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Viae Alessandro Manzoni, 56
Rozzano, Milan

Ity

ABSTRACT

Background: | nramedullary spind cord tunmors are rare lesions of the cantrd nenvous systam
Aratomica, molecuar and radiological festures are wdl defined, but comect menagament is still
retter of debate Pertinent literature has reported conflicting opinions regarding the use of
intraoperative electrophysiological monitoring (IONM) in the surgical trestment of this kind of
lesions, recently. We report a retrospective study from two Italian centres, in order to highlight the
usefulness of |ONM in the menagement of intramedullary lesions.

Methods We pafonmed a retrospective review of patients with intramedullary sping tumor who
underwent surgical resaction from February 2011 to February 2018 in two different ingtitutions.
Clinical and rediologicd data, lesion festures, iming of syrmptom onset and 10NM findings were
recorded. The [ONM induded somatosensory-evoked potentiads(SSEP),  motor-evoked
potentids(MEP) and D-Wave whenever possible We evaluated the outcore according to the
Maodified McComrick scale. We also evaluated the accuracy and rdevance of surgica outcomes for
earh evoked potentia (SSEP, MEP, D-Wave).

Results A total of 57 patients were induded. A gross tota removal was achieved in 46 cases,
Neuological follow-up was assessment & 3 days, and 3 and 6 months after surgery. Conparing the
preopardiive slabs and 6 norths follow-up: the M-McComidk scale showed a neurological
stability for 30 patients (52.63%), aworsening of neurological status for 7 petients (12.28%) and an
improverrent for 20 patients (35.08%). I1ONM presented high accuracy (serdibility of 1008 and
specificity of 95.65%) and significantly predicted postoperative pemrenent mmotor deficits
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(P=0.0001; AUC=0.978). D-Wave sppeared to have significant grester predictive vaue than MEP
and espedidly SSEP done{0.967 vs 0.722 vs 0.542; P =0.044 and P<0.001 respectivey).

Condusions The gold standard in the inframedullary lesion tregtmrent is mexind safe resection
with good reurdlogicd outcomre, & shown in our patients. The wse of |ONM is hapful in
intrarmedullary turmors resection in order to minimize postoperative neurclogica  deficits and our
andyss suggests that the use of D-Wave presents a datisticdly significant higher acouracy for
predicting postoperative deficits than SSEP and MEP done

Keywords spind turror, intraoperative rmonitoring; intrarmedullary tunors; D-wave motor evoked
potertials, sometosensory evoked potentias
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Abbreviaions

MEPs Mator evoked potentias

SSEPs: Somstosansory evoked potarntids

|ONM: Multimoda intreoparative nonitoring

NCCN: National Comprehensive Cancer Network
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I ntroduction:

Intramedullary spindl cord tumors (IMSCT) comprise 2 - 8.5% of centrd nenvous system
neoplaams in adults (1), The nost conmron type of IMSCT is ependynong followed by
astrocytoma (1).

Microsurgical resection with gross-tota reoval of IMSCT is corgderad the primery trestment
rmodaity, followed by adjuvant radiotherapy, espedidly for high grade tumors (2),

The sugica option should take into account the risk-benefit ratio due to the high possibility of
postoperative naurologica defidts. Despite recent advantages, sugery for IMSCTs is sl very
chdlenging and may carmry significant morbidity.

| ntraoperative neuro-dectrophysiologica rmonitoring (IONM) has been shown to play an inrportant
role in |MSCT surgery but recently their role has been debated (3-7).

Multimodaity | ONM includes sorretosersory evoked potertias (SSEPs), notor evoked potertias
(MEPs), D-waves, and dectromyography. D-waves are generated via transcranid i mulation and
rronitored directly at the spindl cord leve via placement of an epidurd fsubdurd recording dectrode
caudd to theregion & risk. D-waves are rd atively red stant to anesthetic effedts and permit the use
of naeuromuscular blockade for paralysis (B). D-waves can only be used above D10 since its
recording is generaed in the spinal cord. In genard, a 209 deoesse in D-wave arplitude is
corsidered to be a preiminary waming, whereas a 50% reduction in anplitude is corsidered
indicative of potentid neurologica injury. Combining the 1ge of these rmultiple IONM nodaities
could improve dinicd outcomes by meximizing surgicd meEnipulaions to pathologies while
rrinimizing darrege to nomd Sruciunes.

