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Abstract: Malignant gliomas are aggressive brain cancers. After many decades of 
intensive research they represent a major cause of cancer related mortality and morbidity.  
Management of malignant gliomas is very difficult. None of the current treatments are 
curative. High grade gliomas are optimally treated with surgery followed by radiotherapy 
and chemotherapy.  The impact of surgery on progression free survival and overall 
survival was a constant preoccupation and debate for decades among neurosurgeons. 
Different studies published in the last 25 years have provided evidence that the extent of 
resection of high grade gliomas can influence time to progression and median survival, 
although so far there is no class I prospective randomized trial to fully answer this 
question. Some of the most important studies are reviewed here. The modern 
neurosurgery relay on some tools that proved to be very helpful in guiding the surgeon 
to achieve the maximal tumoral cytoreduction with minimum impact on the brain’s 
eloquent areas. iMRI has been proved to be safe and became an important tool during 
tumor surgery, used alone or in conjuction with other important techniques: intra-
operative neurophysiology, awake cortical mapping, 5-ALA fluorescence etc. Although 
so far the prognostic of high grade gliomas is still disappointing, further understanding 
of the biology of these tumors and a patient-tailored treatment could be the keys of 
finding a cure in the future. 

 
Introduction 

Malignant gliomas are aggressive brain 
cancers. After many decades of intensive 
research high grade gliomas represent a major 
cause of cancer related mortality and 
morbidity. They are the most common primary 
brain tumors and account for about of 2% of 
all cancers.  [36, 23]. 

Due to the fact that glial cells undergo 
mitosis, they can present with abnormal 
proliferation, which may result in glial tumors. 
The origin of the tumor is thought to be a 
common pluripotent neuro-ectodermal 
precursor. This cell has the ability to 

differentiate along the astrocytic lineage, up to 
a grade IV. Primary glioblasomas are tumors 
that appear de novo [10]. 

The World Health Organization classifies 
the glial tumors into four grades. Grade I is 
reserved for special types of astrocytomas that 
are better delineated. The more typical 
astrocytic neoplasm is graded II through IV. 
There are some histological criteria that affect 
the prognosis like: cellularity, presence of 
giant cells, anaplasia, mitosis, vascular 
proliferation with or without endothelial 
proliferation, necrosis and pseudopalisading 
[42]. Grades III and IV are the malignant ones. 
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They represent approximately 70% of all 
gliomas and affect predominantly patients 
between 40 and 70 years [33]. Glioblasoma 
multiforme (grade IV) is the most aggressive 
primary brain tumor. Despite all the effort of 
trying to improve the treatment, the median 
survival is 12-15 months, with a 2 year 
survival rate of 15% up to 26% [49]. 

Currently there are no prevention strategies 
for malignant gliomas, except reducing the 
exposure of the head to high doses ionizing 
radiation. Among other studied risk factors 
supposed to be involved in the development of 
this type of brain tumors (radiation, chemical 
carcinogens, infection/ viruses) only radiation 
exposure has been established to be causal [35, 
58].  Some genetic syndromes, for exemple Li-
Fraumeni, are also more frequent associated 
with the development of malignant gliomas 
[35].   

Management of malignant gliomas is very 
difficult. None of the current treatments are 
curative [40]. Recent studies concentrate on 
understanding the molecular mechanism and 
gene mutation. Combined with clinical trials 
this work will be able to provide us a new 
promising and individual approach. Standard 
treatment consist of maximal surgical 
resection, radiotherapy and concomitant and 
adjuvant chemotherapy with temozolomide 
[43,15].  

Among all the treatment option available 
for malignant gliomas the surgery is the first 
step and maybe the most important one. 
Beside the fact that it provides tumoral tissue 
for pathological examination and reduces the 
tumor volume and edema, surgery also serve 
the purpose of treating the patient with BCNU 
implantable wafers and also developing in 
vitro drug sensitivity assay with the goal of 
predicting the clinical response to 
chemotherapy.   

Surgery - how much 
The first step in the treatment of malignant 

gliomas is the surgery. The mechanical 

cytoreduction of the tumor mass can help the 
patient to gain some time for other therapeutic 
intervention (radiotherapy, chemotherapy). 
The beneficial effect of tumor resection was 
observed both on cerebral blood flow and 
metabolism even at distant sites of the tumor. 
30 to 60 g of tumor mass will create a 
neurologic symptom while 100 g of tumor is 
lethal. A 90% resection of a 50 g (5X 1010 
cells) tumor theoretically reduces the tumor 
burden to 5 g (5 X 109 cells). After the total 
resection of the gadolinium enhancing regions 
on MRI 1 g of tumor (or 1X 109 cells) may be 
left in place. The other therapies are also 
involved in the tumor destruction: 
radiotherapy can kill two logs of cells while 
chemotherapy is believed to destroy one to two 
logs of cells. The body immune system will 
reduce the tumor burden to less than 1X105 
cells [32]. Although tumor cytoreduction 
appears to be vital, the presence of the viable 
tumor cells beyond the enhancing margins of 
the tumor- a cause for future recurrences- 
explain why surgery is more effective as part 
of multimodality treatment strategy [27,14]   

The impact of surgery of high grade 
gliomas on progression free survival and 
overall survival was a constant preoccupation 
and debate for decades among neurosurgeons. 
The infiltrative nature of these tumors makes 
impossible the curative resection. A wider 
margin resection coupled with adjuvant 
therapy creates the condition of delaying the 
recurrence and prolonging the survival [4]. 

An early retrospective study by Simpson et 
al [47] included 645 patients with 
glioblastoma from the Radiations Therapy 
Oncology Group database. The authors 
analyzed the survival with respect to known 
prognostic factors, such as age and Karnofsky 
Performance Status, as well as extent of 
surgery, site, and size. The median survival 
was 11.3 months in patients with complete 
resection, 10.4 months for partial resection and 
6.6 months for biopsy only. Some factors that 
offered survival benefit were identified: age 
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<40, Karnofsky Performance Score (KPS)>70, 
frontal lobe location and total resection. The 
conclusion of the study was that biopsy only 
yields inferior survival to more extensive 
surgery for patients with glioblastoma 
multiforme treated with surgery and radiation 
therapy.  

