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ABBREVIATIONS: 
  
ALA 5-aminolevulinic acid  
AUC Area under the curve 
CNS                           Central nervous system 
Fig.                             Figure 
MR(I) Magnetic resonance imaging 
PpIX Protoporphyrin IX 
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INTRODUCTION 
Glioblastoma represents the most frequent malignant brain tumour in adults. The disease often 
progresses rapidly over 2 to 3 months and is incurable. Median overall survival is approximately 
one year. In spite of the incurability of the disease, quality and prolongation of the patient’s life 
can usually be increased by surgery. The main aim of surgery is the safe removal of all contrast-
enhancing tumour areas. In the past, this was viewed to be a major factor in determining 
progression and ultimately, survival (1–4). Furthermore, emerging novel adjuvant therapies, such 
as immune therapy, gene therapy or strategies for chemotherapy, will most likely rely on maximum 
cytoreduction to be as effective as possible. However, the removal of the tumour is complicated 
even for experienced neurosurgeons due to its location and the fact that infiltrating, marginal 
tumour is difficult to distinguish from brain. Optical markers for detection of the tumour aim to 
improve the results of the cancer surgery. 
 
WHAT IS THE CURRENT UNDERSTANDING OF THE BENEFITS AND RISKS OF 
CYTOREDUCTIVE SURGERY IN THE MANAGEMENT OF PATIENTS WITH 
MALIGNANT GLIOMAS? 
The goals of surgery are to obtain a diagnosis, alleviate symptoms related to increased intracranial 
pressure or compression by tumour, increase survival, and decrease the need for corticosteroids 
(5). Clinical trials have repeatedly demonstrated survival of patients to be associated with the 
degree of tumour resection, and the best prognosis to be associated with complete resection of 
contrast-enhancing tumour (2, 6–13). This applies also to elderly patients (14).  
 

 
Fig. 1 Extent of resection and survival (15) 

 
Unfortunately, nearly all high-grade gliomas recur. Likewise, in the case of recurrence/re-
operation, gross total resection has proven beneficial in these patients (16, 17). Finally, complete 
resections appear to improve the efficacy of adjuvant therapies (12).  
Tumour areas located adjacent to critical/eloquent brain areas bear the risk of a possible 
neurological defect induced by resection. Current treatment guidelines for glioma patients 
recommend maximum surgical resection, while preserving neurological function (5, 18–20). 
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WHAT ARE THE TECHNICAL PRINCIPLES BEHIND FLUORESCENCE-GUIDED 
RESECTIONS USING GLIOLAN®? 
5-aminolevulinic acid (ALA) is a medicinal product which serves as a metabolic marker of 
malignant glioma cells due to specific differences in its cellular metabolism that can be used 
intraoperatively for identifying residual tumour. ALA is the body’s own metabolite in the heme 
biosynthesis pathway (Fig. 2). Experimental and clinical studies have shown ALA to be taken up 
by malignant glioma cells, where it is converted into strongly fluorescing porphyrins, particularly 
protoporphyrin IX (PpIX) (21).  

 
Fig. 2 Heme biosynthesis pathway; accumulation of PpIX following external ALA 
administration 

 
Exogenous administration of ALA results in increased production and accumulation of PpIX in 
tumour tissues of epithelial and mesenchymal origin. In the brain, ALA enters malignant gliomas 
through the leaky blood-brain barrier. When illuminated with violet-blue light, tumour tissue can 
be distinguished from normal-appearing tissue by red fluorescence even though differences are 
not evident using conventional white light illumination. Using specifically modified surgical 
microscopes, the resulting fluorescence of malignant glioma tissue can be utilised for resecting 
these tumours (3, 22).  
 
