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Abstract:
Aims:

In this study, we attempted to identify clinical parameters predicting the absence or presence of Neurovascular Compression (NVC) at the
Ventrolateral Medulla (VLM) in arterial hypertension (HTN) in MRI findings.

Background:

Cardiovascular and pulmonary afferences are transmitted through the left vagus and glossopharyngeal nerve to the brain stem and vasoactive
centers. Evidence supports the association between HTN and NVC at the left VLM. Several independent studies indicate a reduction of HTN after
Microvascular Decompression (MVD) of the left. Several independent studies indicate a reduction of HTN after Microvascular Decompression
(MVD) of the left VLM. Image processing of MRI provides comprehensible detection of NVC. HTN affects hemodynamic parameters and organs.

Objective:

This study analyzes and correlates clinical data and MRI findings in patients with and without NVC at the VLM in treatment resistant HTN to
obtain possible selection criteria for neurogenic hypertension.

Methods:

In 44 patients with treatment resistant HTN, we compared MRI findings of neurovascular imaging to demographic, clinical and lifestyle data,
office and 24-hour ambulatory Blood Pressure (BP), and cardiovascular imaging and parameters.

Results:

Twenty-nine (66%) patients had evidence of NVC at the VLM in MRI. Sixteen patients (36%) had unilateral NVC on the left side, 7 (16%)
unilateral right and 6 (14%) bilateral NVC. Fifteen (34%) had no evidence of NVC at the VLM. Patients with left sided NVC were significantly
younger, than those without NVC (p=0.034). They showed a statistically significant variance in daytime (p=0.020) and nighttime diastolic BP
(p<0.001) as the mean arterial pressure (p=0.020). Other measured parameters did not show significant differences between the two groups.

Conclusion:

We suggest to examine young adults with treatment resistant HTN for the presence of NVC at VLM, before signs of permanent organ damage
appear. Clinical and hemodynamic parameters did not emerge as selection criteria to predict NVC. MVD as a surgical treatment of NVC in HTN is
not routine yet as a surgical treatment of NVC in HTN is not routine yet. Detection of NVC by imaging and image processing remains the only
criteria to suggest MVD, which should be indicated on an individual decision.
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Neurovascular Compression in Arterial Hypertension

1. INTRODUCTION

NVC describes a pathological contact between the Root
Entry/Exit Zone (REZ) of a cranial nerve and a vessel at the
brain stem, resulting in a hyperactive dysfunction. A possible
etiologic association between NVC at the left VLM and arterial
HTN was noticed by JANNETTA et al. [1]. A significant
reduction of arterial HTN was observed after microvascular
decompression (MVD) [1 - 3]. A microanatomical study
classified the NVC at the VLM in HTN [4, 5]. Animal models
have defined the role of the sympathoexcitatory neurons of the
rostral VLM and the inhibitory neurons of the caudal VLM in
blood pressure regulation [4]. It seems that NVC at the VLM
leads to a permanent irritation and activation of the C1 neurons
located at the VLM. A possible explanation for the left NVC in
essential HTN is the additional compression of the REZ of the
ninth and 10" Cranial Nerves (CN IX-X). The major part of the
afferent inputs from the myocardial receptors of the left
ventricle and atrium to the nucleus tractus solitarii are
conducted by the low-myelinated cardiac c-fibers of the left
vagus nerve [4]. Several imaging studies supported the
evidence of NVC [6 - 10] opposed by other studies, which
could not find a significant association [11 - 17].
JANNETTA’s surgical results were verified in multiple
independent short and long term studies [2, 3, 6]. Elevated
sympathetic nerve activity was observed in hypertensive
patients with NVC at VLM in magnetic resonance imaging
(MRI) [18, 19].

Physical parameters characterizing body size, such as Body
Mass Index (BMI), are associated with an elevated BP. HTN
itself results in target organ damage like myocardial
hypertrophy and vascular changes, which also result in
abnormal parameters detected by physical examination and
cardiovascular imaging. Elevated BP is present in
approximately 80% of patients with ischemic stroke [20, 21].
Furthermore, BP wvariability (BPV) is an independent
cardiovascular risk factor in hypertensive patients [22].

It seems that NVC of the left VLM is correlated to HTN,
but only a few studies on the cause and the treatment, either
clinical [1, 2, 23, 24] or experimental [1, 25 - 28], have been
reported in the literature despite the possibility that such a
neurogenic mechanism might be implicated in a relatively large
number of patients [29], so this hypothesis of neurogenic
hypertension still remains an object of debate.

The concept of vascular compression of the VLM as a
mediator of increased BP via sympathetic stimulation is
intriguing and may prove relevant in various clinical scenarios
associated with elevated BP and its consequences, including
stroke [30]. Until now, there exists no study correlating 3D-
visualizations of MRI for detection of NVC at the VLM to
hemodynamic and clinical parameters of patients with HTN. In
this study, we attempted to identify clinical parameters
predicting the absence or presence of NVC in HTN.

The study protocol with the number: 2633 was approved
by the local ethics committee and performed according to the
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Declaration of Helsinki and the guidelines for “Good Clinical
Practice” (GCP). Before enrollment, each patient provided
written informed consent prior to inclusion in this
observational study. The main results with respect to the
outcome, BP and sympathetic activity have been previously
published [18].

2. MATERIALS AND METHODS

2.1. Clinical Data

The study cohort consisted of 44 patients (8 women and 36
men, age range 32-70 years, mean 57.5 years) with treatment
resistant HTN, defined as office BP >140/90 mmHg (mean of
two measurements), while treated with at least 3
antihypertensive drugs, one of which was a diuretic [31]. True
treatment resistant HTN was confirmed by 24-hour ambulatory
BP measurements (average 24-hour BP > 130/80 mmHg). All
patients were consecutively enrolled and referred to our
University outpatient service to rule out secondary causes of
HTN and discuss with the patient alternative interventional
therapies.

In this prospective observational study, the following
clinical parameters were obtained: age, gender, height, weight,
body surface (BSA), BMI, family history of HTN, known
duration of HTN (months), and duration of medical therapy.
Furthermore, with the aid of questionnaires the following
parameters were assessed: alcohol consumption (g/week),
sporting activity (hours/week) and consumption of nicotine
(pack years).

The patients were on a typical Bavarian diet without any
restrictions, including salt intake. Otherwise, we would have
needed a metabolic ward, which requires a completely different
setting.

2.2. Blood Pressure Measurements

Office systolic and diastolic BP as well as heart rate (HR)
were captured according to European Society of
Hypertension/European Society of Cardiology (ESH/ESC)
guideline recommendations. Additionally, we measured the
casual systolic and diastolic BP (in mmHg) and the HR
(heartbeats/minute) 3 minutes after standing up. Ambulatory
24-hour BP measurements provided averages of 24-hour
systolic and diastolic BP, daytime and night-time diastolic and
systolic BP, 24 h ambulatory HR and 24 h ambulatory mean
arterial pressure. Daytime measurements were taken every 15
minutes and nighttime measurements every 30 minutes. As
quality criteria, at least 50 measurements have been
successfully completed over a 24-hour period in order to be
entered into the database.

2.3. Cardiovascular Parameters

In all patients, a two-dimensional (2-D) guided amplitude
mode (A-Mode) echocardiography was conducted to assess left
ventricular structure and function. Septal wall thickness,
posterior wall thickness and left ventricular mass were
calculated, as previously recommended [32].

