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ABSTRACT 

BACKGROUND: Intraoperative localization is an essential aspect of neurosurgery to achieve 

safe maximal resection of intracranial mass lesions. Intraoperative MRI is very useful to achieve 

this goal but its huge cost is a major limiting factor preventing its widespread use. 

OBJECTIVES: The work aims to evaluate the utility of intraoperative ultrasound in localization, 

characterization and resection control of intracranial mass lesions. 

PATIENTS AND METHODS: A prospective study on 41 patients with intracranial mass 

lesions. All patients were subjected to thorough clinical and radiological examination and 

operated upon with the assistance of intraoperative ultrasound (IOUS) imaging at Neurosurgery 

Department, Zagazig University Hospitals during two-year duration (from January 2013 to 

January 2015). Postoperative Magnetic resonance imaging (MRI) and/or computed tomography 

(CT) were performed within 2 days after surgery.  

RESULTS: IOUS was able to localize all lesions irrespective of the pathology. IOUS was found 

as accurate as preoperative MRI in the characterization of mass lesions. Moreover, in comparison 

to MRI, IOUS had higher sensitivity in detection of necrosis (93.8% versus 87.5%) and a higher 

specificity for cyst detection (94.7% versus 89.7%). Significant almost perfect agreement was 

found between IOUS and MRI as regard lesion depth (Kappa [K] =0.925), pre-resection volume 

(K =0.931), post-resection volume (K =0.839) and extent of resection (K =0.917). Postoperative 

neurological morbidities occurred in 4 patients (9.7%), all of which were transient and resolved 

within one month after surgery. 

CONCLUSION: The economic IOUS is highly effective in localization and characterization of 

intracranial mass lesions and is of significant help in resection control.  

KEY WORDS: intraoperative, ultrasonography, neurosurgery 

Introduction 

It is generally accepted that in the 

management of brain mass lesions, the 

optimal results may be obtained when 

maximal surgical resection is achieved with 

minimal disturbance of neurological 

function. To achieve this goal, accurate 

intraoperative localization is mandatory 

(Unsgard et al., 2002). 

Historically, the neurosurgeon had to rely on 

anatomical approximations in determining 

the tumor location. In addition, 

intraoperative crude visual and tactile cues 

(e.g. abnormal discoloration, widening of 

gyri, and tissues consistency) and blind 

exploratory procedures (probing/tapping 

using brain needles) were utilized to localize 

subcortical lesions. This practice carried a 

high risk of error and neurological insult 

(Moiyadi and Shetty, 2011). 

Rubin et al., (1980) studied the 

neurosurgical application of IOUS) and 

found it easy to use and excellent for 

demonstrating the brain anatomy as well as 

identifying, localizing, and characterizing 

intracranial abnormalities. Subsequent 

studies demonstrated the efficacy of the 
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IOUS in brain surgery (Machi et al., 1984; 

Gooding et al., 1984; Masuzawa et al., 

1985 and Quencer and Montalvo, 1986) 

 In the 1990s, with the progress in computer 

and robot technology, neuronavigation 

systems became the standard tool for 

guidance of brain surgery, while IOUS had 

been relegated to the background to become 

a “forgotten” tool despite objective data 

regarding its efficacy (Moiyadi and Shetty, 

2011). 

The past decade had seen tremendous 

advances in neuronavigation systems. 

However, besides the cost involved - which 

is a severe limiting factor in developing 

countries – these systems lack real-time 

information and rely on previously obtained 

CT and MRI. This disadvantage was 

overcome by using intraoperative MRI 

which made the system more expensive and 

more complicated requiring specific 

infrastructure, equipment and instruments in 

the operating room (Unsgaard et al., 2006). 

Brain tumors affect all kinds of people 

across the socioeconomic strata. An 

excellent and accurate technology is no good 

for a person for whom this expensive 

technology is neither available nor 

affordable. In such a case, it becomes almost 

obligatory on neurosurgeons to provide 

alternatives and one such cost-effective 

alternative available is the ultrasound (El 

Beltagy et al., 2010) 

Beside its cost-effectiveness, intraoperative 

ultrasound is safe, quick, convenient, easy to 

learn, simple to use, doesn’t require 

operative room specialized setup, can be 

repeated when needed and most importantly 

it’s real-time imaging. In fact, incorporation 

of the ultrasound into the newer 

neuronavigation systems to overcome the 

problem of brain shift throws light on the 

utility and superiority of the IOUS in this 

regard (Bozinov et al., 2011). 

Patients and Methods 

 A prospective study of intraoperative 

ultrasound imaging on 41 patients with 

intracranial mass lesions operated upon at 

Neurosurgery Department, Zagazig 

University Hospitals during two-year 

duration from January 2013 to January 

2015. Patients enrolled in this study were 

those having intra-axial brain mass lesions 

indicated for surgical resection. Patients 

excluded from the study were those having 

extra-axial or brain stem lesions. All patients 

were subjected preoperatively to 

comprehensive clinical examination as well 

as laboratory and radiological investigations 

including CT and MRI brain with and 

without contrast.  

Ultrasound station: 

The Intraoperative ultrasound was 

performed with IBE-2500D digital 

ultrasound scanner device (International 

Biomedical Engineering Technologies, 

Egypt) with endocavitary transducer having 

changeable frequencies (5-8 MHz) and 

footprint size of 8×18 mm. The scan head of 

the transducer was inserted into a sterile 

surgical hand glove in which a small amount 

of degassed coupling gel was applied. The 

remaining part of the transducer and its cord 

were placed in sterile surgical sheath or 

wrapped with sterile surgical drapes secured 

at the scan head by a sterile rubber band. For 

better transmission of the acoustic beam 

between the gloved scan head and the 

operative interface, irrigation of the 

operative field with sterile saline could be 

used when needed. 

