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There continues to be considerable confusion concerning the diagnosis and treatment of perilymphatic fistulas (PLFs) and
Meniere’s disease. This paper reports an 8-year experience with patients whose symptoms were compatible with Meniere’s disease
but who had some other element that raised the possibility of their having a PLF. This review is a retrospective report on 64 patients
who had fluctuating hearing loss, vertigo, tinnitus, and aural fullness typical of Meniere’s disease. However, they also had a positive
fistula test and/or symptoms beginning immediately after head trauma. They all underwent at least a unilateral PLF repair, and some
also underwent an endolymphatic sac–mastoid shunt operation. This report provides a literature review to help put this series’ results
into perspective. Of those 40 patients who underwent an initial PLF repair, 58% had a successful outcome. Of the 10 patients who
underwent an initial PLF repair plus an endolymphatic sac–mastoid shunt, 70% had a successful outcome. Since it is often difficult
to distinguish patients with PLFs and secondary endolymphatic hydrops (Meniere’s syndrome) from patients with Meniere’s disease
(idiopathic endolymphatic hydrops), PLF repair is a reasonable first operation, reserving an endolymphatic sac–mastoid shunt opera-
tion as a secondary procedure if needed. The decision to consider a PLF repair is guided by a positive fistula test or an immediate
onset of Meniere’s disease symptom complex after head or ear trauma.
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INTRODUCTION

The relationship between a perilymphatic fistula
(PLF) and Meniere’s disease was first mentioned by
H. P. House1 in 1967. This paper discussed a possi-
ble disorder of the inner ear fluids in post-stapedec-
tomy PLFs. In 1968, Fee2 reported cases of presumed
Meniere’s disease that, at surgery, were found to be
traumatic PLFs. In 1974, Arenberg et al3 reported on
a young girl who was thought to have Meniere’s dis-
ease but had intraoperative evidence of a PLF. The
preoperative hearing loss slowly improved over the
6-month postoperative observation period.3 Lehrer
et al4 described their experience with positive glyc-
erol tests (thought to indicate endolymphatic hy-
drops) in patients with posttraumatic PLFs. In 1983,
Allen5 described how an active PLF could lead to en-
dolymphatic hydrops. Potter and Conner6 expounded
on the coexistence of Meniere’s disease and PLFs
after 2 of their patients with postoperative PLFs de-
veloped typical attacks of Meniere’s disease. One pa-
tient was treated successfully with a labyrinthectomy,
and the other with diuretic therapy.6

Following these reports on clinical experience with
PLFs and Meniere’s disease, experimental animal
evidence showed the coexistence of these 2 disor-
ders.7-10 Electrocochleograms (ECochGs) were mon-
itored by Gibson11 during stapedectomies, and
showed that when perilymph was suctioned from the
vestibule, an abnormal ratio between the summating

potential (SP) and the action potential (AP) resulted.
Abnormal ECochGs had been reported as a reliable
indicator of endolymphatic hydrops by several au-
thors.12-14

This report concerns the clinical management of
patients who, by their history and preoperative test
results, were thought to have a PLF and secondary
Meniere’s syndrome.

SUBJECTS

This is a retrospective study of 64 patients who
were seen over a span of 9 years. Entry into this study
was limited to patients whose chief complaints in-
cluded the full complement of “Meniere’s disease”
symptoms, ie, fluctuating hearing, episodic vertigo,
tinnitus, and aural fullness. This set of symptoms will
be referred to herein as Meniere’s disease symptom
complex (MDSC). These cases, however, had addi-
tional history or findings that seemed to separate them
from “true” Meniere’s disease, an idiopathic condi-
tion thought to have the pathological substrate of en-
dolymphatic hydrops. These patients were a subset
of patients with possible PLF seen from 1982 to 1991.
The larger group of patients with unilateral PLF but
without MDSC were reported earlier.15

The patients in this study had, in addition to MDSC,
a history of trauma with the immediate onset of MDSC
and/or a positive fistula test. Seventy-three percent
(47/64) had a positive subjective fistula test, ie, Hen-
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TABLE 1. PREOPERATIVE TEST RESULTS

Test Findings No. %

Hearing Normal hearing 8 12
Mild sensorineural hearing loss 12 19
Moderate sensorineural hearing loss 35 55
Severe sensorineural hearing loss 9 14

