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A B S T R A C T

Aims
We per ​formed a ret ​ro ​spec​tive non-ran ​dom​ized study to an ​a​lyze the re ​sults of mi​cro ​surgery of acoustic neu ​ro ​mas

(AN) us ​ing two dif ​fer ​ent flex ​i​ble hand-held laser fibers, CO  (Om​nigu ​ide ) and 2 μ-Thulium (Revolix jr ).
Methods

From Sep​tem​ber 2010 to June 2015, 84 pa​tients suf ​fer ​ing from AN have been op ​er ​ated on with mi​cro ​sur​gi​cal
tech ​nique via ret​rosig​moid (RS) ap ​proach. In 42 cases tu ​mor re​sec​tion was per ​formed with the as ​sis​tance of hand-
held flex ​i​ble laser (L-group): in 8 cases CO -fiber and in 34 2 μ-Thulium-fiber.

Fortytwo pa​tients, op ​er ​ated on with ​out laser-as ​sis​tance, were used as com ​par ​i​son group (C-group) (matched-pair-
tech ​nique).

Fa​cial nerve func ​tion was as ​sessed with the House-Brack ​mann (HB) scale pre​op​er ​a​tively, 1 week post​op​er ​a​tively,
and 6-month or more af ​ter surgery.
Results

Over ​all time from in ​ci​sion to skin su​ture changed in re ​la​tion to size of tu ​mor (165–575 min) and was not af ​fected
by the use of laser. In 2 cases pre ​op​er ​a​tive fa​cial nerve palsy was ob ​served. In the re​main ​ing 82 cases, at 6-month fol ​-
low-up fa​cial nerve preser ​va​tion rate (HB I) was 90.2%. Hear ​ing preser ​va​tion rate (AAO-HNS A/​B classes) was
68.4% (26 out of 38). Adopt​ing a 0–3-scale, the mean sur ​geon sat​is ​fac​tion rate of use ​ful​ness of laser fiber was 2.64.
Conclusions

The use of a hand-held flex ​i​ble laser fiber in AN-mi ​cro ​surgery seems to be safe and sub ​jec​tively fa​cil​i​tates tu ​mor
re​sec​tion es ​pe​cially in “dif ​fi​cult” con​di​tions (e.g., highly vas ​cu ​lar ​ized and hard tu ​mors). In this lim​ited ret​ro ​spec​tive
trial, the good func ​tional out​come fol​low ​ing con ​ven ​tional mi​cro ​surgery had not fur ​ther im​proved, nor the sur ​gi​cal
time re​duced by laser. Fo ​cus ​ing its use on “dif ​fi​cult” (large and vas ​cu ​lar ​ized) cases may lead to dif ​fer ​ent re​sults in fu​-
ture.

© 2016 Published by Elsevier Ltd.
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1. Introduction

The treat ​ment of acoustic neu ​ro ​mas (AN) or, more anatom ​i​cally
cor ​rect, vestibu ​lar schwan ​no​mas, has grad ​u​ally changed dur ​ing time,
from life-sav ​ing mea​sures to preser ​va​tion of func​tion and qual​ity of
life. In par ​tic​u​lar, fur ​ther de​vel​op​ments in the last decades have
shown that the ret​rosig​moid ap ​proach is a safe and ef ​fi​ca​cious
method for surgery on AN of all sizes: in ​tra​canalic ​u​lar with ​out or
with ex ​trameatal ex ​ten ​sion, with ​out and with brain ​stem con ​tact and
com​pres ​sion [1,2]. Preser ​va​tion of hear ​ing and fa​cial nerve func ​tions
are now pri​mary goals in mi ​cro ​sur​gi​cal treat ​ment of these tu ​mors, es ​-
pe​cially in pa ​tients with AN hav ​ing max ​i​mum di​am​e​ter in ​fe​rior to
2 cm [3,4]. Com​plex tu ​mors make it chal ​leng ​ing to achieve these
goals, e.g. in cases of (1) Large tu ​mors size, (2) strong ad ​her ​ence of

tu ​mor to fa​cial, cochlear nerve, and brain ​stem; (3) hard con ​sis​tence;
or (4) high vas ​cu ​lar ​iza​tion, with en ​hanced bleed ​ing dur ​ing ex ​ci​sion
[4].

⁎⁎ Corresponding author at: Via Reno 14, 00198 Roma, Italy.
Email address: mastro@ ​tin. ​it, luciano. ​mastronardi@ ​asl-rme. ​it (L. Mastronardi)

The laser has been a well-es ​tab ​lished in ​stru​ment in dif ​fer ​ent sur ​-
gi​cal fields for over 40 years [5–8]. Laser surgery in gen ​eral showed
var ​i​ous ad ​van ​tages, such as re ​duc​tion of me​chan ​i​cal trauma and min ​-
i​miza​tion of in ​tra​op​er ​a​tive bleed ​ing. A ma​jor ad ​vance in mak ​ing
lasers more ap ​plic​a​ble to neu ​ro ​surgery came with the in ​tro ​duc​tion of
con ​tin ​u​ous-wave lasers and im​proved de​liv ​ery sys ​tems [7]. This type
of laser en ​ergy elim ​i​nated the ex ​plo ​sive ef ​fects of pulsed-wave lasers
and al​lowed ac​cu ​rate cut ​ting and va​por ​iza​tion by us ​ing fo ​cused
beams, with ​out the need to han ​dle or re​tract the tis ​sue [29]. The de​-
vel​op​ment of flex ​i​ble CO  laser fibers in 2005 [9–11] trans ​formed it
in a hand-held tool, bring ​ing the CO  laser back to neu ​ro ​surgery
[6,7,12]. The new de​vices of ​fer the pos ​si​bil​ity of guid ​ing the laser
beam by small and vari ​able hand ​pieces for di​rect mi​cro ​sur​gi​cal ap ​pli​-
ca​tion [7,13–15].

