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Abstract @® @Q/Q

Recent publications had reported

impairments in WHO grade II glioma; t si%@tly affect the quality of

life. Consequently, one step further
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evaluate if surgery is capabl rove preoperative deficits.
Here are reportéd t
pyramidal path t

operated

preservation of ‘the primary motor cortex and pyramidal tract. Despite the long-lasting

paresis, both cases had a significant improvement of motor function after surgery.
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Knowledge of this potential recovery before surgery is of major significance for

analyzed: 1) Reconstruction of the corticospinal tract with diffusion tensor imaging

tractography is indicative of anatomo-functional integrity, despite tract deviation and

\

confirms the presence of an intact peritumoral tract. Thus, resection should stop at this

boundary even in cases of long lasting preoperative hemiplegia.

Introduction Q

n efﬁ t1al

World Health Organization grade II gliomas (GIIG) are slow

that diffusely infiltrate the brain. Surgery in nowadays conside

G are

€sec % these tumors
@ﬁn (IES) mapping has

proven to be an essential tool, as it e xtent of the resection and

treatment, i.e. with an impact on the anaplastic transfo

known to frequently involve functional regions :SN

located within eloquent areas, intraoperativ

decrease the risk of permanent deficit

It has been traditios 0 51der GHG patients exhibit a completely

normal clinical exanfifiafi % ent. However, recent publications with
i

extensive neur 1 al ions had reported high rates of cognitive
impairmen gni cant@ct the quality of life 43, Consequently, one step further

in the analysis of surgical outcome is to evaluate if IES surgery is also capable to

improve preoperative deficits.

. { Eliminato: hree

Eliminato: 2) Regarding
functional magnetic resonance
imaging, functional recovery is
more likely in subjects with
bilateral motor cortical
activation.

\
{Eliminato: 3
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Here are reported two cases of GIIG infiltrating the primary motor cortex and
pyramidal pathway that had a long-term paresis before surgery. Long-term deficits are
normally indicative of a definitive neural lesion, and are thought to be irreversible.
However, the two cases presented here had a significant improvement of motor function

after surgery. Knowledge of this potential recovery before surgery is of major

. { Eliminato: .

significance for planning the surgical strategy in GIIG, as this can define aspects such as .-

if surgery is possible or not, and the exact quantification of risks and benefits. Our main

interest was to analyze possible predictors of motor recovery after surgery. Specifically,

we focused in neuroimaging and surgical factors that may anticipate good functiona

All participants gave their informed consent to partici the r @ all
procedures were approved by the Hospital Universijtari ué aldecilla
Committee of Human Research, and all researcizk %%,ording to the

€ duc
Declaration of Helsinki. @ 2@

outcome.

Cases presentation

Case 1 @
A 37-years- t- de@g diagnosed in August 2007 of a left fronto-

ated in February 2008 without IES mapping, and

)

&

parietal tumo atiénit was
the histopath y eviden&emistociﬁc GGII. Postoperatively, the patient had a
normal neurological examination, and a MRI performed in June 2008 revealed partial

tumor resection. Diffusion tensor imaging (DTI) tractography revealed that the left
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pyramidal pathway had a normal anatomical location, orientation and anisotropy
when compared to the contralateral side (Fig. 1). Our group has previously
published the DTI tractography methodology used here for tract reconstruction
{Martino, 2013 #37845}. The tumor recurred in May 2009, with right hemiparesis
and seizures worsening. In June 2009, the patient was treated with conformational

radiotherapy (60 Gy for 34 days) and chemotherapy (Temozolamide). However, the

clinical situation progressively worsened, and by September 2009 the patient already
had a right hemiplegia, mild dysphasia, and medical refractory epilepsy (despite the
use of four antiepileptic drugs). MRI revealed a tumor that infiltrated the Rolandic
cortex and the pyramidal pathway, with a volume of 101 ml. The tumor also had a @

in the posterior margin with nodular contrast enhancement (Fig. 2). ing

imaginary movement of the right hand evidenced activation of the p tral%

gyrus (Fig. 2). DTI tractography revealed that the left pyramiidal a
deviated posteriorly, and the anisotropy was reduced.w mp the
contralateral side (Fig. 1). Other tracts related or, functio ubcallosal

fasciculus, frontal aslant tract, cingulum, @ cal ‘\ had a normal
y (Fig. 2@2
The patient was operated 80 ft e in@ion of the right hemiplegia.
S pin

Surgery was performed withIE K the same asleep-awake-asleep
methodology previously dgs ou {Martino, 2013 #37831;Martino, 2013
#37845}. Stimulati e ec% yrus induced motor response in the right
upper limb (@%&ﬁg S@Xal stimulation motor responses were not elicited, so

resection wa tended postegdrly until eloquent cortical areas were encountered (Fig.

anatomical location, orientation and anis6fr

2). Specific motor and language rehabilitation was provided after surgery. Fifteen days

after surgery the patient started to move the right upper limb, and one month later
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started to move the right lower limb. The patient progressively improved motor
function, and six months after surgery the medical research council muscle testing scale
was as follows: proximal right arm 4/5, distal right arm 1/5, proximal right leg 4/5,
distal right leg 2/5. The patient was able to walk independently with a cane and a brace
in the right leg. No seizures were reported after surgery, so the antiepileptic drugs were
progressively withdrawal, so one year after surgery the patient was in class I of the
epilepsy outcome classification of the International League Against Epilepsy (ILAE)
{Wieser, 2001 #37730}. Histopathology evidenced anaplastic glioma with gemistocitic

component. MRI performed 3 months after surgery evidenced a 22 ml tumor residue

(so the extent of resection was 78%). Postoperative DTI tractography revealed
the motor pathway had recovered the normal position and improved anisoty

1). fMRI during right hand movement evidenced activation of the

gyrus (Fig. 2).

