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RHEOENCEPHALOGRAPHY

Rheoencephalography (REG)

The Core Definition of Rheoencephalography

Rheoencephalography (REG) is a non-invasive biomedical technique utilized for the continuous

registration and assessment of pulsatile changes in the electrical impedance of the head, which
primarily reflect variations in cerebral blood volume associated with each heartbeat. In essence, it
provides an indirect measure of the dynamic characteristics of cerebral blood flow (CBF). The

fundamental mechanism rests on the principle that blood, rich in electrolytes and highly conductive,
changes the overall electrical resistance of the brain tissue and surrounding structures as its
volume increases and decreases during the cardiac cycle. This technique captures these
fluctuations, transforming them into a graphical representation known as a rheoencephalogram, or
rheogram, which offers crucial insights into vascular tone, elasticity, and the timing of blood
delivery to the brain regions under observation.

The core idea behind REG is the ability to monitor the rhythmic inflow of arterial blood into the
intracranial cavity. During the systolic phase of the cardiac cycle, a surge of blood enters the
cerebral vasculature, temporarily increasing the total volume of blood within the measured area.
Since blood is significantly more electrically conductive than the surrounding bone, cerebrospinal
fluid, and brain parenchyma, this volume increase leads to a momentary decrease in the measured
electrical impedance (resistance). Conversely, during diastole, as blood flows out, the impedance

rises again. The resulting waveform allows clinicians and researchers to calculate various
hemodynamic parameters, such as pulse wave velocity, amplitude, and indices related to vascular
stiffness, making REG a valuable tool for monitoring cerebrovascular health in real-time.

Unlike methods that measure absolute metabolic activity or structural integrity, REG focuses
specifically on the mechanical function and resilience of the cerebral vasculature. It is defined by its
ability to provide a sustained, low-cost recording without exposing the patient to radiation or
requiring complex settings, contrasting sharply with more sophisticated but intermittent imaging
modalities. The technique requires careful electrode placement to isolate, as much as possible, the
signals originating from the brain tissue, minimizing artifacts arising from extracranial circulation
and musculature, which remains one of the primary challenges in its application and interpretation.

The Fundamental Principle of Bioimpedance

The principle of bioimpedance is central to understanding how REG functions within the complex
environment of the skull. Electrical impedance is the measure of the opposition that a circuit

presents to a current when a voltage is applied. Biological tissues have different impedance values
based on their composition, primarily water and electrolyte content. In the context of the head, the
skull bone and cerebrospinal fluid act as relatively poor conductors, while highly perfused tissues,
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like the blood vessels themselves, are excellent conductors. REG exploits this difference by
applying a very weak, high-frequency alternating current--typically in the kilohertz range--through a
pair of sensing electrodes placed on the scalp.

The alternating current is entirely harmless and undetectable by the patient. The resulting voltage
drop across the tissue is then measured by a separate pair of recording electrodes. Because the
volume of blood pulsates rhythmically with the heart's pumping action, the path of least resistance
(the blood vessels) expands and contracts. These minute, cyclic changes in blood volume directly
modulate the overall electrical impedance measured across the head. The resulting signal is
amplified and filtered to produce the rheogram, a detailed waveform that mirrors the physiological
events of the cardiac cycle as they manifest in the brain's circulation. Analyzing the shape and
timing of this waveform allows for the quantitative evaluation of cerebral vascular resistance and
compliance, which are vital indicators of cerebrovascular disease.

It is important to differentiate the REG signal from the typical electroencephalogram (EEG). While
both use scalp electrodes and measure electrical activity, EEG measures the spontaneous
electrical activity of neuronal populations (microvolts), whereas REG measures changes in the
tissue's electrical resistance due to blood volume fluctuation (ohms). The sophisticated analysis of
the rheogram involves calculating specific indices, such as the amplitude index (related to the
volume of blood pulsed per beat) and the pulse propagation time, which reflects the speed at which
the pressure wave travels through the arteries, often correlating directly with arterial stiffness or
atherosclerosis.

Historical Development and Context

The development of Rheoencephalography is deeply rooted in mid-20th-century research,

particularly emerging from Eastern European and Soviet research institutions. While the broader
concept of using impedance measurements to monitor physiological function--known as
plethysmography--was established earlier, the specific application to the cerebral circulation gained

prominence in the 1940s and 1950s. Key figures such as J. A. Jenkner and others pioneered the
standardization of the technique, recognizing the need for a non-invasive, repeatable method to
assess cerebral vascular status, especially for conditions like hypertension and early signs of
stroke.

