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MR Screening for Brain Stem Compression in Hypertension

Michael R. Watters, Bradford S. Burton, Gary E. Turner, and Kevin R. Cannard

PURPOSE: To determine the clinical usefulness of MR imaging to screen for vascular compression
of the lateral medulla, considered by some to be responsible for neurogenic hypertension.
METHODS: MR images and clinical records of 120 adults who had received brain MR imaging for
any reason were divided into two groups: group 1 (n 5 60) consisted of patients with essential
hypertension and group 2 (n 5 60) included patients who lacked a diagnosis of hypertension. No
patient manifested symptomatic cranial neuralgias. The root entry zone of cranial nerves IX and X
into the left lateral medulla was examined by MR imaging for proximity to the ipsilateral vertebral
artery or its branches. Images lacking any contact between visible vascular structures and the root
entry zone were recorded as normal. Vascular compression was graded according to the degree of
proximity to the root entry zone. Lateral medullary contact only (grade I), contact and depression
(grade II), or lower brain stem displacement or rotation (grade III) of the root entry zone were
recorded in both hypertensive and normotensive patients. Among hypertensive patients, additional
data were gathered from electrocardiographic, echocardiographic, and urinary protein reports.
RESULTS:We found compression in 34 (57%) of the patients from group 1 and in 33 (55%) of the
patients from group 2. Compressions in group 1 were grade I in 22 (37%) of the patients, grade II
in 8 (13%), and grade III in 4 (7%). Among group 2 patients, grade I compressions were found in
27 (45%), grade II in 4 (7%), and grade III in 2 (3%). There were no statistically significant
differences in MR findings between the two groups. Among group 1 patients, MR grading did not
predict end-organ changes in the heart (left axis deviation and left ventricular hypertrophy) or
kidneys (proteinuria). CONCLUSION: Vascular compression of the root entry zone of cranial
nerves IX and X into the left lateral medulla is not an adequate lesion to produce systemic
hypertension. This finding is as common among normotensive patients as among hypertensive
populations. Neither the presence nor the severity of changes in the root entry zone on MR images
increases the occurrence of common end-organ responses in the heart or kidneys among hyper-
tensive patients. MR screening is not warranted among hypertensive patients lacking symptomatic
cranial neuralgias.
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During the 1970s, case reports began to ap-
pear describing structural lesions affecting the
lower brain stem on the left, associated with
systemic (but not intracranial) hypertension (1,
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2). By the mid-1980s, Jannetta et al had stud-
ied 53 hypertensive patients with symptomatic
cranial neuralgias, 51 of whom had compres-
sion of the left lateral medulla by arterial
branches of the left vertebral artery (3). Of these
51 patients, 42 underwent vascular decompres-
sion, of which 36 were judged to be surgically
adequate. The blood pressure normalized in 32
(89%) of these and improved in the remainder,
allowing a reduction in hypertensive medication
usage. Among these hypertensive patients,
none was found to have arterial compression of
the right lateral medulla (3). Of the 36 patients
whose decompressions were deemed adequate,
30 were still available for follow-up 7 years later,
and 26 (86%) were either normotensive or had



improved control of their hypertension (4). Sim-
ilar outcomes have been reported by others
(5–8).
Animal models were established by using

balloons applied against the left lateral medulla
that distended with each heartbeat, thus simu-
lating natural arterial pulsations. Baboon mod-
els produced increases in blood pressure, heart
rate, cardiac output, and the thickness of the left
ventricular wall (4). Canine models produced
increases in blood pressure, but without
changes in cardiac output (5). Deflated nonpul-
satile balloon implants did not produce hemo-
dynamic changes (4).
Thus was born a school of thought that has

promoted primary neurogenic mechanisms for
essential systemic hypertension, whereby inter-
ruptions of cardiac and baroreceptor afferents
disturb the homeostasis between the brain stem
vasomotor center and its complex interactions
with suprasegmental neurons and autonomic
efferent pathways (3, 4, 7, 9). There is a grow-
ing body of evidence that the central nervous
system (CNS) regulates cardiovascular tone,
and that dysfunctional central autonomic re-
sponses to humoral and afferent inputs can pro-
duce or propagate systemic hypertension
(10–13).
Cardiovascular baroreceptors are found in

