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Abstract
Neurosurgical pathologies in pregnancy pose significant complications for the patient and fetus, and physiological stressors 
during anesthesia and surgery may lead to maternal and fetal complications. Awake craniotomy (AC) can preserve neuro-
logical functions while reducing exposure to anesthetic medications. We reviewed the literature investigating AC during 
pregnancy. PubMed, Scopus, and Web of Science databases were searched from the inception to February 7th, 2023, fol-
lowing the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline. Studies in English 
investigating AC in pregnant patients were included in the final analysis. Nine studies composed of nine pregnant patients 
and ten fetuses (one twin-gestating patient) were included. Glioma was the most common pathology reported in six (66.7%) 
patients. The frontal lobe was the most involved region (4 cases, 44.4%), followed by the frontoparietal region (2 cases, 
22.2%). The awake-awake-awake approach was the most common protocol in seven (77.8%) studies. The shortest opera-
tion time was two hours, whereas the longest one was eight hours and 29 min. The mean gestational age at diagnosis was 
13.6 ± 6.5 (2—22) and 19.6 ± 6.9 (9—30) weeks at craniotomy. Seven (77.8%) studies employed intraoperative fetal heart 
rate monitoring. None of the AC procedures was converted to general anesthesia. Ten healthy babies were delivered from 
patients who underwent AC. In experienced hands, AC for resection of cranial lesions of eloquent areas in pregnant patients 
is safe and feasible and does not alter the pregnancy outcome.
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Introduction

Intracranial pathologies during pregnancy pose a significant 
challenge to both the mother and fetus [1–3]. A predomi-
nance of central nervous system tumors, including gliomas, 
is observed in females older than 20 years of age, which 
coincides with the reproductive fertility and child-bearing 
period in life [4]. As such, some lesions such as chorio-
carcinomas, meningiomas, and pituitary adenomas may be 
specifically linked to pregnancy [2, 5].

With extensive physiological changes occurring during 
pregnancy, some may alter the growth of already exist-
ing intracranial lesions or unmask signs and symptoms 
of previously unknown ones [6]. Another life-threatening 
concern is vasogenic cerebral edema secondary to growing 

intracranial tumors which may lead to a sudden increase in 
intracranial pressure [7]. For these reasons, neurosurgical 
interventions are recommended in pregnant patients with 
malignant tumors regardless of gestational age [8]. Treat-
ments of brain lesions, including chemotherapy, radiation, 
and surgical resection under general anesthesia can have 
potentially teratogenic and fatal consequences for the fetus, 
thereby complicating the obstetric management of pregnant 
patients [4, 9].

Neurosurgical interventions for intracranial pathologies 
are well-tolerated by both the mother and the fetus [10]. 
Most studies have investigated the neurosurgical treatment of 
pathologies under general anesthesia in pregnancy [11–15]. 
Lesions in eloquent areas require awake craniotomy (AC) 
for real-time monitoring of neurological functions, including 
motor, language, and vision [16–20]. Recent studies show 
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AC is a safe procedure with fewer post-operative complica-
tions such as stress and anxiety for patients [21].

AC results in lower neurological deficits while enhancing 
the chance of achieving maximal macroscopic resection in 
different pathologies, including glioblastoma [22–24], gli-
oma [23, 25–28], meningioma [29, 30], and aneurysms [31]. 
The extent of tumor resection is correlated significantly with 
the patient’s survival [32]. In addition, AC avoids medica-
tion usage for general anesthesia which may otherwise have 
teratogenic effects [33, 34]. Furthermore, undergoing neu-
rosurgery is a significant physical and mental undertaking. 
Experiencing psychological distress, directly or indirectly, 
during pregnancy, can cause adverse birth outcomes, such 
as preterm birth [35]. Complications associated with brain 
surgery under general anesthesia complicate the health of 
a childbearing person and fetus [36, 37]. Therefore, main-
taining maternal psychological well-being is of paramount 
importance.

Multiple factors, such as maternal and fetal well-being, 
patient’s willingness, and available expertise influence the 
choice between craniotomy under general anesthesia or 
while awake. Given the benefits of AC, it would be intuitive 
to assume that AC would be performed more routinely in 
pregnancy. However, a unified synthesis of the literature on 
AC for pregnant patients has yet to be performed. This is the 
first systematic review that fills the gap in the treatment of 
brain lesions in pregnant people using AC.

Materials and methods

Inclusion and exclusion criteria

Articles were eligible for our systematic review if they met 
the following criteria: (1) original articles (2) English only, 
(3) articles involving human subjects only, (4) AC operation 
during any trimester of pregnancy, and (5) sufficient data 
could be extracted from an available article in databases. 
The exclusion criteria were defined as (1) studies with mixed 
reports on pregnant and non-pregnant patients, (2) sufficient 
data could not be extracted, and (3) AC and other techniques 
used without individual patient data differentiation.

