ORIGINAL ARTICLE

Management of the cervico-petrous internal carotid artery in class C

tympanojugular paragangliomas
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ABETRACT: Background, Managemert of e cenvical and petrous
infernal carotid arery (ICA) is frequantly requined in Fisch class C hmps
rojuguiar parsgangliamas (TPY). The purpose of this stuoy was o gis-
s the perioperative ndervention of ihe 1A in patiants who ungisraent
surgical resection of a TP

Mathock. A rebosobctive study of 237 pafients surgicaly fraated for
Fsch dass C TWPs was cone o idontfy cases Saf required ICA
mmanagemant.

Resols. Marnagearmen of e ICA was nequired in 176 pabients (T4.2%),
Forky=bwo paSients mequired jus! an ICA decompression, B3 underwent
subpenosieal dissection, 19 undersent subedventitial disssction without
intrakeningl sterding, 17 underwen subadvinkSal dssection wilh Fn-

lumninal stanfing, and 12 underwent arerial resaciion afer permanent
bafloon oocluson, Thire wene no oomplcations sssocinled with e
Endovaiculs procedures. Gross odal fumor resechon vias achiaved in
F1.5% of the Cases.

Conclugion, Prepperative endovascular infervention, in sekecisg cases,
faciftnies gress intal buenor remaoesl and sigrificantly reduces the risk of
an intraspecatvm ICA mpEy. O H015 Wiley PenoOicas, inc. Head heck
0 DO0=000, 2045

KEY WORDS: intarnal carotid artery (ICA), tympanojuguiss paragan-
giomas (TSPs), shenting, permanent balloon occlusion, infrabemporal
fossa appnoath

INTRODUCTION

Tympunojugular paragangliomas (TIPs) are  predomi-
nantly benign and slow-growing umors, u-'l'l.lth are locally
aggressive and infilirate the skull base.! The surgical
management of TIPs i particulardy challenging as a result
of their complex anatomic location, the local major neu-
rovascular siructures, and the proximity of inracranial
structures. The bmermnal carolid amery (HCA) is often
imvalved by the wumor in 15 upper cervical and petrous
portions. Fisch and Mattox™ classified temporal bone par-
sgangliomas into 4 categoriés (class A, B, C. and D)
sccording 1o location and extension based on high-
resolution CT. scan, On the basis of the extent of the ICA
involvement, Fisch class C wmors are further subdivided
into 4 subclasses: C1 wmors that erode the carotid fora-
men without mvolvement of e TCA: C} mwmors that
enide the vertical sepment of the petrous ICA up 1o the
carofid genu; C3 wmors that invelve the horizontal seg-
ment of rhe petrous ICA: and C4 mmors that reach the
anterior forumen lacerum with extension into the cavem-
ous sinus. Early aitempts to resect tumors mvolving the
ICA were associnted with high rowes of morbidity and
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morality,” However, today, significant reduction in mor-
bidary has Been achieved in the surgical manzgement of
thiz subzer of mmoss becanse of advances . preopemtive
interventional m-umadmlng,-, and refinements in skull
base microsurgery.” Te ovoid intrsoperative morbadity
anel mortality from vascular compromise, vanous maodel=
ities of management of the cervical and intratemporal
ICA have been described. These modalities include
cervical-1o-petnous HCA hcnﬂu:. vein bypass prafting,”
permunent  halloon nuiunm and intravoscular rein-
forcement  with xl:em:m;_ =T We have developed the
application of preoperative stensing of the ICA in the
management of TIPs since 2003 50 avoid prmptmlrc
clogure or bypass procedungs and o Fuu
imtegrity of the ICA during surgery. Fm:rperltwc stent
inseriion also allows an mggressive ICA dissection with
significant reduction of the surgical risks.""™"* This
vmdy detalls our experience with the management of FCA
in TIP surgery over the lad 2 decades,

