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Abstract 

The use of 5-aminolevulinic acid induced protoporphyrin IX fluorescence in cases of suspected malignant glioma helps 

surgeon to perform a more radical but safe surgery with preservation of  neurological functions and improvement in 

progression-free survival periods. The Department of Neurosurgery, Hospital Sungai Buloh adopted this new technique with 

neuronavigation.  We did a retrospective analysis of confirmed malignant glioma cases done at our centre over a period of 5 

years, from 2008 till 2012.  

All patients with malignant glioma were divided into 2 groups; with and without 5-ALA fluorescence assisted surgeries. The 

maximum thickness of post-operative residual tumour was measured. 

From a total of 23 cases, 10 cases (5 grade III and 5 grade IV) were 5-ALA fluorescence assisted surgery and remaining 13 

cases (1 grade III and 12 grade IV) were performed without the fluorescence. The mean maximum thickness of residual 

tumour in the 5-ALA fluorescence group was 26.1mm and the non-5-ALA fluorescence group was 31.2mm, but statistically the 

difference was not significant (p=0.431). In the 5-ALA fluorescence group, four patients (40 percent) with post-operative 

maximum thickness residual tumour ≤2cm, while remaining 6 patients (60 percent) with residual tumour >2cm. In the non-5-

ALA fluorescence group, only 2 patients (15.4 percent) with post-operative maximum thickness of residual tumour ≤2cm and 

the remaining 11 patients (84.6 percent) with residual tumour >2cm (p=0.341). 

The use of 5-ALA fluorescence in malignant glioma surgery does not significantly extend the degree of cytoreduction 

compared to conventional method without the use of 5-ALA fluorescence. 

Keywords: 5-aminolevulinic Acid; Malignant glioma; Cytoreduction; Fluorescence microscopy; Glioblastoma; Protoporphyrin 

IX. 
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Introduction 

Malignant glioma is an aggressive brain tumour well known 

for their high infiltrative growth and invasion potential. 

There are evidences that the post-operative residual tumour 

volume in malignant glioma surgery has an independent 

predicting factor of the progression-free survival [1-3].  

During surgery it has always been a challenge to differentiate 

between the tumour and the surrounding oedematous tissue. 

This had hindered the extent of tumour resection. From the 

previous publications, even at the hand of the experience the 

gross total resection rate is less than 20% [4, 5]. 

Tools to aid to achieve this objective of surgery to maximise 

the cytoreduction had been short coming. The use of 5-

aminolevulinic acid induced protoporphyrin IX 

fluorescence in cases of suspected malignant glioma helps 

surgeon in performing a more radical but safe resection 

especially in the eloquent area in order to preserve the 

remaining neurological functions and to improve the 

progression-free survival periods [6]. 

The Department of Neurosurgery, Hospital Sungai Buloh 

has adopted this new technique as the first public centre in 

Malaysia since 2010. The utilization of brain suite® since 

January 2011 improved the degree of maximal safe 

cytoreduction. We did a retrospective analysis of confirmed 

malignant glioma cases done at our centre over a period of 5 

years, from 2008 till 2012.  

Materials and Methods 

The hospital operative census from 2008 till 2012 was use to 

screen for patient with brain tumour surgery. All patients 

with confirmed malignant glioma on histopathological 

examinations were included. Those with incomplete post-

operative contrasted neuroimaging were excluded.  

All the malignant gliomas surgeries performed on the 

selected patients were divided into 2 groups; with and 

without 5-ALA fluorescence assisted surgeries [Figure 1]. 

The maximum thickness of post-operative residual tumour 

was measured from the post-operative contrasted 

neuroimaging.  Thickest residual tumour wall from each 

planes were measured (in mm), and the greatest 

measurement is used as the maximum residual thickness 

[Figure 2]. 

For categorical variables, Fisher’s Exact Test was used and 

for continuous variables, independent T test was used for 

the statistical analysis, and p value of less than 0.05 indicates 

statistically significant difference in the proportions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results 

From a total of 23 cases, 10 cases (5 grade III and 5 grade 

IV) were 5-ALA fluorescence assisted surgery and remaining 

13 cases (1 grade III and 12 grade IV) were performed 

without the fluorescence [Table 1]. 

The mean maximum thickness of residual tumour in the 5-

ALA fluorescence group was 26.1mm and the non-5-ALA 

fluorescence group was 31.2mm, but statistically the 

difference was not significant (p=0.431) [Table 2]. 

 

Figure 1: Distribution of patients based on confirmed high grade 

gliomas by histopathological examination who met the 

radiological criteria. 

 

Figure 2: Post-operative contrasted neuro-imaging in triplanar view 

with the maximum thickness of residual tumour of each planes 

were recorded. 
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In the 5-ALA fluorescence group, four patients (40 percent) 

with post-operative maximum thickness residual tumour 

≤2cm, while remaining 6 patients (60 percent) with residual 

tumour >2cm [Table 2]. 

In the non-5-ALA fluorescence group, only 2 patients (15.4 

percent) with post-operative maximum thickness of residual 

tumour ≤2cm and the remaining 11 patients (84.6 

percent) with residual tumour >2cm (p=0.341) [Table 2]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 

The treatment of malignant glioma is a challenging task. The 

surgeon face the difficulty between maximal resection and 

preserving non invaded brain tissue, i.e the balance between 

maximal resection and surgery that do not increase 

neurological morbidity.  

The extent of tumour resection is always hampered by the 

difficulty in differentiating tumour and the surrounding 

oedematous brain. 

oncology [7,8].  

