tympanomastoids
to swim, postoperatively.

These considerations and problems led to the development and use of the intact-bridge
tympanomastoidectomy (IBM), which provides some of the best advantages of both closed and
open methods. For example, this method allows for maintaining and increasing the width of the
mesotympanic space and thus optimizing results from ossiculoplastic techniques by sculpturing
and preserving the bridge. Also, mastoid obliteration is enhanced when desired in large cavities,
so that the obliterative tissue does not invade the middle ear space but abuts cleanly against the
bridge, which is shaped within. This technique seems to provide the best features of both
methods, including (1) adequate visualization for eradication of pathologic tissue, and (2)
desirable anatomic configurations for ossiculoplastic and tympanoplastic techniques.

Method

Intact bridge tympanomastoidectomy is indicated for chronic otitis media and chronic
mastoiditis with intractably pathologic tissue such as cholesteatoma, granulation tissue, or
cholesterol granulomas in the mastoid and middle ear. It can be used as the first procedure for
those cases in which the posterior wall of the canal remains. The steps in this operation are as
follows:

Step 1: Incisions

An endaural incision is used. The mastoid is sclerotic or diploic in most cases. If
preferred, a postauricular incision can be used. When we use postauricular incisions, we often
use them in combination with endaural incisions. A large tympanomeatal flap is shaped, and the
fascia is removed. If preferred, a postauricular incisions can be used. The mastoid cortex is
exposed in its entirety.

Step 2: Meatoplasty

Generous meatoplasty is done by removing a large piece of conchal cartilage. It is almost
impossible to remove too much cartilage, since the meatal skin will rest on the bony wall below.
Moreover, the meatus always narrows postoperatively. The cartilage can be preserved and used
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for ossiculoplasty later on if desired.

Step 3: Canaloplasty

A generous canaloplasty is done by first drilling the posterior bony wall of the canal
maximally as previously described. The objective of this supporting step is, again, to see clearly
the entire fibrous and bony annulus, both intraoperatively and in postoperative follow-up.

Step 4: Mastoidotomy (optional)

The posterior bony meatus is enlarged, and a small or larger atticotomy can be done if
the pathologic condition indicates. In most patients, the presence of intractably pathologic tissues
(cholesteatoma and granulation tissue) in the mastoid is known, and one proceeds to
mastoidectomy. Such conditions are uncertain in some patients, and in these cases a
mastoidotomy opening is made.

Step 5: Mastoidectomy, Removal of Pathologic Tissue,

Sculpturing of the Bridge

A thorough open mastoidectomy is done, preserving the bridge. The height and
sculpturing of the bridge depend on the presence of cellular disease in the region. The bridge
with its continuous facial buttress should be left high enough to increase the posterior
mesotympanic space adequately (usually doubling it), while not sacrificing removal of pathologic
tissues from the middle ear and mastoid. The aditus is enlarged to remove disease from the aditus
and attic.

If pathologic conditions in the attic are extensive, atticotomy, which can vary from small
to more moderate, is combined. This is usually unnecessary. The facial or suprapyramidal recess
is cleaned but not drilled open, which helps to avoid a postoperative retraction pocket. All
cellular disease is removed, achieving white, bony walls of the mastoid circumferentially. The
mastoid cavity is reduced in size by lowering its cortical walls - that is, drilling the mastoid
cortical bone superiorly to the level of the dura, posteriorly to the level of the lateral sinus, and
inferiorly by reducing or removing the mastoid tip.

Step 6: Reconstruction of the Middle Ear and Ossiculoplasty

After removal of all pathologic tissue in the nooks and crannies of the middle ear and
mastoid, ossiculoplasty is done. If the ossicles are intact and the malleus remains in the presence
of a damaged incudal or stapedial superstructure (the latter situation being common), the tensor
tympani tendon is cut and the manubrium is lateralized to increase the mesotympanum at this
site. A small No. 1 ventilation tube is placed in the anterior drumhead that usually exists.
Although a ventilation (tympanostomy) tube is usually employed routinely to compensate for
eustachian tubal dysfunction, it is not considered wise to place a tube through the graft. Healthy,
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usable ossicles are mobilized. Total ossicular reconstructive prostheses (TORPs) and partial
ossicular reconstructive prostheses (PORPs) are used in reconstruction with other techniques as
well.