The purpose of this shudy was to investigater 1) preoperative dinica stahus, turor festures and
timng of dinical onsst 2 predicing factors in postoperative newrological outcomes, 2) the
usafulness of 1ONM in the menagement of IMSCT, 3) the acouracy of 1ONM (SSEPs, MEPs, and
D-waves) in predicting new postoperative neurdlogical defidts
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Methods

Study popuiation

The authors retrospectively reviewed the surgical/dinical databese ard 300 cases of sping turror
were extracted, from which 57 petients affected by spinal intramedullary lesion were sdected (Tab
1). The patients were tresbad by senior spindl sumgeons (MLF, F.S., R.G) in two institutions
(Hurrenitas Resaarch Hospitd, Milan, and Santa Maia Hospita, Reggio Emilia) bebween February

2011 and February 2018, The two ingtitutions basically shared the samre indications for surgery and
the same intraoperative monitonng.

Eligility crtena induded:

-Pre- and postoperative imaging accessible:
-Clinica/derrographicTollow-up dataavalaile

-Conplete histo-pathologica and nolecular informetion

s of intraoperdtive nonitoring duringthe sugicd removd  procedure
Exdusion aiteria

| ncomplete radiological/dinical /dempgraphic/follow-up data;
-Metadens;

-Caudaenuine ependymomea

| nformed consent was signed before each surgical procedure in according to | BC guiddines.

Pre operative - dinical and radiological data
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A careful naudlogical dinicd examingion was paformed in the preoperative phase An MRI was
performed with and without gadolinium to define dharacterigtics of the turmors and idertify any
mutiple locations if present. We reviewed the preoperative i meges to calcul e the diameter, length
and volurme of the lesion, to consider any possible associaion between preoperative clinical stahus
ad lesion dharactendtics. Moreover, we reported the time between the onsst of syrmptons and
surgical trestent.

Surgica rmenegeTent

All patients underwert a dedicated anesthetic protocol for interventions with 1ONM including
orotrached  intubation without pancuronium and  induction of anesthesia with propofd and
remifentanil without halogenated anesthetics. A nesthesia was then maintained with propofol (100

150 g/kg/min) and fentaryl (1 ghkg/hr) infusions, avoiding bolus doses. This protocol rrinimizes the
interaction of drugs with IONM and fadlitates a rapid awakening with the possibility of early
neutlogicd assessmat. Sphinteric fundtion was monitored in cases of lesions involving the lower
thoracic cord. Paients were placed in prone position. A Mayfidd damp was used for cervicd
surgeries. A standard laminectormy was perforrred for dl patients. |ONM was usad. Basdine SSEP
ad MEP, epidural dedtrodes were placed above and below the levds of the durotomy to rronitor
D-Wave whenever possible  Posterior median suous was then idertified and gently opened to
access the turror, Ultrasound examination was useful in some sdlected cases to confirmithe position
of the tumor (10) & wdl & an intracperdtive imege fusion between intracperative CT and
preoperative NMR (11).

A myeotomy was performed with continuous dectrophysiological monitoring (dorsal colunm
mepping) to reach the lesion through a ssfe enfry zone We prefamed not use coaguiation and
remained within the limits of the turmor, peformring intemal debulking with the help of dissector
and turmor foroeps, and an ultrasonic surgical aspiraor, (Fig 1)
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Postoperative deficit and follow-up

Clinical/neurclogical examination was parformed immediatdy after surgery. A postoperative MRI
wes pafomed within 7 days following surgery. The postoperative nodified McComide Scale
(Tab 2) grade was assigned & day 3 dter surgary and & the 3 and &-rronth fol low-up. We consder
improverrent of neurclogical outcomre a deoresse of dmost 1 point in McConmick scale and
worsening of neurologica outcorme an incresse of drmost 1 point in McConick scale All changes
in IONM were comelated with postoperstive and follow-up neurclogical staiis. All new mrotor
deficits were defined as perrenent or transitory if present or not at 6-ronth follow-up.

Statigticd andyds

Categorica variables were conmpared wsing the chi square test. The andysis was paformed to
avaudte key pradictors of postoperative functiond outcomes.