MATERIALS AND METHODS

The records of 237 patienis with class C and I TIP
{Fisch und Mattox® classification) surgically treated ot the
Cruppo Otologico between April 19EE and September
2002, were retrospectively mviewed o identsly pidients
who underwent some form of 1CA munagement. Patients
with a follow-up of <1 year as well as those with
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meomplete records were excluded from the study, This
yielded o stwdy population of 174 patients who required
some form of ICA management. To determine the degree
and extent of involvement of the cervical and petrous por-
tions of the ICA, all patients underwent preoperative eval-
wation, including high-resolution ©T and gadolinium-
enbanced MRL All patients underwent d-vessel digital
subtraction angiography 1o detect the vascular supply
from the ICA branches and 1o detect signs of ICA infiltrm-
tion (ie. imegularities or stenosis of the arterial lumen).
Functional evalustion of the Circle of Willis was peT-
formed in cach case during angiography using mananl
Cross - compression  testing.  Preoperative  endovasculas
trestment, either with stent reinforcement or permanent
balloon occlusion, was carried out in cases that had
serious degree of ICA involvement. The indications for
eidovascular intervention of the ICA were based on
umor extension. MRI and sngiographic findings, and
clinical findings (Tuble 1). Details on the methods of
endovascular intervention of the ICA have been deseribed
elsewhere." ™" Preoperatively, all parients also under-
wenl superselective umor embolization 2 to 4 davs
before surgery. At the time of discharge from the heospi-
tal, an ulirasund Doppler study of the cervical 1CA
together with an angio-CT and angio-MRI of rthe brain
were performed in all cases with a stented vessel Postop-
eratively, all patienis underwent an annual fadiological
follow-up (high-resolution CT and MRI) to detect anv
recirence. In addition, yearly ultrasound and angio-
graphic sequences (using both CT and MR1) have hesn
performed,

Technigue of preoperative endoluminal stenting of the
Internal carotid artary

Reinforcement of the ICA with endolurminal stemting is
performed with the patient under genersl anesthesia. The
decision regarding what type of stent and whether muli-
ple stents are needed is based on the site and the length
to be stented (cervical andfor petrous) and on the 1echni-
cal features of the individual stent. At present. we con-
sider the Xpem (Abbott Vascubur, Ireland) snd Astron
{Biotronik SE, Berlin. Germuany) bare stents to be the

most suitable for reinforcement of b the cervical and
petrous portions of the ICA because of thelr diameter (4
or 5 mmp, kength (20. 30, or 40 mm), fexibility {during
endovascular deploymentl, and resilience during surgical
dissection. To reduce the pessibility of injuring the 1CA
@ the stent-umor imlerface, we suggest that wr leust
10 mm of wmor-free vessel wall may be reinforced with
the stem. both proximally and dissally, Ckmnnuu{. b0
achieve this, it is necessary for 2 or even 3 stents,™ An
interval of a least 4 to 6 weeks is recommended berween
stenting and surgery 10 allow the formation of a stabilized
nevintimal lining on the luminal surface of the steng '**4

Anticoaguiation therapy. To reduce the risk of thrombsoeimi-
bolic complications, amipiateler therapy s commenced 5
duys before stent insertion using a combination of clogi-
dogrel 175 mgiday) and aspirin {100 mg/day), This thera-
peutic regimen is sdministered for 1 10 3 months afier
stent insertion and then reduced to single-drug treatment
with aspinn only. Antiplatelel agents are stopped and low
molecular weight heparin is commenced 3 days before
surgery. Antiplatelet agents are resumed 2 days after sur-
gery and low molecular weight heparin 1s stopped 3 days
afier. The patient is then placed on life-long aniiplateber
therapy, -+

Technique of precperative parmanent balloon acclusion
of the internal carotid artery

