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INTRODUCTION

e medulla oblongata forms the lower part of the brainstem. e upper limit of it is adjacent 
to the bulbous pons, while the lower limit is estimated to lie approximately 3.4 mm caudal to 
the olivary inferior margin and 6.4  mm caudal to the obex or 10–12  mm above the foramen 
magnum plane.[14,22] At the level of the rostral medulla, the pyramid is located anterior to the 
inferior olive, with the spinal trigeminal nucleus located in its lateral part.[4] Based on extensive 
studies of microvascular decompression syndrome studies and surgical treatment outcomes, 
the rostral ventrolateral medulla has been thought to have a role in arterial blood pressure 
control.[1,3,7,16,17,19,24,27] Notably, symptoms caused by rostral medullary compression of the 
vertebral artery (RMCVA) are characterized as medullary compression syndrome (MCS), 
including intractable dizziness, vertigo, ataxia, dysarthria, dysphagia, dyspnea, progressive or 
acute paralysis, hemisensory loss, central sleep apnea, excessive daytime sleepiness, and cervical 

ABSTRACT
Background: To the best of our knowledge, no study has documented the natural history of rostral medullary 
compression of the vertebral artery (RMCVA) as radiological finding. e aim of this study was to explore it.

Methods: A total of 57 patients with RMCVA and not presenting symptoms of medullary compression syndrome 
were enrolled. ese participants underwent cerebral magnetic resonance imaging with contrast, and 19 of them 
who were followed for 5.7 ± 1.9 years (range: 3.0–10.3 years) were analyzed in detail. For comparison, clinical 
courses of two other patients with vertebrobasilar dolichoectasia (VBDE) were presented.

Results: RMCVA was well delineated in all 57 patients. In the 19 patients analyzed, RMCVA was found in 17 sides 
on the right and 15 on the left. Moreover, the ventrolateral medulla was the most frequent compression site, and 
it was found in 69% of cases, with 84.2% presenting as mild compression and 15.8% as considerable compression. 
During the follow-up period, no patients showed neurological deterioration or radiological progression. In contrast, 
the two VBDE patients demonstrated both neurological and radiological progressions during the follow-up period.

Conclusion: Unlike VBDE, RMCVA seems to be a benign condition without progression, even when with a considerable 
compression. Degree of the compression in RMCVA may not be relevant to the patient’s neurological status.
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Figure  1: Schematic drawings explaining the methodology for localizing the site of vertebral artery compression on the rostral medulla 
oblongata, carried out on the anterolateral 1/4 area of the axial plane divided into three parts (a) and that for defining the degree of medullary 
compression in the longitudinal or transverse dimension (b). D: maximal dimension of the hypothetically unaffected, intact medulla 
oblongata at the vertebral artery compression site, Lat: Lateral, R: Maximal vertebral artery dimension at the medullary compression site, V: 
Ventral, VA: Vertebral artery, VL: Ventrolateral; dotted line: hypothetically intact contour of the medulla oblongata.
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myelopathy.[5,11,12,15,25,26] In contrast, asymptomatic RMCVA 
has been documented as a frequent radiological finding.[29,30] 
For these reasons, mechanisms of neurovascular compression 
syndrome and trauma-  and age-associated vertebral artery 
(VA) elongation have been extensively investigated using 
magnetic resonance imaging (MRI).[2,6,10,13,18,20] However, to 
the best of our knowledge, no studies have documented the 
natural history of RMCVA.

Dolichoectasia is an arterial disease causing abnormal 
dilation and tortuosity in affected vessels, which more 
frequently affects the vertebrobasilar system than the anterior 
circulation.[8] Vertebrobasilar dolichoectasia (VBDE) 
commonly results in poor prognosis due to brainstem 
compression of progressively enlarging vessels that causes 
diverse neurological dysfunctions and ischemic and/or 
hemorrhagic stroke.[8,9,21,23,28]

us, the aim of the present study was to explore 
asymptomatic RMCVA in comparison with VBDE.