Re​cently, 2 μ-Thulium laser showed to be an use​ful de​vice in the

surgery of in ​tracra​nial menin ​giomas [13], es ​pe​cially for de​bulk ​ing,
shrink​ing, and co ​ag ​u​lat​ing the mass and its basal im ​plant.

The tech ​nique of laser va​por ​iza​tion and cut​ting of AN of​fers the
pos ​si​bil​ity of re​mov ​ing large parts of the tu ​mor with ​out di​rect ma ​nip ​-
u​la​tions at the tu ​mor mass it​self, thus re​duc​ing the me​chan ​i​cal trauma

http://dx.doi.org/10.​1016/​j. ​clineuro. ​2016.​03.​019
0303-8467/© 2016 Published by Elsevier Ltd.
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to the ad ​her ​ent sev ​enth and eighth cra ​nial nerves dur ​ing prepa​ra​tion.
In ad ​di​tion, Sameshima et al. [15] and Pas ​sacan​tilli et al. [13,16]
demon ​strated that laser is more pre ​cise and less dam ​ag ​ing the sur ​-
round ​ing tis ​sues than con ​ven ​tional bipo ​lar cau ​ter ​i​za​tion.

First re​ports on brain tu ​mors [5,7,13,14,16–21] and on AN op ​er ​-
ated on by mid ​dle fossa ap ​proach [22] and our own ex​pe​ri​ence with
these two hand-held laser fibers has been the ra​tio ​nale for ap ​ply ​ing
this sur​gi​cal tool in “key hole” ret​rosig​moid AN surgery too. Ac​cord ​-
ing to the lit​er ​a​ture and to our lim​ited ex ​pe​ri​ence, di​rect tu ​mor laser
ab ​la​tion seems to re ​duce me​chan ​i​cal ma ​nip ​u​la​tion of tu ​mor it​self,
bipo ​lar co ​ag ​u​la​tion and ul​tra​sonic as ​pi​ra​tion, lim​ited di​rect cut​ting
with mi​croscis ​sors and could lead to bet ​ter sur ​gi​cal re​sults, ex ​pe​cially
in “com​plex” ANs.

2. Materials and methods

2.1. Patients data

Forty-two con ​sec​u​tive pa​tients with AN were en ​rolled in the
study (L-group). In​clu ​sion cri​te​ria were: clin ​i​cal and MRI di​ag ​no​sis
of AN and age of 18 years or older. Hear ​ing preser ​va​tion was at​-
tempted if func ​tional hear ​ing was AAO class A or B [23] in the af ​-
fected side.

In L-group all pa ​tients were op ​er ​ated on by mi ​cro ​surgery com​-
bined with as ​sis​tance of two dif ​fer ​ent flex ​i​ble hand-held laser fibers,
CO  (Om​nigu ​ide ) and 2 μ-Thulium (Revolix jr ), us ​ing the ret​rosig​-
moid (RS) ap ​proach, be​tween July 2012 and June 2015.

The 42 pa​tients of L-group were com ​pared to a matched C-group
of 42 pa​tients op ​er ​ated on by the same ap ​proach, with mi ​cro ​sur​gi​cal
tech ​nique, with ​out laser as ​sis​tance be ​tween Sep ​tem​ber 2010 and June
2012. Af​ter this date, all cases with in ​tra​canalar ANs hav ​ing max ​i​-
mum di​am​e​ter 1 cm or less have been op ​er ​ated on with ​out laser as ​sis​-
tance and in ​cluded in the C-group too. De​mo ​graphic data was col ​-
lected and the pa ​tients were asked about the symp ​toms of hear ​ing
loss, tin ​ni​tus, ver ​tigo and other pos ​si​ble re​lated neu ​ro ​log ​i​cal symp ​-
toms.

2.2. Determination of tumor size

Each pa ​tient re ​ceived an MRI scan not ex ​ceed ​ing 1 month pre-op ​-
er ​a​tively. Tu ​mor was mea ​sured in three spa ​tial di ​men ​sions (on ax ​ial
and coro ​nal MRI sec​tion planes) and tu ​mor size was es ​ti​mated con ​-
sid​er ​ing its ma ​jor di​am​e​ter, in ​clud ​ing the ex ​ten ​sion in the in ​ter ​nal au ​-
di​tory canal.

2.3. Facial nerve function

Fa​cial nerve func ​tion was as ​sessed pre-op​er ​a​tively, 1 week p.o.
and 6 months p.o. us ​ing the House-Brack ​mann [24] (HB) clas ​si​fi​ca​-
tion (1: nor ​mal; 6: to ​tal paral ​y​sis).

2.4. Audiological data

In pa​tients se​lected for hear ​ing preser ​va​tion (AAO class A or B)
[23] au ​di​o​log ​i​cal ex​ams were per ​formed pre-op ​er ​a​tively as well as 1
week and 6 months p.o. by pure tone au ​diom​e​try (PTA), au ​di​tory
brain ​stem re​sponse (ABR), and mono ​syl​labic speech au ​dio ​grams.