This historical period predated the widespread availability and sophistication of modern
neuroimaging technigues such as computed tomography (CT), magnetic resonance imaging (MRI),
and transcranial Doppler ultrasound (TCD). Consequently, REG filled a crucial diagnostic gap,
offering clinicians the ability to observe dynamic changes in the brain's circulatory system that were
otherwise inaccessible without invasive angiography. Its low cost and portability made it particularly
suitable for mass screening in clinical settings, especially in populations at risk for cerebrovascular
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accidents. The initial research focused heavily on establishing normative data and correlating
specific waveform abnormalities (e.g., flattened or notched peaks) with various pathological states,
including cerebral edema and vascular spasms.

The evolution of REG involved refining electrode placements and improving signal processing to
minimize interference from surrounding tissues. Early REG devices often suffered from poor
signal-to-noise ratios, leading to variability in results. However, continuous advancements in
electronic filtering and amplification allowed the technique to become a relatively reliable diagnostic
adjunct. Although its prominence has diminished in Western medicine since the 1980s due to the
rise of higher-resolution imaging, REG remains utilized in certain fields and regions where its
advantages--namely continuous monitoring and low infrastructure requirements--are still highly
valued, especially in monitoring patients during surgery or intensive care.

Instrumentation and Procedure

The REG procedure is simple, non-invasive, and typically takes less than thirty minutes to perform.
The instrumentation consists of three main components: a constant current generator, a highly
sensitive voltage amplifier, and a recording system (historically a pen recorder, now typically a
digital acquisition system). The process begins with the careful placement of electrodes on the
patient's scalp. Depending on the area of the brain circulation being targeted--such as the carotid
or vertebral arterial systems--the electrodes are positioned along specific lines, often employing a
four-electrode system to separate the current injection circuit from the voltage measurement circuit,
thereby minimizing electrode polarization artifacts.

A weak alternating current, usually between 50 kHz and 100 kHz, is passed between the two outer
current electrodes. This high frequency is essential because biological tissues have capacitive
properties, and using an alternating current ensures that the current flows primarily through the
tissues rather than being blocked by cell membranes. The inner two electrodes measure the
resulting voltage fluctuations caused by the pulsatile blood volume changes. The distance and
orientation of these electrodes are critical, as they define the volume of tissue being measured,
meaning REG provides information about a large, generalized area of the cerebral hemisphere
rather than pinpointing small, specific lesions.

Once the data is acquired, the recording system produces the rheogram. Interpretation requires
analyzing several key features of the waveform. These features include the ascent time (the time
from the start of the pulse to its peak), the peak amplitude (reflecting maximum blood volume
increase), the dicrotic notch (a small secondary rise often visible on the descending limb,
associated with aortic valve closure), and the diastolic decline. Variations in these parameters--
such as a prolonged ascent time or a significantly reduced amplitude--can suggest pathology like
increased peripheral resistance, reduced vascular elasticity, or decreased cerebral blood flow
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volume.

Clinical Applications: A Practical Example

To illustrate the clinical utility of REG, consider a real-world scenario involving a patient presenting
with symptoms suggestive of transient ischemic attacks (TIAs), such as temporary difficulty
speaking or numbness on one side of the body. A primary concern is identifying whether the
patient has significant stenosis (narrowing) or reduced elasticity in the major cerebral arteries,
which could lead to a major stroke. REG provides a crucial, easily repeatable screening tool to
assess the hemodynamic impact of these potential blockages.

The clinical application proceeds in a step-by-step manner.

Baseline Recording: Electrodes are placed bilaterally (e.g., over the temporal lobes) to record the
rheograms simultaneously from both hemispheres. This allows for direct comparison.

Waveform Analysis: The physician examines the amplitude and shape of the rheograms. If the
patient has significant vascular narrowing in the right middle cerebral artery, the rheogram
recorded from the right side may show a noticeably reduced amplitude compared to the left,
indicating less blood volume pulsing into that hemisphere.

Timing Measurement: The ascent time (time to peak) is calculated. Stenosis often increases the
resistance upstream, causing the pulse wave to travel more slowly and arrive at the peak later. A
prolonged ascent time on the affected side suggests reduced vascular compliance or upstream
blockage.

