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ABSTRACT

Patients with neuropathic symptoms, including neuropathic pain and autonomic
symptoms, frequently have headaches. They were evaluated by neurologists and
underwent a diagnostic skin biopsy for small fiber neuropathy at Massachusetts
General Hospital from 2018-2020. The correlations of neuropathic pain,
autonomic symptoms, and headaches were examined. The results of skin biopsy,
nerve conduction velocity /electromyography, and autonomic function testing were
analyzed.

Most (73.8%) of the patients who underwent a skin biopsy were females. The
mean age was 46.8. Most patients had neuropathic pain (61.3%). In addition,
autonomic symptoms were present in 48.0% of patients. The prevalence of
headaches was 48.2% in the whole study cohort, with 73.2% of headaches
fulfilling the criteria of migraine.

We detected female dominance in patients who had headaches and migraine but
not in the neuropathic pain and autonomic symptom groups. The correlations
between headaches, migraine, neuropathic pain, and autonomic symptoms were
examined. There were statistical correlations between headaches and neuropathic
pain (p< 0.0001) and autonomic symptoms (p< 0.01). Similar trends were
detected for migraine with neuropathic pain but not with autonomic symptoms.
The symptomatology was analyzed with the results of skin biopsy, nerve
conduction velocity /electromyography, and autonomic function testing. Only
autonomic symptoms have a significant positive correlation with positive autonomic
function testing results. Otherwise, the results of skin biopsy, nerve conduction
velocity /electromyography, and autonomic function testing had no significant
correlation with neuropathic pain, headaches, and migraine. The lack of positive
correlations between peripheral neuropathy studies and headaches suggests
centralized mechanisms likely mediate headaches in patients with neuropathic
pain and autonomic symptoms.
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Introduction

Patients with neuropathic pain (NPP) and autonomic
symptoms (AS) are frequently encountered in Neurology
practice. Many of these patients with NPP and AS were
considered to have small fiber neuropathy (SFN), which
affects the small thinly-myelinated (A8) and
unmyelinated (C) nerve fibers that mediate sensory and
autonomic functions '. It is a prevalent condition that
affects millions of Americans 2. Most SFN patients
experience either positive sensory symptoms of pain or
negative symptoms of sensory loss in distal extremities in
a length-dependent pattern. Less commonly, some SFN
patients have pain that affects other body parts,
including the face and trunk. Neuropathic pain is caused
by illnesses or injuries that damage peripheral small or
large nerve fibers3. It ranges from pins and needle
sensations to burning, lancinating, shooting, electric-like,
and stabbing pain 4. A subgroup of NPP patients
experiences allodynia (non-painful stimulations, such as
light touching, which becomes painful) and paresthesia
(abnormal quality of sensations) 3. In addition, SFN could
affect autonomic nerve fibers, which are unmyelinated
nerve fibers that innervate the skin, blood vessels, soft
tissues, and internal organs, to generate AS. Small fiber
neuropathy could affect the sympathetic and
parasympathetic nerves and cause dizziness, digestive
difficulties, cardiac arrhythmias, sweating, and
genitourinary symptoms 5. Both NPP and AS could be
devastating and cause significant individual physical and
functional disability, resulting in significant societal
burdens and losses ¢.

In addition to peripheral neuropathies, NPP, and AS
could be generated from central brain and spinal cord
mechanisms 7. The evidence of centralized pain is
supported by biocimaging and functional imaging studies
that demonstrate the activation of somatosensory
structures8. Good examples of centralized pain are
fibromyalgia 9, temporomandibular disorders 9, and
thalamic pain syndrome . Many patients with symptoms
of fibromyalgia have small fiber neuropathy 12

