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Purpose: The aim of this study was to investigate whether intraoperative ultrasonography (IOUS) 
helped the surgeon navigate towards the tumor as seen in preoperative magnetic resonance 
imaging and whether IOUS was able to distinguish between tumor margins and the surrounding 
tissue.
Methods: Twenty-five patients suffering from high-grade gliomas who were previously treated 
by surgery and radiotherapy were included. Intraoperatively, two histopathologic samples were 
obtained a sample of unequivocal tumor tissue (according to anatomical landmarks and the 
surgeon’s visual and tactile impressions) and a small tissue sample obtained using a navigated 
needle when the surgeon decided to stop the resection. This specimen was considered to be 
a boundary specimen, where no tumor tissue was apparent. The decision to take the second 
sample was not influenced by IOUS. The effect of IOUS was analyzed semi-quantitatively.
Results: All 25 samples of unequivocal tumor tissue were histopathologically classified as tumor 
tissue and were hyperechoic on IOUS. Of the boundary specimens, eight were hypoechoic. Only 
one harbored tumor tissue (P=0.150). Seventeen boundaries were moderately hyperechoic, and 
these samples contained all possible histological results (i.e., tumor, infiltration, or no tumor).
Conclusion: During surgery performed on relapsed, irradiated, high-grade gliomas, IOUS provided 
a reliable method of navigating towards the core of the tumor. At borders, it did not reliably 
distinguish between remnants or tumor-free tissue, but hypoechoic areas seldom contained 
tumor tissue. 
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Introduction

Intraoperative ultrasonography (IOUS) has been used a tool in cranial neurosurgery for several 
years [1] but is not as popular as in other surgical disciplines due to certain limitations. In cranial 
neurosurgery, most of the region of interest is covered by bone, and only small image sectors are 
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accessible to the ultrasound beam. Thus, some advantages of 
interventional ultrasonography, such as hand-eye-coordination 
during movement of the probe, are not as valuable as in other 
organs. In addition, the brain is considered to be more sensitive to 
pressure than other tissue, which has been considered to be another 
limitation. The head position does not always allow the resection 
cavity to be filled completely with fluid, which may result in object 
artifacts. During recent years, advances in image data processing 
have led to improvements in image quality. IOUS can now be used 
to navigate towards deep brain lesions, to define the extent of 
resection, and to visualize tumor remnants to a certain degree [2-
5]. Metastases, cavernous hemangiomas, and other well-delineated 
lesions are displayed with defined margins. However, the boundaries 
of infiltrating gliomas with the surrounding tissue cannot be 
distinguished properly [3,6,7]. Moreover, edema impairs the contrast 
between tumor and the surrounding tissue. It has been reported 
that IOUS images obtained within irradiated cerebral tissue may be 
very difficult to interpret and that the boundaries between relapsed 
glioma and tissue are poorly defined [3,8]. 

In contrast to normal, hypoechoic brain tissue, irradiated brain 
tissue is slightly hyperechoic and somewhat “foggy.” This study 
focuses specifically on the use of IOUS in treating malignant gliomas 
that had been previously been treated by radiation and operation. 
The aims of this study were to investigate whether IOUS helped 
the surgeon navigate towards the tumor as seen in preoperative 
magnetic resonance imaging (MRI) and whether IOUS was able to 
distinguish between a tumor margin and the surrounding tissue in 
these tumors.

Materials and Methods

Twenty-five patients (14 male, 11 female; aged between 42 to 74 
years; median age, 62 years) suffering from high-grade gliomas 
(22 glioblastomas, 1 gliosarcoma, 1 anaplastic oligodendroglioma, 
and 1 anaplastic oligoastrocytoma), who had been previously 
treated with a single tumor resection (only 1 patient was operated 
on for the third time in the operation analyzed in this study), 
standard radiotherapy (usually with a dose of 59 to 60 Gy) and 
by chemotherapy with temozolomide, were included in the study. 
The study was approved by our Institutional Review Board, and the 
requirement for informed consent was waived. 

