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Case report: Monoclonal
CGRP-antibody treatment in a
migraine patient with a mutation
In the mitochondrial
single-strand binding protein
(SSBP1)

Katharina Kaltseis, Elisabetta Indelicato, Gregor Broessner and
Sylvia Boesch*

Department of Neurology, Medical University of Innsbruck, Innsbruck, Austria

Background: There is a growing body of mitochondrial disorders that are
associated with headaches, albeit only one of them is currently listed in the
latest International Classification of Headache Disorders, 3rd edition (ICHD-3).
Headache frequency and headache presentation can vary widely in this
respective patient group. Acute and preventive migraine treatment can be
quite challenging—the use of several established medications is often limited
due to their side effects in the setting of mitochondrial dysfunction and
multi-organ disease.

Case presentation: Along with a review of the literature on treatment
options in patients with mitochondrial disorders and migraine headaches, we
present the case of a 23-year-old male with a homozygous mutation in the
mitochondrial single-strand binding protein (SSBP1) with chronic migraine
with aura. After failing several standard of care prophylactics due to either
side effects or inefficacy, he was successfully treated with a monoclonal
anti-CGRP-antibody as a preventive migraine treatment. The monoclonal
antibody was well tolerated and showed adequate efficacy with a sustained
> 50% reduction in monthly headache days after 3 years of treatment.

Conclusion:  Migraine is often challenging to treat in patients with
mitochondriopathy due to therapy-limiting comorbidities. Monoclonal
CGRP-antibodies might be a safe treatment option in the prevention of
migraine headaches in patients with a mitochondrial disorder.

headache, migraine, mitochondrial disease, prophylactic treatment, CGRP, case
report

Introduction

Mitochondrial disorders are characterized by defects in oxidative phosphorylation
and caused by mutations in genes in the nuclear DNA (nDNA) and mitochondrial
DNA (mtDNA). Mitochondriopathies can present with multisystemic manifestations
including non-neurological symptoms with cardiac, renal, muscle, and digestive
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involvement as well as neurological symptoms, such as epileptic
seizures, ataxia, and headache (1).

The presence of migraine with and without aura and
other headache disorders, such as tension-type headaches,
is well described in mitochondrial diseases, such as chronic
progressive external ophthalmoplegia (CPEO), myoclonic
epilepsy with ragged-red fibers (MERRF) and mitochondrial
encephalomyopathy, lactic acidosis, and stroke-like episodes
(MELAS) syndrome (2-5). Headache prevalence in this patient
group seems to be higher than in the general population
(3). In MELAS, between 50 and 90% of the patients report
headaches (3, 5, 6), however, headache frequency and headache
presentation can vary widely in this respective patient
population. Although headache is associated with several
mitochondriopathies, only one of them is currently listed in
the latest International Classification of Headache Disorders,
3rd edition (ICHD-3) (7). Headaches associated with MELAS
are categorized as secondary headaches attributed to genetic
vasculopathy and can be either present as migraine attacks
with or without aura or headaches in connection with seizures
or/and neurological deficits (7).

Compared with other migraineurs, patients with
mitochondriopathies often report inadequate response to
acute medication (6). Moreover, the use of several established
medications for both prevention and acute treatment of
migraine is limited due to their side effects in the setting of
mitochondrial dysfunction and multi-organ disease. Therefore,
due to the lack of scientific evidence and data, it is challenging
to offer these patients an effective and well-tolerated therapy for
their headaches.

Herein we describe the case of an adult patient with
a mitochondrial disorder, who was successfully treated with
a calcitonin gene-related peptide (CGRP)-antibody for the
prevention of migraine attacks. Written informed consent for
the publication was given by the patient. The present patient was
reported for the first time in the article from Del Dotto et al.,
though without a detailed clinical description of symptoms and
response to therapy.

Furthermore, we reviewed the literature for
treatment options for migraine headaches in patients
with mitochondriopathies.

Case presentation

We present a young male who was first referred to our
outpatient clinic for rare movement disorders in 2009 at
the age of 23. Since early childhood, the patient has had
sensorineural hearing loss and retinitis pigmentosa, ultimately
leading to severe visual impairment and deafness. Stance and
gait ataxia as well as dyspraxia were present since the age
of 4, however without progression over the years. Since the
age of 6, the patient suffered from recurrent headache attacks,
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FIGURE 1
Pedigree of the patient’s family.

featuring a pulsating quality, unilateral presentation, and severe
pain intensity. Headaches were accompanied by photophobia,
nausea, as well as vomiting and were preceded by visual aura
symptoms—hence, fulfilling the ICHD-3 diagnostic criteria for
episodic migraine with aura (7).

The hypertrophic cardiomyopathy (New York Heart
Association Class II), for which the patient received treatment
with nebivolol 1.25 mg/day, was diagnosed in childhood. Renal
impairment (creatinine 1.77 mg/dl), as well as scoliosis, were
present from an early age and progressive over the years. Despite
the manifold debilitating symptoms, such as mild cognitive
impairment, the patient was able to cope with activities of daily
living. The patient’s family history is illustrated in Figure 1. It
was unremarkable on the maternal and paternal sides, however,
one brother died 11 days after birth (cause unknown).

At the age of 13, a muscle biopsy of the quadriceps revealed
cytochrome-oxidase negative fibers but no ragged-red-fibers.
Biochemical evaluation detected the reduced activity of complex
I and complex III.

Repeated cerebral magnetic resonance imaging (cMRIs)
revealed cerebellar atrophy, particularly of the vermis cerebelli
(Figure 2)
Magnetic resonance spectroscopy (MRS) displayed normal

without intraparenchymal signal alterations.
spectra and no lactate peak in supratentorial brain regions,
suggesting no anaerobic metabolism and therefore no
circulatory disorders. This finding is in line with the
absence of stroke or stroke-like-episodes in the patient.
Electroencephalography (EEG) showed diffuse intermittent
slowing without epileptiform discharges.

Based on the clinical and diagnostic findings, a
mitochondrial disease was suspected. Initial genetic testing was
negative for Friedreich’s-Ataxia, Fabry’s disease, and the most
common MELAS mutation, 3243 A>G. Then, a whole exome
sequencing (WES) was performed and a homozygous mutation
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FIGURE 2
T2 weighted cerebral magnetic resonance image. (A) No intraparenchymal signal alterations in the axial image. (B) Cerebellar atrophy,
particularly of the vermis cerebelli.

in the mitochondrial single-strand binding protein (SSBPI),
¢.394A>G (p.I132V) was identified. A detailed description of
the spectrum and the functional impact of SSBP1 mutations
is demonstrated in the study by Del Dotto et al. (8). The
patient presented here is the index patient in family 5 in this
respective article.

Migraine and therapeutic approach

In 2012, frequent migraine attacks (ranging from 2 to 3
days/week) led to an enormous impairment of the patient’s
quality of life. The patient’s stance and gait ataxia aggravated
during migraine attacks, and he suffered from a prolonged
postdromal phase, where he experienced severe fatigue and
a decline in cognitive functions. Due to renal insufficiency,
options for acute treatment were limited. The patient used
frovatriptan 2.5mg and metamizole 500-1,000 mg, both with
poor effect. As prophylactic therapy, flunarizine 10 mg/day
was started with sufficient treatment response and tolerability,
resulting in a significant reduction of monthly migraine days.
However, after 3 years, the headache frequency increased,
despite regular prophylaxis intake, indicating the loss of
treatment response. Flunarizine was withdrawn and, after
consulting a cardiologist, the premedication with nebivolol was
changed to bisoprolol 2.5 mg, as better evidence on its efficacy in
migraine prevention has been reported (9, 10). Due to low blood
pressure, increasing the dosage of bisoprolol was not attempted,
yet the number of migraine days declined satisfactorily.

Frontiersin Neurology

In 2019, the patient experienced another exacerbation
of the monthly migraine days—more than 20 days/month
were reported—fulfilling the diagnostic criteria for chronic
migraine, despite ongoing therapy with bisoprolol. Therefore,
an additional prophylactic treatment with galcanezumab 120 mg
monthly (with a 240 mg loading dose) was started. After 2
months of treatment, the patient reported a >50% reduction
in the monthly migraine days. Thereafter, he even experienced
headache-free months. No side effects were reported. During
the follow-up till 2022, a sustained satisfactory effect of
galcanezumab was observed, without side effects on renal and

cardiac function.

Literature review

We performed a literature search of the electronic
database PubMed on treatment options for patients
with mitochondrial disorders and experiencing migraine
headache. We wused the search terms “mitochondrial
disorder;;  “mitochondriopathy/mitochondriopathies,”  and
“migraine/headache,” and “treatment/therapy” and included
results from January 1985 until February 2022. The language
was restricted to English and full text only. No randomized
controlled trials are available—current treatment options are
based on case reports and small case series. Altogether, we
identified 4 other cases, comprising a total of 65 patients, on
the preventive and acute treatment of migraine headaches
in patients with a mitochondrial disorder (as shown in
Table 1). The male to female ratio was 1:2.8. Phenotypes
included MELAS, CPEO, MERRE, Leigh Syndrome, and other
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TABLE 1 An overview of the reports on the use of acute or prophylactic migraine treatment in patients with a mitochondrial disorder and their clinical symptoms.

Source No. % Female Genotype Phenotype MHD A UL P PTP PNP N V DG PT AT abnormal Comorbidities
of EEG
cases
Present case 1 0 c394A > G Other MD 10-12 + + + + - + EM  Flunarizine, Analgesics, + Cardiomyopathy,
bisoprolol, Triptan Retinitis pigmentosa,
galcanezumab renal impairment, stand
and gait ataxia
Naegel et al. 1 100 m.3243A > G MELAS 10-20 - 4+ + + + + CM Topiramate, Triptans + SLE
(11) onabotulinumtoxin,
flunarizine,
erenumab
Tiehuis et al. 29 83 m.3243A > G and MERRF; MELAS; n.a. 12 na. 12 23 18 20 na. Metoprolol, Triptan, NSAIDs, n.a. Diabetes, Impaired
(6) non - m.3243A > G Leigh Syndrome; propranolol Acetaminophen, hearing, impaired vision,
combinational GIT problems, muscle
analgesics related problems
Vollono et al. 33 64 m.3243A > G m. MELAS; CPEO; 394+63 6 22 na 23 22 16 EM na. NSAIDs; 20 SLE; epilepsy;
(4) 8344A > Gm. 8356T MERRF; Other MD; Acetaminophen; myoclonus; stroke
> Csingle/ multiple ~ MNGIE Triptan, Codeine;
mtDNA deletion Analgesic
OLGL TYMP
m.9242insA
Tizuka et al. 2 100 na. MELAS na. -1 + 1 - + + EM na Triptan 1 SLE

(12)

A, Aura; AT, acute treatment; CM, chronic migraine; CPEO, Chronic progressive external ophthalmoplegia; DG, Diagnosis; EEG, electroencephalogram; EM, episodic migraine; GIT, gastrointestinal; MD, mitochondrial disease; MELAS, mitochondrial

encephalomyopathy, lactic acidosis, and stroke-like episodes; MERRE, myoclonic epilepsy with ragged-red fibers; MHD, mean headache days/month; MNGIE, mitochondrial neurogastrointestinal encephalomyopathy; N, nausea; n.a., not applicable;

NSAIDs, non-steroidal anti-inflammatory drugs; PT, prophylactic treatment; SLE, stroke-like-episodes; UL, unilateral headache; PTP., photophobia; PNP, phonophobia; V, vomiting.
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mitochondrial diseases. Information on the presentation
of migraine (headache characteristics and accompanying
symptoms) was not fully reported in the studies. Similarly,
there was insufficient information about comorbidities, such
as stroke-like-episodes (SLE) or epilepsy. Only two studies
reported the use of prophylactic medications. In the study by
Tiehuis et al., prophylactic migraine treatment (propranolol and
metoprolol) was used by four patients, and which was partially
effective for two of them (6). In the case report by Naegel et al.,
the patient used several preventive drugs. Two (topiramate
and onabotulinumtoxinA) showed no efficacy and flunarizine
had to be discontinued due to side effects. Regarding acute
treatment, various drugs were used by the patients, among them
triptans, which seemed to be well tolerated. The efficacy of acute
medication was often not adequate—some patients had to use
triple medication, which was still not effective (6).

Discussion

We present a patient with a genetically confirmed
mitochondrial disorder [homozygous missense change in
SSBPI; ¢.394A>G (p.1132V)] with episodic/chronic migraine
with aura who received galcanezumab for preventive migraine
treatment, after having failed two standard-of-care treatment
approaches. Herein, we describe the second case of the
successful and safe use of a monoclonal anti-CGRP-antibody in
a patient with a mitochondrial disease (11), and we report for
the first time a long-term follow-up of 3 years. Treatment with
galcanezumab was well tolerated and showed adequate efficacy
with a sustained > 50% reduction in monthly headache days.

Due to the possible involvement of various organ systems,
especially those with high energy requirements, several
medications need to be used with caution in this patient
population (13). First-line medications for acute migraine
treatment, such as non-steroidal anti-inflammatory drugs (14),
are contraindicated in the setting of renal impairment, as it
was the case in our patient. The frequent use of acetaminophen
as acute medication may deplete glutathione and cause
hepatopathy (13). Triptans seem to be effective and well
tolerated in such patients and therefore might be considered for
the acute treatment of migraine attacks (11, 12).

For migraine prevention, antiepileptic drugs (AEDs) have
been proven beneficial (15). However, some AEDs, such as
valproic acid are mitochondrion-toxic and could, moreover, lead
to irreversible liver failure (13, 16). Topiramate as prophylaxis
could cause lactate acidosis and therefore has also to be used
with reluctance. Coenzyme Qjg, magnesium, and riboflavin
(vitamin Bj) are substances that have shown only minor
benefits in reducing headache intensity and headache duration
in migraine patients (17-20). Since all of them are also used
in the treatment of mitochondrial disorders (21), a common
underlying pathogenic mechanism could be suspected—not
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only due to similarities in therapeutic approaches but also based
on genetic and biochemical evidence (22). Up to date, reports
on the effectiveness of these agents on migraine in patients with
mitochondriopathies are lacking.

Mitochondrial dysfunction is considered to increase
neuronal excitability, thus lowering the threshold for a migraine
attack (23). Imaging studies showed impaired mitochondrial
oxidative phosphorylation during and between migraine
attacks, implying a disrupted energy metabolism in migraineurs
(24). The dysfunction of mitochondria is linked to an increase in
reactive oxygen species (ROS). In addition, in migraine patients,
the antioxidative capacity is lowered, exposing them more easily
to higher levels of oxidative stress (23). Many potential migraine
triggers, such as fasting, hypoxia, and sleep deprivation, enhance
oxidative stress. CGRP, a neuropeptide that seems to play an
important role in the development of migraine, is assumed
to be released as a response to oxidative stress (25, 26) and is
responsible, among other transmitters, for the pain signaling
in the trigeminovascular system (27). Blocking CGRP or its
receptor with monoclonal antibodies or gepants aborts migraine
attacks and reduces their frequency (28). As CGRP is a potent
vasodilator and supposedly has cardioprotective effects, an
increased risk for cardiovascular events could be feared when
inhibiting the CGRP pathway (29). This would also be of
relevance in patients with mitochondriopathies, as cardiac
involvement is often the predominant clinical manifestation.
However, recent data showed a safe cardiovascular profile
for CGRP-receptor and CGRP-ligand blocking monoclonal
antibodies, respectively (30-32). Regular follow-up over 3 years
of therapy with galcanezumab reported no worsening of cardiac
functions or cardiac symptoms in our patient.

Headaches account for one of the five most debilitating
symptoms of mitochondrial diseases (6). Headaches, especially
migraine, have a substantial impact on social functioning and
everyday life in patients with mitochondriopathies (5). However,
both, acute as well as a preventive treatment for migraine in
patients with mitochondrial disease are challenging—data on the
use and efficacy of medication are scarce. The literature search
revealed only 4 other reports on the use of preventive and/or
acute migraine treatment in this respective patient group, and
these were either ineffective or had to be discontinued due to
side effects. Frequently, it is not possible to use the medication
in the appropriate dosage due to therapy-limiting comorbidities.
Due to the lack of randomized control trials and particularly due
to the heterogenous presentation of mitochondrial disorders,
treatment recommendations cannot be provided, and therapy
remains empirical (33).

