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\s=b\A wide range of recurrence rates (21%
to 47%) for perilymph fistula repairs have
been reported in the otology literature. An
improved surgical technique developed at
the Portland (Ore) Good Samaritan Hospital
and Medical Center Neurotology Depart-
ment was used to repair perilymph fistulas
in 58 patients from October 1986 to October
1988. Our recurrence rate was reduced from
27% in a 1982-1985 study to 8% in our

study. At 1 year postoperatively, improve-
ments in disequilibrium, dizziness, and ver-

tigo were comparable with results of older
surgical techniques. Functional outcomes
were also good: 83% of patients returned to
normal activities of daily living, and 71%
also returned to school or resumed gainful
employment outside the home.

(Arch Otolaryngol Head Neck Surg.
1991;117:641-648)

In 1987, we reported outcome data
on 64 consecutive patients who un¬

derwent 100 tympanotomies for sus¬

pected perilymph fistulas (PLFs).1

Positive outcomes, as estimated by
resolution of symptoms, were 71% for
vertigo, 73% for disequilibrium, 66%
for tinnitus, and 50% for hearing im¬
provement in patients with a preoper¬
ative hearing loss. Twenty-seven of
the 100 ears operated on required sur¬

gical revision. Comparable outcomes of
PLF surgeries at other institutions
varied from 53% to 94% satisfactory
results, and recurrence rates ranged
from 21% to 47%.2,3 After a critical
comparison of PLF surgical proce¬
dures and a review of current concepts
of wound healing, we developed a new

surgical procedure for PLF closure.4,5
Our purpose was to compare outcome
with the use of this new surgical tech¬
nique with results previously reported
with the use of older PLF surgical
repair procedures. By combining laser
techniques to prepare graft sites, us¬

ing autologous fibrin glue to secure the
graft, and restricting postoperative
physical activity, we achieved statisti¬
cally significant improvements in
symptoms. Disequilibrium, the most
common chief complaint, resolved com¬

pletely in 84% of patients; dizziness
and vertigo resolved in 89% of pa¬
tients. Recurrence rates were reduced
from 27% to 8%.

PATIENTS AND METHODS
Diagnostic Criteria

Presurgical diagnostic criteria for PLF
have not been established; however, certain
symptom combinations, especially when as¬

sociated with head trauma, appear to be
highly suggestive of PLF. It is generally
agreed that the clinical diagnosis of PLF can

be confirmed only by the demonstration of
the repeated accumulation of crystal-clear
fluid in the oval and/or round window niche
during tympanotomy.1"3,6'12 We suspected a
PLF if the patient had some constant or per¬
sistent combination of the following symp¬
toms or signs: disequilibrium, ataxia, verti¬
go, dizziness, sensorineural hearing loss
(fluctuating, progressive, or sudden) and/or
tinnitus, particularly (1) if onset of these
symptoms followed trauma, (2) if these
symptoms were incrementally exacerbated
by physical exertion, and/or (3) if these
symptoms were improved by restricting
physical activity. Only two of the patients
eventually selected for study presented with
hearing loss without vestibular symptoms.
The remaining 56 patients complained of dis¬
equilibrium, dizziness, or vertigo with or

without hearing loss at the time of the initial
evaluation.

Patient Selection
Between October 1986 and October :

all patients who presented with the above-
described symptom complex, and in whom
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conservative treatment had failed (6 weeks
of modified bedrest; see "Postoperative
Care" section below) or in whom sudden or

rapidly progressive sensorineural hearing
loss did not improve following 72 hours of
bedrest, were considered for PLF surgery
and inclusion in our study. The only test re¬

sult used as an indication for surgery was an

audiogram indicating a fluctuation and/or
progression of hearing loss. The following
patient groups were excluded: (1) those who
had undergone prior PLF repair with other
techniques; (2) those with a follow-up period
of less than 1 year; (3) those with evidence of
neurologic, psychiatric, systemic, or other
organic disease as a possible contributor to or

cause of symptoms; and (4) those with evi¬
dence of other neurotologic disease as a pri¬
mary cause of symptoms. After all exclusion
criteria were met, 58 patients were selected
to undergo PLF surgery and participate in
our study. Before surgery, at least one at¬
tempt at conservative treatment had failed in
81 of the 90 ears operated on in these 58
patients.