Local tumor relapse was diagnosed using contrast-enhanced MRI. 
The operations were performed using a microsurgical technique 
with the goal of gross tumor resection by a neurosurgeon with 
experience in IOUS. IOUS was used after craniotomy throughout the 
entire operation until the dura mater was closed. The ultrasound 
system was a Flex Focus 800 (BK, Herlev, Denmark). The problem 

of defining the biopsy region within the sonographic image was 
solved by using the integrated biopsy function within the ultrasound 
system, which is used for guided needle biopsy [9] but can be used 
to mark the region of biopsy.

Intraoperatively, two samples were obtained. Sample 1 was 
defined as unequivocal tumor tissue, according to the experienced 
surgeon’s visual and tactile impressions. IOUS was used to identify 
intraoperative landmarks such as the first tumor approach, cysts, 
bone, and ventricles. Sample 2 was obtained when the surgeon 
was not sure about the tissue characteristics (i.e., whether it was 
tumor or normal tissue) and decided to stop the resection. This 
was considered a boundary sample, with no apparent tumor tissue. 
During this stage of the operation, IOUS was not used as a basis for 
surgical decisions, but only to mark the region of the biopsy and to 
characterize its echogenicity. 

Video documentation was used to record the resection. When 
analyzing the images, we distinguished between three different 
types of tissue echogenicity: hypoechoic, moderately hyperechoic, 
and hyperechoic. For hypoechoic lesions similar to healthy brain 
tissue, a slight difference is present between white and gray matter 
on IOUS, but this was not noticeable to a problematic extent in our 
5-7.5-MHz images. For moderately hyperechoic lesions showing 
elevated echogenicity compared to white and gray brain tissue, 
the differential diagnosis was edema, radiated tissue, or tumor. For 
hyperechoic lesions with somewhat clear margins, the differential 
diagnosis was necrosis or tumor. The chi-square test was used to 
evaluate the statistical relationships between IOUS features and the 
pathologic diagnosis at the tumor boundary. P-values <0.05 were 
considered to indicate statistical significance.

Results

All 25 of the samples obtained from unequivocal tumor tissue 
were indeed classified as malignant glioma in the histopathological 
examination. All samples were resected from tissue that was 
hyperechoic on IOUS (Figs. 1, 2). The results for the second specimen 
are shown in Table 1. When the surgeon decided to stop the resection 

Table 1. Results of the examination of the tumor borders 
(sample 2)

Ultrasound image
Result of histopathological examination

Tumor 
(n=8)

Infiltrationa) 

(n=9)
No tumor 

(n=8)
Hypoechoic (n=8) 1 4 3

Moderately hyperechoic (n=17) 7 5 5
a)Infiltrating tumor cells and necrosis.
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Fig. 1. A 60-year-old man with a right frontal glioblastoma, undergoing his second operation 16 months after the first operation.
A. Coronal magnetic resonance imaging (MRI) (T1, contrast-enhanced) defines the extent of tumor recurrence. B. Intraoperative 
ultrasonography (IOUS) before tumor resection (coronal image) reveals hypoechoic (+) as well as intermediate hypoechoic (#) and 
hyperechoic tissue (*). C. Coronal IOUS shows the extent of resection; at the border, a hypoechoic gyrus can be identified (+). The region 
where sample 2 was taken (indistinguishable to the surgeon’s eye between border or normal tissue) is marked (#). D. The postoperative 
coronal MRI (T1, contrast-enhanced) taken at the day after resection shows only linear contrast media enhancement. E-K. Histopathological 
examination demonstrated that the hyperechoic lesion contained cell-rich solid tumor (tumor bulk) (E-H), whereas in the intermediate tissue, 
infiltrating tumor cells and necrosis were found (tumor border) (I-K).
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Fig. 2. A 74-year-old man with a right frontal glioblastoma, who underwent reoperation 8 months after the initial operation. 
A. Axial magnetic resonance imaging (MRI) (T1, contrast-enhanced) demonstrates the polycystic nonhomogenous tumor. B. This image could 
be used to navigate using intraoperative ultrasonography (IOUS) before resection (transverse image). C. Transverse IOUS reveals moderately 
hyperechoic tissue. In this localization, the sample 2 was obtained (#). D. Axial postoperative MRI (left, contrast-enhanced; right native) 
excluded solid contrast enhancement. E, F. Histopathology using H&E staining found that the hyperechoic tissue (tumor bulk) (E) contained 
tumor tissue, glial tumor cells, endothelial proliferation, and necrosis. Despite the moderately hyperechoic image on IOUS (C), the border was 
free of tumor cells, only reactive astrocytes are visualizable (F).
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due to an inability to distinguish between tumor and tumor-free 
tissue under the microscope, the signal was hypoechoic (n=8) or 
moderately hyperechoic (n=17). For moderately hyperechoic tissue, 
neuropathological examination revealed all possible histologic 
diagnoses: tumor, infiltration (Fig. 1), or tumor-free tissue (Fig. 
2). However, hypoechoic tissue rarely (only 1 of the 8 specimens) 
harbored tumor tissue (P=0.150). 

