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Abstract

Purpose Intraoperative ultrasound (iUS) is a valuable tool—
inexpensive, adds minimal surgical time, and involves mini-
mal risk. The diagnostic predictive value of iUS is not fully
characterized in Pediatric Neurosurgery. Our objective is to
determine if surgeon-completed iUS has good concordance
with post-operative MRI in estimating extent of surgical re-
section (EOR) of pediatric brain tumors.

Methods We reviewed charts of all pediatric brain tumor re-
sections (single institution 2006-2013). Those with iUS and
postoperative imaging (<1 week) were included. The sur-
geon’s estimation of the EOR based on iUS and the post-
operative neuroimaging results (gold standard) were collected,
as well as information about the patients/tumors.

Results Two hundred two resections were reviewed and 58
cases were included. Twenty-six of the excluded cases utilized
iUS but did not have EOR indicated. The concordance of
interpretation between iUS and post-operative MRI was
98.3 %. Of 43 cases where iUS suggested gross total resec-
tion, 42 were confirmed on MRI (negative predictive value
(NPV), 98 %). All 15 cases where iUS suggested subtotal
resection were confirmed on MRI (positive predictive value
(PPV), 100 %). Agreement between iUS and post-operative
imaging had an overall Kappa score of 0.956, signifying al-
most perfect agreement.
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Conclusion The results from this study suggest that iUS is
reliable with both residual tumor (PPV—100 %) and when it
suggests no residual (NPV—98 %) in tumors that are easily
identifiable on iUS. However, tumors that were difficult to
visualize on iUS were potentially excluded, and therefore, these
results should not be extrapolated for all brain tumor types.
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Introduction

Intraoperative imaging is a valuable adjunct to intra-cranial
neurosurgery, for the purposes of locating tumors and esti-
mating the extent of surgical resection (EOR) [2, 5, 7, 10,
17]. In pediatric neurosurgery, therapeutic surgical goals
often include complete tumor resection. Intraoperative ul-
trasound (iUS) and intraoperative magnetic resonance im-
aging (iMRI) are both used for the purpose of estimating
tumor location and EOR in pediatric patients. iMRI is con-
sidered by many to have superior, gold-standard image
quality and is therefore a preferred diagnostic modality by
some groups [5]. However, iMRI is much more expensive
and requires specialized workspaces and personnel in com-
parison to iUS [2, 7, 10, 17, 18]. Additionally, iMRI does
not operate in real-time, thus preventing monitoring of
change and manipulation of tissues inside the surgical field
[12, 13]. As a result, surgeons must pause the surgery every
time they wish to obtain images using iMRI, consequential-
ly adding to the overall length of procedures [5, 17, 18]. As
well, although rare, iMRI does have potential risks such as
endotracheal tube dislodgement, electromagnetically in-
duced burns, and operative site infection [8].
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In contrast, iUS provides surgeons with real-time imaging,
which allows images to be obtained quickly and potentially
repeatedly during the same tumor resection [5, 10, 12, 13, 16,
17].Moreover, the real-time imaging capability of iUS allows
surgeons to manipulate and interact with the surgical environ-
ment. These abilities, coupled with the relatively low implemen-
tation and maintenance costs of iUS, provides institutions with a
cost-effective and efficient intraoperative neuronavigation alter-
native, which requires less total time in the operating room [5,
10, 17, 18].Unfortunately, a potentially significant downside of
iUS is the lower image quality it provides surgeons compared to
iMRI [5, 7, 13, 18]. Lower image quality can ultimately lead
surgeons to misinterpret scans and tumor margins, potentially
resulting in leaving residual tumor behind [16].

The diagnostic predictive value of iUS for estimating the
extent of surgical resection in pediatric brain tumors has yet to
be fully characterized [2, 5, 10, 16]. The objective of this study
is to determine if surgeon-completed iUS has good concor-
dance with post-operative imaging in estimating the EOR of
pediatric brain tumors. Despite iUS’s lower image quality
compared to iMRI, we hypothesized that surgeon completed
iUS has good concordance with immediate post-operative
magnetic resonance imaging (MRI) in estimating EOR in pe-
diatric brain tumor resections.