Information sources and search strategy

This systematic review was conducted based on the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines [38] to identify published 
literature on AC during pregnancy, and a separate protocol 
was not established. We conducted our electronic searches 
using the PubMed, Scopus, and Web of Sciences databases 
from inception to February 7th, 2023 for relevant articles. 
The following Boolean terms were used for the search: 

(“awake craniotomy” OR “awake brain surgery” OR “awake 
neurosurgery” OR “awake brain mapping” OR “awake 
tumor resection” OR “craniotomy while awake”). Details 
of search terms for each database are shown in Supplemen-
tary Table 1.

Selection process

At least two authors (M.M., M.S.M., and S.A.) indepen-
dently screened the titles and abstracts of initial search 
results. Following the title and abstract screening, relevant 
papers were selected for full-text screening. In addition, 
M.M., M.S.M., and S.A. screened for relevant articles via 
the reference lists of selected articles to ensure additional 
appropriate articles were not excluded.

Data extraction

At least two authors (M.M., M.S.M., S.A. and A.K.) inter-
changeably extracted data from each selected paper. All 
four authors (M.M., M.S.M., S.A. and A.K.) further vali-
dated the extracted data independently of the author who 
initially completed the extraction. The following data of 
interest were extracted from the final articles: first author, 
publication year, title, journal, country, study objectives, 
study period, study design, single/multi-centre, condition 
treated, anesthesia protocol, primary sedation, and analge-
sia, mean AC operation time, follow-up period, total patient 
number, whether AC and GA were compared directly, num-
ber of patients, number of fetuses, mean age of patients, 
pathology, presentation, surgical position, gestational age 
at diagnosis, gestational age at craniotomy, pregnancy term, 
delivery method, hospitalization length, AC intraoperative 
complications, neonatal outcome, lesion hemisphere, lesion 
location, eloquent area lesion and mapping, intraoperative 
fetal monitoring, pre-operative localization, AC extent of 
resection, conversion to GA, pre-operative neurological 
symptoms, post-operative complications, post-operative 
neurological deficits resolved, and main outcome reported. 
Study risk of bias assessment was not used given that no 
meta-analyses were conducted. All calculations were done 
on Microsoft Excel (version 2016; Microsoft, Redmond, 
WA, USA). Independently abstracted data were managed 
on Microsoft Excel Spreadsheet (version 2016; Microsoft, 
Redmond, WA, USA).

Results

Study selection

Our search yielded 12,182 results across three databases: 
PubMed (n = 3,832), Scopus (n = 4,750), and Web of Science 
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(n = 3,600). Duplicates (n = 6,640) were removed after the 
search was completed. The remaining studies (n = 5,542) 
were screened based on their titles and abstracts, and stud-
ies not relevant to our systematic review were removed 
(n = 5,494). Major reasons for exclusion based on the title 
and abstract screening were classified as studies irrelevant to 
AC (n = 2,741), studies without pregnant patients (n = 903), 
animal studies (n = 864), literature reviews, book chap-
ters, abstracts, and commentaries (n = 571), non-English 
(n = 270), commentaries and letters to editors (n = 145). If 
more than one reason was applicable for exclusion, only one 
criterion was recorded. The remaining articles (n = 48) were 
then fully read for eligibility criteria. Nine studies met the 
eligibility criteria based on the inclusion and exclusion cri-
teria above and were included in the final review (Fig. 1).

The articles’ information is summarized in Supplemen-
tary Table 2. Of the nine studies included, five (55.6%) were 
from the USA [39–43], followed by Japan [44], Oman [45], 
Poland [46], and Pakistan [47], with one (11.1%) study each.

Study characteristics

All studies reported one case. Overall, nine patients with 
ten fetuses (one twin pregnancy reported by Meng et al. 
[41]) were included (Table  1). Apart from one study 
(11.1%) which used AC for pseudoaneurysm [42], all other 
papers (88.9%) treated tumors via AC [39–41, 43–47]. The 

awake-awake-awake approach was the most common pro-
tocol used in seven studies (77.8%) [40–43, 45–47]. One 
study (11.1%) used the asleep-awake-asleep protocol [44], 
and another (11.1%) did not specify their protocol [39].

Medications

As the use of propofol in pregnant patients is prohibited, 
Kamata et al. [44] used sevoflurane and remifentanil for gen-
eral anesthesia until the first scan of iMRI, and they subse-
quently re-induced dexmedetomidine when tumor removal 
had been accomplished.  Also, they used prophylactic 
antiemetics and antacids to prevent intraoperative vomiting. 
Similarly, Hedayat and colleagues [42] used dexamethasone 
and ondansetron to provide antiemetic effects. Furthermore, 
they used ranitidine and oral sodium citrate to decrease the 
acidity of gastric contents to avoid aspiration.