the aortic arch and the carotid sinus. Afferent
signals from the aorta travel in the glossopha-
ryngeal nerve (cranial nerve IX), whereas affer-
ents from the carotid sinus travel in the vagus
nerve (cranial nerve X). The left vagus nerve
also carries afferent signals from mechanore-
ceptors in the wall of the left atrium. These
afferent fibers traveling in cranial nerves IX and
X converge upon the nucleus tractus solitarius
(NTS) of the medulla, which serves as the pri-
mary CNS terminus for baroreceptor afferent
fibers (9, 11, 13). The baroreceptor reflex in-
volves efferent autonomic responses to such
NTS stimuli, which are then carried by vagal
and sympathetic pathways. This reflex modu-
lates cardiac inotropic and chronotropic effects,
peripheral vascular resistance, renal sodium ex-
cretion, and renin secretion (11, 13–16). Sino-
aortic deafferentation in animal models by sur-
gical lesioning of the afferent pathways can
affect these efferent responses and result in
neurogenic hypertension (9, 14, 17). Distur-
bances in CNS regulation may also contribute
to the perpetuation of hypertension of renal or-
igin. Angiotensin II receptors are present within
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the circumventricular organs of the brain, to
include the area postrema, the anteroventral
region of the third ventricle, the organum vas-
culosum of the lamina terminalis, and the sub-
fornical organ (9, 11). Each of these areas lacks
a blood-brain barrier, allowing the CNS to mon-
itor circulating humoral concentrations.
Lesions of the NTS result in neurogenic hy-

pertension similar to sinoaortic deafferentation,
and surgical disconnections between the NTS
and the circumventricular organs may prevent
this hypertensive response (9). Acute or
chronic administration of angiotensin-convert-
ing enzyme inhibitors attenuate the hyperten-
sive response induced by sinoaortic deafferen-
tation (18). Similarly, lesions of the lateral and
medial rostral ventral medulla can prevent neu-
rogenic hypertension after sinoaortic deafferen-
tation (9). Hence, the NTS must regulate and
balance excitatory and inhibitory influences
from suprasegmental, intramedullary, and pe-
ripheral nerve sources.
Guyton has argued that experimental neuro-

genic hypertension does not sustain chronically
because of renal adaptability (19). Others argue
that disturbed neural tone may become less
critical to the maintenance of chronic systemic
hypertension as vascular hypertrophy develops
(16). Indeed, Jannetta’s study includes five pa-
tients with chronically intractable (medically re-
fractory) hypertension, only two of whom nor-
malized after microvascular decompression of
the left root entry zone of cranial nerves IX and
X. Jannetta concludes that the more severe the
hypertension and the longer it has persisted, the
less likely it is to improve after microvascular
decompressive surgery (4).
If such vascular lesions represent the physi-

ologic equivalent of surgical sinoaortic deaffer-
entation in animal models, then early identifica-
tion of patients with such lesions could affect
therapeutic decision making. Imaging data as-
sessing the root entry zone of cranial nerves IX
and X into the left lateral medulla in hyperten-
sive populations are sparse. One series estab-
lished the bony landmarks for the left root entry
zone in 10 cadavers, and then extrapolated the
position of the root entry zone to vertebral an-
giograms previously obtained in 99 hyperten-
sive and 57 normotensive patients (20). Vascu-
lar structures were found in the vicinity of the
left root entry zone in 81% of hypertensive and
42% of normotensive patients. We thought that
magnetic resonance (MR) imaging could be a
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Fig 1. A–C, Axial T2-weighted spin-echo MR images (2800/80) were used to assess vascular compression (arrows) against the left
lateral medulla. Findings were defined as grade I (contact with the root entry zone) (A), grade II (contact with the lateral medullary
depression) (B), and grade III (displacement or rotation of the lower brain stem (C).
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more sensitive and less invasive technique by
which to assess such relationships between vas-
cular structures and the root entry zone.

Materials and Methods

Patient Selection

Patients under therapy for hypertension were identified
by an audit of computerized medical records, and were
then cross referenced for having received MR imaging of
the brain. Patients with renal or endocrine sources of hy-
pertension were excluded. Sixty patients were so identified
over an 18-month period during 1993 to 1994 (group 1).
Similarly, 60 nonhypertensive patients who had under-
gone brain MR imaging were identified (group 2). The
indication for the brain MR examination did not enter into
the selection process.