WHO ARE SUITABLE CANDIDATES FOR FLUORESCENCE-GUIDED RESECTION 
USING GLIOLAN®? 
Suitable candidates for fluorescence-guided resection using Gliolan® are patients with malignant 
gliomas or patients in whom malignant gliomas are strongly suspected. Intra-operative frozen 
sections are strongly recommended to confirm malignant glioma histology, as non-glial tumour 
entities and inflammation (fungal or bacterial infections or abscesses, metastasis, CNS lymphoma, 
vasculitis, radiation necrosis, abnormal brain tissue with reactive astrocytes or atypical cells and 
others) can accumulate PpIX. Some of these conditions (e.g. abscess, metastasis) have similar 
imaging features as malignant gliomas (23). 
In principle, any patient with a suspected malignant glioma for whom debulking surgery is 
indicated might benefit from information that fluorescence gives to surgeons. However, 
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fluorescence is only one of many technical adjuncts to surgery, and resection relies on numerous 
factors that are part of neurosurgical training and experience. Thus, only general comments can be 
given here.  
Fluorescence does not reduce the necessity for using mapping and monitoring techniques in 
patients at risk because tumours are associated with important brain structures. 
In patients undergoing subtotal resection with minimal residual disease, tumour fluorescence can 
allow the surgeon to specifically identify and minimise residual tumour in critical areas.  
Apart from identifying residual disease, fluorescence can help when approaching deep-seated 
tumours or for defining a surgical strategy when diseased tissue is identified early during surgery. 
Gliolan® should not be used as a tool for establishing the diagnosis of high-grade glioma, but is 
used as an aid to perform maximum safe resection. Some cases of fluorescence in conditions other 
than gliomas have been reported. The differential diagnosis for lesions showing fluorescence, 
when surgery for a suspected high-grade glioma was performed, include: inflammation, fungal or 
bacterial infection/abscess, necrotic tissue, multiple sclerosis, and neurodegenerative 
demyelinating disease (23).  
 
HOW TO APPLY GLIOLAN® IN THE CORRECT DOSE AND TIME REGIMEN 
What is the rationale behind the Gliolan® treatment regimen? 
Fluorescence-guided resections using ALA are performed using an oral dose of 20 mg ALA/kg 
bodyweight. Dexamethasone is given as clinically indicated, with a usually recommended dose of 
3 x 4 mg per day for 2 days in preparation for surgery. In the pivotal trial for Gliolan®, 
dexamethasone had not been administered in the morning prior to Gliolan® and for three hours 
thereafter. This regimen has proven efficient and might be advisable to rule out any theoretical 
interaction of dexamethasone and the blood-brain barrier, possibly impairing ALA uptake. 
Lower doses of Gliolan® (0.2 and 2 mg/kg) have been tested but found to generate considerably 
less fluorescence and were thus abandoned (24). That same study revealed no differences in the 
frequency of adverse and severe adverse events between the three doses.  
Higher doses of up to 50 mg/kg bodyweight have been tested in a dose escalation study; no 
increase in adverse events of grade 2 or higher was found and dose-limiting toxicity was not 
reached (25). However, systemic side effects with higher doses of ALA, as used in other 
indications, have been reported (26–29). Furthermore, the accumulation of PpIX is limited, e.g. 
10 x ALA leads to only 3 x overall PpIX content (area under the curve [AUC]) and 1.6 x max. 
peak PpIX. Other factors, e.g. illumination intensity, play a comparable or larger role than PpIX 
content. 
 
At what time is Gliolan® given? 
ALA is given to patients orally 2 to 4 hours before the induction of anaesthesia.  
For surgery on patients it was calculated that induction of anaesthesia, positioning of the patient, 
draping, and craniotomy would take approximately 1.5 to 2 hours. Allowing another hour for 
removal of the clearly discernible tumour core, surgeons would be 3 to 3.5 hours into the operation 
before fluorescence guidance becomes necessary. A recent publication found that the maximum 
PpIX plasma level is reached 7 – 8 hours after oral administration of 20 mg/kg body weight ALA 
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(30). This suggests that it would be beneficial to give the medicinal product early rather than late 
within the prescribed time range. At the recommended oral dose of 20 mg/kg body weight, tumour 
to normal brain fluorescence ratios are usually high and offer lucid contrast for visual perception 
of tumour tissue under violet-blue light for at least 9 hours. 
PpIX plasma levels rapidly decline during the subsequent 20 hours and are not detectable anymore 
48 hours after administration.  
Occasionally, delays and postponement of surgery may occur despite ALA having been 
administered. It is basically unknown for how long useful fluorescence persists in tumour cells 
beyond the defined window of lucid contrast. If the surgery is delayed by more than 12 hours, 
surgery should be re-scheduled for the next day or later and ALA should be re-administered. Re-
administration of ALA on the same day should be avoided as no data are available on the safety 
of a repeated dose of ALA or the specificity of fluorescence with repeat same day administration. 
 
How is Gliolan® administered? 
Prior to administration, the compound is easily dissolved in tap water and should be freshly 
prepared to rule out degradation (Fig. 3).  
Pharmacokinetic assessments have demonstrated complete absorption of the total ALA-dose 
within 1 hour of oral administration, so that the solution can be expected to have passed the 
intestine at the time when anaesthesia is induced.  
 

