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Abstract

Background To investigate whether the intraoperative superb microvascular imaging(SMI) technique helps evaluate
lesion boundaries compared with conventional grayscale ultrasound in brain tumor surgery and to explore factors
that may be associated with complete radiographic resection.

Methods This study enrolled 57 consecutive brain tumor patients undergoing surgery. During the operation,
B-mode and SMI ultrasound evaluated the boundaries of brain tumors. MRI before and within 48h after surgery
was used as the gold standard to evaluate gross-total resection(GTR). The ultrasound findings and GTR results were
analyzed to determine the imaging factors related to GTR.

Results A total of 57 patients were enrolled in the study, including 32 males and 25 females, with an average age
of 53.4+14.1 years old(range 19~ 80). According to the assessment criteria of MRI, before and within 48 h after the
operation, 37(63.9%) cases were classified as GTR, and 20(35.1%) cases were classified as GTR. In comparing tumor
interface definition between B-mode and SMI mode, SMI improved HGG boundary recognition in 5 cases(P=0.033).
The results showed that the tumor size >5 cm and unclear ultrasonic boundary were independent risk factors for
nGTR (OR>1, P<0.05).

Conclusions As an innovative intraoperative doppler technique in neurosurgery, SMI can effectively demarcate the
tumor’s boundary and help achieve GTR as much as possible.
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Introduction

For brain tumors, gross-total resection (GTR) of lesions
has always been challenging and crucial, and accurate
localization of lesions has become the key to the suc-
cess of surgery. Compared with non-gross-total resection
(nGTR), GTR can not only prolong overall survival but
also improve seizure control and reduce the incidence
of malignant transformation [1]. During neurosurgery
operations, the location of the lesion and the extent of
resection should be considered. GTR depends on the
precise localization of the brain tumor and accurate
identification of tumor boundaries and residual tumors.
However, infiltrative growth is a typical growth pattern
of most malignant tumors, mostly without clear demar-
cation from normal brain tissue, and is often accompa-
nied by peripheral edema, resulting in surgical difficulty
in completely removing lesions [2]. Its infiltrative nature
poses a challenge to correctly detecting the tumor border,
and maximal resection of the tumor without invading the
surrounding functional area remains a complex problem
to solve.

Currently, neuronavigation systems are widely used in
the clinic. The critical technology is spatial tracking and
stereotactic orientation so that the operator can know the
accurate imaging anatomical position of the surgical field,
which has been proven to improve significantly the local-
ization technique of neurosurgeons for surgical guidance
and planning of the approach [3, 4]. However, with the
progress of surgery, brain shift and brain deformation
caused by the inevitable loss of cerebrospinal fluid and
removal of lesions will lead to inaccurate localization and
affect surgical accuracy [5]. Such image drift can only be
corrected by real-time image scan compensation. Intra-
operative CT and MRI can solve the above problems.
However, they cannot be comprehensively popularized
in clinical practice due to high equipment cost, long pre-
operative preparation time, long imaging time, radiation,
significant space requirements, and other shortcomings
[6, 7]. Fluorescence imaging is an innovative technique
for visualizing tumor boundaries. 5-Aminolevulinic acid
(or &-aminolevulinic acid; 5-ALA), a natural heme pre-
cursor, is the commonly used fluorescence imaging agent
for glioma. 5-AlA-induced fluorescence imaging can be
used for tumor localization and boundary recognition
and is standard care for high-grade gliomas(HGG) sur-
gery [8]. However, the adverse reactions of 5-ALA may
limit its application, including abnormal liver function,
thrombocytopenia, anaphylaxis, respiratory disorders,
etc [9]. At the same time, 5-ALA is not very robust and
effective in delineating the boundaries of other non-
HGG brain tumors [10]. Relevant studies have shown
that only<20% of low-grade gliomas(LGG) tumors
showed visible fluorescence [11]. Fluorescein sodium is
very effective in achieving maximum removal of HGG;
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however, it is only suitable for glioma and some highly
aggressive metastases with ambiguous tissue boundar-
ies and has poor imaging effects on other tumors [12].
Contrast-enhanced ultrasound(CEUS) can dynamically
provide microvascular perfusion information of tissues
in real-time, which improves the detection rate of lesions
and differentiates benign and malignant lesions [13]. In
recent years, several studies have focused on the CEUS
characterization of different brain neoplasms and the
effects of CEUS during the surgical procedure. Prada et
al. [14] was the first study to use intraoperative CEUS to
evaluate gliomas in 2014. By evaluating the CEUS images
before and after resection of the lesions, they found that
CEUS can help distinguish malignant and benign gliomas
during surgery to modify operative strategies. Compared
with B-mode ultrasound, CEUS can highlight the lesion
and define the lesion boundary through vascular perfu-
sion, which has a high specificity for identifying residual
tumors to effectively improve the total resection rate
[15-19].

