
J Neurosurg  Volume 124 • May 2016 1513

case report
J Neurosurg 124:1513–1516, 2016

Deep brain stimulation (DBS) for medically refrac-
tory Parkinson disease (PD) and essential tremor 
has become established neurosurgical practice in 

helping to alleviate troublesome motor symptoms. Level 
1 evidence supports targeting of the subthalamic nucleus 
(STN) and the internal segment of the globus pallidus for 
PD.1,2,10,11 A promising refinement of the STN target is 
centered on the caudal zona incerta (cZI) at the border of 
the posteromedial STN within the posterior subthalamic 
area (PSA). We have used a slightly more anterior cZI tar-
get than that initially described by Plaha et al. because of 
concerns about long-term effects on gait (S. Gill, personal 
communication, 2007).7

An avid swimmer with PD, who was enrolled in a Phase 
II clinical trial (ClinicalTrials.gov, no. NCT01945567) 
comparing clinical outcome with DBS within dorsal and 
ventral subsegments of the PSA, lost the ability to swim 
with stimulation. This was despite having excellent resolu-
tion of motor symptoms. Remarkably, on examination the 
patient had no neurological deficits as determined by an 
experienced neurologist (R.S.); he could swim without dif-

ficulty with the stimulator turned off, but had severe dif-
ficulty swimming with it turned on.

This report raises concern about the possibility of 
drowning with PSA DBS, which requires immediate at-
tention. The ability of traditional neurological examina-
tion to identify such complex motor deficits may require 
reevaluation. Whether similar effects are associated with 
DBS at other targets is uncertain: we have received 3 addi-
tional anecdotal reports of deaths by drowning in patients 
from our center undergoing hybrid lesioning and DBS at 
the ventrointermediate nucleus of the thalamus and pal-
lidum for PD over the past 20 years. We hypothesize that 
DBS stimulation of the PSA may induce task-specific dis-
turbance of learned motor function.

case report
History and Examination 

A right-handed, 68-year-old man presented with a 5-year 
history of medication-refractory, tremor-predominant PD. 
The tremor had begun in his right hand and progressed 
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III (motor section); PD = Parkinson disease; PSA = posterior subthalamic area; STN = subthalamic nucleus. 
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to involve the entire right upper and lower limbs. Prior to 
being seen in the clinic, he had also begun experiencing 
left upper-limb symptoms. The tremor had both postural 
and kinetic components and was worse with stress and un-
der observation. The patient had difficulty eating, writing, 
and performing other dexterous hand movements bilater-
ally. He had severely limited his social interactions due 
to embarrassment associated with his tremor. There was 
moderate rigidity, bradykinesia, and akinesia. There was 
no dystonia or motor fluctuations, nor were there medica-
tion-induced dyskinesias. He had no cognitive or psychiat-
ric symptoms or signs on structured interviews. Dopami-
nergic medication trials were associated with intolerable 
side effects, including severe nausea and vomiting. The 
patient had a medical history of ischemic heart disease 
with no active symptoms, mild rheumatoid arthritis, and 
sciatica that was well managed nonoperatively.

Operation 
After discussing treatment options, the decision was 

made to perform PSA DBS as part of a local clinical trial. 
The PSA was targeted bilaterally under general anesthe-
sia, using the MRI-directed implantable guide tube tech-
nique as a staged procedure.6,9 Carbothane proxy markers 
of electrode position (NeuroGuide, Renishaw Plc) were 
placed stereotactically to the cZI targets, and a 3-T intra-
operative MRI study was performed after administration 
of a second general anesthetic agent. Once position was 
confirmed at the posteromedial border of the STN (Fig. 1), 
the stylets were replaced with quadripolar DBS electrodes 
(Model 3389, Medtronic, Inc.).

