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DEAR COLLEAGUES,

It is our pleasure to welcome you to this edition of the KeckZine, a profile of USC 
Neurosciences at Keck Medicine of USC. Through this publication, we hope to start a 
conversation about how our expertise and technical capabilities can offer exceptional and 
appropriate neurological and neurosurgical care to patients. 

Our department comprises 45 neurologists and 20 neurosurgeons, in addition to a team 
of supporting physiatrists, nurse practitioners, physician assistants, neuropsychologists, 
researchers, psychologists, physical and occupational therapists and social workers. The 
multidisciplinary team provides surgical and non-surgical treatment of a broad range of 
neurological conditions, including trauma, stroke, epilepsy, multiple sclerosis, movement 
disorders, malignancies and dementia. We pride ourselves on offering patients a 
comprehensive evaluation in one visit that can involve multiple specialists and clinics. 

We work with referring physicians to develop an individualized care plan for each 
patient that the referring physician can implement once our treatment concludes. Our 
faculty members are always available by phone for a consultation at (323) 442-5710. 
USC Neurosciences has developed many outreach programs in community hospitals 
in Southern California to develop regional centers for surgical and non-surgical care, 
working alongside physicians in the community.

In this issue of the KeckZine, you will read about our approach to treating movement 
disorders, deep brain stimulation and leading-edge endoscopic removal of pituitary 
tumors. Thank you for your interest in our care and we look forward to working with you.
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We are proud to be recognized as 
a National Parkinson’s Foundation 
(NPF) Center of Excellence, one 
of only four centers in California. 
Our breadth of expertise in treating 
movement disorders, including the 
use of deep brain stimulation, and 
our involvement in clinical trials 
allows us to remain at the leading 
edge of patient care.

USC Neurosciences houses a team 
of clinicians who are experts in 
movement disorders, including 
four fellowship-trained neurologists 
(Figure 1). We also work with 
Children’s Hospital Los Angeles to 
bring our subspecialty expertise 
to the pediatric population in 
Southern California. Patients receive 
seamless care across neurology and 
neurosurgery, as needed. 

Each physician at USC 
Neurosciences brings decades of 
experience to the clinic to help 

patients obtain an accurate and 
quick diagnosis. We draw upon a 
deep knowledge base to manage the 
comorbidities that are associated 
with more advanced stages of 
movement disorders. 

Once a patient is diagnosed with a 
movement disorder, clinicians will 
develop an individualized treatment 
and management plan that may 
include physiotherapy, psychosocial 
support, pharmacotherapy and/
or deep brain stimulation. Often, 
rehabilitation therapy can be more 
effective at correcting a patient’s 
gait and balance disorders than 
medication.1 Patients treated at  
Keck Medical Center of USC can 
work with physiotherapists who 
specialize in treating movement 
disorders (Figure 2). USC 
Neurosciences also provides 
substantial psychosocial support to 
patients, with a social worker and 
two psychologists in-house.

For patients who may benefit from 
pharmacotherapy to treat their 
movement disorder, physicians at 
USC Neurosciences will develop 
individualized treatment regimens 
on the basis of factors including a 
patient’s age, symptom severity, 
comorbidities, extent of cognitive 
impairment and history of 
psychiatric disorders. Our clinicians 
remain up-to-date on all the latest 
developments and approvals 
in medications for movement 
disorders. 

To manage side effects that may 
accompany pharmacotherapy, 
physicians will implement 
dosage adjustments, medication 
changes, psychological services 
or concurrent therapy with SSRIs, 
acetylcholinesterase inhibitors 
or NMDA receptor antagonists, 
as needed. From participation in 
clinical trials, USC Neurosciences 
has years of experience with the 
most recently approved medications 

(continued on the next page)
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At the USC Parkinson’s Disease and Movement 
Disorders Center at Keck Medical Center of 
USC, clinicians offer comprehensive services 
to treat all movement disorders, including 
Parkinson’s disease (PD), primary and 
secondary dystonia, tics and essential tremor. 
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Figure 1 - The deep brain stimulation (DBS) team of clinicians at USC Neurosciences treats patients 
with movement disorders.