Case 2

A 29-years-old right-handed man

motor seizure. MRI revealed a lesio

frontal gyrus. The tumor vol t this\tim 6&5 ml. A “wait and see” policy was
initially considered, so t was ed with annual MRI. By February 2007
the patient had a | og'@nination, and MRI performed at that time with
DTI tractogr; dt @ left pyramidal pathway had a normal anatomical

location, orientation and anisotropy when compared to the contralateral side (Fig.
3). In 2010, the clinical situation progressively worsened, and by December 2010 the

patient had a moderate paresis (2/5) of the right foot. The patient also had medical
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refractory epilepsy with one clonic partial seizures of the right foot a month. A MRI
performed in April 2011 revealed that the tumor had grown significantly (42 ml), with
extension to the precentral gyrus and cingulum (Fig. 4). fMRI during movement of the
right leg evidenced activation of the left precentral gyrus (Fig. 4). DTI tractography
revealed that the left pyramidal pathway was deviated posteriorly, and the
anisotropy was reduced when compared to the contralateral side (Fig. 3). Other
tracts related to motor function (subcallosal fasciculus, frontal aslant tract,
cingulum, and corpus callosum) had a normal anatomical location, orientation and

anisotropy (Fig. 4).

The patient was operated 180 days after the instauration of the paresis

right foot. Surgery was performed with IES mapping and an asleep-awf?

technique. Sensorimotor mapping identified the motor cortex of th@ ot and%
as-tde

itation was

motor movement of the right arm and leg (Fig. 4). @otor re

provided after surgery. Thirty days after surgeryi\@ihe en%o recover the
strength in the right foot, and six months @ mplételNnrecovered. The seizures
situation ~ remained  unchanged is tha@ evidenced low-grade

face, and the sensory cortex of the right arm. An area of speech arxest w nti @
the ventral premotor cortex (Fig. 4). Direct stimulation atthe ical | ipduced
@

oligodendroglioma. MRI performed 3 x@urgery evidenced a 6 ml tumor
residue, so the extent of res S toperative DTI tractography revealed
that the motor pat a co e normal position and anisotropy (Fig. 3).
fMRI during rj t ve@ldenced activation of the left precentral gyrus at

the mesial fr lobe and% contralateral supplementary motor area (Fig. 4).

Discussion
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The presence of neurological deficits prior to surgery is an important factor for
planning the surgical strategy in GIIG. In the second case presented here the patient had
a long-term complete hemiplegia before surgery. Based on this information the surgeon
may have considered attempting gross total resection without undue concern for
preserving the motor pathway. However, despite the long-term deficit the pyramidal
pathway was still functional in this case. Knowledge of this potential recovery is of
major significance for preoperative planning by informing the surgeon that the
pyramidal pathway is still functional, thus allowing for adaptation of the surgica
strategy to identify and preserve this tract. In the present cases we analyzed the potef

predictors of motor recovery after surgery.

The first factor to analyze is the relationship between the/tumor and the%

prior to surgery. Previous studies had classified th ns, of whi atter tract

%gion: white matter

tracts are displaced by the tumoral mass rmat-ani {9’00\ . 2) Infiltration: tumor

infiltration of the tract that reduces ai :Zp ret@gh directional organization

to remain identifiable on directional DT} map& isruption: the tract is disrupted to

pyramidal pathway. In the two cases presented here the pyramidal W
displaced by the tumor mass and the fractional anisotropy wit@: tract
i r

alterations based on the anisotropy, direction and d % 1)

the point where diffusi is—18§t—<C€ompletely. When the third pattern is

present no special cdre
already inte n
deviated and Hifiltrated.