For an accurate and precise noninvasive determination of
left ventricular mass and volume, cardiac MRI was applied [33,
34]. The prognostic significance of left ventricular function
was well established. All subjects were imaged on a Siemens
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Symphony and Sonata MRI (Siemens AG, Erlangen,
Germany). Cine images were acquired in 6 equally spaced
short-axis locations from apex to base and 3 long-axis locations
orthogonal to the short axis and orientated at 60° increments
around the left ventricular central axis [34].

A 12-lead electrocardiogram (ECG) was recorded at rest in
supine position and the electrocardiographic criteria of left
ventricular hypertrophy (LVH) were analyzed: Sokolow-Lyon-
Voltage-Index [35] and Cornell voltage duration product
(Cornell) [36], heart rate and QT-time (in seconds) were
obtained. To measure central systolic pressure and central
pulse pressure, radial arterial wave form was recorded by the
Sphygmocor System (Atcor-CardieX, New South Wales,
Australia) and corresponding central aortic wave form were
then automatically generated through a validated transfer
function. In addition, pulse wave velocity was measured as a
marker of arterial stiffness.

2.4. Imaging Procedures and Image Processing of NVC

Imaging was performed on a 3 Tesla MR System
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(Magnetom Trio, Siemens AG, Erlangen, Germany). High-
resolution Constructive Interference in Steady State (CISS)
(repetition time (TR) 7.48 ms, Time of Echo (TE) 3.23 ms, flip
angle 45°, acquisition time 8:23 min:sec, matrix 512 x 512,
number of slices 144, voxel size 0.4) and a 3D-TOF
Angiogram (TR 21 ms, TE 3.77 ms, flip angle 18°, acquisition
time 15:51 min:sec, matrix 512 x 512, number of slices 144,
voxel size 0.4) were acquired. Image processing was applied to
depict neurovascular relationships according to a specific
protocol [37 - 39].

With this technique, we produced 3D representations of the
brain stem and cranial nerves together with the vessels at the
surface of the brain stem in each individual [38]. The
relationships between cranial nerves and vessels, especially at
the VLM were analyzed regarding the existence of NVC by
two independent expert observers. The location and type of
NVC [4] were determined (Fig. 1). The presence or absence of
NVC in the 3D representations divided the patients into two
groups. The obtained clinical and hemodynamic parameters
were correlated between the two groups.

Fig. (1). a-b Image Processing [37]; ¢-d: 3D-Visualization of the MR-Data of a patient with treatment resistant HTN. The arrows are pointing at the

NVC on the REZ of N.IX. and N.X.
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In addition, an axial T2-weighted turbo spin echo sequence
(T2w TSE), coronar fluid attenuated inversion recovery
(FLAIR), axial T1-weighted turbo spin echo sequence (T1w
TSE) and diffusion weighted sequence (DWI) of the standard
mri protocol were acquired and analyzed. The coronar FLAIR
and transversal T2-weighted sequence were used to determine
the degree of deep and periventricular white matter lesions
(WMLs). The Fazekas score was used for the classification of
WMLs [40].

2.5. Statistics

Clinical variables were compared between the two groups
using a Mann-Whitney-U-Test. Over all groups, a Levene’s
Test was applied to assess the equality of variances of the
values. A standard level of statistical significance (p <0.05)
was used and data were reported with 95% confidence
intervals. The statistical analysis was performed using SPSS
(IBM SPSS Statistics, Version 25).

3. RESULTS

3.1. Anatomical Results

All 44 patients underwent brain MRI and image processing
was performed for all MRI images. Twenty-nine patients
(66%) had evidence of NVC at the VLM. The left side was
affected in 16 patients (36%) and the right side in 7 patients
(16%). We observed a bilateral NVC in 6 (14%) patients. No
NVC (either left or right) was seen in 15 (34%) patients (Table
1). The total number of NVC observed on the left is 22 and on
the right side 13 (Table 1). According to a previously published
classification [4], we found NVC type I in 16 patients, NVC
type I in 4 patients and NVC type III on the left VLM in 2
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patients. On the right VLM, 10 patients had an NVC type I, 2
patients a NVC type II and 1 patient a NVC type III.

Patients were separated into two groups characterized by
cases with left NVC including bilateral NVC (“NVC left all”)
and all cases without NVC on the left including cases showing
NVC right (“No NVC left”); (Table 1). Overall, we had 22
cases as “NVC left all” and 22 cases as “no NVC left”.

Women were affected in 4 of the 22 cases of left NVC and
men in 18 cases. Similar results were found in the group
without NVC left with 4 women and 18 men; there was no
difference between gender and the detection of left NVC (y° =
0.00, p=1.0).

3.2. Comparison of Clinical Data

3.2.1. Comparison of Body Characteristics, Behavior and
Lifestyle

We analyzed age, BMI, alcohol consumption, sporting
activity, nicotine consumption in pack-years and the duration
of hypertension. Two patients lacked information about their
smoking behavior. The group variances in age were not
homogeneous (p=0.018) (Table 2).

There was a significant difference in age between the two
groups (median NVC left all= 57, no NVC left = 63; p=0.034;
(Table 3a and Fig. 2). There were no significant differences
among the two groups in gender, medical history, duration of
HTN (NVC left all: 164.55 months, no NVC left: 202.68
months), smoking (NVC left all: 8.63 months, no NVC left:
15.71 months) and alcohol consumption (NVC left all: 152.27
g/week, no NVC left: 181.02 g/week) (Table 3a).

60.0- ] ///////??///
W 50.01 o =

Fig. (2). Age distribution in years in the two groups “NVC left al ’Ivs “no NVC left”. Box= 25" and 75" percentiles; bars =min and max values. Data
not included is marked with a small circle. Levene’s Test (p=0.018), Mann-Whitney-U-test (p=0.034).
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Table 1. Frequency distribution of the NVC groups.
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Groups Prevalence Percent in %
Left NVC 16 36.40
Right NVC 7 15.90
Bilateral NVC 6 13.60
No NVC 15 34.10
NVC left all (left NVC + bilateral NVC) 22 50.00
No NVC left (no NVC + right NVC) 22 50.00

Table 2. Levene’s test for equality of error of variances.

Levene’s -Test for equality of Variance

- F Significance

AGE Equal variance assumed 6.116 0.018
Equal variance not assumed

Daily diastolic BP Equal variance assumed 4.370 0.043
Equal variance not assumed

Nighttime systolic BP Equal variance assumed 1.028 0.317
Equal variance not assumed

Nighttime diastolic BP Equal variance assumed 17.085 0.000
Equal variance not assumed

Nighttime Mean arterial pressure Equal variance assumed 7.236 0.010
Equal variance not assumed

Day- and nighttime systolic BP Equal variance assumed 2.324 0.135
Equal variance not assumed

Day- and nighttime diastolic BP Equal variance assumed 9.704 0.003
Equal variance not assumed

Day- and nighttime Mean arterial pressure Equal variance assumed 5.898 0.020

Pulse wave velocity Equal variance assumed 0.12 0.912
Equal variance not assumed

Table 3a-e. Clinical variables were compared between the two groups using a Mann-Whitney-U-Test.