The mean age of patients was 29.8 ± 4.5 years old, with 
the youngest patient being 24 [43], and the oldest, 40 [39] 
(Table 2). One study (11.1%) did not specify the patient's age 
[42]. Astrocytoma was the most common pathology reported 
in three (33.3%) patients. Glioma was the most represented 
pathology in six (66.7%) patients [39–41, 43, 44, 46]. Pseu-
doaneurysm [42], and meningioma [47] were reported in one 
study (11.1%) each. One study (11.1%) did not specify the 
pathology [45]. The shortest operation time was two hours 
[43], whereas the longest procedure took 8 h and 29 min to 

Fig. 1  Preferred Reporting 
Items for Systematic Reviews 
and Meta-Analyses (PRISMA) 
flowchart demonstrating the 
search, screen, inclusion, and 
exclusion process for the current 
study. AC, awake craniotomy
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complete [40]. However, it is plausible that different studies 
used various time intervals as operation time; for example, 
Pawlik et al. [46] stated that the total time spent in the opera-
tion theatre was 4 h and 40 min. Four studies (44.4%) did 
not report their operation time [39, 41, 42, 45]. Lateral/semi-
lateral was the common surgical position in four (44.4%) 
studies [41, 43, 45, 46]. The supine position was employed 
in two (22.2%) studies [40, 44], and three (33.3%) studies 
did not specify their surgical position [39, 42, 47].

Six (66.7%) lesions were in the left hemisphere [39–41, 
43, 44, 46], whereas the other three (33.3%) were in the 
right hemisphere [42, 45, 47] (Table 3). The frontal lobe was 
the most common pathology region reported in four studies 
(44.4%) [39, 43, 44, 47], followed by frontoparietal regions 
in two (22.2%) [41, 45]. Temporal [40] and parietal [46] 
lobes pathologies were each reported in one study (11.1%). 
One (11.1%) study did not specify the pathologic lobe [42]. 
Eight studies (88.9%) have reported proximity to eloquent 
areas such as motor and Wernicke areas as an indication to 
choose AC instead of GA [40–47]. In addition, 4 studies 
(44.4%) have specified the potential harm of general anesthe-
sia to the patient and fetus, such as reported acid–base status 
deterioration caused by prolonged propofol usage in GA for 
pregnant neurosurgical patients [41, 44, 45, 47, 48]. One 
study (11.1%) did not specify the indication for choosing 
AC instead of GA [39]. All studies employed intraoperative 
fetal monitoring, and seven studies (77.8%) specified fetal 
heart rate monitoring [39–45]. Two (22.2%) studies did not 
specify their type of monitoring [46, 47].

Pre‑, intra‑, and post‑operative monitoring 
of the fetus

On the day of the AC, Gunasekaran et al. [43] used Dop-
pler to assess fetal cardiac activity, which was indicated as 
normal. Post-operative Doppler examination also redemon-
strated normal fetal activity once the patient was transported 
to the recovery room. In another study by Kumar and col-
leagues [47], the fetal heart sounds were monitored pre-
operatively by an obstetrician, who administered cyclogest 
800 mg rectally as a tocolytic agent.

The mean gestational age at diagnosis was 
13.6 ± 6.5 weeks (Table 4). The earliest diagnosis was at 
two weeks [42], and the latest was at 22 weeks [46] preg-
nancy. One study (11.1%) did not specify the gestational age 
at diagnosis [41]. The mean gestational age at craniotomy 
was 19.6 ± 6.9 weeks with the earliest AC reported on week 
nine [43], and the latest one at the 30th week [41]. In total, 
10 healthy babies were delivered from patients who under-
went AC.

None of the AC procedures was converted to general 
anesthesia. A summary of outcomes from each study is sum-
marized in Table 5. Post-operative treatment was specified 

in three (33.3%) studies [41, 43, 44]. Meng et al. [41] used 
a partial course of external beam radiotherapy and chemo-
therapy for their patient. Kamata et al. [44] specified that as 
pathological examination revealed an anaplastic astrocytoma 
(WHO grade III), radiotherapy and chemotherapy began two 
months after delivery. Fractionated radiotherapy was used 
over 40 days by Gunasekaran et al. [43], and the patient 
opted out of adjuvant temozolomide treatment. Six (66.7%) 
studies did not specify the post-operative treatment [39, 40, 
42, 45–47].

Discussion

Significant physiological factors, including hormonal 
changes, increased blood volume (leading to increased 
intracranial pressures), and fluid retention may result in 
increased brain tumor growth and exacerbation of neuro-
logical symptoms in pregnant patients [36]. Gliomas and 
meningiomas are the most common types of adult primary 
brain tumors among general neurosurgical patients [49] and 
their growth may be accelerated during pregnancy due to the 
presence of estrogen and progesterone receptors on tumor 
cells [50]. In addition, pregnancy can have adverse effects 
and exacerbate the neurological consequences of tumors 
such as seizure and brainstem herniation [4]. Tumor growth 
and exacerbated neurological symptoms can occur in about 
30% of pregnant patients with gliomas in the later stages 
of the pregnancy, probably due to multiple physiological 
changes, including an increase in blood pressure and endo-
crine changes causing tumor growth acceleration and edema 
[12], highlighting the importance of effective measures to 
tackle such complications. Furthermore, a decrease in the 
seizure threshold during pregnancy can enhance tumor-
associated seizures [12].