Tract deviation and deformation is due to bulk mass displacement. Tumor

compression of the primary motor area may cause vascular phenomena, responsible for
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dysfunction of the pyramidal cells, but without definitive destruction of these networks.
Indeed, the recovery of motor function after surgery was associated to a reduction of
deviation in the motor pathway. Consequently, the improvement was presumably due to
the elimination of pressure on the corticospinal tract and restoration of normal
perfusion. The analysis of DTI tractography and clinical examination long before
worsening are in favor of this hypothesis. At this time, both patients had a normal
neurological examination, and DTI tractography revealed that the pyramidal pathway
had a normal anatomical location, orientation and anisotropy when compared to the

contralateral side (Fig. 1 and 3). The analysis of the direction of tract displacement is

O

important for surgery planning as it allows for adaptation of the surgical corrid6

displaced posteriorly, so the tumor was approached from a frontal di

for aggressive resection of the anterior portion of the tumor{ while iding\the
posteriorly deviated motor fibers. @:
AL

In the two cases presented the pyramidal anjsotrop s reduced

preoperatively, and after surgery the tract aniso Xa sed&dg motor strength
: tumor cells insinuate

improved. Diffuse gliomas have an infitfatiye patterny/ and
themselves between individual fibe 0 sru eir directional organization

' Tumor infiltration of the tract reduges K py and may be responsible for

dysfunction of the pyrami ells"H 7 the patients were operated with IES
mapping, and resectjon \wds pufsu motor response were found, leaving a tumor

residue when i mz@way. Consequently, postoperative improvement of

anisotropy caniot be explai by the extirpation of the tumor cells that invaded the
motor pathway._ Vasogenic edema is characteristic of high-grade tumors, but may also

appear in GGII with significant mass effect. Consequently, in the cases presented here
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edema surrounding the tumor mass may have had an important role in the restoration of
normal anisotropy after surgery. Edema is generated at the margins of the tumor mass
where high pressure is transmitted to the adjacent white matter; the edema infiltrates the
tracts reducing anisotropy while retaining sufficiently ordered structure to allow its
identification on directional color maps. Tumor surgical removal resulted in a release of
mass effect with reduction of edema and normalization of anisotropy.

Recent publications had reported that tumor morphology and subcortical tumor

infiltration are important factors to predict functional recovery and extent of tumor

resection in gliomas within eloquent areas.!' In the first case presented there was a

cystic lesion that compressed the pyramidal pathway. This compression probably @

important role in the development of preoperative paresis, and thm

decompression in postoperative recovery. However, as demonstrated mwve%

MRI, there was also an infiltrative component of the tumor thal(\ﬁxten it

precentral gyrus and pyramidal pathway. The extent of sese th@g was

defined by intraoperative electrical stimulation result vs/,@segtion we@wued until

eloquent areas were encountered at the precentral g&us. Q

The human motor system compri Itipte’ ar connections that are
involved in different aspects of e or t@onsequently, other regions
different to the pyramidal pathway may have a role in postoperative motor
recovery. The supplemental otor a A) is implicated in the initiation of
movement and speeeh. hi &m injured, a SMA syndrome occurs with a

reduction in e

movements aré{elatively presérved. Most of these symptoms are transient, and a rapid
recovery occurs within two to four weeks 2. The SMA is connected to the subcallosal

fasciculus and the frontal aslant tract. The subcallosal fasciculus connects the SMA to
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the striatum . The frontal aslant tract has recently been described as an oblique bundle
that connects the most posterior part of Broca’s territory (i.e., pre-central cortex and
pars opercularis) in the inferior frontal gyrus to the SMA 1415 Tumor infiltration of the
SMA does not seem to explain the clinical course of the cases presented here. First,
because the preoperative clinical pattern and the recovery pattern was not typical of a
SMA syndrome as classically described. Preoperatively, both voluntary and automatic
movements were impaired. The pattern of recovery after surgery was not typical of a

SMA syndrome, with progressive recovery along a six months period of intensive

rehabilitation. Second, the anatomical location, orientation and anisotropy of the
subcallosal fasciculus and frontal aslant tract were similar before and after surgery. @

3). However, it is also important to mention that structural integrity revealem |

tractography is not equivalent to functional integrity. Other brain mapfing te 'ques%

!

such as transcranial magnetic stimulation will probably seed some ﬁght in u !
N
role of these connections within the motor circuitry, and theseco ter a@o / !
% ,
!
Finally, intraoperative identification of motor e by electro ulation is |

an important predictive factor of recovery. In @ ase si;ite the long-term
e a

paresis IES of the primary motor cortex/at @ misphere was able to
generate motor responses. This data/j tes\that t]@rical impulse is transmitted
mibody; co@y is interpreted as an undeniable

it orticospinal tract. Therefore, a positive

from the cortex to the impaire

proof of the anatomo-funetio

response seems to fepresént/a’ v ﬁg prognostic indicator of the potential motor

1 @\rported the prognostic value of IES mapping to

he author describes a case of a retrocentral metastasis

recovery. Du %
predict functieial outcome

with intratumoral bleeding and acute complete hemiplegia. Emergency surgery was

performed and IES elicited motor response at the primary motor cortex. The patient

