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Petrous Apex Cholesterol Granulomas: Outcomes, Complications,
and Hearing Results From Surgical and Wait-and-Scan
Management
*Golda Grinblat, * Ashish Vashishth, $Francesco Galetti, *Antonio Caruso, and *Mario Sanna

where the
Addreas Agkigh
M5, DHB, Dq_ﬂdWM“m;n Burgery, Grupps

a};dﬂm‘hnahﬂnﬁmmuhw

petroclival j {10, Regardleas of the 5
dmmmu}.mmﬂmmimw
Wmmhmmm
dminage and reEection procedumes (1-58,12= 17, Other-
policy haa been advocassd (1 -

METHODS

Of the 4621 lateral skoull base surgeries perfoemed from
Febreiry 1991 to December 2015, medical records of 56
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feasa typa B

paticnts diagnesed with PACT at our referral ceoter were
reviewnd. Ons petient with gsnultansons endolymphatic smo
i and PACT was excloded from the sady sohort b avoid
confounding bies. Putients inchaded in the study hed st lsast
12 months of folbe-up,

Thie yielded & study populstion of 55 patients, Charts wees
m&wm;wmmm-
el feabures i all the casse. Sargical appeoaches with ouloomes
#sd complicationsirevision mrgery were evalsated in the sur-
BeSY rowp (80).

Hearing results were evilusiod as per the modified Sanny
Classiflcstion of bearing for the svalustion of the resulle of
treatment {15, 19}, Andiometrie pradiss included four
(500, !Mmmﬂ_ﬂﬂh}mu-mlmﬂ’rh]h

(BT}, air-condustion (AC), and speech dis-
criminetion seores (SDS).

FM [facial nerve) fesction was graded pre- and postoper-
atively seconding to the Houss—Brackmann (HB) grading
ystem.

ﬁmmmmwrifmmﬂmnf
the temporal booe and magnetic rescmance ienaging (MR
with &nd without gedolisium were obimined and
with postoperative imaging doring follow-np. In ceses where
precparative imeging wag suggestive for earotid canz invol-
vemenfirosion, angiogrephy was performed. Cerosid cansl
Imvolvementieroaion wes defined ny caeal encircling of &
beast 1B) degreea by PACO, intersal carotid artery (JOA)
=endls, of antero-leieml displecement (Fig. 1), Chazgs in
wize of PACT was defined by increass or deceesse by 2 mm
in sy exinl dimension. The approach was chasen
per préopanitive bearing stabus and PACG [scation {anterior
OF POMETiOr patrons ape], exbension end relation to nearby

previous years (with sore patiants man-
fged oo observition and serisl scansing) and the declsion o
opante was tkkes after consideswiion of patient symploms,
thels bmpoml progression, amd imaging chemotersties
Patients with small-gized lesions with smble sympsoms in
the absmnos of meurovescaler involvement wers offeeed
FEplomatic weatment with follow-up snd Imaging. Sargical
rerment Wik sdvooated for prlients with symplom progres-
#iom, imcreasing sire, and imvolvemsent of critice] peurovs-
cular @recteres such ag labyrinth, petrous carctid, amd

application and were based on relative poaliion of jugaler
bulty with the infralabryrinthine cell taot, TC-IC approach

Ciodagry o Meweomsdagr, Fol 58 Mo, o 2007

Wi chosea for small cyets in primary drainkges procedures on
cotfirming the presence of mfimcochlesr call trece, In moa
othér instances, & TM-IL approsch wes apted for wider
Beiss and druinage whe placement. Silleose steat wms nsed
for patients undergoing drainage procedurs, In instances of
high § bulbs, surgieal lowering wes performed (TR-IL
ﬁ} Wmﬁpmﬂme
inage. In the resection category, the hekring pressrvtion
providurs constitsed the infratemparal foass tvpe B (TTP-B)
spprosch (Fig. 21 The combination of [TF with TO or selely
TO spproach was chossn i=n petients with unsecviceshls
hearizg. Serviceabds bearing wes defined as per modified
Sanna classificadion {18} with PTA threshelds <30dB and
EDE T4 Larger lesione with imvolvement of either
carotid cansl, posterior crunisl fosse (PCF) andhor middls
cmmninl foess (MCF) durs or otic capule- |siersal sodicory
canal (IAC) were toeated by resection procedures, whils iz
amaller lesions without wide invelvement of mearby airuc-
tured, draimage procederes were nsed, The above-mentened
have been desoribed in detail elsewhers (19-23).

I= &ll the oeseq, N Banction wag mucmibored intranparatively.

