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The role of intraoperative ultrasound in
gross total resection of brain mass lesions
and outcome
Wael Abd Elrahman Ali Elmesallamy

Abstract

Background: Surgical resection of brain mass lesion mandates safety and the best outcome for the patient.

Objectives: The aim of this study was the evaluation of intraoperative ultrasound (IOUS) in gross total resection of
brain mass lesions and patients’ safety in comparison to conventional surgery.

Materials and methods: In total, 632 patients were operated for brain mass lesion resection at Neurosurgery
Department, Zagazig University Hospitals, during the period from January 2011 to October 2018 and divided
randomly into two groups, IOUS group and conventional group, for the detection value of IOUS in resection, safety,
and outcome after 3 months follow-up.

Results: The IOUS group showed statistically significant gross total resection regardless to pathology, location, size,
age, and sex in favor of IOUS use, and also, there were significantly less complications and better outcome after 3
months follow-up with the IOUS group. Significantly better outcome was found with gross total resection in total
surgeries.

Conclusions: The use of IOUS during brain mass lesion surgery is safe and can assist the surgeon in gross total
resection with better outcome.
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Introduction
The use of ultrasound in brain mass lesion resection
is a real-time capability of this imaging. Ultrasound
may provide an alternative tool to intraoperative mag-
netic resonance imaging (MRI) for delineating tumor
tissues and improving the chances of gross total re-
section [1]. The purpose of brain tumor removal is
maximal resection while sparing healthy tissues. The
extent of resection is a key prognostic factor in sur-
vival time, functional recovery, and tumor recurrence
rates [2]. The optimal results of brain lesion surgery
may be achieved by maximal surgical resection with-
out disturbance of neurological functions [3]. Due to
the imprecise correlation between preoperative images,
intraoperative anatomy, and also poor differentiation of
some tumors from a normal tissue, substantial tumor

volume may remain postoperatively which may lead to
rapid disease recurrence. To avoid these, better delinea-
tion of normal from tumor tissue intraoperatively could
improve clinical outcome as increasing chance of total re-
section and decreasing normal tissue damage [4]. Intraop-
erative imaging technology increases the extent of tumor
resection and patients’ outcome including survival time.
MRI systems are time-consuming and of high cost. Com-
puted tomography (CT) usually is not of choice as ioniz-
ing radiation and limited mass delineation. Several
researches have demonstrated that the image quality of
ultrasound has improved enough to visualize and guide
tumor resection [1, 5]. The most important disadvantage
of neuronavigation is the inconsistency with preoperative
images from changes of the lesion and critical anatomic
structures associated with brain shift as intraoperative
tumor resection or cerebrospinal fluid drainage. This cre-
ates the need for updating the preoperative image with the
intraoperative image [6].
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The ultrasonography can assist the surgeon to solve
the common problem of brain shift, and any tumor re-
sidual can be spotted by ultrasound and removed [7].
The aim of this study was the evaluation of intraopera-

tive ultrasound in gross total resection of brain mass
lesions and patients’ safety in comparison to conven-
tional surgery.

Patients and methods
Since 2007, the intraoperative ultrasound has been used
during brain and spinal cord surgeries at Neurosurgery
Department, Zagazig University Hospitals, but not rou-
tinely in all surgeries.
In total, 632 patients were operated for brain mass

lesion resection at Neurosurgery Department, Zagazig
University Hospitals, during the period from January

2011 to October 2018 and divided randomly into two
groups: IOUS group and conventional group. All sur-
geries were done under general anesthesia. Ultrasound
IBE-2500D, a digital scanner with endocavitary trans-
ducer 5, 6.5, and 8MHZ of footprint 1.8 × 0.8 cm
which is used in most operative works and electronic
convex array transducer 2.5, 3.5, and 5MHZ of foot-
print 5 × 1.2 cm which is used to examine deep details
especially with large craniotomy, is known as the re-
verse relation between frequency and both of depth
and resolution; low-frequency waves offer low image
spatial resolution but can penetrate deeper as low de-
gree of waves of attenuation. The probe was covered
by a sterile glove filled with the acoustic gel. For de-
lineating the best image spatial resolution of the brain
and the mass lesion, the following factors must be