It is a common practice that most patients with peripheral
NPP and AS to have diagnostic studies, including a
diagnostic  skin  biopsy (SB), nerve conduction
studies/electromyography (NCV/EMG), and autonomic
function tests (AFT) to establish the diagnosis of small
versus large fiber neuropathy 3. An SB quantifies the
degree of neuropathy by measurements of epidermal
nerve fiber density; An NCV/EMG measures nerve
conduction velocity and resting/active muscle electric
activities; and an AFT tests sympathetic/parasympathetic
responses to maneuvers such as a tilt table, Valsalva

activities, and Quantitative Sudomotor Axon Reflex Testing
14

The comorbidity of headaches and neuropathic symptoms
is commonly observed in clinical practice. However, the
pathological correlations between SFN and headaches
are not well-established. Several potential mechanisms
connect headache, NPP, and AS. First, many headaches,
especially migraine and  trigeminal  autonomic
cephalalgias, are triggered by increased excitability of
trigeminal nerve endings that innervate the dura matter
and cerebral vasculature 1576, These trigeminal nerve

endings, mostly small nerve fibers, expressed calcitonin-
gene-related  peptides and other  nociceptive
neurotransmitters 17. Second, increased peripheral signals
generated from small nociceptive nerve endings from
cutaneous and neuromuscular components of the head
and neck might contribute to tension-type headaches '8,
Third, NPP and AS from SFN in the trigeminal sensory
complex could trigger and aggravate the existing
headache disorders, resulting in intractable chronic
headaches 9. Fourth, dysautonomia, such as postural
orthostatic tachycardia syndrome which could present as
a result of SFN 2021 is often considered a trigger and
collateral symptom of headache and is frequently
overseen by patients and providers. Lastly, sweat,
gastrointestinal, and urogenital dysfunctions are common
AS that are associated with patients with headaches 1422,

In the current study, we retrospectively studied the
correlations between neuropathic (sensory and
autonomic) symptoms and headaches. We determined
the comorbidities of chronic headaches and migraine by
using available medical records and the results of
diagnostic studies, including SB, NCV /EMG, and AFT. Our
data provide evidence that supports the correlations
between neuropathic symptoms and headaches.

Methods

Study design and patient populations

In this retrospective study, we reviewed the medical
records of adults (older than 18 years, primarily from the
north-eastern United States) with a distal-leg,
neurodiagnostic skin biopsy at the Massachusetts General
Hospital (MGH), Boston, Massachusetts, USA, from
9/1/2018 to 12/31/2019. The period was chosen
before the Coronavirus disease 2019 (COVID-19)
pandemic to exclude patients who have COVID-induced
neuropathy and headaches. The study was performed
following the standards of the Declaration of Helsinki and
was approved by the Mass General Brigham Institutional
Review Board (Protocol #: 2019P003169).

Inclusion criteria: Patients were evaluated by a
neurologist and underwent a diagnostic skin biopsy at
MGH.

Exclusion criteria: Patients had neuropathic and
autonomic symptoms but were not evaluated by a
neurologist.

Primary outcome: Prevalence of headaches and
migraine more than 6 months in patients with neuropathic
pain and autonomic symptoms. Secondary outcome:
Correlation between headache and migraine and the
results of SB, NCV/EMG, and AFT.

Diagnostic criteria: Neuropathic pain was assessed by a
neurologist according to the guidelines published by
EFNS 23, Briefly, NPP is characterized by spontaneous
ongoing or shooting pain and evoked amplified pain
responses after noxious or non-noxious stimuli. Patients
with NPP have pain described from pins and needle
sensations to burning, lancinating, shooting, electric-like,
and stabbing pain. A neurologist documented NPP's
characteristics, location, and lateralization in the
reviewed medical records. A headache is a general pain
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affecting one or multiple head areas. The information on
headache location and characteristics was documented
by a neurologist. Migraine headaches are determined
using the criteria from ICHD-3 24,

Autonomic medical history was collected as described by
Goldstein 25 and evaluated by a neurologist. Common AS
include orthostatic dizziness with tachycardia or
hypotension; dyspepsia, constipation, diarrhea from Gl
motility dysfunctions; increased or reduced sweating;
sexual/bladder dysfunction with abnormal urological

evaluation; dry mouth/eyes not related to medication use
5

Diagnostic studies

Two or three-mm diameter skin punches were collected
from the anesthetized standard distal-leg site, 10 cm
above the lateral malleolus. The samples were fixed and
cut into 50 Um sections. The epidermal nerve fiber
densities per mm2 skin surface were measured using
PGP9.5 immunohistochemistry analysis as previously
described at the MGH skin biopsy laboratory 26. The
results were reported as average pan-neuronal marker
PGP9.5-positive epidermal nerve fiber densities per mm?
skin surface area. Measured IENDs less than the 5th
centile of the predicted age-matched normal distribution
confirmed SFN 26,27,