Methods

After obtaining institutional ethics approval, we retrospective-
ly reviewed the charts of all pediatric brain tumor resections
performed at our institution between 2006 and 2013. Only
patients who received both iUS and immediate post-
operative MRI or computed tomography (CT) (< 1 week
post-op) were included in the study. In any cases where the
immediate post-operative imaging was ambiguous (with
regards to defining if there was residual tumor), the subse-
quent MRI (between 1 and 7 months post-surgery) was also
reviewed to fully define operative extent of resection.
Patients for whom there was no indication of EOR in their
operative report were not included in the study. This allowed
the comparison of EOR reported intraoperatively, determined
by the surgeon and iUS, with the findings of post-operative
diagnostic neuroradiology examinations. Variables collected
included the location, size, and histological type of the tumor
resected along with patient demographic information. The
surgeon’s estimation of the EOR (based on iUS) and the
post-operative imaging estimation of EOR was collected.
The patients in this study underwent iUS using an Aloka
Prosound Alpha 9, generally using a convex (UST-9120-
3.75-10 MHz) probe. At our institution, the iUS is completed
and interpreted by the attending surgeon, and images are not
retained or subsequently reviewed. Although there is a learn-
ing curve for the use of iUS [7, 13], the neurosurgical team at
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our institution is well accustomed to this technique in brain
tumors and other intraoperative indications.

Results

Overall, 58 cases out of a total of 201 pediatric brain tumor
resections fit our inclusion criteria and were reviewed. Of the
143 tumor resections that were not included in our study, 118
were excluded because there was no mention of iUS in their
surgical records. The remaining 25 cases had iUS used during
the procedure, however did not have adequate information to
be included in the study, primarily lack of documentation of
iUS-determined EOR. Reasons why cases were excluded are
as follows: (1) iUS was used to positively identify the lesion
before resection and not used again to define EOR (13/25); (2)
iUS was used to identify the tumor pre-resection; however, the
scan was stated to be of poor quality and was not utilized again
(3/25); (3) iUS was used at some point during the procedure;
however, there was inadequate information in the surgical
note describing the capacity which the iUS was utilized
(4/25); (4) iUS was used to estimate EOR, but immediate
postoperative neuroimaging was not performed (3/25); and
(5) the EOR was reportedly difficult to determine by iUS
and was not reported (2/25). Pathology diagnosis and tumor
location of the excluded cases is summarized in Tables | and
2, respectively. Fischer’s exact test found no differences be-
tween counts of cases included vs. excluded, in terms of pa-
thology diagnosis. However, there were a greater number of
tumor location intraventricular tumors (third and lateral ven-
tricles) excluded, in comparison to the included cases
(p = 0.01). There were no other discernable differences be-
tween the pathologies and locations of tumors included and
excluded in the study.

The mean age of the patients included in the study popula-
tion was 7.8 years old, with the age of children ranging be-
tween 3 months and 19 years. The study population consisted
of 34 males (59 %) and 24 females (41 %). There were 34
(59 %) infratentorial tumors and 24 (41 %) supratentorial tu-
mors. Tumor pathology is summarized in Table 1. A total of
four neurosurgeons performed the surgeries and completed
the 1US studies included in this study.

