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Background and Aim: The extent of resection seems a solid prognostic factor in patients with 
high-grade gliomas (HGGs). When administered orally, 5-aminolevulinic acid (5-ALA) is exclusively 
converted into protoporphyrin IX (PPIX) by malignant cells and detects, identifying contrast-
enhancing glial lesions under 400 nm blue light. The authors thoroughly assess the efficacy, 
accuracy, and safety profile of 5-ALA-guided surgery toward the maximal resection of cranial HGGs.

Case Presentation: Thirty consecutive patients with HGG adjacent to the corticospinal tract (CST) 
met our inclusion criteria in a single-arm retrospective study. Bilateral diffusion tensor imaging 
(DTI)-derived corticospinal tract (CST) tractography was employed using a 1.5 Tesla magnetic 
resonance imaging (MRI). Oral 5-ALA was ingested with a dose of 20 mg/kg 4 hours prior to 
operation and was applied to qualify the margins of the local resection cavity. The clinical and 
volumetric assessments were postoperatively conducted. The mean preoperative tumor volume 
on T1 contrast-enhanced MRI and fluid-attenuated inversion recovery (FLAIR) images was 16.8 cm3

and 47.6 cm3, respectively. Complete resection of contrast-enhanced lesions was yielded in 27 of 
30 patients (90%). All patients improved postoperatively regarding motor deficits and or seizures. 
No new permanent neurological deficits were detected in 3 months follow-up.

Conclusion: Fluorescence image-guided surgery (FIGS) using 5-ALA increases the extent of 
resection (EOR) with further surgical risks in eloquent regions when combined with multimodality 
visualization- functional mapping. It also provides pathological insights to visualize cranial HGGs 
and identify infiltration of functional fiber tracts.
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1. Introduction

liomas are responsible for nearly 80% of all 
primary malignant brain tumors contribut-
ing to approximately 18,000 new diagnoses 
and 13,000 fatalities annually in the US [1]. 
Glioma surgery aims to maximize the extent 

of the tumor’s resection leading to a higher level of pro-
gression-free survival (PFS) rates, overall survival (OS), 
and patient quality of life (QOL) [2]. Strong evidence de-
termines the extent of resection (EOR) as a significant 
predictor of promising OS, PFS, and patient quality of life 
(QOL) in patients with high-grade gliomas (HGG) [3-7].

Current technologies in this quest include 5-aminolev-
ulinic acid (5-ALA)-induced fluorescence image-guided 
surgery, fluorescein image-guided surgery (FIGS), intra-
operative ultrasound (IU), and intraoperative magnetic 
resonance imaging (iMRI). The application of the afore-
mentioned evolving methods is expanding due to their 
capability to circumvent the brain shift amid the resec-
tion of HGG lesions, thereby maintaining the integrity 
of uninvolved brain tissue intraoperatively and provid-
ing subsequent maximal safe surgical resection for HGG 
suffers [6]. Conventionally, the tumor territory is identi-
fied by the gadolinium-enhancing region observed on 
MRI sequences. HGGs impair the integrity of the blood-
brain barrier (BBB), leading to extravascular leakage of 
gadolinium-based contrast agents (GBCA). On the one 
hand, an appreciable amount of malignancy cells com-

monly infiltrate the radiologically enhancing region, 
compromising the specificity of gadolinium-based con-
trast agents (GBCA) where the BBB has not yet been dis-
rupted. On the other hand, gross total resection (GTR) 
is only feasible in a low percentage of suffers [8, 9]. Ac-
cordingly, establishing a definitive intraoperative meth-
od to distinguish neoplastic tissue from normal brain 
parenchyma remains challenging during the surgery.

Recently, fluorescence-guided procedures have gained 
increasing attention [5, 10, 11]. Multiple fluorescent bio-
markers have been demonstrated to possess promising 
outcomes regarding residual tumor identification and 
intraoperative navigation [5]. 5-ALA, which represents 
the only fluorescent therapeutic agent currently autho-
rized by the US Food and Drug Administration (FDA) to 
be employed in HGG resection [12], was firstly used by 
Stummer in fluorescence-guided surgery of glioma pa-
tients in 1998 [11]. 5-ALA, as the intermediate precursor 
of heme biosynthesis, is metabolized to protoporphyrin 
IX (PpIX). It has been well established either in vitro or 
in vivo that abundant 5-ALA yields selective accumula-
tion of PpIX in malignant glioma, whereby we can visual-
ize a bright pink or red fluorescence region after being 
provoked by 370-440 nm wavelength light under the 
appropriate filter [5, 10, 12, 13]. Despite the auspicious 
outcomes of the above-mentioned agent in the con-
text of complete resection rate and the 6- month PFS 
in patients suffering glioma, some serious drawbacks 
must be considered, e.g. costing approximately $1124 

G

Highlights 

• Emerging employment of 5-aminolevulinic acid (5-ALA) provides an excellent resection rate in high-grade glioma.