Step 7: Closure of the Aditus

Gelfilm is softened in Ringer's solution and placed over the aditus. Periosteum harvested
from the mastoid cortex is used to obliterate the aditus at this point.

Step 8: Grafting

The graft, first squeezed and dried to a semi-parchment-like state, is placed so as to cover
the drumhead anteriorly and cover the middle ear. It extends over the bridge-buttress and covers
the aditus, reflecting into the mastoid cavity. Underplanted and/or overplanted grafts are used,
preferably with skin from an overlying regional pedicle (double or triple layered).

Step 9: Mastoid Obliteration (Optional)

If the cavity is still sizable, mastoid obliteration using a Palva flap or other methods can
be done (seldom necessary).

Step 10: Thiersch Grafting (Optional)

After packing the ear and careful postoperative care, a Thiersch graft is applied 3 to 4
weeks postoperatively in most cases. This is to facilitate proper epithelialization of unhealed
surfaces within the mastoid cavity. This technique often avoids undesirable persistent granulations
and postoperative otorrhea and helps to encourage rapid and appropriate healing, thus facilitating
a reduced tendency toward narrowing. The thin, translucent skin grafts are harvested by first
injecting the upper medial surface of the upper extremity with a local anesthetic. A double-edged
razor blade is held with a Kelly clamp, and thin skin grafts are harvested with this instrument.
This thin skin is transferred, dermal surface up, to an Owens silk gauze material saturated with
antibiotic ointment. The skin grafts, with Owens silk gauze backing, are cut into segments and
placed on all denuded surfaces with the mastoid cavity. At this time, the tympanoplastic graft can
be trimmed and debrided and, if necessary, the meatus can be enlarged.

Conclusions

The intact bridge tympanomastoidectomy procedure has shown itself quite satisfactory as
a one-stage approach to tympanomastoid surgery. The primary objective of eradicating intractably
pathologic tissue within the tympanomastoid cavity is achieved quite frequently. A satisfactory
healing result - that is, a dry, safe ear subsequent to surgery - is routinely achieved. Hearing
results are proportional to the amount of ossicular reconstruction done at the time of surgery, with
type I tymanoplastic procedures faring best, followed by procedures using PORPs and then by
procedures using TORPs.



22

Mastoid Obliteration

Certain patients in whom a large mastoid cavity results after mastoidectomy may benefit
from obliteration of the mastoid. Obliteration is not necessary for sclerotic mastoids, since a small
cavity or a large ear canal will result.

A variety of techniques have been described, including obliteration using bone and
cartilage. The more commonly employed method of obliteration consists of using a
musculofascial pedicle from behind the ear. This is usually pedicled inferiorly but can be pedicled
superiorly as well. It is desirable that fascia rather than muscle be used for obliteration, since
many months after musculoplasty, the cavity often resumes its former size secondary to atrophy
from disuse of the skeletal muscle in the mastoid cavity.

Schuknecht (1966) has successfully used mastoid obliterative techniques in which pedicles
are placed inferiorly or superiorly. Palva has described a fibromuscular flap that is based
posteriorly - that is, it is attached to the posterior margin of the conchal bowl. This flap is created
by making an incision as much as 1 centimeter posterior to the postauricular crease, undermining
as much subcutaneous tissue as possible posteriorly and anteriorly up to the conchal cartilage,
and then incising this large apron to the conchal cartilage. This is then shaped and placed into
the large mastoid cavity at the termination of the procedure, and the Körner flap placed on top
of this. Both of these methods of obliteration have been successfully used by Schuknecht and
Palmer, as well as by ourselves.

Another method of obliterating the mastoid cavity uses bone chips or bone paté. In this
instance, the bone dust, which is usually washed away and disposed of during mastoid drilling,
is preserved and placed into the mastoid cavity, and grafts are placed on that. We have
successfully used this method in certain rare instances.