Figure 2 – At Keck Medicine of USC, patients 
can work with physiotherapists who specialize in 
treating movement disorders to correct gait and 
balance disturbances.
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Diagnosis and treatment of movement disorders (continued)

for movement disorders, including 
enteral infusion of levodopa. 

Some of the more specialized 
treatments that we offer for 
movement disorders include 
a botulinum toxin injection for 
dystonia and deep brain stimulation 
(DBS). Patients who are candidates 
for a DBS undergo extensive pre-
operative screening that includes 
neuropsychological testing, 
evaluation by a psychologist and 
a medical examination (see article 
below for more details).

In addition to the clinical trials, USC 
Neurosciences maintains an active 
research program in movement 
disorders. Currently, our faculty 
members are investigating how to 
best treat compulsive disorders that 
develop as a side effect of treatment 
with dopamine agonists in patients 
with PD, and the use of salivary 
alpha-synuclein as a biomarker  
for PD.2 

USC Neurosciences is pleased to 
partner with referring physicians 
in the care of their patients. We 

provide a range of services, as 
needed, including a one-time 
consultation, a yearly evaluation and 
therapy update, co-management 
of patient care or assumption of full 
care for the patient. ■

1.  Nielsen G, Stone J, Matthews A, et al. Physiotherapy for 
functional motor disorders: a consensus recommendation.  
J Neurol Neurosurg Psychiatry. 2015;86(10):1113-1119.

2.  Gupta TJ, Gomez ME, Yang L, Cen S, Togasaki DM, Hui JS. 
Dopamine agonist induced impulse-control behaviors in 
Parkinson's disease are not dose-dependent. 2015.

■ Inhaled levodopa for OFF episodes in Parkinson’s disease [NCT02240030]

■ Sublingual apomorphine for OFF episodes in Parkinson’s disease [NCT02469090]

■ Tozadenant in for OFF episodes in Parkinson’s disease [NCT02453386]

■ Botulinum toxin B injections for troublesome sialorrhea [NCT01994109]

■ Deutetrabenazine for tardive dyskinesia [NCT02198794]

■ Exercise and physical therapy for cognitive impairment in Parkinson’s disease [NCT02267785]

■ Inosine for treatment of early Parkinson’s disease [NCT02642393]

■ Droxidopa for orthostatic hypotension associated with PD [NCT02586623]

Physicians at USC Neurosciences are participating 
in several ongoing clinical trials for movement 
disorders, including studies examining: 

(continued on the next page)

■  Patient with Parkinson’s 
disease who is responsive 
to levodopa treatment but 
medication effect is not 
lasting long enough or leads 
to intolerable side effects 

■  Patient with a medication-
resistant tremor or a  
disabling dyskinesia

■  Patient who doesn’t meet 
clinical criteria for dementia

■  Patient with social support

?

Please contact (323) 442-5814 for more information  
on clinical trials or to enroll a patient.

Who is a good  
candidate for DBS

Deep Brain 
Stimulation 

Since 2007, USC Neurosciences has treated more than 
500 patients using deep brain stimulation (DBS) and 
is currently treating more than 100 patients with DBS. 
Patients with Parkinson’s disease (PD), essential tremor, 
dystonia or obsessive-compulsive disorder are potential 
candidates for DBS.3,4 Surgeons affiliated with USC 
Neurosciences are also performing DBS implantation at 
Children’s Hospital Los Angeles for children with primary 
and secondary generalized dystonia. 

The comprehensive DBS program at USC coordinates 
the involvement of neurology, neurosurgery, 
neurophysiology, psychiatry, psychology, physical 
therapy and neuroradiology to provide patients with 
state-of-the-art treatment. The team of clinicians holds 
regular DBS meetings to discuss patient cases and 
come to a consensus on a treatment plan.

