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ABSTRACT

To evaluate the important role of Intraoperative Ultrasound (IOUS) in measurement of pre & postoperative resection volume of an intra-axial
posterior fossa lesions and to compare these results with that measured in pre and postoperative MRI brain. Also, to assess the principal surgeon
opinion regarding the ability of IOUS in localization and differentiating the borders of those lesions, and his comfortability during handling of this
device. There are different methods, which are helpful to localize precisely and allow maximum tumor resection, such as neuro-navigation,
intraoperative MRI, 5-aminolevulinic acid, as well as IOUS. Every method has its pros & cons. Although Intraoperative MRI Provides real time
updated images, however it's not available in most of neurosurgery centers in developing countries. So, with these financial and ergonomic
limitations of the Intraoperative MRI, usage of Intraoperative Ultrasound could be considered as a potential competitor in developing world. This is
a prospective study conducted at Ain Shams University hospital in the period from February 2013 to July 2014 we enrolled 23 patients presented
with posterior fossa intra axial neoplasms that operated with Intra Operative Ultrasound (IOUS) assistance. IOUS was able to well localize the
lesions in 96% of cases and it was able to differentiate solid and cystic parts in all the cases. IOUS was able to define well the lesion borders in 20/23
(87%) of cases.

There was no difference between volumes calculated from preoperative MRI and the pre-resection IOUS, also there was no significant difference
between the residual volume detected by the IOUS and the postoperative MRI brain. Principal surgeon reported overall great impression of the
1I0US in 18/23 (78%) of cases. Mean total additional time of usage of the IOUS was 27min. IOUS was found to be valuable in localization of the
lesions, differentiating solid and cystic parts and detection of the residual volume in the posterior fossa intra axial tumors.
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INTRODUCTION

Posterior fossa lesions are considered as critical brain lesions. This can
be explained by the limited space of the posterior fossa and high risk of
involvement of vital centers.

Surgical intervention of such lesions is considered of the top
neurosurgical challenges "',

Several surgical techniques and technological innovations have been
recently introduced to help the surgeon achieve the maximal safe
resection of the tumor while reducing the odds of post-operative
complications. Some examples are represented by the intraoperative
use of neurophysiological monitoring and the use of the awake surgery
technique. Moreover, in recent years, new methods, including
intraoperative diagnostic imaging (Intra-Operative Magnetic
Resonance-IOMR, Intra-Operative Computed Tomography-IOCT,
Intra-Operative Ultrasound-IOUS) and dyes (fluorescence) have
become relevant in neuro-oncological surgery, allowing for a more
radical and safer tumor resection .

Some of these innovations, such as the IOMR, are expensive and not
available in every neurosurgical center.

Therefore, in the last few years, great attention has been paid to the
possible intraoperative use of ultrasound (IOUS) guidance for brain
tumor surgery .

In the 1980s, Rubin et al published their first experience with the
neurosurgical application of intraoperative ultrasound (IOUS). They
found that ultrasound is friendly to use and capable of demonstrating
normal brain anatomy as well as identifying and localizing brain
lesions. Since the 1990s, with the advance in imaging studies, real-
time IOUS retained important role in neurosurgery for localization of
subcortical lesions in eloquent brain areas'.

I0US is not anew technology, but it is accurate in distinguishing tumor
from normal parenchyma and allows a real-time intraoperative
visualization. IOUS is cheap, easily repeatable, safe for the patient,
potentially available in all neurosurgical centers .

MATERIALAND METHODS

This is a prospective study, conducted at Department of Neurosurgery,
Bangur Institute Neurosciences, IPGMER, Kolkata, in the period from
February 2013 to July 2011. This study enrolled 23 patients that
operated using intraoperative ultrasound IOUS assistance. Patients
presented with cerebellar, brainstem or fourth ventricular intra-axial
lesions were included in this study with no age or sex restrictions. Extra
axial posterior fossa lesions e.g. Cerebellopontine angle lesions were
excluded.

The primary aim of our study was to evaluate the efficacy of IOUS in
detection of residual volume after resection of intra-axial posterior
fossa lesions. While secondary aims were to evaluate efficacy of IOUS
in localization of posterior fossa intra-axial lesions and defining its
borders, evaluate efficacy of IOUS in detection of pre-resection
volume in comparison to preoperative MRI, and to evaluate the main
surgeon opinion and comfortability during handling of IOUS device.

Checklist for data collection included:

Ageand sex.

Presentation:

Increased intracranial pressure ICP.

Cranial nerves deficits.

Ataxia: Truncal or limb ataxia.

Weakness.

Torticollis.