Superb microvascular imaging (SMI) uses an adap-
tive algorithm to analyze the characteristics of motion
artifacts, eliminate clutter signals, and realize low-speed
microvascular visualization at a higher frame rate, higher
spatial resolution, and with fewer motion artifacts with-
out injecting contrast enhancement media [20]. SMI
can operate in color SMI (cSMI) and monochrome SMI
(mSMI). Smart 3D-SMI can reconstruct 3D images from
2D images to visualize 3D blood flow architecture. Mul-
tiple studies have shown that the diagnostic performance
of SMI in diagnosing and evaluating thyroid, breast, kid-
ney, liver, peripheral vascular, and other organ diseases
is comparable to that of CEUS [21-25]. The SMI tech-
nique is also increasingly applied during neurosurgery
before dural opening by using sterile sheets on the probe
to explore and record B-mode morphology and vascu-
lar characteristics. Ishikawa et al. [26] took the lead in
reporting 15 patients with brain tumors, depicted the
SMI vascular characteristics of different pathological
tumors, and found that SMI is beneficial for identify-
ing tumor margins and distinguishing tumors from sur-
rounding healthy tissues. Naritaka et al. [27] applied SMI
to 11 cases of intracerebral hemorrhage surgery. By pro-
viding vascular information, SMI monitoring was help-
ful in identifying the extent of hematoma and residual
lesions. However, the study of the application of SMI in
brain tumors is relatively limited, and the value of SMI in
tumor boundary demarcation and GTR needs to be fur-
ther studied.

This study aimed to investigate whether SMI technol-
ogy is helpful in achieving GTR through intraopera-
tive application in the resection of different pathological
brain tumors and to provide a theoretical basis for fur-
ther research and application of SMI in neurosurgery.
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Materials and methods

Patients and lesions

The Ethics Committee of Peking Union Medical College
Hospital approved this prospective study. All patients
understood and accepted the examination process and
provided written informed consent. All patients under-
went MRIs before the operation and within 48h after
the operation. The inclusion criteria are as follows: (1)
Complete imaging data, MRI examination within 48h
before and after surgery, evaluation of the lesion by intra-
operative grayscale ultrasound and SMI, and exclude
cases where the open bone window is too small to obtain
complete intraoperative ultrasound images or where it is
challenging to display lesion boundaries; (2) The surgical
purpose was to attempt to completely (100%) remove the
enhanced tumor on MRI, while intracranial biopsy and
palliative resection surgery were excluded; (3) The patient
signs an informed consent form before surgery. From
November 2020 to June 2022, 62 consecutive patients
who underwent surgery in the neurosurgery depart-
ment for brain tumors were included in this study. Three
patients were excluded because they lacked complete
ultrasound imaging data, and two patients were excluded
because they underwent tumor biopsy only. Finally, a
total of 57 patients were enrolled in the study.

B-mode and SWI examinations

The navigation system recorded the tumor and impor-
tant nerve function structure, made the surgical resec-
tion plan and approach, and determined the scalp and
bone flap resection location with the help of the tip of the
navigation stick probe. Ultrasonographic examinations
were performed using an Aplio 500(L5-1, Canon, Tokyo,
Japan). Before the operation, sterile saline was applied to
the ultrasonic probe and placed on a sterile sleeve. After
routine craniotomy according to the lesion site of the
brain tumor and before opening the dura, the probe was
gently placed on the surface of the dura for scanning by
an experienced neurosurgeon.

