
ORIGINAL ARTICLE

Analysis of safe entry zones into the brainstem
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Abstract
Intra-axial brainstem surgeries are challenging. Many experience-based Bsafe entry zones (SEZs)^ into brainstem lesions have
been proposed in the existing literature. The evidence for each one seems limited. English-language publications were retrieved
using PubMed/MEDLINE. Studies that focused only on cadaveric anatomy were also included, but the clinical case number was
treated as zero. The clinical evidence level was defined as Bcase report^ when the surgical case number was ≤ 5, Blimited
evidence^ when there were more than 5 but less than 25 cases, and Bcredible evidence^ when a publication presented more
than 25 cases. Twenty-five out of 32 publications were included, and 21 different SEZs were found for the brainstem: six SEZs
were located in the midbrain, 9 SEZs in the pons, and 6 SEZs in the medulla. Case report evidence was found for 10 SEZs, and
limited evidence for 7 SEZs. Four SEZs were determined to be backed by credible evidence. The proposed SEZs came from
initial cadaveric anatomy studies, followed by some published clinical experience. Only a few SEZs have elevated clinical
evidence. The choice of the right approach into the brainstem remains a challenge in each case.
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Introduction

The brainstem contains a dense concentration of nuclei and
fibers that make it difficult to operate in this area. Historically,
surgical eradication of intrinsic brainstem lesions, like focal
gliomas, cavernous malformations, etc., has been controver-
sial. In 1939, Bailey et al. [6] described this topic as Ba pessi-
mistic chapter^ in the history of neurosurgery. For a long time
and with few exceptions, the natural history of these lesions
meant a steady progression to death. However, CT scanning
and MRIs, along with the development of diverse treatments
such as cyst aspiration, partial resection, and radiotherapy,
prolonged survivals [9, 35]. In 1971, Lassiter et al. were
among the first to advocate surgical intervention for brainstem
lesions [29]. After that point, favorable outcomes were report-
ed with radical removals of intrinsic brainstem gliomas [4,
13]. In the last two decades, improvements in neuroimaging,
microsurgical techniques, and electrophysiological monitor-
ing and mapping, in combination with more detailed

knowledge of regional and functional anatomy, have made
this region more accessible for direct surgery.

However, intrinsic brainstem lesions remain difficult to
treat with surgical interventions because of their relatively
high morbidity and mortality rates. Recent studies show an
overall morbidity rate of 20–50% for new or worsened neuro-
logical deficits after brainstem tumor surgery [16, 18].
Mortality rates are rarely published, but are assumed to be
elevated. Some brainstem cavernoma series demonstrated
mortality rates of 2–10% [2, 30, 33, 40].

Multiple safe entry zones (SEZs) and surgical approaches
have been proposed as means of optimizing the resection of
brainstem lesions, particularly deep-seated, and minimizing
the manipulation and disruption of any eloquent parenchyma.
However, many of the SEZs come from anatomical research
and sporadic case reports, which means the evidence
supporting them is limited. This study aims to summarize all
the published anatomic brainstem SEZs and to establish an
evidence level for each of them.

Materials and methods

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow diagram was used as
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guidance for this study [31]. English-language publications
were retrieved through PubMed/MEDLINE searches, using
the subject terms Bbrainstem (safe) entry zone/point,^
Bbrainstem treatment zone/point,^ and Bbrainstem surgery
(cavernous malformation, tumor/gliomas, hemorrhage)
zone/point.^All references in these publicationswere checked
for SEZs if they were not shown in the initial search. Studies
that only focused on cadaveric anatomy were also included in
this study, but their clinical case number was treated as zero.
Clinical studies without detailed descriptions of the selected
entry zones were excluded. We looked for SEZs in the mid-
brain, pons, and medulla oblongata. All sides (anterior to pos-
terior) were included.