Patients who are potential candidates for DBS undergo 
a very thorough preimplantation screening to ensure 
that they will tolerate the procedure, likely do well 
afterward and respond to the stimulation. The screening 
includes neuropsychological testing, psychological 
evaluation, evaluation by a social worker, evaluation by 
a neurosurgeon and magnetic resonance imaging. In 
addition, patients with PD are examined and observed 
when they are off their usual medications for PD. 
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USC Neurosciences will work with patients who are 
otherwise good candidates for DBS to improve their 
social support that is available after surgery. Patients 
who are deemed not appropriate candidates for DBS 
can be managed with several therapies, including 
medication and physical therapy (see article above).

During the implantation procedure, the patient is  
sedated but awake, giving them the ability to provide 
ample feedback to the neurosurgical team about their 
state and the electrode placement (Figure 3). 
 
At Keck Medical Center of USC, neurosurgeons use a 
frame-based stereotaxis to perform a small craniotomy 
and MRI-guided placement of the electrodes. 

Before placing the electrodes, the surgical 
neurophysiology team maps the intended DBS target 
using microelectrodes. DBS electrodes can be placed 
in the subthalamic nucleus, thalamus or globus 
pallidus, depending on the condition being treated 
and the patient’s anatomy and function. Intraoperative 
testing is performed on the DBS electrodes to ensure 
minimal side effects of the stimulation. 

After the implantation is complete, patients receive 
comprehensive evaluations and management. 
Patients attend multiple clinic visits at which clinicians 
finely tune the neurostimulator programming. 
Medication will also be adjusted as necessary. Once 
the programming and medication are stable, each 
patient returns to Keck Medical Center of USC for two 
to three visits per year to monitor the stimulation and 
the patient’s condition.

Patients treated with DBS can attend a monthly DBS  
support group at which a clinician presents educational 
information on a variety of topics. Each meeting of the 
support group allots time for patients and clinicians 
to discuss any DBS issues with the group. Potential 
candidates for DBS can attend this support group to 
hear from others who have been implanted. 

Patient outcomes from DBS treatment at USC 
Neurosciences are encouraging. Examination of DBS 
cases revealed that intraoperative microelectrode 
testing is vital to correctly place the DBS electrodes.5 
Intraoperative DBS lead programming ensures a higher 
success rate of intraoperative targeting.6 Surveys of 

patients treated with DBS at Keck Medical Center  
of USC indicate that they were generally satisfied with 
the results of DBS.7,8 

We maintain an active research program in DBS. 
Currently, we are studying the validity and utility 
of microelectrode recording during DBS electrode 
placement in patients with Parkinson’s disease 
or essential tremor. We are also studying patient 
expectations in candidates for deep brain stimulation 
to determine how we can improve patient care 
knowing pre-operative expectations. ■

Deep brain stimulation (continued)

Figure 3 - Photo of a patient undergoing DBS electrode 
implantation. The surgical neurophysiology team asks the 
patient to touch the physician’s finger in order to test the 
electrode placement.
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3.  Medtronic. Activa SC Neurostimulator.  http://professional.medtronic.com/pt/neuro/dbs-md/
prod/activa-sc/features-specifications/index.htm - .VzN1vmZ_wtF. Accessed May 11, 2016.

4.  Food and Drug Administration. Brio Neurostimulation System. PMA P140009; June 12, 2015.

5.  Tran AT, Togasaki DM, Gonzalez AA, Liker M, Shilian P. The role of MER in DBS surgery in an era 
of high resolution MRI. Paper presented at: American Clinical Neurophysiology Society Annual 
Meeting; February 10-14, 2016; Orlando, FL.