2.5. Surgeon’s evaluation of hand-held laser usefulness

The sur ​geon sat​is ​fac​tion rate of use​ful​ness of hand-held flex ​i​ble
laser fibers was eval ​u​ated adopt ​ing a 0–3-sub​jec​tive-rat ​ing-scale
(0 = not use​ful; 1 = mod ​er ​ately use​ful; 2 = use​ful; 3 = very use​ful).

2.6. Intra-operative procedures

2.6.1. Monitoring of facial and cochlear nerves
In all cases fa ​cial nerve mon ​i​tor ​ing was used dur ​ing the en ​tire sur ​-

gi​cal pro ​ce​dure (Nim​bus i-Care 100 , In​tra​Op​er ​a​tive Neur ​phys ​i​o​log ​-
i​cal mon ​i​tor ​ing, Newmedic di​vi​sion of He​modia, Labege, France),
with elec ​trodes in ​serted in or ​bic​u​laris oris and or ​bic​u​laris oculi mus ​-
cles. The nerve stim ​u​la​tion was per ​formed with monopo ​lar (on the
sur​face of tu ​mor) or bipo ​lar (close to the nerve) stim ​u​la​tor, start​ing
from 2mAmp or more (on the cap ​sule dor ​sal sur ​face, for nerve course
lo ​cal​iza​tion) to 0.3–0.05 mAmp (di​rectly on the nerve, for con ​fir ​ma​-
tion of its func​tion).

As well as lo​cat​ing the course of the fa ​cial nerve, in ​tra​op​er ​a​tive
mon ​i​tor ​ing of fa​cial nerve helped in dri ​ving the use of laser fiber.

Each pa ​tient se​lected for hear ​ing preser ​va​tion re​ceived an ABR
au ​diom​e​try (Nico ​let Viking III , Vi​asys Health ​Care, Madi​son USA/​
Hochberg Ger ​many) the day be ​fore surgery. In the last 9 cases we
used ABR neu ​romon ​i​tor ​ing evoked with CE-Chirp  stim​uli (In ​ter ​a​-
coustics Eclipse EP15 ABR sys ​tem, As ​sens, Den ​mark) [25]. In both
L- and C-groups there were 38 pa ​tients AAO class A or B, with re ​-
pro ​ducible re ​sponses that al​lowed a con ​tin ​u​ous in ​tra-op ​er ​a​tive ABR-
mon ​i​tor ​ing of the cochlear nerve.

2.6.2. Retrosigmoid approach
All op​er ​a​tions were per ​formed us ​ing the RS ap​proach with pa​tient

in lat​eral po ​si​tion [4,15]. Con​tin ​u​ous lum​bar drain was placed in
cases op ​er ​ated on for larger tu ​mors (max ​i​mum di​am​e​ter greater than
3 cm) and was left in place for 3–4 days to fa ​cil​i​tate cere ​bel​lar re​lax ​-
ation dur ​ing surgery and post ​op​er ​a​tive wound clo ​sure (drain ​ing
around 10cc/​hour).

Af​ter a slightly curved 5–6 cm skin in ​ci​sion be​hind the ear, about
1 cm pos ​te​ri​orly to the mas ​toid and prepa ​ra​tion of a free per ​i​cra​nial
flap for dural clo ​sure, the ret ​rosig​moid-retro ​mas ​toid lat ​eral oc ​cip ​i​tal
bone was ex ​posed in ​clud ​ing su​pe​rior and in ​fe​rior nuchal lines [4,15].
About 3 × 3 cm craniec ​tomy was per ​formed in all cases, ex ​pos ​ing
sig​moid and trans ​verse si​nuses and the an ​gle be​tween them. The RS
dura was opened in a semi​cir ​cu ​lar shape, fol​lowed by lat​eral
medullary cis ​tern arach ​noid open ​ing for cere ​bel​lar de​ten ​sion by cere ​-
brospinal fluid (CSF) as ​pi​ra​tion. When ad ​e​quate re​lax ​ation of cere ​-
bel​lar hemi​sphere was ob​tained, the tu ​mor sur​face was ex ​posed, with
or with ​out re​trac​tors, and pos ​si​ble po ​si​tion of fa​cial nerve was
searched with the use of nerve stim ​u​la​tor.

Af​ter cut​ting the dura cov ​er ​ing the roof of in ​ter ​nal au ​di​tory mea​-
tus (us ​ing the laser fiber in L-group), the canal was un ​roofed by
means of a 4 mm ex ​tra​coarse di​a​mond burr or, more re​cently, with
Sonopet  Ul ​tra​sonic As ​pi​ra​tor (Stryker, Kala ​ma​zoo, MI) with ded ​i​-
cated bone tips. The canal was un ​roofed 7–8 mm in medio-lat ​eral di​-
rec​tion and 5–6 mm in su ​pe​rior-in ​fe​rior di​rec​tion [4,15]. A V-cut was
per ​formed [15] on the dor ​sal sur ​face of tu ​mor cap ​sule with laser fiber
(L-group) or with mi​croscis ​sors (C-group) and de​bulk ​ing of tu​mor
was per ​formed, with mi ​croscis ​sors, mi​cro ​curettes, bipo ​lar for ​ceps,
Sonopet  Ul​tra​sonic As ​pi​ra​tor (56 cases, usu ​ally with a max ​i​mum di​-
am​e​ter higher than 2 cm) and hand-held laser (in L-group) for va ​por ​-
iz​ing and cut​ting. With stan ​dard mi​cro ​sur​gi​cal in​stru​ments (sharp dis
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sec​tors, sickle knife, McElveen knife, stright and curved mi ​croscis ​-
sors, ring and cup curettes) the tu ​mor was sep ​a​rated from brain ​stem
and cra​nial nerves dur ​ing con ​tin ​u​ous fa​cial and -in se​lected cases-
cochlear nerve mon ​i​tor ​ing.