In 2003 Metcalfe and Grant, after the 
research of 2100 documents, were unable to 
draw a conclusion, due to the fact that they 
didn’t found enough randomized data for 
analysis. The authors underlined the idea that 
treatment must be considered on an individual 
basis. Although there was no good evidence 
that resection offers any clear advantage over 
biopsy, the indication of using biopsy for 
certain deep seated lesions is still standing,  
while small superficial placed frontal tumors 
can be resected  completely with little 
difficulty [34].   

Evaluation of the extent of resection and its 
influence on the survival using a 5- 
aminolevulinic acid- a non-fluorescent 
prodrug- was described by Stummer and al 
[50]. ALA is a precursor of haemoglobin that 
leads to the synthesis of porphyrins in 
malignant gliomas. The  intracellular 
accumulation of fluorescent porphyrins- 
which appear in red fluorescence under blue 
light- enable more complete resection of 
contrast- enhancing tumour.. 322 adult 
patients with radiographically suspected 
malignant gliomas were randomized, 
comparing cytoreductive surgery using ALA 
(n=161) versus conventional white light 
(n=161).  The authors concluded that surgery 
using 5-aminolevulinic acid enabled more 
complete resections of contrast-enhancing 
tumor. This was associated with a significant 
improvement in progression-free survival in 
patients with newly diagnosed malignant 
glioma undergoing cytoreductive surgery.  

One of the most comprehensive studies that 
attempt to find a correlation between the extent 
of the resection and survival comes from 
Lacroix et al [26]. 416 patients who underwent 

resection for glioblastoma over a period of 6 
years were included. The tumoral volume pre 
and postoperative was assessed using 
computer assisted image analyses. Five 
independent predictors of survival were 
identified by the authors following 
multivariate statistical analyses: age, 
Karnofsky Performance Scale (KPS) score, 
extent of resection, and the degree of necrosis 
and enhancement on preoperative MR imaging 
studies. When a resection of 98% or greater of 
the tumor was achieved a significant survival 
advantage was associated. The median 
survival was 13 months in patients with gross 
or near gross total resection (98% or greater) 
compared with 8.8 months for patients with 
less than 98% resection (p=0.02). A clinical 
outcome scale ranging from 0 to 5 was 
proposed based on age, KPS and radiographic 
evidence of necrosis. A significantly improved 
survival was observed in patients with lower 
scores (1-3) who underwent aggressive 
resections and a trend toward slightly longer 
survival was found in patients with higher 
scores (4-5). This study supports the concept 
of aggressive cytoreductive surgery as part of 
the management of high grade gliomas, yet not 
at the expense of neurologic function or 
surgical complications.  

Starting from almost 3 decades ago some 
authors suggested that partial tumor resection 
could be associated with a greater risk in terms 
of postoperative neurological worsening 
compared with radical resection or stereotactic 
biopsy.  Today is very well known that partial 
resection of glioblastoma carries significant 
risk of postoperative haemorrhage and edema- 
so called wounded glioma syndrome. In the 
series of Ciric et al [8] 42 patients with 
supratentorial gliomas were studied pre and 
postoperatively with CT scan. A gross total or 
nearly gross total resection was performed in 
the majority of patients (86%). The 
postoperative neurological status was stabile 
or improved in 97% of these patients.  40% of 
patients with partial resection presented a 
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neurological worsening after the operation. 
Fadul et al [13] examinated prospectively 
morbidity and mortality in 104 patients who 
underwent surgery for supratentorial gliomas. 
The authors reported that patients with 
complete resection had fewer acute neurologic 
complications and no greater risk of being 
neurologically impaired at 1 week compared 
with patients that were treated with biopsy or 
less extensive procedures. Another 
retrospective analysis   performed on 66 
patients- Vecht et al [55]- found that extensive 
surgery was correlated with a better immediate 
postoperative performance, a lower one-
month mortality rate and a longer survival in 
high grade gliomas. Because of the 
retrospective nature of the study the authors 
concluded that a more extensive surgery does 
not lead to more postoperative neurological 
deterioration.  Abrudan et al [1] published a 
study on 266 patients showing that age and 
type of surgery were prognostic factors that 
significantly influenced the survival at 12, 18 
and 24 months. The authors found that the 
global survival rate was 47 % at 12 months, 
26,3% at 18 months and 16,7% at 24 months 
and the difference of mean survival at 12, 18 
and 24 months monitoring was 2,8 months, 4,4 
months and 5,1 months respectively for the 
patients that underwent gross total resection of 
the tumor. This study adds a new argument in 
favor of maximal cytoreductive surgery 
whenever possible. 

Although the management of elderly 
patients with high grade gliomas is mainly 
focused on the optimal use of radiotherapy and 
chemotherapy, it is important first to address 
the patient to neurosurgical resection. Age and 
number and severity of additional illness are 
vital when considering the extent of resection 
in older patients, due to surgical risks and 
potential postoperative complication.  

There are some useful data regarding 
management of high grade gliomas in elderly 
patients, namely those over 65 years.   In the 
study of Vuorinen et al [56] 30 patients older 

than 65 years were randomized into two 
groups: stereotactic biopsy and open 
craniotomy and resection of the tumor. 
Ultimately only 23 tumors proved to be a 
malignant glioma (19 glioblasoma and 4 
anaplastic astrocytoma). 13 patients had a 
stereotactic biopsy and in 10 cases a resection 
was performed.   All the patients were referred 
to radiotherapy. The estimated median 
survival time was 85 days in the first group 
compared with 171 days in the second one. 
The estimated survival time was 2.757 longer 
after tumor resection. Radiotherapy had a 
significant effect on survival (p= 0.001). The 
authors didn’t find a significant difference in 
the time of deterioration between these two 
treatment (p=0.057) and concluded that in this 
population the survival was improved by the 
resection of the tumor although the overall 
benefit is modest [56].  