Patient Examinations
A thorough history was obtained from

each patient. All patients underwent a pre¬
operative internal medical evaluation, a com¬

plete neurotologic examination, and an ex¬
amination for systemic or neurologic
disorders. Routine laboratory screening,
computed tomography of the temporal
bones, and/or magnetic resonance imaging
studies of the head were performed in all
patients. Audiometrie testing included air-
and bone-conducted pure-tone threshold
testing, speech intelligibility,13 middle-ear
impedance (tympanometry),14 and a tympan-
ometric fistula test.15 Acoustic reflex decay, !
auditory brain-stem evoked response stud¬
ies,17 and electrocochleography18 were per¬
formed in selected patients to differentiate
peripheral from retrocochlear disorders.
Vestibular testing consisted of electronys-
tagmography, horizontal canal vestibulo-oc-
ular responses (HCVOR) to caloric and rota¬
tional (single frequency and sum-of-sines)
stimuli,19"21 dynamic posturography,22 and a

fistula test with the use of dynamic posturo¬
graphy to record responses.1 All preoper¬
ative testing was performed within 1 month
before surgery, with the exception of audio-
metry, which was performed within 1 week
of surgery.

Operative Procedure
Patients were admitted to the hospital the

afternoon before or the morning of surgery.
Tympanotomy was performed with the pa¬
tient under local anesthesia, with external
canal injection of local anesthetic limited to
0.5 to 0.75 mL of lidocaine hydrochloride
(Xylocaine) and a 1:50 000 dilution of epi-

nephrine. Monitoring was performed and
supplemental neuroleptic analgesia was ad¬
ministered by an anesthesiologist. Profound¬
ly deaf patients and three children younger
than 15 years received general anesthesia.
All patients were operated on in the supine
position with their heads turned away from
the operated ear. We have discontinued at¬
tempts to increase perilymph flow into the
middle ear with the use of Trendelenberg
positioning, Valsalva maneuver, jugular
compression, or other maneuvers because
we have observed postoperative hearing
losses in some patients following such ma¬

nipulations, particularly when mild to mod¬
erate sensorineural hearing loss was present
preoperatively.

The middle ear, including the oval and
round window niches, was suctioned thor¬
oughly to dry the mucosa before surgical ma¬

nipulation. If required, the scutum was cu¬

retted to obtain adequate exposure of the
middle ear. The ossicular chain was observed
carefully for signs of disruption, discontinu¬
ity, or stapedial crural fracture. The oval and
round windows were then examined for PLF
leaks. A PLF was said to be present if one or

both of the following criteria were met: (1) an

active leak of crystal-clear fluid could be seen

emanating from the depths of the oval or

round window, and the fluid reaccumulated
rapidly when suctioned away2,3,6,9,10; or (2) an
actual hole or defect could be seen in the
structures of one or both windows. In most
cases, the posterior oval window area could
not be visualized completely because the py¬
ramidal eminence and stapedial tendon ob¬
structed a fall view of the more posterome-
dial oval window structures. Occasionally,
the stapedial tendon was sacrificed in an at¬
tempt to achieve a stable repositioning of a

posteriorly displaced stapes. In a few pa¬
tients, the facial nerve was either dehiscent
or protruded over the superior portion of the
oval window, obscuring the superior portion
of the oval window niche.

The Hough microcurette was used to re¬
move the bony round window overhang. Af¬
ter the round window membrane was ex¬

posed and the niche was observed for the
repeated accumulation of crystal-clear fluid,
the ossicular chain was carefully palpated to
observe the round window reflex. Crystal-
clear fluid observed in the round window
niche did not always flow from the round
window or the round window membrane.
Perilymph was also observed welling into the
middle ear from a dimple deep in the infero-
posterior portion of the niche, as described
by Goodhill11 and Kamerer et al.23 A "bleb" or

"blister" of mucosa, as described by Kohut,24
was observed in some cases, yielding a frank
flow ofcrystal-clear fluid when punctured. In
patients with PLFs in both windows, suc-

tioning in one window sometimes resulted in

aspiration of the perilymphatic fluid back
into the perilymph space from the other win¬
dow niche.

Whether or not a PLF was identified, ar¬

gon laser vaporization of the surgically acces¬
sible mucosa surrounding the oval and round
window margins was achieved with use of a

hand-held probe. The mucosa that could not
be safely reached with the laser probe was

removed with angled sharp picks and hooks.
After the graft sites were prepared, both
oval and round window niches were grafted
as follows: An areolar tissue graft3 was ob¬
tained through a small postauricular incision
made while the external canal lidocaine hy¬
drochloride injection took effect. While the
surgeon was performing the tympanotomy
and preparing the windows for grafting, a

physician's assistant (T.N.) prepared the
areolar tissue graft. The harvested areolar
tissue was cut into small pieces (about
0.25 mm) on a cutting block and divided into
two equal portions ofabout 30 pieces each.