In cases with strong ad ​he​sion to brain ​stem and/​or fa​cial nerve, a
mil​li​met​ric frag ​ment of tu ​mor cap ​sule was left.

Ac​cu ​rate he ​mo ​sta​sis and tight dura clo ​sure us ​ing per ​i​cra​nial graft,
haemo ​sta​t​ics and sealants were per ​formed and a fit​ted ti​ta​nium net or
the bone op ​er ​cu ​lum was placed on the craniec ​tomy with minis ​crews
in all cases.

2.6.3. Flexible CO  laser system
In 8 cases of L-group, tu​mor in ​ci​sion and re​sec​tion were per ​-

formed us ​ing the hand-held CO  flex ​i​ble laser fiber pro ​vided by Om​-
nigu ​ide  (Om​nigu ​ide Inc., Cam​bridge, MA, USA). The start set​ting
was 3 W to a max ​i​mum of 18 W, in a con ​tin ​u​ous wave mode, with 70
psi pres ​sure of he​lium gas for cool ​ing the laser fiber (which is hin ​-
dered in its func ​tion by the pres ​ence of wa ​ter). Us ​ing the laser beam,
the tu ​mor mass was va​por ​ized, keep ​ing a safe dis ​tance of at least
2 mm to the fa ​cial and cochlear nerves. In 25 larger tu ​mors the
Sonopet Ul​tra​sound As ​pi​ra​tor helped in in ​tra​cap ​su​lar de​bulk ​ing. Fol​-
low ​ing tu ​mor re​duc​tion, the re ​main ​ing tu ​mor cap ​sule was re​moved
with stan ​dard mi​cro ​sur​gi​cal tools.

We de​cided to stop the use of CO  and to con ​tinue the study with
flex ​i​ble 2 μ-Thulium laser fiber be ​cause of its higher co ​ag ​u​lat​ing
power (in com ​par ​i​son to CO ) and sim​i​lar cut​ting and va​por ​iz​ing
prop ​er ​ties in tu ​mors with the same con ​sis​tency of ANs. We con ​tin ​ued
to use CO  laser in hard-fi​brous and low-bleed ​ing in ​tracra​nial and
spinal menin ​giomas.

2.6.4. Flexible 2 μ-Thulium laser system
In 34 cases of L-group, the cap ​sule in ​ci​sion and tu ​mor de​bulk ​ing

was per​formed with hand-held 2 μ-Thulium flex ​i​ble laser fiber
(Revolix jr , Lisa laser USA, Pleasan ​ton, CA, USA). The range of
power set​ting was 1–14 W. Stan ​dard 0.9% saline so ​lu ​tion ir ​ri​ga​tion
was used for cool​ing the laser fiber (which is not hin ​dered in its func ​-
tion by the pres ​ence of wa ​ter). The fiber was used for cut ​ting, va​por ​-
iz​ing, and co ​ag ​u​lat​ing the cap ​sule and the in ​tra​cap ​su​lar mass, in com ​-
bi​na​tion with bipo ​lar for ​ceps, mi​croscis ​sors and Sonopet Ul​tra​sound
As ​pi​ra​tor (in 31 cases). Fol​low ​ing tu ​mor de​bulk ​ing, the re​main ​ing tu ​-
mor cap ​sule was re​moved with stan ​dard mi​cro ​sur​gi​cal tools.

2.6.5. Determination of tumor removal and of procedure time
The amount of tu ​mor re​moved was as ​sessed by sur ​geon’s opin ​ion

and by post​op​er ​a​tive con ​trast en ​hanced (c.e.) MRI per ​formed within
48 h af ​ter surgery and at 6 month fol ​lowup. The re​moval has been
clas ​si​fied as to ​tal (100%), nearly-to ​tal (99%: mil​li​met​ric resid ​ual fre​-
quently not de​tectable by MRI), subto ​tal (90%), and par ​tial (less than
90%).

To ​tal op ​er ​a​tion time was de ​fined as the pe ​riod last​ing from skin
in ​ci​sion un​til the end of skin su ​ture.

2.6.6. Statistical analysis
Each pa​tient of L-group was matched to a pa ​tient of the above de ​-

scribed C-group. Af ​ter match ​ing, a paired sam ​ple t-test was per ​-
formed. For cat​e​gor ​i​cal analy ​sis, a Chi-square test was used to cal ​cu ​-
late dif ​fer ​ences in fa​cial nerve and hear ​ing preser ​va​tion rates.

3. Results

3.1. Demographic and clinical data

De​mo ​graphic, clin ​i​cal, and MRI data were sub ​stan​tially com ​pa​ra​-
ble in the two main groups and in the two laser sub ​groups, with the
ex ​cep ​tion of mean max ​i​mum tu ​mor size (in ​clud ​ing the ex ​ten ​sion into
the in ​ter ​nal au ​di​tory canal): 2.0 cm in C-group and 2.8 cm in L-group
(2.8 in L-group–2 μ-Thulium sub ​group, and 3.0 in L-group-CO  sub​-
group) (p = NS). The mean max ​i​mum di​am​e​ter of the en ​tire co ​hort
was 2.4 cm.

