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Abstract
Background and objective Awake craniotomy (AC) is a valuable technique for surgical interventions in eloquent areas, but 
its adoption in low- and middle-income countries faces challenges like limited infrastructure, trained personnel shortage, 
and inadequate funding. This scoping review explores AC techniques in Latin American countries, focusing on patient 
characteristics, tumor location, symptomatology, and outcomes.
Methods A scoping review followed PRISMA guidelines, searching five databases in English, Spanish, and Portuguese. 
We included 28 studies with 258 patients (mean age: 43, range: 11–92). Patterns in AC use in Latin America were analyzed.
Results Most studies were from Brazil and Mexico (53.6%) and public institutions (70%). Low-grade gliomas were the most 
common lesions (55%), most of them located in the left hemisphere (52.3%) and frontal lobe (52.3%). Gross-total resection 
was achieved in 34.3% of cases. 62.9% used an Asleep-Awake-Asleep protocol, and 14.8% used Awake-Awake-Awake. The 
main complication was seizures (14.6%). Mean post-surgery discharge time was 68 h. Challenges included limited training, 
infrastructure, and instrumentation availability. Strategies discussed involve training in specialized centers, seeking sponsor-
ships, applying for awards, and multidisciplinary collaborations with neuropsychology.
Conclusion Improved accessibility to resources, infrastructure, and adequate instrumentation is crucial for wider AC avail-
ability in Latin America. Despite disparities, AC implementation with proper training and teamwork yields favorable out-
comes in resource-limited centers. Efforts should focus on addressing challenges and promoting equitable access to this 
valuable surgical technique in the region.
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Abbreviations
AC  Awake craniotomy
AED  Antiepileptic drug
DES  Direct electrical stimulation
EEG  Electroencephalogram
GA  General anesthesia
LA  Local anesthesia
HGG  High-grade glioma
LGG  Low-grade glioma
LMIC  Low- and middle-income countries

Introduction

Awake craniotomy (AC), also known as awake brain sur-
gery, is a robust and versatile procedure first described by 
Sir Victor Horsley in 1886 [1] AC has increasingly become 
a pivotal neurosurgical procedure used in challenging cases 
to perform a real-time mapping of eloquent areas first to 
achieve a maximal safe resection and second to minimize 
postoperative complications, decreasing ICU costs [2], and 
allowing a treatment alternative for otherwise inoperable 
tumors [3]. Duffau et al. highlighted mapping the func-
tional connectome for each patient to perform resections in 
eloquent areas and optimize the once-functional balance, 
achieved mainly with AC [4].
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Intuitively, we can argue that the use of AC in low- and 
middle-income countries would result in more benefits, 
reducing costs in the postoperative period and helping the 
patients to reincorporate faster in their regular occupations, 
as was proved in high-income countries [5]; however, several 
factors have acted as barriers that make its use relatively 
uncommon in these countries [6]. In 2015, the Lancet Com-
mission on Global Surgery summarized the surgical burden 
and limitations in providing safe and affordable surgical 
care worldwide, showing that at least 47 millions of Latin-
American do not have access to surgical resources [7]. Little 
is known about the number of neurosurgical procedures and 
the current status in the region for AC.

In this scoping review, we explore AC's state of the art of 
AC in different Latin-American countries, the availability of 
information in different languages, the characteristics of the 
lesions, the extent of resection, complications, and the type 
of anesthesia used. Additionally, we aim to identify barriers 
to performing these procedures and explore potential strate-
gies to overcome some of the challenges.

Materials and methods

Search strategy

This scoping review was conducted following the Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis-
Scoping Review (PRISMA-ScR). The relevant articles were 
searched via PubMed, Scopus, Google Scholar, and Web of 
Science, with the final date of retrievals on April  15th, 2023. 
The search was conducted in English, Portuguese, and Span-
ish. Additional details of the search terms for each database 
are available in Supplementary Table 1.

We did use Boolean terms for Latin America and Latin 
American countries individually. Additionally, we screened 
the affiliation of the listed authors for a more comprehensive 
search strategy. Articles selection was based on where the 
procedure was conducted and if at least one author affiliation 
was from a Latin American country. Full-text articles were 
evaluated to confirm the location and respective affiliations. 
This review protocol was submitted to Inplasy.

Inclusion and exclusion criteria

Articles were included if they met the following criteria: 
(1) original peer-reviewed articles with a digital objective 
identifier, (2) English, Spanish, or Portuguese as primary 
language, (3) AC used as a neurosurgical procedure in any 
Latino-American Country, (4) provided sufficient and high-
quality data (5) articles involving human subjects only.

Exclusion criteria included (1) articles that aggregated 
AC data on Latino American and non-Latino American 

countries without differentiating the population and places, 
(2) studies that investigated neurosurgical interventions 
other than AC, (3) Articles with insufficient information or 
lack of quality in the provided analysis, (4) Letters to the edi-
tor due to the lack of validation by peer-reviewed or limited 
information.

Screening and data management

The initial search was performed by AS and UT, based on the 
following terms ("awake"[All Fields] OR "awakeness"[All 
Fields] OR "awakes"[All Fields] OR "awaking"[All Fields]) 
AND ("craniotomy"[MeSH Terms] OR "craniotomy"[All 
Fields] OR "craniotomies"[All Fields]) AND ("latin 
america"[MeSH Terms] OR ("Latin"[All Fields] AND 
"america"[All Fields])) ("awake"[All Fields] AND 
("craniotomy"[MeSH Terms] OR "craniotomy"[All Fields] 
OR "craniotomia"[All Fields]) AND ("mexico"[MeSH 
Terms] OR "colombia"[All Fields] OR "brazil"[All Fields] 
OR "chile"[All Fields]).

LMH and LF performed the first abstract screening. JS, 
LF, and LM performed the following screening and full-text 
reading. The extracted data was added to a Google Drive 
document. DG, JAM, and EO performed confirmation of 
the data.

Data charting was performed in duplicate (UT, RM) and 
discussed data collection (AS, ES, LM, LF). The extracted 
information included demographics, type of health care 
of the center, place of training for awake craniotomy (first 
author or senior author), type of lesion, laterality, location, 
the extent of resection, type of anesthesia used, postopera-
tive complications, and during, and experiences.

Statistical analysis

The data were compiled in a single spreadsheet and imported 
into Microsoft Excel 2010 (Microsoft Corporation, Red-
mond, WA) for validation and coding. Fields allowing string 
values were examined for implausible values. The data were 
then exported into Graph Pad version 8.0 for Macintosh 
(GraphPad Software, San Diego, California USA, www. 
graph pad. com”) for analyses and graph design. Descriptive 
statistics were calculated to summarize the data. Frequen-
cies and percentages were utilized to describe nominal data.

Interview with specialists

We conducted a concise and voluntary interview consist-
ing of three open-ended questions: “What is the primary 
challenge associated with Awake Craniotomy in your spe-
cific country and field?”, “How does your team effectively 
address and manage these challenges?” and “What meas-
ures are essential for overcoming these challenges?” In cases 

http://www.graphpad.com
http://www.graphpad.com
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where interviews with specialists from certain countries 
were not feasible, we supplemented the information with 
relevant findings from the existing literature.

Results

Overview of literature search results

During the initial data search, 120 articles were identified 
from the mentioned databases. After the initial screening, 
53 articles were selected for retrieval, of which 28 were 
excluded due to incomplete data or contradictory informa-
tion. 3 additional reports were retrieved from the Peruvian 
Neurosurgical Association webpage. Ultimately, 27 articles 
were included in this review. All details are shown in Fig. 1. 
12 articles were in English, 11 in Spanish, and 4 in Portu-
guese (Fig. 1).

