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Background h: Intraoperative ultrasound (IOUS) have shown to be useful tool wit
an overall hig eher diagnostic value in detection of brain tumors and an effectiv

ntool to maximize the extent of resection which an important challenge i
neurosurgical procedures 
Aim of study f: To evaluate the role of intraoperative ultrasound in resection o
brain masses and the extent of removal 
Patients and Methods: An observational cross- Rsectional study conducted at PA
private hospital in  Erbil, Iraq, during a  period  of 2 years and followed up from 
the  beginning of 2020  till the end of 2021. The study included 5 h7 patients wit

ybrain mass lesions, they were operated on and followed up during the stud
fperiod. In all operations  ultrasound used during surgery  to aid the resection o
emasses. Brain MRI was performed  within 48 hours postoperatively  to assess th

extent of resection.  
Results: The mean age of the patients was (45.1 ± 17.3) and range of 7- .73 years
Males were relatively dominant than females among the studied groups, 54.4% 

,vs. 45.6%, respectively. Glioblastoma (GBM) and pilocytic astrocytoma grade II  
were more frequent type among the studied group, they contributed for 29.8% 

sand 21.1%, respectively. Total resection was documented in 71.9% of the patient
land it was not affected by the age, gender, type of tumor or its location, in al

comparisons, P. value > 0.05, not significant.   
Conclusions n: Intraoperative ultrasound had a significant beneficial role i

fdetecting brain tumors during surgery providing a high total resection rate o
brain masses in both adults and pediatric patients. It was less time ,consuming

leasy to performed and allow good monitoring for the progress of neurosurgica
procedures 
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1. INTRODUCTION 

Malignant and non-malignant brain tumors represent a significant health problem 

worldwide, Regarding the risk factors of brain tumors, ionizing radiation and genetic factors 

are the major confirmed risk factor. The global annual incidence of brain tumors and spinal 

cord reaches in the world collectively reaches almost 7-11 /100,000. For a total of  about 

330,000 new cases of CNS cancers reported globally. Additionally,  approximately 227,000 

deaths and 7.7 million disabilities have been reported globally (1–3).  

Primary brain tumors contributes for almost 1.7% of all cancers (4) with a global incidence of 

3.9/100,000. The incidence rates of these cancers are vary according to the age, gender and 

region with higher rates in North Europe, Australia, United states and Canada. African 

populations show higher incidence rate of benign tumors while malignant tumors are more 

frequently reported in Caucasian population (5).  

In Arab countries, the incidence of primary brain tumor is also varied, in Arab Gulf 

Cooperation Council Countries (GCC), the incidence rate ranged between 2.4 and 1.6 

per/100000 in males and females, respectively (6). In Jordan, it is 5.01 per 100,000 (7).   

In Iraq, the incidence rate of brain cancers is not much different than other countries, in 

2016 it was about 2.97/100,000 (8). In Kurdistan region in Iraq, results of  7-year cancer 

registry in Erbil and Duhok have shown that total incidence of brain cancers in males and 

females was 2.9 and 2.3/100,000, respectively and the rate increased with advancing age (9). 

Globally, mortalities due to CNS tumors represent almost 3.7% of all cancers’ mortalities, 

with higher mortality rates in adults than in child population. The 5-10- year survival rates 

ranged between 0.71% to 30%, according to the type of cancer. The more frequent primary 

brain tumors are meningiomas, they contribute for 36.8% of all tumors. Gliomas are the 

most frequent malignant type, representing 75% of all malignant CNS tumors (5).  

Surgical therapy remain the gold standard therapeutic modality for almost all brain tumors 

unless contraindicated (10). Surgical resectability is the first and most important 

consideration in almost all instances when the brain tumors are diagnosed, with an 

exception when multiple brain metastases are found that been impractically resectable (11).  
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Complete surgical resection is crucial prognostic factor in brain tumors and associated with 

longer disease-free time and longer survival (12,13). Hence, neurosurgeons require the 

identification of residual tumors in the operation theater in addition to recognition of the 

adjacent normal tissues. Neurosurgeon mainly rely on and commonly use subjective 

assessment such as visualization of differences or textures palpation during resection of 

brain tumors to differentiate the tumor lesions from the normal tissues. This subjective 

assessment during resection, may results in potentially either incomplete resection of tumor 

or accidental removal of normal tissue (14). On the other hand, malignant brain tumors are 

commonly difficult to be differentiated from the normal proximal tissues. The resection of 

normal tissue may leads to postoperative neurological defects (12).  

