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Abstract

Purpose In neurosurgery, ultrasound is useful in determi-
nation of the tumor location, differentiation between solid
tumors and cystic components, as well as definition of the
shortest and safest access to the mass. This study aims to
evaluate the role of the intraoperative ultrasound in
resection of pediatric brain tumors.

Methods Intraoperative ultrasonography (conventional B-
Mode) was performed in 25 pediatric patients with brain
tumors pre-, during, and post-resection, in whom eight
patients were supratentorial and 17 were infratentorial.
Post-op Grayscale images of the brain tumors on conven-
tional ultrasound were compared with the results of
immediate postoperative magnetic resonance imaging.
Results The border of the tumor and post-resection residual
tumor were more distinguishable from healthy brain on
ultrasound during the operation. Improved definition of the
tumor tissue from normal brain with ultrasound was
demonstrated in all cases aiding in tumor resection.
Conclusion Intraoperative ultrasound is suggested to be a
useful imaging technique in defining the border between
the tumor and healthy brain tissue pre-resection, in
detecting residual tumor tissues after the resection of the
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mass, and in guiding to the shortest and safest access to the
tumor during neurosurgery.
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Introduction

Brain tumors are the most common form of solid tumors in
children. According to the data from the American Cancer
Society, brain tumors account for 20.7% of pediatric
malignancies [1]. Pediatric brain tumors are the leading cause
of death from solid tumors in children [2]. Pediatric neuro-
oncology has evolved into a multidisciplinary collaborative
specialty that combines the expertise from radiation oncol-
ogists, neuroradiologists, neurologists, neuropathologists,
and pediatric oncology. Each of these specialties provides
important components of comprehensive care. Current
management strategies can optimize outcomes by integrating
the standard of care with novel and investigative therapies.
The role of neurosurgery in pediatric brain tumors is to
reduce the tumor burden, minimize symptoms, and preserve
functional abilities. Recent improvements in the surgical
management of brain tumors have reduced morbidity and
increased the possibility for aggressive tumor resection [3].
For operable brain tumors, surgical resection remains the
treatment of choice. However, maximal resection sometimes
remains challenging due to lack of definite border between
some malignant tumors and normal brain tissue. Therefore,
defining the border of the tumor is a major concern in
neurosurgery [4]. Modern imaging tools and recent advances
in imaging techniques now serve as the basis of early
diagnosis of brain tumors. This technology has moved into
the operating room. Magnetic resonance imaging (MRI)
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continues to be the most sensitive and preferred diagnostic
study for identifying these lesions. All imaging sequences
from preoperative MRIs should be carefully reviewed.
Anatomical location of a tumor, tumor size, and edema are
often delineated on TI1, T2, and FLAIR sequences [3].
Ultrasound offers real-time imaging; however, showing a
tumor’s definite margins is controversial. Echogenic tissues
such as brain edema or gliosis can interfere with the
differentiation of normal from abnormal tissues [5]. One
study has suggested that intraoperative sonography over-
estimates tumor volume, especially when used within the
context of recurrent tumors [6]. In contrast, another study has
suggested that sonography helps differentiate brain edema,
brain tumor, and normal brain [7]. This study evaluates the
role of intraoperative ultrasound resection of pediatric brain
tumors: defining the shortest access to the mass as well as
delineation of the solid and cystic components.

Patients and methods

Retrospective study of intraoperative ultrasound on 25
inpatients (male/female=13:12, age range 2—17 years) with
brain tumor enrolled between January 1, 2008, and July 30,
2009. All of patients (Table 1) had comprehensively
physical and neurological examinations, including MRI
before the operation.

Ultrasound equipment

Intraoperative ultrasound was performed with GE LOGIQ
BOOK XP device (General Electric, USA) A 6.5-MHz
intraoperative probe was applied. The transducer and cord
were placed in a transparent plastic surgical sterile sheath
secured at the scan head by a sterile rubber band. For
proper transmission of the acoustic beam between the
sheathed scan head and the dura mater, irrigation of the
operative field—as needed—with sterile saline was done.

Intraoperative scanning

After a craniotomy was performed, the radiologist was
called to the operating room to help in interpreting the data.
First, the sheathed scan head was placed on the surface of
the dura mater for scanning before opening the dura where
we identify the site and size of the lesion before any brain
shift, which could result from CSF drainage after dural
opening; the distance from the tumor to the dura mater and
the location and size of the tumor were measured and
compared with preoperative available MRI images. Dural
opening then follows, and the scan head is placed directly
to the surface of the brain tissue for further scanning, during
which continuous irrigation with saline is performed.
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Localization of the tumor, its consistency, and borders with
normal brain were studied, followed by a colored mode
scanning to identify any close vascular structures, then
returning back to B-mode scan to look for any relation of
the tumor to nearby anatomical landmarks, like: the
ventricles, the tent, and the cerebral aqueduct.

