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/Abstract A

Background and Rationale: somatic diabetic demyelinating distal sensory-motor polyneuropathy (D-DSP) rep-
resents a very common complication in diabetes mellitus (DM); autonomic neuropathy may be part of the disease and leads
to high morbidity and mortality. Vagus Nerve (VN) is the longest autonomic nerve and commonly parasympathetic involve-
ment precedes sympathetic symptoms. The aims of the present study were to assess sonographic changes of the VN in DM

patients in cases with or without autonomic symptoms and neuropathy.

Methods: The VN was scanned bilaterally in 20 healthy volunteers and 61patients (32 m, 29 f) with DM in the axial
plane at the lateral neck. The acquisition of ultrasound images was performed using a 19MHz probe with an Esaote MyLab

Gamma device; cross-sectional area (CSA), perimeter, echogenicity, and echo-structure were considered.

Results: Mean cross-sectional area of the vagus nerve was significantly smaller (3.13mm? SD= 1.54) in patients
with diabetes compared with controls (5.8 mm?, DS = 1.2) and did not correlate with disease duration and parameters of

cardiovagal functions.

Conclusions: our data prove a degree of vagus nerve atrophy in DM patients. This finding may have relevance in
the diagnosis and management of diabetic neuropathy, overally on parasympathetic involvement, even if further investiga-

tions are needed to confirm the relevance of the findings.
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Garasympathetic autonomic neuropathy.
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Introduction

Diabetic demyelinating distal sensory-motor polyneu-
ropathy (D-DSP) represents a common complication of Diabe-
tes Mellitus (DM) [33, 36, 40] and several studies stated clinical
and electro diagnostic criteria for diagnosing and estimating its
severity [9, 24]. Inside D-DSP Autonomic Neuropathy (AN)
represent a very severe complication of the disease. It involves
multiple body apparatus and is associated with high morbidity
and mortality [32, 35]. It commonly involves sudomotor, car-
diovascular, gastrointestinal, and genitourinary systems [46].
Furthermore, vagal parasympathetic symptoms usually precede

sympathetic ones [48].

The Vagus Nerve (VN), responsible of approximately
75% of the parasympathetic activity in humans, is the longest
nerve of the autonomic nervous system [19] and can be dam-
aged in the early phases of cardiac autonomic neuropathy CAN
[11] represents a life-threatening complication and can be sub-
clinical for several years [34]. VN is usually affected in D-DSP
and neuronal degenerative processes have been previously rare-
ly investigated and described in DM [18, 8] moreover, the exact
pathogenic mechanism and meaning of morphological changes

so far remain understood and debated [44].

In the last twenty years the utility of high-resolution
ultrasound (HRUS) in the evaluation of peripheral nerves and
their disorders has been widely proved and validated in many
extensive studies [29, 51, 39, 14], including D-DSN [26, 31,1, 37].
Ultrasound represents a fast, easy, and noninvasive tool for the
diagnosis of D-DSN [26, 37]. As far as concerns DM, enlarge-

ment of peripheral nerves has been generally reported [27, 21,3].

More recently, HRUS was employed to assess cranial
nerve [13, 41,42,44]. Ultrasounds of VN for the assessment of
DM neuropathy were rarely employed [4,15-17, 6, 43] and only
a few data are available as far concerns vagal DM neuropathy
[44]. Anywhere, due to the degree of resolution of HRUS with
the modern device and transducer, HRUS could represent a
powerful instrument, complementary to other investigations,
and a formidable challenge for clinicians to detect VN involve-
ment and pathological changes underlying its dysfunctions even

at early stages of disease in DM.

The aim of this study has been to assess changes that
may occur in VN in DM patients, either with or without D-SPN
and autonomic manifestations. We based our rationale on the

hypothesis that morphological changes of VN linked to the de-

generation process in DM have been previously described in au-
topsy studies [8,18] and moreover could be in some extent visu-
alized and estimated with HRUS.

Methods

Participants

Patients with DM were recruited during the 2016-2019
period from either outpatient and those of Section Department
(SD) Endocrinology and Metabolism of Organ and Cell Trans-
plants of the Department of Clinical and Experimental Medicine,
Pisa University Surgery and Medical School. Control data for the
VN cross-sectional area, perimeter, echogenicity, and structure,
were obtained from volunteers, recruited among the staft of the
Department, students, and specializing doctors in medicine and

surgery.

We excluded cases with other neuropathy and degen-
erative medical conditions that could mimic diabetic autonomic
neuropathy. The age, sex, weight, and height of subjects enrolled
were recorded, together with their body mass index (BMI). The
VN was bilaterally scanned in 20 healthy volunteers (10 m and
10 f; mean age 65.2 + 10.3 yrs) and on the left side in 61patients
with DM (32 m, 29 f; mean age 53.7 + 13.1 yrs) in the axial plane
at the lateral neck. The demographic data of the two groups and
the main clinical features of the patients are summarized in Table
1. There were no significant differences in age, sex, race, weight,

and height, or BMI between the two groups.