To get more precise and optimal resection margin in brain tumors therapy, different 

strategies and intraoperative techniques have been developed worldwide. Neuro-navigation 

MRI, spectroscopy, optical fluorescence imaging and intraoperative ultrasound  have been 

used in many neurosurgeries for brain tumors (14,15). The standard of treatment in modern 

neurosurgery and neuroncology is focused on maximizing tumor resection , minimizing the 

possibilities of causing damage and improve patients’ outcome (16). 

Image Guided Surgery  gives a perspective of the spatial location of the tumor and its 

surroundings. In addition to other intraoperative imaging modalities such as intraoperative 

MRI (iMRI), intraoperative Raman spectroscopy, positron emission tomography imaging, 

IOUS considered as a strong efficient modality in planning for resection of brain tumors, a 

quick to perform, safe and low costly,  and has been compared favorably against magnetic 

resonance imaging (MRI) particularly in tumors that located in skull-base and eloquent 

areas(15) 

Intraoperative ultrasound (IOUS) has historically played and continues to play an important 

role  in neurosurgical procedures to maximize the extent of resection and increase the total 

resection rate of brain tumor (17–20) 

Intraoperative MRI (iMRI) in brain surgery  

Intraoperative MRI (iMRI) is the most important imaging modality of choice in diagnosis and 

recognition of tumor margins in parenchymal tissue of brain. High incorrect assumption 

made by surgeon about the extent of resection without the use of iMRI. It has a dramatic 
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optimization and improvement for  the extent of resection (21,22) Despite its beneficial and 

significant role, iMRI system is costly and its use is need long time that increases  the 

operation time,  where an additional one hour is needed for surgeries involving  iMRI 

compared to conventional surgeries (23), furthermore, it needs larger operating area  and 

most iMRI had a relative low magnetic field strength. On the other hand, dose and timing of 

contrast add problems to the use of iMRI which influence the enhancement and may  affect 

the judgment about the residual extent of brain tumor (24,25)  

Intraoperative ultrasound (IOUS) 

The first applications of intraoperative ultrasound in the neurosurgical field began in 1950 

(26) Conventional intraoperative ultrasound (US) was described by Rubin and Dohrmann in 

the 1980s, and its use widely reported as an important accurate and ease to use technique in 

the localization and characterization of intracranial masses and help to guide surgical 

resection and reduce the accidental damage to normal brain tissues (27,28), since then, it 

has been a part of the routine intraoperative support and monitoring techniques in 

numerous neurosurgery departments. IOUS has applications in cranial and spinal cord 

surgery. With it, images with higher quality are obtained (29,30) 

Intraoperative ultrasound characterized by low cost, harmless, reproducible, risk-free, 

without special preparations. It allows to observe, in real time, the location, the size, the 

borders, the relationship with neighboring structures, the vascularization, the state of the 

resection in the tumors. It can be done as many times as the surgeon requires. It does not 

use ionizing radiation, and it does not have specific contraindications, nor risks for patients 

or medical personnel (31).  

It can be used, after the craniotomy on the dura mater, in the evasion of vessels; on the 

cerebral cortex, with the determination of the distance to the subcortical lesions; in the plan 

of approach, resection of lesions verified in real time, and, after closing the dura mater, it 

allows to detect complications. Saline solution should always be irrigated to achieve a better 

interface (32,33).  

Nonetheless, despite its benefits, IOUS is not well defined in in routine clinical practice and 

the quality of images could be affected by motion artifact and  inter-operator variability. Also 

its use is restricted in identification of deep tumors due to low resolution images (15,32) 
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 Other intraoperative modalities: 

Intraoperative Raman spectroscopy and optical fluorescence imaging are other techniques 

that can be used intraoperatively, when the  conventional IOUS and iMRI cannot achieve 

optimal images or they lack a high sensitivity or specificity. Raman spectroscopy could be the 

necessary tool because it can provide spectroscopic properties of tissues based on 

vibrational information about chemical bonds that resulted from the inelastic scattering of 

incidental light, it has an accuracy of 90% to successfully identify invasive brain cancers (34). 