Table 1 Study population criteria

Parameters IOUS group Conventional group p

N % N %

Number (N) 332 53 300 47 0.1

Age

≤ 18y 84 25 76 25

> 18y 248 75 224 75

Range 3months to 70 years 1–70 years

Mean 47 years 46 years 0.9

Sex

Male 215 65 198 66 0.8

Female 117 35 102 34 0.8

Pathology

Tumors 238 72 208 69 0.3

Hematoma 56 17 65 22 0.1

Abscess 38 11 27 9 0.4

Tumor types 238 208

Glioma 154 65 147 71 0.1

Metastatic 42 18 15 7 0.03

Medulloblastoma 22 9 28 13 0.07

Others 20 8 18 9 0.6

Location to tentorium cerebelli

Supratentorial 245 74 222 74

Infratentorial 87 26 78 26

Location to cortex

Cortical, and subcortical 96 29 100 33 0.3

Subcortical 236 71 200 67 0.3

Maximal diameter

≤ 5 cm 205 62 187 62

> 5 cm 127 38 113 38

IOUS intraoperative ultrasound
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Table 2 Extent of mass lesion resection comparison between both groups

Parameters IOUS group Conventional group p

Gross total Subtotal Partial Gross total Subtotal Partial

N % N % N % N % N % N %

Tumors 179/238 75 49 21 10 4 63/208 30 107 51 38 18 <0.05

Gliomas 111/154 72 35 23 8 6 33/147 22 90 61 24 16

High grades 89/122 73 27 22 6 7 21/107 20 74 70 12 11

Low grades 22/32 69 8 25 2 6 12/40 30 16 40 12 30

Metastatic 36/42 86 4 10 2 5 6/15 40 4 27 5 33

Medulloblastoma 18/22 82 4 18 15/28 54 7 25 6 21

Others 14/20 70 6 30 9/18 50 6 33 3 17

Hematoma 45 80 11 20 30 46 30 46 5 8 0.001

Abscess 29 76 9 24 10 37 7 26 10 37 0.001

Location to tentorium

Supratentorial 196/245 80 40 16 9 4 73/222 33 119 54 30 14 0.001

Infratentorial 63/87 72 23 26 1 1 30/78 38 25 32 23 29

Location to cortex

Cortical and subcortical 70/96 73 23 24 3 3 43/100 43 44 44 13 13 0.001

Subcortical 189/236 80 40 17 7 3 60/200 30 100 50 40 20

Maximal diameter

≤ 5 cm 180/205 88 21 10 4 2 80/187 43 92 49 15 8 0.001

> 5 cm 79/127 62 42 33 6 5 23/113 20 52 46 38 34

Age

≤ 18 years 63/84 75 16 19 5 6 36/76 47 27 36 13 17 0.001

> 18 years 196/248 79 47 19 5 2 67/224 30 117 52 40 18

Sex

Male 170/215 79 42 20 3 1 73/198 37 80 40 45 23 0.001

Female 89/117 76 21 18 7 6 30/102 29 64 63 8 8

IOUS intraoperative ultrasound

Table 3 Postoperative complications and fate at the third month

Parameters IOUS group Conventional group p

N % Improvement, % N % Improvement, %

Operative death 3 1 0 12 4 0 <0.05

Motor weakness 15 5 87 32 11 31

Dysphasia 6 2 100 18 6 33

Decrease consciousness 12 4 75 20 7 40

CSF leak 5 2 100 3 1 100

Wound infection 3 1 100 3 1 100

Excessive brain edema 3 1 0 12 4 0

Mass bed hematoma 4 1 100 12 4 50

Number of patients with complications 22 7 77 63 21 46

IOUS intraoperative ultrasound
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applied: The first factor is the position of the patient’s
head must allow the lesion and the resection cavity to
be upward to permit saline to stay in the resection
cavity and prevent air artifact. In posterior fossa sur-
gery in sitting position, elongated glove finger gel pad
technique was used to fill the surgical cavity. The sec-
ond factor is selecting the proper ultrasound probe re-
garding size and frequencies. The third factor is the gel
connection without air bubbles inside the glove. The
fourth factor is adjusting the scanner brightness, depth,
gain compensation, focus, and frequency for best images.
The fifth factor is cottonoid and spatula should be re-
moved, and blood washing by saline during imaging.
The ultrasound was used before dural opening for delin-