With special attention to sterile technique,
autologous cryoprecipitated fibrinogen was

prepared the day before surgery as follows4:
20 mL (four sterile 5-mL blue-top tubes) of
the patient's citrated blood was centrifuged
at 4000 rpm for 10 minutes. The cell-free
plasma was syphoned off, transferred to a 7-
mL red-top tube, frozen rapidly at -20°C,
and left in the freezer for at least 1 hour. The
plasma was transferred to a 4°C refrigerator
and allowed to thaw overnight. (Thawed
plasma has a slushy appearance.) On the day
of surgery, the thawed plasma was centri¬
fuged at 4°C for 5 minutes at 4000 rpm. The
upper portion ofthe plasma was gently pipet¬
ted off, leaving about 0.5 mL of cryoprecipi¬
tated fibrinogen at the bottom of the tube. In
the operating room, the cryoprecipitated fi¬
brinogen was mixed with an equal amount of
10% calcium chloride in a medicine glass and
drawn into a tuberculin syringe. One half of
the prepared tissue graft was soaked with
this mixture.

The second half of the graft was prepared
as follows: 1 mL of a-aminocaproic acid
(250 mg/dL) was drawn into a 10-mL syringe,
followed by 9 mL of sterile water. Then,
0.5 mL of this solution was thoroughly mixed
in a medicine glass with 1000 U of bovine
thrombin dissolved with 1 mL sterile water,
drawn into a tuberculin syringe, and used to
saturate the second portion ofthe graft. With
sharp, curved needles, and with pieces of
tissue taken alternately from the two por¬
tions of the prepared areolar tissue grafts,
the respective oval and round window niches
were filled until tissue mounded up within
the respective niche.

Once the graft had been satisfactorily
placed, the argon laser probe was held out of
focus and the lateral surface of the graft was

heat-congealed to hold the graft in place
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Table 1.—Causes of Perilymph
Fistulas in 58 Patients

Cause No. (%)
Trauma

Severe head blow* 2 (4)
Mild head blowt 30 (52)
Whiplash 6 (10)

Spontaneous onset 11 (19)
Lifting or straining 6 (10)
Miscellaneous^ 3 (5)

* Skull fracture and loss of consciousness lasting
hours to days.

tNo fracture; loss of consciousness lasting 2 min¬
utes or less.

^Explosive barotrauma ( = 1); iatrogenlc (tern-
poromandibular joint surgery) (n = 1); and prolonged
vomiting resulting from toxic exposure (n = 1).

more tightly. Reconstituted microfibrillar
bovine collagen (Avitene), prepared as de¬
scribed for the tissue grafts (applying the
fibrinogen mixture and thrombin mixture to
separated portions of the Avitene), was used
to buttress the tissue grafts. In some pa¬
tients, a sheet of absorbable gelatin film (Gel¬
film, Upjohn Pharmaceuticals, Kalamazoo,
Mich) was placed underneath the tympanic
membrane and lateral to the long process of
the incus to reduce adhesions between the
medial tympanic membrane surface and the
ossicular chain and to prevent an undesirable
columella effect.

Postoperative Care

Postoperative management plans were

based on current principles of collagen
wound healing' and were designed to avoid
pressure changes at the graft site. For a

minimum of 6 weeks following surgery, pa¬
tients were instructed to avoid any activity
that might cause increased intracranial, in¬
trathoracic, or intra-abdominal pressure.
The patients were instructed to rest quietly
with their heads elevated 30° or more. All
patients received prophylactic antibiotics
(preferably penicillin) for 10 days postopera¬
tively, in addition to decongestants and a

stool softener. Antinauseant medication and
a nonnarcotic analgesic drug were pre¬
scribed as necessary. A bedside vestibular
protocol physical therapy evaluation2" for
postural stability was performed on the first
postoperative morning to ensure that pa¬
tients with disequilibrium could ambulate
safely before discharge. Most patients were

discharged 1 to 2 days postoperatively. Su¬
tures and external canal packing were re¬

moved 7 to 10 days postoperatively before
middle-ear clot lysis occurred.

Outcome Criteria

Patients returned for evaluations at 6
weeks and at 3, 6, 9, and 12 months. Follow¬
ing a review of symptoms and an otologie

Percentage of 58 patients with perilymph fistulas reporting each of the most common complaints.

examination, audiometrie and vestibular
tests were repeated as indicated. Outcome at
1 year was determined as follows: disequilib¬
rium, vertigo/dizziness, subjective hearing
loss, tinnitus, and other symptoms were clas¬
sified as resolved (absent), improved (pa¬
tient described symptoms as improved com¬

pared with preoperative status), unchanged
from before operation, or worse (persistent
symptoms either at rest or symptoms incre¬
mentally worse with physical activity or ex¬

ertion) than before operation. Level of physi¬
cal activity, including return to work, was

recorded at each postoperative visit.