Intraoperative optical fluorescence imaging fluorescence has proved to be a powerful and 

promising tool for providing real-time  information to the surgeon about the tumor site and 

its margins (15). However, some of the main challenges for intraoperative fluorescence 

imaging are limited accuracy, limited quantity, limited penetration depth, and limited 

availability of specific contrast agents (35) 

 

2. METHODOLOGY 

This was an observational cross-sectional study conducted at PAR private hospital in  Erbil, 

Iraq, during a  period  of 2 years and followed up from the  beginning of 2020  till the end of 

2021.    

A convenient sample of 57 patients who were operated on for resection of brain mass 

lesions were included and followed up postoperatively during the study period. In all 

operations  ultrasound used to aid the resection of masses. 

Inclusion criteria: 

1. Patients of both genders and at any age 

2. Patients who proved diagnosed to have intra axial or intradural brain masses 

including  

a) High grade gliomas 

b) Low grade gliomas  

c) Metastatic lesions  

d) Cavernomas 
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Exclusion criteria:

Patients with one or more of the following were excluded from the study

1. Extra axial lesions i.e. meningiomas

2. Extradural lesions

3. Bony lesions

4. Recurrent tumors

5. Incomplete data

6. Cases that managed with conventional surgery without using ultrasound.

7. Patients who refused to participate in the study (non-consenting)

8. Patients who were missed to follow-up

All  ethical  issues  for  the  study  protocol  were  approved  by  the  Research  Protocol  Scientific 

Committee  in  Kurdistan  Board  of  Medical  Specialties,   Ministry  of  Higher  Education  &

Scientific Research, Kurdistan Regional Government-Iraq.

Data collection:

Data  were  collected  using  a  pre-constructed  data  collection  sheet  (questionnaire)  included 

four  sections,  the  first  one  for  demographic  characteristics  of  the  patients  such  as  age,

gender, duration of diseases, medical and surgical history. The second section for the clinical 

examination,  laboratory  findings,  imaging  findings  before  surgery;  tumor  type  and  site  or 

location.  The  third  section  of  the  questionnaire  for  the  operative  findings  and  resection 

extent;  total  or  subtotal. The  fourth  section  for  the  postoperative  and  follow  up  imaging 

findings with registration of final decision about the extent of resection

Surgical and imaging procedures

All  patients  were  examined  clinically  for  general  and  neurological  status,  in  addition,  all 

preoperative  routine   investigations  were  performed.  In  all  patients  brain  MRI  was  done 

before surgery to approve the diagnosis of brain masses.

The standard surgical procedures and interventions were applied and ultrasound device was 

used before, during and directly after resection

All  surgeries  were  performed  under  general  anesthesia which  initiated  by  anesthesia  and 

intensive care expert  specialist.
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Ultrasound digital scanner with endocavity transducer which is used in many surgeries. 

Frequencies that used in examination were applied accordingly. To examine deep details, 

particularly with large craniotomies, low frequencies were applied despite they provide  low 

image spatial resolution, but low frequencies provide better deep  penetration  with low 

degree of attenuation waves.  

The ultrasound device probe was covered with sterile glove filled with gel. To obtain the 

good and best resolution of image of the mass and the brain tissue, patient’s head position 

that make the resection cavity to be  that prevent the air artifact by keeping the saline in the 

cavity of resection. On the other hand a proper size of probe and frequency were selected, 

moreover, scanner brightness, depth , focus and frequency were set properly. All these 

factors were taken into account to get the best image resolution.  

For delineation of the brain mass, ultrasound used before the dural opening. ultrasound 

used after dural opening for assurance and adapting of the site and direction of surgical 

access. During the resection, ultrasound aid to identify the surgical process taking into 

account the better path and best site of cortical incision with avoidance eloquent tissue as 

can as possible according to the pre-operative imaging information. However, the decision 

about the residuals detected by ultrasound in the eloquent area was made by the surgeon to 

decide about the extent of resection as gross-total or subtotal resection.  

Brain MRI was performed  within 48 hours postoperatively  to assess the extent of resection, 

however, final decision about the resection was made according to the MRI that performed 

after three months of follow up after surgery. Total resection was considered when no mass 

detected by MRI. Subtotal resection was considered when more than 50% resection. 