The best method of obliterating the mastoid actually consists of drilling out the mastoid.
We adhere to this principle primarily. The walls of the mastoid are lowered so that the tip is
removed; the lateral sinus becomes the lateral posterior dimension of the cavity; and the normal
bone over the dura is removed. Depending on the anatomy, it is possible to reduce the size of
the mastoid considerably and thus avoid a large cavity. Finally, if mastoid obliteration is desired
in a large cavity, it is preferable to obliterate an IBM cavity against the wall (bridge-buttress)
rather than to obliterate against the middle ear and ossicles, as in open cavity
tympanomastoidectomy.

Problems in Intraoperative Management

Fistula

Cholesteatoma has the capacity to erode bone by local pressure and by the chemical
activity of collagenase and other enzymes. This bony erosion may involve the labyrinth, with
formation of a fistula posing a threat to hearing and balance. There is no universal agreement
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concerning the management of these fistulas. When cholesteatoma erodes the promontory, the
matrix should be left in place because of the frequency of total hearing loss associated with its
removal. Conversely, in the semicircular canals, the matrix may be removed from a small fistula
(less than 2 mm) when there is no apparent involvement of the membranous labyrinth, with
reasonable safety. Occasionally such a patient will experience additional sensorineural hearing
loss and disturbed balance from this procedure. The natural history of the matrix left in a fistula,
however, is that of progressive sensorineural hearing loss.

The most important step in the management of a fistula is recognition. A fistula may be
suspected on the basis of a preoperative fistula test or radiographic findings. Certainly it should
be identified during the course of the operation. The best way to do this is to identify the "critical
triad", consisting of the stapes, facial canal, and horizontal semicircular canal. This regions is
identified early in the course of a surgical procedure to allow the mastoidectomy and
tympanoplasty to proceed with dispatch. In any instance in which a fistula in the horizontal canal
is suspected, it is approached very gingerly from the side; if such is found, this area is protected,
and disease in this area is left intact until the absolute end of the mastoidectomy operation. If the
otologist is an expert surgeon, the entire cholesteatoma and its matrix can be removed and a
carefully applied skin graft used. This has been done in many cases without any damage to the
inner ear, with preservation and improvement of sensorineural hearing function.

Once the fistula is identified, careful examination for size and depth by palpation through
the lumen of the externalized cholesteatomal sac is indicated. The surgeon may elect to leave the
matrix intact, grafting the region around the fistula. If the matrix is removed at the end of the
procedure, the fistula is covered with a generous skin graft. Fascia is not desirable because of the
opportunity for fibroblastic invasion of the fistula, leading to dysfunction in the inner ear.

Trauma of the Facial Nerve

Inadvertent exposure of the facial nerve does not necessarily imply injury and requires
no treatment. If, however, the nerve is injured during the course of surgery, the fallopian canal
should be opened several millimeters proximally and distally to ensure continuity. The neural
sheath is not to be opened unless discontinuity of the nerve is suspected, as this procedure allows
for the ingrowth of fibrous tissue and retards regeneration. If discontinuity exists, or if severe
injury has occurred, the nerve should be cleanly incised with end-to-end anastomosis. If the
traumatized segment is too broad to span, nerve grafting is preferable to rerouting. If the facial
nerve's sheath is split, or if the nerve grafting takes place, the nerve must be protected either with
amnion or, as we prefer and use, with extremely thin sheets of gold foil. Again, it is preferable
to use skin grafting over the nerve rather than fascia grafting, as fascia promotes fibroblastic
proliferation.

Exposure of the Dura

In the course of surgery, exposure of the normal dura, although not considered a good
technique, presents no therapeutic problem. If the dura is penetrated, a cerebrospinal fluid leak
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will result, and the penetration will also provide a potential pathway for intracranial infection.
Small leaks of cerebrospinal fluid in the middle cranial fossa often stop spontaneously owing to
the abundant arachnoid tissue present. The overlying bone should be removed, exposing about
5 millimeters of normal dura in each direction. A fascia graft can then be tucked securely in
place, thus sealing the leak.

Leaks in the posterior cranial fossa are somewhat more troublesome, since the paucity of
local arachnoid tissue does not aid spontaneous closure and a surprisingly profuse leak results.
The bone overlying dura of the posterior cranial fossa should be removed, exposing
approximately 1 centimeter of normal dura in all directions. Tissue grafting may then be
accomplished, often requiring the addition of alpha-cyanoacrilate glue. If the above measures do
not appreciably diminish the flow of cerebrospinal fluid, an indwelling lumbar catheter may be
placed for the removal of cerebrospinal fluid daily for several days, if necessary.