The Kruska-Walis H test, a rank-based nonperametric test, was used to determmine if there were
gatisticaly significant differences between two or more groups of an independent variable on a
cortinuous or ording dependent variable

Each IONM rroddity accuracy was detenmined by comrparing intraoperative evoked potentia
changes to the presence of new persstent motor post-operative ddficits via recelver operaling
characteristic (ROC) curves. A Pairwise t test was then usad to conpere the ROC aurves of the
SEPs, MEPs and D-Wave

Reaults

Basdine charadterisics

A tota of 57 patients (30 M, 27 F, meen age 49.9 yr) were induded. Results of besdine
characterigtics including sex, age predominert spinal level of operation, histology, rrodified
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McoCormmick Scale grade on admisson and & follow-up, neurophysiclogical evauation with SSEPs
and MEPs, are sunmranized in Table 1.

Ependymomes were the nost frequert subtype of tumors with 37 ceses (64.91%), 6
heengioblastorres (10.52%), 4 astrocytones (7.01%, grade 111), 5 cavemous mralforrtion
(8.77%) and 5 other tumors 1 melanocytome (1.75%), 1 solitary fibrous turror (1.75%), 1
granulocytone (1.75%), 1 mesenchyrrdl turror (1.75%) and 1 capillary hemengions (1.75%) .

The lesion wes located in: the carvica spine in 20 cases, the carvico-thoracic spine in 10, the
thoradc spine in 25, the lurbar spinein 1 case, and & the bulbormedullary junction in 1 case (Table
3) An assodated syringomidia was present in 12 patients.

Clincal syrmptormre were nongpedfic with, the predominant baing: pain (17.54%), paraparesis
(24.56%), monoparesis (14.03%), tetraparesis (10.53%), hemi paresis (12.28%), bladder dysfundion
(7.02%), ataxia (8.78%), and sensory deficits (5.26%). The diagnosis was incidental only for 6
patients but in the wait-and-see pariod we observed a significant increese in tumor size. Thedinical
data wae dassified in a sandadized scde and, ater careful naurological examingion, dl patients
were evauated according to the nodified McConrick Scae

Preoperative M -Mc grade was | for 17 patients, |1 for 18 paterts, 111 for 16 patients, and |V for 6
petients, (Tab 3)

The mean tire betwesn signs or syrmptom omsst and sugery was 16.7 months (7 days to 228
rmonths). A gross totd removal was obtained in 46 cases (80.70%) and a subtotd removd in 11
(19.30°%:). For those the histologica diagnosis was 3 astrooytoms, 5 ependyrmonms, 1
rmeanocytorma, 1 mesenchyrmal tummor and 1 granulormae The reasons for the subbotal removal weres
parsistent variaions in |ONM in 6 cases, intraoperative histologica report in 3 casesand in 2 cases
the tumor tissue was not esslly dissectible from nervous tissue For two of these patiants the D-
wanve had not been positionad since the tumor was located in D12,

IONM changes and dinical comdations
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Overdl sgnificant IONM dhanges were registered in 33 patients out of 57 (57.8%%). In 17 casss
(51.51%), the presence of a stable caudd D-wave was pradictive of a favorable long-term motor
outcome even when the MEP andjor SEP were reduced or lost ad dlowed us to procead with
complete tunor resection. To the contrary, in 7 cases (21.21%) the D-wave arplitude dropped by
50%% ore more and we chose to Siop turmor resection due to the high risk of permrenent pareplegias In
5 ca6ss (15.15%) the D-wave was reduced of less than 5096 at the end of the surgary, dlowing usto
complete the procedure. In 3 casss (9.09%) the D-wave recording resulted difficult and unstable
during the surgica procadure and & the ed of tunor resection the D-wave wias diminished over
5086, while MEP and SSEP remmained stable or slightly changed. Al of these patients errerged from
surgery without any deficit and we corsiderad the results of registration of D-Wave & a fase
positive. Finally, in 1 case (3.03%) the D-wawve was not used because of the lesion site (D12) and
we recorded a reductionof SSEPs

Postoperative conplications wene observed in 13 patients (22.8%): 10 cases of CSF leaks, 1 case of
CSF lesk and meningitis, 1 intramedullary hemetonms, 1 venous thrombosis of the legs and
meEningitis. The CSF lesks were trested with edand spind drainage and antibiotic therapy in 7
casss, while 4 casss required surgical revision. The meningitis was trested with antibiotic therapy,
the intramedullary herretorma was re-operated, ad the venous thrombosis of the legs was treated
with articoagulant therapy.