Electronystagmography Abnormal positional test findings 8 12
Unilateral caloric weakness 21 33
Abnormal positional test findings and reduced vestibular response 3 5
Normal findings 26 41
Did not test 6 9

Preoperative electrocochleography
(extratympanic foam ear tips) Abnormal (SP/AP >0.60) 23 46

Borderline abnormal (SP/AP of 0.40-0.60) 11 22
Normal (SP/AP <0.40) 16 32

SP/AP — ratio of summating potential to action potential.

nebert’s symptom, and 63% (17/27) had a positive
platform pressure test. Fifty-two percent (33/64) had
a traumatic event; 48% (31/64) did not. The major-
ity of the traumatic events were of the “mild head
trauma” type. Other preoperative test results are
shown in Table 1.

The ages of the patients ranged from 16 to 66 years.
The median duration of time they had symptoms be-
fore seeing the author was 3 years. All patients had a
follow-up period of at least 2 years.

METHODS

Patients’ symptoms were assessed and categorized
by the following chief complaints:

1. Fluctuating hearing loss — Audiograms show re-
current recovery and loss patterns on successive
tests. This can be evident in both pure tone and
speech audiometry. The patient also notices a fluc-
tuation in hearing levels.

2. Vertigo — Any disturbance in spatial orientation
resulting in the illusion of movement. These pa-
tients also may have noted a balance disturbance
and motion intolerance.

3. Tinnitus — The perception of sound in the absence
of an external stimulus.

4. Aural fullness — The subjective sensation of pres-
sure, fullness, or stuffiness in the ear or temporal
region of the head.

The combination of all 4 symptoms was present
in all subjects. Because an underlying PLF was sus-
pected in all patients who complained of the com-
plete set of MDSC symptoms, we sought the distin-
guishing clinical characteristics to separate patients
with PLF from patients with idiopathic endolymphat-
ic hydrops. A detailed questionnaire was obtained
from all patients, with particular emphasis on events
just preceding the onset of symptoms. Care was taken

to ask for events such as diving, air travel, head or
ear trauma, and physical straining. The criteria used
in advising a patient to have surgery were as follows:
1. Trauma (head, whiplash, barometric, increased in-

tracranial pressure) resulting in MDSC.
2. Presence of MDSC with a positive “fistula test”

(subjective or platform).
An office examination was routinely performed,

including a subjective fistula test patterned after that
of Thompson and Kohut,16 performed as follows. The
patient was seated in a chair, and a Bruening pneu-
matic otoscope (Storz-Bruening, Storz Instrument
Co, St Louis, Mo) was placed into the ear canal with
an airtight seal. The patient was asked to stare at an
object on the opposite wall. Erratic increases and de-
creases in the external canal pressure were applied 6
to 10 times in each ear, never exceeding 120 mm Hg,
and the response to the question, “Does that bother
you?” was noted. A positive finding was recorded if
the patient reported the object on the wall moving, a
sensation of himself or herself moving, or nausea. A
response of pain, pressure, or increased tinnitus was
recorded as negative, as was a report of no sensation
at all. A tandem Romberg test was routinely per-
formed, with special attention to the side to which
the patient fell when the eyes were shut.

All patients suspected of having a PLF had air-
bone and speech audiometry, with tympanometry if
possible. Most patients also had a standard electro-
nystagmogram (ENG). When ECochG testing with
extratympanic foam ear tips became available in our
facility in 1985, this became a standard preoperative
test, as did platform posturography with platform fis-
tula testing when it became available. These platform
tests were performed in a freestanding vestibular lab-
oratory. The testing was performed on Neurocom
Equitest A100100 equipment (Neurocom Internation-
al, Clackamas, Ore). The software for the sensory and
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motor tests was Equitest 4.03; the platform fistula
test software was Neurocom Pressure Test V1.12. The
pressure test was similar to tests reported by Shepard
et al.17

The patient was asked to stand on the force-plates
with the eyes closed. The sway reference gain was
set to 1.00. Ten trials of 0 pressure, −300 decapascals
(dPa), and +300 dPa were conducted with the nonsus-
pect ear tested first. Pressure was applied through a
hermetically sealed ear tip at a rate of 450 dPa/s. Once
the selected pressure was achieved, it was immedi-
ately released.

