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A B S T R A C T

Aims
We per formed a ret ro spective non-ran domized study to an alyze the re sults of micro surgery of acoustic neu ro mas

(AN) us ing two dif fer ent flex ible hand-held laser fibers, CO  (Omnigu ide ) and 2 μ-Thulium (Revolix jr ).
Methods

From September 2010 to June 2015, 84 patients suf fer ing from AN have been op er ated on with micro surgical
tech nique via retrosigmoid (RS) ap proach. In 42 cases tu mor resection was per formed with the as sistance of hand-
held flex ible laser (L-group): in 8 cases CO -fiber and in 34 2 μ-Thulium-fiber.

Fortytwo patients, op er ated on with out laser-as sistance, were used as com par ison group (C-group) (matched-pair-
tech nique).

Facial nerve func tion was as sessed with the House-Brack mann (HB) scale preoper atively, 1 week postoper atively,
and 6-month or more af ter surgery.
Results

Over all time from in cision to skin suture changed in re lation to size of tu mor (165–575 min) and was not af fected
by the use of laser. In 2 cases pre oper ative facial nerve palsy was ob served. In the remain ing 82 cases, at 6-month fol -
low-up facial nerve preser vation rate (HB I) was 90.2%. Hear ing preser vation rate (AAO-HNS A/B classes) was
68.4% (26 out of 38). Adopting a 0–3-scale, the mean sur geon satis faction rate of use fulness of laser fiber was 2.64.
Conclusions

The use of a hand-held flex ible laser fiber in AN-mi cro surgery seems to be safe and sub jectively facilitates tu mor
resection es pecially in “dif ficult” conditions (e.g., highly vas cu lar ized and hard tu mors). In this limited retro spective
trial, the good func tional outcome follow ing con ven tional micro surgery had not fur ther improved, nor the sur gical
time reduced by laser. Fo cus ing its use on “dif ficult” (large and vas cu lar ized) cases may lead to dif fer ent results 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 ically
cor rect, vestibu lar schwan nomas, has grad ually changed dur ing time,
from life-sav ing measures to preser vation of function and quality of
life. In par ticular, fur ther developments in the last decades have
shown that the retrosigmoid ap proach is a safe and ef ficacious
method for surgery on AN of all sizes: in tracanalic ular with out or
with ex trameatal ex ten sion, with out and with brain stem con tact and
compres sion [1,2]. Preser vation of hear ing and facial nerve func tions
are now primary goals in mi cro surgical treat ment of these tu mors, es -
pecially in pa tients with AN hav ing max imum diameter in ferior to
2 cm [3,4]. Complex 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 facial, cochlear nerve, and brain stem; (3) hard con sistence;
or (4) high vas cu lar ization, with en hanced bleed ing dur ing ex cision
[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 strument in dif fer ent sur -
gical fields for over 40 years [5–8]. Laser surgery in gen eral showed
var ious ad van tages, such as re duction of mechan ical trauma and min -
imization of in traoper ative bleed ing. A major ad vance in mak ing
lasers more ap plicable to neu ro surgery came with the in tro duction of
con tin uous-wave lasers and improved deliv ery sys tems [7]. This type
of laser en ergy elim inated the ex plo sive ef fects of pulsed-wave lasers
and allowed accu rate cut ting and vapor ization by us ing fo cused
beams, with out the need to han dle or retract the tis sue [29]. The de-
velopment of flex ible 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 devices of fer the pos sibility of guid ing the laser
beam by small and vari able hand pieces for direct micro surgical ap pli-
cation [7,13–15].

Recently, 2 μ-Thulium laser showed to be an useful device in the

surgery of in tracranial menin giomas [13], es pecially for debulk ing,
shrinking, and co ag ulating the mass and its basal im plant.

The tech nique of laser vapor ization and cutting of AN offers the
pos sibility of remov ing large parts of the tu mor with out direct ma nip -
ulations at the tu mor mass itself, thus reducing the mechan ical 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 preparation.
In ad dition, Sameshima et al. [15] and Pas sacantilli 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 ization.

First reports 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 experience with
these two hand-held laser fibers has been the ratio nale for ap ply ing
this surgical tool in “key hole” retrosigmoid AN surgery too. Accord -
ing to the liter ature and to our limited ex perience, direct tu mor laser
ab lation seems to re duce mechan ical ma nip ulation of tu mor itself,
bipo lar co ag ulation and ultrasonic as piration, limited direct cutting
with microscis sors and could lead to bet ter sur gical results, ex pecially
in “complex” ANs.