Parameters NVC left| N [ Mean (Std.-deviation|P Value
Patients specific body characteristics, behavior and lifestyle (3a): - - - - -
AGE (years) Yes [22]56.00 9.68 0.034
No |22[61.32 5.63
BMI (kg/m®) Yes (22[29.20 3.09 0.944
No |22{29.48 4.08
Alcohol consumption (g/week) Yes [22]152.27 138.85 0.509
No |22{181.02 151.41
Sporting activity (hours/week) Yes (22| 2.22 2.7287 0.162
No |22 1.341 2.4562
Nicotine pack years Yes (20 8.63 13.39 0.309
No |22]15.71 20.37
Duration of hypertension (months) Yes |22[164.55 118.19 0.301
No |22[202.68 143.10
Comparison of BP and vascular parameters (3b): NVC left N Mean Std.-deviation P Value
Casual systolic BP (mmHg) Yes 22 158.10 19.65 0.614
No 22 161.68 19.41




Neurovascular Compression in Arterial Hypertension

The Open Neuroimaging Journal, 2021, Volume 14 21

Table 3) contd.....
Casual diastolic BP (mmHg) Yes 22 94.86 12.81 0.823
No 22 93.96 11.18
Casual Heart Rate (bpm) Yes 22 66.14 15.61 0.778
No 22 64.77 11.83
Casual syst. BP after 3 min Standing (mmHg) Yes 22 158.10 17.64 0.725
No 22 159.36 17.31
Casual diast. BP after 3 min. Standing (mmHg) Yes 22 95.18 11.74 0.953
No 22 95.36 9.76
Casual Heart Rate after 3 min. Standing (mmHg) Yes 21 65.71 13.19 0.313
No 22 69.32 14.58
Daytime systolic BP (mmHg) Yes 21 144.19 16.30 0.465
No 22 147.50 11.64
Daytime diastolic BP (mmHg) Yes 21 88.86 11.69 0.971
No 22 88.64 7.09
Daytime Mean arterial Pressure (mmHg) Yes 21 108.48 12.69 0.473
No 21 109.86 7.60
Daytime Heart Rate (bpm) Yes 21 68.62 10.95 0.381
No 22 69.27 11.94
Nighttime systolic BP (mmHg) Yes 21 128.71 18.73 0.155
No 22 135.64 14.23
Nighttime diastolic BP (mmHg) Yes 21 76.10 13.76 0.331
No 22 77.41 5.70
Nighttime Mean Arterial Pressure (mmHg) Yes 21 94.71 14.81 0.199
No 21 97.91 8.01
Nighttime Heart Rate (bpm) Yes 21 61.33 8.73 0913
No 22 61.36 9.81
Day- and Nighttime syst. BP (mmHg) Yes 21 139.29 15.96 0.243
No 22 144.14 10.80
Day- and nighttime diast. BP (mmHg) Yes 21 84.95 11.90 0.697
No 22 85.32 5.96
Day- and nighttime Mean arterial Pressure (mmHg) Yes 21 104.14 12.76 0.284
No 21 106.33 6.61
Day- and nighttime Heart Rate (bpm) Yes 21 66.43 9.94 0.488
No 22 66.96 10.96
Comparison of ECG data (3¢) NVC left N Mean Std.-Deviation P Value
Heart Rate (bpm) Yes 22 59.50 10.43 0.934
No 22 59.23 10.43
QT Yes 22 427.32 31.61 0.613
No 22 422.46 23.06
Sokolov-Lyon-Index Yes 22 2.59 0.8485 0.259
No 22 2.26 0.8156
Cornell-Index Yes 21 1.96 0.7807 0.125
No 22 1.59 0.5525
Comparison of Echocardiographic Data (3d) NVC left N Mean Std.-Deviation P Value
Posterior Wall Thickness Diastolic (mm) Yes 21 11.62 1.21 0.11
No 21 10.79 1.67
Posterior Wall Thickness Systolic (mm) Yes 21 18.04 1.95 0.545
No 21 17.68 2.40
Septum Thickness Diastolic (mm) Yes 21 12.76 1.55 0.344
No 21 12.16 2.21
Septum Thickness Systolic (mm) Yes 21 18.04 2.26 0.457
No 21 17.44 3.24
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(Table 3) contd.....
Comparison of Cardiac MRI data (3d) NVC left N Mean Std.-Deviation P Value
Left ventricular wall (in grams) Yes 22 148.50 25.20 0.606
No 20 149.25 37.69
Right ventricular wall (in grams) Yes 19 40.79 8.83 0.754
No 20 40.48 8.73
Pulse Wave Analysis (3e) NVC left N Mean Std.-Deviation P Value
Peripheral systolic Pressure (mmHg) Yes 22 156,41 23,38 0,581
No 22 159,27 21,51
Peripheral Diastolic pressure (mmHg) Yes 22 91,50 12,83 0,597
No 22 93,23 11,51
Peripheral Mean Pressure (mmHg) Yes 22 115,36 15,93 0,69
No 22 117,00 14,77
Peripheral Augmentation Index (%) Yes 22 33,50 10,75 0,778
No 22 35,64 8,03
Aortic Systolic Pressure (mmHg) Yes 22 148,36 23,70 0,511
No 22 151,82 21,19
Aortic diastolic Pressure (mmHg) Yes 22 92,55 12,97 0,69
No 22 94,14 11,95
Aortic augmentation pressure (mmHg9 Yes 22 20,09 10,45 0,581
No 22 20,77 7,73
Aortic augmentation index (%) Yes 22 25,46 10,06 0,596
No 22 27,55 7,65
Pulse wave velocity Yes 17 9,97 1,71 0,987
No 18 10,18 1,91

3.2.2. Comparison of BP, ECG and Vascular Parameters

The systolic casual BP in patients with left NVC was
measured with a mean value of 158.10 (SD 19.65) mmHg in
comparison to the cases without NVC left with 161.68 (SD
158.10) mmHg. In the variances of the measurements of 24-h-
BP, statistical significances could be found especially in the
night measurements between the two group; nighttime diastolic
BP (NVC left all: 76.10 mmHg, SD 13.76; no NVC left all:
77.41mmHg, SD 5.7; p<0.001), nighttime mean arterial
pressure (MAP) (NVC left all: 94.71 mmHg, SD 14.81; no
NVC left all: 97.91 mmHg, SD 8.01; p=0.010), day- and
nighttime diastolic BP (NVC left all: 84.95 mmHg, SD 11.90;
no NVC left: 85.32 mmHg, SD 5.96; p=0.003) and day- and
nighttime MAP (NVC left all: 104.14 mmHg, SD 12.76; no
NVC left: 106.33 mmHg, SD 6.61; p=0.020), (Figs. 3 and 4).

24-h-BP measurements and office systolic and diastolic BP
showed no statistical differences between the two groups
(Tables 3b and 3c). One patient did not participate in the 24-h-
BP measurements.

3.2.3. Comparison of Echocardiographic and Cardiac MRI
Data

No differences were found between the two groups in any
of the cardiac MRI and echocardiographic data with a posterior
wall thickness of 11.62 mm diastolic in the group of left NVC

all and 10.79 mm in the group without NVC left (Table 3d).
The systolic posterior wall thickness was 18.04 mm in NVC
left all and 17.68 mm in no NVC left similar. We obtained
cardiac MRI data in 42 patients. The right ventricular wall
could be measured only in 39 patients due to artifacts.

3.2.4. Comparison of Pulse Wave Analysis (PWA) and Pulse
Wave Velocity (PWYV)

There were no significant differences among the two
groups in the measurements of PWA and PWV (Table 3e).
Pulse wave velocity was measured in 35 patients.

