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Robert M Friedlander, MD, MA, is the Chairman of the Department of Neurosurgery, Walter E Dandy Professor, and Head of
Cerebrovascular Neurosurgery at the University of Pittsburgh. Clinically, Dr Friedlander’s focus is the management of complex
cerebrovascular lesions and brain tumors. Dr Friedlander’s major research interests are the mechanistic pathways of the caspase
apoptosis gene family. As co-director of the University of Pittsburgh Medical Center Neurological Institute, his work includes the
evaluation of treatment strategies for neurodegenerative diseases (Huntington's and amyotrophic lateral sclerosis [ALS)), stroke, brain
trauma, and spinal cord injury through the modulation of the caspase-family apoptotic pathways. Dr Friedlander’s research has received
significant media attention including major work published in Nature, Science, and Nature Medicine. His work has also been recognized
through many academic awards, including the Neurosurgery Resident Award from the Congress of Neurological Surgeons, the Bayer
Cerebrovascular Award from the Joint Section of Cerebrovascular Surgery, the International Charcot Prize for Motor Neuron Diseases,
and the Award from the Academy of Neurological Surgeons. In 2006, he was elected as a member of the prestigious American Society
for Clinical Investigation. Dr Friedlander is one of only three neurosurgeons elected as a member of the American Association of
Physicians. Dr Friedlander was also recently elected as a member of the National Academy of Medicine.

erebral cavernous malformations are commonly found in deep regions of the brain, such as

the thalamus and brainstem.” While posing a significant risk of hemorrage,? they also present

a surgical challenge as the rates of morbidity and mortality are high."? In patients with brain
blood vessel malformations, planning the safest approach to surgery is critical. High-definition fiber
tractography provides a powerful new tool for imaging nerve fiber connections within the brain, with
the potential to improve the accuracy of neurosurgical planning and to advance our understanding
of the brain’s structural and functional networks.* In an expert interview, Dr Friedlander discusses
the advantages of high-definition fiber tractography, recent advances and exciting potential for the
technique in clinical practice.

Q. What are lesions in hyper-eloquent brain and what risks are
associated with their resection?

One of the challenges when we see a patient with a lesion that is in, or around, an important part
of the brain is to balance the risks and benefits. The first risk is doing nothing. The risks of not intervening
depend on the natural history of the lesion, for example cavernous malformations, a conglomeration
of abnormal blood vessels that have variable tendencies to small bleeds. If the bleed occurs in a part
of the brain that is not very eloguent, i.e., there is little clear function, this is not problematic. In an
eloguent area, the consequences would be more severe, for example, a small bleed in the motor area
might result in an inability to move the arm or leg; a bleed in the speech area might leave a patient
unable to speak. A small bleed in a hyper-eloquent area such as the brain stem can have devastating
consequences, potentially affecting walking, sense of sensation, causing double vision or death. The
term hyper-eloquent is not often used but it refers to particularly important areas of the brain.

Conversely, the same risks apply to intervention. If you operate on a brain area that is
relatively unimportant, you are less likely to have a neurological complication. However, operating
on a more important brain area is more likely to risk neurological complications, so this is a
double-edged sword.
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Q. What are the limitations of current imaging
approaches in assessing whether brain lesions
should be resected?

When we look at a magnetic resonance imaging (MRI) scan, it tells us

structurally what is around the lesion. However, it does not tell us the

relationship of the lesion to the other connections in the brain, and this
affects our surgical approach. If we knew where these connections were,
surgery could be much safer.

Q. Could you give us a brief description of
high-definition fiber tractography?

High-definition fiber tractography is a technique where data from MRI
scanners are processed to reveal the detailed wiring of the brain and to
pinpoint fiber tracts. Tractography using a technigue called diffusion tensor
imaging has been available for more than a decade but it has a number of
pitfalls, and sometimes is not accurate. At the University of Pittsburgh, we
have advanced this technology so the accuracy is much better and thus
have termed it high-definition fiber tractography.

Q. What are the advantages of using

high-definition fiber tractography in

assessing hyper-eloquent brain lesions?
We have taken high-definition fiber technology to a high degree of
accuracy, but there are several areas of potential complications with any
neurosurgical procedure. The first is the approach i.e., opening the head.
The second is that when you reach the lesion, how do you either get
through the brain or the exact point where they enter the lesion? Thirdly,
once you are dissecting the lesion, how to manipulate the brain tissue
around it, which has been compressed or damaged? In the cavity where
the lesion is, it is hard to know where the important fibres are. By knowing
where these fibres are, | can plan a strategy for the safest way to resect
the lesion (Figure 1). Preliminary data show that we are transforming the
outcomes for these patients. The expected outcomes for cavernous brain
stem malformations are that many patients are worse after surgery. Using
this new technology as an aid to surgical planning, patients are getting
better, so we are changing the balance of risk and benefit.
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Figure 1: Midbrain/pontine cavernous malformation—
corticospinal tract demonstrated with high-definition
fiber tractography

Q. How do you expect the role of

high-definition fiber tractography to

evolve in the future?
At the moment high-definition fiber tractography is still a research tool,
but we are gaining much more experience. This technology is enabling us
to delineate the precise location of eloguent brain connections in greater
detail and understand where they are, and how to more safely navigate
around them. In the future we hope to improve our technical abilities to
image the brain better and also to understand what it means. The image
acquisitions used to take 45 minutes, now that time has been reduced to
10-15 minutes, an advantage for patients and for future studies.Q
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