Mastoiditis and Brain Hernia

Brain hernia can appear as an insidious complication of chronic mastoiditis and is
coincidentally discovered at the time of surgery. Our experience suggests that this disease is more
common than the recent literature indicates. The authors recently described ten patients with
chronic mastoiditis and brain hernia in whom herniation of the brain was pathologically
confirmed. Four had had previous surgery, and six had not; otherwise none of the cases had a
history of trauma.

Presenting clinical symptoms and complaints are much the same as those seen in chronic
otitis media, and neurologic findings may be absent, which was true in out cases. Patients may
have a localized pedunculated brain hernia or, as revealed in seven of our patients, a diffuse
(fungoid) form. Any suspicious granulation tissue that is contiguous with the temporal lobe
through the dura should be sent for pathologic study. The tissue is carefully removed, along with
all other mastoid disease, and the defect in the dura grafted by temporalis fascia, silicone rubber
sheeting, or bone grafting on the cranial side of the dural bony plate.

Extradural Abscess

Extradural abscess is usually associated with localized, pulsating granulation tissue on the
bone adjacent to the dura or the dura itself, if the bone is dehiscent. It appears as the result of
acute or chronic infection that spreads either directly or by thrombophlebitis of the veins between
the mastoid bone and dura. When such a condition is encountered, bone should be removed until
normal dura is exposed in all directions and the granulation tissue debrided. Neurosurgical
consultation should be obtained if associated abscess in the temporal lobe is suspected.

Iatrogenic Labyrinthine Fistula

This injury occurs most commonly at the dome of the lateral semicircular canal and is
frequently followed by disturbance in balance and audition. If this is recognized before injury to
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the membranous labyrinth occurs, sealing of the fistula with a compressed gelatin sponge or
tissue graft may prevent serious sequelae. Postoperative antibiotics are recommended, as the
operative field is usually contaminated in mastoid surgery.

Laceration of the Sigmoid Sinus

Laceration of the sigmoid sinus results in profuse hemorrhage. Occasionally a dehiscent
jugular bulb in the hypotympanum can be a similar problem. This injury frequently can be
avoided by studying the location of the sigmoid sinus plate on preoperative radiographs and
recognizing the change in appearance and feel of the bone overlying the sigmoid sinus while
drilling. The bleeding can often be stopped by firm application of oxidized cellulose, or by bone
wax in more difficult cases. In most cases, application of large pieces of gelatin sponge saturated
in epinephrine, with cotton or umbilical tape saturated with epinephrine placed on top, will
suffice to provide pressure and control bleeding. At termination of the operative procedure, the
area should be inspected for evidence of extradural hematoma.

Postoperative Care

Postoperative care of the mastoid patient begins with the completion of the surgical
procedure and may last a lifetime. First, the cavity and/or external auditory canal require dressing.
The type of dressing varies with the otologist's preference. Some use a gelatin sponge
impregnated with an antibiotic ointment or cream. Others prefer a more complex rosebud pack
fashioned from Owen's silk gauze saturated with an antibiotic steroid solution placed within. This
dressing is desirable whenever pressure is needed, as is always the case in types III and IV
tympanoplasties, and in other cases of tympanoplasty where pressure is desirable. The meatus is
dressed with antibiotic-impregnated lamb's wool or Nugauze saturated in Bacitracin ointment.
Cotton tends to shred and act as a foreign body. To prevent the resultant granulation tissue and
delayed healing, the use of cotton should be avoided. A secure mastoid pressure dressing is
placed.

Immediately following the termination of general anesthesia or heavy sedation, the
integrity of the cardiovascular system and cranial nerve VII is of primary importance. Intravenous
fluids should be continued until oral alimentation is sufficient to maintain an adequate urinary
output. The patient's bed is maintained with the head elevated 30 degrees to minimize edema in
the eustachian tube, and the patient is instructed to sneeze with the mouth open and to avoid
stooping, straining, and nose blowing. Smoking is to be discouraged, because it has been
suggested that the products of cigarette smoke decrease the amount of surfactant in the eustachian
tube and therefore decrease the efficiency of the eustachian tube. The patient should be ambulated
early to avoid atelectasis and deep venous thrombophlebitis. Medication for pain, antiemetics, and
antivertiginous drugs should be employed as needed.

