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CaseCase
2001 Oct 222001 Oct 22

59 y old single male59 y old single male
Lt ear ringing and hearing loss for 1yLt ear ringing and hearing loss for 1y
No earNo ear--fullness, no vertigo no imbalancefullness, no vertigo no imbalance
No earache no dischargeNo earache no discharge
--veve FHxFHx, , PMHxPMHx and Drug and Drug HxHx..



ExaminationExamination

Normal ear examNormal ear exam
ww RtRt R +R +veve bilateral bilateral 
Normal vestibular testNormal vestibular test
Normal Neck examNormal Neck exam
Normal cranial nerveNormal cranial nerve









Right Ear 
Extended I & V absolute latencies. 
Normal inter-peak latencies

Left Ear 
Extended I , III & V absolute latencies. 
Extended I-III, I-V inter-peak latencies

Right Ear 
AL         I= 1.84     III= 4.02    V= 6.36
IPL   1-III=2.19   III-V=2.34   I-V=4.52

Left Ear 
AL       I= 2.08       III= 5.3        V= 7.4
IPL 1-III=3.24     III-V=2.16    I-V=5.4

RC





M.R.IM.R.I





MRI ReportMRI Report
Bilateral acoustic Bilateral acoustic neuromasneuromas
Left 12X8X9 mm  7mm extraLeft 12X8X9 mm  7mm extra--canalicularcanalicular
Right 7x6x6 mm    no extraRight 7x6x6 mm    no extra--canalicularcanalicular
One would consider possibility of NF2One would consider possibility of NF2



Follow upFollow up
OphthalmologyOphthalmology
GeneticGenetic
MRI Brain & spinal cordMRI Brain & spinal cord
Follow up 6 months then every year Follow up 6 months then every year 

MRI IAC MRI IAC 
AudiogramAudiogram



OphthalmologyOphthalmology

Early Early lenticularlenticular opacities bilaterallyopacities bilaterally
No other abnormalityNo other abnormality







MRI IAC, Brain & SpineMRI IAC, Brain & Spine
Spinal cordSpinal cord

small T12 small T12 hemangiomahemangioma

BrainBrain
Enlarge Lt AN 12 mm extraEnlarge Lt AN 12 mm extra--canalicularcanalicular
No displacement of brain stem.No displacement of brain stem.
RtRt side no changeside no change
Normal BrainNormal Brain

? Next



Follow up 2002 Follow up 2002 
? Prophylactic radiation? Prophylactic radiation
SSNHL SSNHL SteroidSteroid



Follow up 2003 & 2004 Follow up 2003 & 2004 

20032003
No change in MRINo change in MRI
No change in audiogramNo change in audiogram

20042004
Improvement 20 db in Improvement 20 db in RtRt
No change in MRINo change in MRI



Neurofibromatosis Neurofibromatosis 
Type 2Type 2
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Neurofibroma IINeurofibroma II
Central neurofibromatosis Central neurofibromatosis 
All races, sexes, and ethnic groups.All races, sexes, and ethnic groups.
AD autosomal dominant AD autosomal dominant 
Chromosome 22. Chromosome 22. 
50% spontaneous mutations 50% spontaneous mutations 

Mutation is the highest for any human genetic Mutation is the highest for any human genetic 
disorder described to date*disorder described to date*
20% of new mutation are somatic 20% of new mutation are somatic mosicsmosics

*MacCollin 1998



WishartWishart (1822)(1822)
Wishart'sWishart's (president of the Royal College of Surgeons of Edinburgh)

First report of First report of bilbil AN AN 
Michael Blair: 21 y old with bilateral deafness. Michael Blair: 21 y old with bilateral deafness. 
RtRt eye blindness 4 months after birth. eye blindness 4 months after birth. 
Completely blind and deaf at the end of his life. Completely blind and deaf at the end of his life. 
Autopsy revealed tumors of the Autopsy revealed tumors of the 

DuraDura mater mater 
Brain Brain 
Attached to Attached to auditoryauditory nerves just where they enter the nerves just where they enter the 
meatusmeatus auditoriusauditorius internusinternus