All patients were followed up by the surgical team from the hospital composed of the expert 

professional specialist neurosurgeon and neurosurgery residents 

Data management and analysis: 

Data of the patients were coded, entered into a computerized database software with 

statistical utilities; for this purpose, the statistical Package for Social Sciences version 26 was 

used in all statistical procedures and analysis. Descriptive statistics presented in tables with 

frequencies, percentages, mean and standard deviation. Appropriate statistical tests were 

applied accordingly, Chi-square test and Fisher’s exact test used to assess the  association 
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between degree of resection and other variables. Binary logistic regression analysis was 

performed using the degree of resection after three months as a dependent variable versus 

age, gender, type and location of tumor, as independent variables.  

Regression coefficient (B) standard error (SE),  Odds ratio and level of significance (P value) 

were reported. All statistical tests applied at a level of significance of 0.05 or less to be 

significant difference or correlation 

 

3. RESULTS 

This study included 57 patients presented with brain tumors and underwent surgical 

treatment, the mean age of patients was mean age of (45.1 ± 17.3) and range of 7-73 years; 

however, 7 patients (12.3%) aged 20 years or less, 8.8% at 21-30, 17.5% at age 31 – 40 years, 

21.1% aged 41 – 50 years and the remaining 40.4% were older than 50 years.  Males were 

relatively dominant than females among the studied groups, 54.4% vs. 45.6%, 

respectively,(Table 1). 

Distribution of the patients according to the type of tumor is demonstrated in (Table 2) 

where glioblastoma (GBM) and pilocytic astrocytoma grade II, were more frequent type 

among the studied group, they contributed for 29.8% and 21.1%, respectively , followed by 

cavernoma, metastasis and astrocytoma grade I in a rate of 15.8%, 14% and 12.3%, 

respectively. Oligodendroglioma grade III was the least frequent type reported in only 7% of 

the studied group. Regarding the location of tumor, 52.6% of tumors were cortical and 47.4% 

were deep seated tumors, (Table 3). 

After 3 months of follow up, assessment of degree of resection revealed a total resection in 

41 (71.9%) of patients while subtotal resection in 16 (28.1%) patients, (Table 4 & Figure 1).  

Further analysis was performed to assess the relationship between degree of resection after 

three months of follow up and patients’ characteristics, using cross-tabulation, this analysis 

revealed that the total resection rate was better in younger age patients, where it was 85.7% 

in patients aged  ≤ 20 years, followed by 80% in those aged 21-30 years , 60% in patients 

aged 31-40 years and the lower total resection rate was 58.3% in patients aged 41-50 years 

while a rate of 78.3% reported in patients older than 50 years, this reflected that total 
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resection rate was better in patients at extreme  ages, 30 years or younger and older than 50 

years, (Table 5 and Figures 2 ). 

 Total resection rate was higher in females than males, 76.9% vs. 67.7%, respectively,  

however, in both comparisons of degree of resection according to age and gender, the 

difference did not reach the statistical significance, (P. value > 0.05, not significant),  (Table 5 

and Figures 3). 

Degree of resection after three months of follow up was not significantly affected by type or 

location of tumor, in both comparisons P. value was >0.05 not significant. Despite, this non-

significant correlation, it had been observed, that best total resection rate of 88.9%, 

reported in patients with cavernoma, 75% in patients with pilocytic astrocytoma grade II 

patients, 75% in metastatic tumors, 70.6% in GBM, 57.1% in Astrocytoma grade I, and lower 

rate of 50% in patients with oligodendroglioma grade III, (Table 6 and Figures 4).  

On the other hand , total resection rate was better in cortical than deep seated tumors, 

76.7% vs. 66.7%, respectively, (Table 6 and Figures 5).  