Study Design

The MR studies from both groups were concurrently
reviewed by two neuroradiologists with a resultant single
consensus reading. The reviewers were not blinded to
the hypertensive status of the cases. The hypertensive
patients’ (group 1) records were reviewed in regard to
electrocardiographic, echocardiographic, and urinalysis
data.

Measurements

The glossopharyngeal nerve exits the lateral medulla at
the upper-middle level in the retroolivary sulcus running
between the olive and the inferior cerebellar peduncle,
close to the rootlets of the vagus nerve. Together they
traverse the basal cisterns to enter the jugular foramen. MR
imaging is quite sensitive in the assessment of this area
(21, 22).
Each patient’s MR images included as a minimum an
axial spin-echo T2-weighted sequence (2800/80/0.75
[repetition time/echo time/excitations]) through the pos-
terior fossa with 5-mm sections at 7-mm intervals. Most
patients also had T1- and T2-weighted sequences in other
planes, but the axial T2-weighted images were used for
grading determination. The vertebral artery and its most
cephalad branch, the posterior inferior cerebellar artery,
were assessed for proximity to the root entry zone of the
left glossopharyngeal and vagus nerves. Images lacking
contact with the root entry zone were recorded as normal.
Vascular compression was graded according to the degree
of vessel proximity to the root entry zone. Contact only
(grade I), contact and depression of the lateral medulla
(grade II), and displacement or rotation of the medulla
(grade III) were recorded (see Fig 1). Proteinuria, left ven-
tricular hypertrophy, left axis deviation, hypertension, and
hypertensive therapies were defined in accordance with
published criteria (23).

Statistical Analysis

MR results were compared between the two groups.
Among group 1 patients, left ventricular hypertrophy, left
axis deviation, and proteinuria were compared against the
MR results. Fisher’s Exact Test was used to assess statis-
tical significance.

Results

MR images showed vascular compression of
the left root entry zone for cranial nerves IX and
X in the majority of patients from both groups.
Higher-grade compressions (grade II and grade
III) were twice as prevalent among hypertensive
(group 1) patients, but this was not a statisti-
cally significant outcome. Table 1 summarizes
the MR findings for both groups. No statistically



significant pattern could be determined when
MR grading was compared with sex (Table 2).
Among hypertensive (group 1) patients, left

ventricular hypertrophy and proteinuria were
found more often in those who had compres-
sion. Left axis deviation was equally common
among patients with or without compression.
These results are summarized in Table 3. How-
ever, none of these findings is statistically sig-
nificant.

Discussion

Compression of the root entry zone of cranial
nerves IX and X in animal models produces
systemic hypertension only when the left root
entry zone is affected (4, 5). Humans with left-
sided hemifacial spasm have an almost twofold
increase in the prevalence of hypertension as
compared with right-sided or matched general
populations (6). Sustained reduction of hyper-
tension has been achieved in patients with
symptomatic hemifacial spasm, trigeminal neu-
ralgia, or glossopharyngeal neuralgia when the
left root entry zone has been adequately decom-

TABLE 1: MR Findings

Category
Group 1,
n 5 60 (%)

Group 2,
n 5 60 (%)

No compression 26 (43) 27 (45)
Compression* 34 (57) 33 (55)
Grade I 22 (37) 27 (45)
Grade II 8 (13) 4 (7)
Grade III 4 (7) 2 (3)

Note.—P value was greater than .05 (not significant) using Fisher’s
Exact Test when comparing hypertensive patients (group 1) with
normotensive patients (group 2).

* Contact only (grade I), depression (grade II), and displacement
or rotation (grade III) of the root entry zone of the left cranial nerves IX
and X.