Demographics

A total of 259 patients who underwent awake craniotomy 
for a specific pathology were identified from the 27 selected 
articles. These patients came from eight countries, of which 
51.1% of the articles (n = 133) were from Brazil [6, 8–12]. 
The next two most represented countries were Mexico, with 

19.3% of patients (n = 50), and Chile [11–14], with 15.5% 
(n = 40) (see Table 1). The retrieved patients had a mean age 
of 43.9 (SD = 18.14). Most hospitals were part of the public 
system (19/27–70%), while 8 corresponded to private insti-
tutions. Only 3 of the institutions linked to the articles did 
not have an academical link or were academical hospitals. 
All of them in the public service area. Most first authors 
trained in their country of origin, followed by the USA 
(Table 1). Gender was reported for 208 patients, of which 
72% of patients (n = 149) were male, and 28.3% (n = 59) 
were female (Table 1).

CNS lesion characteristics and anatomical 
localization of awake craniotomy in adult 
and pediatric patients.

All the included studies reported the type of lesion. In 
total, 259 patients were included. Of these, 53.3% (n = 138) 
debuted with low-grade glioma. In comparison, 32% (n = 83) 
reported high-grade glioma, followed by other types of 
lesions such as cavernous malformations (n = 8), metastasis 
(n = 7), gliosis (n = 3), and a dermoid cyst (n = 1) (Table 2, 3, 
Fig. 2A). Left-sided lesions were more frequently reported 
(44%, n = 112) compared to right -sided lesion (18%, 
n = 46); three studies did not report the laterality (n = 99, 
38%) (Table 2, 3, Fig. 2B). The lesions were more frequent 

Fig. 1  Prisma guideline flowchart
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in the frontal lobe (51%), followed by the temporal (37%). 
Some lesions involved more than one region (2%) (Table 2, 
3, Fig. 2C). None of the studies directly compared Awake 
Craniotomy with General Anesthesia Craniotomy. The 
extent of resection was reported in 18 studies, contributing 
to 143 patients. Gross-total resection was achieved in 49 
patients (34.3%) [6, 8, 9, 13–19] and Subtotal Resection in 
94 (65.7%) [10, 17, 20, 21]. One case required anterior left 
temporal lobectomy [22] (Table 2).

Although AC is an established technique, important 
differences exist between surgical approaches regarding 

the anesthesia protocol. 62.9% (17 articles) opted for an 
Asleep-Awake-Asleep protocol, [9, 12–18, 21–27] 14.8% 
Opted for an Awake-Awake-Awake [10, 20, 28, 29], and 
22.2% of the studies did not report the type of anesthesia 
[6, 8, 22, 30, 31] (Table 2, 3, Fig. 2D).

With some specific variations, most centers used propo-
fol, remifentanil, and dexmedetomidine. (Table 2).

Table 1  General distribution of articles by country, language, and description of the population

Study and year Country Language Age (Mean) N Type of health 
care

Academical hospi-
tal or link with an 
academic institu-
tion? (Yes/No)

Place of train-
ing (fellow-
ship)

Female (N) Male (N)

Mamani et al. [24] Mexico English 44.5 45 Private Yes Mexico/Peru 12 33
Bennet et al. [25] Chile English 40.1 40 Public No France/Chile * *
Sandoval-Bonilla 

et al. [15]
Mexico English 52 1 Public Yes Mexico 0 1

Vigo et al. [8] Brazil English 29 1 Public Yes USA 1 0
Albuquerque et al. 

[6]
Brazil English 44 1 Public Yes France/Brazil 0 1

Barrenechea et al. 
[16]

Argentina English 42 1 Private Yes USA 0 1

Krambek et al. [8] Brazil English 50 1 Private/Public Yes Brazil 1 0
Leal et al. [10] Brazil English 56 17 Public Yes Brazil 5 12
Leal et al. [20] Brazil English 57 19 Public Yes Brazil 7 12
Cole et al. [13] Mexico English 92 1 Private Yes USA 1 0
Amorim et al. [17] Brazil Portuguese 35.4 12 Public Yes Brazil 6 6
Pereira et al. [21] Brazil English 39.3 79 Public Yes Canada 20 59
Velazquez-Gonza-

lez et al. [36]
Cuba Spanish 42 1 Public Yes Cuba 0 1

Gonzalez et al. 
[31]

Colombia Spanish 67.8 10 Private Yes USA 3 6

Nuñez-Velasco 
et al. [14]

Mexico Spanish 26.5 2 Public Yes USA/Mexico 0 2

Cruz et al. [18] Cuba Spanish 54 3 Public Yes Cuba 0 3
Martinez-Barreto 

et al. [37]
Mexico Spanish 11 1 Private (part of a 

non-profit foun-
dation)

Yes Mexico 0 1

Bolzani et al. [11] Brazil Portuguese 36 1 Public Yes Brazil 0 1
Delgado-Maidana 

et al. [26]
Paraguay Spanish 46 6 Public Yes Paraguay 2 4

Côrte et al. [19] Brazil Portuguese 27 1 Public Yes Brazil 0 1
Freitas et al. [12] Brazil Portuguese 30 1 Public Yes Brazil 0 1
Barbieri et al. [28] Argentina Spanish 71 1 Private Yes Argentina 0 1
Quiroz [29] Perú English 74 1 Public No Peru 0 1
Flores et al. [23] Perú Spanish 45 1 Public No Peru 0 1
Vasquez et al. [38] Perú Spanish 25 1 Private/Public No Mexico/Peru 0 1
Barreto-Acevedo 

et al. [22]
Perú Spanish 16 1 Public Yes Spain 1 0

Longo et al. [27] Argentina Spanish 34 10 Private Yes Argentina * *



Journal of Neuro-Oncology 

1 3

Ta
bl

e 
2 

 C
ha

ra
ct

er
ist

ic
s o

f t
he

 le
si

on
s b

y 
N

 a
nd

 p
er

ce
nt

ag
e,

 th
e 

ex
te

nt
 o

f r
es

ec
tio

n,
 a

nd
 ty

pe
 o

f a
ne

st
he

si
a 

us
ed

A
ut

ho
rs

N
Le

si
on

H
em

is
ph

er
e

Lo
ca

tio
n*

*
Su

rg
er

y
Ty

pe
 o

f a
ne

st
he

si
a

Pr
e-

op
er

at
iv

e 
co

ns
id

er
at

io
ns

M
en

in
-

gi
om

a 
(n

)

H
G

G
 (n

)
LG

G
 (n

)
Se

iz
ur

e 
co

nt
ro

l d
ue

 
to

 o
th

er
 

pa
th

ol
og

y

O
th

er
Le

ft
R

ig
ht

Fr
on

ta
l

Te
m

po
ra

l
Pa

rie
ta

l
In

su
la

r
O

cc
ip

ita
l

O
th

er
Ex

te
nt

 o
f 

re
se

ct
io

n
Ty

pe
 o

f 
an

es
th

es
ia

M
ed

ic
at

io
n 

fo
r 

se
da

tio
n

Pr
e-

op
er

-
at

iv
e 

N
eu

ro
-

ps
yc

ho
-

lo
gi

ca
l 

te
sti

ng
 

(Y
es

/
N

o)

In
tra

op
-

er
at

iv
e 

sti
m

ul
a-

tio
n 

fo
r 

co
rti

ca
l 

an
d 

su
bc

or
ti-

ca
l a

re
as

. 
(Y

es
/

N
o)

M
am

an
i 

et
 a

l. 
[2

4]
45

0
24

 (5
3.

4%
)

21
 (4

6.
6)

32
*

-
N

R
N

R
24

 (5
3.