The strength of the study presented here is the detailed
description of the patients migraine headache, comorbidities,
imaging and genetic findings, the rationale of the used acute
and preventive treatments, as well as the documentation of the
long-term therapeutic outcome. The efficacy, tolerability, and
safety of a monoclonal CGRP-antibody in the prevention of
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migraine headaches could be demonstrated in our patient with a
homozygous missense change in SSBP1.

further
controlled trials and a precise and comprehensive patient

However, research, including randomized
as well as headache characterization is needed to provide
treatment guidelines for patients with migraine due to

mitochondrial disorders.
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Trigeminal neuralgia caused by
cavernoma: A case report with
literature review
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Xinguang Yu!?* and Ling Chen?*

!Department of Neurosurgery, Hainan Hospital of Chinese PLA General Hospital, Sanya, China,
2Department of Neurosurgery, First Medical Center of Chinese PLA General Hospital, Beijing, China

Cavernoma is the second most common cerebrovascular lesion. Cavernoma
involving the cranial nerves is very rare. Only 15 cases of cavernoma presenting
with trigeminal neuralgia (TN) have been previously reported. Here, we report
a rare case of cavernoma manifesting with TN. A young female patient
with a 15-day history of right-sided lancinating pain in the face, difficulty in
opening the mouth, and hearing dysesthesia. Magnetic resonance imaging
(MRI) revealed a well-demarcated lesion in the cerebellopontine angle related
closely to the root of the trigeminal nerve. The initial impression was that of a
neurinoma. The lesion was surgically resected via the retrosigmoid approach,
postoperative pathological analysis confirmed the diagnosis of cavernoma, and
the patient’'s pain and difficulty in opening the mouth resolved completely.
We presented the 16" documented case of cavernoma with TN. Although
cavernoma involving the trigeminal nerve is extremely rare, this diagnosis
should be taken into consideration when a lesion in the cerebellopontine
angle is detected on MRI, and the clinical manifestation is consistent with that
of secondary TN. Specialized MRI sequences, such as susceptibility weighted
imaging (SWI), gradient echo T2, and constructive interference in steady-
state (CISS)-weighted imaging, aid in establishing the diagnosis. Resection via
craniotomy may be the primary management strategy for cavernoma causing
TN. In addition, gamma knife radiosurgery (GKRS) and percutaneous balloon
compression (PBC) may ameliorate the pain to some extent.

KEYWORDS

cavernoma, case report, magnetic resonance imaging, trigeminal neuralgia,
trigeminal nerve

Introduction

Cavernoma, also known as cavernous malformation, cavernous angioma, or
cavernous haemangioma, is the second most common cerebrovascular lesion, with
a reported incidence of 0.5% (I, 2). About 40% of cavernoma are asymptomatic,
and the typical clinical manifestations include epilepsy, focal deficits, headaches, and
intracranial hemorrhage (1, 2). Cavernoma can occur anywhere along the neuraxis;
however, cavernoma involving the cranial nerves is very rare (3). The causes of
trigeminal neuralgia (TN) include microvascular compression and compression due to
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space-occupying lesions, multiple sclerosis, and herpes zoster
(4). Only 15 cases of cavernoma presenting with TN have been
previously reported (3, 5-18). Here, we report a rare case of
cavernoma manifesting with TN.

Case description

A 29-year-old woman with no past medical history
presented with a 15-day history of paroxysmal lancinating right
facial pain radiating to the jaw, in addition to a difficulty
in opening the mouth. Pain attacks were often triggered by
chewing. The facial pain lasted for few minutes and occurred
three to five times per day. Treatment with carbamazepine was
ineffective. Neurological examination revealed mild hearing loss
on the right side. Her corneal reflex and facial sensation were
normal. Muscle strength and sensation of limbs were normal.
No ataxia or pathological reflex was observed. Preoperative
brain magnetic resonance imaging (MRI) showed a well-
demarcated, oval mass measuring 17 x 11 x 10mm in the
right cerebellopontine angle (Figure 1A). The lesion was closely
related to the right trigeminal nerve and appeared slightly
hypointense on T1-weighted sequence, slightly hyperintense
on T2-weighted sequence, and non-enhanced on T1 contrast
sequence. Surgical resection was performed via the right
retrosigmoid approach. The lesion was dark-red, had an
abundant blood supply, and contained vessel-like structures
(Figure 2A). In order to avoid stretch injury of posterior cranial
nerves and excessive traction of right cerebellar hemisphere
which could lead to cerebellar contusion and postoperative
edema, the lateral part of pons besides the lesion was not
exposed. Eventually, the lesion was resected en bloc (Figure 2B).
Sensory root of the right trigeminal nerve could not be preserved
because of the obscure boundary between it and the lesion.
However, the right trigeminal nerve motor root was carefully
preserved (Figure 2C). Following surgery, pain and difficulty in
opening the mouth disappeared immediately, but mild hearing
loss did not improve. In addition, the patient developed right
facial hypoesthesia.

The pathological diagnosis was cavernoma. Microscopically,
malformed vascular tissue and hyaline degeneration of the
vascular wall were observed (Figure 2D). Postoperative brain
MRI showed that the tumor had been completely removed
(Figure 1B), and the patient was discharged on the 18th
postoperative day. There was no recurrence of pain during the
3-year follow-up period. Her postoperative facial hypoesthesia
on the right side was not improved.

Discussion

TN is the most common form of craniofacial neuropathic
pain, which can be classified into 3 types, idiopathic, classic,
and secondary TN (19). Idiopathic TN is characterized by
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unapparent causes. Classic TN, the most frequent type clinically,
is caused by neurovascular compression in the trigeminal
nerve root (19). Microvascular decompression is a particularly
effective treatment for classic TN (20). Secondary TN is
generally triggered by a major neurologic disease such as
multiple sclerosis or the growth of cerebellopontine angle
tumors. Tumors that cause TN include meningiomas, acoustic
neuromas, epidermoid cysts, and cholesteatomas. These tumors
are benign and compress trigeminal root entry zone (19). In
both classic and secondary TN, the foremost mechanism is
focal demyelination of primary afferents near the trigeminal
root entry zone caused by local compression, which may trigger
paroxysmal ectopic discharges. In addition, infiltrative tumors
could lead to axonal degeneration (19). Zhong (20) proposed
that aging would lead cranial nerve root and surrounding
vessel get closer mutually and finally the neurovascular conflict
happened. The nerve incurs demyelination due to interfacial
friction associated with pulse. Once pressure stimulation occur,
an impulse or excitability may generate from the axon cranial
nerve root. Voltage-gated ion channels and mechanosensitive
ion channels are activated subsequently. Thus, they serve as
a trigger for a painful attack by ectopic action potential.
During the process, inflammation factors like TNF-o and IL-6
may play an indispensable role in mediating the development
of transmembrane ion channels (21). This hypothesis could
elucidate the clinical phenomenon that secondary TN cases
were mostly caused by meningioma or cholesteatoma instead
of schwannoma, because the latter could insulate the nerve by
providing proliferative sheaths (21-23).

Cavernoma with TN occurs extremely rare. Fehlings et al.
(5) reported the first case in 1988, and thus far, only 16 cases,
including our case, have been reported (Table1) (3, 4, 6-
18). Among these, 11 were treated with craniotomy, two with
pharmacotherapy, one with gamma knife radiosurgery (GKRS),
and one with percutaneous balloon compression (PBC); while
one case was managed conservatively. Resection via craniotomy
is the primary management strategy, and most patients have
good outcomes after surgery (16-18). Complete resection of
cavernoma located in the brainstem is crucial, since incomplete
resection could increase the re-bleeding risk by up to 43%
(13). In addition, medication and other less invasive treatments
including GKRS and PBC can be considered if risk of open
surgery is high (8, 9, 16, 18).

In 2014, Adachi et al. (14) reviewed 11 cases and classified
them into 4 types according to the origin of cavernoma as
follows: type G (within the Gasserian ganglion); type C (between
the cisternal and intra-axial portions of the trigeminal nerve
root); type P (within the intra-axial trigeminal nerve root in
the pons); and type S (within the spinal tract of the trigeminal
nerve root). This classification helps in the selection of treatment
modality and surgical approach. For instance, five patients with
type G or C cavernoma were all treated with surgery without
complications, and their pain was relieved. However, the surgical
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FIGURE 1

MRI images of the lesion. (A) Preoperative brain MRI images. (B) Postoperative brain MRI images.

FIGURE 2

Intraoperative photography and histopathological examination of the lesion. (A) Intraoperative view: the lesion was dark-red, had an abundant
blood supply, and contained vessel-like structures (white arrow). (B) Intraoperative view: the lesion was resected en bloc. (C) Intraoperative

view: the right trigeminal nerve motor root was carefully preserved (white arrow). (D) Histopathological examination of the lesion (magnification
x 100).
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TABLE 1 Reported cases of Cavernous malformation with Trigeminal neuralgia.

References Patient Treatment Efficacy of pain relief according to Brisman’s criteria
Fehlings et al. (5) 33 Male Craniotomy Cure

Saito et al. (6) 45 Female Craniotomy Cure

De Benedittis (7) 62 Male Craniotomy Death

Shimpo (8) 67 Male Pharmacotherapy (carbamazepine) Effectiveness

Vitek and Tettenborn (9) 61 Male Pharmacotherapy (gabapentin) Obvious effectiveness
Deshmukh et al. (3) 52 Female Craniotomy Cure

Mascarenhas et al. (10) 54 Male Craniotomy Cure

Stellmann et al. (11) 55 Female Spontaneously disappeared Cure

Seckin et al. (12) 56 Male Craniotomy Cure

Cenzato et al. (13) 45 Male Craniotomy Cure

Adachi etal. (14) 62 Male Craniotomy Cure

Frossard et al. (15) 56 Female Craniotomy Not reported

Pease et al. (16) 80 Female GKRS Obvious effectiveness
Scavo et al. (17) 62 Female Craniotomy Cure

Zhang et al. (18) 37 Male PBC Cure

Present Study 29 Female Craniotomy Cure

GKRS, gamma knife radiosurgery; PBC, percutaneous balloon compression.

risk for type P and S was reported to be higher than that
for other types (14). One patient with type P cavernoma died
of postoperative hemorrhage (7). Therefore, pharmacotherapy
could be considered for these two types, and carbamazepine and
gabapentin are effective for relieving pain (8, 9). In one case, pain
of a patient with type S cavernoma disappeared spontaneously
(11). Surgical risk was acceptable in our case as it was type C,
and resection via the retrosigmoid approach that can expose the
lesion sufficiently is the most appropriate strategy for such cases.

Stereotactic radiotherapy is an effective treatment for
cavernoma with TN, especially for patients who cannot tolerate
surgery. Pease et al. reported the first case of an elderly patient
treated with GKRS. After irradiation of the trigeminal nerve, the
pain was alleviated significantly without major complications,
which confirmed the safety and effectiveness of GKRS (16).

PBC, a traditional therapy for TN and not for cavernoma, is
also effective for pain relief. Zhang et al. reported the first case
of using PBC to treat TN caused by cavernoma. Considering the
surgical risk, the patient refused resection via craniotomy. After
PBC of the Gasserian ganglion, the patients’pain disappeared
completely, which demonstrated that PBC is a reasonable
treatment for patients with cavernoma and TN who are reluctant
to undergo craniotomy (18).

Cavernoma is most commonly diagnosed using MRI, and
it typically appears as a heterogeneous lesion surrounded by
a hypointense hemosiderin rim (17). However, preoperative
differential diagnosis may be difficult because of atypical imaging
findings (10, 12, 15). For example, the most likely preoperative
diagnosis in our case was trigeminal neurinoma due to the
close relationship between the lesion and right trigeminal
nerve observed on MRI, and the signal intensity of the lesion
on Tl-weighted, T2-weighted, and T1 contrast sequences.
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The typical symptoms of secondary TN and neurological
examination also supported this diagnosis. Susceptibility
weighted imaging (SWI) and gradient echo T2 sequence are
better able to detect the impressive hemosiderin deposition
in the lesion (15, 17, 18). Adachi et al. (14) showed that
vague hemosiderin rim and developmental venous anomaly
could be observed on constructive interference in steady-state
(CISS)-weighted imaging that was helpful in delineating the
intracisternal segment of the trigeminal nerve (24). Therefore,
specialized MRI sequences may be effective for diagnosing
cavernoma with TN.

Conclusions

We presented the 16" documented case of cavernoma with
TN. Although cavernoma involving the trigeminal nerve is
extremely rare, this diagnosis should be taken into consideration
when a lesion in the cerebellopontine angle is detected
on MRI, and the clinical manifestation is consistent with
that of secondary TN. Specialized MRI sequences, such as
SWI, gradient echo T2, and CISS-weighted imaging, aid in
establishing the diagnosis. Resection via craniotomy may be
the primary management strategy for cavernoma causing TN.
In addition, GKRS and PBC may ameliorate the pain to
some extent.
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Two rare diseases, acute calcific
retropharyngeal tendinitis, and
crowned dens syndrome,
mimicking meningitis: A case
report

Eriko Ilgami?, Jiro Fukae'*, Kazo Kanazawa!, Atsuhito Fuse?,
Asuka Nakajima'?, Hiroto Eguchi!, Nobutaka Hattori* and
Yasushi Shimo*?3

1Department of Neurology, Juntendo University Nerima Hospital, Tokyo, Japan, 2Department of
Research and Therapeutics for Movement Disorders, Juntendo University School of Medicine,
Tokyo, Japan, *Department of Neurology, Juntendo University School of Medicine, Tokyo, Japan

We report two rare cases. One involved acute calcific retropharyngeal
tendinitis, an inflammatory condition of the longus colli tendon triggered
by the deposition of calcium hydroxyapatite crystals. The other involved
crowned dens syndrome, caused by pseudogout of the atlantoaxial junction
following deposition of calcium pyrophosphate dehydrate or calcium
hydroxyapatite. Although these two diseases involve different mechanisms,
the common symptoms of neck pain and fever resemble those of meningitis.
Accurate diagnosis can thus be difficult without background knowledge of
these conditions. Cerebrospinal fluid examination and cervical computed
tomography are useful for distinguishing these pathologies from meningitis.

KEYWORDS

neck pain, fever, acute calcific retropharyngeal tendinitis, crowned dens syndrome,
cervical computed tomography

Introduction

Meningitis is defined as inflammation of the meninges, usually caused by a central
nervous system infection (1, 2). However, on rare occasions, meningitis can be caused
by neoplasms, drugs, or autoimmune disease (3-5). The classic triad of meningitis
comprises fever, neck stiffness, and altered consciousness. The prevalence of symptoms
in meningitis is 87% for headache, 83% for neck stiffness, 77% for fever, and 69% for
altered consciousness (6). Only 44% of episodes are characterized by the classic triad
of fever, neck stiffness, and altered consciousness (6). At least two of the four signs of
the classic triad plus headache are present in 95% of patients with meningitis (6). Acute
calcific retropharyngeal tendinitis and crowned dens syndrome are rare pathologies
also characterized by an acute onset of neck pain, neck stiffness, and fever (7-10).
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Moreover, inﬂammatory markers such as serum C-reactive
protein (CRP) and erythrocyte sedimentation rate (ESR) are
increased in both these diseases, as in meningitis (7-10). Since
the symptoms of these two diseases are similar enough to
those of meningitis, diagnosis can be difficult if background
knowledge of these two diseases is lacking. Here, we report
one case each of acute calcific retropharyngeal tendinitis and
crowned dens syndrome and discuss the salient points for
identifying each disease.