TABLE 2: MR Compared with Sex Demographics

Characteristic
Group 1 Group 2

M (n 5 40) F (n 5 20) M (n 5 31) F (n 5 29)

Mean age, y 63 61 53 50
(range) (27–84) (38–84) (31–83) (32–78)

MR grading*
Normal 17 9 13 14
Grade I 15 7 14 13
Grade II 5 3 2 2
Grade III 3 1 2 0

* In comparisons between the hypertensive (group 1) and normo-
tensive (group 2) patients, all P values were greater than .05 using
Fisher’s Exact Test (not significant).
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pressed (2–5, 7, 8). Our study shows that vas-
cular compression of the left root entry zone per
se is not an adequate lesion to result in hyper-
tension. However, none of our patients had
symptomatic cranial neuralgias.
One hypothesis to explain the paroxysmal

nature of symptoms in such cranial neuralgias
is that the local irritation caused by the pulsat-
ing vessels results in ectopic excitation, gener-
ating spontaneous action potentials and non-
synaptic (ephaptic) transmissions among
adjacent axons (24–26). Such cross-talk by
ephaptic transmissions may explain the pres-
ence of surgically reversible hypertension in pa-
tients with cranial neuralgias. Anatomic similar-
ities (vascular compression) but functional
differences (the absence of ephaptic transmis-
sions) could explain the similar prevalence of
compression among our two patient groups
lacking cranial neuralgias. Ephaptic transmis-
sions to the NTS could explain why the CNS
appears unable to maintain normotension in hy-
pertensive patients who have both symptomatic
cranial neuralgias and left root entry zone com-
pression. The surgical series do not reflect ex-
perience in decompressing the root entry zone
in hypertensive patients who lack symptomatic
cranial neuralgias.
Prospective clinical monitoring will be re-

quired to determine any increased risk of even-
tual hypertension, with or without symptomatic
cranial neuralgias, among normotensive pa-
tients identified by MR imaging as having left
root entry zone vascular compression. Any ef-
fect of hypertension per se upon the develop-
ment of vertebrobasilar ectasia and brain stem
compression could be assessed by serial im-

TABLE 3: Comparison Between MR Findings and Presence or Ab-
sence of Left Ventricular Hypertrophy, Left Axis Deviation, and
Proteinuria in Group 1 Patients

Normal MR
Findings

Grade I Grade II Grade III

Left ventricular hypertrophy
(n 5 41)

Present 4 1 3 1
Not present 13 13 4 2

Left axis deviation (n 5 40)
Present 5 3 0 2
Not present 11 12 6 1

Proteinuria (n 5 53)
Present 9 9 2 1
Not present 15 9 5 3

Note.—P value was greater than .05 (not significant) when com-
pared against MR results using Fisher’s Exact Test.
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ages of both study groups. Among our hyper-
tensive patients, higher-grade compressions
(grades II and III) were twice as prevalent as
those found in our normotensive group, sug-
gesting that hypertension may increase the de-
gree of vascular compression.
MR screening for medullary compression has

been conducted in a similar study in Japan
(27). Among 32 patients with essential hyper-
tension, unilateral left-sided medullary contact
was found in 22 (69%). This prevalence is sim-
ilar to the 57% of patients with left-sided com-
pression observed in our 60 hypertensive pa-
tients. The Japanese study did not distinguish
between contact only or degree of medullary
deformity. Interestingly, among their 18 normo-
tensive control subjects, only three (17%) had
neurovascular compression on the left side,
compared with 55% of our 60 normotensive pa-
tients. This lower prevalence among the Japa-
nese normotensive control group may be a re-
sult of their smaller sample size and use of
asymptomatic volunteers, whereas our normo-
tensive control subjects all had symptomatic
brain disorders prompting the MR examina-
tions. As in our study, none of the patients had
symptomatic cranial neuropathies.
Our study would suggest that MR screening

for left root entry zone compression is not war-
ranted among hypertensive patients in the ab-
sence of symptomatic cranial neuralgias. Nei-
ther the presence nor severity of root entry zone
changes on MR images increase the occurrence
of common end-organ responses in the heart or
kidneys among hypertensive patients.

Acknowledgments
We thank Catherine Uyehara, PhD, for her assistance in

the statistical analysis of data, and Mrs Virginia Fukumoto
for her assistance in manuscript preparation.

