












































































































































for symptom improvement or side e�ects. Treatment ends once 
symptoms have su�ciently improved.

After the procedure, a neurological �atus check is completed in the 
recovery room and an MRI is used to review the location and size of 
the lesion.

Risks, Complications, Special 
Information and Warnings
Tremor improves in mo� people when ultrasound lesions are  
well-placed in the thalamus. 

Similar to classical thalamotomies, the mo� common side e�ects 
include face or arm numbness, weakness and poor balance. 
Procedures on both sides of the brain carry a high side e�ect risk. 

Though persi�ent side e�ects have not been reported as common in 
larger trials at experienced centers, there have been concerns about 
la�ing side e�ects, even with procedures on one side of the brain. 

As with other lesion-based therapies, it is not possible to correct 
problems, improve bene�ts or reduce side e�ects that do not go 
away over time.
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The following are potential disadvantages of FUS compared 
to DBS:
 � Not as precise as DBS

 � Adju�ments cannot be made to improve bene
ts or reduce 
permanent side e�ects once the lesion has been placed in 
the brain 

The following are potential advantages of FUS compared  
to DBS:
 � Ability to repeat treatments if needed

 � No need to replace batteries or adju� settings 

 � No incisions or leads in the brain
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10
Advances in Surgery
Scientists are continuously studying deep brain 
stimulation (DBS) to figure out ways to make it a 
safer and more effective treatment for Parkinson’s 
disease (PD).

Ongoing research continues to push technology 
into new areas, including:

• New electrical stimulation methods that 
improve benefits and limit side effects

• Better batteries

• Improved programming and targeting allowing 
DBS devices to last longer powered by the 
same batteries 

• Applications that facilitate remote programming 
at home

Although these have been very beneficial, the work 
of scientists is far from complete. 
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New Programming Algorithms
DBS programming can be lengthy, challenging and sometimes 
ineffective. New programming devices are now able to upload a 
scan of an individual’s brain from an MRI and use mathematical 
concepts to predict where the stimulation will go and what it will do. 
Other investigations are exploring special MRI scans or connectomes 
(a sort of atlas or map of brain connections) to see how new brain 
pathways can guide and streamline DBS programming.

New DBS Targets
Current DBS surgery stimulates a “target”— one part of the brain 
that has been affected by Parkinson’s disease (PD). There are many 
new targets being researched. Among these are the centromedian 
nucleus of the thalamus, the zona incerta, the nucleus basalis of 
Meynert, the motor cortex and the pedunculopontine nucleus. It is 
possible that stimulating one of these will treat symptoms that 
do not currently respond well to standard DBS targets – such 
as walking, balance, talking or thinking. At present, however, 
researchers cannot confirm that these targets effectively help  
PD-related symptoms.

Adaptive DBS
Today, DBS devices pulse regularly like a clock. What if they could 
pulse only when your brain needed the stimulation? What if a 
computer could listen for signs of trouble and then respond by 
pulsing to bring the signal back to normal, like a heart pacemaker? 
If electrodes could be turned on only when needed to treat your 
symptoms, this could result in fewer side effects and more benefits. 

Multiple DBS Leads 
Researchers have already begun to implant multiple leads into more 
than one region of the brain to monitor signals related to PD and to 
test new stimulation approaches.
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Focused Ultrasound Research
Relative to DBS, focused ultrasound (FUS) is still in its early research 
stages. More time and research are needed to determine how 
people will respond over different time periods and who may benefit 
from this procedure. 

Currently, FUS is approved by the FDA for one side of the brain. 
The benefits and risks of FUS on both sides of the brain are being 
explored in clinical trials. Another area that is being explored in 
clinical trials is using FUS to get past the blood-brain barrier to 
deliver new drugs or therapies.
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“On/Off” Fluctuations
In early PD, medication can work smoothly to control motor 
symptoms, and daily life typically continues as normal for many 
people. As time goes on, symptom management becomes more 
challenging, which means that you may need to explore different 
medication and treatment strategies with your doctor to continue 
living your best life.