In L-group, 20 fe ​males and 22 males were in ​cluded. Mean age
was 53.3 years, and mean du ​ra​tion from first symp ​toms (hear ​ing loss,
tin ​ni​tus, ver ​tigo, hemi ​fa​cial numb ​ness) un ​til op ​er ​a​tion was 17.9
months; in 8 cases the tu ​mor had one or more cysts in ​side. Ac​cord ​ing
to Samii’s grad ​ing clas ​si​fi​ca​tion (34), the tu ​mor be​longed to grade II
in 16 cases, grade III in 17, and in grade IV in 9; no pa​tients in class
I. In 6 pa​tients, pre​op​er ​a​tive clin ​i​cal or elec ​to ​myo ​graphic (EMG) ev ​i​-
dence of fa ​cial nerve im ​pair ​ment was ob ​served. A ser ​vice​able pre ​op​-
er ​a​tive hear ​ing (AAO-HNS A and B classes) was pre ​sent in 16 pa ​-
tients.

In C-group, 15 fe​males and 21 males were in ​cluded. Mean age
was 48.4 years, and mean du ​ra​tion from first symp ​toms (hear ​ing loss,
tin ​ni​tus, ver ​tigo, hemi ​fa​cial numb ​ness) un ​til op ​er ​a​tion was 21.3
months; in 5 cases the tu ​mor was cys ​tic. The tu ​mor was grade I in 8
cases, II in 21, III in 10, and IV in 3. A clin ​i​cal or EMG fa​cial in​-
volve​ment was de​tected pre ​op​er ​a​tively in 3 cases and the pre​op​er ​a​-
tive hear ​ing was ser ​vice​able in 22 pa​tients.

3.2. Tumor removal and operation time

To ​tal tu ​mor re​moval could be pos ​si​ble in 20 cases of L-group and
in 25 of C-group. In ac​cor ​dance with pa ​tient’s will, nei​ther fa​cial nor
cochlear nerve (in cases of ser ​vice​able hear ​ing) was sac​ri​ficed in or ​-
der to ob ​tain en ​tire tu ​mor re​sec​tion. In re​la​tion to this con ​sid​er ​a​tion,
a nearly-to ​tal or subto ​tal (99–90%) re​sec​tion was per ​formed in 15
cases of L-group (to ​tal + nearly to ​tal + subto​tal in 35 cases: 83.3%)
and in 11 of C-group (to ​tal + nearly to ​tal + subto​tal in 36 cases:
85.7%).

In 7 cases of L-group and in 6 of C-group a par ​tial re​moval (less
than 90% of tu ​mor) was only pos ​si​ble, be​cause of tena​cious ad ​her ​-
ences of tu ​mor to brain ​stem and to fa ​cial nerve; in all these cases, the
tu ​mor had a max ​i​mum di​am​e​ter big ​ger than 4 cm. The rem ​nants were
lo ​cated into the con ​duct, or along the fa ​cial nerve or ad ​her ​ent to
brain ​stem.

Mean op ​er ​a​tion time (from in ​ci​sion to su​ture) changed in re ​la​tion
to size of tu ​mor and ranged from 165 to 575 min (mean 325): it was
335 min (SD 45.5) in L-group and 320 min (SD 57.0) in C-group,
with no sta​tis ​ti​cal dif ​fer ​ence.

Mor​tal​ity and ma ​jor per ​ma​nent mor ​bid ​ity were zero. In 3 pa ​tients
a tran ​sient ab ​ducens nerve (6th cra ​nial nerve) palsy was ob ​served, re​-
cov ​ered within 6 month. In 2 pa​tients with large AN (3.5 cm and
4.5 cm max ​i​mum di​am​e​ters, re​spec​tively) swal​low ​ing dis ​or ​ders re​-
cov ​ered com​pletely within 3 months. In 5 pa​tients (2 of L-group and
3 of C-group) a CSF leak from the sur ​gi​cal wound was ob ​served and
was re​solved in all but one with con ​tin ​u​ous lum​bar drain for 5–6
days. In 1 case a sur ​gi​cal re ​vi​sion of the wound with dural re ​pair ​ment
was nec​es ​sary. In 2 pa​tients a tran ​sient rhi​no​liquor ​rea started 3 days
af ​ter surgery and was suc​cess ​fully treated with con ​tin ​u​ous lum​bar
drain and pro ​phy​lac​tic an ​tibi​otics.
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3.3. Facial nerve function

Table 1 sum​ma​rizes the fa ​cial nerve re ​sults in the en ​tire co ​hort
and in the two sub ​groups.

All pa​tients were con ​sid​ered as HB1 pre-op ​er ​a​tively, ex ​cept 5 pa ​-
tients in L-group and 3 in C-group who had a newly di​ag ​nosed HB2
to HB4 fa​cial palsy or, in 2 cases, a pre ​op​er ​a​tive in ​volve​ment of fa​-
cial nerve on EMG.

At min​i​mum 6-month post​op​er ​a​tive fol​low-up, 36 pa​tients of L-
group had HB1 fa​cial nerve func ​tion and 6 a pare ​sis (4 with new
post​op​er ​a​tive deficit and 2 out of the 5 with pre ​op​er ​a​tive deficit)
clas ​si​fi​able as HB2 (2 cases), HB3 (1 case), HB4 (3 cases). In 15
cases the fa​cial func ​tion was HB1 im​me​di​ately af ​ter surgery; in these
cases the mean max ​i​mum di​am​e​ter of tu ​mor was 2.3 (ver ​sus 3.0 cm
of cases with tran ​sient deficit; p < 0.05). There​fore, on con ​sid​er ​ing 40
pa​tients (2 ex ​cluded be ​cause of a pre-ex ​ist ​ing fa​cial nerve deficit),
the day af ​ter surgery a nor ​mal face was ob ​served in 37.5% of pa​tients
and at last fol ​low-up in 90%.

