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Stem Case and Key Questions Content 
A 68-year-old male presents for deep brain stimulation (DBS). He has a ten-year history of 
Parkinson’s disease for which he takes carvidopa-levodopa (25-250 mg) 4 times daily. Other past 
medical history includes essential hypertension for which he takes metoprolol and 
hydrochlorothiazide. He denies any other medical problems, has no known drug allergies and 
received general anesthesia without incident for a hernia repair 3 years ago. The physical 
examination reveals masked facies, involuntary upper extremity tremors and the following vital signs: 
blood pressure (BP) = 150/89 mmHg, heart rate (HR) = 72 beats per minute (bpm) and oxygen 
saturation (SpO2) = 98% on room air (RA). A 12-lead EKG reveals normal sinus rhythm. A 20-gauge 
peripheral IV is in place. He has taken no medications since last evening. 
 
The surgeon is preparing to place a neurosurgical head frame under local anesthesia prior to 
obtaining magnetic resonance imaging (MRI) of the brain. This imaging will then be used to target the 
appropriate location to place the DBS leads. He asks you to administer some sedation while he injects 
local anesthesia at the head frame pin sites and secures the frame. He states that the MRI scanner is 
being “held” for this patient and that he will have to be transported to the radiology suite immediately 
after the frame is in place. 
 
1. Discuss the clinical indications for DBS. 
2. Discuss pertinent preoperative concerns relevant to patients presenting for DBS. 
3. Discuss the anesthetic challenges encountered when managing DBS patients and outline an 
appropriate anesthetic plan. 
4. Discuss which anesthetic agents are most appropriate for this patient and which are best avoided. 
5. How can the anesthetist assist in head frame placement? 
 
The head frame is secured and the patient is transported to the radiology suite. He is positioned in the 
MRI scanner and image scanning begins. The radiology technician states that the patient’s tremors 
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are preventing the attainment of good quality images and asks that “something be given to keep the 
patient from moving.” 
 
1. How might the patient’s tremors be temporarily ameliorated during imaging? 
2. Briefly discuss any concerns one might have when administering anesthesia in a remote location. 
 
The MRI is completed and the patient is transported to the operating room in preparation for lead 
placement. Standard American Society of Anesthesiologists (ASA) monitors are applied. 
1. What additional monitoring modalities, if any, are needed prior to proceeding? 
2. Describe the potential merits of scalp nerve infiltration for this operation and how a scalp nerve 
block is performed. What are the potential disadvantages? 
 
Propofol, 50 mg, is administered in divided doses and a scalp nerve block is performed. The patient is 
positioned in the supine “beach chair” position and the surgical field is prepped and draped. The 
surgeon requests that the systolic blood pressure be maintained below 130 mmHg and that sedation 
be continued until the burr holes are completed. He then emphasizes that the patient will have to be 
fully awake and cooperative during intracranial electrode placement and microelectrode recording 
(MER). During trepanation (burr hole creation) the patient suddenly coughs and the following vital sign 
changes are noted: blood pressure decreases from 115/82 mmHg to 70/45 mmHg, HR increases from 
72 bpm to 94 bpm, SpO2 decreases from 100%-86% on 3L/min nasal cannula and end-tidal CO2 
(EtCO2) decreases from 40mmHg to 20mmHg. 
 
1. Discuss medications that can be used to minimize elevations in the patient’s blood pressure. 
2. What intraoperative complications are patients undergoing DBS at risk for experiencing? 
3. What is the differential diagnosis for the patient’s sudden clinical deterioration and discuss 
appropriate management. 
 
Three minutes later the patient’s vital signs return to baseline and an arterial blood gas shows a 
PaCO2 of 43 mmHg and a PaO2 of 98 mmHg. The neurosurgeon asks if he can proceed with the 
operation. The sedation has been discontinued and the patient is fully awake. 
 
1. Is it safe to proceed with the operation at this point? 
2. Discuss the importance of having an awake, cooperative patient during lead placement 
3. What testing modalities are utilized to ensure proper lead placement? 
4. How can one’s choice of anesthetic agent positively or negatively affect the accuracy of lead 
placement? 
 
After an hour of testing, the DBS electrodes are in the proper place and the surgical incision is closed. 
The patient is then transported to the post-anesthesia recovery unit (PACU). 
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1. Discuss postoperative concerns relevant to DBS lead placement 
Two weeks later the patient returns to the operating room for DBS pulse generator placement (stage 
2).  
The neurosurgeon states that he will be placing a pacemaker-like stimulator in the patient’s upper 
torso which he will connect to the leads inserted during the first stage of surgery. 
 