We preferred the Oxford Centre for Evidence-Based
Medicine scale, (https://www.cebm.net/index.aspx?o=
5653), but only levels 4 and 5 fit our results. Therefore,
we defined specific evidence levels for the SEZs. The
smallest evidence level, used when the surgical case
number was ≤ 5, was Bcase reports.^ BLimited evidence^
was used when the number of cases was more than 5 and
less than 25, and Bcredible evidence^ was used when there
were more than 25 cases. Clinical cases for each entry zone
were also checked to find out how many neurosurgical
centers used that zone.

Results

A total of 25 publications were included, and 21 separate
SEZs were found for the brainstem (Figs. 1, 2, 3, and 4). Six
SEZs were located in the midbrain, 9 SEZs in the pons, and 6
SEZs in the medulla (Figs. 2, 3, and 4). Case report evidence
was found for 10 SEZs, limited evidence for 7 SEZs, and
credible evidence for 4 SEZs (Fig. 5a). Most of them were
used in less than two neurosurgical centers (Fig. 5b, all
references are in Tables 1, 2, and 3).

Midbrain

From the dorsal to the ventral site of the midbrain, the pro-
posed SEZs are as follows (Table 1):

1. Supracollicular/infracollicular (SC/IC) zones—credible
evidence

The SC/IC SEZs, proposed in 2000, are described as
horizontal strips lying just above or below the
quadrigeminal tubercles, namely, the superior colliculus
and inferior colliculus (Fig. 4). Further authors reported
47 clinical cases that were operated on through the SC/IC
SEZs without mortality.

2. Intercollicular region (ICR)—case reports
Although it contains sparse fibers, the median

intercollicular approach was still proposed as a SEZ.

This approach requires a vertical incision in the
quadrigeminal tubercles (Fig. 2). One study reported that
it may result in less morbidity than the SC/IC zones, but
this SEZ was only used in one case.

3. Lateral mesencephalic sulcus (LMS)—limited evidence
Lesions located laterally in the midbrain can be

approached through the LMS (Fig. 3). It runs between
the substantia nigra anterolaterally and the medial lemnis-
cus posteriorly. The average length of the entry zone, ex-
tending from the medial geniculate body to the
pontomesencephalic sulcus, is 9.6 mm (the acceptable
range is from 7.4 to 13.3 mm), with an average depth of
8.0 mm (the acceptable range is from 4.9 to 11.7 mm).
Thirteen clinical cases involving operations through the
LMS were reported.

4. Inferior brachial triangle (IBT)—case reports
The IBT is bordered caudally by the trochlear nerve

fibers inside the midbrain, laterally by the spinothalamic
tract, and rostrally by the caudal margin of the brachium
of the superior colliculus (Fig. 2). There were four
reported clinical cases in which it was used as an ac-
cess point.

5. Anterior mesencephalic (AM) zone—limited evidence
Also known as the perioculomotor zone, this was first-

ly described as a Bfairly safe^ entry space in 1995. In
previous studies, it was defined superiorly by the posterior
cerebral artery, inferiorly by the superior cerebellar artery,
and laterally by the pyramidal tract (Fig. 3). There were a
total of 13 detailed reports of clinical cases involving op-
erations via the AM zone.

6. Interpeduncular fossa (IPF) zone—case reports
The interpeduncular fossa extends laterally to the ocu-

lomotor nerves. It is suggested as an alternative way of
AM entry point for lesions located ventrally and midline
to the oculomotor nerve nucleus (Fig. 2). This SEZ is
newly reported after two clinical case applications, as well
as some cadaveric anatomy cases.

Pons

The proposed SEZs from the dorsal to the ventral site are as
follows (Table 2):

1. Superior fovea (SFo) zone—case reports

The SFo entry zone is just at the level of the facial
colliculus, located in the inferior half of the superior fovea
triangle, lateral to the facial colliculus (Fig. 2). There was
one reported clinical case involving this entry zone.

2. Superafacial (SF) zone—credible evidence
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The superafacial and infrafacial triangle zones were first
proposed in 1993, in a study that only considered one case.
A total of 58 clinical cases have been reported since (Fig. 4).

3. Infrafacial (IF) zone—credible evidence

Multiple studies showed that following the first report in
1993, a total of 33 clinical cases were treated through the IF
zone (Fig. 4).