Eliminato: GGII are slow

| growing tumors that
’ progressively infiltrate the

brain, with induction of
gnunctional brain plasticity, i.e.
e capacity of the remaining
areas of the brain to assume
functions that are normally
performed by the damaged
areas '*'®. In motor lesions, the
contralesional hemisphere may
play an important role in the
recovery process ',
presumably through the
recruitment of the ipsilateral
corticospinal tract. Regarding
fMRI, various studies had
demonstrated that in patients
with motor lesions, functional
recovery is more likely in
subjects with bilateral motor
cortical activation 2*?2_ It has
been suggested that ipsilateral
activation might be suppressed
or undetected in the normal
brain but could be disclosed
when the contralateral control
becomes compromised 2 1n
the first case presented here
with a right hemiplegia,
preoperative fMRI
demonstrated ipsilateral
reorganization with activation
of primary motor areas of the
right hemisphere when
performing an imaginary
movement of the right side.
This may reflect a
compensatory adaptive
response that tries to control
and coordinate the affected
muscle groups 2%,
Conversely, in the other case
ipsilateral reorganization was
not documented, possibly
because the degree of paresis
was relatively mild and thus
the compensatory mechanism

did not work.q
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recovered almost completely within one week. The important difference with the cases
presented here is that our patients recovered motor function after a long-term motor
deficit. The presences of long lasting deficits prior to surgery are indicative of a
definitive lesion and are thought to be irreversible. Our findings questions at a
fundamental level this established view, indicating a remarkable potential recovery of
the primary motor system. Our findings have important implications for surgical
planning. If motor responses are elicited at the primary motor area the resection should

stop at this boundary even in cases of long lasting preoperative hemiplegia.

Conclusions

In GIIG infiltrating the rolandic cortex and the pyramidal pathway, a ng—t@%

motor deficit is not indicative of a definitive paresis. Surgery has_thg‘potential '@ e
tumor compression to the motor areas with restorati e no nction.
Identification of potential indicators of motor re ‘ su% re of major

§ %Nere identified: 1)

Reconstruction of the corticospinal

: i‘@ anatomo-functional integrity,
despite tract deviation and i tion. The ﬁ&pe ative depiction of the direction of
§i

tract displacement is A on of the surgical corridor to avoid

destruction of the/btn ntl@ve identification of motor response by electro

stimulation e e of an intact peritumoral tract. Thus, if motor
responses are eljicited at the primary motor area the resection should stop at this

boundary even in cases of long lasting preoperative hemiplegia.

Recent publications had reported high rates of language and memory deficits in

-

-
-

\
\

\
\

. { Eliminato: .

- { Eliminato: hree
/{Eliminato: t

tul, too aluate tract integrity. -

-
-

L

Eliminato: 2) Regarding
fMRI, functional recovery is
more likely in subjects with
bilateral motor cortical
activation.

{ Etiminato: 3
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GIIG before treatment, with deterioration of the quality of life 3 We raise the question
if surgery has also the potential to improve these complex cognitive functions. Future

studies using a larger number of subjects may bear insight in this interesting issue.

Disclosure

The authors report no conflict of interest concerning the materials or methods used in

this study or the findings specified in this paper.
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Figure 1. Case 1. A) Magnetic resonance imaging (M 'ffusion@r imaging

(DTI) tractography performed in 2008, when theSi% a%%l neurological
examination. At this time the left pyrami@y ad @ anatomical location,
orientation and anisotropy when compargd to\the co@ral side. B) MRI with DTI
tractography performed in September 9, w&@atient had a right hemiplegia. At
this time the left pyramij Wi ted posteriorly by the enlarged tumor
mass. C) MRI wit @ rag@p;@)rmed in June 2010, when the patient had

actog
th pper and lower limb. The patient was able to walk

Y

Q brace in the right leg. At this time the left pyramidal

pathway had recovered the normal position and improved anisotropy.
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Figure 2. Case 1. A) Preoperative functional magnetic resonance imaging (fMRI)
obtained during imaginary movement of the right hand, demonstrating activity
predominantly located in the right precentral gyrus. B) Postoperative fMRI obtained
during movement of the right hand, demonstrating activity predominantly located in the
right precentral gyrus. C) Preoperative sagittal T1-weighted MRI with diffusion tensor
imaging (DTI) tractography reconstruction of the tracts related to motor function:
subcallosal fasciculus (1), frontal aslant tract (2), cingulum (3), and corpus callosum(4).
Tumor (T). D) Postoperative sagittal T1-weighted MRI with DTI tractography

reconstruction of the tracts related to motor function: subcallosal fasciculus (1), fronta

responses. F) Intraoperative photograph taken after tum

motor and language areas identified have been preserv

Figure 3. Case 2. A) Magnetic resonance iffaging
(DTI) tractography performed in 2 grzg Z% had a normal neurological
examination. At this time the 1 yramidal p th@d a normal anatomical location,
orientation and anisotro @e contralateral side. B) MRI with DTI
tractography perfo , wilien the patient had a moderate paresis (2/5) of
the right foot %’x’ramldal pathway was deviated posteriorly by the

enlarged tumef{mass. C) with DTI tractography performed in September 2012,
when the patient was completely recovered from the right foot paresis. At this time the

left pyramidal pathway had recovered the normal position and anisotropy.
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Figure 4. Case 2. A) Preoperative functional magnetic resonance imaging (fMRI)
obtained during movement of the right leg, demonstrating activity predominantly
located in the left precentral gyrus. B) Postoperative fMRI obtained during movement
of the right leg, demonstrating activity predominantly located in the left precentral gyrus
at the mesial frontal lobe and at the contralateral supplementary motor area. C)
Preoperative sagittal T1-weighted MRI with diffusion tensor imaging (DTI)
tractography reconstruction of the tracts related to motor function: subcallosal
fasciculus (1), frontal aslant tract (2), cingulum (3), and corpus callosum(4). Tumor (T),