Diagnostic Correlation: If the REG shows significant asymmetry or specific pathological patterns
(e.g., a "rounded" peak indicative of poor vascular tone), it strongly suggests underlying
cerebrovascular pathology. This result then justifies ordering more definitive and expensive
imaging studies, such as Magnetic Resonance Angiography (MRA) or CT angiography, to
precisely locate the stenosis.

Thus, REG acts as a functional screen, providing immediate, physiological evidence of impaired
blood dynamics. It is particularly valuable in monitoring acute changes, such as during orthostatic
testing (measuring changes when the patient stands up) or during pharmacological challenges, to
see how the cerebral circulation adapts to stress, offering information that static imaging cannot
easily provide.

Significance, Limitations, and Impact

The significance of Rheoencephalography lies primarily in its unique combination of features: it is

non-invasive, cost-effective, easily repeatable, and allows for the continuous monitoring of cerebral
hemodynamics. This makes it an invaluable tool in settings where continuous surveillance is
necessary, such as neurosurgery, intensive care units (ICUs) for tracking post-operative
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complications, or in large epidemiological studies where the cost of advanced imaging would be
prohibitive. It offered the first window into the dynamic, beat-by-beat changes in cerebral vascular
resistance without requiring the injection of contrast agents or exposure to ionizing radiation,
significantly impacting early diagnosis of vascular disorders before the advent of TCD.

However, REG is not without significant limitations, which explain why its use has declined in some
modern contexts. The primary drawback is its **poor spatial resolution**. Because the current flows
through all tissues between the electrodes (including the scalp, skull, and cerebrospinal fluid), the
resulting rheogram is a summation of impedance changes from a large volume of tissue. It is
extremely difficult to isolate small, deep-seated lesions or distinguish between signals arising from
major pial arteries versus capillary beds. Furthermore, the signal is highly susceptible to artifacts
caused by movement, muscle contractions (especially chewing or clenching), and changes in skin
contact.

Despite these limitations, REG has had a lasting impact by establishing the concept that
continuous, physiological monitoring of cerebral perfusion is essential for understanding
neurovascular disease progression. While transcranial Doppler (TCD) has largely replaced REG
for measuring velocity in major vessels, REG still holds a niche role in specialized applications,
particularly in research focusing on the compliance and elasticity of smaller vessels that TCD
cannot easily access. Its low-tech, continuous nature ensures its enduring relevance in resource-
limited settings worldwide.

Connections to Related Neurophysiological Concepts

Rheoencephalography belongs to the broader category of **Applied Neurophysiology** and

specifically the subfield of **Cerebral Hemodynamics**. It is intrinsically linked to other techniques
that measure volume changes within the body. Its most direct methodological relative is
*mpedance Plethysmography**, which uses the exact same electrical principles to measure blood
volume changes in peripheral limbs (e.g., diagnosing deep vein thrombosis). REG essentially
adapts peripheral plethysmography to the unique, complex geometry of the human head.

REG also shares conceptual overlap with *Transcranial Doppler (TCD)** and **Near-Infrared
Spectroscopy (NIRS)**. While TCD measures the velocity of blood flow through major arteries
using ultrasound, REG measures the volume change associated with that flow, often providing
complementary information. NIRS, which uses light absorption, also measures changes in
oxygenated and deoxygenated blood volume (and hence flow), but REG offers a measure of bulk
tissue impedance change rather than relying on hemoglobin's optical properties. The fundamental
concepts REG addresses--vascular compliance, arterial pulse wave velocity, and the integrity of
the blood-brain barrier--are central to all modern neurovascular assessment methods.

Furthermore, the data derived from REG is often correlated with **Electroencephalography
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(EEG)** findings, especially in conditions involving global cerebral hypoxia or ischemia. For

instance, a patient experiencing a severe drop in cerebral blood flow (as indicated by a flat or
severely diminished rheogram) is highly likely to simultaneously show generalized slowing or
suppression of electrical activity on the EEG. Thus, REG provides a physiological explanation for
the electrical dysfunction seen in EEG, linking the structural and functional integrity of the brain to
its circulatory supply. It serves as a classic example of applying basic physics--electrical
impedance--to solve complex biological questions about the brain's circulation.
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