Oufcome meamiry inchded pos tive sympilom relief,
intracgerative and posmopesstive hearing sed FN
siatos fanctloa

, and revision songeries, if amy,
A review of the literabues wes done using & Pubbed Search
exing relevant search words,

This study was approved by the Instinsions] Feview Bogsd
of the bospitsl for ethical resesrch,

FIG, 2, Inraopemive damansiraing control of patious
mmmmmwnm
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TABLE 1. Patlemd charoseriznics ar prerentation
SBargery ovap (8) and Wai-and-Sean (WH) Geoup

Tl WE Oroup
{n=3L) (n=24)
Age {years-meen, meps) ALL(15=TSp B (1d-41)
Bsx
Male = (%) 0 (52.5) 11 (454
Pamats n (%) 11 (37.5) 13 (543
Side
Right m %) 17 (5.8} B (33.3)
Lt 1 (%) 14 (453 16 (667
Eympiemamiogy n ()
RE R 7 (228 5 (208}
Diglopia 2 (3BT 144.3)
Tinnitm 17 (543} & (16.0)
Hearing Jss 19 51 £ {168}
Vertipzidirzinas 12 (g 11 (45.8)
Heazscke 1 (5T 20 {#3.3)
Withaw! pympooms” ooy 1Ry
Symplom dumtion (s, nmgs) 177 (2-204) 9.0 {4-36)
Pesviously opecuied cleswhers 2 {8an) L]
Fallow-mp duewtios (ma, nmps) 515 [12-150) 48,1 {16=252)
“Twn cases of fokderal

fzaling,
(30.3) b= 50 and 13 (§2.5) in 'WE growp had multiple
Bympioms.

Tminging Analysis
Crverall mean dismeter of PACG on imaging is S0 and
groups and the invelvement of newravasculsr stroctures
is demonstrated in Takle 2,
A stable'smaller dismeder was measured in all cases
mmm-mmnnrnm.m}m

In WS group. Reduction of dismeter was obssrved in W3
group &g late a3 post 20 years of fallow-up with aceom-
3 : tief
All the patients with semted PA reponied symptom
relief (see Table 2).

Hearing Analvais
Tabde 3 shows the oveml] mean pre- and postoperntive
PTA-AC, PTA-BC, ABG, and 5D in 50G in 26 of 31
patients, as 5 (16.1%) patients had severe or profound
deafhess preoperatively. Fipare 3 displaye the pre- and
posloparative scatber grams of pure-tone threskalds and

Two patients after TM-IL developed pro-
found hearing loss, Tn the 21 patienss after the
TM-IL spproach, hearing improved postoperativaly in all

the parameters.

All profoundly deaf patients underwent resection pro-
cedurcs bocause of extenaive disease and large oyst
dismeters {Table 4}

At the time of diagnosis in the WS group, four patients
numphiundufhuﬂngluu.mmmi:ﬁﬁuﬁa-hﬂ'.
FTA-BC, ABG, and SDS in this subast of patients were
565848, 19722848, 159+R854B, and
95.3 £ 1.1%, respectively. On the last follow-ap, their
Iuniruimpm'edhufﬁuhvmmimcim
by 11.34B, 2.94B, 8.4dB, and 3.5%, respectively.

Symptom Relief Outcomes Are Provided in Table 5
Aﬂﬁnﬂﬁnmiunnnﬂmmphdwm
relief whereas symptom rebief rate varied in drinage and
wit-and-gcan group,
_In'W3 group, hearing loes, tinnitus, and dissiness had g
surgery led sk of diplopia in -
o peTsistence ome patient,
MM e af HIII'Eﬁmn
: were no siges of preoperative faci
mmﬂhﬂvmhmnﬂu{uﬂTﬁhﬁ}.

TABLE 2. CT/MRP characterisiics o patients

S Dl
FACG At POFIAMCED 1ACH 05 Capmale
Dinmatar® {me) n ) ﬂww--m h-pinmun[!t.]
Surgiel group {mmoveludinege) (n=31) ae1T 16 (5L L3 {41.9) 20 [4.5)
Wist-and-soam groug (=24 Bl L (42 5 [20.8) a3
P'-d'nn.ltml.ﬂ'!m
Suble'Emaller’ n (%) Tacoeased = (%) Acsation m (%)
Burgical groop (remsvalidninags) (a=31) 18 [SELpLS (815 0@ 14 (g
Wait-and-sesen grosp (o= 34) 14 (3830 (37.9) I 43) 23

nlogy & Newroiology, Fal 54 Ms. e 2077
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TABLE 3. Hearing resulis