• The greater the extent of total resection, the longer the overall survival of the patients will be.

• The greater the extent of resection through fluorescence-guided surgery, the more neurological deterioration is 
expected.

Plain Language Summary 

The extent of resection (EOR) holds great promises toward a favorable prognostic result for high-grade gliomas 
(HGGs). Five-aminolevulinic acid (5-ALA) is regarded as a precursor in the process of mammalian hem-biosynthesis, 
which in turn is converted into protoporphyrin IX (PPIX) by malignant glioma cells. This process can be used to dif-
ferentiate the affected area from normal brain tissue under 400 nm blue light. The author describes 30 consecutive 
patients suffering HGGs and thoroughly assesses the efficacy, accuracy, and safety profile of 5-ALA fluorescence im-
age-guided surgery (FIGS) toward the maximal resection of brain HGGs. Postoperatively, 90% of patients experienced 
complete resection. Neither motor deficits nor permanent neurological deficits were detected during 3 months of 
follow-up.
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for each application, the necessity of drug administra-
tion orally 2.5 to 3.5 hours before anesthesia induction, 
and the necessity of prohibiting the direct exposure to 
strong room light or sunlight in the1st 24 hours of using 
due to the probability of skin sensitization and drug’s 
phototoxicity [9, 10, 12].

Here, a comprehensive literature review regarding 
patients with HGGs and quantifying the effect of 5-ALA 
guided surgery was established. Further attempts are 
warranted to establish the efficacy of this technique and 
to resolve and quantify the effect.

2. Case Presentation

In this retrospective study, 30 cases of HGG were in-
cluded and operated on using oral 5-ALA. Functional 
MRI was performed during preoperative planning with 
bilateral blood oxygen level-dependent (BOLD) analysis 
to identify functional areas, esp. the motor cortex. Pre-
operative diffusion tensor imaging (DTI) tractography of 
bilateral corticospinal tract (CST), arcuate fasciculus, and 
optic radiation was done with iPlan® cranial 3.0 soft-
ware (Brainlab, Feldkrichen, Germany) to evaluate the 
local anisotropy and illustrate the associated white mat-
ter structures. Prospective cortical depth-dependent 
motion, correction smoothing, and eddy current correc-
tions were established to provide maximal quality of the 
images. Corticospinal fiber tracking was determined by 
selecting a predetermined precentral gyrus and ipsilat-
eral cerebral peduncle. Contrast-enhanced T1 weighted 
(T1W) and T2 weighted (T2W) MRI were applied to ob-
tain the target and volumetric evaluation of the core 
cellular part of contrast-enhancing and minimal/no 
contrast enhancement gliomas, respectively. Also, fluid-

attenuated inversion recovery (FLAIR) images were con-
sidered to analyze the peripheral infiltrative area of the 
contrast-enhancing lesions. Through atlas data, manual-
ly object creation, segmentation of the anatomic struc-
tures, and tumor lesion was performed with or without 
automatic segmentation. The intraoperative navigation 
system was used to import the data. Reconstructed 3D 
images were installed on the navigation system. Oral 
5-ALA was ingested with a dose of 20 mg/kg 4 hours 
prior to operation. All patients underwent general anes-
thesia (GA) with intraoperative neuro-monitoring. Neu-
ro-navigation system was applied along with DESS and 
neuromonitoring, including motor-evoked potentials 
(MEPs). Central sulcus was detected with phase reversal 
of somatosensory evoked potential (SEP) since all of the 
tumors involved the motor area and CST. Tumor resec-
tion was continued until the wall of the resection cavity 
had reached the area of CST.

Under the microscope, borders of resection were as-
sessed for 5-ALA using blue light and a filter. Tumors 
colored in pink/red with 5-ALA were resected and com-
pared with neuro-navigation data in defining the bor-
ders of the tumor. The new samples were sent for pa-
thology to confirm tumor involvement, 

See further details in our previous publication, which 
coincided with the current settings [14] (Figure 1).