3%
)

15
 (3

3.
3%

)
5 

(1
1.

1%
)

1(
2.

2%
)

0
0

N
/A

A
sl

ee
p-

aw
ak

e-
as

le
ep

Pr
op

of
ol

-
de

xm
ed

et
o-

m
id

in
e

N
R

Ye
s

B
en

ne
t e

t a
l. 

[2
5]

40
0

11
 (2

7.
5)

29
 (7

2.
5%

)
N

R
N

R
N

R
N

R
19

 (4
8%

)
12

 (3
0%

)
6 

(1
5%

)
0

0
3 

(7
%

) M
ul

-
til

ob
ar

N
/A

A
sl

ee
p-

aw
ak

e-
as

le
ep

N
R

N
o

N
o

Sa
nd

ov
al

-
B

on
ill

a 
et

 a
l. 

[1
5]

1
N

/A
N

/A
N

/A
1 

(1
00

%
)

C
or

tic
al

 
dy

sp
la

si
a

1(
10

0%
)

0
1 

(1
00

%
)

0
0

0
0

0
G

ro
ss

-to
ta

l 
re

se
ct

io
n

A
sl

ee
p-

aw
ak

e-
as

le
ep

N
R

N
R

Ye
s

V
ig

o 
et

 a
l. 

[8
]

1
N

/A
N

/A
N

/A
1 

(1
00

%
)

C
av

er
no

us
 

m
al

fo
rm

a-
tio

n

1(
10

0%
)

0
0

0
0

1 
(1

00
%

)
0

0
G

ro
ss

-to
ta

l 
re

se
ct

io
n

N
R

N
R

N
R

Ye
s

A
lb

uq
ue

rq
ue

 
et

 a
l. 

[6
]

1
N

/A
N

/A
N

/A
1 

(1
00

%
)

C
av

er
no

us
 

m
al

fo
rm

a-
tio

n

1(
10

0%
)

0
1 

(1
00

%
)

0
0

0
0

0
G

ro
ss

-to
ta

l 
re

se
ct

io
n

N
R

N
R

Ye
s

Ye
s

B
ar

re
ne

ch
ea

 
et

 a
l. 

[1
6]

1
N

/A
N

/A
N

/A
N

/A
C

av
er

no
us

 
m

al
fo

rm
a-

tio
n

0
1(

10
0%

)
0

0
1(

10
0%

)
0

0
0

G
ro

ss
-to

ta
l 

re
se

ct
io

n
A

sl
ee

p-
aw

ak
e-

as
le

ep

D
ex

m
e-

de
to

m
ed

in
a-

re
m

ife
nt

an
ilo

N
o

Ye
s

K
ra

m
be

k 
et

 a
l. 

[8
]

1
N

/A
N

/A
N

/A
N

/A
C

av
er

no
us

 
m

al
fo

rm
a-

tio
n

0
1(

10
0%

)
1(

10
0%

)
0

0
0

0
0

G
ro

ss
-to

ta
l 

re
se

ct
io

n
A

sl
ee

p-
aw

ak
e-

as
le

ep

Pr
op

of
ol

-
re

m
ife

nt
an

ilo
Ye

s
Ye

s

Le
al

 e
t a

l. 
[1

0]
17

0
7 

(4
1%

)
4 

(2
3%

)
N

/A
M

et
as

ta
si

s
(n

 =
 6 

(3
5%

))
11

 (6
5%

)
6 

(3
5%

)
12

 (7
1%

)
2 

(1
2%

)
2 

(1
2%

)
1 

(6
%

)
0

0
Su

bt
ot

al
 

re
se

ct
io

n
A

w
ak

e-
aw

ak
e-

aw
ak

e

Pr
op

of
ol

-
re

m
ife

nt
an

ilo
Ye

s
Ye

s

Le
al

 e
t a

l. 
[2

0]
19

N
/A

8 
(4

2%
)

5 
(2

6%
)

N
/A

M
et

as
ta

si
s

(n
 =

 6 
(3

1.
5%

)
11

 (5
8%

)
8 

(4
2%

)
13

 (6
8%

)
3 

(1
6%

)
2 

(1
1%

)
1 

(5
%

)
0

0
Su

bt
ot

al
 

re
se

ct
io

n
A

w
ak

e-
aw

ak
e-

aw
ak

e

Pr
op

of
ol

-
re

m
ife

nt
an

ilo
Ye

s
Ye

s

C
ol

e 
et

 a
l. 

[1
3]

1
0

1 
(1

00
%

)
0

0
0

1 
(1

00
%

)
0

1(
10

0%
)

0
0

0
0

0
G

ro
ss

-to
ta

l 
re

se
ct

io
n

A
sl

ee
p-

aw
ak

e-
as

le
ep

N
R

Ye
s

Ye
s

A
m

or
im

 
et

 a
l. 

[1
7]

12
0

0
6 

(5
0%

)
12

 (1
00

%
)

3 
(2

5%
) 

C
av

er
no

us
 

m
al

fo
rm

a-
tio

n,
 1

 
(8

.3
%

) D
er

-
m

oi
d 

C
ys

t, 
1(

8.
3%

) 
G

lio
si

s, 
1(

8.
3%

) 
Re

fr
ac

to
ry

 
Ep

ile
ps

y

12
 (1

00
%

)
0

8 
(6

7%
)

2 
(1

6.
5%

)
2 

(1
6.

5%
)

0
0

0
G

ro
ss

 to
ta

l 
re

se
ct

io
n 

n =
 8,

 
su

b-
to

ta
l 

re
se

ct
io

n 
n =

 4

A
sl

ee
p-

aw
ak

e-
as

le
ep

D
ex

m
e-

de
to

m
ed

in
a-

re
m

ife
nt

an
ilo

Ye
s

Ye
s

Pe
re

ira
 e

t a
l. 

[2
1]

79
0

27
 (3

4.
2%

)
52

 (6
5.

8%
)

0
0

56
 (7

1%
)

23
 (2

9%
)

41
 (5

2%
)

0
10

 (1
3%

)
16

 (2
0%

)
12

 (1
5%

)
0

G
ro

ss
 to

ta
l 

re
se

c-
tio

n =
 25

, 
su

bt
o -

ta
l =

 54

A
sl

ee
p-

aw
ak

e-
as

le
ep

Pr
op

of
ol

-
re

m
ife

nt
an

ilo
Ye

s
Ye

s



 Journal of Neuro-Oncology

1 3

Ta
bl

e 
2 

 (c
on

tin
ue

d)

A
ut

ho
rs

N
Le

si
on

H
em

is
ph

er
e

Lo
ca

tio
n*

*
Su

rg
er

y
Ty

pe
 o

f a
ne

st
he

si
a

Pr
e-

op
er

at
iv

e 
co

ns
id

er
at

io
ns

M
en

in
-

gi
om

a 
(n

)

H
G

G
 (n

)
LG

G
 (n

)
Se

iz
ur

e 
co

nt
ro

l d
ue

 
to

 o
th

er
 

pa
th

ol
og

y

O
th

er
Le

ft
R

ig
ht

Fr
on

ta
l

Te
m

po
ra

l
Pa

rie
ta

l
In

su
la

r
O

cc
ip

ita
l

O
th

er
Ex

te
nt

 o
f 

re
se

ct
io

n
Ty

pe
 o

f 
an

es
th

es
ia

M
ed

ic
at

io
n 

fo
r 

se
da

tio
n

Pr
e-

op
er

-
at

iv
e 

N
eu

ro
-

ps
yc

ho
-

lo
gi

ca
l 

te
sti

ng
 

(Y
es

/
N

o)

In
tra

op
-

er
at

iv
e 

sti
m

ul
a-

tio
n 

fo
r 

co
rti

ca
l 

an
d 

su
bc

or
ti-

ca
l a

re
as

. 
(Y

es
/

N
o)

Ve
la

zq
ue

z-
G

on
za

le
z 

et
 a

l. 
[3

6]

1
N

/A
0

1 
(1

00
%

)
1 

(1
00

%
)

0
0

1 
(1

00
%

)
1(

10
0%

)
0

0
0

0
0

N
/A

N
R

N
R

N
R

Ye
s

G
on

za
le

z 
et

 a
l. 