For more precise evaluation of the correlation between degree of tumor resection after 

three months and other variables that could have possible effect on degree of resection, a 

binary logistic regression analysis was performed using the degree of resection as dependent 

variable and other variables including age, gender, type of tumor and location of tumor, as 

independent variables. Results of binary logistic regression analysis are shown in (Table 7) 

where all variables still insignificantly associated with degree of resection. This findings 

indicated an important role for  intraoperative ultrasound in detecting brain tumors during 

surgery reflected by high total resection rate of 71.9%, and not affected by patients’ age, 

gender , tumor type or location.   
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 Table 1. Age and sex distribution of the studied group 

Variable Frequency Percentage (%) 

Age (year) ≤ 20 7 12.3 

 
21 - 30 5 8.8 

 
31 - 40 10 17.5 

 
41 - 50 12 21.1 

  > 50 23 40.4 

Mean (SD): 45.1 (17.3)   

Gender Male 31 54.4 

  Female 26 45.6 

Total   57 100.0 

SD: standard deviation of mean 

 
 
 

Table 2. Distribution of the patients according to the type of tumor 

Type of tumor Frequency Percentage (%) 

GBM 17 29.8 

Pilocytic astrocytoma grade II 12 21.1 

Cavernoma 9 15.8 

Metastasis 8 14.0 

Astrocytoma grade I 7 12.3 

Oligodendroglioma grade III 4 7.0 

Total 57 100.0 
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 Table 3. Distribution of the patients according to the Location of tumor 

Location Frequency Percentage (%) 

Cortical 30 52.6 

Deep seated 27 47.4 

Total 57 100.0 

 

 

 Table 4. Degree of resection after 3 months of follow up 

Degree of resection  Frequency Percentage (%) 

Total resection 41 71.9 

Subtotal resection 16 28.1 

Total 57 100.0 

 

 

Figure 1. Total resection rate after three months of surgery 

 

71.9% 

28.1% 

Total resection Subtotal resection
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Table 5. Relationship between degree of resection after three months of follow 
up and patients’ characteristics 

 Variable 
Total resection Subtotal resection 

P. value 
No. % No. % 

Age (year) ≤ 20 6 85.7 1 14.3 
 

 21 - 30 4 80.0 1 20.0 

0.544 
NS  

 31 - 40 6 60.0 4 40.0 

 41 - 50 7 58.3 5 41.7 

 > 50 18 78.3 5 21.7 
 

Gender Male 21 67.7 10 32.3 0.422 
NS   Female 20 76.9 6 23.1 

NS: Not significant 

 

 

 

Figure 2. Total resection rates after three months of follow up according to age of patients 
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Figure 3. Total resection rates after three months of follow up according to gender of 

patients 

 

Table 6. Relationship between degree of resection after three months of follow up and 
tumor characteristics  

  
Characteristic 

Total  
resection 

Subtotal 
resection P.  

value 
No. % No. % 

Type of 
tumor 

GBM 12 70.6 5 29.4 
 

Pilocytic astrocytoma grade II 9 75.0 3 25 
 

 

Cavernoma 8 88.9 1 11.1 0.684 
NS 

 

Astrocytoma grade I 4 57.1 3 42.9 

 

Metastasis 6 75.0 2 25 
 

  Oligodendroglioma grade III 2 50.0 2 50   

Location Cortical 23 76.7 7 23.3 0.402 
NS    Deep seated 18 66.7 9 33.3 

NS: Not significant 
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Figure 4. Total resection rates  three months of follow up according to tumor types  after

 

 

Figure 5. Total resection rates after three months of follow up according to tumor location  

 

88.9% 

75.0% 75.0% 
70.6% 

57.1% 

50.0% 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Cavernoma Polycystic

astrocytoma II

Metastasis GBM Astrocytoma

grade I

Oligodendro

glioma

grade III

T
o

ta
l 

re
se

ct
io

n
 r

at
e 

Type of tumor 

76.7% 

66.7% 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Cortical Deep seated

T
o

ta
l 

re
se

ct
io

n
 r

at
e 

Location of tumor 



Abdulla et al., AJMS  2022 
 

AJMS | 253  
 

Table 7. Results of binary logistic regression for the association between degree of tumor 

resection after three months and other variables   

Variables B S.E. 
 

df OR P value 

 Gender  -0.503 0.624 1 0.605 0.420 

 Age Group 0.466 0.222 1 1.085 0.713 

 Type of tumor 0.134 0.186 1 1.143 0.471 

Location of tumor 0.082 0.602 1 1.594 0.439 

B: coefficient,  SE: standard error of B,  df: degree of freedom, OR: odds ratio  
NS: Not significant 
 

4. DISCUSSION 

Brain tumor is one of the serious and significant health problem worldwide, surgical 

resection remains the gold standard option of treatment for operable brain tumors. Total 

resection of brain masses represents a real challenge for neurosurgeons in vast majority of 

neurosurgical centers, therefore, presence of a tool that help to the maximize the resection 

of tumor tissues without damaging the normal brain tissues is an important issue among 

surgeons, this can be achieved by well recognition between the normal and tumor tissues. 

