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Abstract

for safe, and confident surgeries.

procedures, and avoiding complications.

modalities.

Objectives: Intraoperative use of ultrasound in brain surgery needs good understanding of the brain anatomy in
ultrasound images. This study aims to compare ultrasound imaging of brain anatomical landmarks during surgery
to perioperative computed tomography (CT), and perioperative magnetic resonance imaging (MRI) as
demonstration for encouraging usage as low cost, available and hazardless device.

Methods: In total; 350 patients were subjected to brain surgeries under ultrasound guidance using 2.5-8
megahertz (MHZ) transducers, at neurosurgery department Zagazig university hospital from January 2012 to
January 2019. Brain anatomical landmarks were compared between ultrasound images, and perioperative images

Results: Various intracranial anatomical landmarks could be well-demonstrated by ultrasound through the open
fontanel, or once the skull was opened, and during surgical work in real time fashion, facilitating surgical

Conclusion: Real-time ultrasound is of great help during brain surgeries in delineating brain anatomical landmarks
as well as MRI, and CT brain. The growing learning standard of intraoperative ultrasound (IOUS) use makes brain
surgery more simple with avoiding brain shift problems, radiation exposure, and high cost of other intraoperative
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Introduction
The ultrasound was easy, and excellent in determining
brain anatomy, and identifying intracranial abnormalities
[6]. Intraoperative ultrasonography (IOUS) is a dynamic
imaging that provides real-time information during cra-
niotomy [9]. Historically; the neurosurgeon to calculate
the tumor location used the crude, and ambiguous
visual, and tactile methods (gyri widening, discoloration,
and tissue consistency), and may do blind exploration to
localize subcortical lesions with risk of error [13].
Neuro-navigator systems based on preoperative data
are not accurate due to brain shift [4]. The imaging arti-
facts, and ionizing radiation as well as limited tumor
definition limited the wuse of intraoperative CT.
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Intraoperative MRI prolongs the time of surgery beside
high costs, and special surgical equipment [3]. The best
imaging modalities for brain shift compensation are
IOUS, and intraoperative MRI [2].

As unfamiliar image planes, and lack of experience;
the ultrasound images can be difficult to interpret [1].
IOUS is easy to use, and provides the real-time visualiza-
tion of brain anatomical structures [12].

I attempted to assess the ability of intraoperative ultra-
sound in brain surgery to detect brain landmarks, and
compare with perioperative imaging for safe surgical
procedures and collect data as clinical demonstrative
study.

Patients and methods
This is a qualitative study to demonstrate important
brain anatomical landmarks faced during intraoperative
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use of ultrasonography in brain surgeries. In total; 350
patients were subjected to brain surgeries either for mass
lesions resection (supratentorial or infratentorial) or ven-
triculoperitonial shunt insertion under ultrasound gui-
dance; during the period from January 2012 to January
2019 at neurosurgery department, Zagazig university
hospitals after approval from the local ethical committee
and Zagazig university institutional review board (Zu-
IRB). Informed consent according to the criteria set by
the local research ethics committee in our center had to
be obtained in writing before surgery. If consent could
not be obtained because the patient was in coma, or dys-
phasic, or a child; consent was obtained from relatives
for the procedures. All patients were operated upon
under general anesthesia in proper operative position.

Conventional ultrasound IBE-2500D, digital scanner
with electronic endocavity transducer (5, 6.5 and 8 MHZ),
and electronic convex array transducer (2.5, 3.5 and 5
MHZ) was used. The probe was placed on the opened
fontanel during ventriculoperitoneal (V-P) shunt insertion.
During mass lesion surgery the probe placed on the dura,
then on the brain, and in the resection cavity during resec-
tion progression of the mass lesions. The probe was cov-
ered by a sterile glove, and acoustic gel was putted inside
the glove. Low frequencies were used for deep details
while high frequencies for superficial details.

The cavity during mass resection was filled by saline
during use of the ultrasound probe. The real time mode
was used, and then B-mode for doing the measurements.

Tissues that are more echogenic than brain tissues
appear more white on the screen, and the less echogenic
appear more dark. For delineation of the best image of
the brain, and the mass lesion; the following factors
must be applied:

— Position of the patient head allows the lesion, and
the resection cavity are upward to permit saline stay
in the resection cavity, and prevent air artifact. In
posterior fossa surgery in sitting position elongated
glove gel pad was used to fill the surgical cavity.

— Selecting the proper ultrasound probe size, and
frequencies.

— Gel connection without air bubbles inside the glove.