In this systematic review, we demonstrated that AC is 
a feasible and safe procedure for lesions in eloquent areas. 
Primary malignant brain tumor in pregnant patients can be 
2.6–15 per 100,000 [51, 52]. Due to such low incidence, 
there are insufficient guidelines for the management of 
intracranial lesions during pregnancy [3, 6, 53, 54], however; 
the significance of brain tumor in pregnant patients should 
not be underestimated. Various studies have discussed the 
neurological deterioration of patients with benign tumors 
such as low-grade-gliomas during pregnancy [12] which 
can be due to hormonal changes and increased peritumoral 
edema caused by fluid retention and increased intravascular 
volume during pregnancy [7]. Such complications can, in 
turn, increase intracranial pressure and make early surgi-
cal interventions inevitable in pregnant patients. For exam-
ple, Giannini and Bricci [55] reported a case of a 30 year 
old patient with cerebellopontine angle meningioma who 
underwent surgical resection at 25 weeks of pregnancy due 



Neurosurgical Review (2023) 46:290 

1 3

Page 7 of 19 290

Ta
bl

e 
3 

 A
 S

um
m

ar
y 

of
 L

es
io

n 
C

ha
ra

ct
er

ist
ic

s a
nd

 O
pe

ra
tio

n 
D

et
ai

ls

AC
 aw

ak
e 

cr
an

io
to

m
y,

 C
T 

co
m

pu
te

riz
ed

 to
m

og
ra

ph
y,

 M
RI

 m
ag

ne
tic

 re
so

na
nc

e 
im

ag
in

g,
 N
S 

no
t s

pe
ci

fie
d.

St
ud

y
Le

si
on

 h
em

is
ph

er
e

Le
si

on
 lo

ca
tio

n
A

C
 in

di
ca

tio
n

El
oq

ue
nt

 a
re

a 
le

si
on

 
an

d 
m

ap
pi

ng
 (n

, %
)

In
tra

op
er

at
iv

e 
fe

ta
l 

m
on

ito
rin

g
Pr

e-
op

er
at

iv
e 

 
lo

ca
liz

at
io

n
A

C
 e

xt
en

t o
f r

es
ec

tio
n 

(n
, %

)

A
bd

-E
ls

ay
ed

 e
t a

l. 
20

13
Le

ft 
(1

, 1
00

%
)

Fr
on

ta
l l

ob
e 

(1
, 1

00
%

)
N

S
N

S
Ye

s-
 H

ea
rt 

ra
te

N
S 

(2
.4

 ×
 2.

2 
cm

)
N

S

H
an

dl
og

te
n 

et
 a

l. 
20

15
 

[4
0]

Le
ft 

(1
, 1

00
%

)
Te

m
po

ra
l l

ob
e 

(1
, 

10
0%

)
El

oq
ue

nt
 la

ng
ua

ge
 

ar
ea

 (W
er

ni
ck

e’
s 

ar
ea

) l
es

io
n

M
ot

or
 a

nd
 sp

ee
ch

  
(1

, 1
00

%
)

Ye
s-

 H
ea

rt 
ra

te
 a

nd
 

m
ov

em
en

t
M

R
I 

(4
.5

 ×
 3.

2 ×
 3.

5 
cm

 
in

tra
cr

an
ia

l m
as

s)

To
ta

l/n
ea

r t
ot

al
  

(1
, 1

00
%

)

M
en

g 
et

 a
l. 

20
16

 [4
1]

Le
ft 

(1
, 1

00
%

)
Fr

on
to

pa
rie

ta
l w

hi
te

 
m

at
te

r (
1,

 1
00

%
)

A
vo

id
in

g 
fe

tu
s a

nd
 

pa
tie

nt
 e

xp
os

ur
e 

to
 

ha
rm

fu
l a

ne
st

he
sti

c 
m

ed
ic

at
io

n,
 a

nd
 

fro
nt

op
ar

ie
ta

l l
es

io
n

La
ng

ua
ge

 a
nd

 se
ns

or
i-

m
ot

or
 (1

, 1
00

%
)

Ye
s-

 H
ea

rt 
ra

te
M

R
I (

7 ×
 6 

× 
5 

cm
 

an
te

rio
r–

 p
os

te
rio

r 
tra

ns
ve

rs
e 

cr
an

io
–

ca
ud

al
)

Su
bt

ot
al

 (1
, 1

00
%

)