In cases in which stent placement is technically impos-
sible (ie, kinking of the cervical portion of the ICA or in
the presence of a significant blood supply from the ICA ).
i permanent  Balloon  ccclusion s sn aliermative
option.""" Permunent balloon ocelusion can be under-
taken if the patient has tolersted the balloon occlusion
test and angiographic datn demonstrates good eroas-filling
Trom at least | of the 2 communicating systems.® The bal-
loon occlusion tesi-permanent balloon occlusion proce-
dure is performed with the patient under local anesthesia
with mild sedation and systemic heparinization. A bila-
eral femoral approach is wsed in which an 8F guiding
catheter is inserted into one of the femoml arteries and
positioned in the ICA 1o be occluded, The contralateral
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femoral artery puncture is wsed for the angiographic evale
dation. To permancntly occlude the ICA. a gold vabve
lwtex 16 balloon (Cathnet Science, Paris, France} moanted
on o continuous indwelling Foley's catheter (Minyvasis,
Gennevilliers, France) is used. Three detachable balloons
are wsed in cach case to occhode the ICA. The halloons
arc placed in the distal cavemous segment just proximal
to the origin of the ophthalmic artery, ar the carotd fora
men, and in the neck just distal o the bifurcation. The
procedure has heen described in detail elsewhere.'” After
permanent balloon scclusion, the patient is monilored for
24 hours in an intensive care umit to detect and prevent
hypotension. With a successful permanent balleon occli-
sion, surgery is scheduled 3 to 4 weeks later.

Intraoperative management of the internal carotid artery

The ICA may require the following types of interven-
tion, depending on degree of involvement: (1) decompres-
sion with or withoul partial mobilization of the znery: (2)
subpericsical dissection: (3) subadventitial disssction; i4)
subadventitial dissection with sten coverage: and (5) ares

riadl resection {after preoperafive permanent balloon
oeelusbnm),

Simple decompression,  This technigue is used when the
tumor is around the ICA bul nol adherent o the arery

{ie, Fisch class C1 TIF). Decompression of the ICA is
perfommed afier identifving o1 medial 10 the Euwstachtan
tube by drllimg our the ympanic bone. A large diamond
bisrr 15 uzed parallel 1o the course of the artery. Drilling is
sdvanced both laterally and medially 1o the amery. By
remaving the bane anterior o the [CA. the artery can be
displaced laterally or medially by monipulating it with rhe
tip of the suction ube while drilling is being performed,
If additional drilling around the ICA s reguired, o vessel
loup is wrupped around the artery to enable a wider range
and befler control.

Subperiosteal dissection, This 1echnique is indicated when
the tumor involves the periosteom of the carofid canal
without reaching the adventitia. In this 12chnique, a plane
of dissection is developed between the q.;lw.-mm: of the
ICA snd the periosteurn of the carotid canal.’” This is rel-
atively ensier and safer in the vertical petrous segment, s
the ICA is thicker and more accessible when compared 1o
the horizontal scgment. The dissection of the (umor is
started at the cervical bevel. from an uninvolved extratem-
poral segment of the ICA, where a good plane of dissec-
tion is easily identified. The bone of the carotid canal
around the ICA from ifts entrance imo the temporal bone
is drilled out along with the mmor infiltriting the bone
and periosteumn, Gentle displacement of the ICA from s
epirance in the skull base 1o af least the genu of the hor-
zontal segment is required if the tumor has extended ante-
rior 10 the apery, There could be arcas where the tumor
may extend o the adventitis of the umery and subad-
ventitial dissection may be required.

Subadventitial dissection. This technigque s applied 10
tumors that infilirate the pdventitia without reaching the
musculnr lnyer (media) of the ICA, Subadventitial dissec-
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tron conaiets of separsnng the sdventitin from the mes-
lur layer. The wall of the FCA a1 the kevel of the vertical
segmient is 1.5 t0 L0-mm thick with the adventitia being
approximarely ]-mm thick. The adventitia i absent at the
horizontal porion,'® Therefore, subadventitial dissection
can only be executed af the vertical portion. The intraos-
perative nisk of o vascular injury §s especially high i irmu=
diated or previously operated cases. Smull lacerations to
the urterial wall, or any avulsion of the caroticotympanic
branches, can oftén be controlled with judicious use of
the bipalar cawtery. For small o medium defects, direct
suture repair in recommended. Double-anmed vascular
sutures are used while emporary occlusion is applied.
Care to evert the edges of the anery while suinring is
imporant t© avoid swenosis. The posiopemtive risks of
subadventitinl dissection include weakening of the vessel
feothng te subsequent blowout or o dilatution and
delayed aneurysm formstion,