RESULTS
Clinical Examination Results

Patient Population.—Twenty-one
patients (36%) were male. Age at the
time of surgery ranged from 5 to 66
years, with a mean age of 36.2 years
for women and 40.4 years for men. The
age and sex distributions are compara¬
ble with the results of our earlier
study1 (53% were male and the mean

age for both sex groups was 36 years).
Causes.—The causes of PLF are

summarized in Table 1. Thirty-eight
(66%) of the patients in our study
developed PLFs from trauma, mostly
from motor-vehicle accidents. Sixty-
six percent of patients in our earlier

study also developed PLFs following
head trauma.1 Eleven patients experi¬
enced spontaneous onset of symptoms.
Several of these patients had a recent
history of infection, heavy lifting, bar¬
otrauma, or exposure to sudden alti¬
tude or other barometric change, but
onset of their symptoms was not tem¬
porally related to these events. Six
patients developed PLF after lifting or

straining.
Symptoms.—In the Figure, the

most common presenting complaints
are listed in order of frequency for the
58 patients. "Dizziness" is defined as
an expression of dizziness or lighthea-
dedness, not including a description or

perception of movement. "Vertigo" is
defined as a perception of self or sur¬

rounding movement, usually rotary or

angular, but includes perception of lin¬
ear displacement or movement. "Cog¬
nitive dysfunction" includes short-term
memory loss and/or difficulty with con¬

centration, reading, writing, or

speech. "Vision disturbance" includes
photophobia and/or blurred or double
vision. "Hearing loss" is defined as

speech reception threshold and/or
three-frequency pure-tone average re¬
duced by more than 25 dB (American

Downloaded From: http://archotol.jamanetwork.com/ by a New York University User  on 06/07/2015



National Standards Institute [ANSI]
1989).ls Disequilibrium was present in
88% of our patients, confirming other
reports that vestibular symptoms, es¬

pecially disequilibrium, account for the
most common complaints in patients
with PLF.1,7,9,26-28 Other vestibular and
auditory complaints included tinnitus,
nausea and vomiting, subjective hear¬
ing loss, and hypercusis.

The average delay between symp¬
tom onset and surgery was 44 months,
with a range of 1 month to 34 years.
Forty-eight patients (83%) described a

sudden, almost violent, onset of symp¬
toms. The majority of these patients
developed symptoms within minutes
or hours of a precipitating event. Sev¬
en patients (12%) described a gradual
symptom onset occurring during a 1- to
4-week period. Three patients (5%)
were uncertain about the timing of the
onset of their symptoms.

Physical Examination.—Internal
medical and neurological examination
findings were normal. None of the
abnormal findings of the otologie ex¬
amination (occasional tympanosclero-
sis, one tympanic membrane perfora¬
tion antedating the PLF) were
associated with the PLF. A longitudi¬
nal fracture of the temporal bone was
visible along the external canal of one

patient with head trauma. Ninety-four
percent of patients tested had normal
standard Romberg test findings with
the eyes open, 43% had normal find¬
ings on the standard Romberg test
with the eyes closed, and 51% had
normal findings on the tandem Rom¬
berg test with the eyes open. None of
the patients tested could perform the
tandem Romberg test with their eyes
closed.

Radiologie Findings.—Except for
the one patient with a temporal bone
fracture, computed tomographic,
roentgenographic, and magnetic reso¬
nance imaging findings were normal.

Preoperative Vestibular and
Audiometrie Test Results

Positional Nystagmus.—Electron-
ystagmographic recordings of position¬
al nystagmus obtained from 40 pa¬
tients before and after PLF surgery
and evaluated according to the criteria
of Barber and Stockwell29 are summa¬
rized in Table 2. We found no correla-

Table 2. -Summary of Preoperative and Postoperative (12 Months)
Vestibular Test Results*

Test

No. (%)

Preoperative Postoperative
ENG ( = 40)

Normal 14 (35) 17(43)
Direction-fixed positional nystagmus 19 (48) 13 (32)
Direction-changing positional nystagmus 7(17) 10 (25)

Rotation (n = 37)
Normal 36 (97) 35 (95)
Abnormalt 1 (3) 2(5)

Dynamic posturography (n
Normal

43)
11 (26) 23 (53)

Abnormal^ 32 (74) 20 (47)
*ENG indicates electronystagmography. Some tests could not be performed in all patients.
tEvidence of unilateral or bilateral loss of vestibular function.
  ßß! stopped or sway exceeded 95th percentile of normal population in two trials of one condition or one

trial in at least two conditions.2'2!

Table 3.—Preoperative and Postoperative (12 Months) Hearing Results in 89 of 90
Ears Operated On

Preoperative* Postoperative
Normal hearing (58 ears)

(SRT, 0 = 25 dB)

Preoperative hearing loss (31 ears)
(SRT, >25 dB)

Unchanged or improved in 41 (71%); slightly
worse but within normal range in 10 (17%);
worse (SRT <25 dB) in 7 (12%)

Improved in 13 (42%); unchanged in 11 (35%);
worse (SRT deteriorated >5 dB) in 7 (23%)

All ears operated on (n ' Improved 15 (17%); essentially unchanged in
60 (67%) (SRT the same ±5 dB and/or
remained in normal range of 0 = 25 dB;
worse (SRT deteriorated >5 dB) in 14 (16%)

'Numbers are speech reception threshold (SRT) (American National Standards Institute 1989), which was
within ±5 dB of 0.5, 1, and 2 kHz pure-tone auditory threshold averages.

tOne of the 90 ears operated on did not receive both preoperative and postoperative testing.

tion between the affected ear and the
presence or direction of positional nys¬
tagmus before surgery.