Tumor size, depth, degree of edema, and tumor bound-
aries were evaluated on B-mode ultrasound, and tumor
boundaries were evaluated under SMI conditions. The
maximum diameter of the tumor was measured in the
maximum section of the tumor, and the tumor size was
divided into two categories: <5 cm and =5 cm. The near-
est distance of the tumor perpendicular to the dura mater
was defined as the depth of the tumor, and the tumor
depth was divided into two categories: <2 cm and 22 cm.
The width of peritumoral edema was measured in the
most severe part of the edema, and the tumor depth was
divided into two categories: <2 cm and =2 cm. Finally,
the clarity of the tumor boundary was evaluated by con-
ventional B-mode ultrasound and SMI mode, which were
divided into clear and unclear. Each case was scanned in
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both mSMI and ¢SMI modes. Since mSMI is more sensi-
tive to microflow than cSMI, using grayscale and mSMI
dual-screen display to identify tumor boundaries, cSMI
helps distinguish between microflows and calcification.
An ultrasound doctor conducted the above assessments
with five years of ultrasound experience. The clarity of
the lesion’s boundary was divided into clear and unclear
categories. Our analysis aimed to evaluate the clarity of
the lesion boundary in B-mode and SMI and the cor-
respondence between the two modes. An ultrasound
doctor and a neurosurgeon with more than five years of
clinical experience independently evaluated the clarity of
the tumor boundary. If the classification of the above two
doctors was inconsistent, it was decided by an ultrasound
doctor with more than 15 years of clinical experience.
The tumor boundary clarity data evaluated in B-mode
and SMI mode of each patient were compared, and they
were divided into the following three groups:

A: The use of SMI improved the definition of margins in
lesions;

B: The quality of the tumor image was the same in the
SMI and B mode;

C: The definition of the tumor was worse on SMI.

During the operation, after the dural incision, SMI was
used to identify important vascular structures to avoid
vascular damage. Throughout the entire surgical process,
grayscale ultrasound and SMI could be used multiple
times according to clinical needs for tumor localization
and exploration of tumor boundaries, and further surgi-
cal resection was planned until the intraoperative evalua-
tion was negative.

Statistical analysis

Statistical software SPSS 22.0 (IBM Corp., Armonk, US).
The Shapiro-Wilk test was used to test the normality of
the data, the nonparametric rank-sum test was used for
statistical tests of hierarchical variables, the t-test was
used for measurement data, and the Mann-Whitney U
test was used for the evaluation of paired comparisons
of enumeration data. Multivariate logistic regression
analysis was used to screen the variables statistically sig-
nificant to GTR. Cohen’s Kappa coefficient was used to
analyze the consistency of the two doctors’ judgments on
the boundary demarcation of brain tumors in the study
subjects. For all statistical results, a P value<0.05 indi-
cated statistical significance.

Results

The clinical and histological results of the 57 included
patients are shown in Table 1. A total of 57 patients
were enrolled in the study, including 32 males and 25
females, with an average age of 53.4%14.1 years old
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Table 1 Clinical characteristics of patients

Parameters Value
Age

Average 534£141

Range 19~80
Sex, N(N,%)

Female 25(43.9)

Male 32(56.1)
Tumors size (N,%)

<5cm 31(54.4)

>5cm 26(45.6)
Deep(cm) (N,%)

<2cm 44(77.2)

>2cm 13(22.8)
Tumor location (N,%)

Frontal 32(56.1)

Temporal 9(15.8)

Parietal 4(7.0)

Frontoparietal 4(7.0)

Frontotemporal 3(5.3)

Occipital 2(3.5)

Parietooccipital 2(3.5)

Paracele 1(1.8)
Pathology (N,%)

HGG 23(40.4)

LGG 17(29.8)

Metastasis 15(26.3)

Meningioma 2(3.5)
Extent of resection (N,%)

Total 37(64.9)

Subtotal 20(35.1)
Total(N,%) 57(100.0)

(range 19 ~80). The 57 cases included 23 cases of high-
grade glioma(HGG), 17 cases of low-grade glioma (LGG),
15 cases of metastasis, and 2 cases of meningioma. The
maximum diameter of lesions was <5 c¢m in 31 (54.4%)
cases and =5 cm in 26 (45.6%) cases, and the depth of
the lesion was >2 cm in 44 (77.2%) cases and <2 cm in
13 (22.8%) cases. The frontal lobe was the most com-
mon anatomical area where lesions occurred (32, 56.1%).
According to the assessment criteria of MRI before and
within 48 h after the operation, 37 (63.9%) cases were
classified as GTR, and 20 (35.1%) cases were classified as
nGTR.