1. Discuss appropriate anesthetic options for this stage of the operation. 
 
 
Model Discussion Content 
Deep brain stimulation (DBS) has received considerable attention as an effective treatment modality 
for medically refractory Parkinson’s disease (PD). Over the past several years the clinical indications 
for DBS have expanded to include other movement disorders such as dystonia and essential tremor 
as well as neuropsychiatric disorders including obsessive compulsive disorder (OCD), Tourette’s 
syndrome and depression (1, 2). 
 
DBS for PD involves the implantation of stimulatory electrodes (or leads) in the thalamus, globus 
pallidus and subthalamic nucleus and provides an alternative as efficacious as basal ganglia lesioning 
(pallidotomy and thalamotomy) without the same risk of permanent neurologic complications (3). In 
most cases the electrodes are placed bilaterally with target localization performed with computed 
tomography (CT) or MRI. Following target localization, the precise location of stimulator lead 
placement is then achieved through identification of neuronal activity characteristic of the involved 
basal ganglia through the use of intraoperative microelectrode recordings. The external leads are then 
later connected to an implanted programmable battery-powered pulse generator that controls them. 
Although techniques vary among surgeons and institution, most DBS procedures are completed in 
two stages. The first stage involves electrode implantation which is usually performed with the patient 
awake or with minimal sedation. The second stage involves placement of the DBS generator and is 
performed under general anesthesia. The anesthetic considerations for DBS, particularly for lead 
implantation (stage 1), are challenging. They involve providing sedation and analgesia with minimal 
respiratory depression and in multiple anesthetizing locations. The anesthetic plan must not interfere 
with clinical testing or with intraoperative electrophysiological monitoring. 
 
DBS Stage 1: Lead (Electrode) Placement 
Preoperative Management 
Assessment of changes in motor symptoms in response to brain stimulation is often used to guide 
appropriate placement of stimulator leads and worse outcomes have been reported in patients 
undergoing DBS with general anesthesia (GA) (4). Although more recent studies have demonstrated 
successful lead placement under GA and suggest concerns surrounding GA for lead placement might 
be overstated, monitored anesthesia care (MAC) remains the preferred anesthesia modality (5,6).  
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Therefore, the majority of DBS lead placements are performed awake, with mild sedation or a 
combination of both. One of the primary anesthetic goals is to have a responsive, cooperative patient 
during intracranial electrode placement and microelectrode recording (MER). Because the patient is 
awake during a significant portion of the procedure, extensive communication and counseling on 
behalf of the surgical and anesthesia team are required prior to and on the day of surgery. The patient 
must also be prepared for what is likely to happen during the different stages of the procedure and for 
lengthy operating times. 
 
The preoperative evaluation should provide information about the extent of the disease, coexisting 
medical problem and current drug therapy. Particular attention should be paid to the respiratory and 
cardiovascular systems as many patients with a long history of PD may have autonomic dysfunction, 
impaired respiratory reserve, sleep apnea and increased risk of aspiration (7). A careful airway exam 
must be performed as head frame placement may interfere with airway access during an emergency. 
Finally, preoperative cessation of anti-Parkinson therapy needs to occur the evening before surgery in 
order to allow for symptom observation during the procedure and accurate placement of stimulating 
electrodes. 
 
Intraoperative Management  
DBS lead insertion is a process that occurs in multiple locations over several hours. These locations 
include the pre-anesthesia holding area, radiology suite and operating room. Throughout each stage, 
care must be taken to ensure that the patient receives the safest care possible. This includes ensuring 
that ASA standard monitoring modalities (pulse oximetry, blood pressure, electrocardiogram and 
EtCO2) are available at each anesthetizing station. This can be accomplished by having a transport 
monitor accompany the patient through each required station (holding area, radiology suite, operating 
room, etc.). Although the patient will be awake during lead placement, sedation is often administered 
at earlier stages with the patient being transported expeditiously between locations. 
 