Rotation Tests.—Thirty-seven pa¬
tients underwent preoperative and
postoperative HCVOR tests; results
are summarized in Table 2. Thirty
patients had normal results preoper¬
atively. The rate of preoperative rota¬
tion test abnormalities was lower in
the present study (3% of patients test¬
ed) than in our previous study (30%)/

Dynamic Posturography.
—

Among
43 patients in stable enough condition
to undergo preoperative and postoper¬
ative dynamic posturography, 32 (74%)
had abnormal results preoperatively
(Table 2). This rate of test abnormali¬
ties is comparable with that reported
for our previous study (70% abnormal
posturography results).1

Moving Platform Fistula Tests
(MPFTs).-The MPFT1 was per¬
formed preoperatively in 65 of the 90

ears operated on. Fifty-seven (88%) of
the ears tested positively (ie, yielded
abnormal results); eight ears tested
negatively (ie, yielded normal results).
This rate of tested abnormalities is also
comparable with that previously re¬

ported (75 of 77 ears tested yielded
abnormal results).[ Postoperative
MPFTs were not performed to avoid
reopening PLFs.

Audiometrie Testing.—Eighty-nine
ears were tested preoperatively and
retested 1 year postoperatively (Table
3). Thirty-one of these ears showed
some hearing loss (ANSI 1989 stan¬
dards13). Tympanograms (middle-ear
compliance for a 226-Hz probe tone)
were normal in 62 of 67 patients tested
preoperatively. Four patients showed
a mild (-100 dekapascals) negative
middle-ear pressure, and one patient
showed an excessive volume consistent
with a perforated tympanic membrane
antedating development of the PLF.
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Table 4.—Comparison of Operative Findings From Current and Previously Reported Series of Perilymph Fistula (PLF) Surgeries

Author Year
No. of
Ears

PLFs
Identified

Site of PLF, No. (%)
"Hit

Rate," % OW Bi-W
Fee31 1968 3 (100)
Goodhlll3 100 1 (34) 2 (66)
Goodhill et al33 15 71 10 (66) 1 (7) 4(27)
Healy et al" 1976 43 93 31 (77) 5(13) 4(10)
Goodhill3· 1976 59 24 (51) 4(9) 19 (40)
Sldi and TovP 100 3(75) 1 (25)
Halvey and Sade35 1983 48 9(75) 1 (8) 2(17)
Potter and Conner36 1983 15 7(54) 4(31) 2(15)
Supance and Bluestone3' 29 16 (55) 9(31) 4(14)
Lehrer et al3" 1984 14 (43) 10 (30) 9(27)
Singleton8 1986 49 24(51) 18 (38) 5(11)
Muntarbhorn and Webber39 1987 52 6(19) 25 (78) 1 (3)
Glasscock et al" 3(37) 5 (63)
Shelton and Simmons41 33 42 21 (64) 9(27) 3(9)
Weider and Johnson45 1988 39 30 (86) 1 (<1) 4(11)
House and Rizer43 86 35

Reilly43 22 52 10 (45) 7 (32) 5(23)
Myer et al44 1989 32
Present study 79 41 (52) 16 (20) 22 (28)

Surgical Findings
Identification of PLFs.—Surgical

findings are summarized in Table 4.
Based on the results of history, physi¬
cal examination, and vestibular and
audiometrie tests, 13 patients (22%)
were suspected to have unilateral fis¬
tulas, and the remaining 45 were

thought to have bilateral fistulas.
Twenty of the 45 patients showed im¬
provement or became asymptomatic
postoperatively following unilateral
fistula repair and restricted activity.
Improvement in patients with a pre¬
sumptive diagnosis of bilateral PLFs
following successful unilateral repair
could be due either to spontaneous
closure of the fistula in the contralater¬
al ear or, alternatively, to the fact that
the fistula was unilateral. Because the
contralateral ear was not opened surgi¬
cally, we cannot distinguish between
these two possibilities.

Eighty-three tympanotomies were

performed in one (n = 33; 57%) or both
(n = 25; 43%) ears. Revision was per¬
formed in seven ears (8%). A total of
90 ears (45 right ears and 45 left ears)
were operated on. In our initial study, '

42 (66%) of 64 patients underwent uni¬
lateral tympanotomy. The rates of uni¬
lateral and bilateral tympanotomies is
not significantly different between

these two populations ( 2 = 1.25, df= 1,
P>.2).