The ability of the surgeon to differentiate the tumour from 

surrounding brain especially at the tumour margin with the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

use of 5-aminolevulinic acid allows the surgeon to maximally 

resect the tumour with minimal residual tumour wall 

thickness. The glowing effect of the fluorescence which 

helps the surgeon to maximize the tumour resection is 

usually limited to the tumour wall [Figure 3]. 

 

Figure 3: A, B Tumour wall appears pink under blue light illumination due to 5-ALA induced Protoporphyrin IX; C Central necrosis appears 

less pink under blue light illumination; D Deeper wall appears pink under blue light illumination indicates active tumour cells 
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This is because the active and viable tumour cells are at the 

tumour wall, they take up more of the active substance, 5-

aminolevulinic acid and convert it more rapidly into 

protoporphyrin IX than the central necrotic area. The ability 

of 5-ALA to discriminate neoplastic tissue from adjacent 

normal tissue is the key reason for its use in surgical 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The sensitivity and specificity of 5-ALA is high for malignant 

glioma allows intraoperative diagnosis and reduces the need 

for frozen section in determining extend of surgical 

resection. 5-ALA has a sensitivity of 91-92% and specificity 

of 84-89% [9,10]. 5-ALA also has high positive predictive 

value of 95% and negative predictive value of 77%  [10]. 

In our opinion, the usage of 5-ALA in high grade glioma 

surgery helps to extend the resection of contrast enhancing tumour 

wall and not the non-contrast enhancing necrotic area.  

This is based on the fact that necrotic area displayed no 

fluorescence, noted in both literature review [8] and in this 

study. Surgeon’s ability to distinguish residual tumour from 

surrounding brain tissue under conventional white light 

illumination is often limited. 

However with 5-ALA, tumour mass at poorly defined 

margin appears pink under blue light illumination. This 

allows near total to complete tumour resection [11].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The use of intra-operative neuronavigation is limited due to 

brain shift. 5-ALA is not susceptible to brain shift [8]. So by 

combination of neuronavigation and 5-ALA, accurate 

maximal tumour excision can be achieved [9]. The use of 5-

ALA is considered to be cheaper than acquiring 

intraoperative MRI for that purpose.    

We do not use any of various volumetric methods in 

determining tumour volume as in other studies [6,12,13]. 

We measured the maximal thickness of enhancing residual 

tumour wall from the post-operative neuroimaging. This is 

because in most cases, post-operative neuroimaging which 

showed residual tumour with central cavity may not 

Demographic 
5-aminolevulinic acid 

(n=10) 
White light (n=13) pValue 

Sex  
Male 

Female 

6 

4 

5 

8 
0.414

1

 

Age (Mean)  Years 39.1 53.5 0.040
2

 

Grade  
III 

IV 

5 

5 

1 

12 
0.052

1

 

Histopathology 

Anaplastic Astrocytoma 

                    Anaplastic Oligodendroglioma 

                     Glioblastoma Multiforme 

 

4 

1 

5 

 

0 

1 

12 

 

Pre-operative Diagnosis 
Newly diagnosed        

Recurrent 

9 

1 

6 

7 
0.074

1

 

Eloquency  
Eloquent 

Non-Eloquent 

5 

5 

6 

7 
1.000

1

 

Location  

Left 

Right 

Deep/Midline 

2 

6 

2 

5 

7 

1 

 

Neuro-imaging  
CT 

MRI 

1 

9 

3 

10 
0.604

1

 

Imaging Duration (Mean)  Days         30.20 36.77 0.547
2

 

Adjuvant Radiotherapy 
Yes 

No 

7 

3 

5 

8 
0.214

1

 

Adjuvant Chemotherapy 
Yes 

No 

1 

9 

2 

11 
1.00

1

 

1
 Fisher’s Exact Test; 

2
 Independent T test 

 

Table 1:  Demographic data of the patients in each group 
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representing tumour mass but cystic cavity (central-resection 

defect). It is also difficult to measure tumour volume of 

irregularly shaped tumour [14]. 

 

 

 

 

 

 

 

 

We have shown that the use of 5-aminolevulinic acid leads 

to higher extent of tumour resection in high grade glioma 

surgery especially at the poorly defined tumour margin than 

does conventional microsurgery guided by white light 

illumination. The result may be more significant if the post-

operative contrasted neuroimaging was performed within 72 

hours post-surgery [14] than 4 to 6 weeks duration as 

practised by our institution due to limited resources in 

public hospital. 

The use of 5-aminolevulinic acid in fluorescence-guided 

surgery differs from earlier attempts to contrast tumour by 

the use of fluorescent agent (e.g. fluorescein) [15]. It does 

not associate with side-effect that would cause concern for its 

usage in most high grade glioma surgeries [6]. 

Aminolevulinic acid also used in many other surgical 

oncology fields for the diagnostic properties including breast 

cancer, bladder cancer, prostate cancer and ovarian cancer 

[7]. 

There is a need to stress here that ability to perform 

maximal safe resection alone will not be beneficial if there is 

no systematic and prompt adjuvant radiation and 

chemotherapy [16,17]. There is also a role for repeat 

resection in recurrent malignant glioma in selected patients 

[18]. 5-ALA may also be used in this group of surgical 

candidates.  

Conclusion 

The use of 5-ALA fluorescence in malignant glioma surgery 

improves the degree of cytoreduction compared to 

conventional method without the use of 5-ALA  

 

 

 

 

 

 

 

 

fluorescence, although it is not statistically significant. The 

data from current on-going prospective study at our centre 

will give us more information on the usefulness of 5-ALA in 

the surgical management of malignant glioma as a standard 

of care in the future. 
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