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Abstract Objective The purpose of the present study is to demonstrate the usefulness of
intraoperative ultrasound guidance as a technique for the assessment, in real time, of
tumor resection and as a navigation aid during intra-axial brain lesion removal on
patients admitted in the Neurosurgical Department at the Hospital Universitario de
Caracas, Caracas, Venezuela, in 2018.
Methods A total of 10 patients were enrolled, each with intra-axial brain lesions with
no previous neurosurgical procedures and a mean age of 49 years old, ranging from 29
to 59 years old.
Results A male predominance was observed with 7 cases (70%) over 3 female cases
(30%). Six patients had lesions in the dominant hemisphere. The frontal lobe was the
most commonly affected, with 5 cases, followed by the parietal lobe, with 4 cases. After
craniotomy, ultrasound evaluation was performed previously to dural opening, during
tumor resection and after tumor removal. The mean tumor size in axial, coronal and
sagittal views was 3.72 cm, 3.08 cm and 3.00 cm, respectively, previously to dural
opening with intraoperative ultrasound. The average tumor depth was 1.73 cm from
the cerebral cortex. The location and removal duration from the beginning of the
approach (ultrasound usage time) was 83.60minutes, and the average surgery
duration was 201minutes. Navigation with intraoperative ultrasound served to resect
intra-axial tumors more precisely and safely. There was no postoperative complication
associated with the surgery in this series of cases.
Conclusions Intraoperative ultrasound guidance for intra-axial subcortical tumor
resection is a technique that serves as a surgical and anatomical orientation tool.

Resumo Objetivo O objetivo do presente estudo é demonstrar a utilidade da orientação
ultrassonográfica intraoperatória como técnica de avaliação, em tempo real, da
ressecção tumoral e como auxiliar de navegação na remoção de lesão cerebral intra-
axial em pacientes internados no Serviço de Neurocirurgia do Hospital Hospital
Universitario de Caracas, Caracas, Venezuela, em 2018.

received
August 21, 2020
accepted
November 16, 2020
published online
February 15, 2021

DOI https://doi.org/
10.1055/s-0040-1722243.
ISSN 0103-5355.

© 2021. Sociedade Brasileira de Neurocirurgia. All rights reserved.
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution-NonDerivative-NonCommercial-License,

permitting copying and reproduction so long as the original work is given

appropriate credit. Contents may not be used for commercial purposes, or

adapted, remixed, transformed or built upon. (https://creativecommons.org/

licenses/by-nc-nd/4.0/)

Thieme Revinter Publicações Ltda., Rua do Matoso 170, Rio de
Janeiro, RJ, CEP 20270-135, Brazil

THIEME

Original Article | Artigo Original 113



Introduction

The fundamental steps in any neurosurgical procedure are:
spatial orientation, correlation between the preoperative
images and intraoperative findings, and determination of
the exact anatomical relationships of a tumor with the
surrounding normal brain tissue and adjacent vessels. These
steps translate into less transgression of the brain and
vessels, limiting manipulation to the lesion itself, with the
objective of minimizing postsurgical neurological deficits.
The real-time correlation between the information provided
by preoperative images and topographic transoperative data
are not offered by any of the modern neuronavigation imag-
ing techniques. Often, the surgeon faces a normal appearing
cerebral cortex and tumor of<1 cm in diameter deep in the
cortex.1,2 Changes in the spatial position of the tumor during
and after resection occur related to manipulation, cerebro-
spinal fluid aspiration, hemorrhage or removal itself.3

Intraoperative ultrasound guidance (iUS) is a tool that
continues to improve over time in terms of image quality,
helping distinguish between pathological and normal tissue
with good accuracy and functioning as a real time topo-
graphic orientation guide,making it an interestingmethod to
consider for routine use in neurosurgery. It can be used in any
operating room,without special instrumentation or arrange-
ments, and can be utilized without the presence of a radiol-
ogist or technician; it adds a small amount of time to the
surgical procedure and the costs are considerably lower
compared with neuronavigation devices and intraoperative
magnetic resonance imaging (iMRI).4