— Adjusting the scanner brightness, depth, gain
compensation, focus, and frequency for best images.

— Cottonoids, and spatula should be removed, and
blood washing by saline during imaging.

Results

This study included 350 patients; 30 patients operated
for ventriculopretonial shunt insertion of ages less than
two years, with open anterior fontanel and hydrocepha-
lus, and 320 patients suffer brain mass lesions either
supratentorial or infratentorial. The ages of the patients
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ranged from 1 months to 71 years old with mean of 45.2,
and 231 of them were males (66%). The mass lesion nat-
ures were; brain tumors in 236 patients, abscesses in 30
patients, and hematomas in 54 patients; Table 1 which
showed also the operative complications.

The ultrasound gave us a real time image without
error of brain shift of the neuronavigators which depend
on preoperative images. The echogenicity of the brain
landmarks, its type, shape, and relation to the mass
lesion were evaluated for safe surgery according to the
location of the mass lesion Table 2. It is of great impor-
tance especially for lesions entangling the ventricles or
an eloquent brain area for safe trajectory angulation.
The nearby brain landmarks differ according to the mass
lesion location, and must be reevaluated during surgical
progression Figs. 1, 2, 3,4, 5 and 6.

Discussion
Availability of ultrasound was before CT, and MRI, and
its performance does not require any major investment.
Routinely available ultrsaounds are good, and enough;
only choose the size of the probe, and frequency for
work adaptation. This study tried to describe the brain
landmarks faced during brain surgery under ultrasound
B-mode which of great help in surgical orientation for
safe surgery.

Routine scanners available in hospitals are sufficient in
brain surgeries [11]. Brain tissue deformation, and brain

Table 1 Patients and brain lesions data

Parameters No %
Age
Child <18 years old 112 32
Adults > 18 years old 238 68
Sex
Male 231 66
Female 119 34
Location
Supratentorial 237 74
Infratentorial 83 26
Pathology
Hydrocephalus 30 86
Tumors 236 674
Hematoma 54 154
Abscess 30 86

Complications

Operative death 2 06
Transient complications 9 26
Persistant complications 7 2

Infections 2 06




Elmesallamy Egyptian Journal of Neurosurgery (2019) 34:30

Table 2 Brain landmarks by intraoperative ultrasound
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Brain landmark
tissues

Echogenicity according to Gray-white scale in relation to brain

Description

Ventricles Homogeneous hypo-echogenic

Choroid plexus Homogeneous hyper-echogenic

Septum pellucidum Homogeneous hyper-echogenic

Sulci Heterogeneous hyper-echogenic
Cistern Heterogeneous hyper-echogenic
Inter-hemispheric Heterogeneous hyper-echogenic
fissure

Falx cerebri Homogeneous hyper-echogenic

Tentorium cerebelli Homogenous hyper-echogenic

Brain tissues Homogeneous iso-echogenic
Brain stem
Skull Homogeneous hyper-echogenic

Edematous brain

Heterogeneous hyper-echogenic or hypo-echogenic

Heterogeneous hyper-echogenic or hypo-echogenic

Centrally located

Ribbon shape inside the ventricles
Thick continuous line

Small irregular dipping lines

Lined and marginated cavity

Large continuous thick line with side branching

Thick continuous line may be shifted by mass effect
Thick continuous line

Difficult to delineate white from gray matters
Rectangular in shape

Thick continuous line

According to severity, more hypo-echogenic with tense
edema

shift during surgery are the main limitation of neurona-
vigator, which depends on preoperative imaging. Ultra-
sound is a real time modality, but most neurosurgeons
trained on CT, and MRI, lack ultrasound training and
have difficulties in recognizing anatomic structures in
comparison to preoperative imaging [16]. Ultrasound
images were comparable to or even better than the cor-
responding MRI scans regarding tumor, and landmark
visualization [18]. There are no real disadvantages with
the use of intraoperative ultrasound. No risk of mechani-
cal brain injury or infection if used properly. Ultrasound

is easily available, convenient, fast, simple to use, and
cheap [13].

The ultrasound images echogenicity is related to mass
density, and ultrasound propagation in diverse tissues [8].
Hypo-echoic lesions have an elevated water component,
whereas hyperechoic lesions are characterized by a rich
capillary network or a significant stromal component [14].

Because intraoperative ultrasound gives imaging of
normal structures adjacent to the lesion, the relationship
to these normal structures can be appreciated before,
during, and after resection [5].