 
Fig. 3 Administration of ALA 

 
WHICH ASPECTS HAVE TO BE CONSIDERED REGARDING LIGHT PROTECTION? 
Sensitisation of the skin has been reported after systemic application of ALA with a peak at 
6-8 hours and a duration of approximately 24 hours (27–29, 31, 32). Consequently, direct exposure 
of patients to sunlight or strong room light has to be avoided for 24 hours. Low levels of ambient 
light are permitted during the post-operative period. Between the time of ALA-administration and 
induction of anaesthesia, low levels of ambient light are permitted.  
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During the preparations for surgery the direct illumination of patients’ undraped skin with 
operating lights should be avoided. The largest risk may be in patients in whom surgery is 
postponed, who are left in the hospital ward bed, and who are at risk of being exposed to outside 
light. Restrictions regarding light exposure are maintained for 24 hours after ALA administration. 
 
WHICH ASPECTS HAVE TO BE CONSIDERED REGARDING INTRA-OPERATIVE 
PHOTOSENSITISATION OF NORMAL BRAIN TISSUE? 
Spectrographic studies have confirmed that with 20 mg/kg Gliolan® treatment in patients pre-
treated with steroids, no ALA-dependent porphyrin fluorescence is detectable within normal or 
oedematous, perifocal human brain. Experimental results did not show any risk of damage to 
healthy brain tissue during fluorescence-guided neurosurgery by phototoxic mechanisms as the 
amount of light needed to cause phototoxic damage is much higher than that emitted by the surgical 
microscope (13, 33).  
 
WHICH EQUIPMENT IS REQUIRED? 
Fluorescence-guided resections using Gliolan® are approved for use with specifically modified 
surgical microscopes.  
 
Fluorescence imaging hardware has to be adapted to the microscope. The microscope features a 
specific combination of excitation and emission filters with slightly overlapping transmission (22). 
Due to the overlap, a small fraction of the excitation light is remitted from tissue, which gives 
normal brain a blue tone in contrast to bright red porphyrin fluorescence. The degree of filter 
overlap is crucial for successful imaging. If the remitted light is too strong, porphyrin fluorescence 
is no longer recognisable. If the remitted light is too weak, surgery becomes difficult due to the 
lack of tissue detail. Also, faint autofluorescence in the red spectral region becomes visible and 
can be mistaken for porphyrin fluorescence. Finally, in order to visualise fluorescence on a video 
screen for documentation purposes, specially modified video cameras are needed. During surgery, 
the impression directly obtained with the eye should be relied upon as it has the greatest range of 
perceiving differences in fluorescence intensity and distinguishing fluorescing from non-
fluorescing tissue. With the camera system it is possible to increase gain and integration arbitrarily 
in order for fluorescence to appear more intense. However, unaffected brain tissue has a slight red 
autofluorescence, which is not perceived under normal conditions or with the eye. Undoing 
amplification of the camera signal will cause normal tissue to appear vaguely fluorescent (Fig. 4). 
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Fig. 4: Overamplification or overintegration of video signal generated during 
fluorescence-guided resection. Blue, inconspicuous neighbouring tissue adapts red 
fluorescence which represents overamplified autofluorescence and not porphyrin 
fluorescence (left: normal video view, right: overamplified image). 
 
WHICH TECHNIQUES CAN BE USED FOR INTRAOPERATIVE RISK REDUCTION? 

Fig. 5: Tumour fluorescence shining through cortex allowing precise planning of 
initial corticotomy for reaching the tumour 
 

Precautions regarding light exposure should be followed. Neuronavigation can be a useful adjunct 
for planning craniotomy or locating tumours which do not reach the cortical surface. Alternatively, 
sonography may be used for the initial localisation of tumour. At times, even when the cortical 
surface appears inconspicuous, switching to blue excitation light may allow discrimination of 
subcortical tumour extensions, providing a valuable guide for initial corticotomy (Fig. 5). In deep-
seated tumours, the correct trajectory can sometimes be verified by fluorescence in infiltrating 
extensions of the tumour. 
If surgery is performed within eloquent brain regions, methods should be employed for minimising 
the risks of neurological deficits such as intraoperative stimulation, awake craniotomies, or careful 
evaluation of functions (speech, motor) using functional magnetic resonance imaging (MRI), or 
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mapping of fibre tracts using tractography. Sonography can be helpful in defining gross anatomy, 
for instance when operating on temporal tumours extending toward the basal ganglia.  
There are different methods for operating on a malignant glioma. Surgeons might prefer to remove 
necrotic and easily distinguishable solid tumour regions first, predominantly under white light, and 
then to remove marginal, residual tumour using fluorescence-guided resection. Alternatively, they 
might choose to remain in fluorescing tumour margins at the resection plane. Simple suction or 
the ultrasound aspirator can be used for removing tumour. Electrocautery will destroy superficial 
fluorescence. By sucking away non-fluorescent tissue debris, vital fluorescing tissue is re-exposed 
which may then be resected. Blood in the resection cavity quenches the fluorescence signal but 
can easily be removed by suction to give an impression of the fluorescence quality of the tissue. 
Conditions do not have to be optimised for demonstrating fluorescence. Rather, switching from 
normal to blue excitation light in the microscope is repeatedly performed manually during the 
course of the operation. Toward the end, longer periods of the operation can be performed using 
blue excitation light alone. If unspecific oozing gets too strong and impairs fluorescence detection, 
white light illumination with its greater detail is used for coagulating vessels. 
 