Active PLFs were identified during
79 of 90 tympanotomies, yielding a

confirmation rate of 88%. Bilateral fis¬
tulas were surgically confirmed in 18 of
the 25 patients undergoing bilateral
tympanotomy. An oval-window PLF
leak was seen in 41 (52%), a round-
window leak in 16 (20%), and a leakage
from both oval and round windows in
22 (28%) (see Table 4 for a comparison
with other reports8·26'3045). Fifteen (24%)
of the oval-window PLFs leaked from
the fissula ante fenestram; the remain¬
ing PLFs leaked from the anteroinfer-
ior annular ligament. Twenty-seven
(71%) of the round-window fistulas
leaked from microfissures23·''6 in the
floor of the round-window niche and
not through the round-window mem¬
brane. Laterally rotated round win¬
dows were seen in seven ears (18%).47,48
In eight patients (11 ears, 12%), a PLF
could not be identified at operation.
Grafts were applied to the oval and
round windows of all ears that were

operated on, whether or not a PLF
was identified,7'46,49 and all patients
were accurately and fully informed of
their surgical findings.

Other Abnormalities.—Evidence of
a loosely articulated ossicular chain,

usually at the incudostapedial joint,
ossicular disruption, or ossicular frac¬
ture was observed during 41 (46%) of
90 tympanotomies. In 30 of these 41
ears, the stapes footplate was sublux-
ated; in three ears, the incus had been
displaced; and in another three ears, a
fracture of the stapedial footplate or

stapedial crura was discovered. The
stapes was hypermobile in five ears.

Other, less common intraoperative
findings included congenital thickening
of the stapedial crura (n = 4), caries or

erosion of the incus tip (n = 3), abnor¬
mally thickened middle-ear mucosa

( = 2), subclinical otosclerosis ( = 2),
longitudinal temporal bone fracture
(n = 1), and external auditory canal os-

teoma (n = 1).
Perioperative Complications.

—Three ears that were normal preoper¬
atively developed acute sensorineural
hearing loss (SNHL) within 1 week of
surgery. These three patients were

rehospitalized for carbogen treat¬
ments.°°;'1 Two of the three ears recov¬
ered completely; the other ear partial¬
ly recovered from a severe to a mild
residual SNHL. Four ears in another
four patients developed acute SNHL
3 to 6 weeks postoperatively. In three
of the patients, we could not identify a

cause. The fourth patient developed
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Table 5.—Causes of Perilymph Fistula (PLF) Recurrence Following Initial Closure in
Seven Ears (Five Patients)

No. of
Ears

Suspected Reason
for Recurrence Treatment

12-mo Symptom
Resolution

Motor-vehicle accident and
head blow at 4 mo

postoperatively

PLF revision Improved

Tympanometry and /or
tympanometrlc fistula test

performed at Independent
medical examination 1-3
mo postoperatively

PLF revision Improved (both ears)

Moving platform fistula test
performed 3 mo

postoperatively
_

PLF revision Improved

Unknown PLF revision Improved
Subluxed, hypermobile

stapes footplate
Stapedectomy and

placement of
bioglass* prosthesis

Improved in 1 ear; no

improvement in 1 ear

* Bioglass is a clear, bioactive, bioglass ceramic material being marketed as Otocel (Supplier: Zomed-Treace,
Jacksonville, Fla).

Table 6.
—

Symptomatic Outcome at 12 Months or Longer Postoperatively
in 58 Patients*

No. (%)

Symptom Improvedt Unchanged Worsened
Disequilibrium 47 (84) 6(11) 3(5)
Dizziness and vertigo 49 (89) 5(9) 1 (2)
Tinnitus 22 (54) 15 (37) 4(9)
Subjective hearing loss 20 (43) 25 (53) 2(4)

* Most patients had more than one symptom.
tSymptom judged by the patient to be improved or absent compared with preoperative status.

the SNHL following a violent episode
of sneezing. Three of the four patients
were hospitalized for carbogen treat¬
ments, with a subsequent return to
normal auditory thresholds. The other
patient's hearing recovered partially,
leaving a residual mild to moderate
SNHL. For reasons beyond our con¬

trol, the fourth patient did not receive
carbogen therapy and was left with a

moderately severe SNHL.

Surgical Outcome

Revisions.—Only seven (8%) of 83
ears in our study required revision. All
failures in this study occurred within 3
to 4 months following surgery. Rea¬
sons for failure are summarized in Ta¬
ble 5. Compared with a revision rate of
27% of ears operated on with the use of
other surgical techniques,' results ob¬
tained with the autologous fibrin glue
resulted in significantly fewer revi¬
sions (P<.005,  2 test"'2).

Vestibular Tests.—Postoperative
test results are summarized in Table 2.