  In 2010  Chaichana et al [7] reported a 
retrospective study were they found that 
patients who underwent surgical resection had 
median survival of 5.7 months, while patients 
who underwent needle biopsy without 
resection had median survival of 4.0 months. 
For patients aged 70 years and older  median 
survival was 4.5 months for 26 patients with 
surgical resection as compared with 3.0 
months for 26 patients who underwent needle 
biopsy (P = 0.03). The authors found no 
significant differences in postoperative 
outcomes among the two groups. As a 
conclusion this study demonstrates that older 
patients tolerate aggressive surgery without 
increased surgery-related morbidity and have 
prolonged survival as compared with similar 
patients undergoing needle biopsy. 

A study of Zouaoui et al [59] in 2014 
describes oncological patterns of care, 
prognostic factors, and survival for patients 
with glioblastoma multiforme older than 70 
years in France. 265 patients were included. 95 
of them underwent surgical resection and 107 
biopsy. Adjuvant therapy was also performed- 
chemotherapy alone (CT), radiotherapy alone 
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(RT) or concomitant radiochemotherapy 
(CRC). In the group of patients with biopsy 
median survival was 199 days in those who 
received only CT, 318 days in those who 
received CRC and 149 days in patients who 
received RT. In the group of patients that 
underwent surgical resection the median 
survival (in days) was as following: 245 with 
CT, 372 with CRC and 26 with RT.   A 
hypothesis of the authors was that elderly 
patients are undertreated. The authors 
concluded that Karnofsky performance status 
seems to be the most relevant clinical 
predictive factor and RS and CRC have a 
positive impact on survival for elderly GBM 
patients in the general population, at least 
when feasible. 

Mariniello et al [31] compared the effects 
of combined treatments (surgery and 
radiochemotherapy) on the outcome and 
survival between elderly (≥ 65 years) patients 
with glioblastoma and younger ones (<65 
years). The median survival of older patients 
was 14.5 months, significantly lower than 
patients < 65 years (17 months) (p = 0.02). The 
conclusion of the study was that when several 
criteria of selection to surgery are respected 
(good Karnofsky performance status (KPS), 
largely resecable tumor, and no significant co 
morbidity) the difference of survival is less 
significant.   

Age is one of the most important 
prognostic factor in patients diagnosed with 
malignant gliomas. A study of Uzuka et al [54] 
suggested that postoperative KPS score is an 
important prognostic factor for glioblastoma 
patients aged ≥ 76 years. Based on statistical 
analyses of 79 glioblastoma patients aged  ≥ 76 
years (median age 78.0 years; 34 men and 45 
women) that were treated with tumor resection 
or biopsy followed by chemotherapy or 
radiotherapy,  the authors reported a median 
overall progression free survival of 6.8 months 
and a median overall survival of 9.8 months. 
Patients aged ≥ 78 years were significantly less 
likely to receive radiotherapy (p = 0.004) and 

patients with a postoperative KPS score of ≥ 
60 were significantly more likely to receive 
maintenance chemotherapy (p = 0.008). Two 
independent prognostic factors were 
identified: postoperative KPS score ≥ 60 ( p = 
0.017) and temozolomide therapy  (p < 0.001) 

Konqlund et al [24] included in their study 
80 patients over 60 years old diagnosed with 
high grade gliomas and operated at Oslo and 
Haukeland University Hospitals between 
2008-2009. Clinical outcome was assessed at 
six months and overall mortality at 2 years. 
Surgical morbidity included neurological 
sequels (10%), postoperative hematomas 
(3.8%), hydrocephalus (1.3%) while the 
surgical mortality reported was 1.3%. Median 
overall survival was 8.4 months. Adjuvant 
radiochemotherapy increased significantly the 
survival. In univariate analyses couple of 
factors were identified to reduce survival: age 
≥ 80 years, subtotal resection, American 
Society of Anesthesiology (ASA) scores 3-4, 
Karnofsky performance scale (KPS) < 70, and 
mini-mental state examination (MMSE) score 
< 25. Authors conclusions were that surgical 
treatment of high grade gliomas carries low 
mortality and acceptable morbidity in patients 
aged ≥ 60 years and maximum tumor resection 
should be attempted.   

The benefit of total tumor resection in 
elderly patients is supported by others studies 
in the literature. After analyzing 437 patients  
≥70 years  Scott et all [45] identified 4 
prognostic subgroups with markedly different 
median survivals: subgroup I =patients <75.5 
years of age who underwent surgical resection 
(9.3 months); subgroup II = patients ≥75.5 
years of age who underwent surgical resection 
(6.4 months); subgroup III = patients with 
Karnofsky performance status of 70 to 100 
who underwent biopsy only (4.6 months); and 
subgroup IV = patients with Karnofsky 
performance status <70 who underwent biopsy 
only (2.3 months). Grossman et al [17] 
published a study aiming to compare surgical 
outcome of elderly patients undergoing 
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awake-craniotomy to that of younger patients. 
A total of 334 young (45.4 ± 13.2 years, mean 
± SD) and 90 elderly (71.7 ± 5.1 years) 
patients were studied. The authors found no 
significantly higher rate of mortality, or 
complications in the elderly group and 
concluded that gross total tumor resection in 
elderly patients with high grade was associated 
with prolonged survival. Gulti et al [18] 
explored the survival and treatment provided 
to elderly patients diagnosed with 
glioblastoma in a population-based setting, 
from the Norwegian Cancer Registry.  2882 
patients who were diagnosed with 
glioblastoma between 1988 and 2008 were 
included. The following factors were 
identified as independent predictors of reduced 
survival: increasing age, no tumor resection, 
no radiotherapy, and no chemotherapy. In the 
authors opinion despite multimodal treatment 
the gain for the oldest seems at best very 
modest and the prognosis remains very poor. 