Since most tympanomastoid surgery is performed in a contaminated or potentially
contaminated field, it seems logical to employ prophylactic antibiotics during the immediate
postoperative period until all dressings have been removed. This is particularly important when
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placement of nonvital tissues such as dried fascia or placement of foreign material is necessary.
The success of tympanomastoid surgery is predicted on the orderly reepithelialization of the
middle ear cleft and mastoid, as well as the growth of a neotympanic membrane. Both are
physiologic processes that cannot occur when gross infection is present.

The mastoid dressings should be changed under sterile conditions on the second to seventh
postoperative day, unless saturation with blood or serum necessitates earlier changing. The
external dressing and sutures should be removed approximately 7 days postoperatively, and the
rosebud pack, if employed, is removed on about the tenth postoperative day. Following removal
of the inner dressing, in the absence of infection, medications in the operative cavity should not
be employed, as they may retard epithelialization. If infection does appear to be present,
acidification of the mastoid bowl with an acetic acid or boric acid preparation is indicated.

By 6 to 8 weeks following surgery, the healing process should be completed, and
postoperative audiometric testing should be undertaken. At this visit, the ear should be cleaned
of any remaining debris. Small areas of granulation tissue within the mastoid bowl may be
cauterized, if exuberant, or Thiersch grafted, or diligently debrided until reepithelialization is
complete. Infected air-cells incompletely exenterated may be gently curetted on an outpatient
basis. Follow-up visits should be scheduled frequently until the cavity is clean and dry. Once the
cavity has proven itself to be self-cleansing, the patient should be seen at 6-months to 1-year
intervals. The patient with a mastoid cavity should be instructed never to allow water to pool in
the cavity. This can be avoided while showering and bathing by placing petroleum jelly-
impregnated lamb's wool in the external auditory canal or by the use of custom-made, fast-curing
Silastic earmolds.

Postoperative Complications

Paralysis of the Facial Nerve

Paralysis of the facial nerve of immediate onset, identified as the patient emerges from
the anesthesia, is due to intraoperative injury, compression from packing, or the overzealous
administration of local anesthesia. If the operating surgeon is certain that the fallopian canal is
intact throughout its course and that no injury to the facial nerve has occurred, redressing should
be adequate therapy. The inner pack should be loosened or removed. If any question exist
regarding the anatomic integrity of the facial nerve, immediate exploration is required. Delayed
paralysis of the facial nerve that occurs during the postoperative course necessitates redressing
the ear. Steroid and antibiotic therapy in the management of postoperative paralysis of the facial
nerve is felt to be of value by some observers.
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Diseases of the Middle Ear

Hearing Loss

High-frequency sensorineural hearing loss may occur postoperatively as the result of
energy transfer to the inner ear from the use of high-speed drills and manipulation of the
ossicular chain. This complication may be minimized by the use of extreme care when working
in the area of the labyrinth and ossicles, and by disarticulating the incudostapedial joint if trauma
to the incus and malleus seems likely.

Infection

Working in an infected field and using devitalized tissue predisposes the patient to
postoperative infection. This may be minimized by delicate handling of tissue, by using pre- and
postoperative antibiotic coverage, and by impregnating dressings for the middle ear with broad-
spectrum antibiotics. Perichondritis is an unusual infectious condition that may occur between
6 days and 6 weeks postoperatively and may result in severe auricular deformity. The causative
organism is usually Pseudomonas aeruginosa. Patients complain of increasing auricular pain, and
evaluation reveals a woody thickening and severe tenderness of the auricle. Therapy includes
adequate debridement, topical antibiotics, and acidifying agents. Through-and-through incisions
may be placed for purposes of irrigation, and systemic antibiotics may be of value in some cases.
This complication more frequently follows the endaural approach to the mastoid than the
postauricular approach.

