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PALLIDOTOMY

Primary Disciplinary Field(s): Neurosurgery; Functional Neurology

1. Core Definition

Pallidotomy is defined as a specific ablative neurosurgical procedure utilized for the management

of movement disorders, primarily those associated with dysfunction of the extrapyramidal system.

The procedure involves the highly precise, stereotactic placement of specialized electrodes or

probes into a targeted region of the brain, typically the posteroventral aspect of the globus pallidus

internus (GPi). The fundamental goal of pallidotomy is the creation of a permanent, controlled

lesion within this specific neural structure. This targeted destruction interrupts abnormal neuronal

signaling pathways that are responsible for generating disabling motor symptoms such as tremor,

rigidity, and bradykinesia, which are hallmarks of conditions like Parkinson's disease (PD).

The neuroanatomical rationale underlying the procedure rests on the understanding of the basal

ganglia circuitry. The GPi acts as the primary output nucleus of the basal ganglia, projecting

inhibitory signals to the thalamus, which in turn relays excitatory signals to the motor cortex. In

Parkinsonian states, there is an excessive and pathological increase in inhibitory output from the

GPi, which leads to the suppression of desired movement. By creating a lesion, the pallidotomy

effectively reduces this pathological inhibition, thereby normalizing the signal flow through the

thalamus and improving motor function. The successful application of this technique requires

highly specialized intraoperative monitoring, including microelectrode recordings (MER), to ensure

that the lesion site maximizes therapeutic benefit while minimizing the risk of damage to adjacent

vital structures, such as the optic tract or internal capsule.

2. Etymology and Historical Development

The term Pallidotomy is derived from the anatomical target, the globus pallidus. While modern

pallidotomy utilizes sophisticated stereotactic and imaging technology, the conceptual basis for

ablative surgery targeting the basal ganglia dates back to the mid-20th century. Pioneering

neurosurgeons in the 1950s and 1960s, notably Irving S. Cooper and Lars Leksell, developed early

lesioning techniques--initially using freezing probes (cryothalamotomy) or mechanical means--to

address severe, medication-resistant movement disorders. These early procedures demonstrated

efficacy in reducing tremor and rigidity, establishing the principle that interrupting specific pathways

in the deep brain could alleviate motor symptoms.

However, the widespread adoption of levodopa (L-DOPA) in the late 1960s revolutionized

Parkinson's treatment, rendering ablative surgery largely obsolete due to the high efficacy and

lower initial invasiveness of pharmacological management. For several decades, pallidotomy

remained infrequently used, often reserved only for the most refractory cases. The procedure
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experienced a significant resurgence in the 1990s, catalyzed by improved neuroimaging (MRI/CT),

advanced stereotactic navigation, and a deeper understanding of the functional anatomy of the

basal ganglia, particularly the role of the GPi in dyskinesias induced by long-term L-DOPA use.

The modern iteration, often referred to as posteroventral pallidotomy (PVP), became highly

standardized and proven effective, reigniting interest in functional neurosurgery as a crucial

treatment modality for advanced PD.

3. Key Characteristics: Stereotactic Procedure and Lesion Creation

Pallidotomy is fundamentally characterized by its reliance on stereotactic neurosurgery, a

method that uses a three-dimensional coordinate system to precisely locate and target structures

within the brain. The process typically begins with the affixing of a stereotactic frame to the

patient's skull, followed by high-resolution imaging (MRI and/or CT) to map the brain and calculate

the coordinates of the GPi target. These images allow the neurosurgeon to plan the trajectory of

the surgical probe, ensuring avoidance of critical vascular and cortical structures. The precision

inherent in this process is paramount, as the difference of a few millimeters can determine whether

the outcome is therapeutic or harmful.

Once the target coordinates are established, a small burr hole is created in the skull, and the

microelectrode recording (MER) system is advanced toward the GPi. MER is a critical

characteristic of the procedure, involving the recording of electrical activity from individual neurons.

This physiological mapping confirms the exact anatomical location within the GPi, ensuring the

probe is correctly positioned in the motor segment where maximal therapeutic effect is expected.

This electrophysiological verification distinguishes modern functional neurosurgery from earlier,

purely image-guided methods.

The final stage is the lesion creation, which is typically achieved using radiofrequency ablation

(RFA). A specialized electrode is heated to a temperature (usually between 70°C and 80°C) for a

controlled duration, causing thermal coagulation and irreversible destruction of the target tissue.

Before the permanent lesion is made, a temporary, reversible test lesion (often performed at a

lower temperature) is often conducted while the patient is awake. This allows the surgical team to

immediately assess the effect on the patient's symptoms (e.g., tremor reduction) and monitor for

any side effects, such as visual disturbance or speech difficulties, ensuring the safety and optimal

placement of the final therapeutic lesion. The resulting lesion is small, typically 3 to 4 mm in

diameter, designed specifically to disrupt the pathological activity of the GPi.

4. Clinical Applications and Efficacy

The primary clinical indication for pallidotomy is the treatment of advanced, medication-refractory

Parkinson's disease, particularly when symptoms include severe motor fluctuations and
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medication-induced involuntary movements known as dyskinesias. While levodopa remains the

cornerstone of PD treatment, over time, many patients develop peak-dose and off-period

dyskinesias which can be more debilitating than the original PD symptoms. Pallidotomy is highly

effective in dramatically reducing or eliminating these dyskinesias, often providing immediate and

sustained relief, thus improving the overall quality of life and the effective window of

pharmacological treatment.