Pathologies included 21 patients with Glioblastoma 
(GBM) (70%) and 9 patients with anaplastic astrocy-
toma (30%). Total gross removal was achieved at 90% 
(n=27). The use of 5-ALA increased the EOR by 40% 
(n=12) regarding T1 gadolinium (Gd) MR. Pathological 
assessment of resected parts with 5-ALA confirmed tu-

Figure 1. Left-gross total tumor resection (GTR) was achieved according to updated iMR with a T1 Gd image. Right- application of FIGS with 
5-ALA detected remnants at the border of the resection cavity. 
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mor infiltration. Subtotal removal was possible in 10% 
due to tumor invasion in the pyramidal tract. The mean 
preoperative volume of the tumor, according to T1 Gd 
MR and FLAIR images, was 16.8 cm3 and 47.6 cm3, re-
spectively. (Range 8-105 cm3). The mean volume of tu-
mor in FLAIR images was three times more than T1 Gd 
MRI, which indicated infiltrating part. Preoperative neu-
rological status included 11 patients with motor paresis, 
4 with seizures, and 15 intact.

All patients improved postoperatively regarding motor 
deficits and or seizures. No new permanent neurologi-
cal deficits were detected in 3 months follow-up. 

3. Discussion

HGG stands for grades III-IV World Health Organization 
(WHO) classification system of intra-axial central ner-
vous system (CNS) lesions with an annual incidence rate 
ranging from 3.3- to 6 per 100 000 individuals [15, 16]. 
Pathologically, GBM and anaplastic astrocytoma were 
positive in 70%, and 30% of the suffers, respectively.

According to the Stupp protocol, the recommended 
standard of care for HGGs consists of GTR, temozolo-
mide, and radiation therapy [11]. Due to the presence 
of BBB, further challenges are imposed to establish a 
successful therapeutic approach compared to other 
systemic malignancies. Surgical resection with accom-
panying concomitant/adjuvant chemoradiotherapy re-
mains the cornerstone for the management; however, 
it is accompanied by a high mortality rate and a median 
survival period of merely 16 months [4, 17].

Emerging uses of 5-aminolevulinic acid (5-ALA)

Evolved intraoperative technologies are emerging to 
ensure maximal safe surgical resection in HGGs [7]. In 
this instance, fluorescein sodium-guided surgery, ALA-
FIGS, folliculin (FLCN)-FIGS, intraoperative MRI (IoMRI), 
and intraoperative ultrasound (IoUS) are the leading 
alternatives to fulfill the aforementioned necessity [10, 
12, 15, 18-24]. 5-ALA represents the most robustly stud-
ied fluorescent emerging tool in managing malignant 
gliomas to maximize tumor resection [11, 21]. The 1st 
application of well-tolerated fluorescence-guided neu-
rosurgery with 5-ALA was reported in 1998 by Stummer 
and collaborators [25]. Following the initial promising 
results, they triggered the 1st randomized controlled 
multicenter phase III trial examining the effect of 5-ALA 
fluorescence-guided resection on the PFS and the EOR 
in patients with HGGs [26]. Gradually, it gained more 
attention annually and, in turn, led to the approval of 

5-ALA to be utilized for HGG resection by the European 
Union and FDA as an assistant intraoperative optical 
neuro-imaging agent in 2007 and 2017, respectively 
[27].

The greater the extent of total resection, the much lon-
ger the overall survival of the patients

Recent literature trends corroborate the significant 
positive correlation of GTR on preferable PFS, OS, and 
lower tumor recurrence rate in those harboring HGGs 
[10, 12, 28]. However, precisely total resection of HGGs 
is still challenging due to the Infiltration characteristics of 
such lesions. Several visualization techniques effectively 
fulfill the need for maximized EOR [11]. Concerning ob-
servational and clinical trials, data regarding how much 
supplementary improvement in EOR was achieved via 
5-ALA vary across studies, ranging from 25% to 94% in 
GTR [29]. In phase III randomized control trial (RCT), 
Stummer and collaborators found a complete resection 
rate of 65% and 36% in those undergoing 5-ALA aided 
resection and those operated under a standard white 
light source, respectively. Maximal resection rate of 
100% is suggested for GTR >90% and 93% for GTR >98% 
[30].