The standardized nerve conduction study and
electromyography were performed at the MGH EMG
laboratory. Briefly, Sensory conduction studies, including
ulnar, median, superficial radial, sural, superficial
peroneal, and medial plantar sensory responses were
evaluated. Motor nerve conduction studies were
performed including ulnar, median, radial, peroneal, and
tibial nerves. An electromyogram was performed on the
deltoid, biceps, triceps, flex carpi radialis, first
interosseous, vastus medialis, anterior tibialis, and
gastrocnemius.

The criteria for the diagnosis of polyneuropathy were
described by McCorquodale and Smith 28. The results
were reviewed and recorded as normal and abnormal in
nerve conduction velocities, action potential amplitudes,
and electric muscle activities. A subgroup of patients with
AS also had diagnostic composite AFT, consisting of heart

Figure 1. Study design

rate variability during deep breathing, heart and blood-
pressure responses to the Valsalva maneuver, a tilt-table
test, and quantitative sudomotor axon reflex testing at
the MGH EMG lab 29.

Statistics

Independent t-tests were used to assess measurements
between the 2 study groups, and the chi-square statistic
was used to determine the differences in proportions. P
values < 0.05 were considered significant. Data were
presented as mean t SD. No corrections for multiple
comparisons were applied.

The primary outcome variables were the prevalence of
headaches in general and migraine. The statistical
analysis for the differences in the prevalence of
headache syndromes between test groups was
performed using a chi-square test. In a second step, we
analyzed the prevalence of headache syndromes
stratified by gender (females versus males), age (< 50
versus > 50-year-old), and BMI (< 30 versus >30)
analysis was performed by Prism software (GraphPad
Software, San Diego, CA, USA). The level of significance
was set at 0.05.

Results

STUDY DESIGN AND DATA COLLECTION

The study was designed as a retrospective chart review.
All patients had neurological evaluations by MGH
neurologists who requested SB because of documented
clinical symptoms of numbness, NPP, and AS from
9/2018 to 12/31/2019. Medical records were
reviewed for symptomatology and results of SB,
NCV/EMG, and AFT, and the numbers of each group
were listed in Figure 1. A total of 450 patients met the
inclusion criteria. Their medical records were reviewed by
a neurologist for NPP, AS, headaches, and migraine.
Collected data detected that 276 patients had_NPP, 216
patients had AS, 217 patients had headaches (217), and
159 patients had migraine. In parallel, SB, NCV/EMG,
and AFT results were collected. Ninety-four out of 450
patients had a positive SB; Among the 169 patients who
had NCV/EMG, 44 had a positive result. One hundred
and thirty out of 183 patients had a positive AFT (Figure

1).

450 patients (332 females, 118
males) had a skin biopsy

—

Screening for history of NPP,
AS, headache and migraine

\4

NPP+ (276), AS+ (216),
headaches (217), and migraine

Results of SB, NCV/EMG, and
AFT

\ 4

SB (450), NCV/EMG (169), AFT
(183)
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PATIENT DEMOGRAPHICS AND PREVALENCE OF
PAINFUL SYMPTOMS AND HEADACHES

Most skin biopsies were requested because of
documented clinical symptoms of numbness, NPP, and AS.
All patients had neurological evaluations by MGH
neurologists. In this population, 332 (73.8%) patients

were female and 118(26.2%) patients were male. Their
mean age was 46.8 (SD: 14.9), with 54.2% below age
50 and 45.8% older than or equal to age 50. The mean
BMI was 27.1 (SD: 6.4), with 191 (42.4%) patients with
BMI < 25 and 259 (57.6%) patients with BMI > 25
(Table 1).