Intraoperative scanning: 

After craniotomy/craniectomy was 

performed and dura became exposed, initial 

intraoperative ultrasound examination was 

employed. Longitudinal, transverse and at 

times, oblique views were all performed. In 

addition, IOUS scanning was performed 

from various positions and directions using 

various probe manipulation techniques, 

including sliding, rotation and angulation. 

Normal landmarks such as the ventricular 

walls, choroid plexus, falx, bone and some 
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prominent cortical sulci were identified and 

used for orientation. Through this initial 

scan with dura intact, we identified the 

location, size and distance from the lesion to 

the brain surface before any brain shift - 

which could result from CSF drainage - to 

be compared to preoperative CT/MRI 

images. For deep seated lesions a 5 MHz 

frequency was used and for superficial 

lesions, frequency was shifted to 8 MHz 

The initial transdural examination was 

followed by a second one at the surface of 

the brain after opening the dura in which 

detailed assessment of the lesion as regard 

localization, characterization and relations 

was performed. It’s important to apply 

minimal pressure just to achieve surface 

contact and to avoid unnecessary external 

pressure to the brain. The surgeon then 

started to excise the lesion using standard 

microsurgical techniques. Ultrasound may 

be requested by the surgeon at any time of 

surgery to help in evaluation of extent of 

resection or guidance for interventional 

techniques e.g. cyst/abscess decompression. 

A final ultrasound assessment was done to 

determine the presence of residual tumor 

when the surgeon feels that the lesion is 

completely excised. The resection cavity 

was flushed with warm saline, which made 

it easy to visualize the remaining lesion 

tissues located at the border of the resection 

cavity or in the surrounding areas. When 

residual lesion tissues were identified by 

IOUS, they were removed (except in 

eloquent areas) and the procedure was 

repeated again. Tissue samples were taken 

and submitted to histopathology. Surgery 

ended when the IOUS declared that there is 

no residual tumor tissues left or the surgeon 

could not identify the ultrasonographically-

depicted residual tumor or if the residual 

tissues were located in eloquent areas. 

Postoperative assessment of patients was 

done clinical and radiological examinations. 

Radiological assessment was done using 

immediate postoperative MRI within the 

first 48 hours after surgery to avoid surgery-

related contrast enhancement that occurs due 

to repair mechanism and surgical trauma.  

Statistical analysis: 

The data were managed through the use of 

statistical package of social sciences (SPSS) 

version 19 (SPSS Inc., Chicago, Illinois, 

USA). Data were expressed as mean for 

quantitative variable numbers and 

percentages for categorical variables. Data 

were presented in the form of tables and 

graphs when appropriate. 

Chi-square, Fisher exact, paired t-test, and 

Pearson's correlation coefficient were used 

when appropriate. Probability (P) value < 

0.05 was considered statistically significant. 

Statistical measures of reliability including 

sensitivity, specificity and predictive values 

as well as kappa value as a statistical 

measure of inter-method agreement were 

used when appropriate.  

Ethical considerations: 

The whole procedure was explained in a 

simplified manner to the patient, stressing 

on certain points; 

1) Advantages and possible disadvantages of 

the technique. 

2) That he can refuse to do the examination 

without any harm on him.  

3) The outcome of the procedure will be 

used to help research purposes. 

Then, a written informed consent was taken 

either from the patient or the one who can 

legally substitute him about the approval of 

doing the technique. 

 

Results: 

The mean age of the patients was 35.6± 13.1 

years (range 8-71 years). There were 26 

male (63.4%) and 15 female (36.6%) with 

male to female ratio of about 1.7:1). 
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Table (1): Age and gender of the studied 

patients (n= 41) 

Variable Total (n= 41)   

Age    

Mean age ± SD  35.6 ± 13.1 

years 

  

Age range  63 (8-71) years  

Gender   

(male/female), (%) 26 / 15,   63.4% 

/ 36.6 % 

Male: female ratio 1.7:1 

 

Comparison between IOUS and MRI: 

No statistically significant difference was 

found between IOUS and preoperative MRI 

regarding; lesion identification, architecture, 

contour, perifocal edema, necrosis and mass 

effect (p> 0.05). A highly significant 

statistical difference was found between 

both modalities as regard identification of 

lesion margins (p< 0.01) where margins 

were; well-defined in 75.6% of patients by 

IOUS in contrast to 46.3% of patients by 

MRI, moderately-defined in 24.4% by IOUS 

in contrast to 31.7% by MRI and poorly-

defined in 0% by IOUS in contrast to 22% 

by MRI (table 2 & figure 1). 

No statistically significant difference was 

found between IOUS and preoperative MRI 

regarding lesion depth measurements (table 

3), pre-resection lesion volume (table 4), 
post-resection lesion & residual volume 

(table 5) and extent of resection (table 6) 

(p> 0.05). 