D) Postoperative sagittal T1-weighted MRI with DTI tractography reconstruction @ @

before tumor resection showing the tumor margins identified wit av
marked with a yellow line. The following responses were elicited: la
responses in the right upper limb and face; blue label sopy responsgstin the right

upper limb; flag = speech arrest. F) Intraopera No og%gken after tumor
K25

resection. The functional motor and langragesareas identified

Direct stimulation at the subcortical J&v mc@vement of the right arm and
leg (marked with red labels). §

ave been preserved.
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Abbreviations used in this paper: DTI = diffusion tensor i %iAIR =

fluid-attenuated inversion recovery; GIIG = World Health @ on %de I
= ne @

glioma; IES = intraoperative electrical stimulation; g onance

imaging. @
\a

Abstract Q\@Q?
&

Recent publi(@aé r

%Neg high rates of preoperative neurological

impairments in grade K@mas (GIIG) that significantly affect the quality of
life. Conse , otie rther in the analysis of surgical outcome in GIIG is to
evaluate rgery is %fble to improve preoperative deficits.

Here are reported two cases of GIIG infiltrating the primary motor cortex and
pyramidal pathway that had a long-term paresis before surgery. Both patients were
operated with intraoperative electrical stimulation mapping, with identification and
preservation of the primary motor cortex and pyramidal tract. Despite the long-lasting

paresis, both cases had a significant improvement of motor function after surgery.

Page 23 of 42



OCoOoO~NOURAWNE

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

Journal of Neurosurgical Sciences

Knowledge of this potential recovery before surgery is of major significance for
planning the surgical strategy in GIIG. Two possible predictors of motor recovery were
analyzed: 1) Reconstruction of the corticospinal tract with diffusion tensor imaging
tractography is indicative of anatomo-functional integrity, despite tract deviation and
infiltration. 2) Intraoperative identification of motor response by electrostimulation

confirms the presence of an intact peritumoral tract. Thus, resection should stop at this

boundary even in cases of long lasting preoperative hemiplegia. S

Introduction ( )
World Health Organization grade II @ IIG@ slow growing tumors

that diffusely infiltrate the brain. Surg%ml ada "\A‘ sidered as an efficient initial

treatment, i.e. with an impact on @asﬁ @ ormation and survival . GIIG are
known to frequently involv@@na@%s 2. During resection of these tumors
<F as intr@ative electrical stimulation (IES) mapping has

proven to be an 1a % nables to maximize the extent of the resection and

decrease t 0 en@ deficits °.
It\has been t@

tionally considered that GIIG patients exhibit a completely

located within eloque

normal clinical examination before treatment. However, recent publications with
extensive neuropsychological evaluations had reported high rates of cognitive
impairment that significantly affect the quality of life *°. Consequently, one step further
in the analysis of surgical outcome is to evaluate if IES surgery is also capable to

improve preoperative deficits.
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Here are reported two cases of GIIG infiltrating the primary motor cortex and
pyramidal pathway that had a long-term paresis before surgery. Long-term deficits are
normally indicative of a definitive neural lesion, and are thought to be irreversible.
However, the two cases presented here had a significant improvement of motor function
after surgery. Knowledge of this potential recovery before surgery is of major
significance for planning the surgical strategy in GIIG, as this can define aspects such as

if surgery is possible or not, and the exact quantification of risks and benefitss Our main
%ﬁcally,

interest was to analyze possible predictors of motor recovery after sur
zod functional

we focused in neuroimaging and surgical factors that may ant@

Cases presentation @@

All participants gave their in’%c sen; icipate in the research; all
procedures were approved by the Hospita ersitario Marqués de Valdecilla

Committee of Human Rese all arch were conducted according to the

Declaration of Helsin\@ S %\
Case IQ @\

A 37-years-old right-handed man diagnosed in August 2007 of a left fronto-
parietal tumor. The patient was operated in February 2008 without IES mapping, and
the histopathology evidenced gemistocitic GGII. Postoperatively, the patient had a

normal neurological examination, and a MRI performed in June 2008 revealed partial

tumor resection. Diffusion tensor imaging (DTI) tractography revealed that the left
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pyramidal pathway had a normal anatomical location, orientation and anisotropy
when compared to the contralateral side (Fig. 1). Our group has previously
published the DTI tractography methodology used here for tract reconstruction °.
The tumor recurred in May 2009, with right hemiparesis and seizures worsening. In
June 2009, the patient was treated with conformational radiotherapy (60 Gy for 34
days) and chemotherapy (Temozolamide). However, the clinical situation
progressively worsened, and by September 2009 the patient already had a right

hemiplegia, mild dysphasia, and medical refractory epilepsy (despite of four

pyramidal pathway, with a volume of 101 ml. The tu lse-Had a.cyst in the
posterior margin with nodular contrast enhancement((Fig. R@g imaginary
movement of the right hand evidenced activation-of ht Qral gyrus (Fig. 2).
DTI tractography revealed that the left pyr: th s deviated posteriorly,
and the anisotropy was reduced w compare ﬂw contralateral side (Fig. 1).
Other tracts related to motor o) s@al fasciculus, frontal aslant tract,
cingulum, and corpus callos had a@wl anatomical location, orientation and

N
anisotropy (Fig. 2) @ %

The patjéentwa pe 80 days after the instauration of the right hemiplegia.