The known applications of the intraoperative ultrasound
guidance are: tumor localization, resection evaluation, identi-
fication of surrounding vessels and patency of dural sinuses,

brain abscess-guided aspiration, ventriculostomy, among
others; however, its use is not routinely standardized.5

Guided tumor resection is associated with higher global
survival rates.6–9 Intraoperative magnetic resonance imaging
and neuronavigation are established and well-known techni-
ques, but enormous implementation and maintenance costs
and increased surgical duration associated with these techni-
ques indicate that, in themeantime, it isprobable that theywill
not reachmostof theneurosurgicalunits aroundtheworld.4–10

Intraoperative ultrasound guidance is a technique with
lower cost compared with the mentioned iMRI and neuro-
navigation. An iMRI unit value ranges between US$ 3 million
to US$ 7million depending on equipment specifications. The
value of an intraoperative computed tomography (CT) scan is
betweenUS$1.5million andUS$ 3million, also depending on
equipment specifications plusmaintenance fees and licenses
associated. The value of an intraoperative ultrasound unit
varies between US$ 25.000 and US$ 55.000.11

Ionizing radiation is a concern with the use of intra-
operative CT scan unit that is spared with the use of iUS.
Postsurgical complications regarding compression of the
transductor against the cerebral cortex or infection rates
related to iUS are not higher than the one associated by the
procedure itself.12

In low-grade glioma surgery, the intraoperative differenti-
ation between the tumor and normal cerebral tissue can be
quite challenging.13,14 The iUSmight narrow this gapwith the
help of real time images.3,6,15 The iUS constitutes a comple-
mentary tool to neuronavigation images, and it has been
proposed for routine use in brain tumor surgery, intra and
extra-axial, supra or infratentorial and in intradural spinal
tumors. Intraoperativeultrasoundguidancedifferentiatesnor-
mal frompathologic tissue in 80 to88% of the cases, and its use

Métodos Foram incluídos 10 pacientes, cada um com lesões cerebrais intra-axiais,
sem procedimentos neurocirúrgicos prévios e idademédia de 49 anos, variando de 29 a
59 anos.
Resultados Foi observada predominância do sexomasculino com 7 casos (70%) sobre
3 casos do sexo feminino (30%). Seis pacientes tinham lesões no hemisfério dominante.
O lobo frontal foi o mais acometido, com 5 casos, seguido do lobo parietal, com 4
casos. Após a craniotomia, a avaliação ultrassonográfica foi realizada previamente à
abertura dural, durante a ressecção do tumor e após a retirada do tumor. O tamanho
médio do tumor nas incidências axial, coronal e sagital foi de 3,72 cm, 3,08 cm e
3,00 cm, respectivamente, previamente à abertura dural com ultrassom intraopera-
tório. A profundidade média do tumor foi de 1,73 cm do córtex cerebral. O tempo de
localização e remoção desde o início da abordagem (tempo de utilização do ultrassom)
foi de 83,60 minutos, e o tempo médio de cirurgia foi de 201 minutos. A navegação
com ultrassom intraoperatório serviu para ressecar tumores intra-axiais com mais
precisão e segurança. Não houve complicações pós-operatórias associadas à cirurgia
nesta série de casos.
Conclusões A orientação ultrassonográfica intraoperatória para ressecção de tumor
subcortical intra-axial é uma técnica que serve como ferramenta de orientação
cirúrgica e anatômica.