MATERIALS AND METHODS

e present retrospective study initially involved 89 
outpatients and two VBDE patients. Patients in the former 
group, who presented with headaches, focal seizures, 
transient dizziness, tinnitus, hearing disturbance, and 
hemisensory disturbances, visited our hospital outpatient 
department from September 2010 to September 2013. Before 
MRI examination, detailed interviews and neurological 
evaluations confirmed that none of the 89  patients had a 
history of the previous cerebral infarction, intracerebral 
hemorrhage, meningitis, neurodegenerative disease, 
traumatic brain injury, hydrocephalus, or brain tumor. 
ey were excluded using conventional MRI examination 
with axial T1- and T2-weighted imaging, T2 gradient echo, 
fluid-attenuated inversion recovery, diffusion-weighted 
sequences. en, the patients underwent contrast studies 
through intravenous gadolinium infusion (0.1 mmol/kg) 
on T1-weighted sequences of the axial, coronal, and sagittal 
sections. Consecutively, 57 of the 89  patients (64.0%) were 
determined to have radiological RMCVA. Patients suspected 
of having MCS were not found. Following exclusion, the 
patient population finally comprised 30 men and 27 women, 
with a mean age of 50.0 ± 17.1  years (range: 18–77  years) 
and a mean body mass index (BMI) of 22.5 ± 3.8 (range: 
14.1–32.7). Medically controlled hypertension, diabetes 
mellitus, and dyslipidemia and smoking history were 
found in 4 (7.0%), 1 (1.8%), 2 (3.5%), and 1 (1.8%) patient, 
respectively [Table  1]. e medullary VA compression site 
was localized on postcontrast axial T1-weighted images, 
where the anterolateral 1/4 area of the medulla was divided 
into three parts: ventral (V), ventrolateral (VL), and lateral 
(L) [Figure  1a]. Moreover, the degree of medullary VA 

Table  1: Demographics of 57 patients with rostral medullary 
compression of the vertebral artery.

Compression identification rate 64.0% (57/89)
Sex composition Man 30; woman 27
Age 50.0±17.1 years (range, 18–77)
Body mass index 22.5±3.8 (range, 14.1–32.7)
Hypertension 7.0% (4/57)
Diabetes mellitus 1.8% (1/57)
Dyslipidemia 3.5% (2/57)
Smoking history 1.8% (1/57)
Mild compression 84.2% (48/57, right 37; left 39)
Considerable compression 15.8% (9/57, right 8; left 2)
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compression was assessed on postcontrast axial T1-weighted 
images in the longitudinal or transverse dimensions, based 
on the maximal dimension of the hypothetically unaffected 
intact medulla at the compression site (D) and maximal VA 
dimension at the medullary compression site (R). In this 
study, when the angle formed by two lines connecting the 
center of the VA and the anterior and posterior margins (θ) 
were <120° or D was <R/2, the compression was defined as 
mild. In contrast, when θ was more than 120° or D was greater 
than R/2, the compression was considered to be considerable 
[Figure 1b]. Of the 57 patients, 19 who presented 32 sides of 
radiological RMCVA and could be followed for 5.7 ± 1.9 years 
(range: 3.0–10.3 years) with periodical physical examination 
and noncontrast surveillance MRIs were analyzed in detail. 
is patient population comprised 11 men and eight women, 
with a mean age of 47.8 ± 14.7  years (range: 24–71  years), 
including four patients with hypertension, one with diabetes 
mellitus, two with dyslipidemia, and one with smoking 
history.

Two patients in the latter group visited our hospital, were 
diagnosed with VBDE, and were followed from June 2010 to 
July 2013 and from September 2015 to March 2021.

All imaging sequences were performed using a 3.0 T MR 
scanner (Achieva R2.6; Philips Medical Systems, Best, 
e Netherlands). Imaging data were then transferred to 
a workstation (Virtual Place Lexus 64, 64th  edition; AZE, 
Tokyo, Japan) and independently analyzed by three of the 
authors (S.T., S.N., and H.I.). Afterward, the Wilcoxon 
signed-rank test was used for statistical analyses.

e present study was performed in accordance with the 
guidelines of our institution for human research, and written 
informed consent was obtained from all the patients before 
the start of the study.

RESULTS

On axial T2-  and postcontrast T1-weighted axial and 
coronal MRI images, RMCVA was well delineated in all 
57 patients [Figure 2]. e offending VAs were commonly 
tortuous with variable diameters, and all the medullary 
compression sites were solely identified in the rostral part. 
Among these cases of RMCVA, 48  (84.2%) were mild 
compressions, with 37 sides on the right and 39 on the left 
[Figure  3]. Meanwhile, the remaining 9  (15.8%) showed 
considerable compression with tortuous VA; eight sides 
were on the right and two on the left [Figure 4 and Table 1]. 
In the selected 19  patients, the RMCVA was found on 17 
sides on the right and 15 on the left. Furthermore, these 
were identified at the following sites: V on one side (3%), 
VL in 22 (69%), and L in 9 (28%). Of the identified cases 
of RMCVA, 30 (94%) were mild compressions and 2 (6%) 
were considerable compressions. During the follow-

up period, none of the patients showed neurological 
deterioration or radiological progression of RMCVA 
[Table 2]. For example, serial MRI images of a 69-year-old 
man who initially presented with dull headache and was 
followed for 7.7 years are shown in [Figure 5 and Table 2, 
No  19]. In addition, statistical analysis showed that male 