Case reports
Case 1

A 56-year-old woman presented with a 2-day history of
pain in the posterior neck. Neck pain progressively worsened
along with limitations to neck movement, and body temperature
increased to 38.0°C. Although her body temperature decreased
slightly on ice, she visited our hospital’s emergency room after
neck pain progressed to a headache. Her past medical history
was unremarkable, and she had never experienced similar
neck pain. On admission, vital signs were blood pressure,
149/79 mmHg; heart rate, 84 beats/min; body temperature,
37.4°C; and respiratory rate, 14 breaths/min. A general physical
examination showed no cervical lymphadenopathy. In terms of
consciousness, the patient was alert and oriented. A neurological
examination showed no abnormalities, with no motor or
sensory symptoms or deficits. As for meningeal signs, neck
stiffness was present, but both Kernig’s and Brudzinski’s signs
were absent. The patient exhibited odynophagia, tenderness
over the posterior neck, and an associated decrease in the
range of neck motion in all directions. Laboratory findings
were leukocyte count, 9.100/pl (reference: 3.900-9.700/1);
red blood cell count, 4.67 x IOG/MI (reference: 3.80-5.04
><106/ul); platelet count, 205 ><103/u1 (reference: 153-346 x
103/ul); total protein, 6.3 g/dl (reference: 6.5-8.5 g/dl); and
CRP, 0.68 mg/dl (reference: 0.0-0.29 mg/dl). A lumbar puncture
was performed due to severe neck stiffness and headache.
Cerebrospinal fluid (CSF) examination showed: cell count, 1
cell/pl (reference: <5 cell/pl); protein, 28 mg/dl (reference:
15-45 mg/dl); and glucose, 68 mg/dl (reference: 50-75 mg/dl).
CSF cultures yielded no bacterial growth. Cervical computed
tomography (CT) identified a nodular calcification in front
of the second cervical vertebra (Figures 1A-C), and cervical
magnetic resonance imaging (MRI) showed a hyperintense
signal in the right longus colli muscle on T2-weighted imaging
(Figures 1D,F).

Acute calcific retropharyngeal tendinitis was diagnosed
based on the calcification in front of the second cervical vertebra.
The patient could not move her body because of neck pain
and was unable to eat meals because of pain in swallowing.
The following day, serum CRP levels increased to 8.00 mg/dl,
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FIGURE 1

Images of acute calcific retropharyngeal tendinitis. (A) Sagittal
cervical CT. (B) Axial cervical CT. (C) Three-dimensional
reconstruction of cervical CT images. All cervical CT scans
reveal nodular calcification in front of the C1-C2 vertebra
(arrow). (D,F) T2-weighted cervical MRI before treatment. (E,G)
T2-weighted cervical MRI after treatment. Before treatment, MRI
reveals swelling and prevertebral edema (arrows). After
treatment, swelling and edema have disappeared.

and intravenous acetaminophen was, therefore, started for pain
control. On day three, after symptom onset, neck pain decreased
slightly, but she still could not move her neck. Odynophagia
decreased, and she became able to swallow both drugs and food.
On day five, after symptom onset, the pain subsided to the degree
that she could move her neck. The pain completely resolved 10
days after its onset, and she was discharged from the hospital.
One month after symptom onset, a cervical spine MRI showed
no abnormalities in the longus colli muscle (Figures 1E,G). The
follow-up after 2 years showed no recurrence of symptoms and
no need for further treatment.

Case 2

A 75-year-old woman visited our emergency department
with neck pain and an occipital headache she had never
experienced before. The headache was accompanied by a high
fever (up to 38.0°C), so she visited the emergency room of
our hospital. Her past medical history was unremarkable. On
admission, vital signs were blood pressure, 118/70 mmHg; heart
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FIGURE 2

Images of crowned dens syndrome. (A) Cervical sagittal CT. (B)
Cervical axial CT. (C) Cervical coronal CT. All cervical CT scans
reveal calcified lesions around the dens. (D—G) Cervical
T1-weighted imaging [(D) axial; (F) sagittall and T2-weighted
imaging [(E) axial; (G) sagittal] before treatment. A cervical MRI
reveals no swelling or prevertebral edema.

rate, 75 beats/min; body temperature, 37.6°C; and respiratory
rate, 18 breaths/min. A general physical examination revealed
no abnormalities. In terms of consciousness, she was alert and
oriented. A neurological examination showed no abnormalities.
She had neck stiffness but negative results for both Kernig’s
and Brudzinski’s signs. Laboratory findings included leukocyte
count, 5.800/l (reference: 3.900-9.700/ul); red blood cell
count, 3.28 x10°/pl (reference: 3.80-5.04 x106/pl); platelet
count, 201 x 103/|L1 (reference: 153-346 x 103/u1); total protein,
6.6 g/dl (reference: 6.5-8.5 g/dl); and CRP, 9.21 mg/dl (reference:
0.0-0.29 mg/dl). We suspected meningitis based on the severe
headache, neck stiffness, and increasing CRP. CSF examination
showed cell count, 1 cell/pl (reference: <5 cell/nl); protein,
55.8 mg/dl (reference: 15-45 mg/dl); and glucose, 63 mg/dl
(reference: 50-75 mg/dl). CSF cultures yielded no bacterial
growth. Despite significant neck pain, laboratory findings did
not support the presence of meningitis. Cervical CT showed a
curvilinear peri-odontoid calcification in the transverse ligament
of the atlas on an axial view (Figures 2A-C). Cervical MRI
showed normal signal intensity in the longus colli muscle on
T2-weighted imaging (Figures 2D-G). Based on these imaging
findings, we diagnosed crowned dens syndrome.

On admission, the patient could not move her body
because of neck pain. Oral administration of non-steroidal anti-
inflammatory drugs (NSAIDs) was started for pain control. The
neck pain decreased 3 days after its onset, and she was able to
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walk unaided. Nine days after symptom onset, neck pain had
almost completely resolved, serum levels of CRP had decreased
to 1.17 mg/dl, and the patient was discharged from the hospital.
Follow-up after 3 years showed no recurrence of symptoms and
no further treatment.

Discussion

Acute calcific retropharyngeal tendinitis is characterized
by the sudden onset of acute neck pain, as first reported
by Hartly in 1964 (7). This pathology of inflammation in
the tendon of the longus colli muscle is triggered by the
deposition of calcium hydroxyapatite crystals (11). Although the
mechanisms underlying calcification and inflammation remain
unclear, ischemic or necrotic changes in the tendons caused by
repeated exercise are potential risk factors for calcification (11,
12). This disease is rare, with an estimated incidence of 0.5 cases
per 100,000 person-years (13). Acute calcific retropharyngeal
tendinitis is most common between the ages of 30 and 60
years, with no obvious sex predominance (8, 14). Previous
reports have revealed three major symptoms of neck pain,
stiffness, and odynophagia (8, 13-15). Other symptoms that
occasionally occur with this disease include shoulder pain,
arm pain, back pain, headache, dizziness, nausea, and mild-
to-moderate fever (8). In terms of laboratory data, white
blood cell counts range from normal to mild leukocytosis,
and levels of CRP and ESR are increased in most cases (8,
13-15). As in our case, CSF findings are typically within
normal limits (16). Cervical CT is useful for diagnosing acute
calcific retropharyngeal tendinitis, showing increased soft-tissue
shadows ventral to the cervical spine and calcification anterior
to the C1/2 vertebra. Cervical MRI shows diffuse swelling of the
longus colli muscle and signals hyperintensity on T2-weighted
imaging. Retropharyngeal calcific tendinitis is a self-limiting
condition, with symptoms usually resolving spontaneously
within 1-2 weeks. Acute calcific retropharyngeal tendinitis
responds well to NSAIDs, with or without corticosteroids, and
neck pain usually decreases within a few days after starting
such treatment (8, 13-15). Immobilization with a soft cervical
collar is another useful method to avoid the aggravation of
symptoms (11).

Crowned dens syndrome is caused by pseudogout of
the atlantoaxial junction due to the deposition of calcium
pyrophosphate dehydrate or calcium hydroxyapatite around the
dens. This pathology was first described in 1985 by Bouvet
et al. (9) and Godfrin-Valnet et al. (17). The incidence of
crowned dens syndrome is unclear, although the condition
reportedly accounts for 1.9% of outpatients complaining of neck
pain (10). Crowned dens syndrome tends to occur in older
women, particularly those over 60 (18). Previous reports have
revealed three common symptoms: neck pain, neck stiffness,
and fever (10). Shoulder pain, occipital pain, pharyngalgia,
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TABLE 1 Clinical features of each disease.

10.3389/fneur.2022.946222

Crowned dens syndrome

High age (>60 years old)

Men < women

White blood cells 1

ESR, CRPt

Cerebrospinal fluid cells normal
Neck pain

Fever

Neck stiffness

Kernig’s sign (—)

Meningitis Acute calcific retropharyngeal tendinitis
Age/sex All ages Middle-age

Difference by causes Men = women
Examination White blood cells 1 White blood cells 1

CRP 1 ESR, CRP 1

Cerebrospinal fluid cells ¢ Cerebrospinal fluid cells normal
Symptoms Headache Neck pain

Fever (> 38°C) Fever

Photophobia Neck stiffness

Vomiting Odynophagia

Neck stiffness Kernig's sign (—)

Altered consciousness Brudzinski’s sign (—)
Cervical CT Findings ~ Normal

anterior to C1/2 vertebra

Treatment Acyclovir NSAIDs
Antibiotics Steroid
Prognosis Varied Recovery within 1-2 weeks

Increased soft tissue shadow ventral to cervical spine and calcifications

Brudzinski’s sign (—)

Linear calcifications around the
dens

NSAIDs

Steroid

Recovery within 1-2 weeks

CRP, C-reactive protein; CT, computed tomography; ESR, erythrocyte sedimentation rate; NSAIDs, non-steroidal anti-inflammatory drugs; 1, increase; (—), absent.

myelopathy, vomiting, and jaw claudication are occasionally
seen in this disease. In terms of laboratory data, white blood
cell counts range from normal to mild leukocytosis, while
levels of CRP and ESR are increased in most cases (10, 18).
Findings from CSF are within normal limits (19-21). Cervical
CT is useful for diagnosing, showing linear calcification around
the dens. These findings represent the “gold standard” for
diagnosis, with a diagnosis rate of 97.1% (10). The treatment
of crowned dens syndrome involves the administration of
NSAIDs, usually leading to symptom resolution within a few
days to weeks. Steroids are also effective in severe or recurrent
cases (10).

Both acute calcific retropharyngeal tendinitis and crowned
dens syndrome commonly present with severe neck pain
and fever. The common presence of neck stiffness, fever, and
headache in some patients can lead clinicians to misdiagnose
meningitis. A few key points distinguish acute calcific
retropharyngeal tendinitis and crowned dens syndrome
from meningitis. First, according to one report, a limitation
of neck rotation to <45° suggests the involvement of
the C1/2 joint (21). Crowned dens syndrome is caused
by pseudogout of the atlantoaxial junction. On the other
hand, the upper part of the longus colli muscle arises from
C3-C5 to the atlas and is associated with neck flexion
and contralateral rotation. Therefore, both crowned dens
syndrome and acute calcific retropharyngeal tendinitis involve
the C1/2 joint. When encountering a patient with neck
pain and severe limitation of neck movement, clinicians

should consider acute calcific retropharyngeal tendinitis

Frontiersin Neurology

and crowned dens syndrome as possibilities and perform
cervical CT. Second, altered consciousness is common in
cases of meningitis (6) but not in cases of acute calcific
retropharyngeal tendinitis or crowned dens syndrome (7-20).
When encountering a patient with neck pain and altered
consciousness, clinicians should consider the possibility of
meningitis and perform a CSF examination. In patients
for whom diagnosis proves difficult, CSF examination and
cervical CT are useful for distinguishing meningitis from acute
calcific retropharyngeal tendinitis or crowned dens syndrome
(Table 1).

Differentiating acute calcific retropharyngeal tendinitis from
crowned dens syndrome is also important. Crowned dens
syndrome tends to be more common among older women,
whereas acute calcific retropharyngeal tendinitis most often
appears during middle age (Table 1). Odynophagia appears in
more than 80% of patients with acute calcific retropharyngeal
tendinitis (8), while pharyngalgia appears in only 8.3% of
patients with crowned dens syndrome (10). In fact, odynophagia
might be relatively specific to acute calcific retropharyngeal
tendinitis. As in acute calcific retropharyngeal tendinitis,
neck CT is the best tool for diagnosing crowned dens
syndrome. Our experience suggests that when examining
patients with neck pain and fever, the possibilities of acute
calcific retropharyngeal tendinitis and crowned dens syndrome
should always be considered, using cervical CT to make
a definitive diagnosis. An appropriate diagnosis is needed
to avoid unnecessary invasive treatments or inappropriate
administration of antibiotics.
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Objectives: To report two different presentations of migraine with the
olfactory hallucinations. A case with the typical hallucinatory olfactory
symptoms preceding migraine headaches and another case with longstanding
olfactory hallucinations.

Background: Migraine prevails in about 12% of the general population, with
the migraine aura accountable for at least one-third of these cases. The
most common aura is the visual aura, followed by the sensory aura, speech,
and motor auras. Olfactory hallucinations preceding the headache phase
of migraine are rare. To date, the International Classification of Headache
Disorders (ICHD) has not recognized them as a subset of migraine aura.

Results: This report presents a patient with a typical Phantosmia (PO) aura
before her migraine headache and a patient who experiences a longstanding
PO aura.

Conclusion: The olfactory hallucination may present differently in patients
with migraine disease. Based on the clinical significance of migraine with
olfactory hallucinations, we propose that the ICHD classify this phenomenon
as a subtype of aura in the future. However, larger studies are still required to
better assess the pathophysiology of this phenomenon.

migraine, migraine aura, olfactory hallucination, Phantosmia, headache

Introduction

The average prevalence of migraines in the population is reported to be around 12%
(1). Migraines are painful, recurring headaches that have been traditionally classified
into consisting of four phases: prodrome, aura, headache, and postdrome phase (2, 3).
However, people’s experiences do not always fit these criteria. Many patients who have
migraines with aura experience migraines without any aura as well (3), and 4% of
patients have aura arise without a headache ever following (4). Aura is a transient sensory
disturbance that gradually arises before a migraine headache and can recur (2). About
30% of migraines come about with aura, and the most common symptom associated
with migraine aura are visual symptoms, which appear in around 90% of patients (2).
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Less typical symptoms of migraine aura are sensory defects,
speech or language difficulty, motor weakness, and brainstem or
retinal disturbances (2). These symptoms typically last between
5 and 60 min and can occur alone or in succession with one
another (3). Olfactory hallucinations or Phantosmia (PO) refers
to the perception of an odor that does not exist in the person’s
environment. PO is a qualitative smell disorder which is often
related to quantitative smell disorders (anosmia, hyposmia)
in infectious diseases (rhinosinusitis), tumors, schizophrenia,
seizures, depression, migraine, and neurodegenerative diseases,
such as Alzheimers disease or Parkinson’s disease (5-7).
Although cases of olfactory hallucinations and their association
with migraines have been reported since 1895 (8), PO is not
currently classified as a type of migraine aura (9). PO is estimated
to occur in about 0.1% of adults who experience migraines (6, 9).
However, the prevalence is likely higher because patients do
not consider olfaction a pivotal part of migraines. Additionally,
the majority of case reports that have explained PO as a
noted aura for their patients’ migraines have always described
their hallucination to occur before the migraine headache. In
this report, we explain a similar patient who experiences PO
aura before her migraine headache, as well as a patient who
experiences PO as a long-standing aura that lasts for several days
after the headache resolves.

Case 1

We report a 53-year-old otherwise healthy female with a
history of migraine headaches without aura since her early 20s.
The patient had her initial consult with headache medicine in
July 2017, where she reported to be currently having 12 headache
days a month, with pain localized on the left side of the neck
and occipital area less commonly as well. She rates the pain on
average as a 4-9/10. After a headache arises, the patient is usually
pain-free 2h after taking over-the-counter pain medication
(Acetaminophen/Aspirin/Caffeine) and resting. She reports that
her headaches used to arise around the time of her menses
and have been easy to control, but the severity and frequency
of her headaches have been increasing over the past couple of
years. The patient experiences photo and phonophobia with her
migraine headaches, but no nausea, vomiting, or dizziness with
her headaches.

Interestingly, the patient notes that she can smell cigarette
smoke from the beginning of her headaches up to 3-7 days
after the headaches are gone. She reports that this olfactory
hallucination started several years ago and that the smell of
smoke is associated with about 30-50% of her headaches. The
cigarette smoke smell persisted with her migraines even when
she lost her ability to smell in October of 2020 due to COVID-19.
Her PO did not get any better or worse during the time she had
COVID-19. After starting Topiramate for prophylaxis (August
2021), her headaches have become more well controlled and less
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severe in pain with only 3-4 headache days a month. She also
reports that her PO has gone away with her headaches since
October 2021. The patient has no history of seizures, no family
history of migraines, and an unremarkable brain MRI.