Granulation Tissue

The incidence of exuberant granulation tissue in the postoperative mastoid bowl may be
decreased by the use of thin split-thickness skin grafts to line the bare bone during reconstruction.
When granulation tissue does occur, daily mechanical and chemical cleansing plus prudent use
of topical steroids and silver nitrate are usually sufficient to allow epithelialization. Resistant
cases often signify residual disease or reaction to retained foreign body, necessitating revision
surgery.

Meatal Stenosis

Meatal stenosis is usually secondary to inadequate removal of conchal cartilage when
performing the meatoplasty. It also may result from persistent infection. In any case, significant
meatal stenosis allows neither for self-cleansing of the mastoid bowl nor for adequate inspection
and cleansing by the surgeon, necessitating revision surgery.

Results

Evaluation of postoperative results entails two parameters. First and most important is the
control of the pathologic process (i.e. granulation tissue, osteitis, cholesteatoma). Of secondary
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importance is the functional status of the ear. It becomes quite apparent that both the control of
the pathological condition and the degree of functional results are inversely proportional to the
extent of disease that necessitated the original operation, and directly proportional to
postoperative function in the eustachian tube, reliability of the patient, and capability of the
otologic surgeon. Patients requiring removal of the posterior wall of the canal for control of
disease generally have poorer functional results than those in whom the posterior wall of the
canal is left intact. It is important to note, however, that preservation of the posterior wall of the
canal in certain diseased states may result in the incomplete removal of disease and a potentially
dangerous condition.

When ossicular reconstruction is required, the functional results diminish as the type of
tympanoplasty progresses from types I to V. Of patients with need for type I tympanoplasty, 95
per cent should expect good function and a safe, dry ear. Patients who have had a
tympanomastoidectomy with type II or type III tympanoplasty should expect a safe, dry ear in
approximately 80 per cent of cases, and a good functional result in approximately two-thirds of
cases. Patients who have had a type IV or type V tympanoplasty associated with
tympanomastoidectomy should expect good functional results in a smaller percentage of cases,
but a safe, dry ear should be achieved in all cases.

A series of results for mastoidectomies were described by Paparella and Kim (1977). The
following conclusions were drawn from this study. Healing is a more important objective than
hearing in postoperative cases of tympanomastoidectomy. In this series, a dry ear result was
obtained in an average of 1.5 months. Indeed, appropriate postoperative healing and a dry ear are
essential for a successful long-term tympanoplastic result. A proper healing result is, as indicated,
mainly predicated on total eradication of the pathologic tissue. If need be, careful application of
skin grafts during surgery or postoperatively will assist the mastoid in acquiring an appropriate
lining of squamous epithelium. As stated earlier, the three equally important phases of mastoid
surgery include preoperative, operative, and postoperative care and considerations.

An open cavity is not something to be avoided at all costs. Of the 375 cases in this study
of long-term results of primary mastoidectomy, two-thirds of the patients had an open cavity
procedure, whereas one-third received a closed cavity procedure consisting of atticotomy or intact
wall tympanomastoidectomy. In open cavity mastoidectomy, the most important way to eliminate
the problem of a large postoperative cavity is to reduce the size of the mastoid cavity through
sculpturing of mastoid cortical bone. This is done by circumferential saucerization or lowering
of the cortical bony walls. Intact wall mastoidectomy should not be attempted in a sclerotic
mastoid, because it is unsafe and unnecessary. In this series, the majority of patients (two-thirds)
had a sclerotic or diploic mastoid.

The primary pathologic findings were cholesteatoma in one-third of the patients and
granulation tissue in two-thirds. The average age of patients receiving surgery was 35.1 years.
Most of the patients (76 per cent) had developed chronic inflammatory problems in the ear during
the first decade of life. This strongly suggests that unattended chronic otitis media in childhood
can become a more formidable adult form of otitis media with irreparable damage. In this series,
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521 total procedures were assessed. Thirty-one per cent of cases required subsequent revisions;
however, with the exception of five cases, all of these were minor revisions such as
tympanoplastic revision, Thiersch grafting, and meatoplasty. A one-stage tympanomastoidectomy
is recommended. Planned multiple procedures are not usually necessary and should be avoided,
if possible, to reduce unnecessary hospitalization and expense.