The concordance of interpretation between iUS and post-
operative imaging was 98.2 % (57 of 58 cases). Of the 43
cases where iUS suggested a gross total resection (GTR), 42
cases were later confirmed to be GTR on postoperative neu-
roimaging (Table 2). This constitutes iUS having a negative
predictive value (the patient does not have disease when the
test signals no disease—NPV) of 97.7 %. In the 15 cases that
iUS suggested a subtotal resection, all 15 cases were con-
firmed on postoperative neuroimaging to be subtotal resection
(Table 3). Thus, the positive predictive value (the patient has
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Table 1  Tumor pathologies
Pathology Included cases Excluded cases
(n=58) (n =25)
Pilocytic astrocytoma WHO 1 19
Medulloblastoma/PNET/ 13
ATRT
Astrocytoma 5 1
Ependymoma 5 2
Ganglioglioma 3 2
Glioblastoma multiforme 1 2
Sarcoma 3 0
Dysembryoplastic 2 2
neuroepithelial
Extraventricular neurocytoma 2 1
WHO 2
Diffuse large B cell lymphoma 1
Low-grade glioneuronal tumor 1 0
Desmoplastic infantile 0
ganglioglioma
Pleomorphic 0 1
xanthoastrocytoma

residual disease when the test signals disease—PPV) for iUS
was 100 %.

A Kappa statistic was used to assess the agreement between
iUS and post-operative neuroimaging. Agreement between
the two imaging modalities had an overall Kappa score of
0.956, which equates to “almost perfect agreement” strength
between the neuroimaging techniques [19].

The one non-concordant case received immediate surgery
to remove the residual tumor. This tumor was a calcified
extraventricular neurocytoma (WHO Grade II) and was locat-
ed in the left frontal lobe. Representative post-operative imag-
ing for this case is presented in Fig. 1.

Discussion

iUS is a valuable tool in pediatric brain tumor resection pro-
cedures that allows surgeons to quickly identify residual tu-
mor in a changing surgical environment, but the predictive
ability of iUS and inter-test agreement with postoperative

Table 2 Location summary of excluded cases

Location Included cases Excluded cases
(n=58) (n=125)

Supratentorial 20 11

Posterior fossa 38 10

Intraventricular® 0 4

 Including tumors arising from the lateral and third ventricles

imaging has yet to be fully determined [2, 5, 10, 16]. This
study aimed to determine the congruence between iUS and
immediate postoperative imaging.

Many peer-reviewed articles in both adult and pediatric lit-
erature herald iMRI as a superior intraoperative neuroimaging
modality [3, 5, 6, 11, 14, 15]. With very high postoperative
imaging concordance rates (91-96 %), iMRI undoubtedly pro-
vides neurosurgeons with accurate intraoperative imaging re-
sults [3, 14]. However, a major downside of iMRI systems is
the implementation and maintenance costs [7, 11]. Not only are
iMRI systems expensive to purchase, they also require a spe-
cialized work environment, which can cost millions of dollars
to build and maintain [11]. As a result, institutions (both in
developed and developing nations) can find it difficult to afford
this imaging modality, in terms of both direct costs as well as
space and time [7]. In comparison, iUS has a relatively low
implementation cost and does not require significant mainte-
nance or a specialized work environment, with a concordance
rate (98.3 %) that might approach those of published iMRI
concordance rates (91-96 %), in terms of estimating GTR.

Another drawback of iMRI is that its utilization in-
creases the time required for each surgical procedure
and preoperative set-up [1, 3-5, 8§, 15, 17, 18]. An
article published on iMRI in a pediatric population not-
ed that procedures using iMRI went, on average, over
1.5 h longer than surgeries without iMRI [15]. The set-
up of the iUS in our operating room is done by our
intraoperative nursing staff and so does not cause any
surgical delays. In a prospective timing of five cases
(and two different surgeons), iUS required less than
2 min per scan.