As part of the clinical trial protocol, the patient was 
randomly assigned to either dorsal or ventral stimulation 
for 3 months each, with frequency of stimulation constant 
at 130 Hz, pulse width constant at 60 msec, and amplitude 
set up to a maximum of 3 mA. These two settings were 
followed by a 6-month period of empirical programming 
by a movement disorder neurologist. During the empiri-
cal programming period the patient experienced almost 
complete resolution of tremor, with reduction in bradyki-
nesia and rigidity and no change in gait on neurological 
examination. Final program settings and active electrode 
positions are shown in Table 1 and Fig. 1, respectively.

Postoperative Course 
The therapeutic effect was characterized by a reduction 

in the patient’s score on the Movement Disorder Society–
Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) 
Part III (motor section) from a postoperative stimulation-
off score of 36 to a score of 2 with stimulation on, based 

on empirical parameters (Table 2). Assessments were per-
formed without dopaminergic medications due to intoler-
able side effects. In addition to excellent tremor control, 
the patient’s other symptoms of PD improved, and he was 
very satisfied with the result. On stable stimulation set-
tings more than several months after surgery, the patient 
felt confident in resuming his swimming at his home pool. 
Before surgery he had been a regular lap swimmer. On 
first returning to the swimming pool, he quickly realized 
he could not propel himself adequately and that he re-
quired assistance to get to safety. The patient reported the 
event immediately to our team.

Supervised Swimming Assessment and Outcome
The patient was advised to avoid swimming, and an 

appointment was made for a pool-based assessment un-
der physiotherapy, nursing, and research supervision. This 
was conducted and filmed in the controlled environment 
of the hospital physiotherapy swimming pool. The pa-
tient’s swimming was assessed first with DBS switched 
on. The stimulator was then switched off and the patient 
rested for 30 minutes. The patient’s swimming was then 
reassessed with DBS switched off. No dopaminergic med-
ications were taken during assessments.

On stimulation the patient was unable to propel him-
self forward or float adequately unassisted. There was a 
lack of synchronization of upper and lower limbs, and an 
unusual rotation of the trunk during the following strokes: 
freestyle, backstroke, and breaststroke. The patient tended 
to jackknife and fail to move forward during attempted 
freestyle. An attempt was made to attenuate upper-limb 
involvement with a flutter board, which did not improve 
performance. Freestyle was improved somewhat by im-
mobilizing the lower limbs. This was achieved by asking 
the patient to swim while gripping Styrofoam cylinders 
between his legs.

After withdrawal of stimulation, the patient’s ability 
to swim improved remarkably. He was able to swim free-
style, backstroke, and breaststroke in a well-coordinated 
fashion. Footage of the patient swimming freestyle with 
and without stimulation can be seen in Video 1.

video 1. DBS ON: The patient is observed attempting to swim 
freestyle. Within the first few strokes there is a marked inability 
to propel himself or float. The patient’s movements lack synchro-
nization between upper and lower limbs, and there is an unusual 
rotation of the trunk with each stroke. DBS OFF: The same free-
style swimming task is attempted after the DBS device has been 
switched off for 30 minutes. The patient is seen swimming effective-
ly and floating unassisted. Increased coordination between upper 
and lower limbs as well as greater stability through the trunk is 
observed with each stroke. Copyright Omar K. Bangash. Published 
with permission. Click here to view.

discussion
This case raises the possibility that patients undergo-

ing DBS of the PSA for tremor-predominant PD may be 
at risk for drowning. With stimulation switched on, this 
patient developed an objective worsening of swimming 
ability, which appeared to particularly reduce control of 
his lower limbs and posture in the water. At a minimum 
this risk needs to be considered for DBS of the PSA for 

table 1. settings for dbs electrodes*

Program Setting Lt Brain Rt Brain

Interleaving settings A B A B
Cathode (electrode contact) 1 2 9 10
Voltage (V) 3.5 3.5 1.5 3.0