4. Median sulcus (MS) zone—case reports

TheMS zone is described as an entry point just above facial
colliculi in the floor of the fourth ventricle without crossing
fibers at this level (Fig. 2). Only two published cases involving
entry through this zone were found.

5. Area acustica (AA) zone—case reports

The area acustica was first described as a relatively safe
entry zone into the dorsal brainstem in 2000 (Fig. 2).
However, the authors did not provide any detail about clinical
cases that used this entry zone.
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Fig. 1 PRISMA flow diagram
summarizing the search and
selection of the articles

Fig. 2 Case reports (clinical case
numbers ≤ 5). ICR intercollicular
region, IBT inferior brachial
triangle, IPF interpeduncular
fossa zone, MS median sulcus
(above facial colliculi), SFo
superior fovea triangle, AA
acustic area, FP floccular
peduncle, PIS posterior
intermediate sulce, LM lateral
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anterolateral (preolivary) sulcus
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6. Floccular peduncle (FP)—case reports

The floccular peduncle was identified first in 2017, in a
study that examined 10 cadaveric heads, but no clinical case
published (Fig. 2).

7. Supratrigeminal (ST) zone—limited evidence

The supratrigeminal zone is located just above the root of
the trigeminal nerve (CNV) on themiddle cerebellar peduncle
(Fig. 3). Six clinical cases using this entry zone were reported.

8. Peritrigeminal (PT) zone—limited evidence

The peritrigeminal entry point is bordered superiorly by the
CN Vand inferiorly by the facial and vestibulocochlear nerve

(CNs VII and VIII) complex (Fig. 3). There were 19 clinical
cases in which this entry zone was used, and the results were
described in detail.

9. Lateral pontine (LP) zone—limited evidence

The lateral pontine zone, also known as middle cerebellar
peduncle zone, is described as a safe corridor on the junction
between the cerebellum and the pons (Fig. 3). There were a
total of 10 reported clinical cases in which it was used as a
SEZ.

Medulla

The existing safe entry zones (SEZs) from the dorsal to the
ventral site are as follows (Table 3):

1. Posterior median sulcus (PMS)—credible evidence
The PMS lies below the obex. It is restricted laterally

by the gracile fasciculus, which covers the gracile nucleus
(Fig. 4). In 2015, there were 45 reported clinical cases
involving this entry zone, and 3 deaths. Two other studies
reported each one case using the PMS approach in 2002
and 2010.

2. Posterior intermediate sulcus (PIS)—case reports
The PIS entry zone is located between the gracile and

cuneate fasciculi (Fig. 2). One clinical case involving this
entry zone was reported in 1991.

3. Lateral medullary (LM) zone—limited evidence
The LM zone, also known as the inferior cerebellar

peduncle zone, is located in the inferior cerebellar pedun-
cle, inferior to the cochlear nuclei, and posterior to the
origin of CNs IX and X (Fig. 2). A total of eight clinical
cases involving the LM zone were reported in two studies
in 2014. A further study reported 1 clinical case and 4
cadaveric anatomy dissections in 2017.

Fig. 3 Limited evidence (clinical
case numbers > 5, ≤ 25). LMS
lateral mesencephalic sulcus, AM
anterior mesencephalic
(perioculomotor) zone, ST
supratrigeminal zone, LP lateral
pontine (middle cerebellar pe-
duncle) zone, PT peritrigeminal
zone, OZ olivary zone

Fig. 4 Credible evidence (clinical case numbers > 25). SC/IC
supracollicular/infracollicular, SF superafacial triangle zone, IF
infrafacial triangle zone, PMS posterior median sulcus
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4. Posterior lateral sulcus (PLS) zone—case reports
The PLS entry zone, known as postolivary sulci or

retro-olivary sulcus, is located laterally to the cuneate fas-
ciculus. It could be an alternative to the PIS entry zone in
cases where lateral access to lesions is required (Fig. 2).
Although many studies mentioned it, only two clinical
cases were reported in detail.