Case 2

We report a 48-year-old female with a history of migraine
without aura, anxiety and depression, and vitamin D deficiency
presenting for headache management. The patient’s headaches
began in her teenage years and started to progress in her
mid 30s. The patient describes her headaches as a pressure
feeling in the occipital or frontal area lasting up to 3 days
and enforces the sensation of a sharp pain on the right or left
frontal area lasting a few hours. She has about 15 headache days
a month and had about 2-3 headaches a month until a few
months ago. She has photo/phono phobia, lightheadedness, and
nausea with headache and reports that more of her headaches
occur toward the end of the day. The headaches are aggravated
by heat/weather changes and alleviated by icepack use. She
has a family history of migraine in her mother and maternal
grandmother. The patient recently noticed that she started
having transient visual disturbances, specifically floaters—a
type of visual aura—that can last throughout her headache.
Occasionally, the patient will smell burning for about 30 min
before her headache. She reports that the burning smell of either
cigarette smoke or trash always comes first, followed by visual
symptoms and migraine headaches. The patient has no history
of seizures, regular menstrual cycles, and has an unremarkable
brain MRI.

Discussion

Aura is a recurring transient sensory disturbance reported
in 30% of people with migraines (2). The pathophysiology of
how migraines with aura arise has been extensively studied
in animal models and is strongly believed to involve cortical
spreading depression (CSD) of the neurons and glia in the brain.
While CSD has mainly modeled how visual aura in migraines
comes about, it is believed that the physiology of CSD plays
a similar role in all types of migraine aura (10). Therefore,
the treatment strategies for migraines, regardless of their aura,
are likely similar. In our two patient cases, the second patient
had a visual aura that preceded her migraines. In contrast, the
first patient did not have any classic presentations of aura with
her headaches. However, both patients did experience olfactory
hallucinations of cigarette smoke for either some time before
or after their migraine headaches. Olfactory hallucinations,
involving the smell of cigarette smoke in particular, and their
relation to migraines is not a novel discovery. One previous
study prospectively followed 11 patients from a tertiary care
center who all had olfactory hallucinations that preceded their
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migraines. One out of the 11 patients imagined the smell of
smoke, eight reported a variety of different unpleasant smells
(3/8 smelled gas), and two reported hallucinating pleasant
smells. The duration of their pre-migraine smells ranged from
3 to 5min up to 24h (9). Another case report from 2020
similarly reported a 51-year-old male who experiences olfactory
hallucinations of the smell of gas up to 60-180min before
his migraines (10). In comparison, our second patient had a
similar reporting of olfactory hallucinations that preceded her
migraines for several minutes before. All of these reported
patients, including ours, also had no history of seizures or brain
abnormalities, revealing that their olfactory hallucinations are
likely influenced by the CSD pathophysiology of their migraine.
In contrast, our first patient’s olfactory hallucinations consist of
a longstanding aura that last up to 3-7 days after her migraines.
An olfactory hallucination that occurs for several days after
the migraine headache resolves has never been reported in
the literature. The reason for this difference in symptoms is
unknown and warrants further study on how other longstanding
migraine auras physiologically persist. Olfactory hallucinations
have been traditionally associated with the temporal lobe (11),
and it would be interesting to see if the CSD that occur in these
types of migraines also has an association with the temporal
lobe or rather other cortical areas. Finally, while our patients
offer insight into the different ways olfactory hallucinations can
present in patients with migraine disease, more investigation
on their formal assessment of olfactory function, differences
in family/social history and future response to therapeutic
interventions needs to be done.

Olfactory hallucinations and their relation to migraine aura
have been reported since 1895 (8), and the number of reports
about their association continues to increase. The prevalence
of olfactory aura is likely underreported (9) because patients
and physicians do not know or expect olfactory aura to be a
part of migraine prodrome. Based on the historical significance
of this phenomenon, we propose that olfactory hallucinations
are considered a subtype of migraine aura in the future.
However, larger studies are still required to better assess the
pathophysiology and classification of this phenomenon.

References

1. Yeh WZ, Blizzard L, Taylor BV. What is the actual prevalence of migraine?
Brain Behav. (2018) 8:e00950. doi: 10.1002/brb3.950

2. Lai J, Dilli E. Migraine aura: updates in pathophysiology and management.
Curr Neurol Neurosci Rep. (2020) 20:17. doi: 10.1007/s11910-020-01037-3

3. Headache classification committee of the international headache society (IHS)
the international classification of headache disorders, 3rd edition. Cephalalgia.
(2018) 38:1-211. doi: 10.1177/0333102417738202

4. Shah DR, Dilwali S, Friedman DI. Current aura without headache. Curr Pain
Headache Rep. (2018) 22:77. doi: 10.1007/s11916-018-0725-1

5. Fonteyn S, Huart C, Deggouj N, Collet S, Eloy P, Rombaux P. Non-sinonasal-
related olfactory dysfunction: a cohort of 496 patients. Eur Ann Otorhinolaryngol
Head Neck Dis. (2014) 131:87-91. doi: 10.1016/j.anorl.2013.03.006

6. Diamond S, Freitag F G, Prager J, Gandi S. Olfactory aura in migraine. N Engl
] Med. (1985) 312:1390-1. doi: 10.1056/NEJM198505233122116

Frontiersin Neurology

25

10.3389/fneur.2022.992763

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding author/s.

Ethics statement

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional

requirements. The patients/participants

provided their written informed consent to participate in
this study. Written informed consent was obtained from the

individual(s) for the publication of any potentially identifiable
images or data included in this article.

Author contributions

Study conception and design, data collection, and analysis
and interpretation of results performed by OP and AT.
Manuscript draft preparation performed by OP. All authors have
reviewed the manuscript and approve the final version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

7. Sjolund S, Larsson M, Olofsson JK, Seubert J, Laukka EJ. Phantom smells:
prevalence and correlates in a population-based sample of older adults. Chem
Senses. (2017) 42:309-18. doi: 10.1093/chemse/bjx006

8. Fuller GN, Guiloff RJ. Migrainous olfactory hallucinations. ] Neurol Neurosurg
Psychiatry. (1987) 50:1688-90. doi: 10.1136/jnnp.50.12.1688

9. Mainardi F, Rapoport A, Zanchin G, Maggioni F. Scent of aura? Clinical
features of olfactory hallucinations during a migraine attack (Ohm). Cephalalgia.
(2016) 37:154-60. doi: 10.1177/0333102416630580

10. Vgontzas A, Burch R. Episodic migraine with and without aura: key
differences and implications for pathophysiology, management, assessing risks.
Curr Pain Headache Rep. (2018) 22:78. doi: 10.1007/s11916-018-0735-z

11. Tiriticco M, Vanotti A, Mantica D, Coppola A. Migraine with exclusive

olfactory aura: case report and literature review. Headache. (2020) 60:2544-
7. doi: 10.1111/head.14014

frontiersin.org


https://doi.org/10.3389/fneur.2022.992763
https://doi.org/10.1002/brb3.950
https://doi.org/10.1007/s11910-020-01037-3
https://doi.org/10.1177/0333102417738202
https://doi.org/10.1007/s11916-018-0725-1
https://doi.org/10.1016/j.anorl.2013.03.006
https://doi.org/10.1056/NEJM198505233122116
https://doi.org/10.1093/chemse/bjx006
https://doi.org/10.1136/jnnp.50.12.1688
https://doi.org/10.1177/0333102416630580
https://doi.org/10.1007/s11916-018-0735-z
https://doi.org/10.1111/head.14014
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

& frontiers | Frontiers in Neurology

@ Check for updates

OPEN ACCESS

Simona Sacco,
University of L'Aquila, Italy

Ali Sazci,

Okan University, Turkey
Francesca Puledda,
King's College London,
United Kingdom

Wuchao Wang
wchaol18@126.com

This article was submitted to
Headache and Neurogenic Pain,
a section of the journal
Frontiers in Neurology

18 October 2022
25 November 2022
15 December 2022

Yin M, Huang P, Yang S and Wang W
(2022) Ramsay Hunt syndrome and
mandibular alveolar bone necrosis
following herpes zoster: A case report
and literature review.

Front. Neurol. 13:1073607.

doi: 10.3389/fneur.2022.1073607

© 2022 Yin, Huang, Yang and Wang.
This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiersin Neurology

Case Report
15 December 2022
10.3389/fneur.2022.1073607

Ramsay Hunt syndrome and
mandibular alveolar bone
necrosis following herpes
zoster: A case report and
literature review

Maojia Yin!, Panchuan Huang!, Sen Yang? and
Wuchao Wang'*

!Department of Pain Medicine, Daping Hospital, Army Medical University, Chongqging, China,
2Department of Stomatology Medicine, Daping Hospital, Army Medical University, Chongging, China

Background: Reactivation of latent varicella-zoster virus (VZV) can induce
herpes zoster (HZ). Ramsay Hunt syndrome (RHS) occurs through the
reactivation and proliferation of VZV in the geniculate ganglion, which
can lead to vesicular rash in the ear or oral mucosa, accompanied by
neurological disorders.

Materials and methods: A 50-year-old man sought a remedy for pain in the
right ear and face. Within 1 week, all his lower right teeth fell out, and in the
following 3 months, his lower right mandibular alveolar bone gradually became
necrotic. In the past 20 days, he experienced blister rash, hearing and taste loss,
and slight facial paralysis.

Results: After ruling out tumors and other infectious diseases, he was
diagnosed with trigeminal HZ and RHS.

Conclusion: Ramsay Hunt syndrome with tooth loss and alveolar
osteonecrosis is rare. It requires long-term treatment of pain, and prevention
and treatment of tooth loss and alveolar bone necrosis are difficult and
warrant further study.

herpes zoster, Ramsay Hunt syndrome, pain, teeth exfoliation, jaw osteonecrosis,
trigeminal nerve

Introduction

Primary infection with varicella-zoster virus causes chickenpox, followed by viremia
with a diffuse rash and latency in the cranial nerve, dorsal root, and autonomic ganglia.
Reactivation of latent VZV can induce HZ, which spreads from the cranial nerve or
dorsal root ganglia to the dermatome along the sensory nerves. In the USA, >1 million
people annually have HZ, with an annual rate of three or four cases per 1,000 persons
(1, 2). In China, the prevalence of HZ is 7.7% in hospital patients aged >40 years
(3). The incidence rate of HZ in the unvaccinated elderly (50 years old) is ~10/1000
person-years (1).
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Ramsay Hunt syndrome occurs by the reactivation and
multiplication of VZV at the geniculate ganglion, which
leads to a vesicular rash on the ear or in the oral
mucosa, combined with neurological disturbances (4). Here,
we report a rare case of trigeminal HZ combined with RHS,
mandibular alveolar bone necrosis, and tooth loss on the

same side.

Case report

A 50-year-old man presented to our pain department with
a 7-day history of severe acupuncture-like pain in the right
prefrontal, temporal, cheek, and mandibular regions and right
ear, especially in the mandible, and four right lower teeth
fell out within 1 week. In the past 20 days, he experienced
blister rash (Figure 1), hearing and taste loss, and slight
facial paralysis (Table 1). He had no symptoms of vertigo,
tinnitus, nausea, or vomiting. Based on the initial evaluation,
the pain intensity was rated as 8 on the visual analogue
scale (VAS).

The patient had been smoking for >30 years and smokes
at least 20 cigarettes a day. The patient was healthy in the past
and had no complications. He did not take any drugs other than
those mentioned in Table 1. There was no specific abnormality
in his family genetic history.

Intraoral examination revealed severe loosening of the lower
right second premolar, and first, second and third molars.
The lower right central incisor, lateral incisor, canine, and
first premolar had exfoliated, leaving non-healing sockets. The
oral hygiene was poor with generalized gingivitis. Extraoral
examination demonstrated marked patchy scars of the right
facial skin including the forehead, right ear and cheek, angle of
the mouth, congestion and swelling of the right external auditory
canal, attachment of purulent secretions, and congestion and
swelling of the tympanic membrane. His right nasolabial groove
is shallower than the opposite, and facial paralysis was classified
as House-Brackmann grade II

There were no obvious abnormalities in renal function and
coagulation. Routine blood tests showed a neutrophil percentage
of 77.1%, total neutrophil count of 8.06 x 10°/L, erythrocyte
sedimentation rate of 35.0 mm/h, and inflammatory marker IL-
6 of 10.31 pg/ml. Syphilis, HIV, hepatitis B virus, and hepatitis
C virus tests were all negative. Anaerobic and aerobic bacterial
cultures of skin exudates from ulcerative infection were negative.
The following tumor markers were negative: alpha-fetoprotein,
carcinoembryonic antigen, carbohydrate antigen (CA) 153,
total and free prostate-specific antigen, CA199, CA24-2, and
neuron-specific enolase. Autoimmune anticyclic citrullinated
peptide, antikeratin, and antinuclear antibodies were negative.
Panoramic radiography showed that the lower right central
incisor, lateral incisor, canine, and first premolar had exfoliated
(Figure 2A-2). Cranial neck enhanced CT showing osteonecrosis
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in the right anterior mandible (Figure 3). Electronic fiber
otoscopy showed a blistering rash in the external auditory canal.

The rash in our patient was characterized by unilateral
aggregated vesicles distributed along the nerves (Figures I,
2), and the corresponding nerves had different degrees of
dysfunction, so we made a diagnosis of HZ. Based on the
patient’s history of hearing and taste loss and facial paralysis in
the early stage, tooth loss and mandibular pain in the late stage,
and the distribution of the rash in the right ear canal and on
the head and face, we considered that the case involved cranial
nerves V, VII, and VIII; therefore, we diagnosed it as RHS.

In terms of treatment, we followed the recommendations of
the relevant guidelines (5, 6). When gabapentin measurement
reached 0.3g three times a day for 4 days and the pain
could not be relieved, we switched to pregabalin 150 mg two
times daily, paracetamol tramadol tablets 362.5g three times
daily, and eperisone hydrochloride 75mg three times daily,
orally for 7 days. As a result of poor relief of jaw pain, we
considered that the trigeminal nerve was involved, so we added
carbamazepine 0.1 g two times daily orally for 7 days to relieve
the pain. Exposed necrotic bone was trimmed periodically;
cefixime and metronidazole oral prophylaxis were administered;
physiological saline was used for ear canal irrigation and
levofloxacin ear drops, two drops three times daily for 10 days.
At the time of discharge, the pain score decreased from 8 to 4 on
the VAS, and the skin rash healed, leaving a residual scar. The
right lower teeth completely fell out (Figure 2).

One month after discharge, the patient underwent a mental
foramen nerve block in our outpatient department due to the
increased mandibular pain, which reduced the VAS score from
4-6 to 3-4, and after medication, the VAS score gradually
decreased to around 2 after 3 months. Since then, we began to
gradually reduce the oral drug dose until the pain disappeared
(about 6 months later). The right mandible gradually became
necrotic, and mandibular debridement was performed regularly
in the Department of Stomatology in our hospital until it almost
disappeared after 3 months (Figure 2). At the last follow-up visit
(6 months later), the pain had disappeared, and the lower right
alveolar bone was almost completely necrotic. The facial scar
healed and the left teeth were used for chewing.

Discussion

Herpes zoster can occur in anyone who has previously
been infected with VZV, through the reactivation of the virus
(4). Viral reactivation often occurs in immunocompromised
individuals, such as those with physical and psychological
trauma, tumor, hematological disease, diabetes, HIV infection,
immunosuppressive therapy, malnutrition, aging, emotional
stress, smoking, depression, organ transplantation, and some
drugs, including but not limited to corticosteroids and
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FIGURE 1
Typical unilateral aggregated vesicular rash at the beginning of the disease (2021.4.13), which originated from the patient’s self-photography
(mirror image).

TABLE 1 Medical history before admission.

Clinical manifestation

Medical

institution

Diagnosis

Treatment

Prognosis

(2021.04.21)

area, especially in the mandible;
VAS:8.

Function: four right lower teeth fell
out within 1 week.

release tablets, 0.1g per day/7
days.