Understanding Dopamine and Parkinson’s
The nervous system is made up of nerve cells (neurons) that form a 
“communication network” within the brain and throughout the body. 
In Parkinson’s disease, these neurons stop functioning normally or 
die in a part of the brain called the substantia nigra. 

Neurons in this area of the brain are responsible for producing 
dopamine, a chemical messenger or neurotransmitter essential 
for smooth, controlled movement. Levodopa, the main ingredient 
of the medication carbidopa/levodopa (Sinemet), directly 
converts into dopamine in the brain. Dopamine agonists work by 
mimicking dopamine.

Medication Complications
Levodopa medication continues to replace dopamine for many years; 
however, as the brain changes in PD, it gradually loses some of its 
ability to store and use the chemical as effectively. As a result, people 
taking carbidopa/levodopa — typically those who have been taking 
it for a while — often experience a “wearing-off” effect, or a return 
of symptoms in between medication doses. Symptoms may return 
gradually or suddenly — like flipping a switch. After taking the next 
dose, symptoms usually improve and people feel “on” again. This 
phenomenon, known as “on/off” fluctuations, may also occur when 
taking dopamine agonists but to a lesser degree. 

For some people, the combination of brain changes and levodopa 
therapy can lead to dyskinesia (uncontrolled, involuntary 
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movements). Other people never develop dyskinesia. Levodopa 
therapy can also cause painful muscle contractions (dystonia), 
fatigue, hallucinations  and delusions, as well as low blood 
pressure. Balancing symptom relief with medication side effects 
becomes complex, often requiring the expertise of a neurologist 
with special training in movement disorders, known as a 
movement disorder specialist. 

“On/Off” Fluctuation Symptoms and Timing
As with PD symptoms, each person experiences “off” episodes 
differently. You may have more slowness (bradykinesia), stiffness 
(rigidity) or tremor when your medications wear off. Freezing and 
muscle contractions (dystonia) can also be wearing-off symptoms. 
In fact, any symptom that improves with carbidopa/levodopa 
therapy can also worsen or intensify when medication wears off, 
including non-motor symptoms like anxiety, depression, fatigue, 
foggy thinking and pain. 

“On/off” fluctuations, though more common at the end of a  
dose cycle, can happen at any time during the day or night.  
You may experience just one or a combination of the following  
“off” situations:

•	Early morning “off” before your medication has started to  
“kick in.”

•	Middle of the night “off” episodes after the evening dose  
“wears off.”

•	End-of-dose “off,” which usually follows an expected pattern.

•	A sudden, unexpected “off.”

•	An “off” episode following a protein-rich meal. Protein can 
 delay or stop levodopa’s effects.

•	Constipation-related “off” episodes. Carbidopa/levodopa 
must travel from the mouth to the small intestine, where it is 
absorbed. Constipation can slow levodopa absorption and  
make it less effective.
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Treatment for “On/Off” Fluctuations
Treatment for “on/off” fluctuations is individualized. Your doctor 
will adjust your medications while watching for new or increased 
medication side effects. Depending on your current medications, 
your doctor may: 

•	Optimize your carbidopa/levodopa therapy by increasing or 
decreasing the dose or adjusting the dosing frequency. 

•	Add different medications to your current regimen to keep 
dopaminergic levels more consistent. 

	– Catechol-O-methyltransferase (COMT) inhibitors can  
extend levodopa benefits by blocking an enzyme that breaks 
down levodopa.

	– Monoamine oxidase-B (MAO-B) inhibitors promote dopamine 
in the brain by blocking an enzyme that breaks down dopamine.

	– Adenosine A2a antagonists stimulate a receptor in the brain 
and extend “on” time.

	– Dopamine agonists, in general, are not as effective as 
carbidopa/levodopa. However, they usually last longer and can 
be helpful in smoothing out the “on/off” effect of levodopa. 
Dopamine agonist therapy needs to be initiated and monitored 
with great care as they can lead to serious behavioral changes 
and impulse control issues.

•	Try a controlled-release or extended-release carbidopa/levodopa 
formulation designed to extend the benefits from the same dose 
of carbidopa/levodopa. These drugs can be beneficial to take at 
bedtime to reduce wearing off during the night.