A full medical history, encompassing onset, course, du-
ration, and type of diabetes, was taken from every patient by one
of the authors (EG). Specific attention was devoted to detecting
autonomic symptoms/dysfunction to prove concomitant diabet-
ic autonomic neuropathy. Symptoms of polyneuropathy were
defined as reported numbness, tingling, or burning pain in the
feet and hands, weakness, or muscle atrophy. The investigation
assesses several domains, including orthostatic hypotension,
sudomotor, vasomotor, gastrointestinal, urinary, and sexual dys-

functions.
Baseline clinical and laboratory measurements

All patients prior to being enrolled, after a detailed
medical history, underwent a complete neurological and phys-
ical examination. Demographic data, including age, disease du-
ration (years), body mass index (BMI), systolic blood pressure
(SBP) and diastolic (DBP), micro vascular complications, and

laboratory parameters were obtained and recorded at inclusion
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Table 1: summary of demographic and main clinical features of the Study Group.

Controls (n.= 20) IDM Patients (n.= 61) P

Sex (f/m) 10£/10m 29f/32m

Age (years) 65.2 +10.3 53.7 + 13.1

Hight (cm) 169.89+ 7.10 170.49 +9.05

(Weight (Kg) 71+ 16.9 72.93 +17.89

Body Mass Index 24.47+ 4.95 25.06 + 5.89

Tipe | DM 46

Type II DM 15

DM duration (years) 27.26 + 11.68 (range 8 -45)

I[nsulin therapy) 61(100%)

Others Therapy no one

VR (15 patients) abnormal 11(73%);

normal 4 (26.6%) absent 7 (11.5%)

SSR abnormal 46 (75.4%)
normal 8 (13.1%)

DM = Diabetes mellitus; VR = Valsalva Ratio; SSR = Sympathetic Skin Responses.

time. Of these, 46 were affected by a DMT I and 15by DMT II;
mean disease duration was 27.26 yrs (SD = 11.68), BMI 25.06 SD
=5.89).

Assessment and scoring of nerve conduction investiga-
tions

Both presences of neurological symptoms/signs and ab-
normalities in nerve conduction velocity (NCS) and electromy-
ography (EMG) studies were employed to diagnose and confirm
D-DSP following the American Academy of Neurology [12,10].
All patients underwent standard nerve conduction studies (NCS)
for polyneuropathy. Tests were performed using a Neuro travel
EP/ERP Cadwell Sierra Wave machine (Ates Medica Device, Mi-
lano, Italy). For each patient, we investigated left sural sensory
nerve conduction velocity (SNCV) and tibial motor nerve con-
duction velocity (MNCV), tibial F wave, and soleus H reflex [2,
22].

Among DM patients SNAP of sural nerve were absent
in 32 patients (52.4 %); SNCV was reduced with or without a loss
of SNAP amplitude in 29 (47.6%), Tibial nerve MNCV was not
valuable in 5 (8.2%) patients due to absent Compound Muscle
Action Potentials (CMAP) from abductor halluces brevis mus-
cle; altered in 55 cases (90.2 %), within normal limits in 1 (1.6%).
F waves mean latencies and dispersion were abnormal in all cas-

es (absent in 16; 26.2 %). H reflex was abnormal in amplitude

(H/CMAP amplitude ratio of less than 30%) and/or latency in
all (100%). Needle EMG, performed bilaterally in tibialis ante-
rior muscle and extensor hallucis longus, displayed neurogenic
changes with loss of motor unit and spontaneous activity (mem-

brane instability), more evident distally in all cases (100%).

On another day, all patients underwent tibial and sural
HRUS: all cases exhibited some loss of CSA area measured at
the ankle (sural = 2.36 mm?; Tibial = 3.5 mm? v.n. > 5.1 and 8, 5

respectively for our laboratory).
Assessment and scoring autonomic functions

We performed in all cases Sympathetic Skin Respons-
es (SSR) from left upper and lower extremities and in a small
sample Valsalva heart rate variability (Valsalva ratio-VR) as de-
scribed below [2, 28] following the Guidelines of the Internation-
al Federation of Clinical Neurophysiology [7]. For these test, the
same Neuro travel EP/ERP machine used for electro diagnostic

investigations was employed.