Palavras-chave

► ultrassom
intraoperatório

► tumor cerebral
► cirurgia de glioma
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increases lesion resectionby55%.Higher rates canbeobserved
if the lesions have heterogeneous properties or cystic
areas.16,17 Intraoperative ultrasound guidance also provides
vascular mapping, particularly arterial, related to the lesion
and adjacent tissue, especially when utilized in cerebral arte-
riovenous malformations. After tumor resection, it is possible
to evaluate the presence of residual lesions on the surgical
field.16

Methods

Adescriptive, case series type of studywas performed.18 From
January to December 2018, 380 surgeries were performed at
the Neurosurgery Service of the Hospital Universitario de
Caracas, Caracas, Venezuela; of these, 50 were intracerebral
tumors, 10 were excluded from family members refusing the
procedure, and 30were emergency surgeries. Other exclusion
criteriawere previous cranial surgery, deep brain tumors who
met thecriteria for theuse of stereotactic guidedbiopsy, extra-
axial brain tumors, and pregnancy, leaving a sample of 10
patients with the diagnosis of a brain tumor who met the
inclusion criteria (a subcortical intra-axial brain tumor diag-
nosed with magnetic resonance imaging (MRI) and voluntary
wish to participate in the study).

A data collection instrument was developed to gather
information related to the investigation. Each case was
discussed in the weekly medical grand round and was
included in the prior authorization of the study by the
chairman of the Neurosurgical department and attendants.
The preoperative dimensions of the tumor were measure in
coronal, sagittal and axial views to compare theMRIwith the
intraoperative ultrasound findings and to evaluate the per-
centage of resection.

The surgical procedures were performed in the Hospital
Universitario de Caracas with the presence of the usual
nursing personnel and using habitual neurosurgical instru-
ments standard in every cranial case.

The ultrasound equipment used for all the cases was:
Phillips Ultrasound model Sparq Diagnostic Ultrasound Sys-
tem GMDN 40761 (Phillips Ultrasound Bothell, Bothell, WA,
USA). With strict aseptic and antiseptic measures, the tech-

niquewas applied after an osteoplastic craniotomyof 8�8 cm
minimumfor theuseofa linear7 to11mHz transduceranda3,
5 to 5 mHz sectorial transducer. After the craniotomy, the
transducer is placed and the first ultrasound is performed,
after the dural opening a second ultrasound is performed,
placing the transducer directly on the brain parenchyma. The
size of the tumor and the nearby vascular structures with
Doppler was taken into account. The distance between the
brain surface and the lesion was recorded.

The ultrasound usage, tumor resection and the entire
surgical case times were recorded. The ultrasound was also
used after apparent complete macroscopic resection and, if
remnants of the lesion were found, they were resected if
considered safe without damaging surrounding vascular
structures or eloquent brain areas.

Bioethical aspects: each patient was properly informed of
the procedures and signed the informed consent form. Each
of the four bioethical principles was respected.20 The present
study was evaluated and approved by the bioethical com-
mittee of the Hospital Universitario de Caracas.

Statistical analysis: A database was developed with the
use of the statistical analysis software IBM SPSS Statistics for
Windows, Version 19 in Spanish (IBM Corp., Armonk, NY,
USA). Descriptive statistical of absolute frequency was used
and mode, median, mean and standard deviation with 95%
confidence intervals (CIs) were registered. The statistical test
utilized was the t-student for continuous variables with
normal distribution following the Kolmogorov-Smirnov
test. The chi-squared test was used for discrete variables.
Statistical significance was considered with a p-value<0.05.

Results

A total of 10 patientswere included in the study, with amean
age of 49 years old, ranging from 29 to 59 years old. Themale
gender predominated with 7 cases (70%), and there were 3
females (30%). Six patients had the lesion in the dominant
hemisphere, and the lobe most frequently affected was the
frontal, with 5 cases, followed by the parietal lobe with 4
cases. In ►Table 1, the description of every case is displayed
including gender, age, diagnosis, and location.