•	Supplement your scheduled carbidopa/levodopa doses with a 
quick-acting “rescue” medication. 

If these medication adjustments cause or increase dyskinesia, 
adding an amantadine formulation may help.

For more information about these medications, download or order 
our book, Medications, at Parkinson.org/Store.
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DBS Device Hospital Plan 
If you have a deep brain stimulation (DBS) device, it’s important  
to prepare your Aware in Care Kit before a planned or emergency 
hospital trip. 

Order the kit at Parkinson.org/AwareInCare or by calling the 
Parkinson’s Foundation Helpline at 1-800-4PD-INFO (473-4636).

The kit includes an Aware in Care Hospital Action Plan. It explains 
that a deep brain stimulation device helps to control symptoms and 
includes a surgically implanted, battery-operated neurostimulator in 
the brain connected to a pacemaker-like device in the chest. 

The kit also contains critical MRI information and other alerts for 
your healthcare team, including: 

•	Unless the hospital has experience imaging a DBS device safely, 
MRI should not be performed.

•	MRI is not recommended if the neurostimulator is placed 
anywhere other than the chest or abdomen, or if there is 
hardware damage or pieces left in the body. 

•	 In some cases, DBS devices must be turned to 0.0 volts and  
MRI should not image structures of the body lower than the  
head. Dangerous heating of the lead could occur.

•	Turning off the DBS device enables the best possible EKG or  
EEG recordings.

•	Diathermy and other surgical procedure instruments may  
need to be avoided.

Always check with your DBS team before having an MRI to make 
sure it is safe for you. The DBS model and settings will determine  
if the neurostimulator should be off during the MRI.

Call the prescribing or implanting doctors, the manufacturer 
(Abbott: 1-800-727-7846; Boston Scientific: 1-833-327-4636; 
Medtronic: 1-800-510-6735) or the Parkinson’s Foundation  
Helpline (1-800-473-4636) with questions.
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Instructions for Other Procedures When You Have DBS
CT scans, DAT/SPECT scans, common X-rays, fluoroscopy, and PET 
(positron emission tomography) scans are safe for people with 
deep brain stimulation (DBS) but the quality of the image may be 
compromised by the DBS leads.

Ultrasound procedures, such as carotid doppler or abdominal ultra-
sound, can be performed safely. 

Cardiac pacemakers can usually be placed in people who have had 
DBS therapy, as long as the neurostimulator and cardiac pacemaker 
are 10 inches apart.

Electrocautery, used to stop minor bleeding during surgery, can be 
used on people with DBS but only with the following safeguards to 
minimize any flow of the electrical current toward the DBS device:
•	 Inform the surgeon that you have DBS well before the surgery; 

contact your neurologist to let him or her know that you are 
having surgery.

•	Just before surgery (in some DBS models) the leads should be 
turned off and the amplitude settings turned to zero. In other 
models the DBS device can be turned off.

•	Bipolar electrocautery should be used to lessen transfer of 
electricity (A unipolar device is not recommended.). 

•	A grounding pad should be placed on one of your legs. Any 
electrical charges that might transmit from the electrocautery 
device will be directed to the ground lead on your leg instead of 
the neurostimulator system. 

The surgeon should consult the DBS manufacturer for specific 
questions about the surgery or surgical equipment.

Appendix D
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Miscellaneous procedures
•	Any type of medical procedure that will be performed directly 

over the neurostimulator device or connecting wire is not 
recommended. It could damage the device. 

•	Most X-rays can be performed safely.

•	Do not allow your dentist to place electric drills or cleaning tools 
near the neurostimulator, connecting wire or implant site on the 
scalp. Dental X-rays are okay.

•	 If you have a mammogram, be sure that the pressure of 
the machine on the breast does not directly compress the 
neurostimulator or connecting wires.

•	Radiation therapy for the treatment of cancer can be performed 
as long as it is not too close to the neurostimulator (IPG) and a 
protective shield is placed over it.

•	Lithotripsy, a procedure to break up kidney stones, is not 
recommended unless it is the only medical option, as the 
treatment can damage the neurostimulator. When used, 
protective shielding should be placed over the neurostimulator, 
which should be turned off and amplitude/voltage set to zero.
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Going to the Hospital When You Use a Duopa Pump
If you use a Duopa pump, be sure to have your Aware in Care kit 
prepared before a planned or emergency trip to the hospital. 