SSR were absent in 7 (11.5%), abnormal in 46 (75.4%),
within normal limits in 8 (13.1%). Valsalva Ratio, tested in 15
patients, was abnormal in 11 (73.4%), within normal limit in 4
(26.6%).
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Vagus nerve imaging

A single, study-blind sonographer (FS) performed all
US studies on a separate day from that of electrophysiological
testing. The acquisition of ultrasound images was performed
using a 19MHz linear array transducer using an Esaote MyLab
Gamma device (Esaote, Genova, Italy); cross-sectional area
(CSA), perimeter, echogenicity, and fascicular structure were
considered and measured on the left side. The patients and con-
trols were scanned by the same author (FS) at the Neuro phys-
iopathology Section of the Department of Clinical and Experi-
mental Medicine. The sonographer was blind to the autonomic
involvement of patients or the results of electrophysiological

testing.

Participants were scanned lying in the supine position
while turning his/her head to the side opposite those investigat-
ed. The nerve was scanned in the axial view. Depth was set at
4 cm and the probe was placed first at the level of the thyroid
lobe with the probe orientation marker directed toward the pa-
tient's right side. The probe was then moved laterally to identify
the nerve inside the carotid sheath. Both the carotid artery and
internal jugular vein served as anatomical landmarks. The VN
was identified as a small rounded hypoechoic/or honeycomb
structure widget deep to the Carotid artery and Jugular vein (see
figure 1 for an example in a control subject). We measured the

cross-sectional area of the VN by following the contour of the
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nerve just inside the hyperechoic rim with the probe exactly or-
thogonal to the nerve and with the least pressure applied; in ad-
dition, we considered the perimeter, echogenicity, and structure
of the VN trunk.

Statistical analysis

Statistical analysis was performed using Sigma Plot ver-
sion n. 12.0 package (Systat Software Inc, 2011-2012). Data were
tabulated, calculated, analyzed; mean and SD of VN CSA area,
and perimeter were determined. The measure obtained from the
left side in controls and patients was used in the correlation and
comparison studies. The patients were subdivided in groups ac-
cording to the type of disease (DMT I or II) and the concomitant

presence of autonomic dysfunctions.

Two-tailed Student’s test or Mann-Whitney Rank Sum
Test were used to compare sonographic measures between con-
trols and patients, side to side measures, and subgroups of pa-

tients’” findings.

Pearson correlation coefficient (Pearson Product Mo-
ment Correlation) was employed to correlate VN ultrasound

measurements with age, weight, height, BMI, disease duration.

n. Vago dx

Figure. 1: Example of a short-axis view of the VN (inside the dotted line) in a control subject (C.F., m, 62 yrs). (mSCM = sterno-

cleidomastoid muscle; vji = internal jugular vein; ac = carotid artery).
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Results

The VN was easily visualized in both patients and con-
trols between the carotid artery and the internal jugular vein.
The mean cross-sectional area in our controls group was 5.8+1.2
mm? in the DM group 3.13+1.54. Figure 2 shows an axial view of
the VN in a DM patient. The range and mean value of VN CSA
in the controls and patients groups are reported in Table 2. By
comparing patients with controls, the mean CSA of the left VN
was significantly smaller in patients compared to controls (P = <
0.001); side to side comparison of VN CSA in a sample (10 pts)

revealed not significant inter side differences.

Mean VN CSA was 3.13 mm’ in patients with both
DMTTI and DMTII with no statistically significant difference be-
tween the two groups. Perimeter was 6.29 mm in DM group, 8.83
in controls (P = < 0.001).

Nerve trunk echogenicity was increased (hyperechoic)
in 34 (55.7%), reduced (hypoechoic) in 24 (39.3%), isoechoic in
3 (4.9%) patients; a hyperechoic rim was detectable in 8 cases
among the hyperechoic nerves (10.5%), in 3 (5.3%) among the
hypoechoic ones. Nerve fascicular structure was detectable in 7
hyperechoic (11.5%); in 24 hypoechoic (39.3%), in 3 isoechoic

(4.9%) nervous trunks. No one correlations with cardiovagal

functions (Valsalva R-R variability) and sympathetic cholinergic
activity (SSR) was evident (P> 0.005).

Figure. 2: short-axis view main patterns of VN changes detected in diabetic patients; the CSA of the vagus nerve was significant-
ly smaller in patients compared with controls with different aspects:

a - smaller but with well preserved internal fascicular structure;

b - smaller and hypoechoic, with some appreciable internal structure;

¢ - small size, hyperechoic with thin hyperechoic rim;
d - small size, hypoechoic with the hyperechoic rim.
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Table 2: features of sonographic measurements in DM patients and controls

Controls (n.= 20) DM Patients (n.= 61) P
VN CSA (mm?) 5.8+ 1.2 3.13 + 1.54 <0.001
'VN Perimeter (mm) 6.29 + 1.54 8.8 3+ 1.05 <0.001*
Body Mass Index 24.47 + 4.95 25.06 + 5.89 =0.901%

round hypoechoic

Echo structure honeycomb: 20

Hyperechoic: 34 (with rim 8)

Hypoechoic: 24 (with rim 3)

Isoechoic: 3

Sural nerve CSA (mm?) 53+ 14

2.36 +2.5 <0.001

Tibial nerve CSA (mm?) 13.4 + 4.1

3.5+2.4 <0.001

* = Mann-Whitney Rank Sum test.