3.2.5. Data on Antihypertensive Medication

Table 4 presents the medication profile between the two
groups, where no differences could be found. In the group
“NVC left all”, 12 patients received an ACEI’s and 12 patients
and ARB’s. A combination of both were given only in 2 cases
with left NVC all. In the group without left NVC, 11 patients
received ACEI’s, 14 patients ARB’s and a combination in 3
cases.

All patients received thiazide type diuretics. 18 cases of
left NVC all received CCB and only 8 cases received CCB in
the group no NVC left. Beta-blockers were given to 15 patients
with left NVC and 9 patients without NVC. Central
sympatholytic drugs were given to six patients with NVC left
and to four patients without NVC.
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Fig. (3). Nighttime systolic (N_SBP) and diastolic BP (N_DBP) and the mean arterial pressure (N_MAP) obtained from 24-h-measurements of BP.
Box= 25" and 75" percentiles; bars =min and max values. Levene’s Test (N_SBP p=0.317; N_DBP p< 0.001; N_MAP p= 0.01) Mann-Whitney-U-
test (N_SBP p=0,155; N_DBP p=0.331; N_MAP p=0.199).
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Fig. (4). 24-hour ambulatory (DN_SBP) systolic and (DN_DBP) diastolic BP as well as mean arterial pressure (DN_MAP) obtained from 24-h-

measurements of BP. Box= 25

th

and 75" percentiles; bars =min and max values. Data not included is marked with a small circle. Levene’s Test

(DN_SBP p=0.135; DN_DBP p=0.003; DN_MAP p=0.020). Mann-Whitney-U-test (DN_SBP p= 0.234; DN_DBP p=0.687; DN_MAP p=0.284).



24 The Open Neuroimaging Journal, 2021, Volume 14

Manava et al.

Table 4. Pharmacologic management of the Patients with and without NVC left.

Pharmacologic Management NVC Left All No NVC Left
ACEI's 12 11
ARB's 12 14
Combination of ACEI’s and ARB’s 2 3
Thiazide type diuretics 22 22
CCB 18 8
Beta-blockers 15 9
Central symphatholytic drugs 6 4
Alpha-blockers 2 5

3.2.6. Analysis of WMLs

WMLs could be found in 11 cases in NVC left, 9 of those
with moderate findings (Score 1) and 2 patients with severe
findings (Score 2). In the group without NVC, we found
WMLs in 14 cases, of those 10 with moderate findings (Score
1) and 4 with severe changes (Score 2) according to Fazekas.

4. DISCUSSION

In this study, we tried to identify specific patterns of
clinical and hemodynamic data of hypertensive patients which
may indicate the presence of an NVC at the VLM. MVD can
be an option for therapy in patients with severe HTN refractory
to medical therapy [41]. The long term results after MVD in
patients with essential HTN and NVC show that surgery could
be a successful alternative therapy in certain subgroups of
patients with HTN [3].

Several studies have already demonstrated an association
between NVC and elevated sympathetic activity [10, 19, 42,
43]. An elevated sympathetic activity is associated with an
elevation of left ventricular mass [33, 44]. Our data showed no
significant difference between hypertensive patients with or
without NVC in the chamber sizes and functions obtained by
CMR and echocardiography. This could be explained by the
nearly equal duration of HTN in both groups (p=0.301). LVH
appears in all types of HTN independent of the respective
cause.

Correlation between vessel contact with the left
retroolivary sulcus and higher plasma norepinephrine
concentrations with depressor response to clonidine support the
theory that vascular contact on the VLM may contribute to
neurogenic mediated essential HTN [19].

Our group cohorts were similar in regard to gender
differences. The same number of women and men were
affected in both groups, with a higher frequency of men.

The structural changes regarding the WMLs in brain MRI
were also similar in the two groups.

The significantly lower mean age (median: NVC left all=
57, no NVC left all=63; p=0.034) and greater variance
(p=0.018) in the group NVC left all indicate that NVC can
appear in younger patients and may develop faster into a
treatment resistant HTN. Patients in the group “no NVC left”,
demonstrate a more homogenous age distribution, (Fig. 2).

From the 24-h-BP measurements, we could identify a
statistically significant difference of variance for daytime

(p=0.020) and nighttime diastolic BP (p<0.001) as well as
mean arterial pressure (p=0.020) between both groups and not
interindividual as previously reported [21], (Figs. (3 and 4).
This might be explained by a still existing autonomic
regulation of BP in cases with NVC.

We could not find any significant differences between the
two groups for PWA and PWV. This might be explained by the
nearly similar duration of HTN in both groups. Organ damage
is the same in all types of HTN, independent of the cause of
HTN.

Since JANNETTA’s first suggestion of an association
between arterial HTN and NVC of the left VLM and the REZ
of the ninth and tenth cranial nerve (N.IX and N.X), a series of
imaging studies with controversial results were published [6, 7,
10 - 16, 41, 43, 45, 46]. The meta-analysis of BOOGAARTS et
al. [47] showed, a statistical significant higher prevalence of
NVC at the left VLM in essential HTN as compared to normal
control subjects. At this point, one may question whether all
these studies are comparable, because some of them are
retrospective [13, 16] and some of them are non-blinded
studies [7, 16]. Several further aspects have to be taken into
consideration in the meta-analysis. The first aspect is the
precise definition and localization of NVC at the VLM and
which structures are involved. Some studies did not give a
precise description of how they define NVC and the respective
region [11, 16]. A detailed anatomical examination of the NVC
at the left VLM was published in an anatomic cadaveric study
and described three distinct types of NVC associated with HTN
[4]. Another aspect is the different quality of imaging. Some
studies used high-resolution MRI and others used standard T1-
or T2-weighted images with 3-5 mm slice thickness [7, 11, 13,
16, 45]. Nowadays, high resolution MR-sequences like CISS in
combination with high resolution MR-Angiography (TOF) are
widely accepted and considered as the appropriate sequences
for evaluating the relationship between cranial nerves and
vessels in the posterior cranial fossa [48 - 50]. One major
aspect is the difference between prospective and retrospective
studies and the quality of patient data collection regarding
HTN. In our study, all patients received multiple workups over
several years.

With the method used in this study, we introduced an
advanced technique and standard for the evaluation of
neurovascular relationships especially for the detection of NVC
in essential HTN. With the use of this technique, it is possible
to obtain 3D-presentations of NVC in HTN, which are
reproducible.
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Using 2D slice images as an exclusive source of
information, an extensive experience on the part of the
observer is required to achieve a correct assessment of the
relationship of vessels and cranial nerves in the posterior
cranial fossa. Hyperactive cranial nerve dysfunction syndromes
require a comprehensive 3D analysis [38]. In this study, we
used for the first time an advanced technique of image
processing to generate 3D visualizations of the posterior cranial
fossa in patients with HTN [39]. This was achieved through
explicit segmentation of the cerebrospinal fluid (CSF), the
brain stem and the cranial nerves, followed by implicit
segmentation and separation of the vessels and cranial nerves
embedded in CSF. Lastly, 3D visualizations were generated.
The highest quality of the 3D visualization was achieved
mostly through fusion of the CISS- and TOF- data. With this
technique, nearly all the technical artifacts that may appear in
this region, like the hemodynamic pulsation in the CSF were
eliminated. Using these steps of image processing as previous
introduced [48] and described [38, 39], we were able to have
an exact and comprehensible anatomical representation of each
patient (Fig. 1).

The literature affords robust anatomical and physiological
evidence that compression of REZ of CN IX-X and adjacent
VLM - especially on the left side, is known to convey inputs
from the baroreceptors of the (left-sided) cardiac atrium —
could be the origin of systemic arterial HTN [29].
JANNETTAS’ results were confirmed in several surgical
studies [1 - 3, 29, 51] with short and long term results.