Surgery@ r@@ritb IES mapping, with the same asleep-awake-asleep

methodology previously described by our group . Stimulation of the precentral gyrus
induced motor response in the right upper limb (Fig. 2). During subcortical stimulation
motor responses were not elicited, so resection was extended posteriorly until eloquent
cortical areas were encountered (Fig. 2). Specific motor and language rehabilitation was
provided after surgery. Fifteen days after surgery the patient started to move the right

upper limb, and one month later started to move the right lower limb. The patient
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progressively improved motor function, and six months after surgery the medical
research council muscle testing scale was as follows: proximal right arm 4/5, distal right
arm 1/5, proximal right leg 4/5, distal right leg 2/5. The patient was able to walk
independently with a cane and a brace in the right leg. No seizures were reported after
surgery, so the antiepileptic drugs were progressively withdrawal, so one year after
surgery the patient was in class I of the epilepsy outcome classification of the

glioma with gemistocitic component. MRI performed 3 month

International League Against Epilepsy (ILAE) ®. Histopathology evidenced sanaplastic
%&urgery

evidenced a 22 ml tumor residue (so the extent of resection wa Postoperative

DTI tractography revealed that the motor pathway had re@‘ no&l position
h 0 @n

and improved anisotropy (Fig. 1). fMRI during right t evidenced

activation of the right precentral gyrus (Fig. 2). :@:
Case 2 ® @

A 29-years-old 11 -han!;d n@ presented in December 2004 with a partial
motor seizure. MR revealed a l@aracterisﬁc of a GIIG located at the left superior

frontal gyrus tunior @a‘[ this time was 10 ml. A “wait and see” policy was
initially: .@ dered, @@patiem was followed with annual MRI. By February 2007
the patient had a normal neurological examination, and MRI performed at that time with
DTI tractography revealed that the left pyramidal pathway had a normal anatomical
location, orientation and anisotropy when compared to the contralateral side (Fig.
3). In 2010, the clinical situation progressively worsened, and by December 2010 the
patient had a moderate paresis (2/5) of the right foot. The patient also had medical

refractory epilepsy with one clonic partial seizures of the right foot a month. A MRI
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performed in April 2011 revealed that the tumor had grown significantly (42 ml), with
extension to the precentral gyrus and cingulum (Fig. 4). fMRI during movement of the
right leg evidenced activation of the left precentral gyrus (Fig. 4). DTI tractography
revealed that the left pyramidal pathway was deviated posteriorly, and the
anisotropy was reduced when compared to the contralateral side (Fig. 3). Other
tracts related to motor function (subcallosal fasciculus, frontal aslant tract,

cingulum, and corpus callosum) had a normal anatomical location, orieﬁation and

anisotropy (Fig. 4).

The patient was operated 180 days after the instauratio 6)@- aresis of the
right foot. Surgery was performed with IES mapping a *-
technique. Sensorimotor mapping identified the motor co 0

st was identified at

face, and the sensory cortex of the right arm. A e%@e

the ventral premotor cortex (Fig. 4). Direx io%h subcortical level induced

motor movement of the right arm Fig. cific motor rehabilitation was

3 @ the patient started to recover the

@ 1t was completely recovered. The seizures

a : Histopathology evidenced low-grade

p\ rmed 3 months after surgery evidenced a 6 ml tumor
residue@Q ection was 86%. Postoperative DTI tractography revealed
that the motor pathway had recovered the normal position and anisotropy (Fig. 3).

fMRI during right foot movement evidenced activation of the left precentral gyrus at

the mesial frontal lobe and at the contralateral supplementary motor area (Fig. 4).

Discussion
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The presence of neurological deficits prior to surgery is an important factor for
planning the surgical strategy in GIIG. In the second case presented here the patient had
a long-term complete hemiplegia before surgery. Based on this information the surgeon
may have considered attempting gross total resection without undue concern for
preserving the motor pathway. However, despite the long-term deficit the pyramidal

pathway was still functional in this case. Knowledge of this potential recovery is of

predictors of motor recovery after surgery. @ %
The first factor to analyze is the relationship, be n @nor and the

),

e 1dal pathway was

%

pyramidal pathway. In the two cases prese

displaced by the tumor mass and the fract'x i ro%a reduced within the tract

a
si 1e®attems of white matter tract

alterations based on the anisotropy, dire ov\@@iation ?_ 1) Deviation: white matter

tracts are displaced by the tu 1 mas@h normal anisotropy. 2) Infiltration: tumor

infiltration of the trast C¢ anisotropy but retain enough directional organization
to remain idenfifia di@n\al DTI maps. 3) Disruption: the tract is disrupted to

the poi e 1ff@@anisotropy is lost completely. When the third pattern is

present no special care need to be taken during resection to preserve the tract as it was
already interrupted. In the cases presented here the corticospinal tracts were both
deviated and infiltrated.