20 days before Pain: persistent mild pain in the Dental clinic Mouth ulcer Metronidazole gargle/2 days No improvement
(2021.04.08) right lower tooth; VAS:2.
Rash: right oral mucosa and
gingival blisters and erosion.
15 days before Pain: persistent mild pain in right Hospital HZ Intravenous infusion of Pain: no pain; VAS:0.
(2021.04.13) lower tooth; VAS:2. methylprednisolone, Rash: gradually scabbed
Rash: severe vesicular eruption ceftriaxone and and recovered
started from the lower right lip and acyclovir/5 days. Function: normal hearing and
chin and extended to the face, taste, facial paralysis
forehead and ear. improved (House-Brackman
Function: right hearing loss, taste grade IT)°
loss and facial paralysis
(House-Brackman grade 1II)°.
7 days before Pain: severe pain in the right rash None / Diclofenac sodium sustained No improvement

#Days before visiting our department.
>When talking with family members, they need to speak louder; taste was weaker than before; the patient’s mouth was tilted to the left and food accumulated on the right side of the mouth

when eating (House-Brackmann grade III). ‘Right nasolabial groove was shallower than the opposite groove (House-Brackmann grade II).
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FIGURE 2

gradually fall off and the alveolar bone gradually necrosis.

The (A-D) pictures show the rash scar gradually becomes shallow; (A-1-D-1) and (A-2—-D-2) pictures show that the right mandibular teeth

2021.5.31 2021.7.12

immunosuppressive agents (4, 7). Our patient was older, had a
long history of smoking, and suffered from depression.

Ramsay Hunt syndrome is caused by the reactivation of
VZV in the geniculate ganglion, with an incidence of 1%
(8). Affected patients can have a blistering rash in the ear
(zoster auricularis) or oral mucosa, accompanied by acute
peripheral facial paralysis. Other manifestations include pain
(face, ears, temporomandibular joint, or teeth); hearing, vision,
and taste disorders; tinnitus; vertigo; nausea; ptosis of upper
eyelid; increased nasal secretions; fever and discomfort; and
abnormal tactile sensation, which are often associated with the
involvement of the cranial nerves, such as V, IX, XI, and XII (9).

Recalling the patient’s medical history, we speculate that the
dentist at the clinic misdiagnosed the oral mucosal herpes as
an oral ulcer in the earliest stages. Combined with the clinical
manifestations of the patient, the most appropriate description
is that HZ was associated with cranial nerve V involvement
(mandibular pain and right lower tooth loss), cranial nerve VII
involvement (facial paralysis and taste loss), and cranial nerve
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VIII involvement (hearingloss). The symptoms of cranial nerves
VII and VIII involvement improved quickly in the early stage of
the disease, which may have been because hormone therapy was
used at the initial stage of inflammation.

The pathogenesis of osteonecrosis during HZ was still
debated and seems to be multifactorial. Meer et al. (10) suggested
that this may be due to the compression of the alveolar artery in
the narrow bone canal after edema caused by nerve infection,
resulting in arterial ischemia and necrosis of the supply area.
Mendieta et al. (11) suggested that the virus spreads directly
from adjacent cranial nerves and invades blood vessels, causing
segmental granulomatous vasculitis, which seriously affects the
growth of the supply area. Judging from the large area of
acute skin lesions, our patient’s nerves and blood vessels should
have been attacked by a large number of viruses, which may
have produced the same features as above, leading to tooth
loss. Periodontal diseases, such as periodontitis or pulpitis, are
common causes of jaw osteonecrosis (12). Badjate et al. (13)
explained that tooth exfoliation is an early sign of post-herpetic
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FIGURE 3

tooth. No tumor or other suspicious lesions

Cranial neck enhanced CT(2021-4-30) showed the right side of the lower alveolar bone is partially absorbed, and there is no corresponding

osteonecrosis. The loss of dental proprioception caused by
damage to periosteal blood flow leads to periodontal membrane
necrosis before alveolar osteonecrosis. Similarly, our patients
hygiene was poor, and he had generalized gingivitis, which
may also be one of the reasons for tooth loss and alveolar
bone necrosis. Also, the vasoconstriction caused by sympathetic
excitation should not be ignored (14). The sympathetic nervous
system has a vasoconstrictive effect on the peripheral vascular
bed, which is regulated by the local vascular nerve signaling
mechanism. When the blood vessels or sympathetic nerves
are invaded by the virus, they are stimulated to produce a
vasoconstrictive response, which can lead to the obstruction of
blood supply to local tissues. It has also been suggested that
some neural mechanisms may be involved. Some studies have
shown genetic, neuroanatomical, and physiological evidence
that leptin regulates bone mass by regulating sympathetic nerve
tension (15).

Early application of antiviral drugs and antibiotics combined
with aggressive debridement of necrotic bone is considered
to improve wound healing to the greatest extent (16). Some
scholars have recommended that low-dose hormones combined
with antiviral treatment in the early stage of the disease
can improve the symptoms associated with viral invasion of
the nerves (17). However, mandibular necrosis occurred in
a 30-year-old female patient with lupus erythematosus who
took prednisone (5 and 7.5mg, alternately) for 9 years and
a 50-year-old male patient with psoriatic arthritis who took
prednisone (7.5 mg/day) for 2 years (18, 19). We believe that
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the key to mandibular necrosis caused by hormone application
is long-term use, and we do not use hormone treatment
anymore. In recent studies, complementary treatment, including
platelet concentrates in solid and liquid form, has been
developed to prevent jaw osteonecrosis and improve healing
after surgical treatment of bone lesions (19). During treatment,
we should pay attention to screening for occult malignancies,
immunodeficiency, and other systemic conditions, so as to
make the treatment more comprehensive (20). To enhance
immunoprotection, Cunningham et al. have recommended the
administration of two doses of recombinant virus and adjuvant
varicella-zoster vaccine, 2 months apart, beginning at age 60
years (21). Thus, vaccination is an important way to avoid the
occurrence of herpes zoster.

Conclusion

Herpes zoster is characterized by pain and neurological
impairment in addition to rashes. We need to pay close attention
to its medical history when treating such patients to better
identify the involved nerves. Our patient had a rare case of RHS
with tooth loss and jaw necrosis. There are many references
in the literature to the treatment of pain and rash. However,
the treatment of tooth loss and jaw necrosis is limited to
symptomatic treatment. It is hoped that more cases can be seen
to investigate the pathogenetic mechanism and to find timely
preventive methods to improve the prognosis of patients.
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Can aura migraine be elicited by
isolated pulmonary
arteriovenous fistula?—A case
report
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1R.C.C.S. Ospedale Galeazzi-Sant’Ambrogio GSD, Milan, Italy, 2Cardiology Department, Istituto
Fondazione G. Giglio di Cefalu, Palermo, Italy, *Neurology Clinic and Rehabilitation Department,
Casa di Cura Villa Barbarano, Brescia, Italy

A pulmonary arteriovenous fistula (PAVM) is an abnormal blood vessel that
creates a direct connection between a pulmonary artery and its tributary vein
bypassing capillary filter, establishing as a consequence of a low-resistance
right-to-left shunting (RLS). The vast majority of PAVMs are congenital
appearing more often in females than in males. A great number of patients with
PAVMs is suffering concurrently from hereditary hemorrhagic telangiectasia
(HHT) whose incidence is around 1 in 5,000. Very few cases of acquired
PAVMs have been described in the literature. Paradoxical embolism through
PAVMs can cause systemic desaturation, cyanosis, and serious cerebrovascular
ischemic events (transient ischemic attacks, strokes, and intracranial abscess),
even when the abnormal blood vessel is small (diameter <3 mm). Notably,
it has been reported a high prevalence of aura migraine (MHA) symptoms
in patients with PAVMs and concomitant HHT. We described in this study
the case of a young aura migraineur female patient without HHT in whom
isolated PAVM below the detection limit of pulmonary angiography and
chest computed tomography angiography (CTA) has been documented by
contrast Transthoracic and Transesophageal Echocardiography (cTTE/TEE)
showing a delayed (>17s) RLS coming from left pulmonary veins to left atrium
while a patent foramen ovale (PFO), small atrial septal defects or septum
primum fenestration could not be detected despite several attempts. Contrast
Transcranial Doppler (cTCD) confirmed a delayed (>16s) RLS with two short
“shower” patterns corroborating the diagnosis of an extra-cardiac RLS. During
the right heart catheterization and pulmonary angiography, it was impossible
to cross the interatrial septum with a multipurpose catheter. The patient was
finally discharged with off-label thienopyridine agents (clopidogrel 75 mg die)
in terms of primary prophylaxis for paradoxical right-to-left embolization of
thrombotic material ultimately. Aura migraine symptoms were nearly abolished
by P2Y12 platelet inhibition, suggesting a platelet-based mechanism. During
2 years of clinical follow-up on thienopyridine therapy, the resolution of aura
migraine episodes was definitively accomplished with significant improvement
in her quality of life.

KEYWORDS

pulmonary arteriovenous malformations, migraine aura, hereditary hemorrhagic
telangiectasia, right-to-left shunt, patent foramen ovale, Transcranial Doppler
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Introduction

A pulmonary arteriovenous fistula (PAVM) is defined as a
congenital abnormal communication between the pulmonary
artery and its tributary vein creating a low-resistance, high-
flow right-to-left shunting (RLS) bypassing the capillary bed
(1, 2). The vast majority of PAVMs are congenital. Isolated
PAVMs are uncommon. Their incidence has been reported as
high as 1 in 2,600 (3) and occur in about one-third of all
patients with hereditary hemorrhagic telangiectasia (HHT) also
known as Rendu-Osler-Weber disease, an autosomal dominant
disorder caused by a mutation of endoglin gene (HHT type 1) or
activin receptor-like kinase 1 (HHT type 2) and characterized by
abnormalities of vascular structures involving multiple organs
(4, 5). A third gene, the one that codes for the transcription
factor SMAD4, is responsible for the HHT associated with
Juvenile Polyposis (6, 7). PAVMs may be present with a variety
of clinical manifestations such as dyspnea, hypoxemia, chest
pain, and pulmonary hypertension. Cryptogenic strokes from
isolated PAVMs have been described but they are rare (8, 9).
Migraines linked to intrapulmonary RLS have been described
(10-12) and are sometimes the presenting clinical manifestation
of PAVMs. We reported such a case of isolated intrapulmonary
RLS below the detection limit of pulmonary angiography and
computed tomography angiography in a patient presenting
with severe aura migraine successfully treated with P2Y12
platelet inhibition.

Case

A 38-year-old woman without cardiovascular risk factors
was suffering since the age of 14 from endometriosis refractory
to non-steroidal anti-inflammatory drugs. At the age of
25, progesterone replacement therapy (PRT) was prescribed
with a significant decrease in pain and cramps around
menstruations, but worsening episodes of migraine with aura
concomitantly occurred. She reported no neurologic symptoms.
On neurological examination, strength, skin sensation, visual
field, reflexes, and coordination were normal.

She was suffering since childhood from prodromal
symptoms (sensitivity to light) preceding recurrent attacks
of unilateral reversible visual aura and sensory symptoms
(numbness) that were usually followed by intensive headache
lasting up to 24 h occurring two times a week with nausea often
followed by emesis with aggravation of the headaches, meeting
International Classification of Headache Disorders—3rd edition
for migraine aura. Tryptans did not ameliorate her headaches.
T1-, T2-, T2-FLAIR, and diffusion-weighted brain magnetic
resonance imaging (MRI) showed scanty focal bilateral
supratentorial white matter hyperintensities (WMHs).
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FIGURE 1

Magnetic resonance (MR) axial T2-weighted-FLAIR images
showing multiple focal bilateral supratentorial white matter
hyperintensities (yellow arrows).

Pregnancy was planned and HRT was suspended. After an
uneventful delivery, HRT was re-started and a severe migraine
aura occurred thereafter.

Diagnostic assessment

On control MRI 1 year later, WMHs of the same size and
number were identified (Figure 1) as it has been reported in
shunt-associated migraine (SAM) patients (13).

Electrocardiogram showed persistent sinus rhythm and
incomplete right bundle branch block. Chest X-ray, computed
tomography angiography (CTA), and 2D TTE/TEE color
Doppler were performed resulting within normal limits.
Contrast TTE/TEE using agitated saline solution showed no RLS
across the interatrial septum (Figure 2, Supplementary Videos 1,
2) but conversely demonstrated bubbles arriving from left
pulmonary veins to the left atrium and left ventricle via
a pulmonary arteriovenous fistula (Supplementary Figure 1)
in basal conditions. Contrast-enhanced Transcranial Doppler
(cTCD) raised the suspicion of an extracardiac RLS by showing
in basal conditions high-intensity transient signals passing
through the middle cerebral artery with a delayed (17s)
“shower” pattern (Figure 3, Supplementary Video 2). Of note,
aura migraine symptoms occurred 4min after agitated saline
injection (“bubble migraine positive” patient) (14). According
to the protocol of the Venice 1999 Consensus conference, the
bubble count was performed twice, during normal breathing
and after Valsalva strain (15). It is worth to mention that no
evidence or family history of HHT was documented in her past
medical history.

The decision was made by our multidisciplinary heart
and brain team to offer a clinical re-evaluation in order to
stratify the risk of paradoxical embolism and consequently to
perform possibly a catheter-based embolization using detachable
coils or vascular plugs of the isolated intrapulmonary RLS.
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FIGURE 2
2D contrast-Transthoracic Echocardiography in apical 4-chambers view in basal conditions. (A—C) Agitated saline injection (red asterisk) from
the right antecubital vein showed no right-to-left shunt (RLS) across the interatrial septum (IAS; small orange arrow); (D—F) While still no bubbles
were crossing the interatrial septum, a delayed (17 s) RLS coming from left pulmonary veins to LA and LV through the mitral valve is shown,
confirming the diagnosis of extra-cardiac RLS. LA, left atrium; RA, right atrium; LV, left ventricle; RV, right ventricle

Written informed consent, after explanation, was obtained
from the patient. During the hospital stay, she was monitored
for vital parameters without any abnormalities except for
a slight reduction in arterial oxygen saturation (SaO;) of
94%. Continuous ECG ruled out atrial fibrillation. Right
heart catheterization to evaluate hemodynamic parameters
and selective pulmonary angiograms were performed in
order to definitively check for an isolated PAVM and
to search for accompanying malformations. Right atrial
pressure, pulmonary artery pressure, pulmonary vascular
resistance, and pulmonary to systemic flow ratio (QP/QS)
were within normal limits. It has been impossible to cross the
interatrial septum with a multipurpose catheter despite multiple
attempts. Oddly, selective right and left pulmonary arteriograms
did not show abnormalities of the pulmonary vasculature
or arteriovenous shunts (Figure4, Supplementary Video 3).
Brachiocephalic vein angiogram ruled out the presence of
persistent left superior vena cava draining into the left atrium,
another possible rare cause of RLS and paradoxical embolism
(Supplementary Video 4) (16).
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The Heart and Brain team then decided to discharge
the patient on off-label thienopyridine agents (clopidogrel
75mg die) in terms of primary prophylaxis for paradoxical
embolization of thrombotic material that could bypass the
pulmonary capillary filter. Surprisingly, a substantial reduction
in aura migraine symptoms in our patient was achieved using
P2Y12 platelet inhibition, suggesting a platelet-based trigger.
HRT was advantageously resumed without migraine attacks.
During 2 years of follow-up on thienopyridine therapy, the
resolution of migraine aura episodes was accomplished.

Discussion

Increased prevalence of migraines has been described in
patients with HHT, the most common cause of PAVMs (1-4)
as well in patients with intrapulmonary RLS shunts (11, 17, 18).
Thenganatt et al. pointed out that PAVMs were significantly
associated with migraine (OR =2.4,95% CI = 1.1-5.5, p = 0.04),
after adjustment for age and sex, using logistic regression (10).
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FIGURE 3

delayed (17 s) “shower” pattern.

Contrast Transcranial Doppler in basal conditions showing high-intensity transient signals passing through the middle cerebral artery with a

TIC1.2 MID.4

MI MY
+43.3

arterial phase

FIGURE 4

arteriovenous shunts.