Owvanill Hearing Swtm s 85 TPreopecative Posiopersive
Ssvese\prodfiend EMHL o (%) 5 (161} T{E.5
FTA AC (oear, Sod) 8B (H14.3) 50848 [k133)
FTA BC (mesn, Su) 20.79dD (L5.9) 1B dB {£7.3)
ABIG {mesn, 814 [2AdB [+E8) 12348 (100}
5DE {mean, Sud) .75 (42 FEA% (20.08)
Hearirgy Siatus Avoseding Surgary Subgreep Preapesative Pretiparativa Ficopenrin Postnperative Deltn”
Beverdgraftend SMHL = (847 5 (E2.5%) 5 (FLI%) 0 {114} 2 (s
FTA AL [mean, 5 AR (L0 FIdB (11 M3dBRI4E) 275407 (k0T A4 dB
FTA BC (memm, Snd) 15.EdB [(£53) .A4-dB [ ) 110dE (410.3) 182 dB {£ET) 14 dB
ABQ (mean, Hi4) 9.5dB (£1.7) FLTAB [h12T) 132 dB (+5.2) 93 dB 4.5 39 4B
SDE (mean, B1) .60 (£7.5) it (1) .59 [19.4) FT.8 () 14%

"Severdprofivend SHHL- sssscicomm] besaringg hads

Mwo patiers with preopartive hearisg bad profocad SNAL after TR ipprosch.

I1 patieoin.
Estwasn peeop. nd posap. deitege aogerien.

Complications and Revision Surgery

Tﬂhimmmﬂmmmw
erative charmcteristics. Duration of surgery for the resec-
tion and dminage procedures was 4.6 (3.9-7) and 2.7
{1.5-3.3) houry, respectively, Postoperative bospital stay
far the resection and drinage group was 5.6 (4-7) md
3.4 (2—d) duys, respectively,

mmmulﬂﬂimwmiﬂudinduufﬁm
ﬁi%}mﬁnmmmﬁmm
alom wras uped in the I[TF type B approach in one cass whars
preoperative imaging demonstrased broad involvement of
bosizanssl segment of petrows carodid and most of chvas,

In ane patient during resection (ITFB + TO approach),
the ICA wall underwent injury at the areq of the asterior
fioramen lacerom. Immediate packing with  muscle and
definite endovascular trestment wes dops after 2 days,
the detalls of which can be found In our previous
publication, Mo permanent neurologic
observed pestoperatively (90, In another

. precqperitive sympboss
Wi ohearved le either of the patients on kst follow-up.

Pre-oparwrive FTA gid 205

T

alogy & Newrotology, Fal, 28, No, xx, 2007

An intracperative C5F leak ocourred in three patients
whnwdnmﬁam-mipmhﬂarﬂmﬂﬂmnd
wat sshssquently managed in the same sitting. Mo post-
operative C5F leak was o in any

bad profiound !
ﬂmhmndhtmh-hqhnMHﬂlim
ndhdhmmdhm.lnmmﬂnmu,ﬁumﬁn
hearing loss was delayed ufter 2 months of an useventfil
surgery. A detailed CT examination with a semior newro-
radiclogist could nat demanstrate any lener ear trauma,
anwmuhnm“@mumuﬁﬁ

anf!iillﬁjwﬂmmmgmw
aped pastoperative fictsl merve paeais. Three out of fiar
patienis had grade WiV] facial palsy post ITF-B proce-
ﬁmlﬁhﬁmwudmarmmmlm.uu:pﬁm
mmmmmuwnmuﬂﬁuwm
that recoversd to grade I within 1 vear, Mose of the
patients had any structural damage to facinl nerve intra-
mﬂdmdnmmmmwﬂxmunﬁlﬂwudm;
ies, and from postoperative bmeging, details of
Mﬁhﬁgpﬂlﬂhﬂbﬂ% previgushy and

Piil-aparatis PTA asd 505

Illl-lll.,.-:n
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TABLE 4. Sorgiom and postoperaiive charasteriniior
Surgical approach = (3&)
Rsertion

TF-B T
ITFB with OX 1 3.3
Ttk (i}
ITE-B4TO EX R
Total Ly =B
™ e {73%)
Draizige
o 20 (4.5}
TCIC 18T
Totsl 23 (M)
Inrarpersiive complicationn o (%)
Resesian oA bacsoytion 1 (3.3}
Drainags C8F leake 3 (9.7)
Tiotal 4125
Postoperative complications n (%)
Paclal =erve pasalyasis 4 (125
Profoand SHEL 2 (6
ICA indicates internal eesntid eniery; IL,
apprench; [TF-B, i foesd eppevak type By OF, orbit-
:hﬂmﬁ_im sensorinsenl heariag Loy TC-IC,

oo

no facial nerve palsy was obaerved postoperatively since
2007 (2.