DOES PHOTOBLEACHING OF PORPHYRINS DESTROY TISSUE FLUORESCENCE 
AND IMPAIR SENSITIVITY? 
Under operating light conditions, fluorescence decayed to 36 % in 25 minutes for violet-blue, and 
87 minutes for white light (34). During surgery, microscope light is usually directed at a small region 
of the resection cavity, whereas other areas are often covered by coagulated blood or cotton patties. 
Still, mild fluorescence may be bleached in exposed regions of the tumour which are not removed 
immediately and may be missed. In this situation fluorescence may be refreshed by suction and 
removal of superficial cell layers. Prolonged illumination under white light may occur for instance 
when waiting for a frozen section. 
 
HOW FAR TO RESECT 
Past investigations have demonstrated the extent to which ALA-derived fluorescence 
accumulation exceeds the area of contrast-enhancement observed on MRI (13). ALA-derived 
fluorescence appears to be more sensitive in delineating residual tumour. Studies have further 
demonstrated sensitivity to be limited to a density of infiltrating tumour cells of about 10 % (35). 
Infiltrated brain tissue in these regions might be functionally deficient, however this cannot be 
assumed in general. Furthermore, disruption of the blood-brain barrier regarding small molecules 
is a prerequisite for ALA-uptake into the brain. Disruption will also preclude a normal milieu 
interior with intact function. On the other hand, uncritically going beyond this region might lead 
to neurological deficits. It is also evident that tissue manipulation, such as coagulation or shearing, 
might result in damage to neighbouring brain regions, with consequent neurological deficits. 
Furthermore, blood vessels supplying adjacent, eloquent blood regions might be damaged, leading 
to distant ischaemia, again resulting in neurological deficits.  
It is the responsibility of the surgeons to decide how far they are prepared to remove fluorescing 
tissue. ALA should not replace a critical awareness of cerebral anatomy, vascular supply and 
function of the brain region in which resections are performed. 
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HOW TO IDENTIFY PATIENTS AT RISK FOR NEUROLOGICAL DEFICITS WHEN 
USING FLUORESCENCE-GUIDED RESECTION 
In the pivotal trial of Gliolan® it was observed that severe deficits concerning language or motor 
functions were observed in patients in whom pre-existing neurological language or motor deficits 
did not resolve in response to steroid pre-treatment (13). However, methods for mapping and 
monitoring were not used in these patients. 
Patients without resolution of critical functions after steroid pre-treatment should not be operated 
on using fluorescence-guided resections, or, if the eloquent brain region at risk can be identified 
(either by preoperative functional imaging or intraoperative mapping techniques), critical areas 
should be left unresected. 
Even if eloquent areas are not directly affected but close to contrast-enhancing tumour, all 
measures for risk reduction should be implemented, such as intraoperative monitoring or mapping 
techniques and careful preoperative planning. 
 
PITFALLS 

1. In some studies on fluorescence-guided resections using ALA, incompletely resected 
tumours were observed in which anatomical location did not preclude complete 
resection. An analysis of the images pertaining to these patients revealed a common 
problem, the problem of overhanging margins (Fig. 6). During resection, surgeons 
tend to undercut the cortex, leaving residual tumour under the margins; that is, 
outside the surgeon’s direct field of vision.  
 

 

Fig. 6: Overhanging edges may obscure line of vision to residual tumour 
 
2. A second problem can frequently be encountered in tumours with cystic portions and 

slender margins of enhancement. Opening the cysts leads to the collapse of parts of 
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the tumour, which in some cases might be missed (Fig. 7).  
 

 
Fig. 7: Cysts that collapse 

 
3. Wrongly placed craniotomies have been identified as the main factor for precluding 

complete resection of contrast-enhancing tumour. 