This study was approved by the Ethics Comminee of
the Casa D Cura Privata Hospital. All the panents
involved in the study gave their consent for their clinical
data ta be uzed for the snudy,

RESULTS

Of the 237 patients with TIPs, remor involvemnent and,
therefore, management of the ICA was required in 176
patients (74.2%), Fifiv-nine patients (33.5%) were men
wnd TIT (8655 were women. The mean age af the time
of surgery wus 466 = 123 veurs (range, 16-T5 years)
Twemy-five  patents  (14.2%)  had  multicentric
paragangliomas. The patiends were divided oo 5
procedure-specific groaps: (1) ICA decompressbon; (2)
ICA subperiostenl dissection; (3) ICA subadventitial dis-
section without introluminal stenting: (4) subadventitial
dissection with intraluminal stenting; and (5} permanent
balioon occlusion. Thesz groups contaimed 42, 86, 19, 17,
wied [2 patients, respectively. Relevant infermation on the
patients is provided in Table 2. The infralemporal fosa
approach type A was used in 166 cases (94.3%) and n
combination of infratemporal fossn approsch with other
approaches wis used i 10 cases (5.7%), The details of
the surgical approaches used for excision of TIPs have
been described elsewhere.'' ' Siaped surgical resection
was used in 19 cases (10B%) with o large intradural
extension (class D2 TIPs) 1o avoid the sk ol postopéena-
tive cerchrospinal fluid leak resuliing from the wide neck
exposure, The extradural porion was removed Grst, leav-
ing the intrudural portion for subsequent removal 3 to 6
months after pamary surgery, In these coses, the intra-
dural portion was removed through a petro-occipital fran-
sigmosd approach in 12 cases (63%), a iranscochbear
approach m & cases (316%) and an extreme lateral
approach in the remaining case (5.3%). The mean follow-
up was 336 =305 months (range, 12-156 months). In
this series, there was requirement for any perioperative
blood product rransfusion and ne perboperitive mortality.

Outcomes of pericperative management of the internal
carotid artery

Decomprassion.  Forty-two patients (23.9%) underwent
decompression of the ICA: 34 patients underwent simple
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TABLE 2. Patient characieristics.

Decomgaegssaon dasection  distschns withoeft  dssaction with permansat balloon Tokal
Chusw:ieintics (n= 42y (= By wienting (9= 19 swolinginm1T]  ooclusion (v 13) = 1TTE)
Age, y
Miezn = 50 Ex131 HFEz=1BE 4352137 424+9 T 132 466 =123
Rarige 23T 17-75 1680 in-5a 17=50 16=-75
S, na.
Mz ] » 5 ] ] L
Femaln i3 <5 14 B 4 17
Garotid mcivement
CiTP 3= 7 1] 1] ] 42
21w B T6 2 10 3 a7
GaTwe 1 3 17 g 7 M
Ca 7@ | Q ] 1 2 3
Infradural exbension
Dl 2 1B ] ki o 24
D2 | g k] 1 2 1
0t L] 18 ] & q k-1
oiz 1 o 4 & ] 18
Other exsociated tumors
W 1] 4 3 3 2 12
Car 1] i 1 4 1 10
VP 4+ CET ] . ] 1 a |
Surgical apgroach
Infratempaoral fossa 42 18 17 9 166
Infratemporal fossa approach-TLA 0 3 1 o ] 4
Infratemponal lossa approach-TOA ] 1 2 L] 2 b
TCH ] ] 1] ] 1 1
Second siape apnraech
Patro-nceipital transigmeid 1 a 3 d 3 i1}
TCA 1] LI ] 1 4 L]
Extreme ktara 0 i [ 1 1 2
Removal
Totsl 41 BE 15 10 ] 15
Subtotal 1 o 4 7 3 15
Recurrence 1 2 i} 2 1 [
Follow-un 14 332x375 5= 167 R29=3148 441 =308 3316+ M5
(12-156} N2=120 {12=148 [12-144) {12120 [12-156)