Lansky Performance Scale (LPS) in children 100
Karnofsky Performance Scale (KPS) in adults.90

Qo Aas oR N

All patients enrolled in the study were subjected to preoperative
contrasted MRI and CT brain to evaluate volume of the lesion in the
preoperative MRI: Calculated by the ellipsoid volume formula (1/2 A x
B x C), where A and B represent the two axial perpendicular
dimensions and C represents the craniocaudal dimension.

Operative Data Collection Pre-resection volume of the lesion by the
1OUS was calculated by the ellipsoid volume formula after measuring
2 dimensions in the axial orientation of the IOUS. The craniocaudal
dimension of the lesion was measured in the sagittal orientation of the
IOUS. When the IOUS detected a residual of the lesion at the end of
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resection, the volume of this residual lesion was calculated by the same
described method for the pre-resection volume. Additional time for the
use of IOUS was calculated from the time the surgeon asked for the
IOUS till the end of the scanning and the start of next step of the
surgery.

Total additional time of IOUS use is the summation of the additional
time required for all the scans done during the surgery.

Figure 1. A) Axial T2 MRI of a case of 4th ventricular epidermiod. B)
T1 WI of the same case. C) Intraoperative appearance of epidermiod.
D) IOUS image of epidermiod case.

Post-operative Evaluation
MRI brain was done in the first 72 hours of the postoperative period.

If any residual lesion was found in the post-operative MRI, its volume
was calculated and compared to that detected by the IOUS.

Statistical Analysis

After data gathering, data were classified into continuous or
categorical date. Mean, Standard error of the mean (SEM), Standard
deviation (SD), ranges and medians were used in analysis of
continuous data collected in the study.

Proportions or percentage were used to present the categorical data
collected in the study.

Pre-resection IOUS volumes were compared to preoperative MRI
volumes.

Residual lesions volumes were compared with that detected by the
IOUS and postoperative scanning. Student t test was used to compare
calculated volumes of lesions detected on both IOUS with volumes
calculated from preoperative and postoperative scanning. GraphPad
online calculator was used for all statistical analysis of the study.

RESULTS

This study enrolled 12 females and 11 male patients. Mean age of
enrolled patients was 22 years old. Thirteen patients were adults and 10
patients were children.

Patients enrolled in this study harbored different pathological
diagnosis. Most common pathology in our series was medullo
blastoma. We had 6 cases of medulloblastoma.

Ependymoma comes in the second rank with 4 cases in the whole
series. Pilocytic astrocytoma and hemangioblastoma were the third
most common pathologies in our study. Other pathologies included:

Epidermoid, abscess, astrocytoma grade 111, metastasis and brainstem
glioma.

Symptoms of increased intracranial tension were present in all enrolled
cases in this study. Second most common presenting symptom was
ataxia 22/23 (11 cases with truncal ataxia and 11 with limb ataxia).
Lower cranial nerves (Glossopharyngeal IX, accessory XI and
hypoglossal XII nerves) affection was found in 6/23 (26%) of cases in
our series. at the time of presentation, 3/23 (13%) of enrolled cases had
abducens nerve (CN VI) palsy. Torticollis was the presenting symptom
in 1/23 (4%) of cases. Weakness was the presenting symptom in 1/23
(4%) of cases.

Table 1 No. of different pathologies included in the study

Total [Medulloblas| Ependymo [Hemangiobl|  Pilocytic  |Others
toma ma astoma Astrocytoma
23 6 4 3 3 7
Evaluation of the IOUS

Evaluation of the accuracy of the IOUS in volume detection:

1. The mean preoperative tumor volume calculated by the MRI was
12.87 cc, SD 4.61 and SEM 0.96. The mean pre-resection volume
calculated from IOUS was 12.96 cc, SD 4.46 and SEM 0.93. The
difference in the mean between the two groups was 0.09 with a non-
significant 95% confidence interval (-2.78 to 2.61). P value was 0.95,
which is nonsignificant.

This suggests that there was no difference between volumes calculated
from preoperative MRI and the preresection [IOUS.

1. IOUS was able to detect residual lesions in 13/23 (57%) of cases.
The postoperative MRI confirmed the presence of the residual lesion in
12/13 (92%) of these cases.

2. The mean residual volume calculated from the IOUS is 1.48 cc, SD
2.12, SEM 0.44. We compared that to the volumes calculated from the
postoperative scanning. The mean residual volume calculated from
postoperative scanning was 1.45 cc, SD 2.06 and SEM 0.43. The mean
difference between the two calculated volumes was 0.044 with 95% CI
(-1.2 to 1.28). P value was 0.94 denoting no significant difference
between the residual volumes detected by the IOUS or the
postoperative MRI

Extent of Resection

We achieved gross total resection in 11/23 (49%) cases. When we
classified the extent of resection into more or less than 85%. It was
found that, extent of resection > 85% was achieved in 19/23 (83%) of
the cases.