Above mentioned findings were compared to the 
results of a recent meta-analysis conducted by Gan-
dhi and collaborators in the 998 HGG suffers undergo-
ing 5-ALA aided resection, which was accompanied by 
approximately 76% and 77% in the rate of GTR in the 
cohort of all HGG suffers and in the subgroup of those 
suffering primary HGG, respectively [31]. These vary-
ing resections’ rates and the causality of such disparity 
must be further inspected. The current series confirms 
the improvement of EOR concerning T1Gd MR in HGGs 
using FIGS. Moreover, due to the invasive characteristics 
of tumors in the pyramidal tract, the subtotal removal 
rate was 10%.

As GTR is regarded as the most significant independent 
prognostic index of survival in HGG suffers, these prom-
ising results raise concerns regarding the utilization of 
fluorescence-guided resection surgery to achieve the 
optimal management of such lesions [31].

By examining in vitro or in vivo investigations, an in-
crease in the establishment of 5-ALA has been observed 
as a feasible intraoperative photodynamic therapeutic 
choice for residual tumors [32-35].
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Early in vivo investigations have reflected promising 
outcomes. As 5-ALA does not carry cytotoxic effects 
through systemic administration and reflects a favor-
able adverse effect profile compared to other photo-
sensitizer therapies, it can potentially serve beyond its 
role as the diagnostic agent for aggressive gliomas. Of 
note, 5-ALA and similar optical agents provide diagnos-
tic markers and should not be employed as a means of 
interventional therapeutic intentions [31].

Combining 5-ALA with intraoperative technological 
modalities is significantly correlated with higher survival 
when using 5-ALA with each intraoperative i-CT, iMRI, 
ioUS, or contrast-enhanced ultrasound (CEUS) com-
pared with the surgery solely with 5-ALA [21]. 

Tsugu and collaborators acknowledged the benefits 
of iMRI in those harboring negative fluorescence, rais-
ing the GTR from 0% to 55.6% [36]. Nevertheless, no 
considerable resection benefit with the adjunctive 
utilization of iMRI in those representing strong PpIX 
fluorescence emission was observed. Barbagallo and 
collaborators found no statistically significant benefit 
of intraoperative 5-ALA florescent utilization in conjunc-
tion with i-CT rather than 5-ALA alone in the context of 
the PFS and OS [37]. 

Conversely, based on a retrospective study conducted 
by Roder and collaborators, complete resection of the 
contrast-enhancing tumor rates with iMRI in conjunc-
tion with 5- ALA rather than 5-ALA alone was reported 
to be 74% and 45%, respectively [38]. In another study 
by Yamada and collaborators, including 99 consecu-
tive surgical cases suffering malignant glioma executed 
with 5- ALA–guided surgery with accompanying iMRI, a 
mean resection rate of 95% was measured, highlighting 
the fact that 5-ALA yields marginal residual tumor iden-
tification beyond its radiological boundaries on iMRI 
[39]. Additionally, a recent systematic review conducted 
by Coburger and collaborators supported a superior re-
section rate of tumors’ margins beyond its radiological 
contrast enhancement following the simultaneous utili-
zation of iMRI amid the 5-ALA-guided surgery [40]. Ap-
preciable drawbacks of iMRI, including highly demand-
ed facilities as well as prolonged surgical time, should 
be considered. In the current study, the mean volume 
of tumor 3D FLAIR images was three folds more than 
T1GdMRI (47.6 cm3 vs 16.8 cm3). Pepa and collaborators 
evaluate the simultaneous utilization of intraoperative 
5-ALA with CEUS implying a higher EOR following resec-
tion solely with 5-ALA, CEUS, and conventional surgical 
modalities [41]. Neidert and collaborators declared that 

ioUS used in conjunction with 5-ALA yields a higher OS 
than surgery solely with 5-ALA [42].

The underlying mechanism whereby 5-ALA mainly 
targets malignant cells remains poorly understood [19]. 
5-ALA represents a natural precursor used by mamma-
lian cells which are converted to PpIX within the cellu-
lar heme biosynthetic pathway [22]. In malignant cells, 
the ferrochelatase (FeC) enzyme is used to convert the 
PpIX into the final product heme by adding Fe yielding 
the rate-limiting step in the biosynthesis of heme [43]. 
Hence, excess ALA either through injection or enteral 
administration provides more accumulated untrans-
formed PpIX along with FeC deficiency [22]. To provide 
more insight into the causality of the increased amount 
of PpIX, the activities of FeC, ALA-dehydratase, and por-
phobilinogen deaminase were simultaneously assessed. 
Consequently, the activation of the aforementioned en-
zymes was negatively correlated with the mitochondrial 
amount of PpIX in the tumor cells [44].