Aitwwastany T, tyemplevpguin: paragargioms WP el pangargiona. CET. arofid body fener: TLA. Firnlisy g moraen. B0, Meraooes sppach.

decompression without mobilization of the [CA and ¥ had
decompression with partin]l mobilization of the arery in
the presence of bony infiltration anterior to the vertical
segment. No perioperative or postoperative [CA-related
complications occurred in this group. Total tumor
removal was achieved in 41 patiems (97.6%). A small
tumor remnant was beft in place m the area of the jugular
foramen in | patient to aveid injuring the dominant jugu-
fnr bailb, The ressdonl fwmor wis wpchanged after §6
months of follow-up. In 1 palient. recurmence was
detected 16 vears after surgery.

Subperiosteal dissection,  Subperiosieal dissection was cor-
red out in B6 patients (48.95%), 19 (22.1%} of whom
required mobilization of the [CA. Seventv-six of the 36
patients (B8 4% had class C2 tumor, 7 (5.1%) had class
Cl tumors, and 3 (3.5%) had closs C3 tumors. Fory-two
lesions (48.8%) had intracramial extenseon. 18 of which
had imtradurs] involvement, No perioperative BCA=related
complications have been encountered in this growp, Total

wmor removal was achieved in all cases, Two patients
{135 experienced recurmence, MW and 68 months afier
the bzl procedure. The first patient developed recur-
rence in the intermal awditory canal snd the lumar was
successfully resected vin a combined mfratemporal fossa
approach and translabyrinthine  approach, The second
patient had recummence n ihe petrous apex and was treated
with stereotactic mdiotherapy. One patient developed o
focial merve paresis (HB grade IV) as 4 result af embaoli-
zalion: this recoversd o nommal function by the 1-year
follow-up,

Subadventitial dissection without stenting.  Nineteen patienis
LA underwent 1A subadventitial dizssection of the
[CA without endoluminal =enting. Ome patent (5.3%)
experienced an ICA injury during tumor dissection, which
was  successfully  sutured. Total ftumor removal wos
pchieved in 15 patients (T5.9%) und subtotal removal in 4
patients (2100 In these 4 patbents, small tamor rem-
runts around the [CA were left behind fo ovoeid injinng
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the wriery. Remnands of tumors were either treated by ste-
reinctic radiotherapy (1 patsent) o maonitored with obssr-
votion (3  potients), Al residual  amers  remained
unchanged after an average follow-up of 2155z (7.2
menths (range, 12-84 months),

Subadventitial digsecton after reinforcement with endolumenal
glenting.  Subadvenitial dissection was performed n 17
patients {9, 7%Y after neinforcing the ICA with stenting
(see Figure 1) The indications for stent placement wene:
(1} absence of a contralateral DCA in 2 patiens (11.8% 1
(2} previous surgical manipulstion of the ICA in 4
patients (23.5% 1 and (3) severe encasement and orfsten-
sis of the intrapetrous 1CA in 11 patents (84.75), The 4
patients. with previous surpery had undergone the infra-
temporal fossa approach with subadventitial dissection of
the 1CA and had recurrent or resadual lesions.

In 14 cages (R2305:), 2 stents were deploved in o senal
fushion covering 1he ICA from the distal cervical segmen
to the petrous segment. In 2 patbents (0 LT%) a single
stent was placed along the petrous 1CA. and | patient
(5.9%%) recelved a single sicmt in the cervicul FOA. Dunng
stent ineertpoat, | patient developed vasospasm, which was
treated with intrm-afterial vasodilators. [n 1 case, a resd.
ual umor in the pefrous apex could directly be wssociuted
with disappointing resulis after stend deployment, Severe
miraoperalive hleeding arose from large 10A fedders tha
were affected by e s12nl and & risk-free anerial mobili-
Zation was II1'|FIlI'|'\-|".:i|.'1|'.||! becanse of the use of an nad-
equately stiff stent with large mesh size, This pateent
could not receive permanent Balloon ooclusion becadse of
an ohsence of a valid comralateral cerebral compensation,
There were no postoperative vascular evenls in this group
of pateents,