NVC of the VLM has also been detected in brachydactyly
associated with HTN [52]. The latest genetic studies on HTN
and its association with brachydactyly strongly suggest that
mutations in PDE3A are responsible for HTN by contributing
to a general increase in peripheral vascular resistance in this
syndrome [53]. Until now, we have no data regarding PDE3A
from our patients.

Previous reports showed that compression of VLM was
closely associated with BP variability in the subacute ischemic
stroke phase [21]. Elevated BP is present in approximately
80% of patients with ischemic strokes [54]. As with
intracranial aneurysms, a wide range of BP variability seems to
be also relevant for NVC in HTN [55, 56]. Further studies are
necessary to find possible correlations.

The small number of patients could be considered as a
limitation of our study. However, this could be explained by
highly selective criteria for diagnosis of treatment resistant
HTN as well as the availability of all clinical and
hemodynamic parameters. Further large and detailed clinical
studies will be needed to elucidate the clinical factors to
influence the interaction between increased BP variance and
the detection of NVC at the left VLM.

CONCLUSION

NVC of the VLM can be detected in patients with arterial
HTN. Young patients with arterial, treatment resistant HTN
should be examined for the presence of NVC at the VLM
before permanent organ damage occurs. The possible
association of NVC in HTN and the detailed analysis of 24 h
BP regarding the BP variability should be further evaluated.
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Clinical and hemodynamic parameters do not sufficiently
indicate the presence of NVC. Possible candidates for MVD
can only be identified after confirming a positive finding of
NVC with the use of MRI.

AUTHORS' CONTRIBUTION

All authors contributed to the study's conception and
design. Material preparation, data collection and analysis were
performed by Panagiota MANAVA, Ramin NARAGHI and
Peter HASTREITER. The first draft of the manuscript was
written by Panagiota MANAVA and all authors commented on
the previous versions of the manuscript. All authors read and
approved the final manuscript.

ETHICS APPROVAL AND CONSENT TO PARTI-
CIPATE

This study was approved by the ethics committee of the
University Erlangen-Nuremberg (FAU) in Erlangen, Germany
with the ethical approval number: 2633.

HUMAN AND ANIMAL RIGHTS

No animals were used in this research. All human research
procedures followed were in accordance with the ethical
standards of the committee responsible for human
experimentation (institutional and national), Declaration of
Helsinki and the guidelines for “good clinical practice” (GCP).

CONSENT FOR PUBLICATION

Each patient provided written informed consent prior to
inclusion in this observational study.

AVAILABILITY OF DATA AND MATERIALS

The data supporting the findings of the article is available
from corresponding author [P.M] upon reasonable request.

FUNDING

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit
sectors.

CONFLICT OF INTEREST

We wish to confirm that there are no known conflicts of
interest associated with this publication and there has been no
financial support for this work that could have influenced its
outcome.

ACKNOWLEDGEMENTS

This article is dedicated to Peter J. Jannetta (*April 05.
1932 - $April 11. 2016) for his pioneer work on neurovascular
compression at the ventrolateral medulla and arterial
hypertension.

REFERENCES

1 Jannetta PJ, Segal R, Wolfson SKJ Jr. Neurogenic hypertension:
etiology and surgical treatment. I. Observations in 53 patients. Ann
Surg 1985; 201(3): 391-8.
[http://dx.doi.org/10.1097/00000658-198503000-00023] [PMID:
3977442]


http://dx.doi.org/10.1097/00000658-198503000-00023
http://www.ncbi.nlm.nih.gov/pubmed/3977442

26 The Open Neuroimaging Journal, 2021, Volume 14

[2]

[3]

[4]

[3]

[6]

[71

[8]

[91

[10]

(11]

[12]

[13]

[14]

[15]

(1e]

[17]

(18]

(191

Geiger H, Naraghi R, Schobel HP, Frank H, Sterzel RB, Fahlbusch R.
Decrease of blood pressure by ventrolateral medullary decompression
in essential hypertension. Lancet 1998; 352(9126): 446-9.
[http://dx.doi.org/10.1016/S0140-6736(97)11343-5] [PMID: 9708753]
Frank H, Schobel HP, Heusser K, Geiger H, Fahlbusch R, Naraghi R.
Long-term results after microvascular decompression in essential
hypertension. Stroke 2001; 32(12): 2950-5.
[http://dx.doi.org/10.1161/hs1201.099799] [PMID: 11740004]
Naraghi R, Gaab MR, Walter GF, Kleineberg B. Arterial hypertension
and neurovascular compression at the ventrolateral medulla. A
comparative microanatomical and pathological study. J Neurosurg
1992; 77(1): 103-12.

[http://dx.doi.org/10.3171/jns.1992.77.1.0103] [PMID: 1307855]
Kleineberg B, Becker H, Gaab MR. Neurovascular compression and
essential hypertension. An angiographic study. Neuroradiology 1991;
33(1): 2-8.

[http://dx.doi.org/10.1007/BF00593324] [PMID: 2027439]

Naraghi R, Geiger H, Crnac J, Huk W, Fahlbusch R, Engels G, et al.
Posterior fossa neurovascular anomalies in essential hypertension. The
Lancet 1994; 344: 1466-70.
[http://dx.doi.org/10.1016/S0140-6736(94)90289-5]

Akimura T, Furutani Y, Jimi Y, et al. Essential hypertension and
neurovascular compression at the ventrolateral medulla oblongata: MR
evaluation. AJNR Am J Neuroradiol 1995; 16(2): 401-5.

[PMID: 7726090]

Makino Y, Kawano Y, Okuda N, et al. Autonomic function in
hypertensive patients with neurovascular compression of the
ventrolateral medulla oblongata. J Hypertens 1999; 17(9): 1257-63.
[http://dx.doi.org/10.1097/00004872-199917090-00004] [PMID:
10489102]

Morimoto S, Sasaki S, Miki S, et al. Pulsatile compression of the
rostral ventrolateral medulla in hypertension. Hypertension 1997; 29(1
Pt 2): 514-8.

[http://dx.doi.org/10.1161/01.HYP.29.1.514] [PMID: 9039152]
Sendeski MM, Consolim-Colombo FM, Leite CC, Rubira MC, Lessa
P, Krieger EM. Increased sympathetic nerve activity correlates with
neurovascular compression at the rostral ventrolateral medulla.
Hypertension 2006; 47(5): 988-95.
[http://dx.doi.org/10.1161/01.HYP.0000214403.07762.47] [PMID:
16567595]

Colon GP, Quint DJ, Dickinson LD, et al. Magnetic resonance
evaluation of ventrolateral medullary compression in essential
hypertension. J Neurosurg 1998; 88(2): 226-31.
[http://dx.doi.org/10.3171/jns.1998.88.2.0226] [PMID: 9452228]
Hohenbleicher H, Schmitz SA, Koennecke HC, et al. Neurovascular
contact of cranial nerve IX and X root-entry zone in hypertensive
patients. Hypertension 2001; 37(1): 176-81.
[http://dx.doi.org/10.1161/01.HYP.37.1.176] [PMID: 11208774]
Johnson D, Coley SC, Brown J, Moseley IF. The role of MRI in
screening for neurogenic hypertension. Neuroradiology 2000; 42(2):
99-103.