Order your Aware in Care kit at Parkinson.org/AwareInCare or by 
calling our helpline at 1-800-4PD-INFO (473-4636). 

The following is an excerpt from the Aware in Care Hospital Action 
Plan that is designed to share with your doctors:

i have a duopa pump

Duopa therapy is an enteral gel suspension of the 
Parkinson’s disease medication carbidopa/levodopa.  
The gel suspension is administered by a pump connected  
to the body using a percutaneous endoscopic gastrostomy 
with jejunal tube.

•	 Duopa therapy is FDA approved for daily use of up  
to 16 hours.

•	 Patients using Duopa therapy are assigned a case 
manager that can be reached through AbbVie’s 
DuoConnect at 1-844-DUO-4YOU (386-4968). Case 
managers answer questions, provide education and 
support and help troubleshoot problems.

•	 If a patient is disconnected from the Duopa pump for 
more than two hours, the patient will likely need to be 
prescribed an oral form of carbidopa/levodopa.

•	 The Duopa pump is not waterproof.

•	 Do not expose the pump to therapeutic levels 
of ionizing radiation, ultrasound, MRI or 
electrocardiogram (ECG). Call DuoConnect for 
instructions before initiating any imaging.
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Glossary terms are underlined with dots the first time they appear 
in this book.

B	� Bradykinesia Slowness of movement; one of the cardinal 
symptoms of Parkinson’s.

C	� Computerized tomography (CT) scan A medical test hat use 
a computer linked to an x-ray machine to take pictures of the 
inside of the body.

D	� Deep brain stimulation (DBS) A surgical treatment for 
Parkinson’s disease.

	� A special wire (lead) is inserted into a specific area of the 
brain responsible for movement. The lead is connected to a 
pacemaker-like device implanted into the chest region. This 
device creates electrical pulses, sent through the lead, which 
“stimulate” the brain and control abnormal brain cell activity.

	� Duopa therapy A form of carbidopa/levodopa delivered in gel 
form – called enteral suspension – rather than a pill. It is used to 
treat the motor symptoms of PD.

	� Dyskinesia Abnormal, involuntary body movements that can 
appear as jerking, fidgeting, twisting and turning movements; 
may result from levodopa therapy as PD progresses.

E	� Electrical currents A movement of positive or negative electric 
particles (such as electrons).

	� Electrode A small piece of metal or other substance that is used 
to take an electric current to or from a source of power. These 
attach to the lead within a DBS system.

F	� Focused ultrasound The use of ultrasound waves to create 
targeted lesions (cuts) as they pass through tissue in the brain. 
Used to treat abnormal brain cell activity.

Glossary
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G	� General anesthesia The use of medications that put you in a 
sleep-like state of unconsciousness before a medical procedure.

	� Globus pallidus internus (GPi) A section of the Globus pallidus 
partially responsible for sending signals affecting the movement 
of arms, legs and neck, as well as other functions including 
thinking and mood. One of three targets for Parkinson’s DBS, 
aimed at reducing tremor, rigidity (stiffness), bradykinesia 
(slowness), dyskinesia; improves “on-off” fluctuations.

L	� Lead A thin, insulated wire inserted through a small opening in  
the skull and implanted in the brain. The tip of the lead (the 
portion with the electrodes) is positioned within the targeted 
brain area.

	� Lesion therapy A surgical procedure in which a tiny, heated  
probe is inserted into a specific region of the brain to lesion, or 
destroy, tissue.

	� Local anesthesia Numbing of a small site where the pain or 
procedure will occur without a change to consciousness.

M	� Magnetic resonance imaging (MRI) A medical imaging technique 
that uses magnetic forces to obtain detailed images or pictures 
of the body. MRI is non-invasive – meaning it does not require 
surgery, and does not use radiation.

	� Motor fluctuations Changes in the ability to move, often related 
to a drop in dopamine levels in the brain and medication timing.