Consistency in the assessment of lesion boundary
demarcation in B mode and SMI

The results showed that in the B-mode ultrasound, two
doctors agreed on the demarcation of the lesion bound-
ary in 48 patients and disagreed with the other nine
patients. The inconsistent evaluations were defined as
clear boundaries by the sonographer and blurred by the
neurosurgeon. Cohen’s kappa coefficient of the two doc-
tors was 0.860 (95% CIL: 0.729-0.895, P<0.001), with
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solid consistency. In the SMI, two doctors agreed on the
demarcation of the lesion boundary in 53 patients, and
the other four patients disagreed. Five cases were defined
as clear boundaries by sonographers and blurred bound-
aries by neurosurgeons, and the other two cases were
defined as the opposite. Cohen’s kappa coefficient of the
two doctors was 0.684 (95% CI: 0.494—0.874, P<0.001),
with more substantial consistency.

Comparison of tumor interface definition between B mode
and SMI

In 23 cases of HGG, B mode demonstrated 5 cases of
well-defined boundaries, and SMI showed 13 cases of
ill-defined boundaries, among which SMI improved 8
cases of lesion boundary recognition. There is a sig-
nificant difference in the degree of the HGG interface
definition between the B mode and SMI. In 17 cases
of LGG, B mode demonstrated 7 cases of well-defined
boundaries, and SMI showed 9 cases of ill-defined
boundaries, among which SMI improved 2 cases of
lesion boundary recognition. In 15 cases of metastasis,
B mode demonstrated 10 cases of well-defined bound-
aries, and SMI showed 12 cases of ill-defined bound-
aries, among which SMI improved 2 cases of lesion
boundary recognition. However, there was no signifi-
cant difference in the degree of the LGG and metastasis
interface definition between B mode and SMI. In both
B mode and SMI, meningiomas showed well-defined
boundaries(Fig. 1; Table 2).

Comparison of the clinical and ultrasonic characteristics
between GTR and nGTR

In our study, 37 (63.9%) cases were classified as GTR,
and 20 (35.1%) cases were classified as nGTR. Regard-
ing clinical and ultrasound characteristics, there were
no statistically significant differences in age, sex, case,
tumor location, or peritumoral edema width. In terms of
ultrasound characteristics, there were statistically signifi-
cant differences in tumor size, depth, and delineation of
tumor boundaries (P<0.05)(Table 3). This study analyzed
the influence of clinical and ultrasonic characteristics
on GTR using binary logistic regression. Variables with
P<0.1 were included in the analysis, and the obtained
Logistic model was statistically significant(x2=26.228,
P<0.01). The model can correctly classify 80.7% of the
subjects, with a sensitivity of 86.5% and a specificity of
70.0%. Age, tumor size, and lesion boundary clarity were
statistically significant among the four independent vari-
ables in the model. The likelihood of GTR increased in
patients with a tumor maximum diameter less than 5 cm
compared with those with a tumor maximum diameter
greater than 5 cm (OR=12.317, 95%CI: 2.392-63.430).
The likelihood of GTR increased when the tumor was
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Fig. 1 Comparison of tumor interface definition in B mode and SMI.

Table 2 Compare the definition of margins between B-mode
and SMl among all case

Pathology (N) B mode vs. SMI in lesion definition
A B C
HGG (23) 8 15 0
LGG (17) 2 15 0
Metastasis (15) 2 13 0
Meningioma (2) 0 2 0

A: the use SMI improved the definition of margin in lesion; B: the quality of the
tumor image was the same in the SMl and B mode; C: the definition of the tumor
was worse in SMI

most well-bounded versus poorly bounded (OR=4.597,
95%CI:1.034—20.449).

Discussion

Common brain tumors include glioma, metastasis,
meningioma, etc., and glioma is the most common
intracranial malignant tumor. Cancer cells invade sur-
rounding tissues by diverse modes of dissemination,
such as expansive growth, collective invasion, mesen-
chymal migration, and amoeboid migration [28]. The
most important hallmark of glioma is its aggressive
behavior, and its extensive invasion of healthy brain tis-
sue is the main reason for the poor prognosis and the
difficulty in finding curative therapies [29]. In terms
of the main invasion patterns of metastases, although
the main pattern is well-demarcated growth(50%), vas-
cular co-option(18%), and diffuse infiltration(32%) are
also standard modes of tumor invasion. At the same
time, there was no particular correlation between the
different modes of invasion of brain metastases into
the brain parenchyma and the primary tumor type
[30]. Tumors arising in the dura, arachnoid, and pia
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meninges are called meningiomas, 80% benign. How-
ever, 20% of benign, atypical, and anaplastic menin-
giomas have pathophysiological manifestations of
invasion to peripheral healthy tissues, and the postop-
erative recurrence rate is high [31-33].

