Functional Magnetic Resonance

Imaging to Investigate Brain Function
Introduction



Functional magnetic resonance imaging, or FMRI, is a technique for measuring brain activity. It works by detecting the changes in blood oxygenation and flow that occur in response to neural activity – when a brain area is more active it consumes more oxygen and to meet this increased demand blood flow increases to the active area. FMRI can be used to produce activation maps showing which parts of the brain are involved in a particular mental process.

Background

FMRI is one of the most recently developed forms of neuroimaging but the idea underpinning the technique - inferring brain activity by measuring changes in blood flow - is not new. The following account of an experiment performed by the Italian scientist Angelo Mosso can be found in William James’ The Principles of Psychology, published in 1890:

"The subject to be observed lay on a delicately balanced table which could tip downwards either at the head or the foot if the weight of either end were increased. The moment emotional or intellectual activity began in the subject, down went the balance at the head-end, in consequence of the redistribution of blood in his system…"

The reported success of this early experiment can only have been wishful thinking on the investigators behalf. But the suggestion that blood flow is coupled to neural activity was insightful. In 1890 the prevailing view was that since the brain is encased by the skull, local increases in blood flow and volume would be impossible. It was thought instead that any changes in blood flow were caused by systemic changes in blood pressure or cardiac output.

Toward the end of the 19th century, Charles S. Roy and Charles S. Sherrington provided the first evidence supporting a coupling between energy metabolism and blood flow in the brain. In their experiments, a monitoring device was placed on the brain surface of anesthetized dogs, which measured fluctuations in blood volume. They showed that blood volume (and presumably flow) does change locally in the brain. However it was still unclear whether the brain itself was responsible for mediating these changes.

It was not until 1948 in a seminal experiment measuring oxygen metabolism and blood flow in the brain that Seymour Kety and Carl Schmidt confirmed that blood flow in the brain is regionally regulated by the brain itself. They demonstrated that when neurons use more oxygen, chemical signals cause nearby blood vessels to dilate. The increase in vascular volume leads to a local increase in blood flow. At the time of these publications Kety and Schmidt were considered vascular physiologists more than brain scientists. Nevertheless the ability to measure CBF, a proven correlate of brain metabolism, opened up the remarkable possibility of studying brain function in humans.

The development of FMRI in the 1990s, generally credited to Seiji Ogawa and Ken Kwong, is the latest in long line of innovations, including positron emission tomography (PET) and near infrared spectroscopy (NIRS), which use blood flow and oxygen metabolism to infer brain activity. As a brain imaging technique FMRI has several significant advantages:

1 It is non-invasive and doesn’t involve radiation, making it safe for the subject.

2 It has excellent spatial and good temporal resolution.

3 It is easy for the experimenter to use.

The attractions of FMRI have made it a popular tool for imaging normal brain function – especially for psychologists. Over the last decade it has provided new insight to the investigation of how memories are formed, language, pain, learning and emotion to name but a few areas of research. FMRI is also being applied in clinical and commercial settings.

What does MRI Measure?



The cylindrical tube of an MRI scanner houses a very powerful electro-magnet. A typical research scanner (such as the FMRIB Centre scanner) has a field strength of 3 teslas (T), about 50,000 times greater than the Earth’s field. The magnetic field inside the scanner affects the magnetic nuclei of atoms. Normally atomic nuclei are randomly oriented but under the influence of a magnetic field the nuclei become aligned with the direction of the field. The stronger the field the greater the degree of alignment.
When pointing in the same direction, the tiny magnetic signals from individual nuclei add up coherently resulting in a signal that is large enough to measure. In FMRI it is the magnetic signal from hydrogen nuclei in water (H2O) that is detected.

The key to MRI is that the signal from hydrogen nuclei varies in strength depending on the surroundings. This provides a means of discriminating between grey matter, white matter and cerebral spinal fluid in structural images of the brain.

What does FMRI measure?