Selective right (A,B) and left (C,D) pulmonary angiograms (arterial and venous phases) didn't show abnormalities of the pulmonary vasculature or

Our patient had no personal evidence or family history of
HHT and was diagnosed with isolated congenital PAVM. The
frequency of migraine headaches in patients with isolated PAVM
is unknown. A causal relationship between the presence of an
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RLS and migraines has been suggested but remains unproven
until now. Several hypotheses have been suggested. Firstly, being
HHT and some subtypes of migraines autosomal-dominant
disorders, it might be that a particular genetic substrate
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determining intrapulmonary RLS in patients with HHT may
also activate migraines (19). Secondly, trigger substances such
as micro embolic particles or vasoactive chemicals (serotonin)
might enter directly the systemic circulation through the
RLS instead of being inactivated in the pulmonary capillary
bed. These vasoactive substances might induce instability or
increased excitability of central nervous system, causing aura
migraine attacks (20). Thirdly, micro embolic air load could
act as a trigger of migraine attack provoking a sudden decrease
of oxygen saturation in cerebral circulation triggering cortical
spreading depression and as a result migraine attack (14).

A further mechanism strictly interacting with those
mentioned could be identified in cerebral hemodynamics of
MHA patients. Evidence support the role of increased cerebral
vasomotor reactivity in MHA patients with large right-to-left
shunt and an altered cerebral autoregulation in aura migraineurs
(21,22).

Furthermore, a high prevalence of migraines (up to 59%)
has been shown in patients who were admitted for transcatheter
closure of large PAVMs (9, 23). However, the effects of
embolization on the prevalence of migraines have not been
confirmed. Only one study has reported a significant reduction
in migraine episodes after embolization of PAVMs (24).

Based on the Second International Guidelines for the
diagnosis and management of HHT (25), confirmation of
intrapulmonary shunts should be performed by CTA with
thin-cut reconstructions, in order to evaluate the necessity
for endovascular embolization. Nevertheless, additional chest
CTA with thin-cut reconstructions should not be performed in
cases with only an isolated intrapulmonary RLS documented
by ¢cTTE/TEE and c¢TCD, as these shunts may be too small for
subsequent transcatheter embolization procedure.

Of note, the availability of simple diagnostic techniques such
as cTCD and cTTE/TEE to assess RLS undoubtedly contributed
a great deal of knowledge and understanding of this rare
clinical entity.

Historically, progressive expansion of the PAVMs and
paradoxical embolism are the main two indications for surgical
ligation and resection (26). Technological improvements have
made endovascular embolization the treatment of choice for
most patients (27, 28), and this represents a clear advantage
in comparison to surgical ligation and resection. The exact
number, size, and location of PAVMs confirmed by pulmonary
angiography can be very helpful guidance to tailor the
percutaneous treatment to each patient’s clinical condition
and anatomical characteristics. Noteworthy, while transcatheter
embolization is considered first-choice treatment for PAVMs,
a significant amount of patients successfully treated may
experience recurrences in the follow-up.

Based on observational series, Sommer et al. (29)
demonstrated that in the PFO-MHA population treatment
with thienopyridines (platelet P2Y12 receptor inhibitors)
substantially reduced or eliminated migraine symptoms in up to
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two-thirds of patients. Platelet aggregation or platelet activation
byproducts from the venous circulation, rather than being
filtered in the lungs, might cross the PFO or an extra-cardiac
source like an intrapulmonary fistula as in our case to reach the
brain in exceeding levels, triggering the MHA. That assumption
was substantiated by the observation that the MHA response
to P2Y12 platelet inhibition correlated nearly perfectly with the
MHA response to subsequent PFO closure.

More recently, laboratory analysis of platelet function in
patients with PFO and MHA demonstrated that there is a
hyperactive platelet state resulting in an increased endogenous
thrombin potential and an altered oxidative stress status
documented by increased platelet reactive oxygen species
production and blood oxidized glutathione/reduced glutathione
ratio. Concomitantly, the markers of platelet hyperactivity
returned to control levels and coincided with MHA cessation
with the administration of clopidogrel or with subsequent
catheter-based PFO closure (30). Accordingly, with Sommer and
more recent literature, this platelet prothrombotic phenotype
was better controlled by P2Y12 antagonist while aspirin had little
effect on it (31).

In summary, we report a case of a patient with isolated
intrapulmonary RLS below the detection limit of pulmonary
angiography and CTA whose aura migraine symptoms resolved
following P2Y12 platelet inhibition with a considerable
improvement in her quality of life. Further studies are needed
to determine the association between intrapulmonary RLS
and migraine and whether MHA symptoms can be elicited by
isolated pulmonary arteriovenous fistula.
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Case report: Paralysis after
epidural analgesia due to a
hemorrhage of pure epidural
venous hemangioma

Jiahui Li, Pengyun Xie, Xiaolei Liu, Daheng Li* and Jing Tang*

Department of Anesthesiology, Affiliated Hospital of Guangdong Medical University, Zhanjiang,
Guangdong, China

Purpose: To report a case of sudden paralysis after epidural analgesia to raise
awareness of the condition and the importance of early identification and
appropriate treatment of extradural venous angiomas.

Clinical features: A 28-year-old man with myofascial pain syndrome
experienced paraplegia after receiving an epidural block for pain relief,
which was later discovered to be caused by hemorrhage from extradural
venous angiomas. Decompression surgery was performed immediately and
successfully. A follow-up examination was performed 5 months after surgery.
The patient reported improvement in urinary retention. The muscle strength
in both his lower extremities had recovered to 4 out of 5 but still exhibited
considerable residual spasticity.

Conclusions: Before administering epidural analgesia to relieve undetermined
pain, it is prudent to carefully weigh potential benefits against potential risks to
patient health to minimize the likelihood of complications.

extradural venous angiomas, epidural analgesia, myofascial pain syndrome, paralysis,
pain

Spinal vascular malformations can be divided into four types: capillary, cavernous,
arteriovenous, and venous. Extradural venous angiomas are a rare type of spinal vascular
malformation but a serious cause of neurological deterioration, which includes sensory
disturbance accompanied by radicular pain and/or paraparesis (1). In this study, we
report on a spinal epidural venous angioma case in an adult who received epidural
analgesia to relieve his progressive chest and abdominal pain but developed symptoms
of bilateral rigidity and paralysis in the lower extremities after an operation. This case
indicates that, for patients with chest and abdominal pain, we must immediately identify
signs of rupture and bleeding of hemangiomas in the spinal canal and use epidural
analgesia with caution.

Case report

A 20-year-old man who had received epidural analgesia at the T6-7 position
to relieve progressive chest and abdominal pain described the pain as a tense and
discontinuous ache, especially when he laid down, and rated its severity as 9 out of
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10. He had no history of using medications or having surgery
and was not regularly taking any prescribed drugs. No deformity
was found upon physical examination, but several tenderness
points were found in the T3-T12 paraspinal muscles. The results
of the chest and abdominal computed tomography (CT), routine
blood studies, diastasimetry, four coagulation tests, and renal
and liver function tests were normal. Myofascial pain syndrome
was considered after the exclusion of organic disease. He was
prescribed over-the-counter pain medication, but it did not
relieve the pain. Based on previous treatment experience, trigger
point injection is an effective therapeutic method for patients
with mild myofascial syndrome, except for those suffering from
acute pain. Considering the need for silver needle treatment
under epidural anesthesia after the relevant examinations, the
patient was administered epidural analgesia in advance to relieve
the unbearable pain.

After assisting the patient in the knee-to-chest position,
we monitored his vital signs through SpO2 and an
electrocardiogram, and non-invasive blood pressure (NIBP)
measurements were obtained every 5 min. After disinfection, a
needle with 3 ml of 2% lidocaine was inserted. We performed
puncture at the T6-T7 space via a median approach using an
18 G Tuohy epidural needle (TUORen Medical Instrument
Group Co., Ltd., China). The loss-of-resistance to air technique
was applied to confirm correct entry into the epidural space. A
4-cm epidural catheter was inserted into the back of the patient
with the puncture needle facing the head and in a fixed position.
After confirming the absence of the reflux of CSF and blood,
we injected a test dose of 1% lidocaine (5mL). An initial dose
of 5mL of lidocaine 1% and a continuous infusion of lidocaine
0.02% were programmed to be administered at a rate of 5
mL/h. After 15 min, the patient declared that the pain had been
relieved. His vital signs were continuously monitored using
SpO2 and an electrocardiogram and NIBP every 20 min after he
returned to the ward. The sensation and motor function of his
lower limbs were normal at the time.

However, 4h after epidural analgesia, the patient suddenly
developed bilateral rigidity and paralysis in the lower
extremities. A physical examination revealed numbness
below the level of T6, grade I strength, and hyperactive deep
tendon reflexes were noted in the bilateral lower extremities,
while Babinski’s response was also positive. The patient
also reported difficulty with bowel or urinary retention or
incontinence, and superficial sensations were abnormal in
bilateral lower extremities. Gadolinium-enhanced magnetic
resonance imaging (MRI) showed an epidural mass measuring
11 x 16 x 11 mm with a distinct border, which intensified at the
T7-T8 extradural level. An iso-intense area was detected on the
T1-weighted images (TIWI) and mixed-signal intensity on the
T2-weighted images (T2WI). The T1-weighted transverse plane
showed that the lesion occupied more than half of the T7-8
canal (Figure 1). Laminectomy, intravertebral mass removal,
and spinal canal decompression were performed immediately
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and successfully. Multiple dilated, thin-walled vessels with
hemorrhage and hematoma formation were observed through
the histopathology of the extradural lesions. It also showed
that CD31 was positively expressed in the epithelial cells
of the cyst walls (Supplementary Figure 1). The extradural
lesion was determined to be an extradural venous angioma.
In patients with spinal epidural venous hemangiomas, a
significant expansion of intralesional hemorrhage led to acute
neurological deterioration. After 8 days of surgery, the sensory
effect in both his lower extremities had recovered, and muscle
strength was at 3 out of 5. Babinski’s response was negative,
and superficial sensations were normal in the bilateral lower
extremities. However, no significant improvement in bowel and
urinary retention was observed. A follow-up examination was
performed 5 months after the surgery. The patient reported an
improvement in urinary retention. Muscle strength in both his
lower extremities had recovered to 4 out of 5, but the patitent
still showed considerable residual spasticity.

Discussion

Extradural venous angiomas are the most uncommon
subtype of spinal vascular malformations (2, 3). Damage to
the movement and differentiation of the primitive mesoderm is
widely recognized as the cause of spinal vascular malformations.
However, the etiology of spinal vascular malformations remains
unclear (4). Only six cases of purely extradural spinal venous
angiomas have been reported since 1978 during which the
first case was reported by Decker et al. A review of these
six cases showed that almost all patients presented with
somatic pain, numbness, or limb weakness (2, 3). During
the early stage, the patient’s symptoms were fairly insidious,
leading doctors to ignore them until the enlargement of the
intralesional hemorrhage caused other symptoms (5). Spinal
vascular malformations are difficult to diagnose preoperatively.
During surgery, histopathology samples can be obtained to make
a definitive diagnosis. Compressive epidural hemangiomas are
best treated with surgical resection (4). The main differential
diagnoses are epidural hematoma, spinal cord injury, neuroma,
lymphoma, schwannomas, or meningioma. Compared with
other common epidural spinal cord tumors, radiculopathy is
the only clinical manifestation of epidural venous hemangiomas.
Unfortunately, the MRI features of pure epidural venous
hemangioma do not differ significantly from those of other
space-occupying spinal cord lesions (6). Therefore, we may
erroneously identify an epidural lesion as a spinal epidural
hematoma preoperatively and thus fail to predict intraoperative
bleeding in advance due to this misdiagnosis.

Myofascial pain syndrome lacks clear diagnostic criteria, and
a characteristic symptom is a regional pain originating from a
tender point located within the taut band of skeletal muscles
(7). In this case, chest and abdominal CT, physical examination,

frontiersin.org


https://doi.org/10.3389/fneur.2022.1077272
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Liet al. 10.3389/fneur.2022.1077272
FIGURE 1
MRI image of the thoracic spine (sagittal plane) showing an epidural mass (red arrows) with a clear border measuring 11 x 16 x 11 mm located
at the level of 2 thoracic vertebrae (T7-T8). The mass was iso-intense on T1-weighted images (A) and showed mixed-signal intensity on
T2-weighted images (B)

and laboratory tests provide a normal result except for multiple
tenderness points in the T3-T12 paravertebral muscles, which
are classic symptoms of myofascial syndrome. On reflection,
we aimed to determine whether radiculopathy and myofascial
syndrome caused progressive xiphoid process pain and chest
back pain in patients. The symptoms of radiculopathy, in this
case, were related to chronic haemangioma, which is an atypical
symptom and so insidious that the doctors ignored it.

Epidural analgesia has been shown to be a safe procedure
that can produce equal or better pain relief than systemic
opioids. However, some risks are still associated, including
infection, intravascular or subdural medication injections,
hematoma, air embolism, and direct nerve trauma. As epidural
analgesia has become more standardized, major complications
are now rare after surgery, especially the surgery that do
not involve infection or bleeding resolve within 6 months
(8, 9). According to statistical information available, the
occurrence rate of spinal epidural hematoma after epidural
anesthesia was 1/150,000 cases in patients who did not
receive thromboprophylaxis (10). Some of the risk factors
include coagulopathy, trauma, and vascular malformations
(11, 12).

Our case is unique because the sudden paralysis after
epidural analgesia is correlated with a purely extradural
spinal venous angioma. This is the first report of a purely
extradural spinal venous angioma with atypical symptoms that
are difficult to distinguish from myofascial pain syndrome.
Patients’ perceptions of pain are highly subjective and have many
functional implications and functional effects that cannot be
detected through radiography. Radicular pain radiating from
the trigger point is similar to myofascial pain syndrome. We

Frontiersin Neurology

41

should carefully perform differential diagnosis and conservative
treatment until improvements are observed in relevant imaging
examinations (13). To relieve undetermined pain, health
physicians should weigh the potential benefits against potential
risks to the patients health to reduce the likelihood of

complications before epidural analgesia.
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Case report: Fully endoscopic
microvascular decompression
for trigeminal neuralgia

Haotian Jiang, Dewei Zou, Pan Wang, Longwei Zeng, Jie Liu,
Chao Tang, Gang Zhang, Xiaorong Tan and Nan Wu*

Department of Neurosurgery, Chongging General Hospital, Chongqing, China

Microvascular decompression is safe, effective, and micro-invasive. Due to
these advantages, it has become the mainstream treatment for trigeminal
neuralgia, glossopharyngeal neuralgia, and hemifacial spasm. Initially,
microvascular decompression was performed under a microscope, which
limited the light source and visualization capabilities. With the development
of endoscopic technology, the endoscope has been used in microvascular
decompression, which further improved the visualization range and light
source properties. The purpose of the present study was to investigate the
efficacy of fully endoscopic microvascular decompression for the treatment
of trigeminal neuralgia. In total, three patients with trigeminal neuralgia who
underwent fully endoscopic microvascular decompression were evaluated.
After surgery, the facial pain of all patients was significantly relieved. In addition,
there were no obvious postoperative complications and no recurrence after
6 months of follow-up. These excellent surgical outcomes indicate that fully
endoscopic microvascular decompression is an effective and safe method
for the treatment of trigeminal neuralgia. Furthermore, it also shows that the
endoscope presents advantages for use in microvascular decompression.