H
ed

ay
at

 e
t a

l. 
20

17
 [4

2]
R

ig
ht

 (1
, 1

00
%

)
N

S
C

or
tic

al
 le

si
on

N
S

Ye
s-

 H
ea

rt 
ra

te
C

T 
an

d 
ce

re
br

al
  

an
gi

og
ra

ph
y

N
S

K
am

at
a 

et
 a

l. 
20

17
 [4

4]
Le

ft 
(1

, 1
00

%
)

Fr
on

ta
l l

ob
e 

(1
, 1

00
%

)
A

vo
id

in
g 

fe
tu

s a
nd

 
pa

tie
nt

 e
xp

os
ur

e 
to

 
ha

rm
fu

l a
ne

st
he

sti
c 

m
ed

ic
at

io
n,

 a
nd

 
fa

ci
lit

at
in

g 
fu

ll-
te

rm
 

bi
rth

M
ot

or
 (1

, 1
00

%
)

Ye
s-

 H
ea

rt 
ra

te
M

R
I (

6 
cm

)
To

ta
l/n

ea
r t

ot
al

  
(1

, 1
00

%
)

A
l M

as
ha

ni
, 2

01
8 

[4
5]

R
ig

ht
 (1

, 1
00

%
)

Fr
on

to
pa

rie
ta

l r
eg

io
n 

(1
, 1

00
%

)
A

vo
id

in
g 

fe
tu

s a
nd

 
pa

tie
nt

 e
xp

os
ur

e 
to

 
ha

rm
fu

l a
ne

st
he

sti
c 

m
ed

ic
at

io
n,

 a
nd

 e
lo

-
qu

en
t a

re
a 

(f
ro

nt
op

a-
rie

ta
l c

lo
se

 to
 m

ot
or

 
ar

ea
) l

es
io

n

M
ot

or
 a

nd
 sp

ee
ch

  
(1

, 1
00

%
)

Ye
s-

 T
oc

oc
ar

di
og

ra
ph

y
M

R
I 

(8
.2

 ×
 4.

5 ×
 4.

6 
cm

)
N

S

Pa
w

lik
 e

t a
l. 

20
18

 [4
6]

Le
ft 

(1
, 1

00
%

)
Pa

rie
ta

l l
ob

e 
(1

, 1
00

%
)

El
oq

ue
nt

 a
re

a 
le

si
on

Sp
ee

ch
 (1

, 1
00

%
)

Ye
s-

 N
S

M
R

I (
N

S)
N

S
K

um
ar

 e
t a

l. 
20

20
 [4

7]
R

ig
ht

 (1
, 1

00
%

)
Fr

on
ta

l l
ob

e 
(1

, 1
00

%
)

A
vo

id
in

g 
fe

tu
s 

ex
po

su
re

 to
 h

ar
m

fu
l 

an
es

th
es

tic
 m

ed
ic

a-
tio

n 
an

d 
en

ha
nc

in
g 

re
co

ve
ry

M
ot

or
 (1

, 1
00

%
)

Ye
s-

 N
S

M
R

I (
ex

tra
-a

xi
al

- N
S)

To
ta

l (
1,

 1
00

%
)

G
un

as
ek

ar
an

 e
t a

l. 
20

22
 [4

3]
Le

ft 
(1

, 1
00

%
)

Fr
on

ta
l l

ob
e 

(1
, 1

00
%

)
El

oq
ue

nt
 m

ot
or

 a
re

a
M

ot
or

 (1
, 1

00
%

)
Ye

s-
 H

ea
rt 

ra
te

 u
si

ng
 

D
op

pl
er

M
R

I 
(2

.0
 ×

 1.
5 ×

 1.
5 

cm
 

in
tra

cr
an

ia
l m

as
s 

at
 th

e 
le

ve
l o

f t
he

 
co

ro
na

l s
ut

ur
e)

To
ta

l (
1,

 1
00

%
)



 Neurosurgical Review (2023) 46:290

1 3

290 Page 8 of 19

Ta
bl

e 
4 

 P
re

gn
an

cy
 D

et
ai

ls
 a

nd
 O

ut
co

m
e

St
ud

y
G

es
ta

tio
na

l a
ge

 
at

 d
ia

gn
os

is
 

(w
ee

k)

G
es

ta
tio

na
l a

ge
 

at
 c

ra
ni

ot
om

y 
(w

ee
k)

Pr
eg

na
nc

y 
te

rm
D

el
iv

er
y 

m
et

ho
d

H
os

pi
ta

liz
at

io
n 

le
ng

th
In

tra
op

er
at

iv
e 

 
co

m
pl

ic
at

io
ns

N
eo

na
ta

l o
ut

co
m

e

A
bd

-E
ls

ay
ed

 e
t a

l. 
20

13
 

[3
9]

18
22

N
o

N
S

N
S

N
on

e
V

ia
bl

e 
in

fa
nt

 w
ith

 n
or

m
al

 
A

pg
ar

 sc
or

e
H

an
dl

og
te

n 
et

 a
l. 