 

 

 

Table (2): Comparison between IOUS and 

MRI as regard lesion localization and 

characterization 

 

Findings 

Preoperative 

MRI 

IOUS p-value 

No.  % No.  % 

Lesion Identification: 

Discernable   41 100 41 100  

- Not discernable 0 0 0 0 

Architecture:  

solid   17 41.5 18 43.9 

0.25† 

Cystic 9 22 8 19.5 

Mixed (mainly solid) 9 22 11 26.8 

Mixed (mainly cystic)  6 14.5 4 9.8 

Margins:  

Well-defined   19 46.3 31 75.6 

0.001** Moderately-defined  13 31.7 10 24.4 

Poorly-defined 9 22 0 0 

Contour:   

Irregular 24 56.1 22 53.7  

0.157† Regular   17 43.9 19 46.3 

Perifocal edema: 

Absent  7 17.1 4 9.8  

0.25† Present 34 82.9 37 90.2 

Necrosis:  

Present  15 

26 

36.6 

63.4 

16 

25 

39 

61 

 

0.317† Absent   

Mass effect: 

Effacement of sulci   40 97.6 40 97.6 - 

Ventricular compression 22 53.6 21 51.2 0.317† 

† Insignificant (p-value >0.05)  ** highly significant (p-value 

<0.01). 
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Figure (1): a case of anaplastic astrocytoma 

(case 23) which appeared on preoperative 

CT (A) and MRI (B, C and D) as a diffuse, 

poorly delineated lesion surrounded by 

extensive perifocal edema. On IOUS 

examination (E), the lesion was depicted as 

a hyperechoic tumor (T) with well-defined 

margins and surrounded with hyperechoic 

edema (e). The lesion was better delineated 

in IOUS than in CT and MRI. 

Table (3): Comparison between MRI and 

IOUS in lesion depth measurement. 

Lesion depth Preoperative 

MRI 

IOUS p-

value 

Mean depth  19.4 mm 19.1 mm 0.18† 

Lesion 

depth: 

No % No %  

< 5 mm 3 7.3 4 9.7 

0.157† 5-15 mm 13 31.7 12 29.3 

15-25 mm 12 29.3 13 31.7 

> 25 mm 13 31.7 12 29.3 

† Insignificant (p-value >0.05) 

Table (4): Comparison between MRI and 

IOUS in pre-resection lesion volume  

Pre-resection 

lesion volume  

Preoperative 

MRI 
IOUS p-

value 

Mean lesion 

volume 
30.15 cm³ 31.01 cm³ 0.859† 

Lesion volume: No.  % No.  % 

0.157† 
< 20 cm³ 14 34.1 14 34.1 

20-40 cm³ 15 36.6 14 34.1 

40-60 cm³ 9 22 9 22 
>60 cm³ 3 7.3 4 9.8 

† Insignificant (p-value >0.05) 

Table (5): Comparison between MRI and 

IOUS as regard post-resection and residual 

lesion volume  

Post-resection 

lesion volume 

IOUS  Postoperative 

imaging 

p-

value 

Mean post-

resection volume 
0.372 cm³ 0.460 cm³ 0.144† 

Mean residual 

volume 

2.178 cm³ 2.72 cm³ 0.153† 

Post-resection 

Lesion volume: 

No.  % No.  %  

= 0 (no residual)   34 82.9 34 82.9 

0.157† 

Residual present: 7 17.1 7 17.1 

0 < residual < 1 

cm³ 

2 4.9 1 2.5 

1-3 cm³ 3 7.3 3 7.3 

> 3 cm³ 2 4.9 3 7.3 

† Insignificant (p-value <0.05) 

Table (6): Comparison between MRI and 

IOUS as regard evaluation of extent of 

resection 

Extent of resection IOUS 
Postoperative 

MRI 

p-

value 

 

Gross total 

resection 

(100% 

macroscopic 

resection) 

Near total 

resection 

(90 %  

EOR<100%) 

 

subtotal 

resection 

(50 %  

EOR<90%) 

 

 

No.  % No.  % 

0.317† 

34 83 34 83 

6 14.6 5 12.2 

1 2.4 2 4.8 

† Insignificant (p-value <0.05) 

Inter-method agreement between IOUS 

and MRI: 

Testing of the inter-method agreement 

between IOUS and pre-/post-operative MRI 

as regard lesion depth, pre-resection lesion 

volume, post-resection lesion volume and 

extent of resection revealed a highly 

significant, almost perfect agreement 

between both modalities (Kappa value = 

0.925, 0.931, 0.839 and 0.917 respectively) 

(Tables 7-10). 
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Table (7): Inter-method agreement between 

IOUS and MRI as regard lesion depth 

measurement 

Cohen's Kappa (k) = 0.925     p<0.001 

 

Table (8): Inter-method agreement between 

IOUS and MRI as regard pre-resection 

lesion volume 

Cohen's Kappa (k) = 0.931, p < 0.001 

 

 

 

 

Table (9): Inter-method agreement IOUS 

and postoperative MRI as regard post-

resection lesion volume measurement 

Cohen's Kappa (k) = 0.839, p < 0.001 

 

Table (10): Inter-method agreement 

between IOUS and postoperative MRI as 

regard determination of extent of resection 

Cohen's Kappa (k) = 0.917, p < 0.001 

Reliability of IOUS in characterization of 

lesions: 