The holding area 
The operation typically begins in the pre-anesthesia holding area. The preoperative evaluation occurs 
here (if not performed beforehand) as well as stereotactic head frame placement. At this point, the 
degree of patient anxiety as well as tremor need to be assessed as these elements will help 
determine the need for sedation during placement of the head frame. Cooperative, minimally anxious 
patients who are able to control their movements usually require very little sedation. In order to 
facilitate placement and tolerance of the head frame pin sites, the surgeon or anesthesiologist often 
performs a scalp nerve block. Additionally, a successfully placed scalp block will provide excellent 
analgesia during burr-hole trepanation later. Should sedation be needed during this process, it is 
usually best accomplished with small, intermittent boluses of short-acting medications such as 
fentanyl and/or propofol. ASA standard monitoring modalities should be applied (via a portable 
monitor if head frame placement is to occur outside of the operating room) and supplemental oxygen 
administered via nasal cannula. It is imperative to have airway equipment (laryngoscopes, 
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endotracheal tubes and supraglottic airway devices) in the immediate vicinity should over sedation or 
local anesthetic toxicity occur. 
 
Scalp nerve block 
Anesthetizing the nerves innervating the scalp is a classic away of providing analgesia during awake 
craniotomy and is an excellent option for providing comfort during DBS electrode placement. 
Performing a complete scalp block involves anesthetizing the supraorbital, 
supratrochlear, zygomaticotemporal, auriculotemporal, posterior temporal and greater and lesser 
occipital nerves with bupivacaine 0.25%- 0.5%. However, for the purposes of burr-hole creation a 
modified block of only the supraorbital and greater occipital nerves can be performed as follows: 
 
1. Supraorbital- Supraorbital notch is palpated by finger along the superior orbital rim, and needle is 
inserted approximately 1 cm medial to the foramen, with a medial direction to avoid the penetration of 
the foramen at all costs (causes nervous trauma). Classically, the puncture point is in line with the 
centered pupil, just above the orbital ledge. Approximately 2 ml of local anesthetic is placed bilaterally 
(total of 4ml) 
2. Greater occipital- Palpate the occipital artery and inject medially after careful aspiration. 
Approximately 3ml of local anesthetic placed bilaterally (total of 6 ml) (3).  
 
The radiology suite 
After head frame placement, the patient is taken to CT or MRI. Here, imaging is obtained which will 
assist in determining the target and trajectory of the DBS lead. If an MRI is to be obtained and the 
patient suffers from claustrophobia or severe tremors, sedation may be required in order to eliminate 
motion artifact during imaging. This is sometimes accomplished with a small amount of fentanyl but 
often a low-dose propofol infusion is required as these studies typically last 20 to 30 minutes. 
Computed tomography scanning is shorter than MRI but small amounts of sedation may be required 
here as well. Standard ASA monitoring including EtCO2 is imperative. Benzodiazepines such as 
midazolam are probably best avoided during this phase of the procedure as they may affect 
neurophysiological recording later. 
 
The operating room  
After imaging, the patient is then transported to the operating room for placement of the DBS leads. 
Standard monitors are applied and the patient is positioned with the head turned 90 degrees away 
from the anesthesia provider in a semi-sitting (beach-chair) position. Allowing unfettered access to the 
hands and lower extremities for movement testing is imperative. In addition to standard monitoring, 
placement of an arterial line should be considered if the patient has significant cardiopulmonary 
disease or if the degree of tremor precludes accurate non-invasive blood pressure monitoring. As 
mentioned previously, MAC is the standard anesthetic used for DBS lead placement. During the 
preparation stages of the procedure and during burr-hole creation light to moderate sedation can be 
used to facilitate patient comfort. Care must be taken, however, to ensure proper head and neck 
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positioning to avoid airway obstruction. Prior to surgical incision and burr-hole trepanation, the scalp 
block should be reinforced (this is particularly important if the surgeon simply infiltrated the skin with 
local anesthesia at the pin sites prior to placing the head frame rather than performing an actual scalp 
block) and light to moderate sedation administered. Spontaneous respiration with oxygen 
supplementation is the normal plan for DBS lead placement. However, in the event of an emergency, 
the head frame, patient positioning, and surgical drapes combine to make endotracheal intubation 
very difficult. A supraglottic airway device (such as a laryngeal mask airway) is relatively easy to insert 
and should be readily available. After the burr-hole has been made, sedation is discontinued and the 
patient allowed to regain full consciousness. 
 
Most neurosurgeons desire a patient who is awake and cooperative throughout the testing portion of 
the procedure to promote macrostimulation. This is direct feedback on symptom reduction and 
adverse effects when placing the DBS leads. Thus, general anesthesia and longer-acting sedatives 
should be avoided (6). Another concern with certain anesthetic agents is the potential interference 
with MER, an electrophysiological technique used by the surgeon to ensure proper lead placement. 
Thus, an ideal agent is one that is short-acting, facilitates patient cooperation and does not interfere 
with MER. 
 