6.  Tran AT, Togasaki DM, Gonzalez AA, Hui JS, Esnaashari N, Shilian P. The effect on UPDRS with 
intraoperative testing in DBS surgery. Paper presented at: American Clinical Neurophysiology 
Society Annual Meeting; February 10-14, 2016; Orlando, FL.

7.  Esnaashari N, Hui J, Hwu J, Liao C, Liang J, Togasaki DM. Patient expectations and outcome 
after DBS. Paper presented at: American Neurological Association Annual Meeting; October 
2012; Boston, MA.

8.  Esnaashari N, Liang J, Chen S, Liker M, Hui JS, Togasaki DM. Patient expectations and 
outcome after DBS. Paper presented at: 19th International Congress of Parkinson's Disease 
and Movement Disorders; June 14-18, 2015; San Diego, CA.

These implanted devices use carefully programmed electrical 
impulses to reduce the physical symptoms of Parkinson’s disease 

and essential tremor. Most patients have either PD or ET and only one 
battery pack, however patients diagnosed with both diseases may 
have two implanted devices with wires on either side of the head. 

DBS Leads—Thin insulated wires are inserted into the brain  
through small holes in the skull. 

Extension Wires—The wires are threaded under skin and down the  
side of the head and neck, and connected to the battery pack.

Battery Pack—This pacemaker-like device is implanted near the clavicle and 
sends pulses to targeted structures within the brain to help control  

tremors and other abnormal movements caused by the diseases in the body. 

A

A
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B
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We have treated more than 
600 patients overall and more 
than 130 patients in 2017  using 
endoscopic endonasal surgery, 
accruing one of the highest 
patient volumes in California. 

(Dr. Carmichael) for their evaluation, 
and are co-managed by both  
physicians throughout their care.  
Our clinicians work with referring 
physicians to manage the patient’s 
surgery and hospital stay and send 
the patient back to the referring  
physician for follow-up care. 

For questions or a 
consultation, we 
welcome a phone call at 
(323)442-6290 
Lesions that can be resected using 
endoscopic endonasal techniques 
include all hormone secreting 
and non-hormone secreting 
tumors of the pituitary gland (e.g., 
Cushing’s disease, acromegaly), 
as well as additional tumors and 
cysts of the skull base (including 
meningiomas, Rathke cleft cysts, 
craniopharyngiomas, chordomas). 
Surgeons have expertise in both 
endoscopic and open traditional 
surgical techniques and can tailor  
the surgical approach to each 
patient’s needs. Same week 
appointments are available for new 
patients at USC Neurosciences.

Benefits of an endoscopic  
surgical technique include:

■  Improved tumor visualization  
and access

■  Improved degree of resection 
compared to traditional 
craniotomy12 

■  Quicker recovery times and 
shorter hospital stays given  
the minimally invasive nature  
of the procedure 

At Keck Medical Center of USC, 
the perioperative CSF leak rate for 
endoscopic pituitary tumor resection 
is less than 2%, which is lower than 
the estimated average rate of 7% from 
a recent meta-analysis,13 and the 30-
day mortality rate is less than 0.2%.

After endoscopic resection, 
some patients may benefit from 
radiosurgery to treat their residual 
pituitary or skull base tumors. Keck 
Medical Center of USC houses a 
robust program for radiosurgery 
of pituitary and skull base tumors, 
offering Gamma Knife® Perfexion™ 
and TrueBeam™. All of these 
radiosurgery modalities offer 
improved accuracy, safety, speed  
of therapy and preservation of vision 
and hormonal function compared 
to conventional radiation therapy 
techniques 14,15   

In addition to the robust clinical 
program, USC Neurosciences is a 
leading contributor to research in the

field of pituitary tumors. Physicians 
at USC Neurosciences are leading 
a large multi-institutional national 
study, the Pituitary Adenoma 
Genomics and Epigenetics (PAGE) 
consortium. Keck Medical Center 
of USC is the leading study site 
processing the tissue samples  
to study pituitary adenoma  
genetics and develop precision 
therapies for patients with these 
complex tumors.16 ■