2. Materials and methods

2.1. Patients data

Forty-two con secutive patients with AN were en rolled in the
study (L-group). Inclu sion criteria were: clin ical and MRI diag nosis
of AN and age of 18 years or older. Hear ing preser vation 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 sistance of two dif fer ent flex ible hand-held laser fibers,
CO  (Omnigu ide ) and 2 μ-Thulium (Revolix jr ), us ing the retrosig-
moid (RS) ap proach, between July 2012 and June 2015.

The 42 patients of L-group were com pared to a matched C-group
of 42 patients op er ated on by the same ap proach, with mi cro surgical
tech nique, with out laser as sistance be tween Sep tember 2010 and June
2012. After this date, all cases with in tracanalar ANs hav ing max i-
mum diameter 1 cm or less have been op er ated on with out laser as sis-
tance and in cluded in the C-group too. Demo graphic data was col -
lected and the pa tients were asked about the symp toms of hear ing
loss, tin nitus, ver tigo and other pos sible related neu ro log ical 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 atively. Tu mor was mea sured in three spa tial di men sions (on ax ial
and coro nal MRI section planes) and tu mor size was es timated con -
sider ing its ma jor diameter, in clud ing the ex ten sion in the in ter nal au -
ditory canal.

2.3. Facial nerve function

Facial nerve func tion was as sessed pre-oper atively, 1 week p.o.
and 6 months p.o. us ing the House-Brack mann [24] (HB) clas sifica-
tion (1: nor mal; 6: to tal paral ysis).

2.4. Audiological data

In patients selected for hear ing preser vation (AAO class A or B)
[23] au diolog ical exams were per formed pre-op er atively as well as 1
week and 6 months p.o. by pure tone au diometry (PTA), au ditory
brain stem response (ABR), and mono syllabic speech au dio grams.

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

The sur geon satis faction rate of usefulness of hand-held flex ible
laser fibers was eval uated adopt ing a 0–3-subjective-rat ing-scale
(0 = not useful; 1 = mod er ately useful; 2 = useful; 3 = very useful).

2.6. Intra-operative procedures

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

gical pro cedure (Nimbus i-Care 100 , IntraOper ative Neur phys iolog -
ical mon itor ing, Newmedic division of Hemodia, Labege, France),
with elec trodes in serted in or bicularis oris and or bicularis oculi mus -
cles. The nerve stim ulation was per formed with monopo lar (on the
surface of tu mor) or bipo lar (close to the nerve) stim ulator, starting
from 2mAmp or more (on the cap sule dor sal sur face, for nerve course
lo calization) to 0.3–0.05 mAmp (directly on the nerve, for con fir ma-
tion of its function).

As well as locating the course of the fa cial nerve, in traoper ative
mon itor ing of facial nerve helped in dri ving the use of laser fiber.

Each pa tient selected for hear ing preser vation received an ABR
au diometry (Nico let Viking III , Viasys Health Care, Madison USA/
Hochberg Ger many) the day be fore surgery. In the last 9 cases we
used ABR neu romon itor ing evoked with CE-Chirp  stimuli (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 allowed a con tin uous in tra-op er ative ABR-
mon itor ing of the cochlear nerve.

2.6.2. Retrosigmoid approach
All oper ations were per formed us ing the RS approach with patient

in lateral po sition [4,15]. Contin uous lumbar drain was placed in
cases op er ated on for larger tu mors (max imum diameter greater than
3 cm) and was left in place for 3–4 days to fa cilitate cere bellar relax -
ation dur ing surgery and post oper ative wound clo sure (drain ing
around 10cc/hour).

After a slightly curved 5–6 cm skin in cision behind the ear, about
1 cm pos teriorly to the mas toid and prepa ration of a free per icranial
flap for dural clo sure, the ret rosigmoid-retro mas toid lat eral oc cip ital
bone was ex posed in clud ing superior and in ferior nuchal lines [4,15].
About 3 × 3 cm craniec tomy was per formed in all cases, ex pos ing
sigmoid and trans verse sinuses and the an gle between them. The RS
dura was opened in a semicir cu lar shape, followed by lateral
medullary cis tern arach noid open ing for cere bellar deten sion by cere -
brospinal fluid (CSF) as piration. When ad equate relax ation of cere -
bellar hemisphere was obtained, the tu mor surface was ex posed, with
or with out retractors, and pos sible po sition of facial nerve was
searched with the use of nerve stim ulator.