Hence different imaging modalities are developed and adopted to achieve this goal (17–20).  

Intraoperative imaging is now an important adjunct in neurosurgery. Conventional image 

guided surgeries that mainly depend the CT or MRI that are obtained pre-operatively have 

some limitation due to the deformation because brain shift which occurs when the dura is 

opened and the manipulation of the brain that lead to inaccuracy of pre-operative acquired 

“maps” . This led to emerging of intraoperative imaging tools that provide updated and 

accurate imaging. Studies that assess the Intraoperative CT documented that it is not very 

useful due to lack of soft tissue resolution in addition to high exposure to radiation. From 

other point of view, despite the fact that navigation and intraoperative  MRI is the most 

sensitive and specific diagnostic tool that preferred for detection of these lesions, and it is 

considered as the gold standard in this context, but it still has some limitations from logistic 

and financial points of view, that make it as non-attractive option for most neurosurgeons. 
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Additionally, using MRI intraoperatively increase the operation time which is not satisfactory 

to the surgeons, and also it needs larger operation area. Intraoperative US appeared as 

promising alternative and has proved to be a useful tool, more available, cost-effectivene in 

neurosurgical procedures, less hazard to the patients and surgeons, easily applied and can 

performed several times when it is needed, these characteristics help to overcome the 

limitations posed by CT and MRI, (31).  

Many studies investigated the use and role of different imaging techniques intraoperatively,  

IOUS, have shown to be useful tool in differentiation of brain edema tumors and normal 

tissues in the brain. Some investigators found that IOUS has an overall higher diagnostic 

value in detection of gliomas residuals also it has shown to be an effective tool to maximize 

the extent of resection (16,17,20,27,29,31).   

Studies in Iraq about the IOUS use in brain tumors surgeries are scarce. Hence the present 

study aimed to assess the role of intraoperative ultrasound in resection of brain masses and 

to identify the extent of resection , therefore, a total of 57 patients with brain masses have 

been enrolled in this study. The mean age of the studied group was (45.1 ± 17.3) and range 

of 7-73, however, the 61.5% of the patients were older than 40 years and it had been 

observed that frequency of brain tumors increased with advancing age, on the other hand, 

males were relatively more frequent than females among the studied group, these was not 

unexpected findings and consistent with the epidemiological characteristics of brain tumors 

where epidemiological studies documented almost similar findings (2,36). 

The present study found that glioblastomas (GBM) and pilocytic astrocytoma grade II, were 

more frequent type among the studied group followed by cavernoma, metastasis and 

astrocytoma grade I, while oligodendroglioma was least frequent. From other point of view, 

cortical masses were relatively more frequent than deep seated ones. The distribution and 

frequencies of types and sites of brain tumors are vary in different studies and this could be 

attributed to the nature of the studied population, the age of patients, moreover, the  

survival rate of each type of these tumors significantly affect its prevalence in the population 

. Also the variation in the frequencies of brain tumor types could be attributed to the 

difference in the classification and definitions of these tumors where there is a variation 

between classification systems such as the third edition of  international classification of 



Abdulla et al., AJMS  2022 
 

AJMS | 255  
 

oncology diseases (ICD-O-3), Cancer institue’s (NCI), center for  disease control and 

prevention (CDC) and World Health Organization (37),  previous studies also found that 

gliomas are the most common primary brain tumors in adults contributes for almost 75% of 

primary malignant brain tumors and of these more than half are glioblastomas. Pilocytic 

astrocytoma has been found as the most common non-infiltrative type (38–40).  

In the current study after 3 months of follow up, the total resection was documented in 41 

(71.9%) while subtotal resection in (28.1%) of patients. The extent of total resection is 

important in neurosurgery, therefore, the rate of total resection of brain tumor in our study 

can be considered good and high enough to get better outcome and survival, this high rate 

of total resection can be attributed to the role of intraoperative ultrasound used in our study 

which aid to increase the extent of resection with preserve eloquent structures.  