eation of the mass lesion, after dural opening for tailoring
the site and direction of surgical corridor, and during resec-
tion for determining the process of surgery. The ultrasound
probe can be used to identify the best site for cortical inci-
sion, taking into account the shorter path to the middle of
the lesion, and avoidance of eloquent cortex according to
preoperative imaging data. In cases with remnants detected
by ultrasound in the eloquent area, the operation was
ended without gross total resection. The surgeon or the as-
sistant is well trained for ultrasound usage either machine
work, image reading, or tissue manipulation.

CT or MRI of the brain was done during the first
48 h after surgery for assessing the extent of resec-
tion. Gross total resection (GTR) was considered when no
visible mass in postoperative imaging, subtotal resection
(STR) when > 50% resection, and partial (p) resection when
less 50% resection. The calculation of mass residual in most
cases was done according to the method of Bergsneider
and colleagues [8], which depends on early postoperative
MRI (within 48 h of surgery); in cases of contrast-
enhancing lesions, the residual was defined as enhancing
axial T1 tissues after excluding spontaneously hyper-
intense T1 tissues, e.g., blood products identified on pre-
contrast T1. For non-enhancing tumor regions, the residual
was delineated as remaining areas of T2 of preoperative im-
aging taking into account postoperative changes.
All patients studied preoperatively by imaging, la-

boratory investigations, and clinically for general, and
neurological status, and then after surgery for at least
three months for detecting the extent of resection,
and the neurological status for comparing the two
groups of patients with, and without intraoperative
ultrasound usage. Karnofsky [9] performance score
was used to assess the condition of the patients pre-
operatively, and during follow up for comparison.
Patients with meningiomas, recurrent tumors, or

Table 4 Patients’ outcome at postoperative third month regarding IOUS use

Parameter IOUS group Conventional group p

N % N %

Karnofsky improvement 269 81 120 40 0.001

Functional Karnofsky outcome

Independent (80–100) 252 76 171 57 0.03

Semi-dependent (60–70) 55 17 96 32 0.02

Dependent (≤ 50) 25 8 33 11 0.07

Death (0) 3 1 12 4 0.01

Postoperative complication improvement 17/22 77 29/63 46 0.02

IOUS intraoperative ultrasound

Table 5 Patients’ outcome at postoperative third month regarding the extent of resection

Parameter Gross total, n = 362 Subtotal, n = 207 Partial, n = 63 p

N % N % N %

Karnofsky improvement 292 81 86 42 11 17 0.001

Functional Karnofsky outcome

Independent (80–100) 257 71 133 64 33 52 < 0.05

Semi-dependent (6–70) 81 22 39 19 16 25

Dependent (≤ 50) 20 6 28 14 10 16

Death (0) 4 1 7 3 4 6

Postoperative complications improvement 24/37 65 7/33 52 5/15 33 0.01
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incomplete data were excluded from this study. In-
formed consents were obtained for the procedures
with approval from the Zagazig University Institu-
tional Review Board (Zu-IRB).
The collected data were coded, processed, and ana-

lyzed using the SPSS (Statistical Package for Social
Sciences) version 20 Windows (SPSS Inc., 2012-013,
IBM, USA). Quantitative data was presented as

number and percent. Comparison between groups
was done by chi-square test. Student’s t test was used
to compare between the two groups. p < 0.05 was
considered to be statistically significant.

Results
In this study, 632 patients were operated for brain mass
lesion resection, divided randomly into two groups,

Fig. 1 Gross total resection of posterior fossa medulloblastoma in prone position; preoperative and postoperative MRI T1 with contrast and IOUS
images

Fig. 2 Gross total resection of posterior fossa astrocytoma grade 3 in sitting position; preoperative and postoperative MRI T1 with contrast and
IOUS images. NOTE; the elongated gel filled finger glove technique in last image
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IOUS group and conventional group. The two groups’
population criteria (Table 1) showed no significant
difference regarding the number of patients, age, sex,
pathology of lesions, location of lesions to tentorium
cerebelli and cortex, and maximal mass diameter, but
the IOUS group showed significantly more metastatic
tumors. Table 2 showed the significant difference be-
tween the two groups regarding the extent of mass re-
section according to pathology, mass location, size, age,
and sex in favor to IOUS use.
The main concern of the surgeon is the patients’

safety during and after surgery. Tables 3 and 4
showed the role of IOUS use in patients’ safety and
outcomes; the IOUS group showed statistically signifi-
cantly less complications and better outcome.
The value of gross total resection of brain mass le-

sion appeared in Table 5 as there was significantly

better outcome with gross total resection in compari-
son to subtotal and partial resections.