5. Olivary zone (OZ)—limited evidence
The olive is an oval prominence on the anterolateral sur-

face of the medulla. It could be a safe entry point, with a
depth ranging from 4.7 to 6.9 mm and a length of 13.5 mm
(Fig. 3). There were a total of 12 reported clinical cases
involving operations through the OZ entry zone.

6. Anterolateral sulcus (ALS) zone—case reports
The ALS entry zone, also known as the preolivary sulci

zone, is defined as a short space between the rootlets of
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Fig. 5 a Evidence level
classification, based on the
clinical case number for each
entry zone. Case reports, clinical
case number ≤ 5. Limited
evidence, clinical case number >
5, ≤ 25. Credible evidence,
clinical case number > 25.
Abbreviations of SEZs are listed
in Figs. 2, 3, and 4. b Clinical
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neurosurgical centers. The
vertical axis shows the number of
neurosurgical centers, and the
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published safe entry zones.
Abbreviations of SEZs are listed
in Figs. 2, 3, and 4

Table 1 Summary of each entry zone in the midbrain

Entry point First author Year Case number

SC/IC Cavalheiro S [16] 2015 47

ICR Kalani MY [24] 2016 1

LMS Cavalheiro S [16] 2015 1

Kalani MY [24] 2016 12

IBT Ishihara H [23] 2006 4

AM Bricolo A [12] 1995 2

Cavalheiro S [16] 2015 10

Kalani MY [24] 2016 1

IPF Kalani MY [26] 2018 2

Abbreviations of SEZs are listed in Figs. 2, 3, and 4
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CNXII and the C1 nerve rootlets (Fig. 2). This entry zone
is preferred for exophytic lesions because of its superficial
position and close compagination of the pyramidal tract.

However, only 15 cadaveric heads were studied; there
have been no relevant clinical cases reported.

Discussion

The direct surgical approach to brainstem lesions is discour-
aged by the fundamental fact that any manipulation, no matter
how delicate, in the brainstem area will lead to high morbidity
rates and significant mortality rate. A previous study indicates
a mortality rate of up to 60% [13]. Safe entry zones are the
regions in the brainstem surface where incisions could be done
with acceptable outcomes, because of the sparse character of
eloquent structures in these areas [26]. The concept of safe
approaches into the brainstem for either tumor resection or
biopsy emerged in the 1990s. In 1982, Baghai et al. [5] report-
ed a safe approach from the ventrolateral portion of the pons,
which was only used for biopsy. In 1993, Kyoshima et al. [28]
reported two safe entry zones in the floor of the 4th ventricle.
Then, in 1995, Bricolo and Turazzi introduced five relatively
safe entry zones into the dorsal brainstem [12].

Twenty-one different SEZs for brainstem surgery have
been identified before now (Figs. 2, 3, 4, and 5a and
Tables 1, 2, and 3). According to Bthe Oxford Levels of
Evidence 2^ issued by the OCEBM Levels of Evidence
Working Group, the existing evidence for those SEZs is lim-
ited, because none of the current studies have been confirmed
by a randomized controlled trial or even a case-control study.
In addition, the proposed entry zones are heterogeneous. Most
of them are used in less than two neurosurgical centers and are
not confirmed by a reasonable quantity of clinical cases. Only
four entry zones (Fig. 4), namely, SC/IC in midbrain, SF and
IF in pons, and PMS in medulla, were used in more than 25
clinical cases. They were therefore classified as having cred-
ible evidence, according to our sub-classification. Seven entry
zones (Fig. 3), including the LMS, AM, ST, PT, LP, LM, and
OZ, could be classified as being supported by limited evi-
dence. The remaining 10 entry zones (Fig. 2), for which there
was little published evidence, were regarded as case reports.