Ultrasound was found to be more sensitive 

than MRI in detection of intra-lesional 

necrosis (93.8% for IOUS in comparison to 

87.5% for MRI) but both modalities had the 

same specificity (96%). In spite MRI and 

IOUS were found to have the same 

sensitivity for cyst detection (100% each), 

IOUS had a higher specificity (94.7% in 

comparison to 89.7% for MRI) as MRI had 

2 false positive cases which were detected 

LESION 
DEPTH 

IOUS 

Total 
< 5 
mm 

5 – 15 
mm 

15–25 
mm 

> 25 
mm 

MRI < 5 mm 3 0 0 0 3 

  5 – 15 

mm 
1 12 0 0 13 

  15 – 25 

mm 
0 0 12 0 12 

> 25 
mm 

0 0 1 12 13 

Total 4 12 13 12 41 

PRE-
RESECTION 

LESION 

VOLUME 

IOUS 

Total 
< 20 
cm³ 

20-40 
cm³ 

40-60 
cm³ 

> 60 
cm³ 

MRI < 20 
cm³ 

14 0 0 0 14 

  20-
40 

cm³ 

0 14 1 0 15 

  40-

60 
cm³ 

0 0 8 1 9 

  > 60 

cm³ 
0 0 0 3 3 

Total 14 14 9 4 41 

POST-

RESECTION 

LESION 

VOLUME 

IOUS 
Total 

= 0 0 < and 

<1 cm³ 

1-3 cm³ > 3 

cm

³ MRI = 0 cm³ 34 0 0 0 34 

 0< and<1 

cm³ 

0 1 0 0 1 

 1 - 3 cm³ 0 1 2 0 3 

 > 3 cm³ 0 0 1 2 3 

Total 34 2 3 2 41 

EXTENT OF 

RESECTION 
IOUS Total 

 

Gross 

total 

Near 

total Subtotal  

MRI Gross total 34 0 0 34 

 Near total 0 5 0 5 

 Subtotal 0 1 1 2 

Total 34 6 1 41 
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by MRI as cystic lesions in contrast to IOUS 

which identified necrotic tumor instead of 

cystic lesions. On operation the lesions were 

found to be solid tumors with extensive 

necrosis and there were no cysts (figure 2).  

In spite both IOUS and MRI were able to 

detect intracystic septations in the same 

number of patients (8/41 patients, 19.5 %) 

but a statistically significant difference (p-

value <0.05) was found between them as 

regard the degree to which such septations 

were defined being well defined and clearly 

visible in 7/8 (87.5%) patients by IOUS in 

contrast to only 3/8 (37.5%) patients by MRI 

(table 11 & figure 3). 

 

 

 

 

 

 

Figure (2): (A) preoperative MRI with 

contrast (case 12) showing a right parietal 

ring enhanced mass lesion surrounded by 

hypointense edema, the interior of the lesion 

is markedly hypointense, suggesting a cyst. 

(B) On ultrasound imaging, the interior of 

the lesion was isoechoic, suggesting necrosis 

not a cyst. On operation the interior of the 

tumor was found to be necrotic and there 

was no cyst. 

 

 

 

 

Figure (3): (A) preoperative contrast MRI 

(case 19) showing left parietal mixed 

solid/cystic mass lesion with poorly 

identified faint intracystic septations (S),  

(B) IOUS examination of the patient 

demonstrating better visualization of 

intracystic septations (S). 

 Table (11): Comparison between IOUS and 

preoperative MRI in identification of intra-

cystic septations 

Septations 

Preoperative 

MRI 
IOUS 

p-

value 

No. % No. % 

Well-defined 3 37.5 7 87.5 

0.043* 

poorly-defined 5 62.5 1 12.5 

* Significant (p-value <0.05). 

 

Association between IOUS findings and 

grade of tumor neoplasia: 

As shown in table (12), statistically 

significant associations were found between 

different IOUS findings and the grade of 

tumors malignancy. The first significant 

association (p=0.04) was found between the 

homogeneity of tumors echo signals in 

IOUS and the pathological grades of such 

tumors where 77.3 % of high grade tumors 

had heterogeneous echogenic pattern while 

62.5 % of low grade tumors had 

homogenous pattern.               

The second significant association (p=0.04) 

was found between delineation of tumor 

margins by IOUS and the grade where 

margins of high grade tumors were better 

delineated than low grade tumors (77.3% 

versus 37.  % ). The third association was a 

statistically highly significant one (p=0.001) 

that was found between tumor contour on 

IOUS and its pathological grade where high 

grade tumors had a more irregular contour 

than low grade tumors which had a more 

regular contour. The fourth significant 

association (p=0.04) was found between the 

detection of intra-lesional calcifications on 

IOUS and tumor grade where low grade 
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tumors showed calcifications more than high 

grade tumors (62.5% versus 4.5%).  

The fifths association was  highly significant 

(p=0.001) and found between the presence 

of intra-lesional necrosis on IOUS and 

tumor grade where necrosis was detected in 

72.7% of high grade tumors but not detected 

in any low grade tumor.  

The last association was highly significant 

(p=0.003) and found between the presence 

and degree of perifocal edema on IOUS and 

tumor grade where 100% of  high grade 

lesion were associated with edema with 

72.7% having marked edema in contrast to 

low grade tumors in which edema was 

absent in 50%, mild in 37.5% and moderate 

in 12.5%.  

All these associations between IOUS 

findings and tumor grade added to the utility 

of IOUS in brain tumor surgery as regard its 

ability to differentiate between low and high 

grade tumors. No statistically significant 

associations were found between lesion 

architecture or the presence of ventricular 

compression on IOUS and tumor grade (p> 

0.05). 

Associations between IOUS findings and 

completeness of resection:  

Table (13) shows that statistically 

significant associations were found between 

various IOUS findings (pre-resection lesion 

volume, margins, contour, depth and 

proximity to important structures) on one 

hand and the extent of lesion resection on 

the other hand. No statistically significant 

associations were found between lesion 

architecture or echogenicity on IOUS and 

extent of resection (p> 0.05). 