Revision Surgery Was Required in Thres Patlents
Case 1: A lasge ayst oocupied the
regian reaching the occipital condyle with capsule adher-
ent b the PCF dura, TW-IL approach was initially ased
for cyat decompression followed by useventful postop-
erative rocovery and fotal sympioen resolation, A delayed
follow-up dus to resppearsnce of diplopin mandated
TEVision sargery uiEng the sume approack. The previous
ﬂ:ﬁhﬂu?hw::dmmhmﬂm
was liberated decompreseing the cavity
ml&:ll;:mufmﬂe il
¢ A CSF leak from cochlear aqueduct injury
during primary TM-IL approach was manaped infraoper-
atively wsing obliteration. Bndoscopic trans-sphenald
decompression was done 3 momths later to aveid CSF

leak from cochiear aqueduct and the patisnt remainsd
symptom free on the last follow-up (20 months).
Case 3: Primary TM-IL approach was comphicabed
with a small CSF leak from the inferior wall of the [AC
and ws immedintely mamaged by fat and muscle oblit-
loas immedistely postoperatively. ITF-B with TO
approach wms used 3 momths later with groas total
remaval,

(=38 12-17), When dealing with large lesions with
broad mvolvement of

gcan policy has been advocated previously (1-3
mdhhmﬁmdmhmhmmhﬂuigpaﬂf;tr&
well (Table 2).

) Sympiem Pelief
Festoperative symptam relief repored in the literaturs
manges botween 435.5% and 100% (77.4% in the present
eeries) (Tables 5 and 6). This ip compershle with the
results (B2.4% sympiom redief) by Brackmens ee al, (8),

TABLE 5. Symprom reli’ characierisnios

Surgery Group

Sympunes Relisf WE Geeup Besection Druinags

Headichs 420 [45%) 4 (100 PRIS (52.3%)
Dm.nl-_ LN ] 55 [100AE) LRI7 (3R.2%)
Purcibesia I [ T (Lo #4 (100%8)
Bearing Imgprovemsent il (TR 4 L1NES (344565
Tiszitus il (1007 P (E00) HNIE (F3.3%)
Diplapea ) 8 (L00RE) 7 (102%)

*Mpﬁuﬁuuqhdﬁhpmumwmm.mmmmmhm

poitoperativaly sftar [TF-8 spprosch iz cns cam.

Chalog & Newrodalogy, Fol 38 M. xx 2007
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employieg mainly drainage procedures, In another study,
Kumlﬂ&(&]mﬁm:mﬁn:i:m of 53,74,
employing mosty MCF spproack vascalasized
galeal flap s & resection procedure. However, oo sargical
galection criteris of préoperative invalvement of petrous
carotid artery of besring states were described with
eoplovmient of MCF approach in most coses. Craniot-
comy, tempoml lobe retraction, profoaged ntensive care
umnit stxy, possible intracraminl compdications ard setrnres
requirieg lengthy anti-spileptio treatment are known
marbidities af MCF approach. Furthermore, no preoper-
ative mean doration of symploms was mentioned in this
series, a5 syTEpéom durstios ls inversely proportional to
the symptom relief, In the present sbady, the meas
gymptom dumation was [7.7 mowtks,

Space cocupying lesions expanding at the borders of
petraus apex have the propensity to creats presguss on the
mididle or posterior foasa durs (3,6), ceusing pain sensa-
tvon. Headsche was resolved in all bat one patient in ouar
series with total recovery of facial paresthesin and diplo-
pia. Bimilar results have bees reported in moat other
series (2,3.5,8,12,14,15). This may be stiributed fo the
better meural recovery of the iripeminal ganglion and
sbducens nerve following surgical decompression ad
campared to pdher cramial nerves. Also, this is sggestive
ufﬁnltﬁngmlkfufﬁnlmmm

o e of dizziness, tionites and
hearing loas (Table 5), also recently cheerved by Stevens
et al. {17) where none of the patients in thelr series bad
any relisf from these postmrgical drainage, perhaps
reflecting more fragils inner ear spparafus ond coch-
leo-vestibular nerve, s well os higher tute of inner sarf
[ALC invalvemens seen |n present series, (Table 2), The
same study uggeeted so siatistical differences betwesn

tabe placement with regnrds to symplomm
resohation bus all recurrences in the above study cocarmed
in casts where no stent was placed. In the present study,
stent was placed in all cases of dminage procedures. We
feel the association of sent placement with long term
relts ls comtroversial, although stents may improve
early postoperative symptom relief and possible redoc-
tion in inflammation due to incressed drainage, but
eventaal oheruction by connective tme,