Surgical resection is the primary treatment strategy,
and EOR has been identified as a significant indepen-
dent predictor of overall survival (OS) [34]. Specifically,
for glioblastoma, GTR is directly related to OS. Lacroix
et al. [35]found that the median survival time after pri-
mary surgery was improved by 4.2 months compared
with the resection of 98% or more of the tumor volume
being removed with or without resection. GTR has been
identified as a target of brain tumor therapy, and every
possible effort must be made to achieve maximum resec-
tion safely. The biological characteristics of brain tumors
make it challenging for imaging to identify the exact
lesion margin.

To achieve GTR, evaluation of tumor boundaries is
essential. IOUS has been used for intraoperative navi-
gation since 1980 [36]. IOUS is real-time, inherently
convenient, distinctly cheaper, and has incomparable
advantages over other imaging techniques [37]. This
imaging method can contribute to accurately locating
and delineating the boundary of the tumor, evaluat-
ing the extent of resection, and guiding the surgical
approach, which has great significance for surgery
[38]. The imaging information provided by IOUS gives
neurosurgeons a new perspective to observe and study
brain tumors. It will help to adjust the surgical strat-
egy and, accurately guide tumor resection, maximize
the EOR, and improve the safety of patients [39, 40].
Conventional two-dimensional ultrasound is affected
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Table 3 Clinical and ultrasound characteristics between GTR
and nGTR.

Parameters(N) Total Subtotal P
resection resection value
Age 0.257
Average 550+133 504+153
Range 19~80 25~79
Sex(N,%) 0.492
Female 15(26.3) 10(17.5)
Male 22(38.6) 10
Pathology(N,%) 0.536
HGG 15(26.3) 8(14.0)
LGG 9(14.8) 8(14.0)
Metastasis 11(19.3) 4(7.0)
Meningioma 2(3.5) 0(0.0)
Tumor location(N,%) 0.321
Frontal 23(40.4) 9(15.8)
Temporal 5(8.8) 4(7.0)
Parietal 2(3.5) 2(3.5)
Frontoparietal 3(5.3) 1(1.8)
Frontotemporal 1(1.8) 2(3.5)
Occipital 2(3.5) 0(0.0)
Parietooccipital 0(0.0) 2(3.5)
Paracele 1(1.8) 0(0.0)
Tumors size(N,%) 0.012*
<5cm 24(42.1) 6(10.5)
>5cm 13(22.8) 14(24.6)
Deep(N,%) 0.023*
<2cm 32(56.1) 12(21.1)
>2cm 5(8.8) 8(14.0)
Peritumor edema(N,%) 0.097
<2cm 25(43.9) 9(15.8)
>2cm 12(21.1) 11(19.3)
Tumor interface in SMI(N,%) 0.004*
Clear 21(49.1) 6(14.0)
Unclear 8(15.8) 14(21.1)
Total(N,%) 37(64.9) 20(35.1)
*P<0.05

by relatively low contrast and peritumoral edema
of brain tumors, so it is challenging to define tumor
boundaries.

CEUS enhances the display of microvessels through
the injection of a contrast agent, which can dynami-
cally display the blood flow of arteries, veins, and capil-
laries in real-time and reduce the signals from adjacent
brain parenchyma [41]. CEUS can compensate for the
disadvantages of conventional B-mode ultrasound,
highlight the lesions and their margins, and contribute
to distinguishing tumors from peritumoral edematous
brain tissue [42]. SMI does not require the injection of
contrast media but has shown comparable diagnostic
efficacy in many other organ diseases. Our study shows
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that SMI can effectively compensate for B-mode ultra-
sound in identifying tumor margins for brain tumors,
especially for HGG(Fig. 2). HGG is a highly vascu-
larized tumor, and angiogenesis is one of the most
apparent characteristics of HGG, which is in remark-
able contrast to normal brain tissue [43]. In LGG and
metastatic tumors, some tumor boundaries were more
explicit under SMI, but there was no significant differ-
ence. In meningiomas, both B-mode ultrasound and
SMI can identify the lesion boundary(Fig. 3). The peri-
tumoral edema of LGG is significantly less than that of
HGG, and the margin between the tumor and the adja-
cent normal brain is not covered by edema [44]. Metas-
tases are highly heterogeneous, and the metastatic
nature retains the inherent morphology of the pri-
mary tumor histologically. Usually, the lesion bound-
ary is more precise than glioma in B-mode ultrasound
morphology. Most are well-demarcated from the sur-
rounding gliotic and rarefied brain parenchyma [45].
Meningiomas have been delineated in B-mode mode,
but the application of SMI enables visualization of vas-
cular modifications (such as destruction and remodel-
ing) at the meningioma-brain interface.