Oxygen is delivered to neurons by haemoglobin in capillary red blood cells. When neuronal activity increases there is an increased demand for oxygen and the local response is an increase in blood flow to regions of increased neural activity.

Haemoglobin is diamagnetic when oxygenated but paramagnetic when deoxygenated. This difference in magnetic properties leads to small differences in the MR signal of blood depending on the degree of oxygenation. Since blood oxygenation varies according to the levels of neural activity these differences can be used to detect brain activity. This form of MRI is known as blood oxygenation level dependent (BOLD) imaging.

One point to note is the direction of oxygenation change with increased activity. You might expect blood oxygenation to decrease with activation, but the reality is a little more complex. There is a momentary decrease in blood oxygenation immediately after neural activity increases, known as the “initial dip” in the haemodynamic response. This is followed by a period where the blood flow increases, not just to a level where oxygen demand is met, but overcompensating for the increased demand. This means the blood oxygenation actually increases following neural activation. The blood flow peaks after around 6 seconds and then falls back to baseline, often accompanied by a “post-stimulus undershoot”.

Common criticisms of FMRI & counter-arguments

FMRI only measures the secondary physiological correlates of neural activity, it is not a direct measure. This means it is not a truly quantitative measure of mental activity - when comparing the FMRI response between individuals it is impossible to say whether the differences are neural or physiological in origin.

Although not a direct measure of neural activity FMRI is still a causal step closer to what is happening in the brain than the behavioural correlates psychologists have traditionally depended on. Although currently qualitative, FMRI is a more objective measure of a person’s mental state than a tick-box questionnaire.

The relationship between the FMRI signal and the underlying activity is an active area of research. A variety of techniques have been developed to calibrate an individual’s response in order to obtain a quantitative measure of neural activity.

Relative to other brain imaging techniques, FMRI has unequalled spatial resolution – at 7T activity can be mapped down to 1mm. However the temporal resolution of FMRI is inherently limited by the slow blood flow response it depends. FMRI cannot uncover the dynamics of mental activity on the sub-millisecond timescale on which neurons operate.

FMRI can be combined with high temporal resolution techniques, such as EEG to combine the different strengths of each technique. An increasingly popular method is combined EEG-FMRI where the two measurements are made simultaneously.

Critics of the technique complain that FMRI overlooks the networked or distributed nature of the brain’s workings, emphasizing localised activity when it is the communication among regions that is most critical to mental function. This, along with FMRI being an indirect measure of brain activity has lead to the charge that FMRI is no more than modern day phrenology - a 19th century pseudo-science which purported to character-type by examining the shape of a person’s skull.

Any FMRI experiment is only as good as it’s hypothesis, design and interpretation. Silly FMRI experiments, for instance one showing men’s amygdala’s (which play a key role in generating emotion) light up when viewing Ferraris, are not difficult to find. But such work doesn’t prove any fatal flaw in FMRI, merely poor use of a good tool. Most FMRI investigators seek not to localize brain function but to map the parts of the system that act in different combinations for different tasks.

As FMRI has begun to address more questions ethical concerns have arisen regarding who should have access to FMRI data.

Ethical approval, which is required for functional imaging experiments, is only granted if satisfactory procedures are in place to protect the privacy of those taking part in the study.

Clinical & commercial use

FMRI now has a small but growing role in clinical neuroimaging. It is used in pre-surgical planning to localise brain function. There is also potential for clinical FMRI in applications including presymptomatic diagnosis, drug development, individualisation of therapies and understanding functional brain disorders. Early studies also suggest that FMRI has the potential to be used as bio-feedback for conditions such as chronic pain.

There have been several early ventures to capitalise on FMRI. Two companies have been setup in North America offering lie detection services using FMRI. They are No Lie MRI, Inc and Cephos Corporation. There are also several neuromarketing companies such as California-based Sales Brain and Oxford start-up Neurosense, using FMRI to gain insights into consumer thought and behaviour.
PAGE  
1