 Intracellular accumulated PpIX highly absorbs light 
between 375 and 440 nm, resulting in a high affinity 
for HGGs’ cells by reflecting observable intra-operative 
fluorescence with a peak wavelength at 635 nm (rang-
ing from 620 to 710 nm) under an appropriate optical 
microscopic filter [11, 45]. Central core areas of infil-
trated lesions are identified by fluoresce called bright 
‘red’, with a margin of lighter ‘pink’ fluorescence in the 
surrounding area [45]. Harada and collaborators de-
clared that PpIX possesses a very strong absorbance, 
i.e. the “Soret band” and four absorbance bands, i.e. 
“Q bands”, at roughly 405 nm, and 480- 650 nm wave-
lengths, respectively. Lesions harboring exceed PpIX are 
prone to emit the robust red fluorescence band at a 
wavelength of 635 nm following excitation by a violet-
blue light at approximately 405 nm [46]. Although PpIX 
is synthesized in normal tissues, fluorescence cannot 
macroscopically be measured because the insignificant 
amount of accumulated PpIX enables the surgeons to 
make a proper differentiation between malignant le-
sions and normal brain tissues. In other words, tissues 
reflecting the red fluorescence contain a considerable 
amount of PpIX and indicate probable tumor tissues, 
while others without the red fluorescence contain few 
amounts of PpIX and consequently indicate the normal 
tissues [44]. Accordingly, a filter-fitted microscope ca-
pable of exciting PpIX ranging from 375 to 410 nm and 
illustrating red emission in a spectrum between 620 and 
710 nm should be used [47].
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Positive predictive value (PPV)

A large body of literature highlights the excellent di-
agnostic accuracy of 5-ALA-guided resection. In a pro-
spective, phase II trial, Nabavi, and collaborators inves-
tigated biopsies rose from normal or abnormal areas 
under white light and estimated a positive predictive 
value (PPV) of 97.2% for abnormal fluorescing biop-
sies [48]. This rate was higher for tissues with robust 
fluorescence (91.7%) than weak fluorescence (82.4%), 
highlighting that the adjuvant therapeutic regime and 
the recent surgical scar did not compromise the diag-
nosis of a 5-ALA-mediated malignancy in the recurrent 
cases. A case report elucidated the beneficial outcome 
of intra-operative 5-ALA induced fluorescence-guided 
surgery in a patient receiving bevacizumab (an angio-
genesis inhibitor) that impaired lesson imaging via MRI 
[49]. The negative predictive value attributed to 5-ALA-
associated fluorescence in primary surgery ranges from 
40% to 60% [50].

In comparing PFS and OS, PFS provides a more favor-
able primary study endpoint regarding survival analysis 
due to consideration of non-study-associated therapies 
affecting survival, narrow follow-up time, and noting 
the multiple reasons for death [31]. 5-ALA fluorescence-
guided has been depicted to be effective and safe with 
minimal adverse effects improving the PFS rate and 
overall tumor resection compared to the lack thereof [9, 
21, 26, 31, 51, 52]. In this regard, Hansen and collabo-
rators made a comparison between 5- ALA-guided and 
fluorescein-guided resection of HGGs, in which PFS was 
significantly established at 8.7 months and 9.2 months, 
respectively [53].

In a phase III RCT of 322 HGG patients conducted by 
Stummer and collaborators, 5-ALA guided resection 
was well demonstrated to be associated with a higher 
complete resection of the contrast-enhancing lesion 
(65% versus 36%, P<0.0001), and a higher 6-month PFS 
(41.0% versus 21.1%, P=0.0003) [26]. However, OS was 
not significantly different between the aforementioned 
groups. In a retrospective study of patients suffering 
from glioblastoma receiving 5-ALA guided surgery, pa-
tients who had no residual tissue fluorescence demon-
strated higher median OS than residual fluorescence 
(27 months versus 17.5 months, P=0.015) [55].

Lacroix and collaborators reported a significant surviv-
al of 13 months with resection of >98% and 8.8 months 
with resection of <98% of the tumor’s mass [28]. On 
the contrary, Barbagallo and collaborators found no sig-

nificant correlation between the PFS and OS of 5-ALA 
guided resection v.s 5-ALA + intraoperative CT [37]. 