Figure 2: Axial T2-weighted (a), postcontrast axial (b), and coronal 
(c) T1-weighted magnetic resonance images of a patient showing 
bilateral vertebral artery compression of the rostral ventrolateral 
medulla oblongata (arrows). Med: Medulla oblongata, VA: Vertebral 
artery.
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Figure 3: Postcontrast axial T1-weighted magnetic resonance images of different patients showing mild vertebral artery compression of the 
rostral medulla oblongata (a-f, arrows) in the ventral (a and b), ventrolateral (c and d), and lateral (e and f) aspects. CeT: Cerebellar tonsil, 
Med: Medulla oblongata, VA: Vertebral artery.
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Figure  4: Postcontrast axial T1-weighted magnetic resonance images of different patients showing the vertebral arteries with variable 
diameters considerably compressing the rostral medulla oblongata (a-i, arrows) on the right (a, c-f, i), left (g), and both sides (b). CeT: 
Cerebellar tonsil, Med: Medulla oblongata, VA: Vertebral artery.

d

hg

fe

a cb

i

Tsutsumi, et al.: Vertebral artery compression of the medulla

Surgical Neurology International • 2022 • 13(36) | 4 Surgical Neurology International • 2022 • 13(36) | 5



Figure 5: (a-e) Serial axial T2-weighted magnetic resonance images showing stable findings of vertebral artery compressions on both sides of 
the rostral medulla oblongata (arrows) for 7.7 years. Med: Medulla oblongata, VA: Vertebral artery.
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sex, aging, and an increase in BMI significantly contributed 
to a considerable compression. In contrast, hypertension, 
diabetes mellitus, dyslipidemia, and smoking history 
were statistically unevaluable due to the small number of 
participants [Table 3].

VBDE cases

Case 1

A 70-year-old hypertensive man suffering from cerebral 
infarction presented with motor paresis in the left 

Table 2: Analyzed factor and statistical difference between mild and considerable compression.

S. No. Age (y) Sex HT Side, mode Aspect on Med FUP (y) ND RP

1. 40 M (−) L, mc Lat 10.3 (−) (−)
2. 51 M (−) R, mc; L, mc R, VL; L, VL 7.7 (−) (−)
3. 26 M (−) R, mc V 5.5 (−) (−)
4. 64 W (−) R, mc; L, mc R, Lat; L, Lat 3.0 (−) (−)
5. 32 M (−) R, mc Lat 4.2 (−) (−)
6. 24 M (−) R, mc; L, mc R, VL; L, VL 6.2 (−) (−)
7. 71 W (+) R, mc; L, mc R, Lat; L, Lat 4.0 (−) (−)
8. 43 W (−) R, mc; L, mc R, VL; L, VL 5.7 (−) (−)
9 48 W (−) R, mc; L, mc R, VL; L, VL 6.8 (−) (−)
10. 52 M (−) R, mc; L, mc R, Lat; L, VL 6.9 (−) (−)
11. 38 M (−) R, mc; L, mc R, VL; L, VL 7.0 (−) (−)
12. 25 M (−) R, mc; L, mc R, VL; L, VL 7.0 (−) (−)
13. 63 W (−) R, mc Lat 3.8 (−) (−)
14 47 W (−) R, mc; L, mc R, VL; L, Lat 6.9 (−) (−)
15. 50 W (+) R, cc VL 3.4 (−) (−)
16. 64 M (−) L, mc VL 3.3 (−) (−)
17. 63 W (+) R, mc; L, mc R, VL; L, VL 3.8 (−) (−)
18. 38 M (+) R, mc; L, mc R, VL; L, VL 5.2 (−) (−)
19. 69 M (−) R, cc; L, mc R, VL; L, VL 7.7 (−) (−)
� 47.8±14.7 M: 11;

W8
4/19

(21%)
R: 17; L: 15 V: 1 (3%) 5.7±1.9 0 0

� (Range, 24−71) � � mc: 30; cc: 2 VL: 22 (69%) (Range, 3.0−10.3)
� Lat: 9 (28%) �

cc: Considerable compression, FUP: Follow-up period, HT: Hypertension, L: Left, Lat: Lateral, mc: Mild compression, M: Man, Med: Medulla oblongata, 
ND: Neurological deterioration, R: Right, RP: Radiological progression, V: Ventral, VL: Ventrolateral, W: Woman



Figure 7: (a-f) Axial T2-weighted magnetic resonance images of a 
75-year-old man showing marked vertebrobasilar dolichoectasia 
enlargement in 5.4  years with considerable compression of the 
rostral ventrolateral medulla oblongata (f: asterisk).
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upper extremity and dysarthria. Cerebral MRI showed 
a VBDE mildly compressing the rostroventral medulla 
[Figures  6a and b]. Two years later, the patient sustained 
subarachnoid hemorrhage due to VBDE rupture, which was 
conservatively managed, followed by ventriculoperitoneal 
shunting for delayed communicating hydrocephalus. 
One year later, the patient presented with dyspnea and 
aspiration pneumonia. Cerebral MRI revealed a remarkable 
enlargement of the VBDE with marked compression of 
the rostroventral medulla [Figures  6c and d]. e patient 
was then transferred to another hospital in Grade 5 on the 
modified Rankin scale and lost to follow-up.