After cutting the dura cov er ing the roof of in ter nal au ditory mea-
tus (us ing the laser fiber in L-group), the canal was un roofed by
means of a 4 mm ex tracoarse diamond burr or, more recently, with
Sonopet  Ul trasonic As pirator (Stryker, Kala mazoo, MI) with ded i-
cated bone tips. The canal was un roofed 7–8 mm in medio-lat eral di-
rection and 5–6 mm in su perior-in ferior direction [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 microscis sors (C-group) and debulk ing of tumor
was per formed, with mi croscis sors, micro curettes, bipo lar for ceps,
Sonopet  Ultrasonic As pirator (56 cases, usu ally with a max imum di-
ameter higher than 2 cm) and hand-held laser (in L-group) for va por -
izing and cutting. With stan dard micro surgical instruments (sharp dis
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sectors, sickle knife, McElveen knife, stright and curved mi croscis -
sors, ring and cup curettes) the tu mor was sep arated from brain stem
and cranial nerves dur ing con tin uous facial and -in selected cases-
cochlear nerve mon itor ing.

In cases with strong ad hesion to brain stem and/or facial nerve, a
millimetric frag ment of tu mor cap sule was left.

Accu rate he mo stasis and tight dura clo sure us ing per icranial graft,
haemo statics and sealants were per formed and a fitted titanium 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, tumor in cision and resection were per -

formed us ing the hand-held CO  flex ible laser fiber pro vided by Om-
nigu ide  (Omnigu ide Inc., Cambridge, MA, USA). The start setting
was 3 W to a max imum of 18 W, in a con tin uous wave mode, with 70
psi pres sure of helium 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 vapor 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 Ultrasound As pirator helped in in tracap sular debulk ing. Fol-
low ing tu mor reduction, the re main ing tu mor cap sule was removed
with stan dard micro surgical tools.

We decided to stop the use of CO  and to con tinue the study with
flex ible 2 μ-Thulium laser fiber be cause of its higher co ag ulating
power (in com par ison to CO ) and similar cutting and vapor izing
prop er ties in tu mors with the same con sistency of ANs. We con tin ued
to use CO  laser in hard-fibrous and low-bleed ing in tracranial and
spinal menin giomas.

2.6.4. Flexible 2 μ-Thulium laser system
In 34 cases of L-group, the cap sule in cision and tu mor debulk ing

was performed with hand-held 2 μ-Thulium flex ible laser fiber
(Revolix jr , Lisa laser USA, Pleasan ton, CA, USA). The range of
power setting was 1–14 W. Stan dard 0.9% saline so lu tion ir rigation
was used for cooling 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, vapor -
izing, and co ag ulating the cap sule and the in tracap sular mass, in com -
bination with bipo lar for ceps, microscis sors and Sonopet Ultrasound
As pirator (in 31 cases). Follow ing tu mor debulk ing, the remain ing tu -
mor cap sule was removed with stan dard micro surgical tools.

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

and by postoper ative con trast en hanced (c.e.) MRI per formed within
48 h af ter surgery and at 6 month fol lowup. The removal has been
clas sified as to tal (100%), nearly-to tal (99%: millimetric resid ual fre-
quently not detectable by MRI), subto tal (90%), and par tial (less than
90%).

To tal op er ation time was de fined as the pe riod lasting from skin
in cision until the end of skin su ture.

2.6.6. Statistical analysis
Each patient 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 categor ical analy sis, a Chi-square test was used to cal cu -
late dif fer ences in facial nerve and hear ing preser vation rates.

3. Results

3.1. Demographic and clinical data

Demo graphic, clin ical, and MRI data were sub stantially com para-
ble in the two main groups and in the two laser sub groups, with the
ex cep tion of mean max imum tu mor size (in clud ing the ex ten sion into
the in ter nal au ditory 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 imum diameter 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 ration from first symp toms (hear ing loss,
tin nitus, ver tigo, hemi facial numb ness) un til op er ation was 17.9
months; in 8 cases the tu mor had one or more cysts in side. Accord ing
to Samii’s grad ing clas sification (34), the tu mor belonged to grade II
in 16 cases, grade III in 17, and in grade IV in 9; no patients in class
I. In 6 patients, preoper ative clin ical or elec to myo graphic (EMG) ev i-
dence of fa cial nerve im pair ment was ob served. A ser viceable pre op-
er ative hear ing (AAO-HNS A and B classes) was pre sent in 16 pa -
tients.