[3
1]

10
0

4 
(4

0%
)

6 
(6

0%
)

9 
(9

0%
)

0
6 

(6
0%

)
4 

(4
0%

)
4 

(4
0%

)
1 

(1
0%

)
2 

(2
0%

)
1 

(1
0%

)
0

2 
(2

0%
) 

Fr
on

-
to

pa
rie

ta
l

N
/A

N
R

N
R

Ye
s

Ye
s

N
uñ

ez
-

Ve
la

sc
o 

et
 a

l. 
[1

4]

2
0

0
2 

(1
00

%
)

2 
(1

00
%

)
0

2 
(1

00
%

)
0

0
0

2 
(1

00
%

)
0

0
0

G
ro

ss
 to

ta
l 

re
se

ct
io

n
A

sl
ee

p-
aw

ak
e_

as
le

ep

N
R

N
R

Ye
s

C
ru

z 
et

 a
l. 

[1
8]

3
0

0
3 

(1
00

%
)

3 
(1

00
%

)
N

/A
3 

(1
00

%
)

0
2 

(7
5%

)
1 

(2
5%

)
0

0
0

0
G

ro
ss

 to
ta

l 
re

se
ct

io
n

A
sl

ee
p-

aw
ak

e-
as

le
ep

Pr
op

of
ol

Ye
s

N
R

M
ar

tin
ez

-
B

ar
re

to
 

et
 a

l. 
[3

7]

1
0

0
0

1 
(1

00
%

)
Pe

di
at

ric
 

tu
m

or
 

(U
nk

no
w

n 
hi

sto
lo

gy
)

0
1(

10
0%

)
0

0
1 

(1
00

%
)

0
0

0
N

/A
A

sl
ee

p-
aw

ak
e-

as
le

ep

D
ex

m
ed

et
om

id
-

in
a-

pr
op

of
ol

-
re

m
ife

nt
an

ilo

Ye
s

N
R

B
ol

za
ni

 e
t a

l. 
[1

1]
1

0
0

0
1 

(1
00

%
)

C
av

er
no

us
 

m
al

fo
rm

a-
tio

n

1(
10

0%
)

0
0

0
1(

10
0%

)
0

0
0

N
/A

A
sl

ee
p-

aw
ak

e-
as

le
ep

Pr
op

of
ol

-
re

m
ife

nt
an

ilo
Ye

s
Ye

s

D
el

ga
do

-
M

ai
da

na
 

et
 a

l. 
[2

6]

6
0

0
6

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

0
N

/A
A

sl
ee

p-
aw

ak
e-

as
le

ep

Re
m

ife
nt

an
ilo

-
pr

op
of

ol
N

R
N

R

C
ôr

te
 e

t a
l. 

[1
9]

1
0

0
1 

(1
00

%
)

1(
10

0%
)

0
1(

10
0%

)
0

1(
10

0%
)

0
0

0
0

0
G

ro
ss

-to
ta

l 
re

se
ct

io
n

N
R

N
R

Ye
s

Ye
s

Fr
ei

ta
s e

t a
l. 

[1
2]

1
0

0
1 

(1
00

%
)

1 
(1

00
%

0
1(

10
0%

)
0

0
0

0
0

0
1 

((
10

0%
) 

Fr
on

-
to

pa
rie

to
-

te
m

po
ra

l

N
/A

A
sl

ee
p-

aw
ak

e-
as

le
ep

Pr
op

po
fo

l-
re

m
ife

nt
an

ile
Ye

s
Ye

s

B
ar

bi
er

i e
t a

l. 
[2

8]
1

N
/A

N
/A

N
/A

N
/A

M
et

as
ta

si
s

1 
(1

00
%

)
0

0
0

0
0

1 
(1

00
%

)
0

G
ro

ss
-to

ta
l 

re
se

ct
io

n
A

w
ak

e-
aw

ak
e-

aw
ak

e

M
id

az
ol

am
-

dr
op

er
id

ol
-

fe
nt

an
ilo

 p
or

 
ví

a 
IV

 m
ás

 
se

vo
flu

or
an

o

Ye
s

Ye
s

Q
ui

ro
z 

[2
9]

1
0

1 
(1

00
%

)
0

1 
(1

00
%

)
0

1(
10

0%
)

0
1(

10
0%

)
0

0
0

0
0

G
ro

ss
-to

ta
l 

re
se

ct
io

n
A

w
ak

e-
aw

ak
e-

aw
ak

e

D
ex

m
e-

de
to

m
ed

in
a

N
o

Ye
s

Fl
or

es
 e

t a
l. 

[2
3]

1
0

0
1 

(1
00

%
)

1 
(1

00
%

)
0

0
1(

10
0%

)
1(

10
0%

)
0

0
0

0
0

G
ro

ss
-to

ta
l 

re
se

ct
io

n
A

sl
ee

p-
aw

ak
e-

as
le

ep

Pr
op

of
ol

—
re

m
ife

nt
a-

ni
lo

-d
ex

m
e-

de
to

m
id

in
a

Ye
s

Ye
s

Va
sq

ue
z 

et
 a

l. 
[3

8]
1

0
N

/A
N

/A
1 

(1
00

%
)

0
1(

10
0%

)
0

1(
10

0%
)

0
0

0
0

0
G

ro
ss

-to
ta

l 
re

se
ct

io
n

A
sl

ee
p-

aw
ak

e-
as

le
ep

Pr
op

of
ol

—
re

m
ife

nt
an

ilo
Ye

s
Ye

s



Journal of Neuro-Oncology 

1 3

Postoperative complications in awake craniotomy 
patients

The most common complication was seizures, occur-
ring in 14.5% (n = 31). Followed by hemiparesis in 8.4% 
(n = 14). Additional complications such as aphasia and 
nausea were reported but with lower percentages (3.6% 
and 0.6% of the patients, respectively) (Table 3 and Sup-
plementary 1—Fig. 2E). On average, patients were hos-
pitalized for approximately 68 h following the surgical 
procedure (Table 3 and Supplementary 1- Fig. 2F).
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Table 3  Summary of characteristics and outcomes

*Three studies did not report the laterality—The N for the sample 
excluding the individuals from these studies corresponded to 157 
patients
**Two studies did not report the location—The N for the sample 
excluding the individuals from these studies corresponded to 241 
patients
CI confidence interval

N %

Total N 258
Lesion
 Glioma
 High-grade glioma 83 32%
 Low-grade glioma 138 53.00%
 Meningioma 0 0
 Others 27 10.00%

Hemisphere*
 Right 46 18%
 Left 112 44%
 Not reported 99 38%

Location**
 Frontal 132 51%
 Temporal 37 14%
 Parietal 34 13%
 Insular 21 8%
 Occipital 13 5%
 Others 6 2%

Post-operative complications**
 Aphasia 6/167 3.6%
 Hemiparesis 14/167 8.4%
 Seizure 31/212 14.6%
 Nausea 1/167 0.6%
 Death 0 0

Did the patient recover from the complica-
tion?