Postoperative 3-day M-Mc gradewas | for 17 petients, 1| for 14 patients, |11 for 11 patients, IV for
13 petients, V/ for 2 patient. At 3-day postoperative evaluation, conmpered to the preoperative status,
29 patients (50.87%) rermaned dable 9 cases (15.78%) improved and 19 pabients (33.3%)
worsenad after the sumgical procedure. At &-month follow-up the M-McComick scale showed a
neurclogica stahility for 30 patients (52.63%) cormpered to the preoperative stahus, for 7 patients
(12.28%) a worsaning of neurological status and an i mproverrent for 20 patients (35.08%) with a
dear improverrent of the neurdlogical status & comrparad to the immediate postoperative period.
(Tab 4)
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Table 2 shows the M-MaoConmmick postoparative and during follow-up, in detall.

Statistical andysis of resuits

Our sexies showed no significant differencein age (p=0.953) or sex (p=1.000) or the timing of orset
of symptoms (p=0.681) in predicting a good &-month outcome: The only assodated predictor seems
to be patient preoperative neurclogical status (P-<0.001).

We andyzed the comelation between preoperaive dinical stahus and the diarmater of the turror (p=
0.4951), the length (p= 0.5053) and the volurre (p= 0.1857) of the lesion but there was no
statigticaly sgnificant rdaionship betwesn tunor size and synptons

Serditivity, specificty, positive predictive vaue (PPV), negative predictive value (NPVY), likeihood
ratio postive (LH+H and likdihood ratio negative (LH-) andysis of each evoked potertid are
shown in Table 5.

I n our series, multinoda |ONM (SSEP+ MEP+ D-wave) presented high accuracy (sersibility of
100%% and specificity of 95.65%) and significantly predicter] postoperative parmrenent: rrotor deficits
(P=0.0001; AUC=0.978). Comparing the area under ROC curves (AUC) of these tests, D-Wave
appeared to have sgnificant greaber predictive value than MEP and espedially SSEP done (0.967 vs
0722 vs 0.542; P =0.044 and P=0.001 respactively). The ROC curves were displayed in Figure 2
and these resuits were sunmrarized in Tadle 5.

Disoussion

The golden standard of trestrrent for intramedullary spinal cord turors should be meximel safe
resection avoiding, whenever possible, the worsaning of neurological symmptons. This goal can be
achieved better if the lesions are tresbed by an expaienced naurosugeon in a highly specidized
center with al thelatest technological tools available

'|r--"| LT 6 Eeclecies] By ebemiiorsdl SOpndil e, R OCkiEorel repeios rUFEREd e |:---l|'|ll-l-I q i esrscrscl nies I cltrerienad o s Oy Ol e o el ey o

cal fi daiicdes, B Fod ey l' = G 'r:l T r1|'\.| e 4:-': N T T I-"I'|'| Oy, AT prre O el I | I|i—F|'"|-h- o oy e, I el et i r'ltl
||'\'I ﬂ-wl'\-':rll - 4 L -I'I |||:||Il1'\-:|r_,|rii s il CrcEor el 'i'\-h:ll_,.--\.lll R |-:i:_|'r:r T R AT P l-rh:-' . I s AR I'Ii I '\-'llll'l
=T O I Al'll-'l o L ST el Call LHa '.|:-I;-l||'l‘|'\-: r'\-" Fne Ol e el oo Ve A.I -.|:-'||-l||ll"'l-: Tris o AT i I et £ b o 1 r‘-lll'
(5 i =i |:-l'l1'-|-:':-|||'l|-1 Diveln, (rericey, SO in, DR, O © :'_|l [5 4 1--I:il s O W LS A I F"rJJ r|-| =l O e AT I W e II-I 1k
l-:"l .:..l'l'l'lr'\-\.: R A 1 ek I' CheTETE, k .'r|l'|-|l|'.:-':xr| T ikl '\l'l P



COPYRIGHTS EDIZIONI MINERVA MEDICA

Excalant results have been reported in both pediaric and adult patients (12, 13). Additiondly, &
surgical technigues continue to advance, patient outcome is expectad to inprove with a decresse in
risks assnciabed with resaction (13, 14).