In two patients with normal central
nervous system findings, a positional
downbeat nystagmus was demonstrat¬
ed preoperatively; following surgical
closure of the patients' PLFs, the
downbeat nystagmus disappeared.
Among the 37 patients who underwent
preoperative and postoperative
HCVOR tests, 30 had normal results
before and 34 had normal results fol¬
lowing tympanotomy and PLF closure.
This difference is not statistically sig¬
nificant. Among 43 patients in stable
enough condition to undergo preoper¬
ative dynamic posturography, 32 had
abnormal results preoperatively, and
only 20 patients had abnormal results
postoperatively. This improvement in
postural control is statistically signifi¬
cant ( 2 = 7.5789, d/=l, P<.01, McNe-
mar test"2).

Audiometrie Tests.—Postoperative
results are summarized in Table 3. If
results from preoperatively normal
and abnormal ears are combined, 14
(17%) showed some progression of

Table 7.—Postoperative Activity
Levels and Return to Work or School

at 12 Months or Longer
Postoperatively in 58 Patients

Activity Level No. (%)
Activities of daily living

Normal, no limitations 26 (45)
Normal, minor symptomatic

limitations only 22 (38)
Improved, compared to

presurgery but not fully
normal 6 (10)

Unchanged 4 (7)
Worse 0

Return to Work or School
Full-time, no limitations 31 (54)
Part-time, some limitations,

and/or work
"hardening" or

retraining necessary 10 (17)
Unable to work due to

comorbid condition or

complication* 14 (24)
Unable to work due to

unrelated disabilityt 2 (3)
Retired 1 (2)

* Secondary endolymphatic hydrops, paroxysmal
positional nystagmus, or loss of vestibular function.

tShoulder or back Injury.

hearing loss postoperatively. Sixty
ears (67%) showed no change, and 15
(17%) showed improved hearing.
There was no statistically significant
improvement in resolution of auditory
symptoms (hearing loss or tinnitus) for
glue techniques compared with previ¬
ously reported surgical techniques.1

Symptom Resolution. —Results are

summarized in Table 6. At least 1 year
following surgery, complete resolution
or substantial improvement occurred
in 89% of patients who had complained
of vertigo and/or dizziness and 84% of
patients with disequilibrium. Fifty-
four percent of patients with preoper¬
ative tinnitus showed improvement
following PLF repair. (Resolution of
headache was not evaluated
systematically. )

Functional Recovery.—Results are
summarized in Table 7. Preoperative¬
ly, most patients were unable to per¬
form their jobs or activities of daily
living satisfactorily because of their
PLFs. One year postoperatively, 83%
of patients had returned to normal or
near-normal pre-PLF levels of daily
activity. An additional 10% noted an

improved capacity for physical activity
following surgery, while 7% noted no

change compared with preoperative
activity levels. No patient stated that
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the capacity for physical activity was
worse than before the operation.

Fifty-four percent of patients re¬
turned to full-time work, school, or

homemaking, and another 17% re¬
turned to part-time work, entering
work rehabilitation programs or par¬
ticipating in on-the-job training pro¬
grams. However, 24% of patients were
unable to return to the work they were

performing before the onset of PLF,
usually because of a comorbid condi¬
tion, ie, benign paroxysmal positional
nystagmus27 or a postclosure endolym¬
phatic hydrops.53 Ten patients (17%)
returned to the workplace to perform
less demanding jobs; another 5% of
patients did not return to work be¬
cause of back or neck injuries or be¬
cause they had reached retirement
age.

COMMENT

A review of PLF surgical failures
from October 1982 through March 1985
in our department demonstrated that
27% of our patients experienced recur¬
rence of PLF symptoms within 1 year.
The PLF surgeon is faced with several
difficult technical problems. The ossic¬
ular chain is in constant motion. It is
therefore impossible to achieve surgi¬
cally optimal stenting of the graft for
healing without inducing a conductive
hearing loss. For successful PLF clo¬
sure, the soft-tissue graft must adhere
and heal to bone, one of the most
undesirable host tissues in the body.
There is a constant pressure differen¬
tial between the heavier perilymph on
the inner-ear side of the graft and the
much less dense air on the middle-ear
side. Nevertheless, our results show
that the use of the laser to prepare the
graft bed, the use of multiple small
postauricular areolar tissue grafts,310
the use of autologous fibrin glue,4 and
strict adherence to postoperative in¬
structions designed to minimize sud¬
den changes in intracranial pressure
can significantly increase the PLF clo¬
sure rate. With the use of these tech¬
niques, the recurrence rate was re¬
duced from 17% to 8%.

The typical PLF clinical picture usu¬

ally develops following an episode of
trauma.1'7'9'10'1212'27·15 We have demon¬
strated that PLFs can result from
apparently "mild" head injury, ie,

trauma without loss of consciousness
or serious neurologic sequelae.127 Our
results suggest that early diagnosis
and early surgical management of pa¬
tients in whom conservative treatment
fails will eliminate vestibular symp¬
toms in as many as 89% of patients and
allow at least 71% of those patients to
resume gainful employment or resume

pre-PLF functional status. Once objec¬
tive hearing loss develops, the patient
has only a 40% to 50% hearing im¬
provement following surgical PLF
repair.