Another study published in 2012 
underlines the importance of total resection 
regardless of age. Oszvalt et al [37] collected 
data from 361 patients with newly diagnosed 
cerebral glioblastoma. Depending on tumor 
size, location and Karnofski Performance 
Scale score the patients underwent resection 
(complete, subtotal and partial) or biopsy. 
After the surgery all the patients received 
adjuvant treatment.  The overall survival of 
elderly patients (>65 years) (9.1 ± 11.6 
months) was significantly lower than that of 
younger patients (<65 years) (14.9 ± 16.7 
months; p = 0.0001). Age was a negative 
prognostic factor in patients undergoing 
biopsy (4.0 ± 7.1 vs 7.9 ± 8.7 months; p = 
0.007), but not in patients undergoing tumor 
resection (13.0 ± 8.5 vs 13.3 ± 14.5 months; p 
= 0.86), which lead the authors to conclude 
that   resection should not be withheld from 
patients only on the basis of age.  

One of the most extensive study comparing 
biopsy, partial resection and gross total 
resection in older patients was published by 

Almenawer et al at the beginning of this year 
[2]. The authors undertook a meta-analysis of 
the outcome, overall survival (OS), 
postoperative Karnofsky Performance Status 
(KPS), progression-free survival (PFS), 
mortality, and morbidity in patients over 60 
years old after the surgical procedure. 12607 
participants from 34 studies were included. 
When comparing the tumor resection (of any 
extent) with biopsy overall survival (MD 3.88 
mo, P < .001), postoperative KPS (MD 10.4, P 
< .001), progression free survival (MD 2.44 
mo, P < .001), mortality (RR = 0.27, P = .002), 
and morbidity (RR = 0.82, P = .514) were in 
favor of the resection group. Gross total 
resection was found to be superior to subtotal 
resection in terms of overall survival (MD 3.77 
mo, P < .001), postoperative KPS (MD 4.91 
mo, P = .016), and progression free survival 
(MD 2.21 mo, P < .001) with no difference in 
mortality (RR = 0.53, 95% CI: 0.05-5.71, P = 
.600) or morbidity (RR = 0.52, 95% CI: 0.18-
1.49, P = .223).  These findings support the 
idea of increasing extent of safe resection in 
elderly patients, which can lead to an upward 
improvement in survival time, functional 
recovery, and tumor recurrence rate at this 
group of age (>60 years). 

Recurrent glioma resection has also been 
debated in the literature and there are many 
class III studies that show the improvement of 
survival with re-resection. A study of 
Rostomily et al [41] was focused on 51 adult 
patients with recurrent malignant gliomas that 
were treated in a Phase II trial of multidrug 
chemotherapy. 31 patients underwent radical 
tumor resection before chemotherapy. Higher 
Karnofsky scores, lower grade initial 
histology, lack of prior chemotherapy, greater 
degree of myelotoxicity, smaller postoperative 
tumor volumes, greater extent of surgical 
resection, and a local versus diffuse recurrence 
pattern were associated with a longer overall 
median time to tumor progression. The overall 
median survival time was increased in patients 
with higher Karnofsky scores, lower grade 



 
 
 
 
 

 Romanian Neurosurgery (2015) XXIX 3: 291 - 304          297 

 

 

 

 

 

 

 

histology at the time of recurrence, greater 
degree of myelotoxicity and lobar versus deep 
tumor location. Helseth et al [19], after 
studying 516 patients with glioblastoma who 
underwent primary surgery in 2003-2008 
found an overall survival (OS) of 9.9 months 
and negative prognostic factors like increasing 
age, poor neurological function, bilateral 
tumor involvement, biopsy instead of 
resection, and radiotherapy alone compared to 
temozolomide chemoradiotherapy. The 
authors concluded that in a carefully selected 
group of patients, repeat surgery significantly 
prolongs OS. Park et al [38] based on clinical 
and radiographic data of 34 patients who 
underwent re-operation of recurrent GBM 
tumors validated a preoperative scale that 
identifies patients likely to have poor, 
intermediate, and good relative outcomes after 
surgical resection. The authors found that the 
factors associated with poor postoperative 
survival were: tumor involvement of 
prespecified eloquent/critical brain regions (P 
= .021), Karnofsky performance status (KPS) 
< or = 80 (P = .030), and tumor volume > or = 
50 cm (3) (P = .048). Sughrue et al [53] 
published a paper where they showed that 
repeat surgery for glioblastoma is beneficial in 
many cases providing the patient with a 
satisfying disease free period but is difficult to 
reliably predict who these patients are. 

Useful tools in the surgical treatment of 
high grade gliomas 

The use of intra operative fluorescence in 
gliomas surgery is a recent innovation. In 
living mammalian cells 5-ALA is a natural 
biochemical precursor for heme synthesis 
[12]. Each cell metabolizes 5-ALA along a set 
pathway toward heme production. The 
synthesis of the endogenous fluorescent 
molecule, protoporphyrin IX (PpIX), is 
induced through metabolic conversion in the 
mitochondria [5]. Given via oral route 5 ALA 
does not usually cross the intact blood-brain 

barrier but it can easily pass through the 
disrupted BBB found in gliomas [51]. The 
principle is simple: 5-ALA acts as a diagnostic 
fluorescent marker; given orally it assists the 
surgeons to visualize directly the extent of 
tumor resection when lighting up the operative 
field with a specific wavelength light source. 
The tumor cells that accumulates PpIX can be 
easily discerned from the surrounding normal 
cell. The fluorescent dye peak is 2-6 hours 
after oral administration and disappears from 
the tumor tissue after 12 hours [28]. 

  5-ALA mediated-photodynamic therapy 
(5 ALA mediated PDT) has revealed a 
promising adjuvant tool in the treatment of 
malignant gliomas [43]. The rapid PDT 
response in vivo is due to three types of 
mechanisms: 1. PDT can directly damage and 
kill the cancer cells; 2. alteration of the tumoral 
blood flow: stasis, vascullar collapse/ leakage; 
3. the induction of an inflammatory response 
due to the release of cytokines and other 
inflammatory mediators from target cells [30]. 
Other studies have shown that 5–ALA PDT 
causes mitochondrial and nuclear DNA 
damage with cytochrome c release and 
activation of caspase-3 and caspase-9 in 
glioma cells [22]. The lack of randomized 
controlled trials and an optimal 5-ALA-PDT 
regimen may be the reason why 5-ALA-PDT 
is not a standard treatment for malignant 
gliomas. Some challenging side effects that 
neurosurgeons have to deal with are cerebral 
edema and long-lasting skin photosensitivity. 
5-ALA- PDT could be regarded as a promising 
alternative in glioma treatment if the 
specificity and selectivity of 5-ALA-PDT in 
glioma tissue would be improved [28]. 

