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Microscope

5  ALA Fluorescine

The principal advantage gained in the use of these agents is if they improve our resection 
of the marginal tissue whose appearance blends with normal brain



protoporphyrin IX (PPIX) , is fluorescent in the 400-nm (ultraviolet) range

Positive Predictive Value in HGG: 84,8 % 
- Low Intensity Area 70,7 %, 
- High Intensity Area-93,8 %.



Fluorescein usually accumulates in specific cerebral areas as a result of leakage from 
a damaged blood – brain barrier (BBB). 
In the case of the Glioma (HGG and +/- LGG) , the invasiveness of these lesions 
changes the morphology of the BBB and disrupts its continuity along brain vessels 
modifying their permeability.





The natural evolution of the technique was 
related to the application of fluorescein during 
Malignant Gliomas  removal in order to obtain 
an increase in extent of resection.





Phase II/III trial on Toca511 and 
Toca FC  in recurrent GBM (Toca 
511 replicating retroviral vector)
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Two kinds of US probes were used: a phased-array probe 
and a linear-array probe. 
• The phased-array (4–8 MHz) produces a conic beam of 

ultrasound and is suitable for deepseated lesions. 
• For lesions close to the surface (cortical and 

subcortical pathologies), a flat linear-array probe 
(12MHz) is more suitable



US applications during surgical procedure were the 
following:

• Lesion localization (visualization of the pathology and
understanding position, limits, and adjacent structures)
• Planning the approach to deep-seated lesions 

(subcortical and intra ventricular)
• Lesion removal guidance
• Final US evaluation of the surgical field



Most of the lesions (primary and metastatic tumors, cavernous hemangiomas,
abscesses) appear hyperechoic compared to the surrounding normal brain
parenchyma.

Edema also appears slightly hyperechoic.

Hemorrhage has different echogenic aspects, depending on the phase of the
bleeding: in the acute phase, for example, it appears hyperechoic.

Extra-axial and metastatic tumors were on average identified more easily and had
clearer limits compared to intra-axial tumors.

Among the latter, diffusely infiltrating lesions showed the lowest grade of visibility 
with poor limits of definition.

Depiction of tumor borders was dependent on intrinsic factors (nature of the lesion) 
and extrinsic factors (surrounding parenchyma).









We found that intraoperative ultrasoundwas highly sensitive in
detecting all types of pathology.

The technology resulted applicable to all kind of intracranial surgical
procedure, even in urgency regime, has no need for any particular
operating room setting and fast in image-acquiring timing.

Navigated probes facilitate anatomical orientation and comparison
between the US signal and preoperative MR and/or CT imaging.

It can be quickly equipped, even in cases in which its utilization was
not planned preoperatively.









Regarding the applications:

• resulted in useful and safe in planning trajectories to subcortical lesions (even with
minimally invasive approaches).

• US was accurate in checking extent of resection in more than 80% of cases;
resection control appeared easy and accurate in extra-axial pathologies.

• Impact of iUS on long-term oncological outcome has still to be assessed, but iUS
showed high sensitivity in detecting tumor remnants and hence could help
improving gross total resection. Simultaneous visualization of US tissue and power
Doppler signals allows both to reduce the risk of vessel injury and to check
deafferentation of tumors and AVMs.

We think that intraoperative ultrasound is a versatile and feasible tool that many other
colleagues probably will find useful with some practice
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In 1954, Lindstrom had studied the effects of HIFU-mediated lesioning as an alternative to a 
lobotomy procedure, reporting on the pathological effects of ultrasound on human brain 
tissue in 25 patients with carcinomatosis and cancer-related pain. In this study, autopsies on 
14 of the 15 patients who had died of cancer, had a satisfactory lobotomy procedure, with 
minimal disruption to the brain outside of the targeted region.

Leksell was particularly interested in the use of HIFU for the treatment of psychiatric 
disorders. Leksell designed a specially adapted frame and ultrasound transducer for the 
purposes of HIFU-lesioning which he used successfully on patients for periventricular 
lesioning. T



The case presented in this report is the first successful noninvasive brain tumor thermal 
ablation performed with MR imaging-guided HIFU.
These preliminary results confirm the potential of tcMRgFUS for the noninvasive treatment of 

patients suffering from malignant brain tumors, especially in areas not amendable for 
conventional neurosurgical interventions.