4. Other pitfalls were observed when patients’ histology did not conform to the 
expected malignant glioma; for example, when they suffered abscess, metastasis, 
vasculitis, and lymphoma (36). Both abscesses and metastases are sometimes 
surrounded by a region with weak, unspecific fluorescence accumulation. Patients 
with lymphoma and necrotizing vasculitis were also observed to demonstrate strong 
fluorescence accumulation within their lesions, possibly related to inflammatory or 
neoplastic cells. Obtaining frozen sections at an early stage of the procedure in any 
unclear cases is recommended to prevent unnecessary resection in non-surgical 
lesions. Similarly, stereotactic biopsy might be performed ahead of definite surgery 
to clarify diagnosis in ambiguous MR images.  

5. Some cases of gliosarcoma have been observed to show modest fluorescence 
accumulation within those areas of the tumour with predominantly solid texture, 
although infiltrating tumour beyond that had revealed the expected fluorescence. 

6. Too weak fluorescence has been related to overaged xenon lamps. The system should 
be tested carefully prior to the draping of the microscope, in order to identify 
malfunction early and to prevent undue delays during the procedure. 
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7. Illumination geometry plays a role. There is an exponential decline of excitation light 
intensity with growing distance, thus distance should be kept small, if feasible. If 
resection is performed through a small corticotomy, the light reaching into the cavity 
may be limited (Fig. 8). 

 
Fig. 8: Exponential decrease in light with growing distance to fluorescent tissue, 
resulting in weak fluorescence intensity. Furthermore, small corticotomies shade 
illumination light and also result in low fluorescence intensities. 

 
With ongoing resection the fluorescence signal appears to increase; this is probably 
related to progressive widening of the approach corridor within the cortex. 
Positioning of the microscope so that the illumination light is as perpendicular to the 
resection surface as possible will increase fluorescence yields. 

8. Finally, ambient light within the operating room will interfere with the fluorescence 
signal. Neon lighting contains substantial red and infrared light. Red wavelengths are 
selectively amplified by the detection equipment and thus lead to red discolouration 
of non-tumour tissue normally perceived as being blue. This problem is recognised 
when the normal cortical surface displays a general reddish tone. Standard surgical 
lights are usually filtered in the red and infrared wavelengths. During the procedure, 
it is recommended to switch off all neon illumination, whereas surgical lights are 
directed away from the surgical cavity toward the instrument trays. The operating 
rooms have to be darkened with respect to daylight. 

 
WHAT IS THE BENEFIT-RISK BALANCE FOR THE USE OF GLIOLAN®? 
The use of fluorescence-guidance after oral administration of ALA increases tumour visualisation 
and the rate of radiological complete tumour resection as has been shown in study MC-ALS.3/GLI 
(13).  
Additionally, within this study it was demonstrated in a large prospectively randomised (before 
surgery) phase III clinical trial that this more aggressive tumour debulking leads to a significant 
benefit with respect to the progression-free survival rate (13).  
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Compared to the control group, approximately twice as many patients in the experimental group 
were progression-free at 6 months.  
5-ALA-induced fluorescence of brain tissue does not provide information about the tissue’s 
underlying neurological function. Therefore, resection of fluorescing tissue should be weighed up 
carefully against the neurological function of fluorescing tissue. Special care must be taken in 
patients with a tumour in the immediate vicinity of an important neurological function and pre-
existing focal deficits (e.g. aphasia, vision disturbances and paresis) that do not improve on 
corticosteroid treatment. Fluorescence-guided resection in these patients has been found to impose 
a higher risk of critical neurological deficits. A safe distance to eloquent cortical areas and 
subcortical structures of at least 1 cm should be maintained independent of the degree of 
fluorescence. 
In all patients with a tumour in the vicinity of an important neurological function, either pre- or 
intraoperative measures should be used to localise that function relative to the tumour in order to 
maintain safety distances. 
Supplemental time to event analyses with tumour progression defined according to the Macdonald 
criteria show that the increase in progression-free survival in the experimental arm is not 
counterbalanced by worsened neurological findings (13). Nowadays with increased experience, 
the method has been established and more evidence on the impact of ALA on the extent of 
resection and survival for glioma patients has been found (37, 38).  
More recently, awareness has increased that mapping and monitoring techniques are of value for 
maximising safe resections in glioma surgery (39). While the proficiency of ALA for finding 
residual tissue has remained the same, employing mapping and monitoring techniques will further 
help increase the safety of this method. 
Adequate training of neurosurgeons is necessary to maximise the benefits and minimise the risks 
of fluorescence-guided glioma resection. 
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