Overall, PFS and OS of the 5-ALA guided surgery in 
HGGs were longer compared to the white light control. 
According to the latest systematic review conducted by 
Eatz and collaborators, among all studies that directly 
compared the efficacy of 5-ALA with the control group, 
5-ALA was associated with a greater PFS and OS in 
88.4% and 67.5% of suffers, respectively [21]. 

Almost 10% of biopsies do not fluoresce in patients 
suffering from glioma infiltration [51]. The amount of 
malignant volume and subsequent histopathological 
grade will, in turn, affect the process of intra-operative 
fluorescence observation ranging from 95.4% to 24.1%–
26.3% in World Health Organization (WHO) grade IV 
glioblastomas and grade I/II gliomas, respectively [55].

Given biological factors as well as different study de-
signs, the wide variability of sensitivities and specifici-
ties in terms of 5-ALA guided surgery for gliomas pa-
tients has been reported, including sensitivities ranging 
from 21% to 95% and specificities ranging from 53% to 
100%, respectively [47].

Timing

Despite the extensive use of 5-ALA, robust data re-
garding the best timing of preoperative administra-
tion are lacking [29]. According to the recent literature 
trend, 5-ALA may have a longer time window of detec-
tion, as previously described range of 2-4 hours [56]. 
In a prospective investigation of 201 tumor samples in 
68 patients, Kaneko and collaborators described that 
maximal 5-ALA fluorescence intensity occurred at 7–8 
hours after administration, in which strong fluorescence 
peaked 8–9 hours prior to the weak fluorescence [57]. 
Despite former animal investigations suggesting earlier 
fluorescence peaks, we have evidence supporting that 
the longer the latency time, the stronger fluorescence 
will occur in HGG lesions. According to a retrospec-
tive study of 16 patients receiving 5-ALA fluorescence 
4 hours before the anesthesia induction, a significant 
amount of intraoperative 5-ALA was detected up to 
approximately 28 hours after the ingestion, without 
5-ALA-associated toxicity [29]. 

The estimated peak of PpIX in the plasma and the skin 
was almost 8 hours [58], and 6.5-9.8 hours, respectively 
[58]. Consistent with the above-mentioned evidence, 
Kaneko and collaborators investigated 68 patients (201 
samples) and concluded that the subsequent peak in-
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tensity might occur 7–8 hours after 5-ALA fluorescents 
administration. Therefore, they recommended that 
5-ALA should be received earlier than what was previ-
ously suggested by FDA, particularly 4–5 hours before 
the anesthesia administration [59].

Microscopic

Employing a filter-fitted microscope corresponds with 
more accuracy in tumor identification and subsequent 
maximal resection [60, 61]. Richter and collaborators 
have integrated the utilization of spectrometric probes 
into their established routine of fluorescence-guided re-
section. They hereby indicate that PpIX was observed in 
67% of the tumor marginal zone where no detectable 
fluorescence exists under the microscope [62]. Valdés 
and collaborators evaluate the use of a highly sensitive 
spectrally intraoperative probe, emending the distorting 
effects of tissue-associated optical properties. The accu-
racy of the tumor detection with the aid of the afore-
mentioned probes was significantly higher compared 
to the lack thereof (87% versus 66%) [63]. Conventional 
fluorescent imaging possesses a rate of 47% in sensitiv-
ity of PpIX fluorescence, while quantitative fluorescence 
improves this rate up to 84% [64]. 

Handheld spectroscopic methods identify lower levels 
of PpIX fluorescence where lower tumor cell density 
exists. Handheld spectroscopic methods identify lower 
levels of PpIX fluorescence where lower tumor cell den-
sity exists [19, 47]. It represents an accuracy of 88%, a 
sensitivity of 72%, and a specificity of 95% [60]. Despite 
promising results, further translational investigations 
are necessary to introduce clinical tools with a narrower 
threshold of 5-ALA fluorescence detection.

Improving visualization by headlamps during fluores-
cence image-guided surgery (FIGS)

PpIX fluorescence provided by the headlamp visualiza-
tion yields a sharper contrast between infiltrated and 
normal brain tissue. Since hemoglobin maximally ab-
sorbs the light in the fluorescent spectroscopy, whereby 
leads to obfuscating the fluorescence detection. Hence, 
this novel modality is especially suitable when the cavity 
is occupied by blood [64]. 