The largest sway amplitude during 0 pressure for
anteroposterior and lateral sway was selected, and
its own standard deviation was added. The largest
amplitude during the positive and negative pressure
tests was chosen, and its own standard deviation sub-
tracted. If the number from the positive or negative
test was greater than the control number, the response
was scored as positive, since it was greater by more
than 2 standard deviations. Rotational chair testing
was rarely used. Computed tomography scans of the
temporal bones were ordered primarily in children
and teenagers when a congenital malformation was
suspected because of clinical setting or history. Gado-
linium-enhanced magnetic resonance imaging of the
head became part of the workup in July 1988 and,
on occasion, showed interesting enhancement of the
inner ear.18 The only postoperative test performed
on every patient was audiometry, but many patients
had postoperative subjective fistula tests, especially
in the later years of the study.

As would be expected, such problems as tympanic
membrane perforations, trauma, and infections, along
with financial limitations, prevented some patients
from having all diagnostic tests. In the postoperative
period, tests were repeated if the patient’s symptoms
persisted or recurred.

The PLF repair surgical procedure has been previ-
ously described.15 Any endolymphatic sac–mastoid
operations performed were patterned after the tech-
nique of Austin.19

Upon discharge, the patients were instructed to stay
home for 3 days and were strictly warned against
any lifting or physical exertion. After 3 days, they
could leave home, but were advised to lift no more
than 10 lb (4.5 kg) and not to engage in any sports.
Flying was permitted after a week. One month after
operation, the ear was cleaned, an audiogram was
obtained, and a subjective fistula test was performed.
At that time, the patients were advised to avoid con-
tact sports, weight lifting, underwater diving, and sky-
diving. If symptoms persisted, care was extended for
continued observation, revision surgery, or second-

ary treatment (eg, diuretics, vestibular therapy). Fol-
low-up visits were performed at 6-month intervals
for at least 2 years. The treatment was considered
successful if the patient had undergone only a PLF
repair and had no further symptoms for 2 months.

RESULTS

The first 24 patients seen during the time period
of the study underwent both PLF repair and an en-
dolymphatic sac–mastoid shunt operation as recom-
mended by Lehrer et al.20 Seventy-five percent (18/
24) had a successful outcome. Twenty-nine percent
(7/24) had improvement in their hearing level as
shown by a comparison of the best preoperative test
to the worst postoperative test (at least a 15-dB gain
in the pure tone average [500 Hz, 1 kHz, 2 kHz, 3
kHz] or a greater than 15% improvement in the speech
discrimination score). In those patients who did not
have improvement in their vertigo, salvage was ac-
complished through vestibular neurectomy or laby-
rinthectomy. Eight percent of these patients (2/24)
who underwent a PLF repair with a shunt developed
immediate profound hearing loss of indeterminate
cause. Of those 40 patients who underwent only an
initial PLF repair, 58% (23/40) had a successful out-
come, and 42% (17/40) needed further treatment, ie,
an endolymphatic sac–mastoid shunt procedure. Of
the 10 patients who elected to have a secondary shunt
procedure, 70% (7/10) had a successful surgical out-
come.

An abnormal preoperative ECochG did not pre-
dict failure for patients with PLF repair, as 70% (12/
17) had a successful outcome with only a PLF re-
pair. The overall pattern of outcome for all 64 pa-
tients is represented in the Figure.

DISCUSSION

Of the large body of literature that has accumu-
lated regarding the association of Meniere’s disease
and PLF, one of the earliest, though probably unrec-
ognized, connections was made by Prosper Meniere
himself. As translated by Atkinson, Meniere describes
patients with “cerebral congestion of apoplectic
type,”21(p22) a symptom complex compatible with
what we now call Meniere’s disease. He describes
the sudden onset of these symptoms as caused by
“foreign bodies thrust into the ear.”21(p22) In that same
report, he describes clearly what most of us would
recognize as an acute PLF caused by forceful nose
blowing: “But one knows also there comes a mo-
ment when, on blowing the nose forcefully, on sneez-
ing...air passes the obstruction and enters abruptly
into the middle ear.....The phenomenon of sudden
penetration of air into the cavity of the middle ear
produces in some people an explosion accompanied
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Surgical results of 64 patients in study.

by vertigo: if the patient is standing he reels, he is
about to fall and needs several moments of rest to
regain his balance.”21(p24) This may have been only
alternobaric vertigo, but also could have been an acute
PLF.