At the same in ​ter ​val fol​low-up con ​trol, 38 pa ​tients of C-group
(90.5%) had HB1 fa​cial nerve func ​tion and 4 had a pare​sis rang​ing
from HB2 (2 cases) to HB4 (2 cases). In 27 cases (64.3%) a nor ​mal
func​tion of fa​cial nerve was ob ​served im​me​di​ately af ​ter surgery. In
these cases, the mean di​am​e​ter of AN was 1.7 cm ver ​sus 2.9 cm of
cases with tran ​sient HB2-HB3 fa​cial palsy, re​cov ​ered at the 6-month
clin ​i​cal con ​trol (p < 0.05). When pa​tients re​turned to nor ​mal face mo ​-
bil​ity, we never ob ​served se​vere and per ​ma​nent con ​trac​tures.

In con ​clu ​sion, on con ​sid​er ​ing the whole se ​ries, 90.2% of pa​tients
had a HB1 fa​cial func​tion at min ​i​mum 6-month post​op​er ​a​tive fol​low-
up and the dif ​fer ​ences be​tween the two main groups are not sta ​tis ​ti​-
cally rel ​e​vant (p = NS).

3.4. Hearing results

3.4.1. Preoperative hearing status was comparable in both cohorts
L-group con ​sisted of 16 pa​tients with ser ​vice​able pre​op​er ​a​tive

hear ​ing (AAO-HNS A and B classes). Among these, af ​ter op ​er ​a​tion
11 of them pre​sented a hear ​ing com​pe​tence as be ​fore op ​er ​a​tion
(68.7%).

In C-group 15 out of 22 pa​tients had AAO-HNS A and B post​op​-
er ​a​tive hear ​ing (68.2%). Also for this func​tion, the dif ​fer ​ence is not
sig​nif ​i​cant (p = NS).

In con ​clu ​sion, on con ​sid​er ​ing the whole se ​ries, hear ​ing preser ​va​-
tion was pos ​si​ble in 68.4% of the en ​tire co ​hort.

Table 1.
84 cases of acoustic neu ​ro​mas op​er ​ated on with (L-group) ans with ​out (C-group)
hand-held laser fiber as ​sis​tance. Post​op​er ​a​tive fa​cial nerve fun ​cion.

MMD

Postop. HB1
(early and
late control)

Immediately
HB1 and MMD

6-month follow-up
HB1 and MMD p

L-
group

2.8 cm 90.0% 37.5%–2.3 cm 52.5%–3.0 cm <0.05

C-
group

2.0 cm 90.5% 64.3%–1.7 cm 26.2%–2.9 cm <0.05

Entire
series

2.4 cm 90.2% 50.0%–2.0 cm 40.2%–2.9 cm NS

Legend: MMD = mean maximum diameter.
a Percentage of patients HB2 or HB3 immediately after surgery, recovering at the 6
month(or more) follow-up.

3.4.2. Surgeon’s satisfaction rates
The mean sur ​geon sat​is ​fac​tion rate of use​ful​ness of hand-held

laser fiber was 2.64 (rang ​ing from 0 to 3): it was 2.67 in L-
group–2 μ-Thulium sub ​group, and 2.5 in L-group-CO  sub​group
(p = NS).

In par ​tic​u​lar, the use of a hand-held flex ​i​ble laser fiber ap ​peared
to be safe. It sub ​jec​tively fa ​cil​i​tates the tu ​mor re​sec​tion es ​pe​cially in
“dif ​fi​cult” con ​di​tions (e.g., highly vas ​cu ​lar ​ized and hard tu ​mors),
avoid ​ing trac​tion and con ​tin ​u​ous suc​tion, even if the good func ​tional
out​come fol​low ​ing con ​ven ​tional mi​cro ​surgery had not fur ​ther im​-
proved, nor the sur ​gi​cal time re ​duced.

4. Discussion

De​ci​sion mak ​ing of treat​ment of AN grad ​u​ally changed over the
years. In ​tro ​duc​tion of MRI into rou ​tine di​ag ​nos ​tics of hear ​ing dis ​tur ​-
bances have led to in ​creas ​ing num​bers of AN be​ing de​tected at an
early stage. It is still an open ques ​tion whether these small tu ​mors re​-
ally need treat ​ment or not (wait-and-scan op ​tion), but ir ​re​versible
hear ​ing loss must be ex ​pected more than 50% of the pa ​tients in the
course of time [26–33].

Nowa​days, the avail ​able treat ​ments are: sur ​gi​cal ex ​ci​sion, ra​dio ​-
surgery (gamma-knife and Cy ​ber-knife) [34,35], and “wait and see”
op​tion. In ac ​cor ​dance with some ex ​pe​ri​enced groups [3,4,15,36], we
rec​om​mend ra​dio ​surgery as first treat ​ment only in grow ​ing re​cur ​rent
tu ​mors in pa​tients not suit​able for re-surgery be ​cause of com ​pro ​-
mised gen ​eral con ​di​tions. In pa​tients with small tu ​mors (un​der 2 cm
of max ​i​mum di​am​e​ter) with com ​plete loss of hear ​ing we sug​gest to
wait and con ​trol the pos ​si​ble growth of tu​mor with se​r ​ial MRI, es ​pe​-
cially if they are older than 65 years. In pa ​tients with larger tu ​mors or
with small tu ​mors with a ser​vice​able hear ​ing we usu​ally sug ​gest sur​-
gi​cal re​moval.