20
15

 [4
0]

16
20

Ye
s

Va
gi

na
l

N
S

N
on

e
H

ea
lth

y 
ba

by
 d

el
iv

er
ed

 
va

gi
na

lly
 a

t t
er

m
M

en
g 

et
 a

l. 
20

16
 [4

1]
N

S
30

N
o-

 3
1 

w
ee

ks
U

nd
er

 sp
in

al
 a

ne
st

he
si

a 
on

 p
os

t-o
pe

ra
tiv

e 
da

y 
4

N
S

N
S

Tw
o 

ba
bi

es
 w

er
e 

un
ev

en
t-

fu
lly

 d
el

iv
er

ed

H
ed

ay
at

 e
t a

l. 
20

17
 [4

2]
2

23
Ye

s
N

S
N

S
U

ns
uc

ce
ss

fu
l p

rim
ar

y 
re

co
ns

tru
ct

io
n 

of
 

ve
ss

el
 a

nd
 a

ne
ur

ys
-

m
or

rh
ap

hy
. U

ns
uc

-
ce

ss
fu

l e
nd

-to
-e

nd
 

by
pa

ss

Th
e 

fe
tu

s w
as

 d
el

iv
er

ed
 a

t 
te

rm
 w

ith
 n

o 
ob

ste
tri

c 
or

 
ne

ur
ol

og
ic

al
 c

om
pl

ic
a-

tio
ns

. P
re

, i
nt

ra
, a

nd
 p

os
t-

op
er

at
iv

e 
m

on
ito

rin
g 

of
 th

e 
fe

tu
s's

 h
ea

rt 
ra

te
 sh

ow
ed

 
no

 a
bn

or
m

al
iti

es
 o

r v
ar

i-
ab

ili
tie

s
K

am
at

a 
et

 a
l. 

20
17

 [4
4]

21
27

N
o-

 3
5 

w
ee

ks
 a

nd
 2

 d
ay

s
N

S
N

S
N

o 
co

m
pl

ic
at

io
ns

H
ea

lth
y 

ba
by

 o
f 2

,1
37

 g
 

de
liv

er
ed

. T
he

 b
ab

y 
di

d 
no

t s
ho

w
 a

ny
 e

vi
de

nc
e 

of
 

m
ed

ic
al

 o
r d

ev
el

op
m

en
ta

l 
co

nc
er

n 
at

 1
7 

m
on

th
s 

fo
llo

w
-u

p
A

l M
as

ha
ni

, 2
01

8 
[4

5]
10

10
N

S
N

S
N

S
N

on
e

N
S 

re
ga

rd
in

g 
de

liv
er

y,
 d

id
 

m
en

tio
n 

th
at

 p
os

t-o
pe

ra
tiv

e 
th

e 
fe

ta
l s

ta
tu

s w
as

 sa
tis

-
fa

ct
or

y
Pa

w
lik

 e
t a

l. 
20

18
 [4

6]
22

22
N

S
N

S
N

S
N

on
e

N
o 

ch
an

ge
s i

n 
fe

ta
l s

ta
tu

s 
w

er
e 

ob
se

rv
ed

 p
os

t-o
pe

r-
at

iv
el

y.
 N

o 
fe

tu
s o

r 
in

tra
ut

er
in

e 
vo

lu
m

e 
ab

no
r-

m
al

iti
es

 w
er

e 
di

sc
ov

er
ed

 in
 

ul
tra

so
un

d 
a 

da
y 

fo
llo

w
in

g 
A

C
K

um
ar

 e
t a

l. 
20

20
 [4

7]
13

13
N

S
N

S
3 

da
ys

N
S

N
o 

ch
an

ge
s i

n 
fe

ta
l s

ta
tu

s 
po

st-
op

er
at

iv
el

y.
 V

ia
bl

e 
he

ar
t s

ou
nd

s w
er

e 
he

ar
d 

po
st-

op
er

at
iv

el
y 

in
di

ca
tin

g 
th

e 
fe

tu
s's

 v
ia

bi
lit

y



Neurosurgical Review (2023) 46:290 

1 3

Page 9 of 19 290

to worsening neurological deficits despite the initial plan 
for postponed surgery and Cesarean section at 35 weeks. 
However, it should be emphasized that comparing a size-
able cerebellopontine angle meningioma which causes per-
ifical edema with a newly diagnosed low-grade glioma with 
no mass effect or edema can be misleading. As it has been 
mentioned, waiting for the fetus to reach a mature age for 
delivery may probably not make remarkable changes to the 
outcome of the latter patient. Indeed, future AC studies are 
required to address these caveats.