23/23*** 100%

Discharge Time (Hours) (mean/CI) 68 (24–168)
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Constraints at AC in low‑resource centers

Regarding the challenges, 25% of the studies mentioned hav-
ing limitations in their infrastructures. 25% reported limita-
tions in trained personnel, and 28% discussed challenges 
involving scarce economic resources, support for training, 
and instrumentation (Fig. 2G, Supplementary 1–2).

Discussion

Despite challenges, AC is a safe and valuable technique that 
has been progressively adopted in use in Latin American 
countries. The biggest advantages of AC vs. GA include 
shorter times in hospitalization, reduced postoperative com-
plications, such as infection, and increased patient satisfac-
tion, involving a faster time going back to work life [2]. The 
results suggest a need for greater accessibility to resources, 



Journal of Neuro-Oncology 

1 3

particularly training and infrastructure, to ensure AC is 
available to patients in need at more neurosurgical centers 
throughout the region.

AC has increasingly become a pivotal neurosurgical 
procedure used in challenging cases to perform a real-time 
mapping of eloquent areas first to achieve a maximal safe 
resection and second to minimize postoperative complica-
tions, decreasing ICU costs [2] and allowing a treatment 
alternative for otherwise inoperable tumors [3].

A huge benefit of awake craniotomy over asleep tech-
nique is that can be performed safely with a limited number 
of technological (and expensive) tools, from the principle 
of knowing the anatomy, and anatomical guidance can be 
achieved directly with electrical stimulation. This point was 
also previously highlighted by Eseonu et al., Albuquerque 
et al., and Zhang et al. [5, 32, 33].

As mentioned by Albuquerque et al., one of the main 
challenges was limited access to technologies such as neu-
ronavigation, diffusion tensor imaging MRI, functional MRI, 
and motor-evoked potentials, among others [34, 35]. An 
important conceptual challenge is mapping multiple cogni-
tive functions, particularly in patients with lesions in the 
right hemisphere, where mere neurological exam and locali-
zation can be difficult—followed by the difficulty of achiev-
ing a highly trained and aligned multi-disciplinary team 
[34]. However, the challenges are managed in most centers 
with preoperative neuropsychological tests and intraopera-
tive stimulation (Table 2, Fig. 2). Finally, late referrals and 
lacking reliable follow-up due to transportation limitations, 

suboptimal recovery, and in some cases, the low educational 
level of some of the patients interfere with the performance 
of the neurocognitive test, certainly a situation that mirrors 
the political influence in the region [32, 34–37]

The experts’ opinions revealed a consensus regarding a 
multidisciplinary team capable of approaching the surgery 
from diverse perspectives, essential for ensuring success 
(Supplementary 2).

AC is a complex procedure requiring a series of elements, 
including brain mapping, specific anesthetics, and dam-
age control elements, including cold IV infusions. As well 
as a highly trained team. This poses a challenge for Latin 
American countries, as socioeconomic barriers significantly 
influence the ability to meet these goals [26, 38]. Maldaun 
et al. demonstrated that AC could be safely performed with 
adequate training even though it was a learning curve regard-
ing patient positioning and setup times [39]. Once again, 
this highlights the need for trained personnel capable of 
meeting the requirements of these complex procedures. 
However, in most centers in LMIC (low and middle-income 
countries), the educational challenges are difficult to access 
not only for neurosurgery residents but also anesthesiolo-
gists, electrophysiologists, neuropsychologists, and others, 
which are scarce in most health centers. The opinion of the 
experts highlights a straightforward yet complex solution: 
The Necessity for investments in health and education. Such 
investments can help bridge the gap and enhance healthcare 
quality in Latin American health institutions.

Our results suggest that besides some of these challenges, 
AC can be safely performed with complication rates below 
30%, most of which are reversible. (Fig. 2E), even below the 
34.5% reported in the literature based on a systematic review 
by Zhang et al. in 2020 [33]. Also, with a relatively short dis-
charge time of fewer than three days (Table 3). However, the 
extent of resection is still under the level projected by Zhang 
et al., where 74.7% [33] was achieved compared to 34.3% in 
our population (Table 2). This is a very low percentage com-
pared to American reference centers, with > 83% [5]. In our 
cohort, only 18/27 reported the Extend of Resection, contribut-
ing to a possible bias. Another possible explanation could be 
a literature collection bias where some of the centers where 
awake craniotomy is performed on a bigger scale do not pub-
lish their cohorts, as suggested by Dr. Juan Mejia, M.D (Sup-
plementary Data 2). Showing the importance of encouraging 
researchers in these areas to publish and contribute to the avail-
able literature. A similar situation can be addressed for the out-
comes. Being seizures one of the most important compared to 
American cohorts like the one reported by Zanello et al., with 
only 3.5–7.9% [40] compared to 14.6% in our study.

In at least ¼ of the studies included the authors did not 
mention any complications or inform about the outcome, 
leaving the answer open to discussion if this was omission 
or effectively no complications occurred, a reason why we 

Fig. 2  Characteristics of the lesions and used anesthesia. A Type 
of lesion, note that 53.3% (n = 138) had low-grade glioma. In com-
parison, 32% (n = 83) reported high-grade glioma, followed by other 
types of lesions such as cavernous malformations (n = 8), metastasis 
(n = 7), gliosis (n = 3), and a dermoid cyst (n = 1), B Laterality of the 
lesion:]44% of patients (n = 112) presented a left-sided lesion, while 
18% of patients (n = 46) debuted with a right-sided lesion; three 
studies did not report the laterality (n = 99, 38%). C Location of the 
Lesions. The lesions were more frequent in the frontal lobe (51%), 
followed by the temporal (37%). Some lesions involved more than 
one region (2%). None of the studies directly compared Awake Cra-
niotomy with General Anesthesia Craniotomy. D Type of Anesthesia 
Protocol: 62.9% (17 articles) opted for an Asleep-Awake-Asleep pro-
tocol [7, 10, 11, 13–19, 21, 24, 27–29]. 14.8% Opted for an Awake-
Awake-Awake [8, 22, 23, 26], and 22.2% of the studies did not report 
the type of anesthesia [4, 6, 27, 30, 31]. *Other: Including Fronto-
temporal, Frontoparietal, and Frontoinsular, E post-operative com-
plications: Seizure was the most common complication, occurring 
in 24.5% (n = 15). Followed by hemiparesis in 22.9% (n = 14). Addi-
tional complications such as aphasia and nausea were reported but 
with lower percentages (9.8% and 1.6% of the patients, respectively), 
F Discharge time: On average, patients were hospitalized for approxi-
mately 68 h following the surgical procedure. G Constraints at AC in 
Low-Resource Centers. Regarding the challenges, 25% of the studies 
mentioned having limitations in their infrastructures. 25% reported 
limitations in trained personnel, and 28% discussed challenges involv-
ing scarce economic resources, support for training, and instrumenta-
tion

◂
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only analyzed the studies that mentioned the variables, to 
avoid bias.

Gerritsen et al. presented a multicenter-international study 
that included 212 neurosurgeons from 42 countries. In this 
study, responses by the center (academic vs. nonacademic or 
private practice) Showed that academic neurosurgeons were 
more than five times as likely to perform awake craniotomies 
(OR = 5.15, P = 0.0007). In academic centers, it was more com-
mon to have a clinical neurophysiologist present with telemet-
ric monitoring during asleep monitoring. In our cohort, most 
centers had an academic affiliation, and more than 85% of the 
hospitals performed intraoperative stimulation and pre-oper-
ative neuropsychological testing. The specific rates could be 
addressed deeply in future publications. Interestingly, this study 
also showed that European centers perform more intra-oper-
atory neuropsychological tests than American centers, while 
Americans tend to include more motor skills [41]. Most of the 
first-author neurosurgeons in our cohort received international 
training in their countries, followed by the USA and Europe.