Table 1. Patient demographics

N(%)
Genders
Female 332(73.8)
Male 118(26.2)
Age
Mean (SD) 46.8(14.9)
<50 244(54.2)
>50 206(45.8)
BMI
Mean (SD) 27.1(6.4)
<25 191(42.4)
> 25 259(57.6)
Total 450(100)

THE CORRELATION BETWEEN GENDER, AGE, AND BMI
IN THE DEVELOPMENT OF SYMPTOMATOLOGY

The correlation of general painful symptoms (Pain#),
NPP, AS, headaches, and migraine with perimeters of
gender (female vs male), age (<50 vs >50), and BMI
(<25 vs, >25) is demonstrated in Table 2. Three hundred
and sixty-four (80.9%) patients had non-specific pain
(Pain#, Table 2), including NPP and nociceptive pain
from musculoskeletal origin. The mean age of patients
with painful symptoms was 46.8 (SD= 14.3), with painful
symptoms more likely to develop in patients equal to or
older than 50 (p=0.0412, compared patients <50 and
>50). Neuropathic pain was reported by 276 (61.3%)
patients. Most patients (78.4%) reported NPP affecting
more than two body parts, including the face, trunk, and
upper and lower extremities. Ninety-eight percent of

Table 2. Patient symptomatology

NPP had bilateral distribution. Eighty-six percent of
patients with NPP in head and neck. Two hundred and
sixteen (48%) patients also had AS. There was no
statistical significance between patients with NPP and AS
using the perimeters of gender, age, and BMI (Table 2).

Two hundred and seventeen (48.2%) patients had
headaches, and 159 (35.3%) of these headaches were
categorized as migraine. The statistical analysis using
gender (female vs male) as a perimeter revealed that
significantly more female patients had headaches
(p=0.0107) and migraine (p=0.001), compared to male
patients. In contrast, no difference in the other perimeters,
including age and BMI, was associated with the
prevalence of headaches and migraine (Table 2).

N(%) Pain# NPP AS Headaches Migraine Total
Genders

Female | 270(81.3) 205(61.7) 165(49.7) 172(51.8)* 132(39.8)*** | 332(100)

Male 94(79.7) 71(60.2) 51(43.2) 45(38.1) 27(22.9) 118(100)
Age

Mean

(SD) 46.8(14.3) | 46.3(14.5) | 45.1(15.5) | 46.3(14.5) 46.2(14.8)

<50 206(84.4) 153(62.7) 125(51.2) 120(49.2) 89(36.5)

> 50 158(76.7)* | 123(59.7) 91(44.2) 97(47.1) 70(34.0) 206(100)
BMI

Mean

( SD) 26.9(5.7) 26.8(5.7) 27(6.0) 27(6.5) 26.6(5.9)

<25 156(81.7) 121(63.4) 90(47.1) 96(50.3) 73(38.2) 191(100)

> 25 208(80.3) 155(59.8) 126(48.6) 121(46.7) 86(33.2) 259(100)

Total 364(80.9) 276(61.3) 216(48.0) 217(48.2) 159(35.3) 450 (100)

* p< 0.05; ¥* p< 0.001

INCREASE PREVALENCE OF HEADACHES AND MIGRAINE
IN PATIENTS WITH NPP AND AS

The correlations between the development of headaches
and migraine in patients with NPP are listed in Table 3.
The prevalence of headaches was significantly higher in
patients with NPP (p<0.0001). In parallel, NPP patients

also had a higher prevalence of migraine (p=0.0201). In
contrast, patients with AS are also more likely to develop
headaches (p=0.0051) but not migraine (p=0.946)
(Table 4). We did not detect any headache patients who
met the criteria of cluster headache and trigeminal
autonomic cephalagias.
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Table 3. The prevalence of headaches and migraine in patients with neuropathic pain and autonomic symptoms

N (%) +NPP -NPP Total
Headaches 151(69.6)**** 66(30.4) 217 (100)
Migraine 109(68.6)* 50(31.4) 159 (100)
Total 276(61.3) 174(38.7)

* p< 0.05; ** 1< 0.0001

Table 4. The prevalence of headaches and migraine in patients with autonomic symptoms