The 2-point method

The B2-point method,^ that is a line drawn through the first
point at the center of a lesion, and another at the point where
the lesion is closest to the pial surface, is a safe entry approach
proposed by Spetzler’s team [14]. It aims to facilitate the re-
section of brainstem lesions while minimizing damage to the
surrounding normal parenchyma. In a study of 100 consecu-
tive patients with brainstem cavernous malformation, the 2-
point method was used to determine the surgical approach
[33]. A subsequent study of 260 brainstem cavernous malfor-
mation patients reported the use of a modified version of the

Table 2 Summary of each entry zone in the pons

Entry point First author Year Case number

SFo Yagmurlu K [38] 2017 1

SF Kyoshima K [28] 1993 1

Strauss C [37] 1999 7

Bertalanffy H [7] 2002 3

Kumar R [27] 2004 2

Cavalheiro S [16] 2015 45

IF Kyoshima K [28] 1993 2

Strauss C [37] 1999 13

Bertalanffy H [7] 2002 2

Cavalheiro S [16] 2015 16

MS Bertalanffy H [7] 2002 1

Kumar R [27] 2004 1

AA Bricolo A [11] 2000 0

FP Akiyama O [3] 2017 0

ST Bertalanffy H [7] 2002 3

Cavalheiro S [16] 2015 3

PT Bertalanffy H [7] 2002 1

Giliberto G [20] 2010 1

Hauck EF [21] 2010 9

Cavalheiro S [16] 2015 8

LP Bertalanffy H [7] 2002 6

Hebb MO [22] 2010 1

Kalani MY [24]*
Kalani MY [25]*

2016
2016

2
1

Abbreviations of SEZs are listed in Figs. 2, 3, and 4

*From the same center

Table 3 Summary of each entry zone in the medulla

Entry point First author Year Case number

PMS Bertalanffy H [7] 2002 1

Giliberto G [20] 2010 1

Cavalheiro S [16] 2015 45

PIS Giliberto G [20] 2010 1

LM Deshmukh VR [17]* 2014 4

Bozkurt B [10]* 2017 1

Abla AA [1] 2014 4

PLS Bertalanffy H [7] 2002 1

Giliberto G [20] 2010 1

OZ Bertalanffy H [7] 2002 1

Cavalheiro S [16] 2015 11

ALS Yagmurlu K [39] 2014 0

Abbreviations of SEZ are listed in Figs. 2, 3, and 4

*From the same center
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method. Here, one point is placed at the middle or most distal
extent of the lesion, and the other is again at the most super-
ficial point [2]. With this approach, anywhere on the pial sur-
face could be an entry point if necessary, even though it may
lie in some important brainstem tissue. Safe entry zones are
proposed as advantageous compared to simply traversing the
eloquent brain structure along a 2-point trajectory.

Controversies of SEZs

Some anatomical SEZs are very controversial. The corpora
quadrigemina, that is the superior collicula and inferior
collicula in the dorsal midbrain, was reported in Bricolo’s
book as a dangerous area for entry [12]. However, the
intercollicular region, in the corpora quadrigemina area, was
then described as a safe entry zone in the same publication
[12]. In 2000, the supracollicular and infracollicular (SC/IC)
were recommended as relatively safe entry zones compared to
the intercollicular region [11]. Although more than 45 clinical
cases were reported to involve the use of the SC/IC, two recent
publications still have different opinions on this topic. Based
on anatomical study, Parraga et al. [32] recommended the SC/
IC as SEZs to access lesions at the quadrigeminal plate.
Cavalcanti et al. [15], on the other hand, explained that be-
cause the intercollicular corridor contains very sparse fibers, it
is the most appropriate area for lesions in the region.We found
credible evidence in the literature for SC/IC, and only case
reports evidence for the intercollicular region. In our opinion,
the intercollicular approach is unfavorable.

Another disputed area, the medial longitudinal fascicles
above the facial colliculi, was described as a dangerous area
in the floor of the fourth ventricle in both of Bricolo’s studies
[11, 12]. Interestingly, these two studies also described the
MS, above the facial colliculus and passing through the me-
dial longitudinal fascicles, as a safe entry zone to enter into the
dorsal pons [11, 12]. In addition, the superafacial (SF) and
infrafacial (IF) zones in the floor of the fourth ventricle were
first proposed by Kyoshima et al. [28], and supported by ev-
idence frommore than 30 clinical cases. However, Bertalanffy
et al. [8] reported that mapping of the facial nerve response
area within the rhomboid fossa showed an unexpectedly high
variability in the size and position of that area when lesions
were close to or present in it. This was caused by the marked
distortion of the lesions. Even in patients with lesions far away
from the facial colliculus, the response area was also heterog-
enous. Thus, brainstem mapping for surgeries involving the
rhomboid fossa was strongly recommended in place of just
going through any Bsafe entry zone^ [8].

