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Abstract

Background Intraoperative ultrasound for intracranial neuro-
surgery was largely abandoned in the 1980s due to poor image
resolution. Despite many technological advances in ultra-
sound since then, the use of this imaging modality in contem-
porary practice remains limited. Our aim was to evaluate the
utility of modern intraoperative ultrasound in the resection of a
wide variety of intracranial pathologies.

Methods A total of 105 patients who underwent intracranial
lesion resection in a contiguous fashion were prospectively
included in the study. Ultrasound images acquired intraoper-
atively were used to stratify lesions into one of four grades
(grades 0-3) on the basis of their ultrasonic echogenicity and
border visibility.

Results Forty-two out of 105 lesions (40 %) were clearly
identifiable and had a clear border with normal tissue (grade 3).
Fifty-five of 105 lesions (52 %) were clearly identifiable but had
no clear border with normal tissue (grade 2). Eight of 105 lesions
(8 %) were difficult to identify and had no clear border with
normal tissue (grade 1). None (0 %) of the lesions could not be
identified (grade 0). High-grade gliomas, cerebral metastases,
meningiomas, ependymomas, and haemangioblastomas all dem-
onstrated a median ultrasonic visibility grade of 2 or greater.
Low-grade astrocytomas and oligodendrogliomas demonstrated
a median ultrasonic visibility grade of 2 or less.

*This study has not been presented at a conference
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Conclusion Intraoperative ultrasound can be of tremendous
benefit in allowing the surgeon to appraise the location, extent,
and local environment of their target lesion, as well as to
reduce the risk of preventable complications. We believe that
our grading system will provide a useful adjunct to the neu-
rosurgeon when deciding for which lesions intraoperative
ultrasound would be useful.
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Introduction

One of the important goals for a neurosurgeon is to remove the
target lesion without causing neurological deficit. There are
many ways in which a surgeon is able to maximise their
capacity to achieve this outcome. The ability to localise the
tumour with a good degree of accuracy, to estimate the volume
of tumour resected, and the proximity of any remnants to
normal brain anatomy are all important factors in achieving
the primary goal. With this in mind, several methods of
intraoperative imaging have been developed to facilitate safe
and efficacious tumour removal. Intraoperative ultrasound,
neuronavigation, intraoperative MRI and, in high-grade glio-
mas, fluorescene-guided techniques (using 5-Aminolevulinic
acid (5-ALA)) have all been shown to support safe, more
extensive tumour resection [8, 10, 12, 16].

Ultrasound was developed for medical purposes by the
American Navy in the 1940s but was first used cranially in the
1950s [1]. It utilises sound waves at frequencies above the
human auditory threshold to image planes of tissue in two
dimensions. Its use intraoperatively in cranial cases was largely
abandoned during the 1980s due to the poor resolution obtained
at that time. The technology has advanced significantly since
then and users are now able to integrate preoperative MRI/CT
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images with intraoperative, ‘real-time’ ultrasound pictures if
required. Even without 3D integration the operator can precisely
localise the lesion in ’real time’ and view the relationships to
important anatomical structures as well as being able to re-scan
during the operation to assess the degree of resection.

Intraoperative ultrasound has been shown in several studies
to provide benefit in the resection of various lesions including
(1) glioma, where good intraoperative ultrasound image qual-
ity was associated with the achievement of gross total resec-
tion with subsequent good functional outcomes [11], (2) me-
ningioma, where its use facilitated the identification of the
surrounding vasculature permitting safer resection [13], and
(3) haematoma evacuation, where a recent review article
concluded that improvements in image quality enhanced nav-
igation and evacuation assessment [4].

Despite progress within this field, the re-adoption of
intraoperative cranial ultrasound has not been widespread.
When examining why this might be, we found that neurosur-
geons were reticent due to several factors. The most important of
these factors was the perception that the views obtained intraop-
eratively would be poor and of little surgical use. As a conse-
quence a general consensus formed that either the lesion would
not be visualised or that no useful information would be gleaned
regarding the extent of resection or the proximity of adjacent
structures. With this in mind we felt that a grading system of
ultrasonic visibility would help to demonstrate the expected
value of ultrasound in certain situations and would be a useful
adjunct to the surgeon’s armamentarium in intraoperative deci-
sion making. We believed that it would encourage the neurosur-
geon as to the use of ultrasound in a wide variety of intracranial
pathologies. It would also apprise as to when the use of ultra-
sound would be of limited benefit.