Tract deviation and deformation is due to bulk mass displacement. Tumor
compression of the primary motor area may cause vascular phenomena, responsible for

dysfunction of the pyramidal cells, but without definitive destruction of these networks.
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Indeed, the recovery of motor function after surgery was associated to a reduction of
deviation in the motor pathway. Consequently, the improvement was presumably due to
the elimination of pressure on the corticospinal tract and restoration of normal
perfusion. The analysis of DTI tractography and clinical examination long before
worsening are in favor of this hypothesis. At this time, both patients had a normal
neurological examination, and DTI tractography revealed that the pyramidal pathway
had a normal anatomical location, orientation and anisotropy when compared to the

contralateral side (Fig. 1 and 3). The analysis of the direction of tract-disp ent is

important for surgery planning as it allows for adaptation of @ al corridor to
to

avoid destruction of the bundles. In the two cases presented @ %hway was
a t

displaced posteriorly, so the tumor was approached fi

posteriorly deviated motor fibers.

In the two cases presente QI:%yrarr@ﬁact anisotropy was reduced
e

preoperatively, and after sur

improved. Diffuse gliomas% K@ative pattern, and tumor cells insinuate

themselves betwee i@ﬁ fibet
La

. Tumor infiftr l@ct reduces anisotropy and may be responsible for

dysfuncti al cells. However, the patients were operated with IES
mapping, anhd resection was pursued until motor response were found, leaving a tumor
residue when invading the motor pathway. Consequently, postoperative improvement of
anisotropy cannot be explained by the extirpation of the tumor cells that invaded the
motor pathway. Vasogenic edema is characteristic of high-grade tumors, but may also
appear in GGII with significant mass effect. Consequently, in the cases presented here

edema surrounding the tumor mass may have had an important role in the restoration of
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normal anisotropy after surgery. Edema is generated at the margins of the tumor mass
where high pressure is transmitted to the adjacent white matter; the edema infiltrates the
tracts reducing anisotropy while retaining sufficiently ordered structure to allow its
identification on directional color maps. Tumor surgical removal resulted in a release of
mass effect with reduction of edema and normalization of anisotropy.

Recent publications had reported that tumor morphology and subcortical tumor

infiltration are important factors to predict functional recovery and extent of tumor

resection in gliomas within eloquent areas.'' In the first case prese ere was a
cystic lesion that compressed the pyramidal pathway. This compressi bably had an
important role in the development of preoperative S d @g surgical
decompression in postoperative recovery. However, a§\demonstrated\b postoperative

nt %e ection in this case was

precentral gyrus and pyramidal pathway.&
defined by intraoperative electrical ion re@%s resection was pursued until
eloquent areas were encountered-a ce@us.

The human motor systefu comp# \multiple areas and connections that are

.?ﬁ

involved in differez%o
p

ing motor tasks. Consequently, other regions

different to a@way may have had a role in postoperative motor
l@w motor area (SMA) is implicated in the initiation of

movement ‘and speech. When this area is injured, a SMA syndrome occurs with a

re€cove

reduction in spontaneous movement contralateral to the lesion while automatic
movements are relatively preserved. Most of these symptoms are transient, and a rapid
recovery occurs within two to four weeks '2. The SMA is connected to the subcallosal
fasciculus and the frontal aslant tract. The subcallosal fasciculus connects the SMA to

the striatum . The frontal aslant tract has recently been described as an oblique bundle
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that connects the most posterior part of Broca’s territory (i.e., pre-central cortex and
pars opercularis) in the inferior frontal gyrus to the SMA '*'*. Tumor infiltration of the
SMA does not seem to explain the clinical course of the cases presented here. First,
because the preoperative clinical pattern and the recovery pattern was not typical of a
SMA syndrome as classically described. Preoperatively, both voluntary and automatic
movements were impaired. The pattern of recovery after surgery was not typical of a
SMA syndrome, with progressive recovery along a six months period of intensive
rehabilitation. Second, the anatomical location, orientation and anisQtropyr, of the
subcallosal fasciculus and frontal aslant tract were similar before surgery (Fig.

3). However, it is also important to mention that structural satég ve with DTI

t in the functional
ecovery after a lesion.

ﬁyonse by electro stimulation is

urrent cases, despite the long-term

recovery. Duffau has previously reported the prognostic value of IES mapping to
predict functional outcome 2. The author describes a case of a retrocentral metastasis
with intratumoral bleeding and acute complete hemiplegia. Emergency surgery was
performed and IES elicited motor response at the primary motor cortex. The patient

recovered almost completely within one week. The important difference with the cases
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presented here is that our patients recovered motor function after a long-term motor
deficit. The presences of long lasting deficits prior to surgery are indicative of a
definitive lesion and are thought to be irreversible. Our findings questions at a
fundamental level this established view, indicating a remarkable potential recovery of
the primary motor system. Our findings have important implications for surgical

planning. If motor responses are elicited at the primary motor area the resection should

stop at this boundary even in cases of long lasting preoperative hemiplegia. g

Conclusions @Q
O F

In GIIG infiltrating the rolandic cortex and amidal ay, a long-term

motor deficit is not indicative of a definitive p ger@% potential to release

tumor compression to the motor areaié%% s&% of the normal function.