Concerning pre-resection lesion volume 

relationship to the extent of resection, a 

highly significant association (p = 0.001) 

was found between them as 85.7% of 

incomplete resection group had a lesion 

volume > 40 cm³ while 79.4% of gross total 

resection group had a lesion volume ≤ 40 

cm³. Further testing of this relationship by 

Pearson product-moment correlation, a 

statistically significant strong negative 

correlation was found with Pearson 

correlation coefficient (r) = - 0.703 and p 

value (< .001).             

Another highly significant association (p 

=0.001) was found between lesion margins 

delineation by IOUS and the extent of its 

resection where 88.2% of gross totally 

resected lesions had well-defined margins 

while  85.7% of incompletely resected 

lesions had moderately-defined margins. 

Also, lesion contour on IOUS showed a 

highly significant association (p = 0.007) 

with the extent of resection as 100% of 

incompletely resected lesions had an 

irregular contour and 55.9% of gross totally 

resected lesions had a regular contour.  

Lesion depth on IOUS showed a highly 

significant association (p=0.001) with the 

extent of resection. Further testing of this 

association with Pearson correlation 

revealed a statistically significant strong 

negative correlation with Pearson correlation 

coefficient (r) = - 0.712 and p value < .001) 

The last association was highly significant 

(p=0.001) that was found between close 

proximity of the lesion to ultrasound-

depicted important structures and the extent 

of resection where 85.7% of incompletely 

resected lesions were related to important 

structures which were saved by intentionally 

leaving a residual when complete resection 

was found unsafe.  

It's worth to mention that 5/34 patients 

(14.7%)  in the gross total resection group 

had a close proximity to important structures 

too but gross total resection was possible in 

these cases owing to other lesion criteria 

which facilitated resection (well defined 

margins and regular contour).  

Associations and correlations found between 

IOUS findings and extent of lesion resection 

added more to the utility of IOUS in brain 

surgery as regard its ability not only to 

evaluate but also to predict and plan the 
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extent of resection aiming to achieve the 

goal of safe maximal resection. 

Table (12): Association between IOUS 

findings and grade of tumor neoplasia. 

†Insignificant (p-value <0.05) *Significant (p-

value <0.05) **highly significant (p-value < 

0.01). 

 

  

Table (13): Association between IOUS 

findings and completeness of resection 

(Predictors of completeness of resection). 

      Resection  

 

 

IUOS finding  

Gross 

total 

resection 

(n=34) 

Incomplete 

resection 

 (n=7)  

 

p-value 

No. % No % 

Pre-resection volume:  

≤  40 cm³ 27 79.4 1 14.3 
0.001** 

> 40 cm³  7 20.6 6 85.7 

Echogenicity and homogeneity: 

Homogenous 22 64.7 2 28.6 

0.08† 
Hyperechoic  14 41.2 2 28.6 

Hypoechoic  8 23.5 0 0 

Heterogeneous 12 35.3 5 71.4 

Architecture:    

Solid  15 44.1 3 42.9 

0.367† Cystic  8 23.5 0 0 

Mixed   11 32.4 4 57.1 

Margins:  

Well-defined  30 88.2 1 14.3 

0.001** 
Moderately-

defined 

4 11.8 6 85.7 

Contour:  

Regular  19 55.9 0 0 
0.007** 

Irregular  15 44.1 7 100 

Lesion depth: 

≤ 25mm 28 82.4 1 14.3 
0.001** 

> 25mm 6 17.6 6 85.7. 

Close proximity to ultrasound-depicted important 

structures: 

Absent  29 85.3 1 14.3 

0.001** 

Present:       5 14.7 6 85.7 

 Large arterial 

pulsations  

1 2.9 2 28.6 

Ventricles 2 5.9 2 28.6 

Brain stem 2 5.9 2 28.6 

†Insignificant (p-value <0.05) *Significant (p-

value <0.05) **highly significant (p-value < 

0.01) 

    Pathology 

 

IOUS findings 

 

IOUS findings 

 

IOUS findings 

Low 

grade 

tumors       

(n= 8) 

 

High 

grade 

tumors      

(n=22) 

 

p-value 

N

o 

% N

o 

%  

Echogenicity and homogeneity:  

Homogenous: 5 62.5 5 22.7 

0.04* 
 Hyperechoic 5 62.5 5 22.7 

 Hypoechoic  0 0 0 0 

Heterogeneous 3 37.5 17 77.3 

Architecture:  
Solid    5 62.5 10 45.5 

0.407† Cystic  0 0 0 0 

Mixed    3 37.5 12 54.5 

Margins: 
Well-defined   3 37.5 17 77.3 

0.04* 

Moderately-

defined  
5 62.5 5 22.7 

Contour: 

Regular  6 75 3 13.7 0.001** 

Irregular  2 25 19 86.4 

Calcification: 

Present  3 37.5 1 4.5 
0.048* 

Absent   5 62.5 21 95.5 

Ventricular compression: 

Present  4 50 12  
0.825† 

Absent   4 50 10  

Tumor necrosis: 

Present  0 0 16 72.7 
0.001** 

Absent   8 100 6 27.3 

Perifocal oedema: 

Absent   4 50 0 0 

0.001** 
Present  4 50 22 100 
Mild  3 37.5 0 0 

Moderate  1 12.5 6 27.3 

Severe  0 0 16 72.7 
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Operative complications: 

Thirty six patients (87.8%) had no operative 

complications. Operative complications 

occurred in 5/41 patients (12.2%) all of 

which were morbidity and no mortality 

occurred. As regard type of morbidity, 2/41 

patients (4.9%) had only neurological 

morbidity and two patients (4.9%) had 

combined neurological and surgical 

morbidity while one patient (2.4%) had only 

surgical morbidity. All complications were 

managed conservatively. Three out of seven 

(42.9%) of these morbidities resolved at one 

week after surgery while 4/7 morbidities 

(57.1%) persisted beyond one week but 

resolved by one month after surgery with no 

complications persisted beyond one month. 