USC Neurosciences offers a leading- 
edge treatment for tumors of the 
pituitary gland and skull base, 
namely endoscopic endonasal 
surgery. Our physicians have 
completed fellowships in endoscopic 
skull base surgery and pituitary 
endocrinology. USC Neurosciences 
maintains an active physician training 
center for endoscopic skull base 
surgery and offers one of the only 

annual resident training courses in 
the United States. The expertise of 
our faculty is documented in a newly-
published textbook entitled The Atlas 
of Sellar and Perisellar Lesions (eds. 
Zada, Mukundan, Lopes, Laws).9 

Patients treated for pituitary  
tumors receive multidisciplinary  
care from a team of neurosurgeons,  
otolaryngologists, endocrinologists, 

radiation oncologists, neuroradiolo-
gists and neuropathologists.  
Research has shown that the  
outcomes of patients undergoing 
endoscopic resection of pituitary 
tumors are directly related to the 
experience of the surgeon and  
volume of the medical center.10,11  
At USC Neurosciences, patients are 
seen concurrently by a neurosurgeon 
(Dr. Zada) and an endocrinologist  

for pituitary 
tumors

Figure 4 - Schematic showing the 
endoscope inserted into the nasal 
cavity to access tumors that are 
located in and around the pituitary 
gland and skull base.

9.  Atlas of sellar and perisellar lesions: clinical, radiological, and 9. 
 Atlas of sellar and perisellar lesions: clinical, radiological, and 
pathological correlations. Switzerland: Springer International 
Publishing; 2016.

10.  Barker FGn, Klibanski A, Swearingen B. Transsphenoidal surgery 
for pituitary tumors in the United States, 1996-2000: mortality, 
morbidity, and the effects of hospital and surgeon volume. J Clin 
Endocrinol Metab. 2003;88(10):4709-4719.

11.  Wilson D, Jin DL, Wen T, et al. Demographic factors, outcomes, 
and patient access to transsphenoidal surgery for Cushing's 
disease: analysis of the Nationwide Inpatient Sample from 2002 to 
2010. Neurosurg Focus. 2015;38(2):E2.

12.  Gao Y, Zhong C, Wang Y, et al. Endoscopic versus microscopic 
transsphenoidal pituitary adenoma surgery: a meta-analysis. 
World J Surg Oncol. 2014;12:94.

13.  Ammirati M, Wei L, Ciric I. Short-term outcome of endoscopic 
versus microscopic pituitary adenoma surgery: a systematic review 
and meta-analysis. J Neurol Neurosurg Psychiatry. 2013;84(8):843-
849.

14.  Starke RM, Williams BJ, Jane JAJ, Sheehan JP. Gamma 
Knife surgery for patients with nonfunctioning pituitary 
macroadenomas: predictors of tumor control, neurological 
deficits, and hypopituitarism. J Neurosurg. 2012;117(1):129-135.

15.  Iwata H, Sato K, Tatewaki K, et al. Hypofractionated stereotactic 
radiotherapy with CyberKnife for nonfunctioning pituitary 
adenoma: high local control with low toxicity. Neuro Oncol. 
2011;13(8):916-922.

16.  Ling C, Pease M, Shi L, et al. A pilot genome-scale profiling of DNA 
methylation in sporadic pituitary macroadenomas: association 
with tumor invasion and histopathological subtype. PLoS One. 
2014;9(4):e96178.
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Physicians from around the world bring their toughest 
cases to Keck Medicine of USC. We work closely with 
referring physicians to tailor a multidisciplinary treatment 
plan unique to each patient, applying our cutting-edge 
research to give patients better outcomes. Refer your 
patients to see how we’re redefining medicine.  

THE KECK EFFECT:

MORE EXPERT COLLABORATION 
FOR BETTER OUTCOMES
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