Postopardtive outcome is detemmined by meny factors. The preoperaive naurdlogicd stahus, the
time of postoperdtive hospitdization, a well & the time between the onst of symptons and the
surgicd procedure, impact on the postoperative outcome. (15)

Our statistical data suggest thet the volurre, diarmeter and length of the turror do not irfluence the
postoperative outcomre of patients. |t s therefore essential to procesd with the surgical rerroval of
an intramedullary lesion & the orst of synptons |n accomdance with recent literature, esrly
surgical intenvention (in the presence of symptomns) is recommended since it minimizes the risk of
postoparative complications, thus reducing hospitdization time and improving the dinical outcome
of patients (16, 17).

The histology of theturror is another important predictive factor of good outcome

Astrocytones and ependymomes represant the most common intramedullary neoplasmrs (18).

Ependyrrormes usudly reguire gross total rermova without any postoperative trestrrent (19).

Early diagnoss and sumgery, before severe pardyss, are inmmportant to obtain good functiond
OULCOMES.

Subtotal resertion ey be necessary in some cases, particularly in patients with encapsulated
turrors (15, 20). There are no randomized tridls addressing the role of postoperative radiation
therapy and it appears to offer no advantages over gross total removal (21). Most cbservational
shudies have found that postoperative RT is associabed with inmmproved local control and progression-
free survivd, but the effect on overdl sunvival is less dear (15, 22). There is a proposal that higher
doses of RT (504 to 54 Gy) are nore effective than lower doses (20). Nevertheless, corsersus-
besed guiddines reported by the Nationdl Corrprehersive Cancer Network (NCCN) suoggest

postoperative RT only for patients who have undegone subboial resection or biopsy of a
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myxopapl lary ependynona |n our saies, only 5 patients with ependynoms underwent subtota
resection. We chose not to perform any adjuvart therapy and to follow the petients with periodic

MR| scams

Regarding astrocytores, the best menagement srabeqy remeins controversial, Sorre studies
reconmmend aggressive resection, while others condude that biopsy done yields a better prognosis
(23, 24). In general, it is our opinion that the resection of spinal cord astrocytorres should be
reserver] for selected cases. We tresterd 4 adfrocytomes: 1 underwent gross total removal and 3
subtota.

We dinically and radiclogicaly followed these patients up to 12 morths following the surgica
procedure All of themunderwent adjuvant radiotherapy, and none of them had a recumence

Thevalue of IONM

The use of intraoperative dectrophysiology technigues including SSEP, MEP, D-wave and dorsal
colunm mepping have been advocated to modify surgicd strateqy, in order to preserve the patient's
neurclogica function after surgery that, aong with excdsion of the entire tumror, is the amin most
procedures (25, 26).

Asaurgical remova, with possible GTR, represaents the standard of carein the menagement of these
turrors, different tools are destribed in literature for this purpose. Ultrasonography helps to
deterrmine tumor margine (10), the presence of cysts and the location of the turmorn, another option is
represented by the wse of intraoperative fluorescain (27, 28) and Jjor intracperative navigation by
merging CT scan and MR (11)

The resuits of our study suggest thet the rmost importart: tool for this kind of surgery is the use of
IONM. The amaof neurophysiologica intracperative monitonng is to identify a spinal cord Injury
& a revarsble stage and to modify surgical strategy according to thet deta. Loss of MEPs ad/or a
decresse in the D-wave anplitude should be a waming to thesurgeon of a notor pathway injury.
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Together with SSEPs, MEPs may totdly disappesr during sugery. | n these casss, if the D-wave
anrplitude is either stable or decressed by less than 5004, the possible postoperative notor defidts
will recover after surgery in afew days or months, &8 shown in our casss. We had an intreoperative
reduction of the D-wave < 50 with an important reduction or dissppesrance of the MEPs in 5
cases and those patients hed atransient defiat. Seven patients had a permrenent neurological defiat
with redudion of the D-wave > 50% The D-wave has more specificity and sensibility in detedting
motor defiat (29) compared to MEPs. This phenomenon can be due to the revarsibl e inactivation of
noncorticospingl  descending trads and the propricspinal  system, whilst fast-conduding
corticospinal fibers are mostly preserved (29). Use of dorsd colunm rmepping is essential becase a
delicate myelotomy incision is required to reach intramedullary tuors. (Fig 1) The midline in a
nomrel cord IS the dorsal median sulas, located between the devated postenor colunms, midway
between the roat entry zones. The midline can also be identified by following the dorsal median
sulca veine However, in the presence of inframedullary tummors the surface andomy may be dtered
significatly, from cord edera or the turmor itsalf, and the use of dorsal colunm mepping beconres
recessary in locating a sfe entry zone Many syrmptorrs such as generallized nurbrness, painful
dysesthesias below the surgical level, proprioceptive loss, and gait dysfunction are due to dorsal
columm dysfunction. These defidts can be very disabling, even with good postoperative rrotor
function. It was possble to reduce the sumgicl morbidity in IMSCT  sumgery
through the combined use of somaiosersony evoked potertid, notor evoked paentid, and D-wave
recordings (30-32).