Life-threat ​en ​ing com​pli​ca​tions re​lated to sur ​gi​cal treat ​ment of
ANs are rare and preser ​va​tion of func​tions is the goal to be achieved
[3,4,36]. Any​way, pa​tients with larger tu ​mors com​press ​ing and dis ​-
plac​ing brain ​stem are more chal ​leng ​ing and other pos ​si​ble post​op​er ​a​-
tive side ef ​fects have to be con ​sid​ered, such as trigem ​i​nal, ab ​ducens,
and lower cra​nial nerves deficits. Ex ​cept of 9.8% of pa​tients with
per ​ma​nent HBII-HBIV fa​cial palsy, in our se​ries no ma​jor com​pli​ca​-
tions nor per ​ma​nent neu ​ro ​log ​i​cal deficits have been ob ​served; in 7
pa​tients mi​nor com​pli​ca​tions were re​lated to CSF cir ​cu ​la​tion (wound
fis ​tu ​las and rhi​no​liquor ​rea), in all but one cases re ​solved con ​ser​v​a​-
tively.

The avail ​abil​ity of in ​tra-op ​er ​a​tive cochlear and fa ​cial nerve mon ​i​-
tor ​ing has im​proved the preser ​va​tion rates for fa​cial and cochlear
nerve func​tion, if pa​tients had a ser ​vice​able pre​op​er ​a​tive hear ​ing
(AAO-HNS A and B classes). In our se​ries, we ob ​tained quite sat ​is ​fy ​-
ing re​sults for fa​cial nerve out ​come and hear ​ing preser ​va​tion in both
groups.

Laser as ​sisted AN surgery has been ad ​vo​cated in sev ​eral stud ​ies,
mostly us ​ing a ret​rosig​moid and/​or translabyrinthine ap ​proach
[12,37,38] and in the lit ​er ​a​ture there is no com ​pletely uni ​form opin ​-
ion on an ad ​di​tional ad ​van ​tage of this spe​cial non-con ​tact tool. Dis ​-
cus ​sion of the value of hand-held laser as ​sis​tance in AN surgery for
fa​cial nerve out ​come has been het ​ero ​ge​neous to date. Cerullo et al.
[12] and Eiras et al. [37] demon ​strated some ad ​van ​tage with its use in
pa​tients with larger tu ​mors. Nis ​sen et al. [39] re​ported a nor ​mal fa​cial
func​tion in 90% in tu ​mors smaller than 1.5 cm. On the other hand,
Za​ouche et al. [38] de​scribed a slightly worse out​come in AN of op​-
er ​a​tions per ​formed with a laser fiber.
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In our se​ries, at min ​i​mum 6-month fol​low up, HB1 fa​cial nerve
func​tion was ob​served in 90.2% of cases: 90.0% of pa​tients of L-
group with nor ​mal pre​op​er ​a​tive fa​cial func ​tion and 90.5% of pa​tients
of C-group in the same pre​op​er ​a​tive con ​di​tions. In de​tail, the day af ​-
ter surgery a nor ​mal face was ob ​served in 37.5% of L-group pa​tients
and in 64.3% of C-group. The tem ​po​rary worse re​sult of im​me​di​ately
post​op​er ​a​tive fa​cial func ​tion ob ​tained in L-group seems to be in re ​la​-
tion to the di​men ​sions of AN (Table 1). This ex ​pla​na​tion is also more
con ​vinc​ing if we con ​sider the smaller di ​men ​sions of tu​mors of C-
group (mean max ​i​mum di​am​e​ter: 2.0 cm): in par ​tic​u​lar, 27 cases with
im​me​di​ately nor ​mal func​tion had a mean max ​i​mum di​am​e​ter of
1.7 cm (ver ​sus 2.9 cm in cases with tran ​sient palsy) (p < 0.05).

The tem ​po​rary palsy is in re ​la​tion with nec ​es ​sary mi​cro ​sur​gi​cal
dis ​sec​tion dur ​ing sep ​a​ra​tion of tu ​mor from the nerve. The in ​ten ​sity of
me​chan ​i​cal ma ​nip ​u​la​tions de​pends on the con ​di​tions of fa​cial nerve
and on the ad ​her ​ence of the tu ​mor shell to the nerve it ​self and, con ​se​-
quently, on tu ​mor di​men ​sions. Our long-term rate fa ​cial re ​sults were
sim​i​lar in both groups and com ​pa​ra​ble to other re ​ports
[1,4,28,36,38,40–42]. There​fore, the use of the laser in prox ​im​ity of
the nerve seems to be safe enough in the RS ap ​proach, es ​pe​cially if
sur​geon al​ways has a di​rect view of the fa ​cial nerve.