Discussion

IOUS has been used for navigation and resection control in 
intracranial surgery for decades [1]. Previously, doubts have been 
raised [10] that this method can quantify the extent of residual 
tumor, especially during glioma resection, but it nonetheless has 
become accepted as a valuable tool contributing to control of the 
resection [5]. Innovative techniques, such as three-dimensional 
imaging and high-frequency ultrasonography [11], have reportedly 
improved operative results [12]. This study focused on the issue of 
relapsed high-grade gliomas occurring in previously irradiated tissue. 
It has recently been demonstrated that the extent of resection has 
an impact on survival not only after the first operation but in this 
situation as well [13]. To our best knowledge, this problem has been 
mentioned concerning subgroups in other studies but not analyzed 
systematically. Chacko et al. [8] investigated the use of IOUS at 
tumor borders but excluded seven of the 35 irradiated patients 
due to irregular tumor margins. Hammoud et al. [3] examined 
38 patients harboring gliomas, of whom 13 underwent radiation 
therapy. The intraoperative results were compared to the extent of 
resection measured by postoperative MRI. According to their results, 
the extent of resection was poorly defined by IOUS in irradiated 
gliomas. 

The explanation for this phenomenon seems to be simple: 
ultrasound depicts differences in tissue echogenicity. Normal brain 
tissue has a relatively low echogenicity and thus, hyperechoic tumors 
can be easily seen. However, radiation itself may cause elevations 
in tissue echogenicity. Focusing only on irradiated patients and 
using histopathological controls, we emphasize that IOUS cannot 
perfectly predict the extent of resection. However, isoechoic tissue 
seldom contains tumor tissue. Ultrasound studies, even if the results 
are stored on video, remain subjective to a certain degree, as is 
the intraoperative impression of complete resection. We attempted 
to overcome this by choosing experienced investigators, but this 
limitation remains. To keep the analysis simple, only three grades of 
echogenicity were used. Our results lead to the question of whether 
IOUS is useful in these cases. However, the main result of our study-
that the tumor core could be identified as hyperechoic tissue in all 
cases-underscores the usefulness of IOUS. A neurosurgeon who is 

facing the special situation of relapsed glioma may appreciate this 
option for navigating towards the bulk of the tumor. This may indeed 
be helpful when three-dimensional IOUS, navigated IOUS [14-16], 
or intraoperative MRI (which, according to some investigators [4,6], 
may be superior to IOUS) are not available. Contrast-enhanced 
ultrasonography may improve the specificity, but has not been used 
in relapsed tumors [17]. The special value of IOUS, its real-time 
character, cannot be overemphasized. The intraoperative situation 
may change rapidly due to the collapse of cysts or the occurrence 
of hemorrhages [9,18], and every possible tool for visualizing such 
changes should be utilized.

In conclusion, although the results regarding the echogenicity of 
the tumor boundary were not significant in this study, most likely 
due to the small number of subjects, our results suggest that a 
hypoechoic border, when achievable, is more likely to represent a 
tumor-free margin. 
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