IONM accuracy in the IMSCT surgery

D-Wave rronitonng is achually considened the golden 2andard for assesaing the integrity of CT in
spind monitoring, the real acouracy of D-Wave in conmparison with the other evoked potentias is
not well investigated (33-36).
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In our shudy, companing the am under ROC curves (AUC) of each evoked paentid, D-Wave
appeared to have grester predictive vaue then MEP and espedally SEP. (Figure 2)

Based on these results, the mecording of D-Wave significantly inoeesed the acouracy of
raurophysiological ronitoring in intramedulary tumors (34) and dso in exramedullary turors
(37).

After more than 10 yesrs of experience in the trestment of intramedullary tumors with |ONM these
ae our raTeks:

often, during surgery, the MEPs response is recorded in an on-off fashion; on the contrary,
D-wave detarioration usudly ocours gradudly so thaeis time to taee comadtive messures (29, 30),

the D-wave dlows a continuous rmonitoring of the function of the cortico-spinal tract
without the need to intermupt sugery for didtation of the MEPs this real-time continuous
rronitonng is irportant mostly during dissection of a turmor with less well-defined border between
lesion and hesdthy spina cord tissue (33, 34).

A stable D-Wave arrplitude dlows proceeding with tumor resection even in the case of
MEP/SSEP loss because the defict expected is trarsitory (34).

Despite our positive experience, there are gill controversia views about the usefulness of 1ONM
during intramedul lary spind cord tunors sungery,

The authors of a recent American Guiddine (35) recormmended the wse of 1ONM during spinal
cord/spind colunm surgery only as a diagnostic adjunct to assess spinal cord integrity (level 1),
while the use of the same nonitoring is not recommended & a theapeutic tool during
intramedullary tumor reseciion procedures (levd 11) or other soind cord/spinal colurm sugeary
(levd 111). Findly, the authors concluded that |ONM can only documant a neurologica deficit but
does not prevert it and, for this reeson, the use of 1ONM during spinal surgery cannot be considered

a “standard of care.” (36)
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These guiddines have baen devdoped dso with the purpose (fully acoeptable) of protection from

medico-legal complaints based on the “mandatory”™ use of a technique with limited evidence.

A recent review (38) dso faled to show benefit from |ONM in spind tumors surgery but out 15
exarined papas only 2 reported the recording of the D-wave which in our experience is the most
important monitoring toal.

Many lettas were written in response to these guiddines (4-7, 33). Futhermore, other important
reviews reached different condusions (36, 39). This meke us aware tha the efedtiveness of the
IONM is till adebated question and a worldwide consenais is far off.

It is our opinion that the wse of IONM in defining the comect mydotomy poirt is urdoubtedly
sl (Fig 1) Moreower, even if the |ONM cannot prevent neurologica darmege. they can wam the
sugeon in order to prevent futher sugicad menipdation of a sansitive or areedy injured
araomical region.

This waming is useful in the dinicad outcomre only if the sungeon takes care of it (40).

Limits

The limitations of our shdy indude its rerospective neture, lack of randomization, and o
conmpan son patient group who undenwent tunor rermova without |ONM. However, monitoring was
performred by the same teerm throughout the study, and al operations were performed by senior
surgeons (MUF, R.G. and F.5.), thus limiting a possible source of biss. Hence, the results of this

sudy may warat lage prospective studies on a multicenter basis to futher ducidae its
diagnostic and thergpeutic vaue and cost-aff ectivenessin patient care invalving | MST.