Discussion: 

Intraoperative ultrasound has been used in 

neurosurgery for more than 30 years, and it 

still has many attributes that make it 

attractive for neurosurgical guidance. 

Previous articles have reported that the cost-

effective ultrasound can be used as an 

intraoperative imaging tool for localization 

of mass lesions, delineation of their margins, 

differentiation of internal characteristics, 

and detection of residual tumors. 

 

In this study, all mass lesions (100%) were 

identified by intraoperative ultrasound 

imaging irrespective of their 

histopathological nature. In Unsgaard et al., 

2002 study on 114 patients with various 

intracranial mass lesions, intraoperative 

ultrasound imaging was found to be able to 

identify all lesions whatever the pathology. 

In 2003, van Velthoven studied IOUS on 

374 cases with different intracranial mass 

lesion pathologies and reported that IOUS 

was able to localize all types of lesions. In 

2008, Strowitzki and his colleagues found 

the same conclusion. They, agreed that 

intraoperative ultrasonic imaging is a 

valuable tool that can depict all types of 

intracranial mass lesions.  

In this study, we found that IOUS was able 

to characterize lesion architecture and 

differentiate between solid, cystic and mixed 

mass lesions with no statistically significant 

difference found between IOUS and 

preoperative MRI in this regard (p> 0.05), 

but IOUS was found to be superior to MRI 

as regard the degree to which intra-cystic 

septations were defined where a statistically 

significant difference (p-value <0.05) was 

found between both modalities. Chen et al., 

(1999) compared the images of IOUS with 

those of CT and MRI in 30 intracranial 

masses and found that IOUS was more 

effective than CT and MRI in determining 

whether a lesion was cystic -with or without 

septation- or solid, and in guiding surgical 

procedures. They concluded that IOUS 

provides exquisite detail of intracranial 

pathology equal to, or even better than, CT 

and MRI. Van Velthoven (2003) compared 

morphological features of intracranial mass 

lesions in IOUS versus CT, MRI and 

reported that the delineation of cystic and 

solid parts as well as the demarcation of 

intracystic septations by IOUS are even 

more distinct than CT and MRI images.  
In this study we tested the reliability of both 

MRI and IOUS as regard detection of 

necrosis and cystic lesions against 

intraoperative findings, we found that IOUS 

has a higher sensitivity for necrosis (93.8% 

in comparison to 87.5%) and a higher 

specificity for cyst detection (94.7% in 

comparison to 89.7%) than MRI. Sun and 

Zhao (2007) reported the same results and 

highlighted the superiority of IOUS in 

differentiating cystic lesion from intra-

lesional necrosis. 

Our study showed that IOUS was superior to 

MRI in delineating lesion margins as a 

highly significant statistical difference was 

found between both modalities as regard 

identification of lesion margins (p< 0.01) 

where margins were; well-defined in 75.6% 

of patients by IOUS versus 46.3% by MRI, 

moderately-defined in 24.4% by IOUS 

versus 31.7% by MRI and poorly-defined in 

0% by IOUS versus 22% by MRI. It could 

be surprising for many neurosurgeon to say 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22van%20Velthoven%20V%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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that IOUS can delineate lesion margins 

better than MRI. Our results are supported 

by those of Van Velthoven (2003) 

comparative study of morphological features 

of intracranial mass lesions in IOUS versus 

CT, MRI in 374 cases with different 

intracranial pathologies. He returned these 

findings to the different physical principles 

of IOUS and MRI imaging as the 

delineation of mass lesion borders in 

different imaging modalities will differ 

according to the physical properties of such 

modalities and the biology of the tissue. In 

ultrasound images, the echogenicity is 

related to the differences in mass density 

and stiffness of the tissue. In MR images the 

source of information is the magnetic 

properties of the hydrogen nuclei in the 

tissue. 

In this study, we found statistically 

significant associations between certain 

findings on IOUS and the grade of 

malignancy of the tumor giving IOUS the 

ability to differentiate between low and high 

grade tumors. Features on IOUS that favor 

the diagnosis of  high grade tumors are 

(heterogeneous echogenicity, well-defined 

margins, irregular contour, intra-lesional 

necrosis, marked perifocal edema) while 

features that favor the diagnosis of low 

grade tumors are (homogenous 

echogenicity, moderately-defined margins, 

regular contour, intra-lesional calcifications, 

absence of necrosis and mild perifocal 

edema). In 2005, Cengiz and Keramettin 

evaluated the capability of intraoperative 

ultrasonography in differentiating low from 

high malignant intraparenchymal tumors in 

40 patients and concluded that the main 

ultrasound characteristics of high grade 

tumors are (heterogeneous echogenicity, 

single or multiple necrosis with irregular 

internal wall, irregular contour, thick dense 

edema and well defined margins) and the 

main characteristics of low grade tumors 

(homogeneous echogenicity, smooth 

contour, thin mild edema, moderately- 

defined margins and absent necrosis).in 

2008, Wang and coworkers studied the 

relationship between intra-operative 

ultrasonography and pathological grade in 

98 cerebral glioma patients and found that 

different pathological grades of glioma 

presented different ultrasonographic 

appearances where the majority of low-

grade (I and II) cerebral gliomas were 

homogeneous, with indistinct margins and 

mild surrounding edema while high-grade 

(III and IV) cerebral gliomas mostly 

exhibited heterogeneous echogenicity, well-

defined borders, central necrosis and the 

surrounding edema was marked. Finally 

they concluded that intra-operative 

ultrasonography is of great value in locating 

and assessing the grade of cerebral glioma. 