Hearing Reanbts

Postoperatively, the mean PTA across the litesature
varied between 20.2dB and 4848, and 5DS wvaried
between 85.5% and 100%, with reported dats missing
in partain series (1=5,12,17) {Table &). Brmclkmnann et al.
(B) repored PTA of 26.2 dB with S8 of 939 for 24 out
of 34 cases postoperatively, Simdbarly, Hoa et al. (4}
teparted FTA of 48 dB in 12 out of 17 cases postoper-
tvely. Similar results were obeerved in present series
with the mean PTA-BC and PTA-AC of 18548 and
30,8 dB respectively. SDS of 96.9% was observed in 24
pasients with serviceable hearing. The conparable hear-
ing results in the present stady can be atiributed fo A
higher percentnge of the much wider infra-labyrinthine

Oralagy b Mewrossoge, Fol 38 Mo, ox, 2007

approach wied a3 compared fo the narrower infra-
cochlear approsch used i previouns series that leads o
presumably lesser om, particulardy when
draining maltiloculated cyets with thlcker oontents,

Complications
Complication rate in open technigoes for PACG treat-
ment varied among the series, hetween
11.E and 81.8% (Table ).

Facial Nerve

The meidence of FN paley after PACG surgery was
obaerved between 2.9 and 25% of casss. Though the
incidencs is 12.5% (4731 patients) in the current sbady, all
petients recovered to near normal facisl nerve fimction
within 1 year postoperstively. The TM-IL approsch ia
bound by mastold segment of facial nerve anteriory and
could be affected by thermal damage by the drill or
minimal sxpagare, bath of which can lead to minbmal
podloperative facinl pareais with complets sventual
recovery. Though no definite sseociation of the ITR-B

had gross imvolvement of horizemeal
petrous carotid artery needing mare than usual middle
foesa retraction. Although no cases of facial nerve palsy
have been obeerved since 2007, no specific measres
taken could be retroapectively asceniined, spart from
obaerving extra caution sround the region of facial serve.

Hearing Loss

mmmmmmm
iwof surgery for tresting PACG varies between 2.9 and
25% of capes (Table &), The reason for profousd unex-
ﬁuﬂmmmwmwh

series (8,15,16).

Comert st al. (24), in their anstomical study on the
TM-IL deseribed the region bound by the
inferior border of the cochlea, the posterior wall of
vertical carotid, and the cochlesr opening of the socklsar
aqueduct (CA) & the

Injury o either CA or ICV before opening of PACG
wml:mpmﬂhlhrhdmhﬁmmmMin
the ner ear dus i contamination with cyst conbents,
comdequently repultdeg m bearing loas (27).

Dther Complications
The presence of CSF leak was observed between 4 and
18% in the literatars with incidents of meningitis (13)
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mdu—nﬂmﬁuﬂ}.hﬁ:mmmm—
erative C5F leak was observed in any case despits three
cases having an intrsopemative CSF leak which was

The universal finding in tevision surgery afber drain.
age ockage of draining tube by granula-
tian tisswe {1,3,4,8 12). Hence, in the event of an initial
heari - Y

vation is of B0 concern, mdical sargery in the form of TO
in case of mone posteriorly i

ohserved betwesn symptom recumrence (mesn 25.9%)
and revision sargery (mesn 22.4%) rate (Table 6
i y.w:apuwilhl':uﬁlh_u:_]_qu}ﬁlt

approach has been puggeated by
many suthors (1-3,6,15,17) and was seen in the pressnt
seriest a8 well. The possible explanstion could be spenta-
necus dminage of cessation of inflammatory process or
visoualar supply (10,34), Delayed growth, bowever, has
been reporied (35) and hemce mandates 3 long-term fullow-
up. Surgrical treatment in the form of &n indinl

mmhmmmmum
huem'mﬂuufhﬁanimwﬂh.m

Limitations and Recommendations
Given the small mumber of cosss in Pesection groap, it

mmpmﬂuewmpmmﬂummm

COMCLUSION

Thnmtmh:mmmﬂﬁnhmmmiu
mlhi;nhjmttnﬂmhmufmhu-luﬂp.huﬁnu
with PACG requiring surgery, drainage is preferable
MOTe AZETERiVE Tesection procadures. Ressction can be
mmmwmmmmm
mmﬂmmmmmm
bg [TF-B, TLA, TO provide axcellent coniral to thess
legions. When deciding the nesd for surgery, carefisl
comelation of patient symipioms §o current pathiology
miugt be made amd serious consideration
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