[http://dx.doi.org/10.1007/5002340050023] [PMID: 10663483]

Siglitz SA, Gaab MR. Investigations using magnetic resonance
imaging: is neurovascular compression present in patients with
essential hypertension? J Neurosurg 2002; 96(6): 1006-12.
[http://dx.doi.org/10.3171/jns.2002.96.6.1006] [PMID: 12066899]
Thuerl C, Rump LC, Otto M, et al. Neurovascular contact of the brain
stem in hypertensive and normotensive subjects: MR findings and
clinical significance. AJNR Am J Neuroradiol 2001; 22(3): 476-80.
[PMID: 11237969]

Watters MR, Burton BS, Turner GE, Cannard KR. MR screening for
brain stem compression in hypertension. AJNR Am J Neuroradiol
1996; 17(2): 217-21.

[PMID: 8938288]

Zizka J, Ceral J, Elias P, et al. Vascular compression of rostral medulla
oblongata: prospective MR imaging study in hypertensive and
normotensive subjects. Radiology 2004; 230(1): 65-9.
[http://dx.doi.org/10.1148/radiol.2301021285] [PMID: 14631051]
Schobel HP, Frank H, Naraghi R, Geiger H, Titz E, Heusser K.
Hypertension in patients with neurovascular compression is associated
with increased central sympathetic outflow. J Am Soc Nephrol 2002;
13(1): 35-41.

[http://dx.doi.org/10.1681/ASN.V13135] [PMID: 11752019]

Gajjar D, Egan B, Cure J, Rust P, VanTassel P, Patel SJ. Vascular
compression of the rostral ventrolateral medulla in sympathetic
mediated essential hypertension. Hypertension 2000; 36(1): 78-82.
[http://dx.doi.org/10.1161/01.HYP.36.1.78] [PMID: 10904016]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Manava et al.

Chung JW, Kim N, Kang J, et al. Blood pressure variability and the
development of early neurological deterioration following acute
ischemic stroke. J Hypertens 2015; 33(10): 2099-106.
[http://dx.doi.org/10.1097/HJH.0000000000000675]
26237556]

Nezu T, Hosomi N, Kuzume D, et al. Effects of vascular compression
on the rostral ventrolateral medulla for blood pressure variability in
stroke patients. J Hypertens 2020; 38(12): 2443-50.
[http://dx.doi.org/10.1097/HJH.0000000000002575]
32740401]

Del Giorno R, Balestra L, Heiniger PS, Gabutti L. Blood pressure
variability with different measurement methods: Reliability and
predictors. A proof of concept cross sectional study in elderly
hypertensive hospitalized patients. Medicine (Baltimore) 2019; 98(28):
e16347-.

Levy EICB, Clyde B, McLaughlin MR, Jannetta PJ. Microvascular
decompression of the left lateral medulla oblongata for severe
refractory neurogenic hypertension. Neurosurgery 1998; 43(1): 1-6.
[http://dx.doi.org/10.1097/00006123-199807000-00001] [PMID:
9657182]

Naraghi R, Fahlbusch R, Eds. Microvascular decompression for the
treatment of hypertension. W.B. Saunders Co 2001.
[http://dx.doi.org/10.1053/0tns.2001.27382]

Jannetta PJ Sr, Segal R, Wolfson SK Jr, Dujovny M, Semba A, Cook
EE. Neurogenic hypertension: etiology and surgical treatment. II.
Observations in an experimental nonhuman primate model. Ann Surg
1985; 202(2): 253-61.
[http://dx.doi.org/10.1097/00000658-198508000-00018]
4015232]

Segal R, Gendell HM, Canfield D, Dujovny M, Jannetta PJ.
Cardiovascular response to pulsatile pressure applied to ventrolateral
medulla. Surg Forum 1979; 30: 433-5.

[PMID: 538658]

Segal R, Gendell HM, Canfield D, Dujovny M, Jannetta PJ.
Hemodynamic changes induced by pulsatile compression of the
ventrolateral medulla. Angiology 1982; 33(3): 161-72.
[http://dx.doi.org/10.1177/000331978203300303] [PMID: 7065461]
Segal R, Jannetta PJ, Wolfson SK, Dujovny M, Cook EE. Implanted
pulsatile balloon divice for simulation of neurovascularcompression. J
Neurosurg 1982; 57: 646-50.
[http://dx.doi.org/10.3171/jns.1982.57.5.0646] [PMID: 7131065]
Sindou M, Mahmoudi M, Brinzeu A. Hypertension of neurogenic
origin: effect of microvascular decompression of the CN IX-X root
entry/exit zone and ventrolateral medulla on blood pressure in a
prospective series of 48 patients with hemifacial spasm associated with
essential hypertension. J Neurosurg 2015; 123(6): 1405-13.
[http://dx.doi.org/10.3171/2014.12.JNS141775] [PMID: 26230479]
Schlaich MP, Nolde JM, Carnagarin R, Schlaich LI, Kiuchi MG.
Vascular compression of the rostral ventrolateral medulla: a relevant
indicator of sympathetically driven blood pressure variability? J
Hypertens 2020; 38(12): 2380-1.
[http://dx.doi.org/10.1097/HJH.0000000000002646]
33149059]

Mancia G, Fagard R, Narkiewicz K, et al. 2013 ESH/ESC Guidelines
for the management of arterial hypertension: the Task Force for the
management of arterial hypertension of the European Society of
Hypertension (ESH) and of the European Society of Cardiology
(ESC). I Hypertens 2013; 31(7): 1281-357.
[http://dx.doi.org/10.1097/01.hjh.0000431740.32696.cc]
23817082]

Marwick TH, Gillebert TC, Aurigemma G, ef al. Recommendations on
the use of echocardiography in adult hypertension: A report from the
european association of cardiovascular imaging (EACVI) and the
american society of echocardiography (ASE). J Am Soc Echocardiogr
2015; 28(7): 727-54.

[http://dx.doi.org/10.1016/j.ech0.2015.05.002] [PMID: 26140936]
Burns J, Sivananthan MU, Ball SG, Mackintosh AF, Mary DA,
Greenwood JP. Relationship between central sympathetic drive and
magnetic resonance imaging-determined left ventricular mass in
essential hypertension. Circulation 2007; 115(15): 1999-2005.
[http://dx.doi.org/10.1161/CIRCULATIONAHA.106.668863] [PMID:
17389264]

Cowan BR, Young AA, Anderson C, et al. Left ventricular mass and
volume with telmisartan, ramipril, or combination in patients with
previous atherosclerotic events or with diabetes mellitus (from the
ONgoing Telmisartan Alone and in Combination With Ramipril
Global Endpoint Trial [ONTARGET]). Am J Cardiol 2009; 104(11):

[PMID:

[PMID:

[PMID:

[PMID:

[PMID:


http://dx.doi.org/10.1016/S0140-6736(97)11343-5
http://www.ncbi.nlm.nih.gov/pubmed/9708753
http://dx.doi.org/10.1161/hs1201.099799
http://www.ncbi.nlm.nih.gov/pubmed/11740004
http://dx.doi.org/10.3171/jns.1992.77.1.0103
http://www.ncbi.nlm.nih.gov/pubmed/1307855
http://dx.doi.org/10.1007/BF00593324
http://www.ncbi.nlm.nih.gov/pubmed/2027439
http://dx.doi.org/10.1016/S0140-6736(94)90289-5
http://www.ncbi.nlm.nih.gov/pubmed/7726090
http://dx.doi.org/10.1097/00004872-199917090-00004
http://www.ncbi.nlm.nih.gov/pubmed/10489102
http://dx.doi.org/10.1161/01.HYP.29.1.514
http://www.ncbi.nlm.nih.gov/pubmed/9039152
http://dx.doi.org/10.1161/01.HYP.0000214403.07762.47
http://www.ncbi.nlm.nih.gov/pubmed/16567595
http://dx.doi.org/10.3171/jns.1998.88.2.0226
http://www.ncbi.nlm.nih.gov/pubmed/9452228
http://dx.doi.org/10.1161/01.HYP.37.1.176
http://www.ncbi.nlm.nih.gov/pubmed/11208774
http://dx.doi.org/10.1007/s002340050023
http://www.ncbi.nlm.nih.gov/pubmed/10663483
http://dx.doi.org/10.3171/jns.2002.96.6.1006
http://www.ncbi.nlm.nih.gov/pubmed/12066899
http://www.ncbi.nlm.nih.gov/pubmed/11237969
http://www.ncbi.nlm.nih.gov/pubmed/8938288
http://dx.doi.org/10.1148/radiol.2301021285
http://www.ncbi.nlm.nih.gov/pubmed/14631051
http://dx.doi.org/10.1681/ASN.V13135
http://www.ncbi.nlm.nih.gov/pubmed/11752019
http://dx.doi.org/10.1161/01.HYP.36.1.78
http://www.ncbi.nlm.nih.gov/pubmed/10904016
http://dx.doi.org/10.1097/HJH.0000000000000675
http://www.ncbi.nlm.nih.gov/pubmed/26237556
http://dx.doi.org/10.1097/HJH.0000000000002575
http://www.ncbi.nlm.nih.gov/pubmed/32740401
http://dx.doi.org/10.1097/00006123-199807000-00001
http://www.ncbi.nlm.nih.gov/pubmed/9657182
http://dx.doi.org/10.1053/otns.2001.27382
http://dx.doi.org/10.1097/00000658-198508000-00018
http://www.ncbi.nlm.nih.gov/pubmed/4015232
http://www.ncbi.nlm.nih.gov/pubmed/538658
http://dx.doi.org/10.1177/000331978203300303
http://www.ncbi.nlm.nih.gov/pubmed/7065461
http://dx.doi.org/10.3171/jns.1982.57.5.0646
http://www.ncbi.nlm.nih.gov/pubmed/7131065
http://dx.doi.org/10.3171/2014.12.JNS141775
http://www.ncbi.nlm.nih.gov/pubmed/26230479
http://dx.doi.org/10.1097/HJH.0000000000002646
http://www.ncbi.nlm.nih.gov/pubmed/33149059
http://dx.doi.org/10.1097/01.hjh.0000431740.32696.cc
http://www.ncbi.nlm.nih.gov/pubmed/23817082
http://dx.doi.org/10.1016/j.echo.2015.05.002
http://www.ncbi.nlm.nih.gov/pubmed/26140936
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.668863
http://www.ncbi.nlm.nih.gov/pubmed/17389264

Neurovascular Compression in Arterial Hypertension

[35]

[36]

[37]

[38]

[391

[40]

[41]

[42]

[43]

[44]

1484-9.

[http://dx.doi.org/10.1016/j.amjcard.2009.07.018] [PMID: 19932779]
Rautaharju PM, Surawicz B, Gettes LS, et al. AHA/ACCF/HRS
recommendations for the standardization and interpretation of the
electrocardiogram: part IV: the ST segment, T and U waves, and the
QT interval: a scientific statement from the American Heart
Association Electrocardiography and Arrhythmias Committee, Council
on Clinical Cardiology; the American College of Cardiology
Foundation; and the Heart Rhythm Society. J Am Coll Cardiol 2009;
53(11): 982-91.

[http://dx.doi.org/10.1016/j.jacc.2008.12.014] [PMID: 19281931]
Casale PN, Devereux RB, Alonso DR, Campo E, Kligfield P.
Improved sex-specific criteria of left ventricular hypertrophy for
clinical and computer interpretation of electrocardiograms: validation
with autopsy findings. Circulation 1987; 75(3): 565-72.
[http://dx.doi.org/10.1161/01.CIR.75.3.565] [PMID: 2949887]
Hastreiter P, Naraghi R, Tomandl B, Bonk A, Fahlbusch R. Analysis
and 3-dimensional visualization of neurovascular compression
syndromes. Acad Radiol 2003; 10(12): 1369-79.
[http://dx.doi.org/10.1016/S1076-6332(03)00505-1]
14697005]

Naraghi R, Hastreiter P, Tomandl B, Bonk A, Huk W, Fahlbusch R.
Three-dimensional visualization of neurovascular relationships in the
posterior fossa: technique and clinical application. J Neurosurg 2004;
100(6): 1025-35.

[http://dx.doi.org/10.3171/jns.2004.100.6.1025] [PMID: 15200117]
Manava P, Naraghi R, Schmieder R, Fahlbusch R, Doerfler A, Lell
MM, et al. 3d-visualization of neurovascular compression at the
ventrolateral medulla in patients with arterial hypertension. Clin
Neuroradiol 2020.

[PMID: 32462236]

Fazekas F, Chawluk JB, Alavi A, Hurtig HI, Zimmerman RA. MR
signal abnormalities at 1.5 T in Alzheimer’s dementia and normal
aging. AJR Am J Roentgenol 1987; 149(2): 351-6.
[http://dx.doi.org/10.2214/ajr.149.2.351] [PMID: 3496763]

Ceral J, Zizka J, Elias P, Solar M, Klzo L, Reissigova J. Neurovascular
compression in essential hypertension: cause, consequence or
unrelated finding? J Hum Hypertens 2007; 21(2): 179-81.
[http://dx.doi.org/10.1038/sj.jhh.1002124] [PMID: 17136105]

Sasaki S, Tanda S, Hatta T, et al. Neurovascular decompression of the
rostral ventrolateral medulla decreases blood pressure and sympathetic
nerve activity in patients with refractory hypertension. J Clin
Hypertens (Greenwich) 2011; 13(11): 818-20.
[http://dx.doi.org/10.1111/j.1751-7176.2011.00522.x]
22051426]

Smith PA, Meaney JF, Graham LN, et al. Relationship of
neurovascular compression to central sympathetic discharge and
essential hypertension. J Am Coll Cardiol 2004; 43(8): 1453-8.
[http://dx.doi.org/10.1016/j.jacc.2003.11.047] [PMID: 15093883]
Greenwood JP, Scott EM, Stoker JB, Mary DA. Hypertensive left
ventricular hypertrophy: relation to peripheral sympathetic drive. ] Am
Coll Cardiol 2001; 38(6): 1711-7.
[http://dx.doi.org/10.1016/S0735-1097(01)01600-X]
11704385]

[PMID:

[PMID:

[PMID:

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[56]

The Open Neuroimaging Journal, 2021, Volume 14 27

Morimoto S, Sasaki S, Miki S, et al. Neurovascular compression of the
rostral ventrolateral medulla related to essential hypertension.
Hypertension 1997; 30(1 Pt 1): 77-82.
[http://dx.doi.org/10.1161/01.HYP.30.1.77] [PMID: 9231824]

Morise T, Horita M, Kitagawa I, et al. The potent role of increased
sympathetic tone in pathogenesis of essential hypertension with
neurovascular compression. J Hum Hypertens 2000; 14(12): 807-11.
[http://dx.doi.org/10.1038/sj.jhh.1001114] [PMID: 11114697]
Boogaarts HD, Menovsky T, de Vries J, Verbeek AL, Lenders JW,
Grotenhuis JA. Primary hypertension and neurovascular compression:
a meta-analysis of magnetic resonance imaging studies. J Neurosurg
2012; 116(1): 147-56.