Dexmedetomidine is an excellent agent for DBS lead placement. It is an alpha-2 agonist which 
causes very little respiratory depression and has minimal effects on MER. It provides anxiolysis and 
sedation and allows for easy emergence with verbal stimulation. Furthermore, it does not suppress 
PD tremor so is ideal for macrostimulation testing. It can be administered as a bolus of 1ug/kg over 10 
minutes followed by an infusion of 0.2 - 0.9 ug/kg/h. Alternatively, an infusion can be started at 0.5-0.7 
ug/kg/h without a preceding bolus (8-10). 
 
Propofol is another attractive drug for DBS lead placement. It has a rapid onset of action, short 
duration and is easy to titrate. It has an unclear effect on MER and PD tremor but MER rapidly returns 
to baseline with infusion discontinuation. It is a potent respiratory depressant so careful titration is 
imperative. A continuous infusion of 25-75 ug/kg/min provides an excellent degree of sedation and 
can be administered alone or in combination with dexmedetomidine (11). 
 
Remifentanil has also been used successfully for this purpose. It has minimal effect on MER and 
provides excellent analgesia. It does, however, suppress PD tremor and should be used at very low-
dose infusion rates (.03-.05 ug/kg/min) due to its ability to cause respiratory depression (12). 
Benzodiazepines such as midazolam are generally avoided during DBS lead placement as they 
profoundly reduce the quality of MER affecting lead placement. They also suppress PD tremor and 
impair consciousness which adversely affect macrostimulation testing (5). 
 
After the DBS lead has been placed and proper positioning confirmed, the patient can be sedated 
again for wound closure. 
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Intraoperative Complications 
The reported rate of intraoperative complications associated with DBS varies widely and includes 
respiratory compromise, seizures, intracerebral hemorrhage and venous air embolism. The most 
commonly encountered problems are apnea, hypoxemia and hypercarbia related do 
deep sedation. In most circumstances this can be treated by lowering or terminating sedation and/or 
by placement of a supraglottic airway device. 
 
Intracerebral hemorrhage (ICH) is a potentially catastrophic complication with a reported incidence of 
0.9 to 5% (13, 14). Severity ranges from asymptomatic bleeds discovered on postoperative imaging to 
large hemorrhages requiring termination of surgery. Hypertension and advanced age are known 
patient risk factors. Blood pressure control is one of the primary anesthetic goals with most 
neurosurgeons requiring systolic blood pressures below 130mmHg. It is important to have 
antihypertensive agents readily available should be the blood pressure need treating. Elevations in 
blood pressure tend to occur once sedation has been discontinued and the patient is awake. Beta-
blockers, vasodilators and calcium channel blockers have all been used successfully. 
 
Venous air embolism (VAE) is a dangerous complication with a reported incidence of 1.3-4.5% during 
DBS (15). The increased frequency of VAE during DBS lead placement is a consequence of the 
sitting position which leads to a negative pressure gradient between the venous system of the head 
and the right atrium. Classic signs and symptoms of a VAE include coughing accompanied by vital 
sign changes such as hypotension, oxygen desaturation and decreases in EtCO2. Precordial Doppler 
and transesophageal echocardiography which are typically used to help diagnose VAE in high-risk 
patients are impractical in the DBS patient population due to excessive noise and difficult placement 
in an awake patient. 
 
Treatment of VAE is supportive. The head should be lowered and the surgical field irrigated to prevent 
further air entrainment. Blood pressure should be supported with vasoactive agents until the air 
embolism subsides. 
 
Postoperative Management 
Patients are typically transported to the PACU following DBS lead placement. In the event of an 
intracerebral hemorrhage or other significant complication, the patient is admitted to the ICU for 
further management. Patients are often exhausted following the DBS procedure and anti-Parkinson 
medications should be administered shortly after arrival to the PACU (this will facilitate recovery). 
Postoperative imaging is generally obtained immediately after recovery to look for asymptomatic 
bleeding and pneumocephalus prior to PACU discharge. Postoperative pain is usually minimal and 
can be managed with acetaminophen and small doses of opioid agonists. Patients are typically 
admitted for one night and discharged home the following day. 
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DBS Stage 2: Stimulator Placement 
The second stage of DBS usually occurs a few weeks following electrode placement. A pacemaker-
like stimulator (also known as a pulse-generator) is placed in the upper torso and connected to the 
leads placed in the first stage. Neuromonitoring is not required and generator placement can be 
performed under general anesthesia without drug limitations. The patient is discharged to home the 
same day and an appointment is made with a neurologist who activates the DBS system and adjusts 
the stimulator to meet the patient’s needs. 
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