HistoryHistory
Gardner (1933)Gardner (1933)

family of 5 generations family of 5 generations 
38 members were deaf 38 members were deaf 
All have bilateral acoustic All have bilateral acoustic neuromasneuromas
15 later became blind. 15 later became blind. 
The average age of deafness was 20 y The average age of deafness was 20 y 
The average age at death of affected persons The average age at death of affected persons 

22ndnd 72 y72 y
33rdrd 63 y63 y
44thth 42 y42 y
55thth 28 y 28 y 



The NF2 Gene:The NF2 Gene:
Tumor suppressor geneTumor suppressor gene

The protein encoded by NF2 is called The protein encoded by NF2 is called merlinmerlin

Merlin expression: Merlin expression: meningealmeningeal, , schwannschwann, lens cell , lens cell 

The NF2 mutation is about 98% The NF2 mutation is about 98% penetrantpenetrant..
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Neurofibroma IINeurofibroma II

N.I.HN.I.H
Bilateral vestibular Bilateral vestibular schwannomasschwannomas
A parent or sibling with NF2 andA parent or sibling with NF2 and

unilateral tumor on the 8 cranial nerveunilateral tumor on the 8 cranial nerve
OROR



Neurofibroma IINeurofibroma II
A parent, sibling or child with NF2 and two A parent, sibling or child with NF2 and two 
of the following:of the following:

GliomaGlioma
MeningiomaMeningioma
SchwannomaSchwannoma
Early onset cataractEarly onset cataract



NeurofibromaNeurofibroma vsvs SchwannomaSchwannoma

Benign tumors Benign tumors 
Arise from the Schwann cell Arise from the Schwann cell 



NeurofibromaNeurofibroma vsvs SchwannomaSchwannoma

NeurofibromaNeurofibroma
Aggressive Aggressive Invade the cochlear nerveInvade the cochlear nerve
Ultimately  Ultimately  profound SNHLprofound SNHL

Not encapsulatedNot encapsulated
Tumor between nerve fibers Tumor between nerve fibers 
SarcomatousSarcomatous transformationtransformation
HistologyHistology

Spindle cell pattern with elongated and wavy nucleiSpindle cell pattern with elongated and wavy nuclei
Uncommon Cystic and degenerative changes Uncommon Cystic and degenerative changes 



Schwannoma Schwannoma 
SlowSlow--growinggrowing
WellWell--encapsulatedencapsulated
Axons do not traverse the lesionAxons do not traverse the lesion
Malignant change seldom occurs.Malignant change seldom occurs.
HistologyHistology

AntoniAntoni type A type A 
AntoniAntoni type Btype B
Necrosis, cystic degeneration, and focal thrombosis Necrosis, cystic degeneration, and focal thrombosis 
are prominentare prominent

NeurofibromaNeurofibroma vsvs SchwannomaSchwannoma



NFNF--2 Types2 Types
1.1. GardnerGardner

2.2. Wishart Wishart 

3.3. Lee Lee 



1.1. GardnerGardner
Late presentationLate presentation
Less severe disease course Less severe disease course 
Fewer tumorsFewer tumors

NFNF--2 Types2 Types



2.  Wishart 2.  Wishart 
Onset 20Onset 20’’ss
Rapid and aggressive tumorsRapid and aggressive tumors
Greater number of tumors presentGreater number of tumors present
Impaired reproduction (more sporadic)Impaired reproduction (more sporadic)

NFNF--2 Types2 Types



3.3. Lee & AbbottLee & Abbott
Variable age of hearing lossVariable age of hearing loss
Early morbidity of numerous tumorEarly morbidity of numerous tumor
50 % has pigmented hairy skin lesion50 % has pigmented hairy skin lesion

NFNF--2 Types2 Types





NF2 Signs and SymptomsNF2 Signs and Symptoms

Late Late infiltration not compressioninfiltration not compression

Hearing loss Hearing loss 
TinnitusTinnitus
Vertigo Vertigo 
Pressure on the brainstem Pressure on the brainstem 
HeadacheHeadache
Cataract Cataract 



DiagnosisDiagnosis
NF2 gene product (MERLIN potien)
Prenatal testing 

Amniocentesis 
Chorionic villi sampling

MRI +Gado* ( Ix of choice)
ABR is poor screening*

Lalwani the Ame Jour of otol 1998 19:352-357
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TreatmentsTreatments
1.1. The tendency has been to wait for The tendency has been to wait for 

hearing to deteriorate before the tumor hearing to deteriorate before the tumor 
is removed.is removed.