Here we present our experience of 105 consecutive cases of
intracranial lesion resection performed by the lead author (MI)
in a prospective fashion using intraoperative ultrasound nav-
igation alongside our resultant grading analysis.

Methods

We used Philips 3500, Philips 4000 (Amsterdam, Netherlands),
Hitachi Aloka ProSound SSD 5000 (Tokyo, Japan) and
SonoWand (Trondheim, Norway) ultrasound consoles with
probes of sector 5 and 7.5 MHz probes and linear 12 MHz to
acquire intraoperative images in a standard fashion [5, 14]. The
probe selected was dependent upon tumour depth and size, with
the best possible image selected as the reference. For superficial
lesions, located less than 2 ¢cm from the cortex and with a
maximum diameter of less than 3 cm, a 12-MHz linear probe
was used. For deeper and/or larger lesions we used a 7.5-MHz
sector probe and occasionally a 5-MHz probe. For AVM assess-
ment, B-Mode was used for the grading system with Colour
mode and Power Angio mode used as adjuncts. Intraoperative
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ultrasound images were assessed and correlated to preoperative
MRI/CT, intraoperative neuronavigation as well as tumour his-
tology. The following two factors were considered: 1) overall
tumour visibility by the operating neurosurgeon, 2) distinction
between the lesion margins and the surrounding brain (Table 1).
The assessment of the images was initially performed intraoper-
atively by the operating neurosurgeon (MI). The best image was
saved and assessed postoperatively by another independent,
experienced neurosurgeon. This second assessment was
performed blindly, without review of the preoperative images.

We developed this grading system after careful review of the
known limitations of the current imaging modalities and of how
ultrasound could benefit lesion identification. We are aware that
certainty as to the classification of a lesion cannot be expressed
preoperatively. However, from a pragmatic perspective we
believe that a radiological differential diagnosis would provide
the information required to allow our grading system to be of
use. We propose a four-tiered system that takes into account the
echogenicity of the lesion and its border visibility. This four-
tiered system, reflecting four degrees of visibility, was used in
preference to a two-tiered system (visible and invisible) due to
the heterogeneity of the visibility amongst neurosurgical le-
sions. We reason that this will subsequently allow the practicing
neurosurgeon improved accuracy when determining the value
of intraoperative ultrasound. This is a practical grading system
designed by surgeons for surgeons (Fig. 1).

Data was collected in a contiguous fashion with the patient
data being made anonymous. Informed patient consent was
taken prior to surgery to allow for participation in the study.
The collection of images was not done at the expense of
prolongation of the surgery itself.

Results

Using our grading system we were able to show that we could
both visualise and clearly demarcate the lesion boundary in B-
mode in 42 out of 105 intracranial lesions (40 %). Fifty-five
patients had lesions that were clearly visible on ultrasound but in
which we were unable to identify a definite border with normal
tissue (52 %). In no cases were we unable to visualise the lesion

Table 1 The grading system for intraoperative lesion visibility when
using ultrasound

Grade Visibility Borders Description

0 None None Lesion not visible

1 Poor Poor Lesion difficult to visualise and no clear
border with normal tissue

2 Good Poor Lesion clearly identifiable but no clear
border with normal tissue

3 Good Good Lesion clearly identifiable and clear

border with normal tissue
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Fig. 1 Ultrasonographic visibility of brain lesions. a) grade III: the lesion is
clearly identifiable and has a clear border with normal tissue; artistic repre-
sentation, preoperative CT with contrast and intraoperative ultrasound; coro-
nal image. T, tumour; F, falx; LV, lateral ventricles; b) the lesion is clearly
identifiable but has no clear border with normal tissue; CT with contrast—

whatsoever and in only eight cases (8 %) did we have a poorly
visible lesion in B-mode (four low-grade gliomas, two arteriove-
nous malformations [AVMs], one granuloma, one
oligodendroglioma) (Table 2). However, changing the standard
B-mode to Colour-Angio or Power-Angio mode placed AVM in
the group of clearly visible lesions. These two modes, which
allow assessment of blood flow, have additional value for the
operating surgeon by providing useful information regarding the
relationship between a tumour and adjacent blood vessels (Fig. 1

Mesial temporal tumour, Power Angio mode. Tumour and its relationship to
neighbouring vessels is visible. T, tumour; WC, Willis Circle; PCA, Posterior
Cerebral Artery; ¢) the lesion is difficult to visualise and has no clear border
with normal tissue but remains identifiable on MRI (T2). T, tumour; F, falx;
CP,choroid plexus in the lateral ventricles

b). The use of Doppler Mode with the area of interest placed on
the identified vessel can also be helpful in differentiating between
arterial and venous flow patterns.