Gross  total removal was achieved m 11F patenls
(58.8%) Subtoial removal was performed n T cases
i#1.2%); leaving intradural tumor in the posierior cranisl
fossa (2 patients), sround the intmdural verebral artery i1
patient}, in the petrows apex and perscarolid area ()
patient). and in the cavemous sinus (2 patients). In 1
case, it was nol possible 1o establish a plane of dissection
Berween the artery and o recumrent wmor, Residual lesions
in the 7 patients were trented by observation (2 patients).
gereotactic radiotherapy (4 patiems), and surgery fol-
lowed by stereotactic radiotherapy (1 patbent), Six of the
resddual lesions demonstrated no growth al the fast radio-
logical evaluatson (average follow-up, 25.1 = 134; range
1248 months). Ome patient. with 4 posiendr fossa resd-
ual tumaor, had evidence of growth at 30 months after sur-
gery end was managed with steresiactic radimberapy
Twao patiems (2070 who had gross tslal removal expen-
enced recurrence. One patient with o class C2Dal wmor
had recurmence al the level of the petrous apex | year
after surgery and was subjected to stereotactic rediother-
apv. The second patient with a class C3Dil umoe experi-
eficed recusmence ot the level of the hypoplosssl canal 4
vears afier surgery and the tumor was resecied via the
previously performed infrotemporal fossa: approach with
transcondylar-trunatubsreular eXlenaon.

FUGURE 1. GT scan of the skl base shovwing e stonl inserted
imio B horizontal (4 and verfical {B) porSions of the inlemal
carptid amesy. [Color figure can be wiewed in the online ssue,
wiich is svalabde at wiloyonlinelibreny.com.|

Intermal carolid erery resaction afier permanent balloon occlu-
gion, Twelve of the toial 176 patlems (6,8%) underwent
permancn balloon scclusion of the TCA. In our sarly expe-
rienee, before the introduction of ancrial sterving in 2003,
permanent balloon occlusion was aftempeed m 9 cases with
severe encasement of the ICA. Ekght patients hod previous
incompleie surgery and | pateent had previous radicdher-
apy. From 2003, only 3 patients had permanent balloon
peclusion. Dur present policy 15 to perform permanent bal-
loon ocelusion only m those tumors where there 18 eXlen-
sive blosd supply from ICA bmnches with compensation
of contralaternl cerebral blood flow through the Circle of
Willis, Mo complications occurred during  endovascular
intervention or during surgery os a consequence of the per-
manetd balloon occlusion in any case. Nome of the 12
patients experienced any long-term untoward effects from
permuanent balloon occlusion in o mean (ollow-up period
of 441 = 386 months (range, 12-120 nonths), Total
remowval was pchieved i 9 cases (7550, whepeas in i
cakes the removal was sublotal, Twoe cases imvolved the
snvermnous sinus and the patienty were subjected o postop-
emtive shereotactic radiotherapy. In both cases, radiokogicsl
imaging showed po growth of the resibual lesion after B
and 10 years postoperatively, Sublotal removal wos alsoe
scoomplished in o patient with a tumar extending indo the
foramen magnum, To remove this kesion, o second-siege
surgery wios performed through an extreme Bateral trans-
condylar approach. Surgery was abandoned os persistent
bleeding obscured the surgical field. An MRI after surgery
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which remained stable af the 4-yveur follow-up. One patient
(1L1%) hod & recurrence 10 years after his primary sus-
gery: the patient subsequently died of dissuse recurrence
despite 3 episodes of intmiumont) embolization,