Analyses of the Main Surgeon Opinion Questionnaire

I) Identifying the appropriate extent of craniectomy: The IOUS helped
to identify extent of the craniectomy in 13/23 (56%) cases. By
identifying the extent of craniectomy we mean, that we extend the
craniectomy in specific directions depending on location of the lesion
inrelation to the craniectomy done.

ii) Localization of the lesion: According to the methodology we
stratified the degree of localization into good, fair and poor. Good
localization was achieved in 22/23 (96%) of cases. Poor localization
was reported in only one case.

iii) Differentiating solid and cystic part: In our series we had 9/23 (40%)
patients with partially cystic lesions. The use of the IOUS helped to
differentiate between the cystic and solid parts in all those lesions.

iv) Defining lesion border: IOUS was able to well define lesion borders
in20/23 (87%) of cases.

Analysis of overall impression by the main surgeon revealed: Principal
surgeon reported overall great impression in 18/23 (78%) of cases and
moderate impression in 5/23 (22%) of cases with no reported cases of
being not of any help. There was no ergonomics difficulty reported by
any of the principal surgeon who used the IOUS.

Additional Time of Using the IOUS

We calculated the total additional time that is required for using IOUS
in 10/23 cases and we found that mean total additional time of usage of
IOUS in the surgery was 27 minutes in these cases, with a range from
15 minutes to 60 minutes.
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DISCUSSION

Resection of posterior fossa neoplasms needs surgical navigation in
order to guide maximum resection safely, especially with the growing
evidence of the effective cure with maximizing the extent of brain

i [67]
tumor excision .

Although the intra-operative MRI is available in few centers
worldwide which provides precise real time updates during the
resection of brain tumors. But, it has many limitations as: It needs large
space in the operation room, requires specific MRI compatible surgical
instruments and expensive. All these limitations affect its availability
in most of medical centers in developing countries. On the other hand,
IOUS is a cheap device which can be provided in most of these centers.
From this prospective study; we are presenting our experience of using
IOUS in resection of posterior fossa intra axial lesions as a cost-
effective tool.

Value of the IOUS

i)Localization of lesions: Hammoud et al concluded in their study of 70
patients with intra-axial brain lesions that IOUS was very helpful in
localization of tumors border'. The IOUS was able to well localize the
lesions in 93% of their cases . Other group studied the IOUS in
pediatric brain tumors found that the IOUS was able to localize the
lesions in all of their cases independent of the pathological diagnosis™.
We had good localization of the lesions in 96% of our cases. In our
results the IOUS differentiated solid from cystic parts in all patients
with cystic component.

i) Defining lesion borders: Authors reported their experience with
IOUS ability to define brain lesions borders. Their results showed that
they were able to well define the borders in about 90% of their cases
1% We were able to well define lesions in 87% of our cases. Authors
correlate poor definition of IOUS to the lesions with low grade
astrocytic tumors """, In our study we had 2 cases astrocytoma grade
1M1, which were fairly defined. We had only one case in our results,
which was poorly defined by the IOUS. This case was a low-grade
glioma (exophytic from the brainstem).

iii) Accuracy of the IOUS in determination of lesion volumes: Le Roux
et al concluded a strong correlation between the preoperative tumor
volumes and margins of IOUS to that of computerized tomography
scans in their study that included 22 patients and they concluded a
strong correlation in their study group". In the results of other group
of researchers, they found the pre-resection IOUS imaging to be larger
than the preoperative MR1 imaging for gliomas and metastatic lesion".

In our study, which included 23 patients operated with the aid of the
IOUS, there was no statistically significant difference between the
volumes detected by the IOUS and that of preoperative MRI brain (p
value 0.95). we also compared the volumes calculated from the IOUS
for residual lesions after resection to that calculated from the
postoperative MRI. We found statistically insignificant difference
between the calculated lesion volumes (p value 0.94). This augments
the results published by other authors regarding the ability of the IOUS
to detect residual lesions in about 90% of their cases “".

iv) Extent of resection: In a Cochrane review done by Barone et al for
intraoperative neurosurgery imaging (Neuronavigation, iMRI, 5-
aminolevuleinic acid and ultrasonography), they found low evidence
in support of any of these imaging modalities to increase extent of
resection of brain tumors.