Postsurgical care at home and in the community requires 
appropriate infrastructure and an understanding of the 
pathology, which was also mentioned by Mofatteh et al. as 
an important challenge in the African community [1]. For 
example, it is known that limited infrastructure in rural areas 
delays medical interventions. Harrington et al. mentioned 
this issue in the American Heart Association Journal [42]. 
Therefore, we suggest that the living conditions and accessi-
bility must be addressed when choosing a candidate for AC.

Best patient outcomes are achieved in centers with a mul-
tidisciplinary team [13, 21, 26, 32, 43]. Shows the necessity 
to increase human talent and support early training for resi-
dents, psychotherapists, and technicians, not only in the tech-
nique but in research and the importance of scientific divul-
gation, and to Adjust the parameters of neuropsychological 
batteries to the patient’s necessities and understanding.

Finally, as mentioned by Mofatteh et al., “Knowledge 
transfer can be used to initiate AC practice with minimum 
requirements. Enhancing global collaboration between 
centers with experience in performing AC in high-income 
countries is required to train competent staff and transfer 
knowledge for the sustainable establishment of AC centers” 
[2]. Suggesting this is a first step to making AC more acces-
sible in the Latin-American territory.

Limitations

The main limitation of this article consisted of the lack of 
reports. To mitigate the bias associated with limited infor-
mation, we included our search articles in Spanish, English, 
and Portuguese search articles. However, this also added a 
new limitation, none of the articles directly evaluated the 
challenges or difficulties. This information was mentioned 

but not extended systematically, adding an interpretation 
bias. Furthermore, all the studies included corresponding 
only to 8 countries, limiting the scope of this work. In the 
future, a multicenter study that aims to investigate the chal-
lenges and ways to improve them is highly suggested, as 
well as cross-sectional and prospective cohorts from Latin-
American countries. Despite all the limitations, this is the 
first study evaluating these topics in Latin America in a sys-
tematic critical review fashion.

Conclusion

Despite the challenges, AC is a safe and valuable technique 
that has increasingly become an essential neurosurgical pro-
cedure in anatomically challenging cases to perform a real-
time mapping of eloquent areas. Considering that shorter 
hospitalization is achieved with AC, reduced postoperative 
complications are seen, and increased patient satisfaction 
is accomplished, its implementation and use in the context 
of low- and middle-income countries can lead to decreased 
financial burden and a more effective and targeted-oriented 
practice.

As was described, the main limitations faced in the Latin 
American context were infrastructure, human talent training, 
and economic resources. As mentioned, part of AC’s success 
is relying on a multidisciplinary team capable of approach-
ing the procedure and anticipating its potential complica-
tions, making this skill a fundamental part of neurosurgical 
training during residency, as well for technicians, neuropsy-
chologists, and neuro anesthesiologists.

The results suggest a need for greater accessibility to 
resources (particularly early training at all levels), infra-
structure, and adequate instrumentation to ensure that AC 
is available to patients in need at more neurosurgical cent-
ers throughout the region, as well an urge for the Latin-
American centers of excellence to publish their experiences 
to increase the visibility of the region. Finally, this review 
shows the strong innovative capacity of Latin American 
medical professionals and demonstrates an excellent pros-
pect for AC's feasibility and widespread application in Latin 
America.
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Author contributions LF, JS, AQH, and JPA developed the idea. RM, 
SF, and AS collected the data and contributed to Tables 1-3. LF, JS, 
and LM reviewed the papers included and corroborated the informa-
tion. JAM, JFR, DG, FH, DG, CV, JN, MB, LA, and CN collected the 
information for the Supplementary Data and reviewed the draft and 
final manuscript. LF and JS wrote the draft and final manuscript. AS, 
UT, and RM contributed building figures 1-2. EO, AQH, RA, and JPA 
reviewed the final version.

https://doi.org/10.1007/s11060-023-04433-0


Journal of Neuro-Oncology 

1 3

Funding This study did not receive any funding or financial support.

Declarations 

Conflict of interest The authors declare no competing interests.

References

 1. Ibrahim GM, Bernstein M (2012) Awake craniotomy for supratento-
rial gliomas: why, when and how? CNS Oncology 1:71–83. https:// 
doi. org/ 10. 2217/ cns. 12.1

 2. Mofatteh M, Mashayekhi MS, Arfaie S et al (2023) Awake crani-
otomy in Africa: a scoping review of literature and proposed solu-
tions to tackle challenges. Neurosurgery. https:// doi. org/ 10. 1227/ 
neu. 00000 00000 002453

 3. Kushner DS, Verano JW, Titelbaum AR (2018) Trepanation proce-
dures/outcomes: comparison of prehistoric Peru with other ancient, 
medieval, and American civil war cranial surgery. World Neurosur-
gery 114:245–251. https:// doi. org/ 10. 1016/j. wneu. 2018. 03. 143

 4. Duffau H (2018) Is non-awake surgery for supratentorial adult low-
grade glioma treatment still feasible? Neurosurg Rev 41:133–139. 
https:// doi. org/ 10. 1007/ s10143- 017- 0918-9

 5. Eseonu CI, Rincon-Torroella J, ReFaey K, Quiñones-Hinojosa A 
(2017) The cost of brain surgery: awake vs asleep craniotomy for 
perirolandic region tumors. Neurosurgery 81:307–314. https:// doi. 
org/ 10. 1093/ neuros/ nyx022

 6. Albuquerque LAF, Pessoa FC, Diógenes GS et al (2018) Awake 
craniotomy for a cavernous angioma in the Broca’s area. Neurosurg 
Focus 45:V4. https:// doi. org/ 10. 3171/ 2018. 10. Focus Vid. 18240

 7. Alkire BC, Raykar NP, Shrime MG et al (2015) Global access to 
surgical care: a modelling study. Lancet Glob Health 3:e316–e323. 
https:// doi. org/ 10. 1016/ S2214- 109X(15) 70115-4

 8. Vigo V, Zanabria Ortiz R, Paganelli SL et al (2019) Awake crani-
otomy for removal of left insular cavernous malformation. World 
Neurosurgery 122:209. https:// doi. org/ 10. 1016/j. wneu. 2018. 10. 220

 9. Krambek MC, Vitorino-Araujo JL, Lovato RM, Veiga JCE (2021) 
Awake craniotomy for eloquent pial arteriovenous fistula - Anes-
thetic and surgical consideration of a rare case. Brazilian J Anes-
thesiol. https:// doi. org/ 10. 1016/j. bjane. 2021. 03. 009

 10. Leal RTM, da Fonseca CO, Landeiro JA (2017) Patients’ perspec-
tive on awake craniotomy for brain tumors—single center expe-
rience in Brazil. Acta Neurochir 159:725–731. https:// doi. org/ 10. 
1007/ s00701- 017- 3125-0

 11. Bolzani ND, de Junqueira D, OP, Ferrari PAPF, et al (2013) Anest-
esia para craneotomía en paciente despierto – relato de caso. Brazil-
ian Journal of Anesthesiology (Edicion en Espanol) 63:500–503. 
https:// doi. org/ 10. 1016/j. bjanes. 2013. 02. 003

 12. Freitas CHD, Oliveira CHS, Rezende DCD et al (2018) Consider-
ações anestésicas para craniotomia em paciente acordado: relato de 
caso. Brazilian J Anesthesiol 68:311–314. https:// doi. org/ 10. 1016/j. 
bjan. 2016. 09. 014

