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DEEP BRAIN STIMULATION RELIEVES
REFRACTORY HYPERTENSION

Increased activity of the sympathoadrenal system
plays a major role in the pathogenesis of essential
hypertension and end organ damage.1,2 Recent effec-
tive antihypertensive strategies have manipulated au-
tonomic nervous control mechanisms including
renal nerve ablation.1 Here, we present the first pa-
tient in whom refractory hypertension was controlled
chronically with deep brain stimulation (DBS) of the
ventrolateral periaqueductal gray (PAG)/periven-
tricular gray (PVG) as a primary response and not
secondary to associated pathologic changes.

Level of evidence. This study provides Class IV
evidence that chronic electrical stimulation of the
PAG/PVG may provide effective treatment for con-
trolling blood pressure in patients with drug-resistant
hypertension.

Case report. A 55-year-old man developed left-
sided weakness, and an ischemic stroke affecting the
internal capsule was diagnosed (figure e-1A on the
Neurology® Web site at www.neurology.org). At hos-
pital admission, hypertension and hypercholesterol-
emia were diagnosed. In the peristroke period, blood
pressure readings ranged from 265/96 to 153/89 mm
Hg, and antihypertensive medication was prescribed:
atenolol (50 mg), diltiazem (240 mg), perindopril (4
mg), and indapamide (1.25 mg). Aspirin (75 mg)
and simvastatin (40 mg) were also prescribed. This
medication regimen maintained his blood pressure at
145/69 mm Hg. Four months later, subsequent to
multiple dose increases in the quadruple therapy, his
blood pressure ranged from 153/87 to 134/72 mm
Hg. Unfortunately, although his hemiplegia re-
solved, he developed a severe left-sided hemibody
central pain syndrome that proved refractory to treat-
ment over the following 3 years, leading to referral
for DBS to treat his pain.

With use of established protocols3 and a MRI-
guided stereotactic technique, the PAG/PVG region
was targeted with a DBS quadripolar electrode
(model 3387, Medtronic Inc., Minneapolis, MN)
(figure e-1B) because it produces analgesia.4 In-

formed patient consent was acquired, and ethics ap-
proval was obtained (Frenchay Hospital, Research/
Development Ethics Committee). The patient
underwent optimization of stimulation parameters to
alleviate his pain, not to treat his blood pressure (e.g.,
10 Hz, 210 �s, and 5.4 V). Pain levels were assessed
(table e-1). Before surgery and when taking 4 antihy-
pertensive medications, the patient underwent 24-
hour ambulatory blood pressure monitoring. Further
monitoring at 2, 3, 7, 27, and 33 months occurred
after surgery; on/off stimulation testing was per-
formed at 27 months (table e-2A/B, figure e-2).

Pain levels decreased initially but returned to pre-
surgical levels at 4 months (table e-1). Serendipi-
tously, immediately after DBS, there was a gradual
decrease in blood pressure (trough of 80/53 mm Hg)
(figure 1A) that prompted withdrawal of antihyper-
tensive medications. Home monitoring (twice daily
readings) for the 8 weeks after surgery showed aver-
age blood pressure of 110/65 mm Hg. Twelve weeks
postoperatively, blood pressure remained controlled
with PAG/PVG stimulation (124/76 mm Hg); this
slight increase prompted prescription of Coversyl
(perindopril 4 mg and indapamide 1.5 mg). After 33
months, blood pressure was 118/70 mm Hg with
Coversyl withdrawn 27 months postoperatively (ta-
ble e-2A/B, figure e-2).

At 27 months, DBS off-switching increased
blood pressure by 18/5 mm Hg (p � 0.01, paired
t test); during subsequent on-switching the blood
pressure decreased by 33/13 mm Hg (p � 0.01,
paired t test). These effects were repeatable (figure
1B, table e-2A/B).