N (%) +AS -AS Total
Headaches 119(54.8)** 98(45.2) 217 (100)
Migraine 97(41.6) 136(58.4) 159 (100)
Total 216(48.0) 234(52.0)

** p<0.01

THE CORRELATION BETWEEN TEST RESULTS AND THE
DEVELOPMENT OF PAINFUL AND AUTONOMIC
SYMPTOMS

A diagnostic SB, EMG, and AFT are frequently requested
for patients with peripheral neurological symptoms. All
450 patients received an SB. Among them, 94 (20.9%)
patients had positive SB results. Patients who were female
(p=0.0011), > 50-year-old (p=0.0053), and had a BMI
> 25 (p<0.0001) were more likely to have a positive skin
biopsy. However, positive SB results were not significantly
correlated with the development of painful symptoms,
including NPP, headaches, and migraine. In contrast,
patients with a positive SB were more likely to have AS

(p=0.0343) (Table 5).

An NCV/EMG is a diagnostic tool for large fiber
neuropathy. Forty-four out of 313 (26%) patients with
headaches had positive NCV/EMG results with the
diagnosis of either peripheral neuropathy or
radiculopathy. Female gender and older (> 50) were
more likely to have a positive NCV/EMG result. The
results of NCV/EMG are not associated with the
development of NPP, headaches, and migraine (Table 5).

An AFT was performed on 183 patients. AS is the only
symptom that correlates significantly with positive AFT
results. None of the painful symptoms, including NPP,
headaches, and migraine were significantly associated
with positive AFT results (Table 5).

Table 5. The correlation between test results and symptoms

N (%) SB+ EMG+ AFT+ Total
Genders

Female 57(17.2)** 25(21.2)* 104(71.2) 332(100)

Male 37(31.4) 19(37.3) 26(70.3) 118(100)
Age

<50 39(16.0) 14(17.1) 79(73.1) 244(100)

> 50 55(26.7)** 29(34.1)* 48(66.7) 206(100)
BMI

<25 26(13.6) 18(31.0) 61(76.3) 191(100)

> 25 68(26.3)**** 26(23.4) 69(67.0) 259(100)
Symptoms

NPP 58(21.0) 24(8.7) 246(89.1) 276 100)

Headaches 43(19.8) 21(27.3) 69(69.7) 217(100)

Migraine 51(21.9) 15(25.0) 61(72.6) 233(100)

AS 36(16.7)* 15(22.7) 128(73.1)** 216(100)
Total 94(20.9) 44(26.0) 130(71.0)

* p< 0.05; **, p< 0.01, *** < 0.0001

Discussion

Neuropathic symptoms, especially NPP and AS, are
prevalent symptoms that affect 7-10% of the population
worldwide 30, Together, they cause a significant loss of
quality of life and a heavy burden on our societies 3'. In
parallel, headache is a common symptom frequently
encountered in Neurology practice. Here, we report a
positive correlation between NPP and AS and
headaches.

The majority of patients were female (73.8%). Eighty
percent of patients who had a skin biopsy for neuropathic
symptoms had painful symptoms, with 60.3% of patients
having NPP. This prevalence is higher than the reported
range (25-50%) of NPP in diabetic neuropathy in the
extremities 32, The discrepancy is likely because our NPP

group included pain from large fiber neuropathy, such as
radicular pain, centralized pain, and pain from non-

neuronal sources, but presents with neuropathic features
33

Our study did not detect a demographical perimeter
correlating with the prevalence of NPP and AS. Similar to
the current result, there is no definite association between
age, gender, and BMI in developing NPP in diabetic
neuropathy 34. These findings are distinct from the data
from the general population that chronic neuropathic pain
is more frequent in females and older (>50 years of age)
and most commonly affects the lower back and lower
limbs, neck, and upper limbs 35. This difference is likely
because of the variable patient population and symptom
characteristics.
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Our results demonstrate a close connection between
headaches, migraine, and NPP. The connection between
headaches, especially daily persistent headaches, and
neuropathic pain has been reported only in constant post-
traumatic headaches 3¢, Although NPP types are not
specified in our study because of the limitation of chart
review, most of the patients (86%) had cervical radicular
or myelopathic pain that affects the upper cervical
segments (C1-C3) and/or cranial neuralgias. This trend
was discussed in the literature by Ashina and colleagues,
who characterized the prevalence of cervical neuropathic
pain in patients with primary headaches 3. In addition,
most of the secondary headaches from occipital
neuralgia and cervicogenic headaches have neuropathic
features 38. Our results suggest there are interactions
between cervical neuropathic pain and headache, similar
to well-established cervicogenic headaches from cervical
musculoskeletal pathologies 39.