 13. Cole KL, Varela S, Rumalla K et al (2022) Advanced frailty assess-
ment tool predicts successful awake craniotomy in a 92-year-old 
patient: A case report. Surg Neurol Int 13:404. https:// doi. org/ 10. 
25259/ SNI_ 542_ 2022

 14. Núñez-Velasco S, Avendaño-Méndez-Padilla J, García-Iturbide R, 
et al (2019) Cirugía despierta con mapeo cortico-subcortical en 
gliomas difusos adyacentes al lóbulo central. Reporte de dos casos 
y revisión de la literatura. CIRU 87:1722. https:// doi. org/ 10. 24875/ 
CIRU. 18000 753

 15. Sandoval-Bonilla BA, Palmini A, Paglioli E et al (2022) Extended 
resection for seizure control of pure motor strip focal cortical 

dysplasia during awake craniotomy: illustrative case. J Neurosurg. 
https:// doi. org/ 10. 3171/ CASE2 1605

 16. Barrenechea IJ, Márquez LM, Cortadi VA et al (2023) Awake 
craniotomy removal of a corticospinal tract developmental venous 
anomaly hemorrhage: A case report. J Cerebrovasc Endovasc Neu-
rosurg. https:// doi. org/ 10. 7461/ jcen. 2023. E2022. 03. 004

 17. de Amorim RLO, de Almeida AN, de Aguiar PHP et al (2008) 
Cortical stimulation of language fields under local anesthesia: 
optimizing removal of brain lesions adjacent to speech areas. Arq 
Neuro-Psiquiatr 66:534–538. https:// doi. org/ 10. 1590/ S0004- 282X2 
00800 04000 18

 18. Peggys, Cruz, Arbolay, Omar, Gutierrez, Pedro, et al Craneotomía 
mínimamente invasiva guiada por imágenes y con magnificación 
endoscópica en el paciente despierto

 19. Côrte MMDD, Faglioni Junior W, Lima MG et al (2022) Language 
assessment in awake craniotomy: case report. Audiol Commun Res 
27:e2627. https:// doi. org/ 10. 1590/ 2317- 6431- 2022- 2627en

 20. Leal RTM, Barcellos BM, Landeiro JA (2018) Technical aspects 
of awake craniotomy with mapping for brain tumors in a limited 
resource setting. World Neurosurgery 113:67–72. https:// doi. org/ 
10. 1016/j. wneu. 2018. 02. 013

 21. Pereira LCM, Oliveira KM, Abbate GL et al (2009) Outcome of 
fully awake craniotomy for lesions near the eloquent cortex: analy-
sis of a prospective surgical series of 79 supratentorial primary 
brain tumors with long follow-up. Acta Neurochir 151:1215–1230. 
https:// doi. org/ 10. 1007/ s00701- 009- 0363-9

 22. Barreto-Acevedo E, Becerra-Zegarra A, Villafuerte-Espinoza 
MV, Llaja-Rojas V (2016) Cirugía de epilepsia en patología dual 
abordada con estimulación cortical directa y electrocorticografía 
intraoperatoria. Primer caso en el Hospital Rebagliati. Rev Neu-
ropsiquiatr 79:127. https:// doi. org/ 10. 20453/ rnp. v79i2. 2836

 23. Flores J, Quintanilla B, Rosell A, Arrese F (2009) Awake Crani-
otomy for resection of low grade glioma. First experience in Perú 
2008:4

 24. Mamani R, Jacobo JA, Mejia S et al (2020) Analysis of intraopera-
tive seizures during bipolar brain mapping in eloquent areas. Clin 
Neurol Neurosurg 199:106304. https:// doi. org/ 10. 1016/j. cline uro. 
2020. 106304

 25. Bennett C, González M, Tapia G et al (2022) Cortical mapping in 
glioma surgery: correlation of fMRI and direct electrical stimu-
lation with Human Connectome Project parcellations. Neurosurg 
Focus 53:E2. https:// doi. org/ 10. 3171/ 2022.9. FOCUS 2283

 26. Delgado Maidana, Walter, Peralta, Amado David;, Urbieta, Ulises, 
Vega Carduz, Evanhy Anestesia en craneotomías con el paciente 
despierto. Reporte de los primeros casos en Paraguay / Anesthesia 
during awake craniotomy. Report of the first cases in Paraguay. An. 
Fac. Cienc. Méd. (Asunción) ; 55(3): 126–132, 20221115.

 27. Longo, Silvina, Dominela, Fernando, Arnaiz, Ana L., et al (2022) 
Craneotomía despierta para tumores cerebrales. https:// doi. org/ 10. 
25237/ revch ilane stv51 05071 158

 28. Barbieri PS, Rosler RJ, Torino RR, Blasco M, Perasso OR (2004) 
Craneotomía bajo sedación para resección de tumor de fosa cer-
ebral posterior guiada con técnica estereotáxica; reporte de un caso / 
Awake craniotomy for posterior cerebral fossa tumor resection-case 
report. Rev Argent Anestesiol 62(2):88–94

 29. Murga Eduardo Q (2019) Awake craniotomy in high risk for fail-
ure patient: case Report. JAICM. https:// doi. org/ 10. 19080/ JAICM. 
2019. 09. 555772

 30. Orozco-Ramirez SM, Hernandez-Sanchez, BM, Miranda-Gonzalez, 
A., De Alba-Salmeton, AL (2017) Técnica anestésica paciente dor-
mido-despierto para craneotomía de tumores en áreas funcionales. 
Reporte de dos casos. Rev Mex Anest 4:

 31. Gonzalez, Luis Fernando, Ariza-Cadena, Fredy, Senz, Ernest, 
et al (2009) Craneotomia con paciente despierto para resección de 
tumores cerebrales

https://doi.org/10.2217/cns.12.1
https://doi.org/10.2217/cns.12.1
https://doi.org/10.1227/neu.0000000000002453
https://doi.org/10.1227/neu.0000000000002453
https://doi.org/10.1016/j.wneu.2018.03.143
https://doi.org/10.1007/s10143-017-0918-9
https://doi.org/10.1093/neuros/nyx022
https://doi.org/10.1093/neuros/nyx022
https://doi.org/10.3171/2018.10.FocusVid.18240
https://doi.org/10.1016/S2214-109X(15)70115-4
https://doi.org/10.1016/j.wneu.2018.10.220
https://doi.org/10.1016/j.bjane.2021.03.009
https://doi.org/10.1007/s00701-017-3125-0
https://doi.org/10.1007/s00701-017-3125-0
https://doi.org/10.1016/j.bjanes.2013.02.003
https://doi.org/10.1016/j.bjan.2016.09.014
https://doi.org/10.1016/j.bjan.2016.09.014
https://doi.org/10.25259/SNI_542_2022
https://doi.org/10.25259/SNI_542_2022
https://doi.org/10.24875/CIRU.18000753
https://doi.org/10.24875/CIRU.18000753
https://doi.org/10.3171/CASE21605
https://doi.org/10.7461/jcen.2023.E2022.03.004
https://doi.org/10.1590/S0004-282X2008000400018
https://doi.org/10.1590/S0004-282X2008000400018
https://doi.org/10.1590/2317-6431-2022-2627en
https://doi.org/10.1016/j.wneu.2018.02.013
https://doi.org/10.1016/j.wneu.2018.02.013
https://doi.org/10.1007/s00701-009-0363-9
https://doi.org/10.20453/rnp.v79i2.2836
https://doi.org/10.1016/j.clineuro.2020.106304
https://doi.org/10.1016/j.clineuro.2020.106304
https://doi.org/10.3171/2022.9.FOCUS2283
https://doi.org/10.25237/revchilanestv5105071158
https://doi.org/10.25237/revchilanestv5105071158
https://doi.org/10.19080/JAICM.2019.09.555772
https://doi.org/10.19080/JAICM.2019.09.555772