It should be noted that the preferred management is to 
defer the surgical intervention to later stages of pregnancy 
accompanied by Cesarean section for stable patients. Pre-
vious studies suggested that pregnancy can proceed to the 
second trimester and neurosurgical procedures be performed 
at this stage if pathology is diagnosed in the first and early 
second trimester and the patient is stable [39]. However, 
emergent neurosurgical interventions are required if the 
pregnant patient is unstable [56]. The decision to proceed 
with operative intervention is also influenced by the stage 
of the pregnancy. Based on the algorithm presented by Abd-
Elsayed et. al. [39] for stable symptomatic patients in the 
first and early second trimester, neurosurgery is postponed 
to the early second trimester to permit gestational advance-
ment, with the potential use of adjuvant radiotherapy beyond 
the first trimester, while the operative intervention is recom-
mended at this stage for unstable patients. Towards the end 
of the second trimester and early third trimester, the stable 
patient is observed carefully without intervention, however, 
if the neurological symptoms worsen, radiotherapy can be 
used to delay the surgery with a decision to proceed to Cae-
sarean section followed by neurosurgical operation under 
general anaesthesia if the patient is unstable and there is a 
chance of herniation. Regardless of the gestational age, sur-
geries should never be delayed or denied to pregnant women 
according to the recommendations made by The American 
College of Obstetricians and Gynecologists in conjunction 
with the American Society of Anesthesiologists to avoid 
adverse consequences on the pregnant woman and fetus 
[57]. Neurosurgical interventions can dramatically affect 
the pregnant person’s physiology. Furthermore, the impact 
of anesthetic medications on the patient and fetus should 
be carefully considered. Multiple factors, including type, 
size, and location of the brain pathology, neurological symp-
toms, fetus age, and mother well-being should be considered 
before neurosurgical interventions during pregnancy. AC is 
associated with shorter hospitalization, fewer neurological 
deficits, improved psychological outcomes, and better prog-
nosis and can be utilized in low-resource settings in combi-
nation with technological advances for general neurosurgical 
patients [21, 58–60]. AC has been used for various surgical 
indications, including tumor [20, 61], epilepsy [62, 63], and 
aneurysms [31] to enhance general neurosurgical patients' AC
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outcomes [26, 64]. Treatment strategy for AC in pregnant 
patients can be extrapolated from the standard of care with 
additional consideration.

The majority of the studies reported in this systematic 
review have reported the proximity to the eloquent areas as 
an indication to choose AC over GA, which is the main indi-
cation for AC even in the non-pregnant population. None-
theless, avoiding the potential harm of general anesthesia 
to both patient and fetus, such as metabolic changes caused 
by prolonged propofol exposure in long operations and 
shorter time of the operations are listed as other indications 
to choose AC for pregnant patients. However, some studies 
have reported that the usage of propofol in shorter operations 
is still clinically acceptable [65]. Shorter operation time, 
faster postoperative recovery, and fewer complications are 
other factors which favor AC compared to GA in general 
neurosurgical patients. The positive outcomes for both the 
patient and fetus reported in this study suggest that AC can 
be considered as a safe procedure in treating pathologies in 
the vicinity of the eloquent areas of the brain.

Various strategies should be employed to support the 
physical and mental well-being of the patient to deliver a 
healthy and viable child. Given the presence of the fetus, 
patient positioning during the procedure can also be impor-
tant to provide comfort for the patient as well as make 
the procedure feasible and reduce complications. Indeed, 
pregnant patient positioning during AC requires adjust-
ments, such as placing in a semi-lateral position, depending 
on tumor location as well as maintaining vena cava blood 
flow to reduce risks for the fetus [66]. Some studies have 
specifically indicated that a 15° left lateral tilt should be 
employed for pregnant patients undergoing surgery beyond 
18–20 weeks of gestation to reduce aortocaval compression 
and supine hypotension syndrome [33]. Specifically in AC, 
Pawlik et al. [46] positioned patients semi-laterally to reduce 
the risk of aortocaval complications [67, 68].

General neurosurgical patients diagnosed with can-
cer, especially brain tumor, are at risk of increased anxi-
ety, depression, suicidal ideation and attempt [69–71]. In 
addition to the psychological consequences associated with 
diagnosis, undergoing neurosurgical interventions can cause 
physiological and psychological pressure on patients as well 
[72]. Therefore, every effort should be employed to alleviate 
the psychological sequelae of treatment on pregnant patients. 
AC has been shown to result in a lower psychological sequel 
for non-pregnant patients, even in low-resource settings 
[21, 58]. However, there have been no studies specifically 
evaluating the psychological well-being of pregnant patients 
undergoing AC, and future studies are required to address 
this gap in our knowledge given the increased psychological 
pressure that pregnant patients experience by worrying about 
their own as well as their fetus’s health. Furthermore, ethical 
considerations should be addressed regarding the well-being 

of the patient and the maintenance of the pregnancy or pre-
term termination [73, 74].

The decision to use fetal monitoring intraoperatively dur-
ing AC should be based on fetal viability (generally 23 weeks 
and above), the feasibility of performing intraoperative moni-
toring, the availability of an obstetrician, the ability to easily 
access the maternal abdomen and safely interrupt the pro-
cedure to perform an emergency cesarean and, finally, the 
equipment and staff to care for the neonate [4].