H. P. House,1 writing on post-stapedectomy PLFs
in 1967, said, “In cases of PLF with a sensorineural
hearing loss, the duration of symptoms and the inade-
quate patency of the perilymphatic duct may all be
factors. The endolymphatic system can function nor-
mally if the pressure of the endolymphatic and peri-
lymphatic fluid is the same. Any imbalance in the
equalization over a period of time will result in di-
lation of the endolymphatic system, thereby pro-
ducing an ‘artificial’ endolymphatic hydrops....This
same phenomenon seems to occur in Meniere’s dis-
ease.”1(p1415)

This work, written decades ago, explains why we
cannot always distinguish a PLF from Meniere’s dis-
ease. The first known patients with PLF not related
to surgery were described by Fee,2 with symptoms
quite compatible with those of Meniere’s disease. In

fact, Fee alluded to the concept that a PLF could lead
to a dilated endolymphatic system.

Arenberg et al3 later reported on a 10-year-old girl
who had the classic history of Meniere’s disease for
2 years but was found to have an oval window fis-
tula. In 1977, Nadol22 found a positive Hennebert’s
sign in 24 of 81 ears (30%) with “Meniere’s disease.”
He interpreted this to mean that the test could be made
positive by the disturbance of the saccule’s being
moved by pressure in the external ear canal or through
vestibulofibrosis. I wonder whether the 24 patients
with a positive Hennebert’s sign and the diagnosis
of Meniere’s disease might not instead have had a
PLF or even a combination of PLF and secondary
Meniere’s syndrome. In either case, Hennebert’s test
appears to be less specific for a PLF than previously
thought. Another diagnostic test, the glycerol dehy-
dration test, which had been thought to be specific
for Meniere’s disease, was found to be positive in a
significant number of patients with posttraumatic
PLFs.4 In 1982, Simmons23 very clearly expressed
frustration in trying to differentiate PLF patients from
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those with Meniere’s disease and wrote that the “atyp-
ical Meniere’s disease” patient could very probably
be a PLF patient instead. As evidence continued to
mount for the possibility of a coexistence of PLF and
Meniere’s disease, Potter and Conner6 reported that
2 of 15 PLF patients developed typical cases of Me-
niere’s disease after having their PLFs repaired. Clini-
cal evidence now seemed to indicate that a PLF re-
pair could exacerbate an underlying secondary endo-
lymphatic hydrops. In 1984, W. P. R. Gibson,24 an
early pioneer in ECochGs, reported a typical increase
in the SP/AP ratio of PLF patients of about 25% to
35%, consistent with a mild endolymphatic hydrops.
The University of Iowa (1986) reported on the larg-
est series of PLF patients.25 A significant part of the
article dealt with differentiating a PLF from Meniere’s
disease. The authors raised the question of perform-
ing both endolymphatic shunt procedures and PLF
repairs at the same time in cases in which there was
not a clear differentiation between Meniere’s disease
and PLF.25

Up to this point, only a few authors who have writ-
ten about PLFs have discussed how a leakage of peri-
lymph could cause the myriad of symptoms seen with
PLFs. In 1983, Fukaya and Nomura26 ruptured the
round window membrane in animals without even
producing severe hearing loss. Nomura et al10 ques-
tioned the idea that a mere fistula could be respon-
sible for all of the reported symptoms of PLFs. They
were the first to produce experimental PLFs in guinea
pigs and describe morphological changes in their
temporal bones. Typically, the round window mem-
brane was ruptured (no oval window membranes rup-
tured) by a rapid increase in the cerebrospinal fluid
(CSF) pressure in the posterior fossa. Massive bleed-
ing was seen in the scala tympani and cochlear aque-
duct. Many ears also showed signs of hydrops. In the
vestibular system, the most common finding was the
collapse of the ampullae of the semicircular canals.
They also found that in the delayed-sacrifice animals
there was no hydrops — a finding indicating that
when the PLFs were allowed to heal, the hydrops
was reversible. There were also areas of collapse of
cochlear membranes.10 These findings fit with Sim-
mons’27 findings of “double membrane breaks.” The
interpretation of this experiment by Nomura et al
leads to the following conclusions.