Table 1 Demographic characteristics

Case Gender Age (years old) Diagnosis Localization (lobe)

1 M 33 Low grade glioma Parietal - left

2 M 46 High grade glioma (glioblastoma) Parietal – right

3 F 53 Metastatic adenocarcinoma Parietal – right

4 M 38 Low grade glioma Frontal – left

5 M 59 Cavernous angioma Parietal – right

6 M 54 Metastatic adenocarcinoma Occipital – right

7 M 55 Metastatic adenocarcinoma Frontal – left

8 F 38 High grade glioma (glioblastoma) Frontal – left

9 M 56 Low grade glioma Frontal – right

10 F 29 High grade glioma (glioblastoma) Parietal - right
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Regarding the dimensions of the tumors, it was found
that, on average, in the axial, sagittal and coronal views, the
sizes were 3.72, 3.08 and 3.00 cm, respectively, similar to the
preoperative MRI dimensions. The tumor depth on average
was 1.73 cm. The time to locate and resect the lesion with
ultrasound (US) was 83.60minutes, and the average surgical
duration was 201minutes. These dimensions had a signifi-
cant central tendency measure when the t-student test was
applied (p<0.005) (►Table 2). The cases were operated by a
resident of the last year of the postgraduate degree in
neurosurgery; a tendency toward lowering surgical duration
with each following case was observed. (►Fig. 1).

All patients with the diagnostic of glioblastoma (high
grade glioma) had an hypoechoic US pattern. In the case of

grade 2 gliomas (lowgrade glioma), one out of three patients
had hypoechoic pattern and two patients had an isoechoic
pattern. Metastatic adenocarcinomas had a hyperechoic
pattern. One cavernous angioma had a hyperechoic pattern.
Therewas not a statistically significant difference (►Table 3).
It was possible to identify the tumor borders before the
resection in all of the patients included in the present study;
►Fig. 2 shows a case of a metastatic adenocarcinoma in
which that gross total resection was made.

Discussion

The extent of tumor resection has been associated with a
significant increase in life expectancy and improvement of

Table 2 Tumor characteristics and surgery duration

Variables Mean Standard deviation 95% Confidence
interval

p-value�

Inferior Superior

Tumor dimensions (cm)

Axial 3.72 1.92 2.34 5.09 < 0.001

Coronal 3.08 1.42 2.06 4.09 < 0.001

Sagittal 3.00 2.24 1.40 4.60 0.002

Tumor depth (cm) 1.73 1.78 0.45 3.01 0.013

Ultrasound usage time (minutes) 83.60 30.17 62.01 105.19 < 0.001

Surgery duration (minutes) 201.10 38.41 173.63 228.57 < 0.001

�T- student test.

Fig. 1 Ultrasound usage time and surgery duration.
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neurological deficits directly related to the size of the tumor
and the level of compression of the surrounding brain tissue,
making it interesting that the appropriate use of the naviga-
tion technique these objectives, at limitant was that due to
institutional difficulties, we do not have magnetic resonance
or neuronavigator to properly compare and establish costs,
we believe that other characteristics such as: cost / effective-

ness, applicability, reliability, reproducibility are possible
with this technique, and that training can decrease surgical
time.21,22

We found that iUS is a very sensitive technique for a brain
tumor lesion, secure and precise in the intraoperative trajec-
tory planning toward the lesion and not time consuming
compared with other techniques frequently used in our

Fig. 2 Case of a metastatic adenocarcinoma in the right parietal lobe (►Fig. 2A), intraoperative image with the transducer placed on the dura
(2B), characteristic of the image on ultrasound and delimited with arrows (2C), in the 2D image it is the area of edema after gross total resection.

Table 3 Relation between histopathological diagnosis and ultrasound image pattern

Histopathologic Diagnosis Ultrasound pattern Total

Hypoechoic Isoechoic Hyperechoic

N % N % N % N %

Glioblastoma (high grade glioma) 2 20.00 0 0.00 0 0.00 2 20.00

Grade II glioma (Low-grade glioma) 1 10.00 2 20.00 0 0.00 3 30.00

Metastatic adenocarcinoma 1 10.00 1 10.00 2 20.00 4 40.00

Cavernous angioma 0 0.00 0 0.00 1 10.00 1 10.00

Total 4 40.00 3 30.00 3 30.00 10 100.00

p>0.05; not significant.
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department such as stereotactic-guided surgery and neuro-
navigation. These findings are similar to those of other
authors.5,21 Intraoperative ultrasound guidance is an effec-
tive tool for locating supratentorial brain tumors after the
craniotomy, and also an aid for resection control in real-
time.4,5,12,15,23–26 In our case series, wewere able to remove
the lesions regardless of the histopathological diagnosis.