 

 Statistically significant associations were 

found between various IOUS findings (pre-

resection lesion volume, margins, contour, 

depth and proximity to important structures) 

on one hand and the extent of lesion 

resection on the other hand. These 

associations add to the utility of IOUS in 

brain surgery as regard its ability not only to 

evaluate but also to predict and plan the 

extent of resection aiming to achieve the 

goal of safe maximal resection. The 

significant predictors for incomplete 

resection were (large lesion volume >40 

cm³, poorly-defined lesion margins, 

irregular contour, lesion depth more than 25 

mm and close proximity of the lesion to 

important structures depicted on IOUS 

including large arterial pulsations, brain 

stem and ventricles). Similar results were 

reported by Cengiz and Keramettin, 2005; 

Renner et al., 2005 and Ulrich et al., 2012. 

 

In this study, operative complications 

occurred in 5 patients (12.2%), all of which 

were morbidities with no mortality occurred. 

Thirty six patients (87.8%) had no operative 

complications. It worth mentioning that 

there were no patients having complications 

related to the use of IOUS per se such as 

operative site infections or brain contusions.  

Roth et al., 2006; Enchev et al., 2006; 

Unsgaard et al., 2006 and Bozinov et al., 

2011 reported that the use of IOUS is not 

associated with increased risk of operative 
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morbidities, supporting the results of our 

study. They reported complication rates of 

11.2%, 10.7%, 7.9% and 7.5 % respectively 

which are comparable to our figures. 

  
Conclusion 

In conclusion, the economic intraoperative 

ultrasonography was found to be highly 

effective in localization and characterization 

of intracranial mass lesions and is of 

significant help regarding resection control. 

Although the technique is well known, 

practiced and recommended universally 

since long, its significance and applications 

are still unknown in our country. 

Neurosurgeons should be aware of the 

technique and its valuable impact on the 

patient management.  
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  أثناء الجراحةفات الكتلية داخل القحف د موقع ومدي استئصال اآلتحدي

  سامي حسانين محمد، احمد حازم سعد سليمان، وائل عبد الرحمن المسلمى ،احمد محمد رجب

قيزلزقااجامعة  -ىلبشرالطب اكلیة  - جراحة المخ واالعصابقسم   

 

 عالجال قد وجد أن و ؤدى الى الوفاة السريعةغالبآ ما ت –هاالسرطانية مناألورام وخصوصآ – آفات المخ الكتلية لمقدمة:ا
دورآ  فة الكتليةيلعب مدى إستئصال اآلو فاعلية لها هو اإلستئصال الجراحى متبوعآ بالعالج اإلشعاعى والكيمائى.األكثر

خصوصا ام ألوراإستئصال تأثريو العملية الجراحية كتحسن أعراضه العصبيةفوائد حاسمآ فى إستفادة المريض من 
رسم حدودها, و  - على سطح المخمنها الغير ظاهرة آعلى االخص و -هابصورة كبيرة بقدرة الجراح على تحديد مكان

وكذلك التفرقة بين بواقى الورم وأنسجة المخ الطبيعية. وغالبآ ما تكون حدود الورم صعبة التحديد ويعتمد الجراح على 
 . بصورة كاملة الورم والنسيج الطبيعى وهى عوامل ال يمكن اإلعتماد عليهالون النسيج وتكوينه فى التفرقة ما بين 

 آفات المخ الكتليةدور الموجات فوق الصوتية )داخل العمليات( فى تقييم  لى معرفةإث لبحف ايهدلبحث: امن ف لھدا
 وتحديد مدى إستئصالها.

ذكرآ  ستة وعشرون) فات المخ الكتليةبآون شملت هذه الدراسة واحد وأربعون مريضآ مصاب :ق و ادوات البحثلطرا
سبعين واحد والى  ثمان سنواتسنة )المدى من خمس وثالثون أنثى( وقد كان متوسط أعمارهم حوالى خمس عشرة و

قبل  ورنين مغناطيسى بالصبغة وبدون سنة(. وقد تم عمل الفحوصات التصويرية التاليه لهم: أشعة مقطعية بالكمبيوتر
 ضافة الى الموجات فوق الصوتية داخل العمليات.وبعد العملية بال

اآلفات اتضح من نتائج البحث ان استخدام الموجات فوق الصوتية )داخل العمليات( استطاع أن يحدد مكان  لنتائج:ا
ث وقد اتضح من نتائج البح.ا, كما انها قادرة بدقه على تقييم مدى استئصالهاومعرفة مدى انتشاره اووصف تكوينهالكتلية 

ان استخدام الموجات الصوتيخ داخل العمليات يستطيع ان يحدد بنية االفات الكتلية بالمخ والتفريق بينها وايضاح تفاصيلها 
بدقة عاليه باالضافه الى قدرته على التفرقة بين اورام المخ الحميده والخبيثه باألضافه الى التنبؤ بمدي استئصالها. وقد 

روق ذات داللة احصائية بين الموجات فوق الصوتية والفحص بالرنين المغناطيسى من بين هذا البحث انه ال توجد ف
 حيث قياسات عمق وحجم الورم سواء قبل او بعد عملية االستئصال.