In addition to treating dyskinesias, unilateral pallidotomy (lesioning one side of the brain) is

particularly effective in improving the contralateral symptoms of rigidity and tremor. Studies have

shown that the relief provided by the lesioning effect can be enduring, often lasting for many years.

However, pallidotomy is generally not the preferred treatment for axial symptoms, such as gait

instability or speech problems (dysarthria), as these symptoms often originate from non-pallidal

structures. The efficacy is maximized when patients are carefully selected, ensuring they primarily

suffer from motor symptoms that are clearly linked to the basal ganglia dysfunction and that they

have responded positively to levodopa at some point in their disease progression.

While PD is the main indication, pallidotomy may occasionally be considered for other severe,

medication-resistant movement disorders that involve hyperactive basal ganglia output, although

these applications are less common. Such disorders might include certain forms of focal dystonia

or intractable tremor syndromes. Nevertheless, the definitive role of pallidotomy remains firmly

established within the management algorithm for advanced Parkinson's disease, particularly when

the patient profile suggests dyskinesia is the most burdensome symptom requiring intervention.

5. Significance and Impact

The revival of pallidotomy in the 1990s marked a significant turning point in the field of functional

neurosurgery, demonstrating that ablative therapies could be performed safely and effectively with

modern technology. This success played a crucial role in validating the concept of targeted deep

brain intervention for movement disorders. Critically, the functional insights gained from

pallidotomy mapping--the understanding of which specific areas of the GPi needed to be targeted

to relieve symptoms--directly informed the development and optimization of Deep Brain

Stimulation (DBS). DBS, a reversible, adjustable, and non-ablative procedure that involves

implanting electrodes to deliver electrical impulses, has since largely superseded pallidotomy as

the neurosurgical treatment of choice for many PD patients.

Despite the prevalence of DBS, pallidotomy retains a vital role in clinical practice and represents a

foundational procedure. Its primary impact lies in its cost-effectiveness and permanence. Unlike

DBS, which requires ongoing maintenance, battery replacement, and complex programming

adjustments, pallidotomy offers a one-time treatment solution. This makes it a particularly

important option in healthcare settings where long-term follow-up and device costs present

ARABPSYCHOLOGY.C
OM

https://scales.arabpsychology.com/?p=62629
https://scales.arabpsychology.com
https://scales.arabpsychology.com


PALLIDOTOMY 5

PSYCHOLOGICAL SCALES scales.arabpsychology.com

significant barriers. Furthermore, for patients who cannot tolerate or are ineligible for the hardware

implantation required by DBS, pallidotomy offers a reliable, time-tested alternative for durable

symptom relief, particularly for severe dyskinesia.

The legacy of pallidotomy extends beyond PD treatment itself; it cemented the critical importance

of neurophysiological guidance (MER) in all functional neurosurgical procedures. The rigorous

methodology developed for stereotactic pallidotomy established the safety standards and technical

precision now expected in operations targeting the deep brain, paving the way for the exploration

of other targets, such as the subthalamic nucleus (STN), and the application of functional

neurosurgery to conditions ranging from essential tremor to obsessive-compulsive disorder and

depression.

6. Debates and Alternatives

The primary debate surrounding pallidotomy centers on its comparison with Deep Brain Stimulation

(DBS). While both procedures target the basal ganglia circuitry to alleviate motor symptoms, DBS

offers the distinct advantage of reversibility and adjustability. If side effects occur or if the

patient's condition evolves, the DBS parameters can be modified or the device can be deactivated.

Pallidotomy, being an ablative procedure, creates a permanent lesion; therefore, any potential side

effects, such as speech deficits or sensory changes resulting from slight misplacement, are

typically irreversible. This permanence often leads clinicians and patients to favor DBS, despite its

higher initial cost and need for maintenance.

Another area of discussion relates to the bilateral application. While unilateral pallidotomy is highly

successful and carries relatively low risk, performing bilateral pallidotomy (lesioning both GPi)

significantly increases the risk profile, particularly concerning cognitive, speech, and swallowing

difficulties, due to the cumulative destruction of tissue. Consequently, bilateral pallidotomy is rarely

performed. Conversely, DBS can be safely and routinely performed bilaterally, offering symmetrical

symptom control, which is often crucial for quality of life in advanced PD.

Despite these drawbacks, proponents argue that pallidotomy remains a crucial tool, especially for

patients whose primary complaint is L-DOPA induced dyskinesia, where pallidotomy historically

shows superior efficacy compared to some STN-DBS outcomes for that specific symptom.

Furthermore, advances in ablative technology, such as the use of focused ultrasound (FUS) for

non-invasive lesioning, represent a potential modern evolution of the pallidotomy concept, offering

permanent, targeted therapy without the need for traditional craniotomy, potentially narrowing the

gap between ablative and reversible treatments in terms of risk profile.

7. Further Reading

Globus Pallidus (Wikipedia)
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Parkinson's Disease (Wikipedia)

National Institute of Neurological Disorders and Stroke (NINDS) on Parkinson's Disease
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