Discussion

Using our grading system we were able to grade 42 out of 105
intracranial lesions (40 %) as grade 3. The lead author found
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Table 2 Comparison of mean tumour ultrasound grade

Lesion Type Sample Median US US Grade US

Size Grade Range Grade

Haemangioblastoma 4
Cavernoma
Cerebral Metastasis 23

Haematoma 3
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that the information gained in these cases provided benefit
with regards to the localisation and completeness of resection.
Fifty-five patients (52 %) scored a 2 on our grading system. In
these patients ultrasound was found to be useful from a
localisation perspective and this helped to minimise dissection
through normal cerebral tissue. No cases scored 0 (not visible)
and only eight cases scored 1. In these cases the use of
ultrasound was helpful in order to estimate the lesion location
but was not useful for appreciation of the degree of resection.

Maximal tumour resection is associated with increased sur-
vival, better long-term tumour control, and a reduced incidence
of the malignant transformation of lower grade lesions [2, 9]. A
high Karnofsky performance score (i.e. low postoperative neu-
rological deficits) is also a predictor for long-term survival in
tumour patients [7]. The application of intraoperative imaging
techniques to intracranial tumours with the aim of improving
these parameters is therefore laudable. We have identified a
group of five tumours (high-grade glioma, cerebral metastasis,
meningioma, ependymoma, haemangioblastoma) in which we
found intraoperative ultrasound a valuable tool. All of these
tumours scored a median grade of 2 or greater in our grading
system, which meant that the tumours were easily identifiable
using intraoperative ultrasound. We also applied our grading
system to several rarer tumours and found that in ganglioglioma
and gangliocytoma it was also useful. The tumours that we
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found ultrasound to be less useful for were low-grade astrocy-
tomas and oligodendrogliomas, both of which scored a median
grade of 2 or less. The low-grade astrocytomas were particu-
larly difficult to image, scoring 1 in 57 % of cases. However,
the ability to recognise these tumours has improved with expe-
rience and adjustment of the console settings (Fig. 2).

Neuronavigation is the stalwart of current neurosurgical
resective practice but has several limitations in terms of an
inability to compensate for brain shift as well as potential
inaccuracies due to registration anomalies. The current vogue
for intraoperative MRI provides an alternative, although it too
has its drawbacks, including the high cost and level of disrup-
tion required for installation of the device and the equipment
required, as well as the time taken to image the intraoperative
patient to any useful degree of accuracy. 5-ALA-guided re-
section of high-grade glioma is accurate in showing the tu-
mour but is limited to a specific type of tumour and does not
provide anatomical information. It also requires the purchase
of photodynamic equipment for tumour visualisation, making
it more expensive. Intraoperative ultrasound is a cheap and
ubiquitous alternative or complementary method to those
outlined above.

The current literature examining the uses of intraoperative
ultrasound is contradictory as to its usefulness amongst vari-
ous tumour types. A recent study using intraoperative ultra-
sound in an unselected group of 142 patients with high-grade
glioma showed that medium or good views were independent-
ly associated with achieving gross-total resection. They also
noted a correlation between ultrasound image quality and
clinical as well as radiological results [10]. A further study
that compared a cohort of high-grade with low-grade gliomas
found difficulty in defining a tumour boundary in the high-
grade lesions using intraoperative ultrasound. This difficulty
was attributed to parenchymal oedema and as such they found
identification of the tumour boundary easier in their low-grade
glioma subset [15]. Good correlation between initial ultrasound
appearances and those of intraoperative MRI has also been
shown in low-grade glioma surgery [3]. When comparing the
intraoperative findings on ultrasound with the histopathological
diagnosis, a recent study initially showed good correlation,
however, reliability became worse as the resection progressed,
eventually declining to 26 % [6]. A contemporary study exam-
ining the use of intraoperative ultrasound in meningioma found
it of value in explicating the location of adjacent vasculature,
thus facilitating safe tumour resection [11].