Despite our results suggesting that overall concordance be-
tween post-operative imaging and iUS is strong (98.3 %) with
Kappa of 0.956 (“almost perfect agreement”), some literature
indicates that tumor characteristics can complicate iUS inter-
pretation [2, 9]. Mair et al. proposed a grading system for
lesions on iUS, based upon how readily lesions are identified
and the extent to which lesions are distinct from the surround-
ing brain [9].This grading system further refines which lesions
iUS is most effective in distinguishing. Unfortunately, the one
non-concordant case in our series was not represented in this
grading scheme (extraventricular neurocytoma WHO grade
IT) [9]. Perhaps, future research could focus on further

Table 3  iUS and post-operative neuroimaging congruence
Post-operative neuroimaging
Gross total Subtotal
resection resection
iusS Gross total resection 42 1
Subtotal resection 0 15
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Fig. 1 Pre-operative (left) and post-operative (right) computed
tomography imaging of the non-concordant case in our series

refinement of the iUS lesion grading scale, specifically in the
pediatric population, to better outline which tumor types are
best visualized on iUS.

The issue of tumor interpretability brought up by Mair et al.
also highlights one of this study’s most prominent limitations.
In at least five cases (and up to nine cases) that were excluded
from this study, iUS image quality was poor and difficult to
interpret. As a result, iUS was either not utilized again after
initial identification or EOR was not estimated. These cases
were excluded due to the lack of estimated EOR in the surgical
note, but potentially could have demonstrated instances where
iUS is ineffective at determining EOR. There were no notable
differences in tumor pathological diagnoses of the excluded
cases in comparison to the included cases. There were, howev-
er, a greater number of intraventricular tumors (third and lateral
ventricles) represented in the excluded cases, which potentially
suggests either a surgeon preference to not ultrasound that lo-
cation, or possibly that tumors in that area were difficult to
visualize. Regardless, the conclusions of our study do not ap-
pear to generalize at all to tumors in the supratentorial cerebral
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ventricles. No significant differences were noted between in-
cluded and excluded cases in other areas of the brain. Never-
theless, omitting these patients creates a potential selection bias
in our results. A prospective study design, with formal surgeon
reporting of ease of tumor identification and determination of
EOR, would likely address this bias. It is probable that in such a
prospective study, the predictive power of iUS would be differ-
ent than what this study determined.

In addition, this study has several other limitations. First, it
is a retrospective analysis on a moderate sample size of pedi-
atric brain tumor patients. This raises questions about patients
that were excluded. Twenty-five tumor resections, in which
iUS was utilized, were excluded from the study. In around half
of these cases (13), iUS was used to identify the lesion and
was not used again in the procedure. In these cases, it was not
considered prudent to repeat iUS to estimate EOR, because
the surgeons were confident of their estimation without iUS
assistance. Another limitation to this study is that the estima-
tions of concordance between iUS and postoperative neuro-
imaging presented in this study are not for iUS by itself. Sur-
geons have knowledge of the surgical field that is challenging
to measure in this type of study. Consequentially, surgeons are
naturally aware of their own impression of EOR, prior to use
of iUS, and this might bias the surgeon’s interpretation of the
ultrasound study (however this limitation could also be said
for iMRI and other intraoperative imaging modalities). Be-
cause of the retrospective study design and our practice at that
time (no storage of iUS study images), there is no opportunity
to have iUS images independently reviewed. Finally, the study
was completed at a single institution, by surgeons familiar
with the use of intra-operative ultrasound. It is possible or
even likely that there is a training effect of using intra-
operative ultrasound, and the predictive values for the obser-
vations regarding EOR might only be valid for “ultrasound
experienced” surgeons.

Conclusion

The results from this study suggest that when iUS is able to
identify a brain tumor, it works well at estimating EOR
(PPV =100 %; NPV = 97.7 %). If a surgeon deems that the
interpretability of iUS is of sufficient quality, it is likely that
the intraoperative assessment of EOR will be congruent with
postoperative imaging. However, these results should be taken
with caution; numerous resection cases where iUS was uti-
lized but EOR could not be ascertained were excluded from
this study. Because the resection cases that iUS had the highest
likelihood of succeeding in predicting EOR were selected for,
it is probable that these results only translate to the subset of
tumors that are easily identifiable on iUS. Continued investi-
gation into the strengths and limitations of iUS needs to be
conducted in a prospective manner.
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