  Hirschberg et al [21] evaluated the effects 
of 5-aminolevulinic acid (ALA)-mediated 
photodynamic therapy (PDT) on the 
invasiveness of human glioma cells migrating 
from implanted multicell human tumor 
spheroids. The authors found that 5-ALA 
mediated PDT inhibited the invasiveness of 
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the gliomal cells by a migratory inhibition 
effect rather than by a cytotoxic one 

  A study of Puppa et al [9] showed that 5-
ALA guided resection of high grade gliomas 
permits an overall gross total resection of 90% 
in 100% of patients, and 98% in 93% of 
patients. In the same study the authors found 
that in 43% of patients the boundaries of 
fluorescent tissue exceeded those of tumoral 
tissue detected by neuronavigation and 
concluded that 5-ALA fluorescence in the 
surgery of high grade gliomas enables a gross 
total resection in 100% of cases even if 
selection of patients remains a main bias.  
Stummer et al [52] published a study where 
they showed that fluorescence appears 
superior to contrast enhancement on MRI for 
indicating residual tumor.  A systemic review 
and meta-analysis of 10 studies from the 
literature made by Zhao et al [58] showed a 
level 2 evidence of superior efficiency of 
fluorescence guided resection to 
neuronavigation guided surgery with respect 
to diagnostic accuracy, extent of tumor 
resection, safety and survival. Finally, a study 
of Slof et al [48] showed that 5-ALA guided 
resection is a cost effective option for the 
treatment of high grade gliomas.  

Intra operative MRI (iMRI) is an imaging 
tool used primarily to increase the extent of 
tumour resection (EOTR) while minimizing 
the impact of the surgery on the brain’s 
eloquent areas. With stereotactic frameless 
neuro-navigation, iMRI shows changes 
occuring in the brain as the resection goes on. 
This is very important as changes occur during 
the resection: brain shift diminishes, the effect 
of gravity may be different than on the pre-op 
scans, etc. Those factors render the 
“conventional” navigation inaccurate and the 
extent of resection may suffer from it. A 
review by Liang and Schulder [29] showed 
that iMRI enabled a significant increase of 
EOTR, and was a safe tool used in 
combination with other techniques such as 
intra-operative neurophysiology, awake 

cortical mapping, 5-ALA fluorescence, etc. for 
the treatment of high grade gliomas. The same 
ideea is supporterd by Schatlo et al [44] in a 
recent article focusing on the impact of gross 
total resection on progression and survival in 
patients with high-grade glioma and how this 
can be achieved using iMRI in combination 
with 5-ALA.  Although some studies like the 
one published by Senft et al [46] showed 
evidence supporting the use of the technology 
in gliomas, other studies seem to disapprove 
this use or at least to show its limits. It is the 
case of Kubben et al [25] which states that 
there is, at best, a level 2 evidence to support 
the use of this technology compared with 
conventional neuronavigation-guided surgery 
in increasing EOTR, enhancing quality of life, 
or prolonging survival after resection of 
glioblastoma multiforme. On the other side 
iMRI is an extremely expensive technology 
and require the upgrading of the operating 
room, thus inducing a huge cost to the health 
system.  

Intra operative mapping is a technique 
which aims to delimitate the tumoral margins 
and thus to limitate the resection to non 
eloquent tissues. It is of great importance 
because of the infiltrative nature of gliomas, 
where these lesions not only grow but also 
migrate along white matter tracts. This 
technique helps maximize the extent of tumor 
resection while minimizing postsurgical 
morbidity, in order to increase the median 
survival as well as to preserve quality of life 
[11]. A review from Garrett et al [16] shows 
the utility of this technique in the resection of 
gliomas in eloquent brain regions. Another 
study of Hervey-Jumper SL et al [20] analyzed 
retrospectively a single surgeon experience on 
859 patients undergoing awake brain tumor 
surgery between 1986 and 2014. Perioperative 
risk factors like ASA classification, body mass 
index, smoking status, psychiatric or 
emotional history, seizure frequency and 
duration and tumor site, size, and pathology 
were assessed. The overall perioperative 
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complication rate was 10% and the authors 
concluded that awake brain tumor surgery can 
be safely performed with extremely low 
complication and failure rates. Brown et al [6] 
found that awake craniotomy results in a 
shorter hospital stay and less frequent 
postoperative deficits compared with general 
anesthesia. The data collected retrospectively 
from 1970 until 2012 suggests an expanded 
role for awake craniotomy in brain tumor 
surgery regardless of tumor location. 

Different techniques used for functional 
mapping of the brain have largely replaced  
invasive techniques such as awake craniotomy 
[39]. Non invasive evaluation of the brain 
include BOLD-functional MRI (fMRI) 
magnetoencephalography (MEG), and 
transcranial magnetic stimulation (TMS). A 
case study by Asim F. Choudri et al [3] 
showed that tri-modality functional brain 
mapping allows non-invasive localization of 
motor, sensory, and language centers as well 
as white matter pathways helping the surgical 
planning.  

Conclusions 
After three decades of intensive research 

the prognosis for patients with HGGs is still 
disappointing. The infiltrative nature of these 
cancers precludes a surgical cure but 
nevertheless surgery remains the first and 
more important step for achieving a good 
quality of life.  Different studies published in 
the last 25 years have provided evidence that 
the extent of resection of high grade gliomas 
can influence time to progression and median 
survival, although so far there is no class I 
prospective randomized trial to fully answer 
this question. A maximal resection is preferred 
but not with any cost.  