References
1. Evans CH, Westfall V, Atuk NO. Astrocytoma mimicking the

features of pheochromocytoma. N Engl J Med 1972;286:1397–
1399

2. Jannetta PJ, Gendell HM. Neurovascular compression associated
with essential hypertension (abstr). Neurosurgery 1978;2:165

3. Jannetta PJ, Segal R, Wolfson SK. Neurogenic hypertension: eti-
ology and surgical treatment, observation in 53 patients. Ann
Surg 1985;201:391–398

4. Jannetta PJ, Hamm IS, Jho HD, Saiki I. Essential hypertension
caused by arterial compression of the left lateral medulla: a follow-
up. Perspect Neurol Surg 1992;3:107–125
5. Yamamoto I, Yamada S, Sato O. Microvascular decompression for
hypertension—clinical and experimental study. Neurol Med Chir
Tokyo 1991;31:1–6

6. Van Ouwerkerk WIR, Samii M, Ammirati M. Essential hyperten-
sion in patients with hemifacial spasm or trigeminal neuralgia.
Adv Neurol 1989;17:188–193

7. Fein JM, Frishman W. Neurogenic hypertension related to vascu-
lar compression of the lateral medulla. Neurosurgery 1980;6:615–
622

8. Ballantyne ES, Page RD, Meaney JF, Nixon TE, Miles JB. Coex-
istent trigeminal neuralgia, hemifacial spasm, and hypertension:
preoperative imaging of neurovascular compression, case report.
J Neurosurg 1994;80:559–563

9. Brody MJ, Varner KJ, Vasquez EC, Lewis SJ. Central nervous
system and the pathogenesis of hypertension, sites and mecha-
nisms. Hypertension 1991;18 (suppl III):7–12

10. Reis DJ. The brain and hypertension: reflections of 35 years of
inquiry into the neurobiology of the circulation. Circulation
1984;70 (suppl III):31–45

11. Reis DJ. The brain and hypertension. Arch Neurol 1988;45:180–
182

12. Egan BM. Neurogenic mechanisms initiating essential hyperten-
sion. Am J Hypertens 1989;2:357S–362S

13. Brody MJ. Central nervous system mechanisms of arterial pres-
sure regulation. Fed Proc 1986;45:2700–2706

14. Persson P. Cardiopulmonary receptors and “neurogenic hyperten-
sion.” Acta Physiol Scand 1988;133 (suppl 570):1–53

15. DiBona GF. Neural mechanisms in body fluid homeostasis. Fed
Proc 1986;45:2871–2877

16. Zanchetti A, Stella A, Golin R. Mechanisms of arterial hyperten-
sion: role of neural control of renal functions. Adv Prostaglandin
Thromboxane Leuko Res 1985;13:151–160

17. Ciriello J, Simon JK, Mercer PF. Effect of renal activity after aortic
baroreceptor deafferentation. Can J Physiol Pharmacol 1991;69:
1237–1242

18. Longo VL, Farah VMM, Gutierrez MA, Krieger EM. Attenuation of
neurogenic hypertension by chronic converting enzyme inhibi-
tion. J Hypertens 1989;7 (suppl 6):44–45

19. Guyton AC. Hypertension, a neural disease? Arch Neurol 1988;
45:178–179

20. Kleineberg B, Becker H, Gaab MR. Neurovascular compression
and essential hypertension, an angiographic study. Neuroradiol-
ogy 1991;33:2–8

21. Remley KB, Latchaw RE. Imaging of cranial nerves IX, X, and XI
functional anatomy and pathology. Neuroimaging Clin N Am
1993;3:171–191

22. Remley K, Harnsberger HR, Smoker WRK, Osborn AG. CT and
MRI in the evaluation of glossopharyngeal, vagal, and spinal ac-
cessory neuropathy. Semin Ultrasound CT MR 1987;8:284–300

23. Joint National Committee on Detection, Evaluation, and Treat-
ment of High Blood Pressure. The fifth report (JNC V). Arch Intern
Med 1993;153:154–183.

24. Marsden CD. Peripheral movement disorders. In: Marsden CD,
Fahn S, eds. Movement Disorders 3. Oxford: Butterworth-Heine-
mann Ltd, 1994;406–417

25. Fromm GH, Terrance CF, Maroon JC. Trigeminal neuralgia: cur-
rent concepts regarding etiology and pathogenesis. Arch Neurol
1984;11:309–312

26. Raskin NH. Facial pain. In: Raskin NH, ed. Headache. New York:
Churchill Livingstone, 1988;333–373

27. Tatsuo A, Yasuhiro F, Yasutaka J, et al. Essential hypertension
and neurovascular compression at the ventrolateral medulla ob-
longata: MR evaluation. AJNR Am J Neuroradiol 1995;16:401–
405