Our dataset included six patients with vascular lesions,
including three patients with cavernomas. Rebleed following
complete surgical resection of these lesions is rare and so
accurate localisation and demarcation of the boundaries to
facilitate total removal is advantageous. In our series,
cavernomas were easy to identify with a median grade of 3.
We also included data from three AVM resections and found
that ultrasound was good at localising the AVM in one patient
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but was not useful in the other two if B-mode was used.
However, Power Angio/Colour modes helped us to visualise
and characterise abnormal vessels with much higher accuracy,
placing this type of pathology in the group of clearly visible
lesions with clear borders. Ultrasound is currently used in
AVM surgery whereby Doppler is employed to identify arte-
rial feeders entering the nidus. Doppler mode was helpful to
differentiate between arterial and venous flow patterns with
reasonable accuracy. We found no particular benefit with
regards to its use in B-mode to identify AVM location or
extent. This is in contrast to using Colour/Power Angio modes
as well as in contrast to its usefulness in cavernomas, where it
was used to successfully localise small subcortical lesions.

We also applied our grading scale to intracerebral haema-
tomas (ICH). They scored a median grade of 3 and were
thus easily identifiable using ultrasound. The lead author
found this useful in the emergency setting, whereby safe
localisation was made without the delays associated with
neuronavigational setup whilst still avoiding unnecessary
parenchymal injury. It was also useful in assessing the
degree to which the haematoma had been evacuated. In
one case, the fresh haematoma in the tumour bed was
identified after dural closure, facilitating timely wound re-
exploration and adequate haemostasis. A recent review article
also discusses the reticence of the neurosurgical community to
employ ultrasound despite considerable improvements within
the field. In the authors experience they find ultrasound useful
both in reducing the transcortical trajectory required to access
ICH as well as in identifying the relationship of various lesions to
the surrounding brain in real time [4].

Finally, we applied our grading scale to abscesses of which
we identified six. They scored a median grade of 2 and were
easy to localise in all cases. The gold standard treatment for
abscess management is currently under debate, with both burr
hole aspiration and formal craniotomy for resection yielding
similar results [17]. Ultrasound can be used and, in conjunc-
tion with our findings, would be useful for either of these
options. Another advantage of ultrasound in this context was
to localise the tip of the draining needle within the abscess
cavity. This is of relevance in very viscous abscesses where
aspiration can be difficult. It also allowed visualisation of the

collapse of the abscess wall and, as such, assessment for
complete drainage of the collection.

We found that the linear probes with higher frequency are
helpful in localization of small superficial lesions, offering a
higher accuracy with less noise. However, for larger and
deeper lesions this probe was less helpful due to an attenuation
effect and a lower frequency probe was found to be more
efficient. An additional benefit of the lower frequency probe
was the possibility to assess the entire cranial cavity, assisting
with anatomical orientation.

We are aware that our study is limited by its moderate
sample size and by the low instance, or absence, of certain
lesions within its cohort. In mitigation we are not attempting
to present a categorical review of the indications for
intraoperative ultrasound. Instead, we reason that for certain
intracranial lesions, intraoperative ultrasound can be of tre-
mendous benefit in allowing the surgeon to appraise the
location, extent and local environment of their target as well
as reduce preventable complications. We also believe that
this study might inform a new generation of surgeons who
may be unfamiliar with the technique, as well as try to
reanimate a generation indifferent to its use. Our scoring
system aims to provide surgeons with practical information
as to the utility of intraoperative ultrasound for the lesion
upon which they are about to operate, and as such the
advantages of intraoperative ultrasound can work as either
a standalone tool or in symbiosis with other intraoperative
localization techniques.

Ideally, we would have liked to include more examples of
rare tumour types as well as to increase the number of those
encountered more frequently, but for the sake of continuity we
felt it appropriate to present the experience of a single surgeon
and thus reduce the risk of interobserver bias. Other sources of
error would be the learning curve that said surgeon will have
pursued and the experience with the technique that was pres-
ent at the start of the study. We feel that every new technique
encounters these issues and that routine use of ultrasound,
even in cases where there is no stringent need for it and
provided that no significant delay in the surgery occurs,
should be considered for gaining the valuable experience
necessary in more complex cases.
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Conclusion

We present the first attempt to classify intracerebral lesions on
their intraoperative ultrasound appearances. We believe that
our grading system provides a useful adjunct to the neurosur-
geon when deciding in which lesions intraoperative ultra-
sound would be efficacious. We found that this relatively
inexpensive, real-time and easily available adjunct to the
neurosurgical armamentarium was helpful in the localization
of the majority of intracranial lesions. This included situations
whereby neuronavigation had failed to localize the pathology.
We are optimistic that this will lead to resurgence in use for
this simple but effective clinical tool in units where its useful-
ness was underestimated, and will encourage neurosurgeons
who do not have much experience with ultrasound to use it
with more confidence and more often.
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