DISCUSSION

One of the most inwicate steps in the surgical treatment
of TIPs is the management of the cervico-petrous [CA.
Fisch class C TIPs FEdiine an accurale Precperlive neu-
rovascular evaluation taking into consideration the degree
of ICA involvement, the snatomic and functional imlegrity
of the Circle of Willis. previows surgery or radiotherapy,
and the patient's age and the general condition of the
patient," ™" 1* puiants can be considered as having a
high-risk of imraoperative 1CA injury if: (1} encasement
of the ICA reaches more than half (e, 180-360°) of the
arerial circumference. (21 there is evidence of aensis or
imegularity of the vessel walls: (3) there is 0 medical his-
tory of radistherapy or sorgery arcund the ICA: (4} in
cases of multiple ipsilateral lesions; (5) in cases of single
ipsilateral ICA; or [6) the recurrent disease is medial to
the petrous 1CA, 202

A significant proportion of the monafity in TIP sur-
gery. reported in an earlier series. was due o injury of
the arlery and as o consequence of resection of the [CA.°
ICA manipulation can be extremiely dangerous resuolting
in spasm, thrombosis, rupture, massive siroke, and even
death."* Insufficient vessel displacement. on the other
hand. increases the risk of Jeaving behind tumor, In our
cxperience, we have noted thar most of the recurrences
were localized 1o the orea uround and medial o the pets
rous JCA"

To avoid possible sargical morbidity related o ICA
mjury. seme authors recommended radiotherapy for lurge
tumars in which surgery would require ligating or recon-
siructing the amery.” " Others have advocated partial
resection of lumors™ " when the ICA was encased.
Although this policy seems entirely justified in older
patients, it is hard to justify this reatment in younger and
healthier patiems. who have a grester Fife Expectancy and
in whom these wmors are wsually mose aggressive.
Another school of surgeons advocme a more aggressive
behuvior and munagement plan for surgical remioval withe
out any Tarm of ive endovascular nevroradiolog-
bcal treaiment of the ICA*" They demonsirated that ir is
possible 1o idemify o plane of dissection between the
umor and the ICA even when the mmor encases the 1CA
or recelved a blood supply from it They found it
Unnecessary o sacrifice or reconstruct the KA. In a
series of 12 cases of extensive TIPs, Patel et ol™” encoun-
tered vascular problems in § cases (3 ICAs had Been
repaired and 2 were resected) without any complications.
However, they concluded that these palents were cer-
tainly at a greater risk of cerebrovascular complications.
An analysis of the resulis of Leonetti et ol demonstrated
a complication rate of 16% (4 of 35 cises) in patisnits
undergoing intrioperative ICA management (3 cases of
decompression and | case of decompression with mohili-
tation). This included 3 dewths and | stroke thar were
cauwted by tauma or spasm of the arery. This signifies
the fact that excessive manipulstion of the ICA may

weaken fts wall, leading 1w intimal dissection or throm-
boembaolic episodes. In this regard, efforts were made to
meorporale some form of preoperative endovascolar neu-
roradiofogical treatment of the ICA to reduce the surgical
risks of arterial damage. Permanen balloon occlusion of
the ICA in TIP surgery was first used by Andrews et al’®
and Zane e W™ in order to facilitate radical tumor
removal and enable safe mobilization of the carobd. Per-
manent balloon occlusion of the ICA allows safe removal
of the lesion withour any limitations. Howewver. this pro-
cedure cannot be used in cases of in collateral
circulation and s not risk-free. Zane et al™ reported the
largest series of permanent balloon occlusion of the ICA
in TIPs. They treated 31 patients and noted 2 AT Nt
rodogic complications: | complication occumed after intra-
operative permanent balloon occlusion (8 stroke with
lomgstanding hemiplegin) and the other complication was
aitributed 1o early surgery after preoperative permanent
balloon occlusion (hemispheric stroke with permanent
hemiplegia). Their follow-ap of 10 years did not show
wny development of delayed complications.