These findings agreed that reported by Elmesallamy WA. (41) from Egypt who reported a 

total resection rate of 75% in patients who were operated on for brain mass lesions with 

using intraoperative US while the total resection rate was only 30% in patients underwent 

conventional surgeries without intraoperative US. However, several studies showed the 

important role of intraoperative US to achieve maximum and safe resection of brain 

masses(17,42–44).    

The current study finding was close to that reported in India where  Patil et al. documented 

that gross-resection of supratentorial lesions was 69.85% and for infratentorial lesions it was 

89.29% while the subtotal resections were 19.12% and 7.14%, respectively, in Patil et al.  

study, biopsies were taken in the remaining 11.03% and 3.57%, of these lesions, 

respectively,(45).  

Another study conducted by Moiyadi et al. compare radical resection with US control vs. 

awake craniotomy with intraoperative clinical monitoring for 22 patients with brain masses 

and found that intraoperative US was using intraoperative US was feasible and beneficial 

help to get a total resection rate of 78% (46).  

In a retrospective study and included 260 patients, Sweeney et al. (20) found that IOUS was 

helpful to obtain more successful total resection in a rate of 81% in both adults and children 

groups, on the other hand, when IOUS combined with other imaging method, further 
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maximize the successful resection of brain masses. However, earlier studies reported a total 

resection rates of 74.5% (47) , 76% (17) and 81.8% (48).  

The total resection rate reported in the current study was higher than that reported in a 

previous study conducted by Erdogan et al. who documented a total resection rate of 

59.38% (19)  

In the present study the total resection was lower than that reported by Serra et al. (18) and 

Steno et al. studies (49)  who found that  IOUS increases the gross-total resection rate in 

brain tumors, and they reported total resection rate of 95.5% and 97%, respectively,    

From other point of view, Zhang et al. proved that intraoperative ultrasound had high 

specificity and accuracy in identifying tumor residual  with a sensitivity of 89.2%,  specificity 

of 91.55% and accuracy of 90.38% (44)  

Interestingly, IOUS has shown to have high detection rate for residual tumors in patients 

with high grade gliomas  allowing a total resection rate of 73.3% (43). In this regard, Prada et 

al. reported that distortion due to brain shift could be corrected when correlate the 

intraoperative ultrasound images with that of pre-operative MRI. Hence they concluded that 

US is reliable, accurate and easy to use and not interrupted the surgery (50,51). The variation 

in the total resection rates among different studies could be attributed to the variation in the 

studied groups, types of tumors that resected and the US machines and techniques used in 

different studies. 

The present study assessed the possible correlation between total resection rates and each 

of age and gender, despite the non-significant differences reported in total resection rates 

across the age groups or gender, higher total resection rate was observed in younger 

patients and in females. Also the current study did not find a significant difference in 

resection rates according to the type or location of tumors, nonetheless, higher rates 

reported in patients with Cavernoma and in patients with cortical tumors. The non-

significant differences could be attributed to small sample size. However, previous studies 

did not discussed the differences of total resection rates according to patients’ 

characteristics or tumor characteristics and further studies taking into account the possible 

effect of these variables can deal with these issues.  
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The present study is not free of some limitation, among these, the shortage in time lead to 

inclusion of small sample of patients, additionally, we couldn’t  include patients who were 

managed by conventional procedure without IOUS, because all the surgeries performed in 

our center were with the use of IOUS on the other hand the procedure that applied was 

according to the decision of neurosurgeon and patient’s status that make it difficult to 

compare with patients from other centers. However, future studies with larger sample size 

and multiple centers are highly recommended for more precise comparison and conclusion.  

5. CONCLUSIONS  

According to the findings of this study, it can be concluded that intraoperative ultrasound 

had a significant beneficial role in detecting brain tumors during surgery providing a high 

total resection rate of brain masses in both adults and pediatric patients. It was less time 

consuming, easy to performed and allow good monitoring for the progress of neurosurgical 

procedures. Hence it is recommended to use intraoperative ultrasound in neurosurgical 

procedures for the resection of brain tumors as a useful imaging tool in defining the tumor 

tissues from the normal brain tissues and to maximize the resection and detection of 

residual tumor tissues, taking into account the fact that MRI is not available in all hospitals, 

cost-effectiveness and time of surgery. 
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