Discussion. PAG/PVG stimulation can produce a
large, sustained lowering of blood pressure in a pa-
tient with refractory hypertension, which seems to be
efficacious because all antihypertensive medication
could be withdrawn. The hypotensive response was
independent of the pain relief provided by DBS be-
cause it persisted after the patient’s pain scores re-
turned to preoperative levels. This finding is
important because, for the first time, pain relief was
differentiated from a persistent hypotensive response.

The quadripolar electrode used (figure e-1B) is
likely to create current spread beyond the targeted
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PAG area; however, we have no way to quantify this.
Although we cannot rule out stimulation spread to
the contralateral PAG/PVG region, we believe it is
unlikely that thalamic nuclei will have been affected
because no side effects associated with thalamic stim-
ulation were observed. We found that stimulating
the PAG/PVG at 10 Hz provided optimal pain relief,
which is consistent with another report,5 whereas fre-

quencies greater than 50 Hz worsened the pain. A 10
Hz frequency would be expected to have an excita-
tory effect on PAG/PVG neurons, thereby inducing
analgesia and hypotension as described in animals.6

In rats, ventrolateral PAG stimulation evoked hypo-
tension associated with peripheral vasodilatation in-
dicative of sympathetic vasomotor withdrawal.6

Indeed, the ventrolateral PAG projects to and termi-
nates in regions containing sympathetic premotor
neurons including the raphe magnus, gigantocellular
reticular nucleus, rostral ventrolateral medulla (in-
cluding C1 adrenergic neurons), locus ceruleus, A5
cell group, and paraventricular and lateral hypotha-
lamic nuclei.7 We propose that any of these struc-
tures may mediate the hypotension. Whichever
pathway is involved, it would need to be inhibitory
in function, as proposed earlier.6

With hypertension in so many patients being re-
sistant to multiple drug therapy, alternative strategies
are needed. Manipulating endogenous autonomic
blood pressure control mechanisms such as ablating
renal nerves1 has provided long-term therapeutic re-
sponses in patients with severe refractory hyperten-
sion. The present data and those of others1,4 indicate
that manipulating the autonomic nervous system is a
powerful approach for chronic control of hyperten-
sion in humans.

Refractory hypertension may relate to high cere-
bral vascular resistance that triggers hypertension via
a Cushing response, thereby ensuring adequate blood
flow to the brain.8 Consistent with this prediction,
there was complete occlusion of the right internal
carotid artery and a 50%–60% stenosis of the left in
our patient (figure e-3). Intriguingly, PAG stimula-
tion is known to improve cerebral perfusion, at least
in the rat.9 This result leads us to conclude that DBS
of the PAG/PVG provides an opportunity to eluci-
date central mechanisms controlling blood pressure
in patients with refractory hypertension, which
might include improvement of cerebral perfusion
and reductions in sympathetic activity.
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Figure 1 Activation of the periaqueductal gray (PAG)/periventricular gray
(PVG) produced an immediate and pronounced fall in blood
pressure (A) and PAG/PVG on/off switching produced repeatable
responses in arterial pressure (B)

Blood pressure readings were taken for 3 days before surgery and during deep brain stimu-
lation (DBS) of the PAG/PVG region for 1 week postoperatively (A). Note the immediate fall
in blood pressure when stimulation was initiated. The effects of DBS in the PAG/PVG on
systolic (red) and diastolic blood pressure (blue) with and without antihypertensive medica-
tion (Coversyl) and during on/off stimulation 27 months after the stimulator had been fitted
and when pain scores had returned to preoperative levels are shown (B). During the daytime
(6:00 AM–11:00 PM), readings were taken every 30 minutes and every 60 minutes at night-
time; however, the time spent on each setting was variable and therefore the number of
readings ranged from 8 to 75. The average values are presented in the graph. Note the
reproducible reductions in arterial blood pressure during stimulation at low frequency (10
Hz). Data are means � SEM; *p � 0.05; **p � 0.001, paired t test. Meds � Coversyl (perindo-
pril 4 mg and indapamide 1.5 mg); Stim � electrical stimulation of the PAG/PVG.
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