Discussion
Several studies showed the benefits of intraoperative
ultrasound for achieving maximal safe resection in brain
tumor surgery [10].
In this study, the IOUS group showed statistically

significantly better gross total resection of brain
mass lesions whatever the pathology of masses,
location of masses, size of masses, age of patients,
and sex of patients in comparison to the conven-
tional group. Total resections were achieved in 253/
332 (76%) patient with brain mass lesions, in 179/
238 (75%) patients with brain tumors, in 111/154
(72%) patients with gliomas, in 73% of high-grade
gliomas, 69% of low-grade gliomas, 86% of metastatic

Fig. 3 Gross total resection of astrocytoma grade 1; preoperative and postoperative MRI T1 with contrast and IOUS images

Fig. 4 Gross total resection of calcified astrocytoma grade 2; preoperative and postoperative CT with contrast and IOUS images
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tumors, 82% of medulloblastoma, 80% of brain he-
matomas, and 76% of brain abscesses in the IOUS
group. By IOUS, gross total resection of infratentor-
ial lesions ( Figs 1, 2) were acheived in 72% and in
80% of supratentorial lesions (Figs 3, 4, 5, 6, 7, 8, 9
and 10).
The role of IOUS in gross total resection was ad-

dressed in many studies on brain tumors and other
lesions.
Patil and colleagues [11] studied 192 patients with intra-

cranial masses which were operated upon with IOUS.

Supratentorial lesions found in 71%, brain abscesses in 14
cases, metastases 10 cases, glioma 83 cases, and other le-
sions 85 cases. Male to female ratio was 51:45, the youn-
gest was 6 years old, and the oldest was 73 years. Gross
total resection was achieved in 70%, subtotal in 19%, and
biopsy in 11% of supratentorial lesions, while among the
infratentorial group, gross total resection was achieved in
89%, subtotal in 7%, and biopsy in 3.6%. Moiyadi and col-
leagues [12] reported gross total resection in 55% of brain
tumors by IOUS, and Erdogan and colleagues [13]
reported 19/32 (59%) gross total resection. Wang and

Fig. 5 Gross total resection of pleomorphic xanthoastrocytoma grade 2, preoperative and postoperative ( early and after 3 months ) MRI T1 with
contrast and IOUS images

Fig. 6 Gross total resection of astrocytoma grade 3 (TWO CASES), preoperative and postoperative MRI T1 with contrast and IOUS images. NOTE;
the hyperechoic choroid plexus in both cases became more clear after tumors resection
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colleagues [14], in their study on IOUS use, concluded
that all lesions were identified and located with accuracy
100%. Total resection was achieved in 70/98 (70%) pa-
tients. IOUS facilitates total removal while protecting
brain tissue and neurological symptoms improved in 80/
98 (82%) patients and unchanged in 18 patients. Picarelli
and colleagues [15], in their study on brain metastases sur-
gery by IOUS, the total resection was achieved in 100%,
and surgical morbidity and mortality were 3% and 5%, re-
spectively. In my study, the total resection by IOUS was
achieved in 86% of metastatic brain tumors. Goren and
colleagues [16] mentioned intracranial hemorrhage can be
evacuated safely by IOUS as surgeon can assess dimen-
sions, brain structures, and the shortest point to the clot.
Tang and colleagues [17] in their study on meningioma by
IOUS recorded the total resection in 19/20 patients

(Simpson grades I and II). No deaths and all patients
improved except one.
In this study, gross total resection of brain mass lesions

in children by IOUS was 63/84 (75%) which was statisti-
cally significantly better than the conventional group.
Studies on childhood brain lesions documented the

value of IOUS. Roth and colleagues [18] had achieved
gross total resection in 14/16 (88%) patients. El Beltagy
and colleagues [19] reported gross total resection in 14/
25 (56%) patients, Ulrich and colleagues [20] reported
82% gross total resection, and Moiyadi and colleagues
[21] had achieved 80% gross total resection.
In surgeries without imaging, as many as 80% of brain

tumors leave residual behind [22]. Literature indicated
growing evidence of gross total resection of glioma by
IOUS [23].