Also, CSA did not significantly differ between patients
with autonomic symptoms/signs compared with that without.
No significant correlation was detected among the VN CSA and
age, disease duration, or BMI, both in controls and in patients.
The same for the diabetic duration (P > 0.005 for all these param-

eters).

Discussion and Conclusions

Our values in controls are similar to the reference ones
reported by other authors [5, 44] who scanned the VN either in
controls as well as in DM patients. Our study confirms that VN
CSA is significantly smaller in patients with DM compared to
controls, providing an evident degree of VN atrophy even in ab-
sence of autonomic dysfunction. A cutoft value of 3.5 mm? may
be considered the right limit to define abnormal changes follow-

ing data collected in the present study.

The VN degeneration has been previously described in
patients with DM [8, 18, 44]. Guo and colleagues investigated
pathological changes in VN removed at necroscopy in 3 pt with
DM and found the low density of the myelinated fibers compared
with controls; additionally, they found axonal degeneration. All
these findings together can account US changes compatible with

atrophy we detected in our group.

Our data seem conflicting with other previous studies
that have demonstrated peripheral nerve enlargement in patients
with definite diabetic peripheral neuropathy [47, 27, 31, 21, 3].

Traditionally it is believed that poor glycemic control

represents a major risk factor for the development of D-DSP. Hy-

perglycemia leads to osmotic diffuse swelling of the nerve with
secondary injury to the axons and myelin sheath, which triggers
the onset of neuropathy [23]. The pathology of D-DSP is char-
acterized by the progressive loss of myelinated nerve fiber and
axons. The nerve swelling is thought to be the result of a cascade
of several events: thickening of the vasculature, edema, prolifer-
ation of the basement membranes with perineural and Schwann
cells; accumulation of microfibrillar material in the vicinity of
perineural cells, and increased diameter of endoneurial collagen
fibrils [50, 49].

However visibly smaller in size nerves have been re-
ported in some root ganglion disorders [25] and distal axonop-
athy from taxenes [38]. In addition, it may be that neuropathy
progressing to end-stage denervation, with scarring but without
edema or a growth cone at a particular nerve site, might cause a
relative decline in the cross sectional area [45]. In fact, we found
atrophy in the sural and tibial nerve in our patient group who
showed evident electrophysiological signs of denervation, loss
of CMAP and SNAP amplitude providing evidence of a myeli-
no-axonal loss; something that has been described in end-stage
carpal tunnel syndrome [30]. Moreover, other previous studies
in the field disagree [47, 27] and normal value has detected also
in D-DSP [20]. It may be concluded that cranial neuropathy
might not have so different pathogenesis compared with periph-
eral neuropathy in DM taking into account the earlier or later

moment of the sonographic evaluation.

No significant differences were found in the VN CSA
between patients with autonomic symptoms and those without;
therefore vagal atrophy so far remains of uncertain functional
significance in DM [44].
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We noticed that the VN fascicular pattern also differed
compared to controls, providing evidence of different patterns of
VN involvement, whose meaning remains to be clarified. In ad-
dition, the BMI of controls was a bit not significantly lower than
those of controls; moreover, results probably are not affected by
BMI (p = 0.901, n.s.; Mann-Whitney Rank Sum Test).

Our study has some limitations; first, the relatively
small number of patients enrolled, particularly those with severe
parasympathetic involvement and future studies should include
more of this type of cases. Another limit is the lack of a confirma-

tion follow-up in the course of the disease.

In conclusion, the present study confirms VN atrophy
displayable with HRUS that may represent an in-vivo replace-
ment for simple histology; in addition prove to echo structural
changes in patients with DM, give data useful for future investi-
gations and application in clinical practice for early detection of
VN involvement and above all precocious treatment of parasym-
pathetic disorders in DM patients. Equally relevant investigate
the evolution of these changes over time in autonomic neuropa-
thy.

US of the VN is a fast real-time powerful tool for de-
tecting VN morphological changes in CAN, complementary to
other techniques. Further studies with larger sample sizes will be
necessary to confirm these results in DM and successful trans-
lation of these ultrasound approaches to the clinic could guide
interventions to improve functional abilities in DM patients with
benefit for either patients, their families, caregivers, and the sci-

entific community.
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