Headaches have been reported to be associated with
dysautonomia 49. Unfortunately, autonomic symptoms are
frequently underreported in current clinical practice. In a
Polish study, hypotension was reported in 26.9% of
migraine patients 4. However, it is unclear if the low
blood pressure in migraine patients is related to
autonomic dysfunction. In the pediatric population, the
prevalence of dysautonomia peaks in parallel with
migraine 20, In addition, cranial autonomic symptoms have
strong connections with migraine and other headaches,
especially trigeminal autonomic cephalalgias 40,
Dysautonomia could be related to central brain
mechanisms that increase parasympathetic activities 42,
Recently, a strong correlation between dysautonomia
and headache was reported after COVID-19 infection
43, The pathomechanisms of dysautonomia are complex
and have been well-reviewed by Gazerani and Clairns
44, Our results are in agreement with the reports in the
literature that AS is positively correlated with the
prevalence of headaches in our study population.
However, the same trend was not detected in migraine
and AS. This discrepancy could be related to the
limitation of the chart review process when the headaches
were not well-characterized enough to be identified as
migraine in the medical records.

Over the last three decades, skin punch biopsy has
become the gold standard for diagnosing small fiber
neuropathies with sensory and autonomic symptoms 245,
In the current study, a positive skin biopsy was more likely
to be detected in groups with female gender, > 50 years
of age, and large (>25) BMI. These trends are consistent
with the published data on skin biopsies in the general
population 46, Our results suggest that a positive skin
biopsy result only correlates with AS but not NPP, HA, or
migraine. These findings indicate that headaches and
migraine are more likely to occur in patients with
probable and possible but not definite SFN as defined
by the Diabetic Neuropathy Study Group of the

European Association for the Study of Diabetes
(NEURODIAB) '3,

In parallel, our data did not support the association of
positive AFT results, including the diagnosis of postural
orthostatic tachycardia syndrome with headaches and
migraine. However, our study is limited because only a
fraction of patients (130 out of the 216 patients with AS)
with AS had AFT. Dedicated research for AFT and
headaches is necessary to determine if a diagnosis of
autonomic disorders is related to the development of
headaches in patients with dysautonomia.

Several possible mechanisms could link the somatosensory
and autonomic systems with the trigeminovascular system
that mediates headaches and migraine. First, because of
the negative correlation between test results of
peripheral neuropathy and symptoms of NPP, AS,
headaches, and migraine, there could be interactions
between NPP, headaches, and migraine in the central
nervous system. Central sensitization is an essential
concept for chronic NPP 47, In this phenomenon, the
interactions between cervical and trigeminal neuropathic
inputs with the cervical trigeminal vascular pathways,
especially the connections between the descending
trigeminal nucleus/tract with the C2 and C3 nociceptive
pathways, could contribute to headaches and migraine in
patients with cervical NPP 48, Second, microglial-
mediated inflammation from NPP and AS could serve as
a local link between trigeminovascular pathways with the
nearby somatosensory and autonomic systems in the
brain stem and thalamus 4°. Third, pro-inflammatory
cytokines and chemokines from NPP could initiate a
remote activating effect to trigger the trigeminovascular
pathways contributing to headaches and migraine 0.

Conclusion

In conclusion, our study demonstrated a positive
correlation between NPP, AS, and headaches and
migraine. However, these correlations are not established
based on the positive results of SB, NCV/EMG, and AFT.
These findings suggest that there could be central
mechanisms in the brain and spinal cord that connect
headaches and migraine with NPP and AS.
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