Fig. 7 Gross total resection of glioblastoma; preoperative and postoperative MRI T1 with contrast and staged resection IOUS images

Fig. 8 Gross total resection of glioblastoma; preoperative (MRI T1with contrast, CT with contrast), postoperative CT with contrast and IOUS images
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Studies on intraoperative neuronavigator, CT, MRI, 5
ALA (aminolevulinic acid) addressed great fallacies which
had been avoided with IOUS as brain shift during neuro-
navigation, radiation exposure with CT, high cost and
long operative time of MRI, and inability of 5 ALA to stain
low-grade tumors [13, 24, 25]. Roder and colleagues [26]
in their study on 117 patients with brain tumors showed
the total resection in 74% with intraoperative MRI, 46%
with 5 ALA, and 13% with conventional surgery. In my
study, gross total resections of brain tumors were achieved
in 30% with conventional surgery. Mahboob and Eljamel
[27] stated that literature review demonstrated gross total
resection of glioma by neuronavigator in 31–36%, by 5
ALA in 69.1%, by intraoperative MRI in 70%, and by intra-
operative ultrasound in 73.4%. Belsuzarri and colleagues
[24] mentioned gross total resection increased from 36%
to 65% by using 5 ALA with glioblastoma but was useless
with low-grade glioma as low vascularity of such tumors
affects 5 ALA staining.
Regarding postoperative complications in this study, op-

erative mortality in the first postoperative month was 15/
632 (2.4%), 3 (1%) in IOUS group and 12 (4%) in the

conventional group. The IOUS group showed statistically
significantly less complication than the conventional
group. Also, there were statistically significantly better
outcome 3months after surgery in the IOUS group as
shown by postoperative Karnofsky score improvement,
Karnofsky functional outcome, and postoperative compli-
cation improvement in comparison to the conventional
group.
Moiyadi and colleagues [21], in their study on IOUS,

concluded that the extent of resection is a great prog-
nostic marker and IOUS is a cost-effective alternative to
intraoperative MRI. They recorded postoperative mor-
bidity in only one case (1/20 patients 5%) in their study
on 16 supratentorial and 4 infratentorial tumors in chil-
dren (5–18 years old) and four patients showed improve-
ment in the early postoperative period. Wang and
colleagues [28] studied on small subcortical lesions in-
cluding tumors, abscesses, and other lesion, they com-
pletely resected all lesions by IOUS, and all original
symptoms significantly alleviated. Wang and colleagues
[29] studied on 113 lesions (cranial and spinal); they
stated that no IOUS complications and ultrasound

Fig. 9 Gross total resection of metastases (TWO CASES); preoperative and postoperative MRI T1 with contrast and IOUS images

Fig. 10 Gross total resection of brain abscess; preoperative and postoperative MRI T1 with contrast and IOUS
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ensure safety by minimizing injury to neural tissues and
shortening the time of surgery. Bernstein and colleagues
[30] stated that ultrasonography leads to a safe and
wider resection. Cheon [31] stated that the goal of cere-
bral glioma removal is not only maximal but also safe re-
moval which was achieved by IOUS. Wang and
colleagues [14] reported that IOUS can facilitate total le-
sion resection while protecting neurological function, re-
duce complication, and prevent mechanical injury to
intracerebral blood vessels. The extent of resection is as-
sociated with survival [18, 31, 32].

Conclusion
Brain surgeries aim to eliminate the pathological process
without damage to brain tissues. The neurosurgeon re-
views and assesses preoperative diagnostic information
and intraoperative tools to make a decision including
orientation and delineation of the pathological mass
throughout the surgery. Intraoperative ultrasound is an
available cheap tool which provides intraoperative safety
and confidence to the surgeon for achieving total brain
mass lesions resection. This study encourages to use
IOUS.
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