1. Normalization of perilymph pressure is required
before the distorted or ruptured membranous laby-
rinth can heal.

2. The closing of a PLF does not guarantee complete
disappearance of all symptoms.

3. Rupture of the round window membrane itself may
not produce the symptoms, but rather, the symp-

toms may be caused by damage to the inner ear
membranes.

Following these early investigations, numerous
clinical articles appeared that supported the concept
that PLFs caused a secondary endolymphatic hydrops
(Meniere’s syndrome) and that the symptoms could
be due to the hydrops itself rather than the leakage of
perilymph. In addition, many reports on experimen-
tal PLFs in animals confirmed that active PLFs often
resulted in hydrops and abnormal ECochGs.7-10,28,29

The reasons given for the development of a sec-
ondary endolymphatic hydrops in PLFs in all of the
preceding articles related to a loss of perilymph vol-
ume causing compensatory endolymphatic hydrops
or the same result on the basis of pressure differen-
tials. One must remember that there are only about
0.34 mL of endolymph and 1.58 mL of perilymph in
the human ear.30 A loss of only a small part of the
perilymph volume would have a large impact on the
endolymph volume, quickly leading to endolymphat-
ic hydrops. Overlooked so far is the protein concen-
tration of perilymph and CSF. It has been generally
accepted that approximately 25% of perilymph comes
from CSF. If a PLF were to develop, there is the po-
tential for a higher-than-normal percentage of PLF
to be derived from the CSF. Perilymph has about 8
times as much protein as CSF.31 If there were a PLF-
related influx of CSF into the perilymphatic spaces,
the perilymph would become hypotonic relative to
the neighboring endolymph. This hypotonicity would
produce diffusional forces and drive free water into
the endolymphatic spaces, adding to the volumetric
and pressure-related hydrops. This concept was dis-
cussed by Juhn et al32 in 1982.

The 64 patients reported here presented with a
symptom complex of episodic vertigo, fluctuating
hearing loss, tinnitus, and aural fullness compatible
with Meniere’s disease. These patients, however, ex-
hibited some particular historical event(s) or positive
diagnostic test(s) that brought into question the diag-
nosis of a PLF. In the history, there might have been
an inciting or exacerbating event(s) such as direct trau-
ma, barotrauma, or increased intracranial pressure.
As for diagnostic tests, some patients had a positive
fistula test (subjective or platform) that kept them
from receiving a diagnosis of “primary” Meniere’s
disease.

The first article to specifically address the issue
of the timing and the advisability of combining a PLF
repair with an endolymphatic shunt was published
in 1987 by Lehrer et al.20 They recommended this
combined surgical approach in patients who had re-
current PLFs, attacks of spinning vertigo following
PLF repairs, or clear PLFs with severe imbalance.
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TABLE 2. SURGICAL OUTCOMES IN PATIENTS WITH
HEARING LOSS

Hearing Loss

Mild Moderate Severe
No. % No. % No. %

Perilymphatic fistula repair (n = 35)
+Surgical outcome 7/35 20% 14/35 40% 1/35 2%
−Surgical outcome 3/35 9% 8/35 23% 2/35 6%

Perilymphatic fistula repair + shunt (n = 21)
+Surgical outcome 3/21 14% 8/21 38% 6/21 29%
−Surgical outcome 4/21 19%
+Surgical outcome — improved hearing and/or vertigo; −surgical
outcome — no change in or worsened hearing and/or vertigo.