Identification of potential indicat to@o ery after surgery are of major

significance for surgical pl . e, @ossible predictors were identified: 1)

Preoperative DTI tra aphyv is &erfal tool to evaluate tract integrity.
Reconstruction o% ‘Cosact is indicative of anatomo-functional integrity,
jation”andN

despite trac ration. The preoperative depiction of the direction of

tract di me ortant for adaptation of the surgical corridor to avoid
destruction of the bundles. 2) Intraoperative identification of motor response by electro
stimulation confirms the presence of an intact peritumoral tract. Thus, if motor
responses are elicited at the primary motor area the resection should stop at this
boundary even in cases of long lasting preoperative hemiplegia.

Recent publications had reported high rates of language and memory deficits in

GIIG before treatment, with deterioration of the quality of life *°. We raise the question
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if surgery has also the potential to improve these complex cognitive functions. Future

studies using a larger number of subjects may bear insight in this interesting issue.
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Figure 1. Case 1. A) Magne@@ ing (MRI) with diffusion tensor imaging

(DTI) tractography p ed n 2 hen the patient had a normal neurological

erT,etal.

examination. At ]@ramldal pathway had a normal anatomical location,

orientation isetro compared to the contralateral side. B) MRI with DTI
tractogra perform%ﬁ September 2009, when the patient had a right hemiplegia. At
this time the left pyramidal pathway was deviated posteriorly by the enlarged tumor
mass. C) MRI with DTI tractography performed in June 2010, when the patient had
improve motor function in the right upper and lower limb. The patient was able to walk
independently with a cane and a brace in the right leg. At this time the left pyramidal

pathway had recovered the normal position and improved anisotropy.
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Figure 2. Case 1. A) Preoperative functional magnetic resonance imaging (fMRI)
obtained during imaginary movement of the right hand, demonstrating activity
predominantly located in the right precentral gyrus. B) Postoperative fMRI obtained
during movement of the right hand, demonstrating activity predominantly located in the
right precentral gyrus. C) Preoperative sagittal T1-weighted MRI with diffusion tensor
imaging (DTI) tractography reconstruction of the tracts related to motor function:

subcallosal fasciculus (1), frontal aslant tract (2), cingulum (3), and corpus callosum(4).
graphy

Tumor (T). D) Postoperative sagittal T1-weighted MRI with D T
reconstruction of the tracts related to motor function: subcallosa us (1), frontal
aslant tract (2), cingulum (3), and corpus callosum(4). T

aoperatlve

photograph taken before tumor resection showing th tu entlﬁed with

neuronavigation and marked with a yellow line, nses were elicited:
red label with number 1 = motor respon gh §mb flags = language
responses. F) Intraoperative photo en a %mor resection. The functional
motor and language areas identi v, rved.

\

Figure 3. Case 2. @ r <§’ e imaging (MRI) with diffusion tensor imaging

(DTI) tracto 2007, when the patient had a normal neurological
examin@f s ti @left pyramidal pathway had a normal anatomical location,
orientation ‘and anisotropy when compared to the contralateral side. B) MRI with DTI
tractography performed in April 2011, when the patient had a moderate paresis (2/5) of
the right foot. At this time the left pyramidal pathway was deviated posteriorly by the
enlarged tumor mass. C) MRI with DTI tractography performed in September 2012,
when the patient was completely recovered from the right foot paresis. At this time the

left pyramidal pathway had recovered the normal position and anisotropy.
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Figure 4. Case 2. A) Preoperative functional magnetic resonance imaging (fMRI)
obtained during movement of the right leg, demonstrating activity predominantly
located in the left precentral gyrus. B) Postoperative fMRI obtained during movement
of the right leg, demonstrating activity predominantly located in the left precentral gyrus
at the mesial frontal lobe and at the contralateral supplementary motor area. C)

callosal

Preoperative sagittal T1-weighted MRI with diffusion tensor imaging (DTI)
tractography reconstruction of the tracts related to motor functi %

fasciculus (1), frontal aslant tract (2), cingulum (3), and corpus ¢

). Tumor (T).
D) Postoperative sagittal T1-weighted MRI with DTTI tractograph
tracts related to motor function: subcallosal fascicu D);

ns%ion of the
( ant tract (2),
photograph taken
d Wi

cingulum (3), and corpus callosum (4). Tumor

before tumor resection showing the tumor, K s/ ent@ th neuronavigation and
marked with a yellow line. The followi spo@re elicited: red labels = motor
responses in the right upper li fage; els = sensory responses in the right

upper limb; flag = speech arfest. F)@operative photograph taken after tumor

resection. The fun '@Wonguage areas identified have been preserved.

Direct stimulatf Su al level induced motor movement of the right arm and

W
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