Similarities

The SEZs are usually defined by anatomical landmarks. For
example, the anterolateral sulcus zone and the PLS zone of the

medulla are well-documented areas lying pre- and post-
olivary. Both of them are very near the olivary body, with a
surgical space of approximately 2.5 mm in its anterodorsal
axis, especially when the anatomical structures are distorted
by any lesion in it [34]. SEZs in the supratrigeminal zone and
lateral pontine zone are also quite similar. The anatomical
areas are near the fifth nerve. Although the incisions in the
brainstem are different from each other, both of them need to
go through the transverse pontine fibers in order to access to
lesions in this region [22, 36]. Therefore, there might not be an
essential difference in clinical outcomes between these two
entry zones.

Confirmation

The number of neurosurgical centers that reported clinical
cases involving each entry zone is shown in Fig. 5 and
Tables 1, 2, and 3. Among the four credible SEZs (SC/IC,
SF, IF, and PMS) used in more than 25 clinical cases, the high
case number of the SC/IC SEZ comes from only one neuro-
surgical center. Seven SEZs (LMS, AM, ST, PT, LP, LM, and
OZ) that were classified as being supported by limited evi-
dence were used in two ormore neurosurgical centers.Most of
the remaining 10 SEZs were used at a single center, with the
exceptions of the MS and PLS, which were used in 2 different
neurosurgical centers. These results indicate that most of the
SEZs are not confirmed bymultiple centers, which could limit
the credibility and application of these entry zones.

Theoretically, in our opinion, lateral approaches for
brainstem lesions may have less influence on the structures
of the inner crossing fibers or the displaced and distorted nerve
response area than direct access from a dorsal or ventral mid-
line. Ferroli et al. [19] reported that these anterolateral pontine
trajectories are particularly safe and well tolerated for resec-
tion of brainstem cavernoma, with favorable long-term out-
comes. Thus, lateral approaches, such as the LMS and
supratrigeminal (ST) zones, may be better choices for lesions
in the brainstem. Strict midline approaches (like ICR) are not
supported by large bodies of evidence, and seem to be aban-
doned lately. Only SC/IC seems to be used with credible
evidence.

Limitations

To our best knowledge, this is the first study attempting to
classify the existing evidence for the entry zones into the
brainstem. However, all current studies do show weak
Oxford evidence for each entry zone and our attempt to cate-
gorize the zones using a more precise evidence scale has lim-
itations. Bricolo et al., for example, reported around 175 clin-
ical cases of brainstem surgery, but these cases are excluded
from this study because of the lack of detailed descriptions of
the selected entry zones and the number of times each SEZ
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was used [11]. This is a significant body of cases that should
be classified, but it was not possible for us to provide accurate
classifications on the basis of the data presented. There were
more publications that did not specify the approaches used in
specific cases, which means data that was potentially impor-
tant to our study could not be analyzed. Further, some surgical
approaches in current use might not be reflected in published
studies. Many centers use these approaches rarely, see some
morbidity, or do not believe their results qualify for publica-
tion. Proper scientific analysis can only be performed on qual-
ifying, published data. However, we agree that extrapolation
of the number of cases reported in the literature cannot be
correlated with the safety of an approach.

Conclusions

Many of the entry zones described as safe approaches into the
brainstem came from anatomical studies, retrospective case
reports, or limited clinical experience. Four existing entry
zones, the supracollicular and infracollicular, the superafacial
triangle zone, the infrafacial triangle zone, and the posterior
median sulcus are backed by a greater degree of clinical ex-
perience, as demonstrated in the current literature.
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