	� Motor symptoms Parkinson’s symptoms related to movement, 
such as slowness, tremor and stiffness.

	� Movement disorder A group of neurologic conditions associated 
with problems with movement including dystonia, Huntington’s 
disease, Parkinson’s disease and others.
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	� Movement disorder specialist A neurologist with additional 
training to treat people with Parkinson’s at every stage of  
the disease.

N	� Neurodegenerative disorder A disease characterized by the  
loss of cells of the brain or spinal cord, which over time leads  
to dysfunction and disability.

	� Neuron A brain cell.

	 Neuroprotective Protects brain cells (neurons) from injury or dying.

	� Neuropsychological battery A structured assessment of 
cognitive function that helps doctors assess thinking, memory, 
perception, problem solving and verbal ability.

	� Neuropsychologist A licensed psychologist with expertise in how 
behavior and skills are related to brain structures and systems.

	� Neurosurgeon A physician who specializes in surgical treatments 
of the central nervous system.

	� Non-motor symptoms Parkinson’s symptoms unrelated to 
movement such as depression, cognitive changes and fatigue.

O	� “On/off” fluctuations Changes in symptom control when 
carbidopa/levodopa is either working well or losing its effect.

P	� Pallidotomy A type of brain surgery in which a tiny part of the 
globus pallidus is lesioned.

	� Percutaneous endoscopic gastrostomy with jejunal tube (PEG-J 
tube) The tube used in Duopa therapy which allows medication  
to enter the body through the intestine.

R	� Rigidity In Parkinson’s, stiffness of the arms or legs beyond 
what would result from normal aging or arthritis. Some people 
would call it “tightness” in their limbs.
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S	� Substantia nigra pars compacta (SNc) A portion of the 
substantia nigra made up of dopamine neurons.

	� Subthalamic nucleus (STN) One of the three targets for DBS 
that is partially responsible for sending signals affecting 
the movement of arms, legs and neck, as well as other 
functions including thinking and mood. One of three targets 
for Parkinson’s DBS, aimed at reducing tremor, rigidity 
(stiffness), bradykinesia (slowness), dyskinesia; improves  
“on-off” fluctuations.

	� Subthalamotomy A type of brain surgery in which the 
subthalamus, a tiny area of the brain, is lesioned or destroyed.

T	� Thalamotomy A type of brain surgery in which the thalamus,  
a tiny area of the brain, is lesioned or destroyed. Primarily 
effective for tremors.

U	� Unified Parkinson’s Disease Rating Scale (UPDRS) A universal 
scale of PD symptoms created to comprehensively evaluate 
and document an individual’s PD progression and establish a 
baseline comparison for future follow up visits.

V	� Ventral intermediate nucleus (VIM) of the thalamus A part 
of the nucleus targeted in DBS for essential tremor; a less 
common target of Parkinson’s DBS treatment that only  
aims to reduce tremor.
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DBS Failure 23
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Exercise 20–21, 23
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General Anesthesia 16, 83

Globus pallidus internus (Gpi) 14–15, 21, 63, 83

Implantable pulse generator See Neurostimulator.

Local Anesthesia 16, 38, 68, 83

Mammogram 80

Metal Detector 25, 57

Mood 13, 14, 28, 35–36, 40, 42, 83

Motor fluctuations 20, 22, 52, 55, 64, 83

Magnetic Resonance Imaging (MRI) 38, 68–69, 72, 78, 81, 83
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Neurostimulator/Implantable pulse generator (IPG) 15–20, 23–25,  
27, 29, 35, 39–40, 46, 49, 78–80

“On/off” fluctuations 8, 14, 21, 52-53, 55, 74–76, 84

Pacemaker 79

Pallidotomy 63–65, 68, 84

Percutaneous Endoscopic Gastrostomy with Jejunal tube  
(PEG–J tube) 53, 59–61, 84

Radiation 80–81

Substantia nigra pars compacta (SNc) 14, 85 

Subthalamotomy 63–65, 85

Subthalamic nucleus (STN) 14–15, 21, 63, 85

Thalamotomy 63–64, 68, 85

Ventral intermediate nucleus (VIM) of the thalamus 14–15, 63, 85
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