*  A bilateral interleaving program of monopolar stimulation programs A and B 
was used. Each cathode is numbered according to the Medtronic Model 3389 
lead contact assignment. The device’s case served as the anode. Stimulation 
frequency was 130 Hz and pulse width was 60 μsec.
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PD, but the effect may not be specific to this brain region 
or underlying disease process. We have received 3 addi-
tional anecdotal reports of drowning in patients who had 
undergone unilateral lesioning and contralateral DBS of 
the ventrointermediate nucleus of the thalamus (1 patient) 
and globus pallidus (2 patients) for PD in Western Aus-
tralia. There is an urgent need to further investigate the 
prevalence of swimming dysfunction and its safety im-
plications in more patients undergoing DBS at all basal 
ganglia and thalamic targets. At present we advise patients 
undergoing DBS of this possibility regardless of the DBS 
target, and recommend that they should be supervised 
when first returning to swim after surgery or substan-
tive programming sessions. This conservative and simple 
measure should prevent any drownings while more clini-
cal evidence is acquired. If clinicians move toward DBS 
earlier in the course of PD,8 then the potential for drown-
ing may increase if younger and more physically active 
patients are treated.

The functional outcome of bilateral DBS of the PSA 
was regarded as successful by the treating clinicians as 
well as the patient. Neurological examination performed 
by our most experienced movement disorder neurologist 
(R.S.) did not reveal any abnormalities in gait, cerebel-
lar signs, dystonia, or spasticity despite his knowledge of 
the swimming difficulty at the time of assessment. The 
inability to swim may be a form of task-specific dystonia; 
dystonic side effects have already been described in some 
patients undergoing PSA stimulation for tremor.3 The ZI 
within the PSA is an important node both within the thal-
amocorticobasal ganglia and the cerebellothalamocortical 
circuits and their descending projections, and it binds mo-
tor behavior with environmental sensory input.4 Electri-
cal stimulation of the PSA may result in context-related 
(i.e., task-specific) motor dysfunction. It may be that neu-
rological examination needs to include more task-specific 
functional testing of swimming ability (and perhaps other 
athletic performance) tailored to an individual patient’s 
planned lifestyle.

Epidemiological studies of movement disorder surgery 
and drowning, and studies of swimming abilities in pa-
tients undergoing DBS are now required. The basal gan-
glia are thought to play an important role in motor control, 
and are thought to modulate the initiation and execution 
of movements so that they are performed in a smooth and 
fluid manner. Given the effect of high-frequency stimula-
tion of the PSA near the cZI in this patient, we hypothesize 
that the basal ganglia play an important role in the perfor-
mance of athletic movements that involve motor learning, 
such as swimming. Exploration of the effects of DBS on 
other targets involving corticostriatal and corticosubtha-
lamic afferents and the feedback circuits between the glo-

table 2. motor examination scores: mds–updrs-iii

Assessment Items on  
MDS–UPDRS-III (subsection) Stimulation OFF* Stimulation ON*

Head (3.1, 3.2) 1 2
Rigidity (3.3) 6 0
Akinesia (3.4–3.9, 3.14) 7 0
Gait/posture (3.10–3.13) 0 0
Tremor (3.15–3.18) 22 0
Total 36 2

*  The patient did not tolerate dopaminergics, so assessments were performed 
without any dopaminergic medications. Higher scores on the UPDRS-III indi-
cate increased severity of motor symptoms, up to a maximum score of 132.

Fig. 1. Intraoperative T2-weighted MRI studies marked with preoperative manual segmentation of STN (pink). Panels a–c dem-
onstrate left brain contacts and panels d–F demonstrate right brain contacts. a and d are axial, b and e are orthogonal, and c 
and F are sagittal slices through the deeper active contact (yellow crosshairs), with the more superficial interleaved active contact 
(yellow circles) at the cZI.
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bus pallidus interna and substantia nigra pars reticulata 
that modulate basal ganglia output5 may shed light on 
potential mechanisms of athletic dysfunction after func-
tional neurosurgery. The combination of epidemiological 
and biomechanical studies will establish which patients 
may develop deficits affecting swimming specifically, and 
will advance our understanding of the basal ganglia and 
athletic performance generally.
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