Potential pitfalls and drawbacks of 5-aminolevulinic 
acid (5-ALA)

Recent decades have witnessed the increase in the 
modern armamentarium to provide maximal safe resec-

tion, each with prominent advantages and drawbacks 
[47].

5-ALA is looked upon in an expensive manner imposing 
roughly $1115 USD on the patient [16]. The Zeiss OPMI-
Pentero-800 microscope using a 400 nm blue filter does 
not offer an affordable choice, especially in developing 
countries or low-resource situations. Lovato and collab-
orators introduced a more affordable device with a total 
cost of approximately $380 USD, using 3D printing, with 
light filters enabling surgeons to fit them on any micro-
scope and alternate between the fluorescent mode and 
white light [65]. The most common post-surgical neu-
rological complications consist of motor, language, and 
visual. Aphasia, hemiparesis, seizures, hemianopsia, as 
well as, hemorrhages were also reported [21].

Photobleaching is regarded as the degradation of the 
PpIX fluorescence signal following prolonged light expo-
sure, which is directly associated with the duration of 
exposure and also intensity of the microscope light [66]. 
It can alternate accurate detection or quantification of 
pathologies along with low fluorescence signal strength 
[67]. Moreover, 5-ALA-guided surgery demands inter-
mittent switching between the white light and the blue 
light and different modes of the operating microscope. 
It also prolongs the surgery in which the higher subse-
quent pharmaceutical costs are possible. 

Although it can be hypothesized that higher complica-
tion of 5-ALA-guided surgery in managing patients suf-
fering HGG resection is more expected compared to 
white light control, the significant correlation between 
5-ALA-guided surgery and more subsequent complica-
tions remains inconclusive and disparate [21]. Concern-
ing potential complication rates of each approach based 
on the published studies, 5-ALA reflected a better and 
worse outcome than white light in 454 patients (42.2%) 
and 251 patients (23.3%), respectively. Hence no statis-
tical correlation was observed between white light and 
5-ALA in these 372 patients [21]. Leaving behind the 
remnant 5-ALA fluorescing lesions was performed in 
several surgeries to prohibit triggering neurological defi-
cits. For instance, Chan and collaborators left minimal 
residual 5-ALA fluorescence behind in their three pa-
tients to prohibit post-surgical complications [68]. Pup-
pa and collaborators stopped surgery in 26% of cases to 
avoid neurological deficits [30]; Feigl and collaborators 
halted 24% of their surgeries, leaving residual 5-ALA 
fluorescence behind to prohibit subsequent manifesta-
tions [69]. Jacquesson and collaborators also left 5-ALA 
fluorescence behind to prohibit subsequent deficits in 
31.8% of their patients [70].
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The greater extent of resection via 5-aminolevulinic 
acid (5-ALA) Fluorescence-guided surgery (FGS), the 
more neurological deterioration Is expected

According to two recent RCTs, neurological adverse 
events (AEs) were represented in 42.8% and 44.5% of 
the intervention arm (7.0% grade III-IV) and control 
arm (5.2% grade III-IV), respectively. Significant neuro-
logical AEs were represented in 12.4% and 11.6% of the 
intervention and control arms, respectively. The num-
ber of patients with deteriorated National Institutes of 
Health Stroke Scale was higher in the intervention arm 
compared to baseline at 48 hours (26.2% vs 14.5%). In 
contrast, 5-ALA group represented higher scale on post-
operative day 7, post-operative week 6 and post-opera-
tive month 3, (20.5% vs. 10.7%), (17.1% vs. 11.3%), and 
(19.6% vs. 18.6%), respectively [71].

4. Conclusion

5-ALA FGS has yielded a favorable adjunctive thera-
peutic choice for HGGs in modern neurosurgical care. A 
large body of evidence has recently witnessed excellent 
PPV and negligible Net present value (NPV). When a ro-
bust signal is provided, it brings much confidence for 
surgeons to cut the normal-appearing glioma lesions 
under white light. However, the subsequent risk-benefit 
profile remains a hot matter for databases.

Limitations

The current retrospective study suffers from several 
drawbacks, including a small number of consecutive 
cases as well as a narrow spectrum of following up. 
Further prospective high evidence-based trials are war-
ranted to address a firm conclusion on the efficacy of 
5-ALA fluorescence-guided surgery (FGS) in managing 
high-grade glioma.
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