It can be difficult to judge the out¬
come of PLF management because of
patient symptom variability, the pres¬
ence or absence of comorbid or other
conditions (especially in patients with
head trauma), age and physical condi¬
tion of the patient, occupation, socio-
economic support, and length of time
between occurrence and diagnosis. We
took a fairly simple approach, compar¬
ing the severity of symptoms and the
results of audiometrie and vestibular
tests before and after surgery. We also
determined whether the patient had
returned to work or to other pre-PLF
levels of performance after PLF re¬

pair. Our results—subjective improve¬
ment of disequilibrium (84%), dizziness
and vertigo (89%), and hearing im¬
provement in 42% of patients with a

preoperative hearing loss—compared
well with the most favorable outcomes
reported in the literature3,9"11 and are

slightly better than our own previous
report.1 However, the population we
studied previously had a higher rate of
vestibular test abnormalities, and
these abnormalities may have contrib¬
uted to their less favorable outcome.
Our results are also in agreement with
reports that recommend grafting of
both oval and round windows, even if
no fistula or perilymph leak can be
visibly identified at tympanotomy.1"4'49
Symptoms in all eight patients (11
ears) in whom no PLF could be identi¬
fied at surgery (but received prophy¬
lactic grafts) improved post¬
operatively.

The rate at which fistulas were iden¬
tified at surgery in our study is consis¬
tent with data in previous reports. As
with all other types of vestibular disor¬
ders, the incidence and prevalence of
PLFs are unknown. Since Fee's3" semi-

nal report 22 years ago, many reports
have appeared in the literature from
throughout the world suggesting that
PLFs are more common than previous¬
ly recognized. In the only human histo-
pathologic study of PLF we could find,
Kohut et al·*4 examined temporal bones
and clinical records in 34 patients re¬

porting symptoms of sensory hearing
loss and disequilibrium. Eleven (one
third) of these patients would have met
the criteria for surgical exploration for
suspected PLF while alive, and, on

histologie examination of their tempo¬
ral bones, fistulas were identified in all
of these cases.

The rate of bilateral fistulas report¬
ed herein is also consistent with previ¬
ously reported findings. Kohut et al54
identified bilateral fistulas in 10 of
their 11 histologically confirmed cases.
Based on history, physical examination
findings, and test results, we suspect¬
ed that 45 of 58 of our patients had
bilateral PLFs; however, bilateral
tympanotomies were required for re¬
lief of symptoms in only 25 of these
patients, and we confirmed bilateral
fistulas in 18 (72% of those undergoing
bilateral tympanotomy). Determining
the rate at which bilateral fistulas oc¬
cur may be one of the most important
problems associated with PLF. An un¬

recognized PLF in the ear not operat¬
ed on may cause the surgeon to assume
that surgical closure was not accom¬

plished. Reoperation of the successful¬
ly closed PLF may result in persistent
symptoms. Consequently, the patient's
case may be categorized as a manage¬
ment failure when, in fact, persistent
postoperative symptoms originate
from the ear not operated on.1

During the present study, we oper¬
ated on 15% of patients with clinically
suspected PLFs (according to the diag¬
nostic criteria outlined in the "Meth¬
ods" section), and 9% of all new pa¬
tients seen in our clinic. Eighty-five
percent of patients with a presumptive
diagnosis of PLF experienced sponta¬
neous resolution of symptoms, and
presumably healed their PLFs follow¬
ing conservative management (modi¬
fied bed rest). Results of conservative
management of PLFs in our clinic are
in agreement with other reports.10"12

Finally, the locations of the PLFs
identified in our study are also consis-
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tent with those previously reported.
Kohut et al'54 found six fistulas (32%) in
the oval window, five (26%) in the
round window, and eight (42%) in both
the oval and round windows. From a

review of 42 reports, Strohm12 collect¬
ed 232 cases of PLF from the litera¬
ture, excluding poststapedectomy
PLFs. The occurrence of PLFs in each
of the two windows was approximately
equal. In 14% of cases, PLFs were
demonstrated in both oval and round

windows of the same ear. The most
common location of PLFs in our study
was in the oval window (52%), either in
the fissula ante fenestram area anteri¬
or to the oval window or at the margin
of the footplate where the annular
ligament had been disrupted.

The results of our study therefore
support the conclusion that the surgi¬
cal technique reported herein can sig¬
nificantly reduce the number of re¬

quired revisions in a typical population

of patients with PLF. Because the
surgical outcome in terms of symptom
resolution and return to normal func¬
tion are at least as good as those
reported for older techniques, the
technique reported herein represents
an important clinical advance in the
management of a debilitating vestibu¬
lar and auditory disorder.

This investigation is supported in part by grant
RO 1 DC 00205 from the National Institutes of
Health, Bethesda, Md.
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