In C-group, 15 females and 21 males were in cluded. Mean age
was 48.4 years, and mean du ration from first symp toms (hear ing loss,
tin nitus, ver tigo, hemi facial numb ness) un til op er ation 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 ical or EMG facial in-
volvement was detected pre oper atively in 3 cases and the preoper a-
tive hear ing was ser viceable in 22 patients.

3.2. Tumor removal and operation time

To tal tu mor removal could be pos sible in 20 cases of L-group and
in 25 of C-group. In accor dance with pa tient’s will, neither facial nor
cochlear nerve (in cases of ser viceable hear ing) was sacrificed in or -
der to ob tain en tire tu mor resection. In relation to this con sider ation,
a nearly-to tal or subto tal (99–90%) resection was per formed in 15
cases of L-group (to tal + nearly to tal + subtotal in 35 cases: 83.3%)
and in 11 of C-group (to tal + nearly to tal + subtotal in 36 cases:
85.7%).

In 7 cases of L-group and in 6 of C-group a par tial removal (less
than 90% of tu mor) was only pos sible, because of tenacious ad her -
ences of tu mor to brain stem and to fa cial nerve; in all these cases, the
tu mor had a max imum diameter 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 ation time (from in cision to suture) changed in re lation
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 statis tical dif fer ence.

Mortality and ma jor per manent 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 patients with large AN (3.5 cm and
4.5 cm max imum diameters, respectively) swallow ing dis or ders re-
cov ered completely within 3 months. In 5 patients (2 of L-group and
3 of C-group) a CSF leak from the sur gical wound was ob served and
was resolved in all but one with con tin uous lumbar drain for 5–6
days. In 1 case a sur gical re vision of the wound with dural re pair ment
was neces sary. In 2 patients a tran sient rhinoliquor rea started 3 days
af ter surgery and was success fully treated with con tin uous lumbar
drain and pro phylactic an tibiotics.
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3.3. Facial nerve function

Table 1 summarizes the fa cial nerve re sults in the en tire co hort
and in the two sub groups.

All patients were con sidered as HB1 pre-op er atively, ex cept 5 pa -
tients in L-group and 3 in C-group who had a newly diag nosed HB2
to HB4 facial palsy or, in 2 cases, a pre oper ative in volvement of fa-
cial nerve on EMG.

At minimum 6-month postoper ative follow-up, 36 patients of L-
group had HB1 facial nerve func tion and 6 a pare sis (4 with new
postoper ative deficit and 2 out of the 5 with pre oper ative deficit)
clas sifiable as HB2 (2 cases), HB3 (1 case), HB4 (3 cases). In 15
cases the facial func tion was HB1 immediately af ter surgery; in these
cases the mean max imum diameter of tu mor was 2.3 (ver sus 3.0 cm
of cases with tran sient deficit; p < 0.05). Therefore, on con sider ing 40
patients (2 ex cluded be cause of a pre-ex ist ing facial nerve deficit),
the day af ter surgery a nor mal face was ob served in 37.5% of patients
and at last fol low-up in 90%.

At the same in ter val follow-up con trol, 38 pa tients of C-group
(90.5%) had HB1 facial nerve func tion and 4 had a paresis ranging
from HB2 (2 cases) to HB4 (2 cases). In 27 cases (64.3%) a nor mal
function of facial nerve was ob served immediately af ter surgery. In
these cases, the mean diameter of AN was 1.7 cm ver sus 2.9 cm of
cases with tran sient HB2-HB3 facial palsy, recov ered at the 6-month
clin ical con trol (p < 0.05). When patients returned to nor mal face mo -
bility, we never ob served severe and per manent con tractures.

In con clu sion, on con sider ing the whole se ries, 90.2% of patients
had a HB1 facial function at min imum 6-month postoper ative follow-
up and the dif fer ences between the two main groups are not sta tis ti-
cally rel evant (p = NS).

3.4. Hearing results

3.4.1. Preoperative hearing status was comparable in both cohorts
L-group con sisted of 16 patients with ser viceable preoper ative

hear ing (AAO-HNS A and B classes). Among these, af ter op er ation
11 of them presented a hear ing competence as be fore op er ation
(68.7%).