After collecting all these data, we start tumor excision
from the nearest safe part. As the tumor debulking
proceeds, repeated scanning is performed to evaluate the
tumor residue and its new relation to surrounding struc-
tures. After assuming total excision, another scan is
performed after filling the tumor cavity with sterile saline
to get an idea about the size of the created cavity and
compare it to the original tumor size, and any tumor residue
is looked for and excised.

Results

Many studies have demonstrated the reliability of intra-
operative ultrasound since the 1980s explained by the high
resolution and the real-time investigations [8]. In our series,
we found reliable tumor localization in all 25 cases without
any complications confirming the data of the literature.
Tumor localization by intraoperative ultrasound reaches
100% independent of the histopathological diagnoses.
Intraoperative conventional ultrasound was useful in the
determination of tumor location, its most superficial
portion, and in the differentiation between solid tumors
and cystic components. The border of the tumor and
remained tumor tissue were more distinguishable from
healthy brain on ultrasound during the operation which
helps in identifying residual tumors after assuming total
resection under microscope. Intraoperative ultrasonography
(IOUS) was very useful during resection of posterior fossa
tumors extending to the lateral parts of the fourth ventricle
or upwards to the aqueduct. Improving differentiation of the
tumor tissue from normal brain with ultrasound was
demonstrated in almost all cases. IOUS was very helpful
in posterior fossa, intraventricular, and cortical tumors to
ensure total and safe resection, while in craniopharyngio-
mas, it was helpful in the localization and excision of the
cystic component in one case; in the second case, residual
solid tumor was identified and excised. Comparing the
results of immediate post-op MRI to those from the IOUS
(Figs. 1 and 2), we were not surprised by any missed tumor
residue that could have been resected.

Discussion

Intraoperative US has been used in neurosurgery for more
than 20 years, and it still has many attributes that make it
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Table 1 Demographic and clinical characteristics of study patients

Patients Age (years) Degree of resection Gender Diagnosis Location

Case 1 12 STR M Craniopharyngioma Suprasellar mass
Case 2 1.4 GTR M Pineoblastoma Posterior fossa
Case 3 2 GTR M Meningioma Posterior fossa
Case 4 2.5 STR F GBM Right temporal lobe
Case 5 2.8 GTR M MB, classic Posterior fossa
Case 6 2.8 GTR F Dermoid cyst Posterior fossa
Case 7 33 GTR F MB, classic Posterior fossa
Case 8 3.6 STR F Pilocytic astrocytoma Posterior fossa
Case 9 5.1 STR M Immature teratoma Posterior fossa
Case 10 5.9 STR F GBM Right temporal region
Case 11 6.5 GTR M MB, large cell Posterior fossa
Case 12 6.6 STR F Pilocytic astrocytoma Posterior fossa
Case 13 6 GTR M Craniopharyngioma Suprasellar mass
Case 14 8 GTR M Pilocytic astrocytoma Posterior fossa
Case 15 9 STR M MB, classic Posterior fossa
Case 16 9 GTR M MB, classic Posterior fossa
Case 17 7 STR M Fibrillary astrocytoma Right temporal lobe
Case 18 9.3 GTR F Cellular ependymoma Posterior fossa
Case 19 9.4 GTR F Fibrillary astrocytoma Posterior fossa
Case 20 11.1 STR F Pilomyxoid astrocytoma Posterior fossa
Case 21 6 STR F Anaplastic astrocytoma Frontal lobe

Case 22 13 GTR M Choroided glioma Intraventricular glioma
Case 23 14.9 GTR F GBM Left parietal lobe
Case 24 15 STR M Pilocytic astrocytoma Posterior fossa
Case 25 17 GTR F MB, large cell Posterior fossa

GTR gross total resection, STR subtotal resection, M male, F' female,

attractive for neurosurgical guidance [9]. Ultrasound is very
useful in determination of the tumor location, its most
superficial portion, and in differentiation between solid
tumors and cystic components [10]. Ultrasound examina-
tion of the brain and spinal cord is hindered by the absence
of an adequate acoustic window. Other important limita-
tions of ultrasound are the necessity of a “tradeoff” between
frequency range, spatial resolution, and tissue penetration
of acoustic waves, not to mention that ultrasound is an
operator-dependent technique. After removal of skeletal
acoustic barriers, intraoperative ultrasound examination of
the CNS has been suggested in the identification and
characterization of brain and spinal cord lesions [11]. The
precise localization provided by ultrasound imaging short-
ens the time of surgery and increases the safety for the
patient [12].