2.2. Challenging and controversial topic.Challenging and controversial topic.

3.3. Treatments are individualized.Treatments are individualized.



Treatments
1.1. Watchful waitingWatchful waiting

2.2. Surgical removalSurgical removal

3.3. Radiation therapy (radiosurgery)Radiation therapy (radiosurgery)



Watchful waitingWatchful waiting
Risk of bilateral hearing loss with Risk of bilateral hearing loss with SxSx
Growth decreases with with increase ageGrowth decreases with with increase age
Small nonSmall non--progressing  progressing  
Serious medical issuesSerious medical issues
Only hearing earOnly hearing ear

Mautner et al 2002 96:223-228



Watchful waitingWatchful waiting
Follow upFollow up

MRIMRI
AudiogramAudiogram
EducationEducation
Rehabilitation (Lip reading)Rehabilitation (Lip reading)
CounselingCounseling
Family screeningFamily screening



15 years (198415 years (1984--1999  )1999  )
29 patients (48 AN)29 patients (48 AN)
68% no progress68% no progress
5 patients XRT5 patients XRT FailFail
10 Translab + 4 hearing conser Sx10 Translab + 4 hearing conser Sx
Early detectionEarly detection

Chang Aust J of Oto-Laryn 2000 jan 528-542

Watchful waitingWatchful waiting



Masuda et alMasuda et al
Retrospective of 63 NF2Retrospective of 63 NF2
2y F/U2y F/U
73%73% no significant changing in hearingno significant changing in hearing

Ann Masuda Oto & Neuroto 2004 25:150-154

Watchful waitingWatchful waiting
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Neurofibroma IINeurofibroma II



SurgerySurgery
High growth with younger ageHigh growth with younger age
Equal size Equal size worse hearing 1worse hearing 1stst

Equal hearing Equal hearing larger tumor 1larger tumor 1stst

Opposite ear is treated after 6 monthsOpposite ear is treated after 6 months



DecompressionDecompression
TranTran--LabLab
RetroRetro--sigmoid sigmoid 
Middle fossa approachMiddle fossa approach
Auditory brainstem implantAuditory brainstem implant

SurgerySurgery



DecompressionDecompression
Brackmann 1990

19761976--19881988
5 Patients5 Patients

Growing and small <2 cmGrowing and small <2 cm
May improve and prolong useful hearingMay improve and prolong useful hearing

Brackmann, Hitselberger Laryngoscope100:948–952, 1990.



Middle cranial Middle cranial fossafossa
< 2.5 cm< 2.5 cm

1987: 1987: HitselbergerHitselberger* 1* 1st st hearing preservationhearing preservation

1995: 1995: HitselbergerHitselberger** 1** 1stst bilateral hearing   bilateral hearing   
preservationpreservation

**HitselbergerHitselberger Am J Am J OtoOto 1987 8:351987 8:35--3838
****HitselbergerHitselberger Am J Am J OtoOto 1995 16 4311995 16 431--443443



Middle fossa craniotomyMiddle fossa craniotomy
Hitselberger (1992-1996)*   18 Pat 23 Sx 
Hitselberger (1988-1999)**  28 Pat 40 Sx
Bilateral acoustic tumors
not the only hearing
Small tumor < 2.5 cm
Hearing preservation 

PTA <50 dB
50% speech discrimination

*Brackmann Hitselberger Am J Oto 1998 638-643
**Brackmann Hitselberger Neurosurgery, Vol. 49, No. 2, August 2001



BrackmannBrackmann HitselbergerHitselberger
28 patients28 patients
11 patients 11 patients bilateral procedures.bilateral procedures.
Mean age of 22.6 years.Mean age of 22.6 years.
Mean size 1.1 cmMean size 1.1 cm
All Gross total removalAll Gross total removal
VII 80% NormalVII 80% Normal 89.7% long term89.7% long term
CSF leak, meningitis, redoCSF leak, meningitis, redo…….. 1 patient.. 1 patient
Audiometric data was 12.8 monthsAudiometric data was 12.8 months