The standard of care for elderly patients 
with high grade gliomas remains controversial 
and undefined. Although high grade gliomas 
can develop at any age, elderly population 
represents half of the glioblastoma population. 
The increasing age remains the most powerful 

negative prognostic factor in high grade 
gliomas, being related with less favorable 
tumor biology, less aggressive care and co 
morbid disease  

In order to achieve a maximum resection 
current concept of surgical decision-making 
takes in consideration multimodal pre and 
intraoperative information. iMRI has been 
proved to be safe and became an important 
tool during tumor surgery. Used in conjuction 
with other important techniques, such as intra-
operative neurophysiology, awake cortical 
mapping, 5-ALA fluorescence etc., iMRI can 
help the surgeon to obtain the highest levels of 
tumor resection while minimizing neurologic 
injury. 

References 
1. Abrudan C,  Cocis Adriana , Cernea Dana, Suciu B , 
Cheptea Marinela , Florian I. St.. Surgery of high grade 
gliomas - pros in favor of maximal cytoreductive surgery. 
Romanian Neurosurgery (2011) XVIII 1: 38 – 53 
2.Almenawer SA, Badhiwala JH, Alhazzani W, 
Greenspoon J, Farrokhyar F, Yarascavitch B, Algird A, 
Kachur E, Cenic A, Sharieff W, Klurfan P,Gunnarsson T, 
Ajani O, Reddy K, Singh SK, Murty NK. Biopsy versus 
partial versus gross total resection in older patients with 
high grade glioma: a systematic review and meta-
analyses. Neuro Oncol. 2015 Jan 3. pii: nou349. [Epub 
ahead of print]. 
3. Asim F. Choudhri, Shalini Narayana,Roozbeh 
Rezaie,Matthew T. Whitehead, Samuel S. McAfee, 
Samuel S. Wheless, Frederick A. Boop, Andrew C. 
Papanicolaou . Same Day Tri-Modality Functional Brain 
Mapping Prior to Resection of a Lesion Involving 
Eloquent Cortex: Technical Feasibility. Neuroradiol J. 
2013 Nov; 26(5): 548–554 
4.Boon-Chuan Pang, Wei-Hwang Wan, Cheng-Kiang 
Lee, Kathleen Joy Khu,Wai-Hoe Ng. The Role of Surgery 
in High-grade Glioma – Is Surgical Resection Justified?A 
Review of the Current Knowledge:Ann Acad Med 
Singapore 2007;36:358-63. 
5. Bottomley, S. S, & Muller-eberhard, U. (1988). 
Pathophysiology of heme synthesis. Seminars in 
hematology. 0037-1963, 25(4), 282-302. 
6. Brown T, Shah AH, Bregy A, Shah NH, 
Thambuswamy M, Barbarite E, Fuhrman T, Komotar RJ. 
Awake craniotomy for brain tumor resection: the rule 
rather than the exception? J Neurosurg Anesthesiol. 2013 
Jul;25(3):240-7. 
7.Chaichana K L, Garzon-Muvdi T, Parker S,  Weingart 
JD,  Olivi A, Bennett R, Brem H, A Quinones-Hinojosa 



 
 
 
 
 
300          Baritchii et al          The impact of surgery in high grade gliomas 

 

 

 

 

 

 

 

A.  Supratentorial Glioblastoma Multiforme: The Role of 
Surgical Resection Versus Biopsy Among Older Patients, 
Ann Surg Oncol (2010) published on-line in 10 August 
2010 
8.Ciric I, Ammirati M, Vick N, Mikhael M (1987). 
Supratentorial gliomas: Surgical considerations and 
immediate postoperative results. Gross total resection 
versus partial resection. Neurosurgery 21: 21 ± 26. 
9. Della Puppa, A., Ciccarino, P., Lombardi, G., Rolma, 
G., Cecchin, D., & Rossetto, M. (2014, January 24). 5-
Aminolevulinic acid fluorescence in high grade glioma 
surgery: Surgical outcome, intraoperative findings, and 
fluorescence patterns. Biomed Res Int. 2014; 2014: 
232561. 
10.Diamandis P., Sacher A.G., Tyers M., Dirks P.B. New 
drugs for brain tumors? Insights from chemical probing 
of neural stem cells. Med Hypotheses. 2009 
Jun;72(6):683–687. 
11. Duffau H . Brain mapping in tumors: intraoperative 
or extraoperative? Epilepsia. 2013 Dec;54 Suppl 9:79-83. 
12. Eljamel, M. S, Goodman, C, & Moseley, H. (2008). 
ALA and Photofrin fluorescenceguided resection and 
repetitive PDT in glioblastoma multiforme: a single 
centre Phase III randomised controlled trial. Lasers in 
medical science. 0268-8921, 23(4), 361-367. 
13.Fadul C, Wood J, Thaler H, Galicich J, Patternson RH, 
Jr, Posner JB. Morbidity and mortality of craniotomy for 
the excision of supratentorial gliomas. Neurology 
1988;38:1374–9. 
14.Fransen P., Tribolet N. Surgery of supratentorial 
tumors. Current Opinion in Oncology. 1993;5: 450 ± 457 
15.Furnari FB, Fenton T, Bachoo RM, Mukasa A, 
Stommel JM, Stegh A, et al. Malignant astrocytic glioma: 
genetics, biology, and paths to treatment. Genes Dev. Nov 
1 2007;21(21):2683-710. 
16. Garrett, M., Pouratian, N., & Liau, L. (2012, July 1). 
Use of Language Mapping to Aid in Resection of 
Gliomas in Eloquent Brain Regions. Neurosurg Clin N 
Am. 2012 Jul; 23(3): 497–506. 
17.Grossman R, Nossek E, Sitt R, Hayat D, Shahar T, 
Barzilai O, Gonen T, Korn A, Sela G, Ram Z. Outcome 
of elderly patients undergoing awake-craniotomy for 
tumor resection. Ann Surg Oncol. 2013 May;20(5):1722-
8. 
18.Gulati S1, Jakola AS, Johannesen TB, Solheim O. 
Survival and treatment patterns of glioblastoma in the 
elderly : a population based study. World Neurosurg. 
2012 Nov;78(5):518-26  
19.Helseth R, Helseth E, Johannesen TB, Langberg CW, 
Lote K, Ronning P, et al. Overall survival, prognostic 
factors, and repeated surgery in a consecutive series of 
516 patients with glioblastoma multiforme. Acta Neurol 
Scand 2010;122:159-67. 
20. Hervey-Jumper SL1, Li J, Lau D, Molinaro AM, 
Perry DW, Meng L, Berger MS. Awake craniotomy to 
maximize glioma resection: methods and technical 