As mentioned before. the ICA may require the Tolbowing
types of treatment: (1) simple decompression: (2 decom-
pression with partial mobalization; (3} subperiodeal $ssec-
tion: (4 subadvenstitial dissection; (5} subadventitial
dassection with endofuminal stenting: and (6) arterinl ressc.
o {afier preoperative permonent bhalloon  oeclusion)
depending on vurious degrees of ICA involvement. As a
matter of policy, we proceed to subadventitial dissection
only in the presence of an intraluminal arery sient, which
reduces the risk of anerial injury. The presence of the sten
greatly facilitases dissection and mobilization of the [CA.
This is of particular importance when working at the level
of the carotid penu andfor the horizontal segment of the
petrous ICA. where the access and the mobility of the
riery are limited and the dinect control of the aneromedial
wall is particularly demanding. Use of vessel boops allows
hack and forth displacememt of the vessel to uchieve
greater control of the medial wall of the carotid canal smid
the surrounding involved bone, The presence of the metn-
lic frame of the stent provides protection against accidenial
rupture and can be used as the deep limit of dissection.™
Minar bleeding con be encountered from the ICA, but is
conmollable with bapolar coapulation and  hemaostatic
agenls. The grealest risk is a potential injury at the transi-
tion point of the stented and nonstented artery, and miniii-
zation of truction is cssential at this poinl. Potentinl
complications associated with lifelong anfiplatelet therapy
(ie. gastroineesting] ulcers, mucesal bleeding) are the muin
drawhacks associsted with amerinl reinforcement with
sients. However, the risk is diminished with the low dose
of aspirin prescnbed. To date, with & follow-up ranging
trom 12 to 144 manths, there have been no adverse cvents
related to the stenting, even with patients maintained on
iife-long antiplaselder therupy.

Permanent balloon occlusion of the 1CA Mepresents an
alfernative to stent placement in the following situations:
(1) presence of extensive blood supply from branches of
the ICA; (2) severe laminal stenosis: (3) mussive parietal
infilration: (4) vessel wall weakness because of previous
treatmnent (surgery of radiotherapy): or (5) 1onuous course
or kinking of the ICA ar the skull base.™ Permanent
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balloon occhusion camries the risk of delaved ischemia. To
avoid such devastating complications, thorough investigs-
tions are available lo ssess the long-erm influence of
permancnt balloon seclusion. The guiding principle of all
these investigations is the same: to assess the efficacy of
the collateral circulation in maintaining the perfusion of
the arcas that would be affected by the manipalation of
the ICA. In our practice. the patient’s collateral circula-
tion 9 sssesied using the d-vessel angiography and the
manual cross-compression test, combined with the stody
of the bilateral corical angiographic phases. In the pres-
ence of good cross-filling, from one or both the anterior
and posterior communicating anerics, we proceed with
the hallnon neclusion sest Fallowed by permanent balloon
occlusion.  After permanent ballson occlusion of the
artery, dissection of the JCA is started a1 the cervical seg-
ment. The artery is ligated immediately proximal 1o the
proximul balleon and af the distal segment of the
occloded artery with large vascular clips. Care & taken 1o
avoid excess tmaction on the cavernous sinus segroent dur-
ing the final component of wmor removal. The petrous
portion of the ICA with the surrounding wmor is resecied
en bloc. Despite this, there is the persistent surgical prob-
lem of inadequate access 10 the medial wall of the ICA o
the bevel of the anterior foramen lncerum. which antil
now i unreachable with the available lateral surgical
approdaches.

CONCLUSION

ICA involvement is no longer consadered a limitmg foc-
tor in TIP surgery, but requires an accurste preoperative
neurgimaging evaluation of the extent of ICA invasion by
the tumor and oappropriste perioperative management.
Decompeession of the 1CA ond subperiosteal dissection
are relatively simple surgical procedures that can be wsed
in cases where the adventitian of the ICA is free of
involvement. Preoperative endovascular intervention in
the form of intri-arterial stents in the cervical and petrous
segments of the ICA has transformed the therapeutic
management in cases of advanced TIPs. Stenting of the
ICA avoids the need for potentially troublesome munen-
vers, like permanent balloon occlusion. bypass proce-
dures, and anenal repair or reconstruction. Permanent
balbeon ocelusion is currently limited 10 those paiiems in
which stenmt placement is technically impossible or in
patients with wumers thar derive significant blocd supply
from the ICA, No major perioperstive complications,
related cither fo preoperative stemting or mtreopertive
surgical management of the ICA. have been reported 19
date i our series of patients,
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