One year later, Arenberg et al8 found 14 of 23 pa-
tients with surgically confirmed PLFs to have an
ECochG SP/AP ratio of greater than 0.50, indicating
the coexistence of PLF and endolymphatic hydrops.
Weider and Johnson33 published a report in 1988 that
suggested performing a PLF repair and shunt place-
ment together when a PLF and endolymphatic hy-
drops coexisted in patients with “primary” Meniere’s
disease who had to undergo endolymphatic sac sur-
gery anyway. However, they did not elaborate on how
they knew when a PLF and hydrops coexisted. Mey-
erhoff and Yellin34 found that 16 of 20 ears operated
on for a suspected PLF that had an abnormal SP/AP
ratio (greater than 0.37) were found to have a leak at
surgery. They believed that a PLF would often have
an abnormal SP/AP ratio. Our findings in 64 patients
with the chief presenting complaints of fluctuating
hearing, vertigo (often spinning), fullness, and tinni-
tus were called Meniere’s disease symptom complex
(MDSC) for this report. As can be seen from these
results, 42% (17/40) of the patients who underwent a
primary PLF repair required a secondary treatment,
usually an endolymphatic shunt. Thirty-eight percent
(24/64) had a combination PLF-shunt operation, our
choice of operation for many years, when there ap-
peared to be a PLF with secondary Meniere’s syn-
drome or primary Meniere’s disease with a traumat-
ic event or a positive fistula test. This approach con-
tinued until 2 patients developed “dead ears” after
this combination operation. These were the only 2
significant sensorineural hearing losses to develop
as a result of surgery in the entire series of 64 pa-
tients. The incidence of severe hearing loss in endo-
lymphatic sac surgery has generally run at less than
5%. Thus, it might not be out of line to have 2 “dead
ears” in 24 operations. Still, I began to suspect that
patients’ ears with secondary Meniere’s syndrome
might somehow be more fragile than those with pri-
mary Meniere’s disease, and thus more at risk for
damage from a sac operation. Subsequently, the ap-
proach was altered to perform only a PLF repair and
then wait to see whether a shunt was needed.

Analysis of my diagnostic testing revealed the high
incidence of a borderline or abnormal ECochG in
this group with MDSC (34/50 or 68%). This fits pre-
vious reports of Gibson,24 Arenberg et al,8 and Meyer-
hoff and Yellin.34

Only 41% of those patients who underwent only
PLF repair and had abnormal preoperative ECochGs
required secondary shunt surgery. This outcome in-
dicates that secondary endolymphatic hydrops can
resolve spontaneously if the PLF is surgically re-
paired.

J. Lehrer (personal communication, 1986) believes
that patients with PLF and secondary endolymphatic
hydrops and moderate or severe hearing loss will usu-
ally not do well with a PLF repair only. This idea
was not borne out in this study, as only 29% of those
patients who had a moderate or severe hearing loss
had a negative surgical outcome with only a PLF
repair (Table 2).

A few authors have reported problems in differ-
entiating a positive surgical outcome from a placebo
effect, as alluded to by Rizer and House35 when eval-
uating the subjective symptoms of vestibular disor-
ders. The placebo effect might certainly play some
part in this series, but the high rate of good surgical
outcomes and the duration of these subjective im-
provements weigh against the placebo effect’s being
a significant component of the successes.

Finally, the use of a positive fistula test to select a
subset of MSDC patients suspected of having a PLF
is still controversial. This distinguishing feature, a
positive fistula test, in diagnostic testing was reaf-
firmed by Kohut et al36 in 1995 and continues to guide
the author in making the presumptive diagnosis of a
PLF.

SUMMARY

The discussion now is not whether the patient with
MDSC has a PLF or Meniere’s disease, but rather
whether the patient has primary Meniere’s disease
or a primary PLF with secondary Meniere’s syndrome.
By combining the history, fistula tests, and ECochGs,
the appropriate medical and surgical treatments can
be chosen and rendered. A PLF repair alone is suc-
cessful in these patients almost 60% of the time.
When a secondary endolymphatic sac–mastoid shunt
procedure is performed at a second sitting, the suc-
cess rate becomes almost 75%. This approach saves
60% of these patients an unnecessary shunt opera-
tion.

In 1982, Simmons wrote, “In brief, I know of no
certain way to differentiate a Meniere’s disease pa-
tient from all fistula patients and I strongly suspect
that no one else does either.”23(p71) I think we now
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can say that differentiation is often impossible, since
both disorders coexist in the patient with an active
PLF with secondary Meniere’s syndrome.

I have concluded, therefore, that every active PLF
has an element of endolymphatic hydrops, and that
the hydrops is the cause of all symptoms except those
related to inner ear membrane ruptures and scarring.
Second, the resolution of symptoms after a PLF re-
pair is dependent upon a self-healing process in the

endolymphatic system that causes a resolution of the
hydrops. Third, the exacerbation or change in char-
acter of the vestibular symptoms after a PLF repair,
as is sometimes seen, is due to an exacerbation of
the secondary endolymphatic hydrops and may re-
quire secondary medical or surgical treatment for the
hydrops. Fourth, irreversible scarring probably oc-
curs in some inner ears with PLFs, causing prolonged
or permanent symptoms not relieved by a PLF re-
pair.
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