In C-group 15 out of 22 patients had AAO-HNS A and B postop-
er ative hear ing (68.2%). Also for this function, the dif fer ence is not
signif icant (p = NS).

In con clu sion, on con sider ing the whole se ries, hear ing preser va-
tion was pos sible in 68.4% of the en tire co hort.

Table 1.
84 cases of acoustic neu romas oper ated on with (L-group) ans with out (C-group)
hand-held laser fiber as sistance. Postoper ative facial 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 satis faction rate of usefulness 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  subgroup
(p = NS).

In par ticular, the use of a hand-held flex ible laser fiber ap peared
to be safe. It sub jectively fa cilitates the tu mor resection es pecially in
“dif ficult” con ditions (e.g., highly vas cu lar ized and hard tu mors),
avoid ing traction and con tin uous suction, even if the good func tional
outcome follow ing con ven tional micro surgery had not fur ther im-
proved, nor the sur gical time re duced.

4. Discussion

Decision mak ing of treatment of AN grad ually changed over the
years. In tro duction of MRI into rou tine diag nos tics of hear ing dis tur -
bances have led to in creas ing numbers of AN being detected 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 reversible
hear ing loss must be ex pected more than 50% of the pa tients in the
course of time [26–33].

Nowadays, the avail able treat ments are: sur gical ex cision, radio -
surgery (gamma-knife and Cy ber-knife) [34,35], and “wait and see”
option. In ac cor dance with some ex perienced groups [3,4,15,36], we
recommend radio surgery as first treat ment only in grow ing recur rent
tu mors in patients not suitable for re-surgery be cause of com pro -
mised gen eral con ditions. In patients with small tu mors (under 2 cm
of max imum diameter) with com plete loss of hear ing we suggest to
wait and con trol the pos sible growth of tumor with ser 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 serviceable hear ing we usually sug gest sur-
gical removal.

Life-threat en ing complications related to sur gical treat ment of
ANs are rare and preser vation of functions is the goal to be achieved
[3,4,36]. Anyway, patients with larger tu mors compress ing and dis -
placing brain stem are more chal leng ing and other pos sible postoper a-
tive side ef fects have to be con sidered, such as trigem inal, ab ducens,
and lower cranial nerves deficits. Ex cept of 9.8% of patients with
per manent HBII-HBIV facial palsy, in our series no major complica-
tions nor per manent neu ro log ical deficits have been ob served; in 7
patients minor complications were related to CSF cir cu lation (wound
fis tu las and rhinoliquor rea), in all but one cases re solved con serva-
tively.

The avail ability of in tra-op er ative cochlear and fa cial nerve mon i-
tor ing has improved the preser vation rates for facial and cochlear
nerve function, if patients had a ser viceable preoper ative hear ing
(AAO-HNS A and B classes). In our series, we ob tained quite sat is fy -
ing results for facial nerve out come and hear ing preser vation in both
groups.

Laser as sisted AN surgery has been ad vocated in sev eral stud ies,
mostly us ing a retrosigmoid and/or translabyrinthine ap proach
[12,37,38] and in the lit er ature there is no com pletely uni form opin -
ion on an ad ditional ad van tage of this special non-con tact tool. Dis -
cus sion of the value of hand-held laser as sistance in AN surgery for
facial nerve out come has been het ero geneous to date. Cerullo et al.
[12] and Eiras et al. [37] demon strated some ad van tage with its use in
patients with larger tu mors. Nis sen et al. [39] reported a nor mal facial
function in 90% in tu mors smaller than 1.5 cm. On the other hand,
Zaouche et al. [38] described a slightly worse outcome in AN of op-
er ations per formed with a laser fiber.
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In our series, at min imum 6-month follow up, HB1 facial nerve
function was observed in 90.2% of cases: 90.0% of patients of L-
group with nor mal preoper ative facial func tion and 90.5% of patients
of C-group in the same preoper ative con ditions. In detail, the day af -
ter surgery a nor mal face was ob served in 37.5% of L-group patients
and in 64.3% of C-group. The tem porary worse result of immediately
postoper ative facial func tion ob tained in L-group seems to be in re la-
tion to the dimen sions of AN (Table 1). This ex planation is also more
con vincing if we con sider the smaller di men sions of tumors of C-
group (mean max imum diameter: 2.0 cm): in par ticular, 27 cases with
immediately nor mal function had a mean max imum diameter of
1.7 cm (ver sus 2.9 cm in cases with tran sient palsy) (p < 0.05).