KEYWORDS

endoscopy, microvascular decompression, trigeminal neuralgia, suboccipito-
retrosigmoid approach, functional neurosurgery

Introduction

Trigeminal neuralgia (TN) is a common chronic neuropathic pain condition that
presents with characteristic pain in one or more branches of the fifth cranial nerve
(1). This condition is usually characterized by paroxysmal, transient, and intense
pain and is described as a “shock” or “electric sensation” (2-5). Coughing, chewing,
swallowing, gargling, or blowing may induce TN, which seriously affects the patient’s
quality of life. TN is more common in women than in men and its incidence rate
increases with age (6). TN is divided into three types: classic, secondary, and special.
Intracranial vascular compression of the trigeminal nerve root is the most common
cause of classic TN (1). At present, drug therapy is the primary treatment for TN,
and anticonvulsant carbamazepine is considered to be the first drug of choice (7,
8). Oxcarbazepine, lamotrigine, gabapentin, and pregabalin are also commonly used.
However, drugs are not always effective for each patient and drug intolerance may occur.
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In these cases, surgical treatment may be considered. The

mainstream  surgical treatments include radiculotomy,
radiofrequency thermocoagulation, glycerol rhizolysis, balloon
compression, gamma-knife stereotactic radiosurgery, and
microvascular decompression (MVD) (9-13). Among them,
MVD is currently considered the most effective surgical
treatment for classic TN. It has many advantages, as it is
effective, minimally invasive, safe, and low-cost and has no
recurrence (1, 2, 14, 15). Most MVD procedures are performed
under a microscope, but not all offending vessels can be detected
due to the microscope’s limited field of vision. In contrast, the
endoscope can provide brighter illumination and a panoramic
view, which is more conducive to identifying the vessels of
interest and evaluating the decompression effect (16-18). The
present report describes three patients with TN who were
successfully treated with fully endoscopic MVD. All patients
had classical TN and a history of paroxysmal facial pain. The
preoperative head MRI showed vascular compression of the
trigeminal nerve. The case outcomes demonstrated that fully
endoscopic MVD is an effective method for treating TN and

that endoscopy presents significant advantages for use in MVD.

Case report
Case 1

Case 1 was a 78-year-old woman who was admitted to
the hospital in May 2020. The main clinical symptom was
paroxysmal pain on the right side of the face over the course of
7 years, which was induced when brushing teeth and chewing.
Each attack lasted for about 5s. Hearing loss was present in
the right ear. Neurological examination results were normal
and pathological signs were negative. All physical examinations,
including routine blood tests, assessments of liver and kidney,
and evaluation of immune and blood coagulation functions,
were within normal limits. The patient had no history of
trauma or any family history of genetic disorders. She was
treated at the departments of stomatology, otolaryngology,
and neurology many times and was provided symptomatic
treatment, such as analgesia and carbamazepine. However, the
symptoms were not significantly relieved and continued to
recur. The preoperative cranial MRI indicated that the right
trigeminal nerve was compressed by small vessels (Figure 1A).
Finally, the patient underwent fully endoscopic MVD via the
suboccipito-retrosigmoid approach.

Case 2

Case 2 was a 60-year-old woman who was admitted to the
hospital in November 2020. The main clinical symptom was
paroxysmal discharge-like pain on the right side of the face over
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the course of 1 year, which was induced when brushing teeth
and washing the face. Neurological examination was normal,
and pathological signs were negative. The routine blood test
outcomes, liver and kidney, and immune and blood coagulation
functions were comprehensively examined, and the results
showed that they were within the normal limits. The patient had
no history of trauma or any family history of genetic disorders.
The patient was diagnosed with right trigeminal neuralgia and
was treated with carbamazepine and gabapentin without a
positive effect. Preoperative cranial MRI showed that the right
trigeminal nerve was compressed by blood vessels (Figure 2A).
Finally, the patient underwent fully endoscopic MVD via the
suboccipito-retrosigmoid approach.

Case 3

Case 3 patient was a 75-year-old woman who was admitted
to the hospital in January 2021 due to the paroxysmal shock-
like pain in the left side of the face over the course of
1 year. The pain was induced by drinking and eating. She
received a comprehensive examination, which showed that
the neurological examination results were normal and the
pathological signs were negative. All laboratory tests, including
routine blood tests, assessments of liver and kidney, and immune
and blood coagulation functions, were within normal limits.
The patient had no unambiguous history of trauma or any
family history of genetic disorders. At first, the pain was relieved
slightly after the oral carbamazepine treatment. However, the
effect did not last and the pain became aggravated and recurred.
In addition, the patient admitted to taking traditional Chinese
medicine, which was also ineffective. Preoperative cranial MRI
showed that the left trigeminal nerve was compressed by blood
vessels (Figure 3A). Finally, the patient received fully endoscopic
MVD via the suboccipito-retrosigmoid approach.

Surgical procedure

All three patients underwent fully endoscopic MVD via the
suboccipito-retrosigmoid approach. After general anesthesia,
the patient was placed in a lateral decubitus position with the
head drooping at 15° and rotated at 10° to the contralateral side.
The neck was positioned slightly forward. The jaw was located
about two transverse fingers away from the sternum, and the
mastoid process on the surgical side was roughly parallel to the
operating table at the highest position. First, a long transverse
incision about 5cm in length was made 1cm below the star
point behind the ear. The skin was cut, the muscle was dissected,
and the bleeding was stopped. A bone window of about 3 cm
x 3cm was created using a grinding drill, and the transverse
and sigmoid sinuses were fully exposed. Then, the dura mater
was cut in an “X” shape, the arachnoid membrane was cut,
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FIGURE 1

(A) Preoperative head magnetic resonance imaging of the patient. (B) Under the endoscope, the arachnoid was explored along the outer and
upper margins of the cerebellum and subsequently cut to fully expose the trigeminal nerve. (C) At first, no obvious offending vessels were found.
(D) After careful exploration, we found the offending small vein and arachnoid adhesions. (E) The petrosal vein branch and trigeminal nerve were
clearly visible under the endoscopic view. (F) The Teflon pad was placed between the trigeminal nerve and the petrosal vein branch under the
endoscopic view. The red circle indicates that the trigeminal nerve was compressed by the petrosal vein branch, the purple arrow indicates the
brainstem, the orange arrow indicates petrosal vein, the red arrow indicates the petrosal vein branch, the blue arrow indicates the trigeminal
nerve, the green arrow indicates the facial nerve, and the yellow arrow indicates the Teflon pad.

FIGURE 2

(A) Preoperative head magnetic resonance imaging of the patient. (B) A small artery, a vein that spanned the right trigeminal nerve, and the
trigeminal nerve were clearly visible under the endoscopic view. (C) The Teflon pad was placed between the trigeminal nerve and the
offending vessels under the endoscopic view. The red circle indicates trigeminal nerve compression by the offending vessels, the red arrow
indicates the offending vessels, the blue arrow indicates the trigeminal nerve, and the yellow arrow indicates the Teflon pad.
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FIGURE 3

(A) Preoperative head magnetic resonance imaging of the patient. (B) The trigeminal nerve and the anterior cerebellar artery were clearly visible
under the endoscopic view. (C) The Teflon pad was placed between the trigeminal nerve and the anterior cerebellar artery under the
endoscopic view. The red circle indicates that the trigeminal nerve was compressed by the anterior cerebellar artery, the red arrow indicates the
anterior cerebellar artery, the blue arrow indicates the trigeminal nerve, and the yellow arrow indicates the Teflon pad.

and the cistern release was opened to release the cerebrospinal
fluid to achieve full decompression. Under the endoscope, the
arachnoid was explored along the outer and upper margins
of the cerebellum and subsequently cut to fully expose the
trigeminal nerve. Benefiting from the panoramic view provided
by the endoscope, the compression of the trigeminal nerve by
blood vessels was clearly observed. Then, the blood vessels in
contact with the trigeminal nerve were separated and shifted,
and a Teflon pad was placed between the offending blood vessels
and the trigeminal nerve. In order to check for the complete
separation of the offending vessels, decompression sufficiency,
Teflon pad size and location suitability, and nerve and blood
vessel damage, the endoscopy procedure was performed again.
Finally, the dura mater and the edge of the bone window were
suspended, the dura mater was repaired with a double layer of
artificial dura mater to prevent cerebrospinal fluid leakage, the
skull defect was repaired with four titanium plates and screws,
and the muscle, subcutaneous tissue, and skin were sutured layer
by layer.

Results

Overall results

Figures 1-3 show the intraoperative images of three patients,
where the offending vessels can be clearly observed. The clinical
symptoms of all patients were significantly relieved after the
operation. The effectiveness rate was up to 100%. There were no
subsequent medication requirements for the patients. Moreover,
there were no obvious postoperative complications and no
recurrence during the follow-up period in all cases. These
surgical outcomes suggest that endoscopic MVD is a safe and
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effective method for the treatment of TN and that the endoscope
has certain advantages and important application prospects
for MVD.

Individual case results

Case 1l

Intraoperative endoscopy showed that the petrosal vein
branch was adjacent to the right trigeminal nerve root. No
arterial compression was observed around the trigeminal nerve.
A Teflon pad was placed between the petrosal vein branch and
the right trigeminal nerve. Postoperative facial pain symptoms
were basically relieved, and hearing loss symptoms were slightly
improved. There were no postoperative complications and no
evidence of recurrence after 6 months of follow-up.

Case 2

During the operation, it was found that the root of the right
trigeminal nerve was compressed by a small artery, and a vein
spanned the right trigeminal nerve. Then, a Teflon pad was
placed between the offending vessels and the right trigeminal
nerve. After surgery, the patient’s facial pain was completely
relieved and there were no postoperative complications. There
was no evidence of recurrence after 6 months of follow-up.

Case 3

Intraoperative endoscopy revealed that the left trigeminal
nerve was compressed and deformed by the left anterior
cerebellar artery. A Teflon pad was placed between the left
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anterior cerebellar artery and the left trigeminal nerve to
separate them. As a result, the patient’s facial pain was
completely relieved without postoperative complications. There
was no evidence of recurrence during the 6 months of follow-up.

Discussion

Trigeminal neuralgia is a common chronic neuropathic pain
condition that mainly manifests as paroxysmal, transient, and
severe pain in the distribution area of the fifth cranial nerve,
which seriously affects patient’s quality of life. A description of
TN was first recorded in the first century AD. Nicolas André
first fully described the clinical symptoms of TN in 1756 and
called it “tic douloureux” (19, 20). TN is also known as a
“suicide disease” due to its severity and incidence rate (21).
In 1773, John Fothergill first reported 14 patients with TN at
the meeting of the London Medical Association (22). Since
1858, neurosurgeons have begun to explore a variety of surgical
methods to treat TN. The early operation methods included
neurectomy and neurolytic injection procedures (20). In 1901,
Spiller and Frazier performed nerve root resection for patients
with TN via the infratemporal approach. As a result, the pain
was relieved but facial paralysis occurred (23). Later, Dandy cuts
off the trigeminal nerve root using the cerebellar approach for
TN treatment, which did not only achieve the good surgical
results, but also significantly reduced the incidence of facial
paralysis (24, 25). Dandy also suggested that most cases of TN
were caused by compression of the trigeminal nerve by blood
vessels, which is of great significance for the treatment of TN.
In 1951, Taarnhej was the first to perform a decompression
operation on the trigeminal nerve root of a patient with TN
instead of nerve root resection (26). In 1967, Jannetta was the
first to come up with the most successful surgical method for
TN-MVD and reported a case series of TN treated by MVD (27).
Since then, MVD has been considered the most effective surgical
method for the treatment of TN, especially classic TN, where the
intracranial blood vessels compress the trigeminal nerve. Broggi
et al. reviewed 250 patients with TN who underwent the MVD
treatment. Approximately 75% of these patients experienced
complete pain relief after surgery, and 15% relapsed during the
long-term follow-up (28). Similarly, Mizobuchi et al. observed
166 patients with TN who received the MVD treatment. Their
research results showed that after surgery, the complete pain
relief rate was 79%, and the recurrence rate was about 20%
over the course of a long-term follow-up (29). The above
MVD procedure was performed under a microscope, and the
surgical results showed that microscopic MVD was a relatively
effective and safe treatment for these patients with TN. However,
due to the light source and visualization capability limitations
of the microscope, not all of the vessels of interest could
be accurately located. To fully identify the offending blood
vessels via a microscope, larger wounds and greater cerebellar
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contraction were required, which increases the possibility of
postoperative complications. Due to the advantages of the wide
field of vision, bright light source, the lack of obstruction in
the field of vision, and operation flexibility, the endoscope
has been widely used in various neurosurgery operations as
well as MVD with good results (30, 31). Compared to the
microscope, the biggest advantage of the endoscope is that it
can accurately locate all of the vessels of interest. Chen et al.
(17) found that about 14.74% of the offending vessels in 167
patients with TN were missed under a microscope and were
only located when using an endoscope. Teo et al. (32) stated
that the offending vessels of about 33% of patients with TN
were difficult to see under a microscope, but easy to visualize
under an endoscope. These findings suggest that an endoscope
can increase the likelihood of identifying the offending vessels.
Eby et al. (33) first treated TN with fully endoscopic MVD
in 2002 and achieved good results. Bohman et al. reported
that 47 patients with TN received a fully endoscopic MVD
treatment. As a result, 94% of patients with TN experienced
facial pain relief after surgery, and only one patient suffered
from hearing loss (34). Sun et al. carried out fully endoscopic
MVD in 20 patients with TN. All patients experienced pain
relief after the operation. A total 16 patients had obvious pain
relief, and four patients experienced good pain relief. None of the
patients had complications (35). Meta-analysis by Zagzoog et al.
compared the efficacy of MVD under both an endoscope and
a microscope in the treatment of TN (16). The results showed
that the remission and recurrence rates of the endoscopic and
microscopic groups were similar. These values were 88 and 9%,
as well as 81 and 14%, respectively. However, the endoscope
group had significantly fewer postoperative complications than
the microscope group, and the incidence rates were 8 and
19%, respectively. Lee et al. found that endoscopic MVD used
for TN treatment had a lower incidence of complications
compared to microscopic MVD, especially headaches. The
incidence rates were 7 and 21%, respectively (36). Moreover, Lee
et al. also found that endoscopic MVD was unlikely to cause
complications after the TN treatment, especially headaches.
The present study reported that three patients with TN were
treated with fully endoscopic MVD. All of the offending
blood vessels were clearly identified during the operation that
was assisted by an endoscope, which significantly improved
the surgery effect. After the operation, the patients’ facial
pain was significantly relieved without obvious postoperative
complications. There was also no evidence of recurrence after 6
months of follow-up. These results indicate that fully endoscopic
MVD was an effective and safe surgical method for TN in
these patients. The following is a summary of the main reasons
why endoscopic MVD can successfully treat TN. First, the
endoscope provides good lighting, adequate visual angle, and
wide field of vision during the operation, which does not only
greatly improve the identification of blood vessels of interest
and reduces the possibility of missing them, but also avoids
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damaging the surrounding brain tissues, blood vessels, and
nerves and reduces postoperative complications. Second, after
decompression, the endoscope can be used to evaluate whether
the Teflon pad was correctly placed from multiple angles,
whether the decompression was sufficient, and whether the
surrounding tissues, nerves, and blood vessels were damaged.
Finally, endoscopic MVD requires a relatively short surgical
incision with less traction on brain tissue and cranial nerves
and no significant cerebellar contraction, which means that the
incidence of cerebellar contraction-related complications, such
as cerebellar hemorrhage, infarction, swelling, and hearing loss,
is relatively low (37). However, endoscopic surgery presents
certain challenges for surgeons and requires a period of learning
to be comfortable with this type of procedure. Sufficient training,
experience, and up-to-date equipment can help to successfully
master this technology. It should be noted that the present study
had limitations due to a small number of patients included and
a relatively short-term follow-up. In addition, it was designed as
a non-randomized retrospective study and does not completely
rule out potential selection bias.

Conclusions

The present study described three TN cases that were
successfully treated with fully endoscopic MVD. The
surgical outcomes, including postoperative symptom relief,
postoperative complications, and recurrence rate, indicate that
fully endoscopic MVD may be a safe and effective method
for TN treatment. Furthermore, the endoscope presents some
advantages for use in MVD.
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Recognition of similarities between chronic fatigue syndrome and idiopathic
intracranial hypertension (lIH) has raised suggestions that they might be
connected, with chronic fatigue syndrome representing a mild version of
IIH, sharing many of its symptoms, but without the signature features of
elevated intracranial pressure that characterize the complete syndrome. A further
development of this idea factors in the effects of a cerebrospinal fluid leak, a known
complication of IIH, to explain cases where symptoms seem out of proportion
to the apparent physiological disturbance. Cranial venous outflow obstruction
has been proposed as the pathological substrate. We describe a patient with
multiple symptoms, including headache and disabling fatigue, in which this model
guided investigation and treatment. Specifically, CT and catheter venography
identified focal narrowings of both jugular and the left brachiocephalic veins.
Treatment of brachiocephalic obstruction was not feasible. However, in separate
surgical procedures, relief of jugular venous obstruction produced incremental
and significant clinical improvements which have proven durable over the length
of follow-up. We suggest that investigating chronic fatigue syndrome under this
model might not only bring benefit to individual patients but also will provide new
insights into IIH and its relationship with spontaneous intracranial hypotension.