[http://dx.doi.org/10.3171/2011.7.JNS101378] [PMID: 21923244]
Hastreiter P, Naraghi R, Tomandl BF, Bauer M, Fahlbusch R, Eds.
3D- visualization and registration for neurovascular compression
syndrome analysis. MICCAI 02 Proc of 5th Int Conf on Med Img
Comput and Comp-Assis Interv.

Leal PR, Hermier M, Froment JC, Souza MA, Cristino-Filho G,
Sindou M. Preoperative demonstration of the neurovascular
compression characteristics with special emphasis on the degree of
compression, using high-resolution magnetic resonance imaging: a
prospective study, with comparison to surgical findings, in 100
consecutive patients who underwent microvascular decompression for
trigeminal neuralgia. Acta Neurochir (Wien) 2010; 152(5): 817-25.
[http://dx.doi.org/10.1007/s00701-009-0588-7] [PMID: 20108106]
Tanrikulu L, Hastreiter P, Richter G, Doerfler A, Naraghi R. Virtual
neuroendoscopy: MRI-based three-dimensional visualization of the
cranial nerves in the posterior cranial fossa. Br J Neurosurg 2008;
22(2): 207-12.

[http://dx.doi.org/10.1080/02688690701632807] [PMID: 18348015]
Niu X, Sun H, Yuan F, et al. Microvascular decompression in patients
with hemifacial spasm. Brain Behav 2019; 9(11)e01432
[http://dx.doi.org/10.1002/brb3.1432] [PMID: 31617334]

Naraghi R, Schuster H, Toka HR, et al. Neurovascular compression at
the ventrolateral medulla in autosomal dominant hypertension and
brachydactyly. Stroke 1997; 28(9): 1749-54.
[http://dx.doi.org/10.1161/01.STR.28.9.1749] [PMID: 9303020]
Maass PG, Aydin A, Luft FC, et al. PDE3A mutations cause
autosomal dominant hypertension with brachydactyly. Nat Genet
2015; 47(6): 647-53.

[http://dx.doi.org/10.1038/ng.3302] [PMID: 25961942]

Tikhonoff V, Zhang H, Richart T, Staessen JA. Blood pressure as a
prognostic factor after acute stroke. Lancet Neurol 2009; 8(10):
938-48.
[http://dx.doi.org/10.1016/S1474-4422(09)70184-X]
19747655]

Lanza G, Vinciguerra L, Puglisi V, ef al. Acute isolated trochlear
nerve palsy in a patient with cavernous carotid aneurysm and visit-to-
visit variability in systolic blood pressure. Int J Stroke 2015; 10(6)E61
[http://dx.doi.org/10.1111/ijs.12552] [PMID: 26202714]

Vagli C, Fisicaro F, Vinciguerra L, et al. Cerebral hemodynamic
changes to transcranial doppler in asymptomatic patients with fabry’s
disease. Brain Sci 2020; 10(8)E546
[http://dx.doi.org/10.3390/brainscil 0080546] [PMID: 32806660]

[PMID:

© 2021 Manava et al.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: (https://creativecommons.org/licenses/by/4.0/legalcode). This license permits unrestricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.


http://dx.doi.org/10.1016/j.amjcard.2009.07.018
http://www.ncbi.nlm.nih.gov/pubmed/19932779
http://dx.doi.org/10.1016/j.jacc.2008.12.014
http://www.ncbi.nlm.nih.gov/pubmed/19281931
http://dx.doi.org/10.1161/01.CIR.75.3.565
http://www.ncbi.nlm.nih.gov/pubmed/2949887
http://dx.doi.org/10.1016/S1076-6332(03)00505-1
http://www.ncbi.nlm.nih.gov/pubmed/14697005
http://dx.doi.org/10.3171/jns.2004.100.6.1025
http://www.ncbi.nlm.nih.gov/pubmed/15200117
http://www.ncbi.nlm.nih.gov/pubmed/32462236
http://dx.doi.org/10.2214/ajr.149.2.351
http://www.ncbi.nlm.nih.gov/pubmed/3496763
http://dx.doi.org/10.1038/sj.jhh.1002124
http://www.ncbi.nlm.nih.gov/pubmed/17136105
http://dx.doi.org/10.1111/j.1751-7176.2011.00522.x
http://www.ncbi.nlm.nih.gov/pubmed/22051426
http://dx.doi.org/10.1016/j.jacc.2003.11.047
http://www.ncbi.nlm.nih.gov/pubmed/15093883
http://dx.doi.org/10.1016/S0735-1097(01)01600-X
http://www.ncbi.nlm.nih.gov/pubmed/11704385
http://dx.doi.org/10.1161/01.HYP.30.1.77
http://www.ncbi.nlm.nih.gov/pubmed/9231824
http://dx.doi.org/10.1038/sj.jhh.1001114
http://www.ncbi.nlm.nih.gov/pubmed/11114697
http://dx.doi.org/10.3171/2011.7.JNS101378
http://www.ncbi.nlm.nih.gov/pubmed/21923244
http://dx.doi.org/10.1007/s00701-009-0588-7
http://www.ncbi.nlm.nih.gov/pubmed/20108106
http://dx.doi.org/10.1080/02688690701632807
http://www.ncbi.nlm.nih.gov/pubmed/18348015
http://dx.doi.org/10.1002/brb3.1432
http://www.ncbi.nlm.nih.gov/pubmed/31617334
http://dx.doi.org/10.1161/01.STR.28.9.1749
http://www.ncbi.nlm.nih.gov/pubmed/9303020
http://dx.doi.org/10.1038/ng.3302
http://www.ncbi.nlm.nih.gov/pubmed/25961942
http://dx.doi.org/10.1016/S1474-4422(09)70184-X
http://www.ncbi.nlm.nih.gov/pubmed/19747655
http://dx.doi.org/10.1111/ijs.12552
http://www.ncbi.nlm.nih.gov/pubmed/26202714
http://dx.doi.org/10.3390/brainsci10080546
http://www.ncbi.nlm.nih.gov/pubmed/32806660
https://creativecommons.org/licenses/by/4.0/legalcode

	Neurovascular Compression in Arterial Hypertension: Correlation of Clinical Data to 3D-Visualizations of MRI-Findings 
	[Aims:]
	Aims:
	Background:
	Objective:
	Methods:
	Results:
	Conclusion:

	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Clinical Data
	2.2. Blood Pressure Measurements
	2.3. Cardiovascular Parameters
	2.4. Imaging Procedures and Image Processing of NVC
	2.5. Statistics

	3. RESULTS
	3.1. Anatomical Results
	3.2. Comparison of Clinical Data
	3.2.1. Comparison of Body Characteristics, Behavior and Lifestyle
	3.2.2. Comparison of BP, ECG and Vascular Parameters
	3.2.3. Comparison of Echocardiographic and Cardiac MRI Data
	3.2.4. Comparison of Pulse Wave Analysis (PWA) and Pulse Wave Velocity (PWV)
	3.2.5. Data on Antihypertensive Medication
	3.2.6. Analysis of WMLs


	4. DISCUSSION
	CONCLUSION
	AUTHORS' CONTRIBUTION
	ETHICS APPROVAL AND CONSENT TO PARTI-CIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