The tem porary palsy is in re lation with nec es sary micro surgical
dis section dur ing sep aration of tu mor from the nerve. The in ten sity of
mechan ical ma nip ulations depends on the con ditions of facial nerve
and on the ad her ence of the tu mor shell to the nerve it self and, con se-
quently, on tu mor dimen sions. Our long-term rate fa cial re sults were
similar in both groups and com parable to other re ports
[1,4,28,36,38,40–42]. Therefore, the use of the laser in prox imity of
the nerve seems to be safe enough in the RS ap proach, es pecially if
surgeon always has a direct view of the fa cial nerve.

The same find ings ap ply for the neces sary manip ulations of the
cochlear nerve. Re sults of hear ing preser vation in AN-surgery have
also improved over the past decades, es pecially in treat ment of
smaller tu mors. In our series, the recent use of in traoper ative ABRs
with CE-Chirp stimulus [25] im proved the in traoper ative mon itor ing
of hear ing, with quick brain stem evoked responses after the stimulus.
For attempting hear ing preser vation we selected pa tients belong ing to
classes A and B of the AAO-HNS clas sification [4,23,33,43,44]. In
both L- and C-group, the preser vation was pos sible in about 2/ 3 of
cases (68.7% and 68.2%, respectively). The lack of dif fer ence be-
tween the two groups seems to be in relation to the ev idence that a
hear ing preser vation is fea sible if tu mor max imum diameter 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 sible ob tain ing this goal as well.

Eiras et al. [37] compared resection time with or with out laser
fiber in giant AN oper ated by RS ap proach. They re port that laser re -
section takes longer as well. On the con trary, in our series the op er a-
tion time was not in flu enced by hand-held laser as sistance. To tal op -
er ation time was 165–575 min (mean 325) and it was very sim ilar in
both groups: 335 min (SD 45.5) in L-group and 320 min (SD 57.0) in
C-group, with no statis tical dif fer ence. Vas cu lar ization of the tu mor
as well as its ad her ence to the facial and cochlear nerves may lead to
pro longed resection time, either by more haemo static pro cedures or,
what seems to be the most im por tant fac tor, by repeated in ter rup tions
dur ing tu mor removal due to wors en ing of in tra-op er ative facial and
ABR responses, which neces sitate re cov ery periods for the nerves
without any fur ther micro surgical ma nip ulations.

In our limited ex perience, the use of a hand-held flex ible laser
fiber seemed to be safe and the use fulness judged by mean sur geon
satis faction 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  subgroup (p = NS). In
some of the cases the use of the laser was con sidered very help ful
and, sub jectively, laser fiber (in par ticular the 2 μ-Thulium laser) fa -
cilitated the tu mor removal es pecially in “dif ficult” con ditions (e.g.,
highly vas cu lar ized and hard tu mors), avoid ing traction and con tin u-
ous suction with ultrasonic as pirator. Anyway, on the retro spective
analy sis, the good functional outcome follow ing con ven tional mi cro -
surgery had not fur ther improved nor the sur gical time re duced by
laser fibers.

On con sider ing a cost analy sis evaluation, the use of hand-held
flex ible laser fiber adds a fur ther cost to the op er ation, in ad dition to

those of ultrasonic as pirator we always use for open ing of IAC (bone
tip) and for debulk ing the low-con sistency por tions of large AN (soft-
tis sue tip). Anyway, the costs of laser fiber, es pecially of the 2 μ-
Thulium laser, are rel atively acceptable; moreover, every 2 μ-
Thulium laser fiber is not sin gle use, reducing the costs charged for
any pro cedure.

On the basis of our preliminary ex perience, it seems to be rea son-
able to rec ommend the use of hand-held flex ible laser fiber in large
and vas cu lar ized cases, in which this tool promises bet ter results in
the fu ture.

5. Conclusion

In our limited retro spective series, the use of flex ible hand-held
laser fibers in AN surgery by RS approach is a safe pro cedure, but
had no sig nif icant in flu ence on post oper ative facial nerve func tion,
hear ing preser vation rate or sur gical time. On the other hand, ac cord -
ing to sur geon impres sion, in highly vas cu lar ized tu mors the neces -
sary reduction of tu mor volume before micro surgical dis section of fa-
cial and cochlear nerve ap pears to be eas ier with flex ible hand-held
laser fiber in as sociation with ultrasonic as pirator and micro surgical
ded icated in struments.
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