 Journal of Neuro-Oncology

1 3

 32. Albuquerque LAF, Filho LJMM, Borges FS et al (2023) Awake 
craniotomy for diffuse low grade gliomas in a resource limited set-
ting - lessons learned with a consecutive series of 51 surgeries. 
World Neurosurg. https:// doi. org/ 10. 1016/j. wneu. 2023. 06. 096

 33. Zhang Z-D, Fang H-Y, Pang C et al (2022) Giant pediatric supraten-
torial tumor: clinical feature and surgical strategy. Front Pediatr 
10:870951. https:// doi. org/ 10. 3389/ fped. 2022. 870951

 34. Albuquerque LAF, Diógenes GS, Pessoa FC (2021) Challenges 
in starting an awake craniotomy project in a low-resource public 
health system. World Neurosurgery 146:277–279. https:// doi. org/ 
10. 1016/j. wneu. 2020. 12. 006

 35. De Macêdo Filho LJM, Aguiar GCM, Pessoa FC et al (2020) Intra-
parenchymal epidermoid cyst close to Broca area—awake crani-
otomy and gross total resection. World Neurosurgery 141:367–372. 
https:// doi. org/ 10. 1016/j. wneu. 2020. 06. 135

 36. Velázquez González, Katia; Borlo Salazar, Dayanis; Villarreal 
Espinoza, Róderick. (2021) Craneotomía en el paciente despierto / 
Awake craniotomy

 37. N Martínez-Barreto, B Ruelas-León, R Ruvalcaba-Sánchez, et al 
Manejo anestésico para resección de tumor cerebral intrínseco en 
paciente pediátrico despierto: reporte de caso. Anest. Méx. vol.29 
no.3 Ciudad de México sep./dic. 2017

 38. Vasquez, Mao, Medina, Jorge, Lines-Aguilar, William, et  al 
CIRUGÍA CON PACIENTE DESPIERTO PARA RESECCIÓN 
DE GLIOMA EN AREA ELOCUENTE

 39. Maldaun MVC, Khawja SN, Levine NB et al (2014) Awake crani-
otomy for gliomas in a high-field intraoperative magnetic resonance 

imaging suite: analysis of 42 cases: Clinical article. JNS 121:810–
817. https:// doi. org/ 10. 3171/ 2014.6. JNS13 2285

 40. Zanello M, Roux A, Zah-Bi G et al (2021) Predictors of early post-
operative epileptic seizures after awake surgery in supratentorial 
diffuse gliomas. J Neurosurg 134:683–692. https:// doi. org/ 10. 3171/ 
2020.1. JNS19 2774

 41. Gerritsen JKW, Broekman MLD, De Vleeschouwer S et al (2022) 
Global comparison of awake and asleep mapping procedures in gli-
oma surgery: An international multicenter survey. Neuro-Oncology 
Practice 9:123–132. https:// doi. org/ 10. 1093/ nop/ npac0 05

 42. Harrington RA, Califf RM, Balamurugan A, et al (2020) Call to 
Action: Rural Health: A Presidential Advisory From the American 
Heart Association and American Stroke Association. Circulation 
141:. https:// doi. org/ 10. 1161/ CIR. 00000 00000 000753

 43. Choque-Velasquez J, Colasanti R, Baffigo-Torre V et al (2017) 
Developing the first highly specialized neurosurgical center of 
excellence in Trujillo, Peru: work in progress—results of the first 
four months. World Neurosurgery 102:334–339. https:// doi. org/ 10. 
1016/j. wneu. 2017. 01. 063

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

Authors and Affiliations

Luisa F. Figueredo1,2,14 · William J. Shelton2,14 · Uriel Tagle‑Vega8 · Emiliano Sanchez2 · Leonardo de Macedo Filho4 · 
Andres F. Salazar3,14 · Renata Murguiondo‑Pérez5 · Santiago Fuentes3 · Lina Marenco‑Hillembrand13 · 
Paola Suarez‑Meade2 · Edgar Ordoñez‑Rubiano6 · Diego Gomez Amarillo3 · Lucas Alverne F. Albuquerque9 · 
Robson Luis Oliveira de Amorim15,16 · Carlos M. Vasquez7 · Matias Baldoncini11 · Juan Armando Mejia3 · 
Claudia Niño3 · Juan Fernando Ramon3 · Fernando Hakim3 · Diego Mendez‑Rosito10 · Jorge Navarro‑Bonnet12 · 
Alfredo Quiñones‑Hinojosa2 · Joao Paulo Almeida2

 * Luisa F. Figueredo 
 lf.figueredo1341@gmail.com

 * Joao Paulo Almeida 

1 Department of Psychiatry, NYU Langone Health, 
New York City, New York, USA

2 Department of Neurosurgery, Mayo Clinic Florida, 
Jacksonville, Florida, USA

3 Department of Neurosurgery, Fundación Santa Fe de Bogotá, 
Bogotá, Colombia

4 Department of Neurosurgery, Penn State Health Milton 
S. Hershey Medical Center, Hershey, Pennsylvania, USA

5 Faculty of Health Sciences, Universidad Anáhuac México 
Norte, Huixquilucan, Edo. Mex, México

6 Department of Neurosurgery, Hospital San Jose, Bogotá, 
Colombia

7 Unidad de Neurocirugía Funcional Y Oncológica, Instituto 
Nacional de Ciencias Neurológicas, Lima, Perú

8 Facultad de Ciencias de La Salud, Escuela Profesional de 
Medicina Humana, Universidad Andina del Cusco, Cusco, 
Perú

9 Departamento de Neurocirurgia, Hospital Geral de Fortaleza, 
Fortaleza, Ceara, Brazil

10 Centro Médico Nacional 20 de Noviembre, Skull Base 
Program Director, Mexico D. F, Mexico

11 Department of Neurosurgery, Hospital de San Fernando, 
Buenos Aires, Argentina

12 Department of Neurosurgery, Angeles Health System/Medica 
Sur Clinical Foundation, Mexico City, Mexico

13 Department of Neurosurgery, The University of Iowa 
University, Iowa, Iowa, USA

14 Faculty of Medicine, Universidad de Los Andes, Bogota, 
Colombia

15 Getúlio Vargas Universitary Hospital, Manaus, Amazonas, 
Brazil

16 Department of Neurosurgery, Hospital Adventista de 
Manaus, Amazonas, Brazil

https://doi.org/10.1016/j.wneu.2023.06.096
https://doi.org/10.3389/fped.2022.870951
https://doi.org/10.1016/j.wneu.2020.12.006
https://doi.org/10.1016/j.wneu.2020.12.006
https://doi.org/10.1016/j.wneu.2020.06.135
https://doi.org/10.3171/2014.6.JNS132285
https://doi.org/10.3171/2020.1.JNS192774
https://doi.org/10.3171/2020.1.JNS192774
https://doi.org/10.1093/nop/npac005
https://doi.org/10.1161/CIR.0000000000000753
https://doi.org/10.1016/j.wneu.2017.01.063
https://doi.org/10.1016/j.wneu.2017.01.063

	The state of art of awake craniotomy in Latin American countries: a scoping review
	Abstract
	Background and objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Search strategy
	Inclusion and exclusion criteria
	Screening and data management
	Statistical analysis
	Interview with specialists

	Results
	Overview of literature search results
	Demographics
	CNS lesion characteristics and anatomical localization of awake craniotomy in adult and pediatric patients.
	Postoperative complications in awake craniotomy patients
	Constraints at AC in low-resource centers

	Discussion
	Limitations
	Conclusion
	Anchor 23
	References