Brackmann Hitselberger Neurosurgery, Vol. 49, No. 2, August 2001

Middle fossa craniotomyMiddle fossa craniotomy





BrackmannBrackmann HitselbergerHitselberger ConclusionConclusion
Comparable to unilateral AN via the MFComparable to unilateral AN via the MF
Better preoperative hearing Better preoperative hearing 

better hearing preservationbetter hearing preservation
No relationship between the size of the No relationship between the size of the 
tumor and hearing preservation.tumor and hearing preservation.
No factors predictive of hearing outcomes.No factors predictive of hearing outcomes.

Middle fossa craniotomyMiddle fossa craniotomy



BrackmannBrackmann HitselbergerHitselberger CommentsComments
Since 1992, modifications of the MFSince 1992, modifications of the MF

Larger exposure of the IACLarger exposure of the IAC
Removal in a medialRemoval in a medial--toto--lateral directionlateral direction
More Hearing preservation More Hearing preservation 

Middle fossa craniotomyMiddle fossa craniotomy



Middle fossa craniotomyMiddle fossa craniotomy--22
Doyle

10 patients 10 patients 13 13 SxSx
Average age 26 yAverage age 26 y
< 2 cm< 2 cm
Hearing preservation 69%Hearing preservation 69%

Doyle  Am J Oto 1993

13 9 (69%) 



RetroRetro--sigmoidsigmoid
Small series Small series 

Fischer et alFischer et al
14 patients 14 patients 17 17 SxSx
3 ( 17.6%) some hearing3 ( 17.6%) some hearing

Incomplete removalIncomplete removal

Fischer et al J Fischer et al J NeurosurgNeurosurg 1992 76:9101992 76:910--917917



RetrosigmoidRetrosigmoid ABIABI
CollettiColletti

5 patients NF25 patients NF2
1212--30 mm Tumor30 mm Tumor
Approach of choiceApproach of choice

Colletti et al 2000 21:26-836



Cochlear ImplantCochlear Implant
ElectrocochleographyElectrocochleography
AN initially cause a cochlear deafnessAN initially cause a cochlear deafness

Vascular compression Vascular compression 
Thrombosis of the labyrinthine arteriesThrombosis of the labyrinthine arteries

Preserved auditory nerve Preserved auditory nerve C.I.C.I.

Marangos, The Journal of Laryngology & Otology 2000, pp. 3–7



A.B.IA.B.I
NevisonNevison et al et al 2002

MultiMulti--center studycenter study
27 patients NF227 patients NF2
8.6/21 electrodes8.6/21 electrodes
OpenOpen--set speech understandingset speech understanding
2 without lip reading2 without lip reading

Nevison,Ear & Hearing 2002;23;170–183)







Radiation therapyRadiation therapy
Subach 1999

University of PittsburghUniversity of Pittsburgh
Median followMedian follow--up period of 36 monthsup period of 36 months
Normal VII               81% (92%   MF)Normal VII               81% (92%   MF)
hearing preservation 43% (65%    MF)hearing preservation 43% (65%    MF)
No further growth     98% (99.7% MF)No further growth     98% (99.7% MF)
Uncertain longUncertain long--term efficacyterm efficacy
Not for brainstem decompressionNot for brainstem decompression

Subach J Neurosurg. 1999 May;90(5):815-22

**** Reserved for microsurgery contraindicationsReserved for microsurgery contraindications

**Brackmann Hitselberger Neurosurgery, Vol. 49, No. 2, August 2001



Radiation therapyRadiation therapy
Kida et al (Japan) Kida et al (Japan) 2000

20 patients20 patients
< 3cm growing AN< 3cm growing AN
Gamma knife 26.8Gy max 13.0 Gy marginGamma knife 26.8Gy max 13.0 Gy margin
Tumor control 100%Tumor control 100%
Hearing preservation 33.3%Hearing preservation 33.3%
10% VII palsy and spasm10% VII palsy and spasm
Mean followMean follow--up 33.6 monthsup 33.6 months

Kida et al. Surg Neurol 2000 383-90
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