Case 2

A 75-year-old asymptomatic man underwent cerebral MRI 
for physical check-up and was diagnosed with VBDE and 
mild pontine compression [Figures  7a-c]. e patient had 
a medical history of hypertension and dyslipidemia, in 
addition to habitual smoking. Subsequently, the patient 
was placed under observation as an outpatient, showing no 
signs of neurological deterioration for 5.4  years, when, the 

patient presented with intolerable nausea. Cerebral MRI 
then performed revealed marked VBDE enlargement with 
considerable compression to the rostral ventrolateral medulla 
and pons [Figures  7d-f]. Detailed examinations did not 
identify any causative pathologies for his nausea other than 
the VBDE. One month later, the patient was emergently 
transported to our hospital for cardiopulmonary arrest. 
Autopsy imaging showed diffuse subarachnoid hemorrhage, 
predominantly distributed in the cerebral cisterns of the 
posterior fossa.

DISCUSSION

In the present study, there were no patients with RMCVA 
presenting with neurological deterioration or radiological 
progression, even when with considerable degrees of 
compression. In contrast, as with the previous reports, 
patients with VBDE showed both neurological and 
radiological progressions.[8,23] is means that these two 
entities may have different etiologies, although requiring 
further considerations. Initially, the population size of 
asymptomatic RMCVA was small, with only a few patients 
with hypertension, diabetes mellitus, dyslipidemia, and 
smoking history that may contribute to development of 
arteriosclerosis and consequent VA elongation. Moreover, 
in our study, patients with these comorbidities were well 
controlled by medical treatment. Next, the most identified 
cases of RMCVA showed a mild compression, which could 
in part explain a benign natural history of asymptomatic 

Figure  6: (a-d) Axial T2-weighted magnetic resonance images 
of a 70-year-old man showing a remarkable vertebrobasilar 
dolichoectasia enlargement in 3.2 years with marked compression 
of the rostroventral medulla oblongata (a, c, d: asterisk).
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Table  3: Profile of 19 patients (32 sides) with neurological and 
radiological follow-ups.

Analyzed factor Statistical difference

Male Sex MC<CC
Aging MC<CC
Body mass index MC<CC
Hypertension SUE
Diabetes mellitus SUE
Dyslipidemia SUE
Smoking history SUE
CC: Considerable compression, MC: Mild compression, SUE: Statistically 
unevaluable
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RMCVA. Furthermore, in the present study, nearly 30% 
of the identified VA compression sites were located in the 
lateral part of the medulla, instead of the ventrolateral part. 
e lateral location might associate with an asymptomatic 
presentation of RMCVA since it is less likely compress the 
central vasomotor center and pyramidal tracts in a direct 
manner.[4,7,13,16,17,19,24,27] In contrast, a fraction of VBDE cases 
has been documented to be asymptomatic, but the natural 
history of this condition has yet to be described and is 
still unclear.[9] Formation of RMCVA and VBDE may be 
multifactorial, as it could be influenced by age, sex, BMI, 
underlying diseases, race, and social life. In addition, some 
excessive dynamics exerted to the head-and-neck regions 
involving the VA may contribute to their formation.[2,10,18] 
us, comprehensive investigations are needed to better 
understand RMCVA and VBDE with their similarities and 
differences. In our study, male sex, aging, and an increase 
in BMI significantly contributed to considerable RMCVA 
presentation. ese factors may promote VA elongation and 
medullary compression through consequent arteriosclerosis 
and hypertension.

is study had several limitations. First, it was performed 
retrospectively in small populations, and the participants 
were not randomly assigned. In addition, the study 
population consisted of patients with inhomogeneous sex 
and age distributions. Finally, there were few patients with 
hypertension, diabetes mellitus, dyslipidemia, and smoking 
history in the RMCVA population, which made it difficult to 
evaluate them using a statistical approach. Even with these 
limitations, we believe that the findings of this study can help 
to better understand the characteristics and natural history 
of RMCVA.

CONCLUSION

Unlike VBDE, RMCVA seems to be a benign condition 
without progression even when with a considerably 
tortuous appearance. Degree of the compression may not 
be relevant to the patient’s neurological status. RMCVA 
conditions may be formed in association with aging and 
obesity.
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