However, the ultrasonography or IOUS was under estimated or
nonexistent in the recent literature surgery """

Intraoperative MRI and 5-ALA were reported by authors to be of value
in improving the extent of resection, gross total resection was achieved
in about 85% of cases with their assistance "*"”. However, the 5-ALA is
associated with a higher risk of postoperative morbidity "*.
Neuronavigation and Diffusion Tensor Imaging (DTI) associated
systems were correlated with very low evidence in literature for their
efficacy "*. Still there is potential space for each institute to choose
their compatible imaging guiding tool or combination "

Our results showed improvement of the extent of resection with the use
of TOUS. We achieved gross total resection in 11/23 (49%) cases.

v) Feasibility of the IOUS:
a) Real time images: Many studies have shown that, intraoperative

brain shift is a source of errors in neurosurgical procedure with the
neuronavigation"” ",

Nimsky et al studied intraoperative brain shift. Their study was
composed of a group of 64 patients who were operated for resection of
different types of brain tumors. They used 0.2 Tesla open MRI for pre-
resection and intraoperative imaging, and they found about 24 mm
cortical displacement and about 4 mm displacement in deep margins of
the tumors in 66% of cases. Their conclusion was supporting the
concept of possible surgical errors with the dependence of
neuronavigation systems without real-time updates . It is reported
that marked brain shift occurs with intraventricular or cystic lesions
surgery due to loss of cerebrospinal fluid or cystic fluid *". Our results
proved that the IOUS could provide real time intraoperative updates
during resection of posterior fossa intra-axial lesions. In our study the
I0US was able to differentiate solid from cystic parts of the tumor in all
the cases. Drainage of the cystic portion usually causes geometric
distortion of the solid part in patients with cystic tumors ",

b) Cost: In a developing country like India with a slowly growing
economy; this was a big drive to start our study. It would not be
practical to provide iMRI in all medical centers that serve the Indian
population due to financial and space limitations. However, the
ultrasound is already present in most of the hospitals and can be used in
the brain tumor surgery with minimal cost. The mean direct additional
costs of iMRI was found to be around 300 United states dollars per case
2 However reports on the mean direct additional cost of the IOUS is
around 30 USD per case *'"'*.

¢) Additional time for surgery: In our study the mean additional time of
usage of the IOUS was 27 minutes in the whole surgery with a mean
time for each scan of around 6.5 minutes. However, the mean
additional time to surgery with the use of iMRI was found to be about
1.6 hours per surgery and about an hour for a single scan ", This
would illustrate to what extent would the IOUS save time in
comparison to the intraoperative MRI.

Future Advancesin IOUS

Recently, the use of IOUS to update and correct the MRI images of the
neuronavigation systems intraoperatively was reported *”. By this way
the IOUS would complete the missing part in the neuronavigation
system, which is the real time update. This idea was first introduced by
a group of researchers who were able to use a phantom to update the
preoperative MRI images on the navigation system with an integration
tool making real time updates available *”.

Their results were promising, and research continued. A group from
Norway introduced “Sonowand” *, which is a module capable to fuse
the intraoperatively acquired 3D ultrasound images to the preoperative
images on the Polaris navigation system. These fused images can be
displayed either in split or composite images. They also quantified the
degree of mismatch between the IOUS and MRI and they detected a
degree of anatomical shift in 50% of their cases “. They published
their 4 years' experience after that with detection of missed residual
tumors in 53% of cases™*".

Tirakotai et al published their novel IOUS platform with incorporation
ofthe IOUS to the brain lab vector vision.

Although this system allowed the fusion of IOUS images with the
preoperative MRI and detection of degree of brain shift, none of them
allowed the correction of this anatomical shift ™.

A group of researchers also published the contrastenhanced
ultrasonography, in which they used the sulfur hexafluoride lipid filled
microbubbles as a contrast agent which appear as hyper echoic in the
I0US. They found this technique very helpful in detection of the feeders
of the lesions and the degree of vascularity in all of their cases ™.

CONCLUSION

Intraoperative ultrasound was found in our study to be of excellent
value in resection of posterior fossa lesions with regards to:
Modification of the craniectomy, localization of the lesion, detection of
pre resection volume in comparison to preoperative MRI, definition of lesion
borders, and differentiation of solid parts from cystic parts of the lesion.

IOUS helps to detect residual volume accurately in comparison to the
postoperative MRI. Mean additional time for the use of the IOUS was
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found to be 27 minutes in the whole surgery and 6.5 minutes for each
scan. IOUS is a potential competitor (cost effective) to the
intraoperative MRI in developing countries with limited resources like
India.
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