Fig. 1 Bone; arrow1 brain mass lesion, arrow2 bone (homogeneous hyper-echogenic)
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arrow4 interface between brain and edema

Fig. 2 Brain edema; arrow1 brain mass lesion, arrow2 heterogeneous hyper-echogenic brain edema, arrow3 hypo-echogenic brain edema, and

Ultrasound, MR], and CT images do not emphasize the
same physical properties of the tissues so; have markedly
different appearance. In this study; important anatomical
landmarks detected well by intraoperative ultrasound.
Echogenicity relative to brain tissues and homogeneity
beside shape and location gave visual orientation to brain
anatomical landmarks as well as brain pathology. Brain
stem, ventricular system, sulci, cisterns, and other land-
marks showed in illustrated Figs. 1, 2, 3, 4, 5 and 6, with
comparison to other imaging modalities.

Several studies described ultrasound anatomical land-
marks, but without demonstration and concentration on

this subject. Park et al [15]; found the ventricles appear
homogeneous hypo-echogenic less than the homoge-
neous brain tissues. The choroid plexus appears homo-
geneous hyper-echogenic mass, while the falx cerebri,
the tentorium cerebelli, and the bone appear homoge-
nous hyper-echogenic lines. The interhemispheric
fissure, and brain sulci appears heterogeneous hyper-
echogenic lines. Wang et al [20]; mentioned that the
meninges intruding into brain tissue were seen as hyper-
echoic. Panagiota, and Pallikarakis [14]; described the
surface of normal brain sulci to be moderately echo-
genic, while the deeper tissues are quite hypo-echoic,

Fig. 3 Brain dura and choroid plexus; arrow1 brain mass lesion, arrow2 homogenous hyper-echogenic falx cerebrai, arrow3 homogenous hyper-
echogenic tentorium cerebelli, and arrow4 homogenous hyper-echogenic choroid plexus
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Fig. 4 Brain stem; arrow1 brain mass lesion, arrow2 brain stem (heterogeneous hypo-echogenic or hyper-echogenic), and arrow3 resection cavity

and homogenous. The ventricles are a good centrally
located landmark due to their homogeneous hypo-
echogenicity. On contrary, the sulci, the falx, and chor-
oid plexus are heterogeneously hyper-echogenic. Cheon
[7]; described the ventricles as anechoic, while the falx,
and arachnoid membrane as echogenic structures. Chen
et al [6]; described the brain stem as homogenous hypo-
echogenic due to compact nerve bundles, and nuclei.
Also, Chandler, and Rubin [5]; mentioned that the brain
stem in ultrasound image is typically hypo-echoic.

Edematous brain, surrounding brain mass lesion
appeared hyper-echogenic, but when tense it appeared
hypo-echogenic. Many authors described brain edema as
more echogenic than the normal brain as [6, 10, 17, 19].
Panagiota, and Pallikarakis [14]; described the transition
between the lesion, and healthy brain by sharp or
mediated by a hypo-echoic or hyper-echoic halo. Hypo-
echoic halo can be the expansion of perifocal compres-
sive edema, perilesional vessels, or a tumor component
with active growth.

Fig. 5 Brain subarachnoid spaces; arrow1 brain mass lesion, arrow2 heterogeneous hyper-echogenic brain sulcus, arrow3 heterogeneous hyper-
echogenic inter-hemispheric fissure and arrow4 heterogeneous hyper-echogenic cistern
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Fig. 6 Ventricular system; arrow1 brain mass lesion, arrow2 homogenous hypo-echogenic cerebrospinal fluid, arrow3 homogenous hyper-
echogenic choroid plexus, arrow4 homogenous hyper-echogenic falx, arrow5 heterogeneous hyper-echogenic inter-hemispheric fissure, arrow6
homogenous hyper-echogenic septum pellucidum, and arrow 7 homogenous hyper-echogenic bone

Conclusion

Intraoperative ultrasound is a reliable method for visua-
lization of important brain landmarks during brain mass
lesion surgeries, and ventriculoperitoneal shunt inser-
tion, and this helps safe surgery, and confident intrao-
perative decisions for saving the patient, and evaluation
of the surgical process. It is easy to learn how to inter-
pret the ultrasound image as well as our familiar CT,
and MRI images for encouraging the use of this simple,
cheap, and valuable machine.

Study limitations
The used IOUS in this study not adapt 3diminsion cap-
ability or vascular modes except M mode.
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CT: Computed Tomography; IOUS: Intra-Operative Ultrasound;
MHZ: Megahertz; MRI: Magnetic Resonance Imaging; V-P
shunt: Ventriculoperitoneal shunt
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