فات المخ الكتلية استطاع تحديد آاستخدام الموجات فوق الصوتيه داخل العمليات اثناء جراحات استئصال  لخالصة:ا
 استئصالها بدقة. موقعها وتكوينها ومدي

عالج المرضى من اجل يجب على جراحى المخ واألعصاب أن يكونوا أكثر دراية بهذه الوسيلة التشخيصية  التوصيات:
واالفات  على النحو المرجو. واننا نوصى بالشروع فى القيام بدراسات مستقبلية أخرى تهتم بأنواع محددة من األورام

. كذلك نوصى باستخدام الموجات عدد أكبر من المرضى للحصول على نتائج أكثروتكون مشتملة على  الكتلية األخرى
حتي يتسني لجراحى المخ واألعصاب االستفادة من  المتعلقة باستئصال اآلفات الكتلية فوق الصوتية فى كل جراحات المخ

 دورها القيم والفعال.
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ILLUSTRATED CASES 

CASE (1) 

A twelve years old boy presented with headache, blurring of vision, repeated fits and right sided  

hemiparesis more in the lower limb.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4): (A) preoperative MRI with IV gadolinium axial (A1), coronal (A2) and sagittal 

(A3) views showing a left high fronto-parietal lesion measuring 30x30x28 mm with ring 

enhancement, thick smooth enhanced capsule, non-enhanced hypointense center and 

hypointense  perifocal edema. Ipsilateral ventricular compression and midline shift of 10 

mm are seen. (B) T2 weighted images and (C) Flair images demonstrate the marked 

perifocal edema and mass effect. 
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Figure (5): initial IOUS examination from an anterior trajectory showing the lesion as 

having a hyperechoic capsule (C) and hypointense center (N). Outside the capsule 

there is a mild hyperechoic zone representing perifocal edema (E)  

Distance 1 (lesion depth from the chosen anterior entry) = 24.5 mm 

Distance 2 (anteroposterior diameter) = 31.9 mm 

Distance 3 (medio-lateral diameter) = 28.5 mm 

 

 

Figure (6): IOUS examination after aspiration from the lesion under real-time 

ultrasonic guidance. Aspiration revealed yellowish pus. Measurement update was 

done. Distance 1 (medio-lateral diameter) = 11.9 mm, Distance 2 (antero-posterior 

diameter) = 14.5 mm 
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Figure (8): IOUS examination after excision of the abscess capsule showing complete 

resection of the lesion. Only Saline filled resection cavity (RC) is seen. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (7): IOUS examination with split-screen display mode showing the abscess before 

aspiration (right) and after partial aspiration (left).  
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Diagnosis: Brain Abscess 

Culture and sensitivity: staphylococcus aureus, sensitive to ampicillin, ciprofloxacin and 

vancomycin 

 

Figure (9): Immediate postoperative CT brain with IV contrast showing complete resection of 

the abscess and decrease of midline shift. Perifocal edema is still marked. Anterior trajectory to 

the lesion is noticed. 

Figure (10): follow up CT after 2 weeks showing marked resolution of edema and midline shift.  
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CASE (2) 

Fifty three years old male patient presented with headache, blurring of vision, repeated fits and 

disturbed level of consciousness. 

      A                                                       B 
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Figure (11): preoperative MRI brain T1-weighted images axial view without (A) and 

With IV Gadolinium (B) showing a left frontal hypointense intra-axial mass lesion 

measuring 38x50x45mm with peripheral ring enhancement and non-enhancing core. 

The enhanced periphery has an irregular internal contour. The lesion is surrounded 

with marked edema and causes marked midline shift of 11 mm. (C) T2-weighted 

image demonstrates a hyperintense lesion with extensive perifocal edema. 
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Figure (13): IOUS examination through saline filled resection cavity (RC) showing subtotal 

resection of the lesion. Measurements of the remaining residual (R) were done. 

Distance 1 (medio-lateral diameter) = 18.6 mm 

Distance 2 (antero-posterior diameter) = 24.8 mm,      Ultrasound gel inside a surgical 
glove finger into which the probe was inserted  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (12): pre-resection IOUS examination showing a hyperechoic mass lesion with well-

defined margins surrounded with hyperechoic zone of edema (E). In spite the lesion is 

generally hyperechoic but this echogenicity is not uniform as some areas were mild 

hyperechoic to isoechoic denoting necrotic foci (blue arrows) inside the lesion. 

Distance 1 (lesion depth) = 18.8 mm, Distance 2 (medio-lateral diameter) = 42.6 mm, 

Distance 3 (antero-posterior diameter) = 50.1 mm 
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Diagnosis: Glioblastoma multiforme. 

Figure (14): IOUS examination through saline filled resection cavity (RC) showing gross 

total resection of the tumor with no residual detected. Echogenic rim of the resection 

cavity (blue arrows) is not a residual but is considered an enhancement artifact due to 

differences in acoustic impedance between saline and brain parenchyma. Air 

microbubbles in saline (and coupling gel) are seen as hyper-echogenic dots (white 

arrows). 

 

Figure (15): Immediate postoperative MRI with contrast showing gross total resection 

of the tumor 

 