Propofol is commonly used alone or in combination with a 
short-acting opioid for sedation during AC [75]; however, its 
use has been contraindicated in pregnancy due to metabolic 
acidosis effects [76]; Kamata et al. [44] used sevoflurane, which 
deteriorates intraoperative neurophysiological monitoring, 
instead of propofol. Adjuvant therapies post-operatively also 
require careful consideration of the consequences during the 
lactation period. For example, Kamata et al. [44] commenced 
adjuvant therapy when the lactation period was completed.

According to the European Society of Medical Oncol-
ogy clinical practice guidelines on systemic therapy in 
pregnancy, chemotherapy should be avoided during the first 
trimester due to the high risk of congenital malformations 
in nearly 20% of patients [48]. Termination of pregnancy 
should be considered in pregnant patients with aggressive 
malignancies requiring chemotherapy in the first trimester 
[66]. Administration of most chemotherapeutic agents may 
be safe during subsequent trimesters; however, they may 
cause complications, including intrauterine growth impair-
ment, low birth weight, premature birth, stillbirth, myocar-
dial toxicity, and myelosuppression; therefore, their risk 
should be assessed for individual patients [66]. Specifically, 
vinblastine is safe during the first trimester, whereas anti-
metabolites cytarabine and 5-fluorouracil, alkylating agents 
cyclophosphamide and dacarbazine, anthracyclines doxo-
rubicin and epirubicin, vinca alkaloids vinblastine, vincris-
tine and vinorelbine, taxanes paclitaxel and docetaxel, and 
platinum agents cisplatin and carboplatin are safe during 
second and third trimesters [66, 77]. Of note, atrial septal 
defect, intrauterine growth restriction, preterm delivery, pre-
eclampsia, and death have been reported for the pregnant 
patients being exposed to either vincristine or vinblastine 
[78]. Furthermore, six pregnant patients with brain gliomas 
who received either temozolomide or the combination of 
procarbazine, lomustine, and vincristine in the first month of 
the pregnancy unintentionally delivered healthy babies [79]. 
Temozolomide is a category D pregnancy medication which 
is not generally recommended, but it can be used if the ben-
efits to the mother outweigh the risks to the fetus. However, 
healthy fetus delivery despite using temozolomide in the 
first trimester is reported [80, 81]. There are other particular 
considerations; for example, a three-week gap between the 
last chemotherapy and delivery should be made to avoid 
pre-term or spontaneous delivery [66, 82].
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Vaginal delivery is permitted at term in a stable preg-
nant patient undergoing neurosurgical interventions [83], as 
some studies have debated that the cesarian section does not 
provide significant advantages over a vaginal delivery for 
intracranial pressure [39]. Preparations are required in case 
an emergency cesarian section is required. An emergency 
cesarian section may be required under epidural or general 
anesthesia if fetal distress occurs during AC [41]. Various 
problems, such as intraoperative seizures, emergency intuba-
tion and conversion to general anesthesia, intracranial hyper-
tension, hemorrhage, and lack of cooperation can arise dur-
ing AC, further complicating the procedure. Furthermore, 
hyperventilation should be avoided, which may reduce the 
fetus's cardiac output due to diminished venous return. Fur-
ther studies are required to assess the long-term develop-
mental consequences of exposure to AC. While insufficient 
information on post-operative management was provided 
in the articles reviewed here, the post-operative care for 
pregnant patients undergoing neurosurgical interventions is 
similar to that of non-pregnant patients [84]. However, addi-
tional intermittent fetal monitoring may be required during 
the post-operative phase [66].

Limitations

Our review is subject to some limitations. There is a pau-
city of data in the published literature on AC during preg-
nancy, limiting included articles to case reports with nine 
patients and ten fetuses, which can affect the level of the 
evidence available and the strength of analyses conducted. 
The included articles were in English only. No study had a 
long-term follow-up of patients and fetuses to investigate 
the consequence of AC. A direct comparison of AC and 
general anesthesia is lacking in the literature. Furthermore, 
some information, such as operation time and post-oper-
ative treatment was not reported in some studies, making 
comparisons of the procedure with general anesthesia chal-
lenging. Despite such limitations, this article can add to the 
collective, yet limited, body of knowledge on neurosurgical 
interventions for the treatment of pregnant patients under 
awake conditions.

Conclusion

AC is a safe and effective method for the treatment of lesions 
in pregnancy, which requires an experienced multi-discipli-
nary team with the support of obstetrics-gynecology. Indi-
vidualized plans and decisions are required for each preg-
nant patient considering multiple factors, including lesion 
pathology, gestational age, and patient preferences. Good 
knowledge of the variable anesthetic agents and their effects 
on the fetus is very important in managing those patients. 

Specific guidelines should be established for the manage-
ment of pregnant patients via AC.
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