nuances over a 27-year period. J Neurosurg. 2015 Apr 
24:1-15 
21. Hirschberg, H. (2006, December). Effects of ALA-
mediated photodynamic therapy on the invasiveness of 
human glioma cells. Lasers Surg Med. 2006 
Dec;38(10):939-45.  
http://www.statistics.gov.uk/statbase/Product.asp?vlnk=
8843 
22. Inoue, H, Kajimoto, Y, Shibata, M. A, Miyoshi, N, 
Ogawa, N, Miyatake, S, Otsuki, Y, & Kuroiwa, T. (2007). 
Massive apoptotic cell death of human glioma cells via a 
mito‐ Current Applications of 5–ALA in Glioma 
Diagnostics and Therapy 
http://dx.doi.org/10.5772/52428 257 chondrial pathway 
following 5-aminolevulinic acid-mediated photodynamic 
thera‐ py. J Neurooncol. 0016-7594X, 83(3), 223-231 
23. Kohler, B. A. et al. Annual report to the nation on the 
status of cancer, 1975–2007, featuring tumors of the brain 
and other nervous system. J. Natl Cancer Inst.2011;103, 
714–736. 
24.Konglund A1, Helseth R, Lund-Johansen M, Helseth 
E, Meling TR. Surgery of high grade gliomas in the aging. 
Acta Neurol Scand. 2013 Sep;128(3):185-93. 
25. Kubben, P., & Al, E. (2011, October 12). 
Intraoperative MRI-guided resection of glioblastoma 
multiforme: A systematic review. Lancet Oncol. 2011 
Oct;12(11):1062-70 
26.Lacroix M, Abi-Said D, Fourney DR et al (2001) A 
multivariate analysis of 416 patients with glioblastoma 
multiforme: prognosis, extent of resection, and survival. 
J Neurosurg 95(2):190–198 3.  
27.Laws Jr ER. Radical resection for the treatment of 
glioma. Clin Neurosurg 1995;42: 480-487. 
28. Lei Teng, Mitsutoshi Nakada, Yutaka Hayashi, 
Takeshi Yoneyama, Shi-Guang Zhao and Jun-Ichiro 
Hamada (2013). Current Applications of 5-ALA in 
Glioma Diagnostics and Therapy, Clinical Management 
and Evolving Novel Therapeutic Strategies for Patients 
with Brain Tumors, Dr. Terry Lichtor (Ed.), ISBN: 978-
953-51-1058-3, InTech, DOI: 10.5772/52428. Available 
from: http://www.intechopen.com/books/clinical-
management-and-evolving-novel-therapeutic-strategies-
for-patients-with-brain-tumors/current-applications-of-5-
ala-in-glioma-diagnostics-and-therapy 
29. Liang D, Schulder M. The role of intraoperative 
magnetic resonance imaging in glioma surgery. Surg 
Neurol Int.2012;3:320–7. [PubMed] 
30. MacDonaldI.J. & Dougherty, T.J. ((2001). Basic 
principles of photodynamic therapy. J Porphyr 
Phthalocya. 1088-4246, 5(2), 105-129. 
31.Mariniello G, Peca C, De Caro Mdel B, Giamundo A, 
Donzelli R, Maiuri F. Glioblastoma in the elderly: the 
impact of advanced age on treatment and survival. J 
Neurol Surg A Cent Eur Neurosurg. 2014 Jul;75(4):276-
81. 



 
 
 
 
 

 Romanian Neurosurgery (2015) XXIX 3: 291 - 304          301 

 

 

 

 

 

 

 

32.Max Kole and Jack Rock Malignant Glioma Surgery: 
Complication Avoidance Neurosurgery Quarterly. 2002 
;12(3):251–258. 
33.MB1 No 37–cancer registration statistics. 2006. 
34.Metcalfe SE, Grant R (2003) Biopsy versus resection 
for malignant glioma (Cochrane Review). The Cochrane 
Library 
35.Ohgaki H., Kleihues P. Epidemiology and etiology of 
gliomas. Acta Neuropathol. 2005 Jan;109(1):93–108 
36. Ohgaki, H. & Kleihues, P. Population-based studies 
on incidence, survival rates, and genetic alterations in 
astrocytic and oligodendroglial gliomas. J. Neuropathol. 
Exp. Neurol.2005; 64,479–489. 
37.Oszvald A, Güresir E, Setzer M, Vatter H, Senft C, 
Seifert V, Franz K. Glioblastoma therapy in the elderly 
and the importance of the extent of resection regardless 
of age. J Neurosurg. 2012 Feb;116(2):357-64. 
38.Park JK, Hodges T, Arko L, Shen M, Dello Iacono D, 
McNabb A, Olsen Bailey N, Kreisl TN, Iwamoto FM, Sul 
J, Auh S, Park GE, Fine HA, Black PM. Scale to predict 
survival after surgery for recurrent glioblastoma 
multiforme. J Clin Oncol. 2010 Aug 20;28(24):3838-43. 
39. Pillai JJ, Zaca D, Choudhri A. Clinical impact of 
integrated physiologic brain tumor imaging. Technol 
Cancer Res Treat. 2010;9(4):359–380. [PubMed] 
40.Preusser M, de Ribaupierre S, Wohrer A, et al. Current 
concepts and management of glioblastoma. Ann Neurol. 
Jul 2011;70(1):9-21. 
41.Rostomily RC, Spence AM, Duong D, McCormick K, 
Bland M, Berger MS. Multimodality management of 
recurrent adult malignant gliomas: Results of a phase II 
multiagent chemotherapy study and analysis of 
cytoreductive surgery. Neurosurgery 1994;35:378-88. 
42.Russell D. S., Rubenstein L. J. Pathology of tumors of 
the nervous system. William and Wilkins, Baltimore, 5th 
ed., 1989: pp 83-161.  
43.Sathornsumetee S, Reardon DA, Desjardins A, Quinn 
JA, Vredenburgh JJ, Rich JN. Molecularly targeted 
therapy for malignant glioma. Cancer. Jul 1 
2007;110(1):13-24. 
44. Schatlo B, Fandino J, Smoll NR, Wetzel O, Remonda 
L, Marbacher S, Perrig W, Landolt H, Fathi AR . 
Outcomes after combined use of intraoperative MRI and 
5-aminolevulinic acid in high-grade glioma surgery. 
Neuro Oncol. 2015 Apr 8.  
45.Scott JG, Bauchet L, Fraum TJ, Nayak L, Cooper AR, 
Chao ST, Suh JH, Vogelbaum MA, Peereboom DM, 
Zouaoui S, Mathieu-Daudé H, Fabbro-Peray P,Rigau V, 
Taillandier L, Abrey LE, DeAngelis LM, Shih JH, 
Iwamoto FM. Recursive partitioning analysis of 
prognostic factors for glioblastoma patients aged 70 years 
or older. Cancer. 2012 Nov 15;118(22):5595-600 
46. Senft C, Bink A, Franz K, Vatter H, Gasser T, Seifert 
V. Intraoperative MRI guidance and extent of resection in 
glioma surgery: A randomised, controlled trial. Lancet 
Oncol.2011;12:997–1003. [PubMed] 