Our cases series, the iUS behavior of brain metastasis was
demonstrated by a hyperechoic signal, compared with the
surrounding normal brain tissue; high-grade gliomas were
hypoechoic, and low grade gliomas had an isoechoic signal,
which made difficult the differentiation between normal
brain tissue as established by Gousias et al.6 and Mair et al.3

High-grade gliomas and metastasis are hyperechoic com-
pared with the brain with sharp borders, and glioblastomas
have cystic cavities hypoechoic in nature (necrosis). Low-
grade gliomas are isoechoic but still distinguishable from
surrounding parenchyma.

Intraoperative ultrasound guidance results in less normal
brain tissue injury, identification of intralesional or adjacent
vascular structures, precise location of subcortical tumors
after durotomy independently of the histopathological diag-
nosis. It is considered a utility method, fast, easy to handle by
the neurosurgeon with a short but continuous learning curve
that mandates basic knowledge of ultrasonography. Its bene-
fits justify the routine usage for subcortical, intra-axial brain
lesions, regardless of the size or histopathological diagnosis.

Preoperative planning of the approach correlating radiolog-
ical images with craniometric reference points or neuronavi-
gation ismandatory as it affects thefinal results of the surgery.
Thecraniotomysizeshouldbe�8�8cmifa7 to11MHz linear
transducer is going to be used. It is also recommended that
ultrasonographic interpretation of transoperative images
should be included in formal neurosurgical residency pro-
grams, in order to stimulate future generations to compare
this technique with newer and more advanced techniques to
standardize its use in appropriate clinical scenarios.

Limitations related the use of iUS are reverberation in
deep seated lesions,27 not giving information of tumor loca-
tion prior to craniotomy, size of craniotomy related to the
size of the transducer used. The 6�2 cm linear 7 to 11MHz
transducer was utilized more frequently, giving higher res-
olutions and better details with a depth up to 10 cm from the
cerebral surface. Regarding resection control, we found that
the postsurgical cavity has to be completely hemostatic
without overlying hematomas (hyperechoic), because it
interferes with the evaluation of the peripheral tissue and
residual tumor. Also, the usage of cottonoids or surgical
patties interferes with the postresection evaluation.

There were no complications related to pressure of the
transducer against the normal brain tissue measured by
postsurgical physical evaluation of each patient, nor increase
in surgical site infections.

Neuronavigation has an advantage related to approach
and location planning prior to craniotomy or durotomy, but
we found that, frequently, the problem in accessing deeply
seated lesions is not related to craniotomy location, but after
durotomy or corticotomy, and the limitations of this tech-

nique after cerebrospinal fluid shifts or partial resection of
the tumor are widely known.28–30

intraoperativemagnetic resonance imaging is a technique
with similar results related to the assessment of tumor
resection, as stated in many studies,23–26 but at a higher
cost: requiring complete rebuilding of operating rooms,
training of nursing personnel and usage of special surgical
instruments; besides, it is not available in our country. This
type of technique has indications in resection control of
tumors in the diencephalon, brain stem, trans-sphenoidal
approaches, among a few others.

Recently, neuronavigation integratedwith high resolution
tridimensional intraoperative ultrasonography addresses
both common problems during tumor resection: location
before craniotomy and resection control, respectively.30 But
studies comparing these combined approaches with the use
of each alone are lacking.

Conclusions

Intraoperative ultrasound guidance for intra-axial subcortical
tumor resection is a technique that serves as a surgical and
anatomical orientation tool, which correlates with preopera-
tive images and intraoperativefindings.We recommendusing
this technique routinely for intra-axial supratentorial brain
tumor resection.
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