The same find ​ings ap ​ply for the nec​es ​sary ma​nip ​u​la​tions of the
cochlear nerve. Re ​sults of hear ​ing preser ​va​tion in AN-surgery have
also im​proved over the past decades, es ​pe​cially in treat ​ment of
smaller tu ​mors. In our se​ries, the re​cent use of in ​tra​op​er ​a​tive ABRs
with CE-Chirp stim​u​lus [25] im ​proved the in ​tra​op​er ​a​tive mon ​i​tor ​ing
of hear ​ing, with quick brain ​stem evoked re​sponses af​ter the stim​u​lus.
For at​tempt​ing hear ​ing preser ​va​tion we se​lected pa ​tients be​long ​ing to
classes A and B of the AAO-HNS clas ​si​fi​ca​tion [4,23,33,43,44]. In
both L- and C-group, the preser ​va​tion was pos ​si​ble in about 2/ ​3 of
cases (68.7% and 68.2%, re​spec​tively). The lack of dif ​fer ​ence be​-
tween the two groups seems to be in re​la​tion to the ev ​i​dence that a
hear ​ing preser ​va​tion is fea ​si​ble if tu ​mor max ​i​mum di​am​e​ter does not
tres ​pass 2.0 cm [3,4,45,46], even if in se ​lected pa ​tients with larger tu ​-
mor it is pos ​si​ble ob ​tain ​ing this goal as well.

Eiras et al. [37] com​pared re​sec​tion time with or with ​out laser
fiber in gi​ant AN op​er ​ated by RS ap ​proach. They re ​port that laser re ​-
sec​tion takes longer as well. On the con ​trary, in our se​ries the op ​er ​a​-
tion time was not in ​flu ​enced by hand-held laser as ​sis​tance. To ​tal op ​-
er ​a​tion time was 165–575 min (mean 325) and it was very sim ​i​lar in
both groups: 335 min (SD 45.5) in L-group and 320 min (SD 57.0) in
C-group, with no sta​tis ​ti​cal dif ​fer ​ence. Vas ​cu ​lar ​iza​tion of the tu ​mor
as well as its ad ​her ​ence to the fa​cial and cochlear nerves may lead to
pro ​longed re​sec​tion time, ei​ther by more haemo ​sta​tic pro ​ce​dures or,
what seems to be the most im ​por ​tant fac ​tor, by re​peated in ​ter ​rup ​tions
dur ​ing tu ​mor re​moval due to wors ​en ​ing of in ​tra-op ​er ​a​tive fa​cial and
ABR re​sponses, which ne​ces ​si​tate re ​cov ​ery pe​ri​ods for the nerves
with​out any fur ​ther mi​cro ​sur​gi​cal ma ​nip ​u​la​tions.

In our lim​ited ex ​pe​ri​ence, the use of a hand-held flex ​i​ble laser
fiber seemed to be safe and the use ​ful​ness judged by mean sur ​geon
sat​is ​fac​tion rate was 2.64 (rang ​ing from 0 to 3), 2.67 in L-group–2 μ-
Thulium sub ​group and 2.5 in L-group-CO  sub​group (p = NS). In
some of the cases the use of the laser was con ​sid​ered very help ​ful
and, sub ​jec​tively, laser fiber (in par ​tic​u​lar the 2 μ-Thulium laser) fa ​-
cil​i​tated the tu ​mor re​moval es ​pe​cially in “dif ​fi​cult” con ​di​tions (e.g.,
highly vas ​cu ​lar ​ized and hard tu ​mors), avoid ​ing trac​tion and con ​tin ​u​-
ous suc​tion with ul​tra​sonic as ​pi​ra​tor. Any​way, on the ret​ro ​spec​tive
analy ​sis, the good func​tional out​come fol​low ​ing con ​ven ​tional mi ​cro ​-
surgery had not fur ​ther im​proved nor the sur ​gi​cal time re ​duced by
laser fibers.

On con ​sid​er ​ing a cost analy ​sis eval​u​a​tion, the use of hand-held
flex ​i​ble laser fiber adds a fur ​ther cost to the op ​er ​a​tion, in ad ​di​tion to

those of ul​tra​sonic as ​pi​ra​tor we al​ways use for open ​ing of IAC (bone
tip) and for de​bulk ​ing the low-con ​sis​tency por ​tions of large AN (soft-
tis ​sue tip). Any​way, the costs of laser fiber, es ​pe​cially of the 2 μ-
Thulium laser, are rel ​a​tively ac​cept​able; more​over, every 2 μ-
Thulium laser fiber is not sin ​gle use, re​duc​ing the costs charged for
any pro ​ce​dure.

On the ba​sis of our pre​lim​i​nary ex ​pe​ri​ence, it seems to be rea ​son​-
able to rec ​om​mend the use of hand-held flex ​i​ble laser fiber in large
and vas ​cu ​lar ​ized cases, in which this tool promises bet ​ter re​sults in
the fu ​ture.

5. Conclusion

In our lim​ited ret​ro ​spec​tive se​ries, the use of flex ​i​ble hand-held
laser fibers in AN surgery by RS ap​proach is a safe pro ​ce​dure, but
had no sig ​nif ​i​cant in ​flu ​ence on post ​op​er ​a​tive fa​cial nerve func ​tion,
hear ​ing preser ​va​tion rate or sur ​gi​cal time. On the other hand, ac ​cord ​-
ing to sur ​geon im​pres ​sion, in highly vas ​cu ​lar ​ized tu ​mors the nec​es ​-
sary re​duc​tion of tu ​mor vol​ume be​fore mi​cro ​sur​gi​cal dis ​sec​tion of fa​-
cial and cochlear nerve ap ​pears to be eas ​ier with flex ​i​ble hand-held
laser fiber in as ​so​ci​a​tion with ul​tra​sonic as ​pi​ra​tor and mi​cro ​sur​gi​cal
ded ​i​cated in ​stru​ments.
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