47.Simpson JR, Horton J, Scott C, Curran WJ, Rubin P, 
Fischbach J, et al. Influence of location and extent of 
surgical resection on survival of patients with 
glioblastoma multiforme: Results of three consecutive 
Radiation Therapy Oncology Group (RTOG) clinical 
trials. Int J Radiat Oncol Biol Phys 1993;26:239-44 
48. Slof, J., & Al, E. (2014, January 24). Cost-
effectiveness of 5-aminolevulinic acid-induced 
fluorescence in malignant glioma surgery. Neurologia. 
2015 Apr;30(3):163-8 
49. Soderberg-Naucler C, Rahbar A, Stragliotto G. 
Survival in patients with glioblastoma receiving 
valganciclovir. NEJM. Sep 5 2013;369(10):985-6. 
50.Stummer W, Pichlmeier U, Meinel T, Wiestler OD, 
Zanella F, Reulen HJ (2006) Fluorescence-guided 
surgery with 5-aminolevulinic acid for resection of 
malignant glioma: a randomised controlled multicentre 
phase III trial. Lancet Oncol 7(5):392–401 
51. Stummer, W, Reulen, H. J, Novotny, A, Stepp, H, & 
Tonn, J. C. (2003). Fluorescenceguided resections of 
malignant gliomas--an overview. Acta Neurochir Suppl. 
No. 0065-1419, 88, 9-12. 
52.Stummer, W., & Al, E. (2014, March 1). 5-
Aminolevulinic acid-derived tumor fluorescence: The 
diagnostic accuracy of visible fluorescence qualities as 
corroborated by spectrometry and histology and 
postoperative imaging. Neurosurgery. 2014 Mar; 74(3): 
310–320. 
53.Sughrue ME1, Sheean T, Bonney PA, Maurer AJ, Teo 
C.Aggressive repeat surgery for focally recurrent primary 
glioblastoma: outcomes and theoretical framework. 
Neurosurg Focus. 2015 Mar;38(3):E11.  
54.Uzuka T, Asano K, Sasajima T, Sakurada K, Kumabe 
T, Beppu T, Ichikawa M, Kitanaka C, Aoki H, Saito K, 
Ogasawara K, Tominaga T, Mizoi K, Ohkuma H,Fujii Y, 
Kayama T; Tohoku Brain Tumor Study Group. Treatment 
outcomes in glioblastoma patients aged 76 years or older: 
a multicenter retrospective cohort study. J Neurooncol. 
2014 Jan;116(2):299-306. 
55.Vecht CJ, Avezaat CJ, van Putten WL, Eijkenboom 
WM, Stefanko SZ  The influence of the extent of surgery 
on the neurological function and survival in malignant 
glioma. A retrospective analysis in 243 patients. J Neurol 
Neurosurg Psychiatry (1990)53(6):466–471. 
56.Vuorinen V, Hinkka S, Farkkila M, Jaaskelainen J 
(2003) Debulking or biopsy of malignant glioma in 
elderly people—a randomised study. Acta Neurochir 
(Wien) 145(1):5–10 11.  
57.Wrensch M., Bondy M. L., Wiencke J. et al. 
Environmental risk factors for primary malignant brain 
tumor: a review. J. Neurooncol 1993;17:47-64. 
58. Zhao, S., & Al, E. (2013, May 28). Intraoperative 
fluorescence-guided resection of high-grade malignant 
gliomas using 5-aminolevulinic acid-induced porphyrins: 
A systematic review and meta-analysis of prospective 
studies. PLoS One. 2013; 8(5): e63682. 



 
 
 
 
 
302          Baritchii et al          The impact of surgery in high grade gliomas 

 

 

 

 

 

 

 

59.Zouaoui S1, Darlix A, Fabbro-Peray P, Mathieu-
Daudé H, Rigau V, Fabbro M, Bessaoud F, Taillandier L, 
Ducray F, Bauchet F, Wager M, Faillot T, Capelle 
L,Loiseau H, Kerr C, Menei P, Duffau H, Figarella-
Branger D, Chinot O, Trétarre B, Bauchet L.  Oncological  

patterns of care and outcomes for 265 elderly patients 
with newly diagnosed glioblastoma in France. Neurosurg 
Rev. 2014 Jul;37(3):415-23. 
 

 
 