In conclusion, it is a convenient, noninvasive, objec-
tive, and novel ultrasound Doppler technology. SMI
does not reduce the quality of boundary imaging,
especially for HGG boundary identification of highly
aggressive tumors, which has a guiding significance
for determining surgical plans and adjusting treatment
strategies. At the same time, we also found greater
consistency in assessing lesion boundaries under SMI
conditions. Sonographers are better at recognizing and
interpreting ultrasound images than neurosurgeons.
When SMI strengthens the delineation of the lesion
boundary, the lesion is more prominently displayed,
and the consistency of interpretation by different doc-
tors is improved to a certain extent.

In Table 4, we further analyzed the correlation
between ultrasound features and GTR and found that
the size and demarcation of the tumor were correlated
with GTR. Munkvold et al. analyzed the correlation
between intraoperative 3D B-mode ultrasound mani-
festations and GTR and found that in 144 gliomas,
small tumors were significantly associated with GTR
[46]. However, in our study, the demarcation between
tumor and healthy brain tissue in SMI was significantly
associated with GTR, mainly because SMI improves
the delineation of brain tumors and provides histologi-
cal information about vascularization, which can help
neurosurgeons distinguish tumors from edema, further
confirming the advantages of SMI over B-mode ultra-
sound in boundary delineation.
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Fig.2 MRI,B-mode, and SMI of HGG in a 65-year-old woman. (A) Preoperative MRIT2W showed that the parietal lobe lesion showed high signal, irregular,
blurred boundary, and large edema surrounding. (B) B-mode ultrasound, mixed echoes can be seen in the parietal lobe, irregular shape, unclear bound-
ary, and peripheral edema. B-D. SMI mode, B is mSMI mode, Cis cSMI mode, and D is Smart 3D-SMI mode. The vascular architecture in tumor parenchyma
is extremely dilated, blood vessels are distorted and disordered, and the tumor boundary display is more transparent than that of B-mode ultrasound. F.
Postoperative MRI T2W showed fluid and air accumulation in the operative area after resectioning parietal cystic lesions

As mentioned above, as an innovative Doppler tech-
nique in neurosurgery, SMI can make a sound judg-
ment on the boundary of the tumor and observe the
tumor in brain tumor resection. The internal and sur-
rounding blood flow can guide the resection to a cer-
tain extent and help the patient achieve GTR as far as
possible. With the continuous development of research
and the continuous progress of ultrasound technol-
ogy, intraoperative ultrasound, and new ultrasound
technology will play an increasingly important role in
neurosurgery.

This study also has some limitations. It is still neces-
sary to expand the number of cases, extend the follow-up
time, and compare the effects of different intraoperative
auxiliary methods on patients’ quality of life and clini-
cal outcome indicators. For the identification of residual
tumors, intraoperative ultrasound detection of residual
tumors and pathological biopsy are further research
directions. Meanwhile, a new liquid acoustic coupler may
become a new way to improve the identification of resid-
ual tumors by ultrasound.
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Fig. 3 B-mode and SMI of LGG, metastasis and meningioma. The quality of the tumor image was the same as the definition of margins between B-mode
and SMI. A and B, a 75-year-old male with low-grade glioma in the frontal lobe. C and D, a 65-year-old male with high-grade glioma in the frontal lobe. E
and F, a 56-year-old female with meningioma in the paracele



Cai et al. BMIC Medical Imaging (2024) 24:142

Table 4 Logistic regression analysis explored possible predictors
of total resection

OR(95%Cl) Pvalue
Tumors size(cm) 0.003*
>5cm 1.00
<5cm 12.317(2.392-63.430)
Deep(cm) 0.191
>2cm 1.00
<2cm 3.275(0.553-19.389)
Peritumor edema(cm) 0.147
>2cm 1.00
<2cm 3.373(0.653-17.428)
Tumor interface in SMI 0.045*

Unclear 1.00

Clear 4.597(1.034-20.449)

*P<0.05
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