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Abstract:

Background:

5-Aminolevulinic acid (5-ALA) has become an intelgpart in the neurosurgical treatment of
malignant glioma. Over time, several other tumautities have been identified to metabolize 5-
ALA and show a similar fluorescence pattern dursnggical resection. This case report is the
first description of 5-ALA accumulation in post-lsemic cerebral tissue. This evidence
guestions the assumption that 5-ALA accumulatioglioma is exclusively attributed to tumour
infiltration. Instead, 5-ALA accumulation may alsocur beyond the tumour borders and may be
partially ascribed to inflammatory changes in thee@unding brain tissue.

Case Description:

A 64-year old female patient presented with episcafeapraxia and a ring-enhancing lesion in
post-contrast T1-weighted MRI-sequences suggestfvhigh grade glioma. During 5-ALA-
guided resection strong fluorescence was obsemdesvever, while the frozen section was
inconclusive, the final histopathological examinatrevealed a stage Il cerebral infarction.
Conclusions:

5-ALA accumulation in post-ischemic cerebral tisssieould be considered for intended
supramarginal resections near eloquent brain regibherefore, sufficient preoperative imaging
should regularly include MRI-spectroscopy and p&Edno sequences to ascertain the proper
diagnosis. Moreover, further research is warratedetermine the role of 5-ALA accumulation

in post-ischaemic and inflammatory brain tissue.
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Backaground and | mportance:

Fluorescence microscopy of 5-aminolevulinic acidA(A) is an established technique in
glioblastoma surgery. It enables supramarginal ctese of tumour infiltration beyond
radiographic contrast enhancement, resulting itopged progression-free and overall survival.
4 With the increasing use of 5-ALA in neurosurgipahctice, several non-glial tumour entities
have also been described to accumulate fluorespenphyrin. In particular, intracranial
meningiomas have been reported to repeatedly shawecence during surgical resectidn.
Millesi et al. analysed 5-ALA in the resection ob Spinal neoplasms, which revealed
intraoperative fluorescence in meningiomas, epermuyas and hemangiopericytomas as well as
drop metastases of primary CNS tumouRecently, the accumulation of 5-ALA in a primary
cerebral lymphoma has been repoftddtraoperative fluorescence of the surroundingugsof
radiation necrosis has also been shown in two Caslesvever, fluorescent activity in cerebral

tissue after a cerebrovascular ischaemic evemadiaget been described.

Clinical Presentation:

Patient History:

We report the case of a 64-year old female who emtesl with headaches and hearing
impairment for approximately two months. She alsffesed from one attack of vertigo and
multiple episodes of apraxia in which she was saotjdenable to operate a stove, a task that she
was otherwise quite familiar with performing. Thesgmptoms lasted for a few days and
regressed spontaneously. In the previous yearegberienced a similar event that lasted only a
few minutes. At this first event, no medical seeviwas consulted. She did not experience any
sensory or motor deficits. The patient had a pastical history of arterial hypertension, which

was treated with an ACE inhibitor and surgicallga@pressed lumbar spinal canal stenosis four
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years prior with residual pain that was manageth wietamizole on demand. She led an active
life and had a brief smoking history, from whichesaccumulated several pack-years. On the
basis of her age, previous smoking habit and hgpsion, she was on low-dose aspirin at 75 mg
daily. She did not recall experiencing any otheurnbgical deficits or other abnormalities
indicating cerebral ischaemia.

After she had recovered from the latest episodapoéxia, a cranial MRI scan was performed,
which revealed a ring-enhancing lesion of approxaétya2.2 cm x 2.3 cm located in the left
precuneus with suspicious small bleeds and localosnding oedema. Diffusion imaging

demonstrated no clear signs of ischaemia (seed-igé-F).

Intervention and post-operative course

With the suspicion of a high-grade glioma, we iagiidl fluorescence-guided surgical resection of
the ring-enhancing mass. The patient underwentveyaizd left-sided parietal craniotomy and a
fluorescence-guided supramarginal resection oflek®mn with preservation of sensory-evoked
and motor-evoked potentials under continuous ipeaative electrophysiological monitoring.

The suspicious tissue showed typical charactesisiica high-grade glioma and partially strong
fluorescence, in some areas exceeding the boafdke dissue abnormalities seen under white-
light. The intraoperative frozen section was indosiwe. Due to the suspicious intraoperative
aspects and the non-eloquent location of the lefhiendecision was made to complete the
resection. We did not take intraoperative imagetheeof the white-light characteristics nor of

the fluorescence since the unusualness of the wvase revealed later with the final

histopathological diagnosis.
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The patient recovered quickly, did not show anyiobs post-operative neurological deficits and
was discharged after a few days. She reported toaclar outpatient clinic six months later. The
MRI scan did not show any signs of tumour recureeocnew demarcated ischaemic areas (see
Figure 1 G-H). However, the patient complained ehdvioural changes, fatigue, lethargy and
vertigo. She also described a pressure sensatitotin ears with declining hearing ability. A
duplex sonography of the carotid arteries and &o@rdiogram were both within normal limits.
Other than the reported risk factors, a clear Ugithgy cause of the ischemic infarction could not

be identified.