Condusion:

Our case series of intramedullary turmors leads us to condude that these tumors should be: trestedd

whenever the patient becommes symptonretic. The probebility of a good dinical outcome is dosely
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related to the patient’s preoperative neurological status and to the timing between the ornsgt of
syrmptons and surgicd trestment while there is no significant relaionship with volurre, length or
diaeter of the tumor. The gold standard should be meximd sfe tunmor resection.  The use of D-
wave presented gatidticaly significant higher accuracy to predicting postoperative deficits than
SSEP and MEP aone Furthemrore, the use of rmultinoda 1ONM, induding D-Wave, represents an
inportant tool to avoid neudlogical injury during sumery, alowing a modification of the sugical
strategy and subsequent prevention or mitigabion of postoparative defidts

DeliaCannizzaro and CrisinaMancardla contributed equally to the drafting of this manuscript.
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Figure legends

Figre 1 A, B and C show intraoperative monitoning in order to define the entry zone and the
mydotomy. Preoperative cervical MRI, (D) axa and (E) sagittal imeges show a big cervica
intramedullary lesion,

Figure2 The ROC curve compares the accuracy of diagnostic tests. |nowr andyss, it shows

thet D-Wave appesred to have significant grester predictive value than MEP and SSEP done
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Table 1 Clinical and radiclogical data sumrery

Grade Maodified McCommick scale

| | ntact neurclogically, normal dearrbulation, minimel dysesthesia

I Mild motor or sensory defiat, functiond independence

I Moderatedefiat, limtation of function, independent with extamd aid

IV Severe motor or sensory defidt, limited function, dependent

v Paraplegia or quadnplegia, even with flickering moverrent

Table 2 Modified McConmick scde

Gender (M) 30 (S2.6%)

(F) 27 (47.4%)

Age(years) 499 +14.1
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 Predominant spinal leve of operation

Cervicd 20(35.1%)

Cervico-thoradc 10 (17.5%)

Thoracic 25 (43.9%6)

Lurrter 1 (L75%)

Bulbomedulary junction 1(L75%)

Hemrangioblastona 6 (10.5%)

Cavernous nmaiformration 5(B.8%)

AstTocytoms 4 (7.0°)

Mdanocytoms 1(1.75%)

Solitary fibrous turmor 1(1L75%)

Granuocytona 1(L75%)
Mesenchyrel tumor 1(175%)

Capillary hemangiona 1(1L75%)

- Mociified McC ormick scale grade

At admission
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IV

6(10.5%)

Table 3 Histology, localization, dinical and neurological data

N 57
“Mocified McCormick scale grade

3 daysfollow up

| 17 (29.8%)

I 14 (24.6%)

i 11 (19.3%)

v 13 (22.8%)

W 2 (3.5%)
3 months follow up

| 19(333%)

I 19(33.3%)

i1 9(15.8%)

IV 10(17.5%)

LY 0

6 months follow up

| 26 (45.6%) |
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I 17 (29.8%)
I 5 (B.8%)
v 9 (15.8%)
v 0

Tae 4 Clincal follow-up: Modified McCommick scale grade

Multimodal
IONM
(SSEP+MEP+
D-Wave) SSEP MEP D-Wave
Truenegative 44 29 27 43
Truepositive 7 2 6 7
Falsenegative 0 5 1 0
Falsepositive 2 17 19 3
Sensitivity 100% 28,6% 85,71% 100%
Spedfiaty 95,65% 63% 587% | 9348% |
Posil fjf":““e 77.7% 11,1% 24% 70%
Negativepredicive | 100% 85,71% 96,4% 100%
Likdihood ratio + 23 113 2,08 15,33
Likelihood ratio- 0 0,77 0,24 0
AUC 0.978 0.542 0.722 0.967
95%C] 0.8940997 | 0,399_0,68 | 0,5820_0.836 | 0.878- 0.99%
PValue 0.0001 0.71 0.002 0.0001

Table 5 Sersitivity, spedificity, positive predictive value (PPV), negative predictive value (NPV),
likelihood ratio positive (L H-+) and likeihood ratio negative (LH-), area under the curve (AUC) and
statistical andlysis of |ONM.

Four patients without D-wave recording hawve not been included in the statistical analyss.

* Patients with postoperative pemmranent nmotor defidt and D-wave anrplitude reduced of 5006 or
mone
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