Like intraoperative magnetic resonance imaging, intra-
operative US can be used to detect any intraoperative or
post-craniotomy brain shifts. IOUS can simply track a
biopsy needle in real time and define cysts, ventricles,
cisterns, and other fluid-filled spaces. The borders of the

GBM glioblastoma multiforme, MB medulloblastoma

tumors are generally simple to define, and, although the
borders of low-grade gliomas may be hard to identify, they
are also frequently difficult to define by the magnetic
resonance imaging. In addition, US during neurosurgery
have some definite advantages over MR imaging: above all,
the imaging investigations are in real time. By practice, it
becomes very easy for neurosurgeons to scan the brain and
look for lesions [13].

The most critical drawback in ultrasound detection of
tumor borders is peritumoral edema, which appears
echogenic relative to the surrounding brain [14, 15].
Surgical trauma may lead to minor hemorrhages along
the cavity borders, thus making the defining of edema
even more complicated. In this case, we depend on the
microscopic differentiation between the brain and tumor
tissue, together with comparing the size of the created
cavity after resection to that before resection. In case of
solid tumors, the cavity created after resection was filled
with saline to compare the size of the saline-filled
cavity to the pre-resection tumor size which can give us
a clue about the extent of resection, and if the normal
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Fig. 1 Intraoperative ultrasound
and pre- and postoperative
magnetic resonance imaging on
a 9-year-old male patient with
classic medulloblastoma (case
16)

a. Magnetic resonance imaging b. Magnetic resonance imaging
(T1 with contrast) pre-operative (T1 with contrast) post-operative

C. Ultrasound imaging pre-resection d. Ultrasound imaging post-resection

brain borders were violated during tumor resection, this  malignant gliomas, it is usually difficult to differentiate
was very useful especially in benign or well-  between hyperechogenicity due to surrounding edema or
circumscribed tumors or in tumors inside a ventricle as  tumor infiltration or residue which is also the case in
lateral and 4th ventricular tumors, but in case of MRIL

Fig. 2 A 13-year-old male patient with intraventricular chordoid glioma (case 22). Magnetic resonance image T1 with contrast preoperative (/eff)

and postoperative (right)
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Furthermore, the use of Surgicel in the tumor cavity may
interfere with interpretation of the IOUS. Surgicel is a gauze-
like surgical hemostat composed of oxidized regenerated
cellulose [16]. The air trapped between the interwoven fibers
of cellulose leads to ring-down artifact, with deleterious
effects on the sonographic image. This was avoided by
performing the sonography before inserting the surgicel.

In all 17 cases of infratentorial tumors and three cases of
supratentorial tumors, the IOUS was a very useful tool to
guide us for total tumor excision and identify any tumor
residue intraoperative which was confirmed by the MRI
performed immediately postoperative within the following
48 h, showing that IOUS in such cases can substitute the
intraoperative MRI, thus decreasing the length of the
operation and making it more simple with less cost effect.
In the other five cases of supratentorial gliomas, it was not
easy to differentiate between hyperechogenicity due to
tumor residue or that from brain edema and surgical
trauma; when comparing this to the immediate postopera-
tive MR, it was similar difficulty that we face indicating
that intraoperative MRI is not far more superior than IOUS
in such cases.

IOUS was introduced in our operating room since
January 2008, and we were using it since that time in
certain random cases without selection to identify its value
and get an idea about which cases could benefit from using
IOUS; since then, it is routinely used in all our cases, as it
always adds to our preoperative knowledge about the tumor
without any further cost or time.

Conclusion

In contrast to intraoperative MRI, intraoperative IOUS is less
time-consuming, simpler, and less expensive. It allows
monitoring the progress of neurosurgical procedure and even
of the brain tumor resection during surgery. Thus, intra-
operative intracranial ultrasound is suggested to be a useful
imaging technique in defining the border between the tumor
and healthy brain tissue pre-resection and in detecting residual
tumor tissues after the resection of the mass. In comparison to
intraoperative MR imaging which is not affordable for most
hospitals considering the primary costs including non-
ferromagnetic tools and the time-consuming investigations,

ultrasound presents as a practical and cost affordable
alternative in most of pediatric brain tumors.
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