Neuropathology

The intraoperative frozen section was inconclusiteshowed necrosis with accompanying
astrocytosis and pigment-laden macrophages (Figufg. No viable tumour tissue could be
identified. The definite histopathological diagreosevealed stage Il of a cerebral infarction with
reactive, altered brain tissue with scattered reacstrocytes and numerous macrophages on a
necrotic background (Figure 2 B). It also showesl ghesence of single inflammatory infiltrating
leucocytes and vessel conglomeration; howeverglayant mitotic activity (MIB-1 proliferation

index < 1%) was observed.

Discussion:

Even though the clinical presentation was unspectfie preoperative MRI scan was highly
suggestive of a high-grade glioma and there waslear indication for an ischemic event.
However, we did not conduct a spectroscopy or gefuMRI, which would have been helpful

in assessing the pathology of the lesion correétly.the frozen section was inconclusive and
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strong fluorescence and typical white-light chaggstics were observed, a complete resection
was performed.

This case report presents the first descriptiob-ALA fluorescence in a cerebral infarction.

The reason for the unexpected accumulation of 5-AdrAl consecutive clear intraoperative
fluorescence cannot be explained substantively.d&te, an accumulation of 5-ALA after
cerebral infarction has not yet been described.-$pmctific 5-ALA accumulation has been
attributed to leakage into peritumoural oedema eeattive astrocytic infiltratioh®***2 It is
possible that inflammatory reactions, which areutady observed after an infarctidhresult in

the increased accumulation of 5-ALA. This mechanism also been hypothesized in two cases
of radiation necrosis and one case of neurodegéverdemyelinating disea3eand could
potentially underlie the observed fluorescencehia tase of cerebral infarction. Recently Lau et
al. analysed the correlation of tumour cellulamtith intraoperative fluorescence after 5-ALA
administration in high-grade gliomas. Biopsies thare tumour free histologically showed
fluorescence in approximately one third of the sadReactive changes of the surrounding
cerebral tissue were discussed as possible reasthis false-positive fluorescenteMasubuchi

et al. recently showed fluorescence of normal btiasue after systemic administration of 5-ALA
in rats with disrupted blood brain barrittsHowever, it is still unclear whether 5-ALA is
accumulating in reactive astrocytes, microglia threo non-tumourous cells. This case raises the
question of whether fluorescing brain tissue teaharked by 5-ALA exclusively reflects tumour
infiltration during the resection of high-grade aghia. This is of particular clinical interest
because, despite the great advantages of 5-ALAeduitksection in terms of radicality,
supramarginal resection also harbours the dangereating new neurological deficits. Because
high-grade gliomas are associated with nectdsiad perifocal immune reactidisone may

speculate that adjacent 5-ALA accumulation can alsour due to surrounding inflammatory
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processes. Thus, further basic research is negdssalbtain deeper insight into the physiological

mechanism of 5-ALA in ischaemic cerebral tissue atfekr non-tumourous lesions.

Conclusions:

This reported case underlines the importance afigo@ware of the differential diagnoses of
malignant glioma. Nowadays, MRI perfusion and smsciopy should be part of the diagnostic
work-up in brain tumour imaging. Moreover, this easalls into question of whether 5-ALA

accumulation in high-grade glioma is exclusivelyeda tumour infiltration, and if it can also be
partially due to adjacent inflammation. Thus, ferthinvestigation of the role of 5-ALA

accumulation in post-ischaemic and inflammatoryrbtigsue is warranted.

Conflicts of inter est:

None.
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Figure Legends:

Figurel: 5-ALA infarction mimicking high grade gia:

Preoperative and 6-month post-operative MRI: Predpe postcontrast T1-weighted images (A
and E) showed a ring-enhancing lesion of the lef#cpneus with perifocal oedema on
preoperative T2-weighted (C) and FLAIR sequencés RFeoperative T1-weighted images (B)
demonstrated small bleeds, and diffusion imagesdicghow clear signs of ischaemia (D). Post-
operative images after 6 months were unremarkablar(d H: coronal and axial postcontrast

MRI, respectively; I: axial FLAIR sequence).

Figure2: Hematoxylin-Eosin stain:
The frozen section (A) shows scattered reactiv@eges in a background of macrophages. The
final histopathological evaluation (B) reveals regr brain tissue infiltrated by macrophages

typical for a stage Il cerebral infarction. Theseo sign of tumour tissue.









Resear ch highlights:

- This case report presents a 64-year old female patient who suffered episodes of
apraxia and showed a cerebral lesion suggestive of a high-grade glioma, which was

surgically resected using 5-ALA and turned out to be a cerebral infarction.

- This is the first description of 5-aminolevulinic acid accumulation in cerebral

infarction.

- It emphasizes that intraoperative fluorescence after 5-ALA administration can be
misleading since it is not exclusively attributed to tumor infiltration but may also be

caused by inflammation.