KEYWORDS

chronic fatigue syndrome, fibromyalgia, idiopathic intracranial
spontaneous intracranial hypotension, cranial venous outflow obstruction

hypertension,

Introduction

The recognition of similarities between chronic fatigue syndrome and idiopathic
intracranial hypertension (ITH) has raised suggestions that they might be connected, with
chronic fatigue syndrome perhaps representing a mild version of ITH, sharing many of
its symptoms, but without the signature features of increased intracranial pressure that
characterize the complete syndrome (1). One group has shown that patients with chronic
fatigue syndrome, on average, have intracranial pressures in the high normal range but with
some unequivocally passing the threshold for ITH (2, 3). Another group has reported similar
findings in fibromyalgia (4). Both found that reducing intracranial pressure by withdrawing
cerebrospinal fluid (CSF) gave symptomatic improvement even when pressure was within
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normal limits. A third group has found MRI evidence of raised
intracranial pressure in many patients with chronic fatigue
syndrome (5).

This relatively simple hypothesis, however, does not explain
instances of chronic fatigue syndrome in which the level of
disability seems far out of proportion to any conceivable notion
of a “forme fruste” version of IIH, even if the risk of visual loss
is absent. IIH, however, can be complicated by a CSF leak (6-
8). Indeed, it is probable that many cases of spontaneous CSF
leaks, manifesting as the syndrome of spontaneous intracranial
hypotension, have ITH as their underlying condition (6-8). As
pertains to ITH without papilloedema, most cases of spontaneous
intracranial hypotension also present no clinical signs. Moreover,
the distinctive radiological features of low intracranial pressure
may be absent, and the debilitating symptoms that can accompany
this syndrome might not include the characteristic orthostatic
headache (9, 10).

Many of the complex symptoms described in spontaneous
intracranial hypotension are also seen in severe cases of chronic
fatigue syndrome (11, 12), and recently, a modification of the
ITH/chronic fatigue hypothesis has been published to allow for the
possibility of a CSF leak (13). In this modification, chronic fatigue
syndrome represents a form of ITH that may be mild because the
underlying pathology is mild, or a form in which the underlying
pathology is more severe, but whose outward manifestation is
modified, for better or worse, by the presence of a CSF leak. In
either case, papilloedema would be absent.

Intracranial venous hypertension has been proposed as the final
common pathway in the development of ITH (14, 15). We describe
a patient with disabling chronic fatigue syndrome in whom this
disease model guided investigation and treatment.

Case history

A 46-year-old woman, a partner in a medical practice, with
a long history of headache, dizziness, and fatigue had been
unable to work for 3 years since waking up one morning
with florid positional vertigo and an inability to hold objects
steady in her visual field during movement (later diagnosed
as oscillopsia). Since that time, she had suffered daily bouts
of dizziness, loss of balance, light-headedness, nausea, bowel
disturbance, noise and light sensitivity, increased headaches, and
often overwhelming fatigue. Other idiosyncratic symptoms were
episodes of daytime confusion and sudden feelings of intense
thirst. She had two young children and recalled that she had been
unable to work during either of her pregnancies mainly because
of vomiting.

Her only significant history was of a bicycle accident 25
years previously. She was told that she had a seizure at the
scene but was not admitted to hospital until a week later, by
that time suffering with headaches, drowsiness, and confusion.
A CT scan revealed a left temporal lobe contusion which was
treated conservatively. Anticonvulsants were not prescribed. Ever
since, however, she had experienced frequent dizzy spells, light-
headedness on standing, and episodes of nausea, as well as vague
neurological symptoms such as problems with orientation, making
it difficult for her to find her way around buildings. She had a single
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further seizure 3 years later. Again, anticonvulsant medication was
not prescribed.

Over the years, she had sought advice from multiple medical
specialists. She had received diagnoses of vestibular migraine and
mild autonomic dysfunction, with the latter following a tilt table
test. MRI brain was normal. Treatments included amitriptyline,
topiramate, propranolol, verapamil, botulinum toxin, venlafaxine,
pizotifen, vitamin B2, and magnesium and also physiotherapy,
cognitive behavioral therapy, exercise therapy, and dietary and
lifestyle adjustment.

Clinical examination was normal; her body mass index
value was 23 (normal 18-25). There was no papilloedema. All
laboratory investigations were normal. Therefore, satisfying the
clinical criteria, she was diagnosed with chronic fatigue syndrome
and, in accordance with protocols being developed at the time
at our institution (2, 3), was put forward for investigation of
intracranial pressure.

Investigation of intracranial pressure
and cranial venous outflow

CT and CT venography

CT brain was normal. CT venography revealed normal
intracranial venous sinuses. However, there was striking narrowing
of both internal jugular veins anterior to the transverse processes of
the C1 vertebra and marked narrowing of the left brachiocephalic
vein between the sternum and the origins of the left common
carotid and right brachiocephalic arteries (Figure 1).

Catheter venography and venoplasty

Through a microcatheter, with the patient awake, contrast
injections were used to assess the pattern of cranial venous outflow
and intraluminal pressure recordings of the significance of any
venous narrowing. Venoplasty was used to assess the clinical
significance of extracranial venous narrowings by dilating the
narrowed segment and monitoring any change in symptoms. These
procedures in patients with chronic fatigue syndrome have been
described previously (16).

There was mild intracranial venous hypertension (midsagittal
sinus pressure = 20 cm H,O), with an 8 cm H,O pressure gradient
between the midsagittal sinus and the superior vena cava, including
a 3cm H,O focal gradient across the right jugular narrowing and
a 6cm H,O gradient across the tandem narrowings in the left
brachiocephalic vein. There was no appreciable gradient across the
narrowing of the left upper jugular vein (Figure 2).

The right jugular narrowing was dilated to 8 mm. There was no
immediate change but for a week afterward, headache and dizziness
were absent, and noise and light intolerance were improved.

She came back subsequently for left brachiocephalic venoplasty,
having no symptoms at the time of the procedure but still
describing an immediate “clearing” of her head, this benefit lasting
until the evening, and then wearing off completely over the
next 2 days.
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FIGURE 1

Montage of CT images following intravenous contrast, outlining the arterial and venous angioarchitecture of the neck. (A) Axial slice through the C1
vertebra and odontoid peg show the narrowing and flattening of both internal jugular veins (block arrows) as they pass in front of the transverse
processes of C1 (asterisks) on either side. The styloid process of the skull (thin arrow) can be seen on the right side. The internal carotid arteries are
round in cross-section and situated more medially. (B) Axial slice through the thoracic inlet at the level of the left brachiocephalic vein (arrowheads)
showing marked narrowing in front of the right brachiocephalic artery (BC, right brachiocephalic artery; AA, aortic arch). (C) In this coronal
reconstruction, the internal jugular veins (IJVs) lie on the lateral side of the carotid arteries. They are out of the plane as they pass over the C1
transverse processes, but on the sagittal reconstruction (D), the distortion produced on the left side is evident (curved arrow = path of the left
brachiocephalic vein, out of the plane in front of the left common carotid and right brachiocephalic arteries.). Numbers are transposed from

pressures (cm H,O) recorded on catheter venography.

Lumbar puncture

One month later, lumbar puncture revealed an
opening pressure of 14cm H;O. She was not particularly
symptomatic at the time, and withdrawal of 17ml of

CSF had no
days,

immediate effect, and over the next few
she had quite severe postural headaches, although
commented that when she lay flat in bed, she felt unusually
well. As her postural headaches receded, she had 2 days
when fatigue and headache were absent, before her usual

symptoms returned.

Diagnostic formulation and first
surgery—Right jugular decompression

On the strength of these investigations, she was diagnosed with
cranial venous outflow obstruction, with the key lesions being the
narrowing of the right jugular vein at the C1 level and of the left
brachiocephalic vein anterior to the origins of the great vessels.
The significance of left jugular narrowing was uncertain, given the
severity of brachiocephalic narrowing downstream.

She was offered decompression of the right jugular vein by
the styloidectomy and resection of the right transverse process
of Cl. Decompression of the brachiocephalic vein was ruled out
by the expected difficulty of the procedure, given the uncertainty
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of the outcome. She was counseled that even if the diagnostic
formulation was correct, this surgery would leave the other sites
of venous compromise untreated and, therefore, might only be a
partial solution to her clinical problem. She had the surgery 16
months after her first consultation. The surgical technique has been
described previously (17, 18).

Progress

Immediately after surgery, her oscillopsia resolved and has not
returned. Fatigue, headaches, noise sensitivity, and brain fog were
improved. Once home, for example, she found that she was able to
do light gardening for 40 min instead of 20. Though she still needed
to rest afterward, she was able to finish a full supermarket shop,
where previously headache and vertigo routinely forced her to give
up halfway, leaving her ill for the rest of the day. She had no further
episodes of unexpected thirst.

With symptoms stable 12 months post-surgery, repeat CT
venography confirmed wide expansion of the right jugular vein
at the site of surgical resection. On the left side, jugular
and brachiocephalic vein narrowings were unchanged (Figure 3).
Limited catheter venography on this occasion revealed a 1 cm H,O
pressure gradient across the left jugular narrowing and a 4cm
H,0O gradient along the left brachiocephalic vein. She had left
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FIGURE 2

Catheter venogram. Background-subtracted, oblique lateral view of
the head and upper neck. Radiographic contrast injected through a
catheter passed up through the left lateral sinus into the sagittal
sinus outlines the sagittal, both lateral sinuses and upper jugular
veins. There is a narrowing of both internal jugular veins (arrows)
where they pass over the transverse processes of C1 (SSS, superior
sagittal sinus; T, torcula; RTS, right transverse sinus; RSS, right
sigmoid sinus; RIJV, right internal jugular vein) (Numbers = pressure
recordings in cm H;O).

jugular venoplasty, following which her head felt generally better
for about 90 min.

Second surgery—Left jugular
decompression

The nature of the brachiocephalic narrowing still precluded
surgery. However, her response to venoplasty suggested that there
might yet be a benefit in relieving left jugular narrowing, and 2
years following her first surgical procedure she had the second,
specifically, decompression of the left jugular vein by resection of
the left C1 transverse process, leaving the styloid intact (Figure 3).

Further progress

There was no change at first, but over the following weeks,
her symptoms gradually improved. Fatigue was greatly improved:
she could be more active during the day, needing to sleep only
one or two afternoons in the week instead of five. She no longer
suffered from nausea or diarrhea. Noise sensitivity was improved.
Her head was clearer. Headaches were fewer and less severe. She
mentioned that previously she had struggled sitting or standing for
long periods and that this was greatly improved. She noticed that
her resting pulse rate, which had been in the 90 s before treatment,
had fallen into the 80 s after her first procedure and was down into
the 70s after her second procedure. Prior to treatment, she had

Frontiersin Neurology

10.3389/fneur.2023.1127702

noticed her heart rate increasing in the upright position (confirmed
as 18 beats per minute in the tilt table test). Later, she was able to
record this increase as consistently reduced to six beats per minute.
At 10 months post second surgery, she has been planning a return
to work.

Discussion

The volume and complexity of symptoms experienced by
patients with chronic fatigue syndrome, the complete absence
of physical signs of ill health, and the complete absence of
confirmatory diagnostic tests have placed this condition firmly in
the realms of psychological illness in the minds of the majority
of medical practitioners (19). Yet similarities with IIH abound,
the latter an unequivocally organic condition, the presence of
which is only betrayed by signs of raised intracranial pressure,
usually papilloedema. Thus, headache and fatigue are usual in
both, along with multiple other symptoms, including anxiety,
dizziness, depression, body pains, and cognitive and memory
disturbance (20-22). Papilloedema, however, is not inevitable, and
some patients with ITH do not have any signs of raised intracranial
pressure at all (23). These cases are thought to be rare, but in reality,
the correct diagnosis depends on clinical suspicion precipitating
a diagnostic lumbar puncture, and clinical suspicion is low in the
absence of papilloedema (1). Their diagnoses, therefore, if they are
given one, will depend on the relative prominence of any one of the
multiple other symptoms seen in ITH, and the underlying fact of
raised intracranial pressure will be missed.

This idea has been taken up by two independent research
groups, one with respect to chronic fatigue syndrome, the other
with respect to fibromyalgia, each reporting similar results,
specifically that a significant minority of these patients have
intracranial pressures above the threshold for IIH and that the
majority of those who do not, respond to CSF withdrawal in exactly
the same way as those who do (2-4). This implies not only that ITH
is being missed but also that the different conditions are connected,
with chronic fatigue or fibromyalgia essentially representing ITH in
mild form.

If this is correct, then debate regarding the etiology of
ITH is relevant to chronic fatigue, and, concerning this, three
distinct etiopathological mechanisms have been proposed for ITH:
idiopathic brain swelling, a CSF production/absorption mismatch,
and cranial venous outflow obstruction (24). Among these,
obstruction to cranial venous outflow has received the most
attention, venous sinus thrombosis, for example, being a well-
known mimic (25), and recently, it has become clear that stenotic
lesions on both transverse sinuses in this condition are usual
(26, 27). Yet, the extent to which these lesions represent the cause
or effect of raised intracranial pressure is uncertain, even if stenting
them seems to bring clinical benefit (28-30). Pertinent to the case
we describe, however, instances of intracranial hypertension have
now been reported, clinically indistinguishable from ITH, which
seem to be caused by obstruction to cranial venous outflow in
the neck. In these cases, such ambiguity over cause and effect
is absent (17, 31-33).

Extracranial venous outflow obstruction has also been
implicated in cases of spontaneous intracranial hypotension
(18, 34). This condition, caused by a CSF leak, appears to develop
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spontaneously or following minimal trauma, giving symptoms  dementia, and even coma (9). The cause of these multiple
that cover a spectrum of severity from postural headache, fatigue, ~ symptoms is thought to rest largely in the distortion of brain
dizziness, nausea, vomiting, blurred vision, and light and noise  structures that occur as a result of CSF depletion. Spontaneous
sensitivity, to enforced recumbency, cognitive disturbance, intracranial hypotension, however, also has its perplexing features:

FIGURE 3

Axial CT scans at the level of the C1 vertebra and odontoid peg following intravenous contrast injection, (A) at the baseline, (B) following resection of
the right styloid and C1 transverse processes, and (C) following resection of the left C1 transverse process. The baseline scan (A) shows narrowing
and flattening of both internal jugular veins (block arrows) as they pass in front of the transverse processes of C1 (asterisk) on either side. The styloid
process of the skull (thin arrow) can be seen on the right side. (B) Following the right transverse process and styloid resections, the right internal
jugular vein (block arrow) has expanded into the space created by the surgery. (C) Following left transverse process resection, the left internal jugular
vein has now also expanded.

Raised intracranial venous
pressure

Raised intracranial pressure —— Idiopathic intracranial hypertension
(Visual problems, headache, fatigue,
myalgias, dizziness, anxiety,
depression, memory disturbance)

CSF leak

Spontaneous intracranial hypotension

(Orthostatic headache, neck pain, visual
problems, nausea, vomiting, dizziness,
hypersensitivity to noise/light, memory
disturbance, apathy, personality change,
movement disorders)

FIGURE 4

Obstruction to cranial venous outflow causes a rise in intracranial venous pressures leading to a rise in intracranial pressure and the syndrome of IIH.
If a CSF leak develops before IIH becomes evident, then the physiological disturbance manifests as spontaneous intracranial hypotension (SIH). IIH
and SIH have multiple overlapping symptoms, and patients may reach an equilibrium position between them or may cycle between one and the
other, reflecting opposing forces on intracranial pressure. Taken from “A paradigm for chronic fatigue syndrome: caught between idiopathic
intracranial hypertension and spontaneous intracranial hypotension; caused by cranial venous outflow obstruction” by J Nicholas P. Higgins & John
D. Pickard. Fatigue: Biomedicine, Health & Behavior 2021, 9:3, copyright © 2021 ACFS/ME reprinted by permission of Informa UK Limited, trading as
Taylor & Francis Group https://www.tandfonline.com on behalf of ACFS/ME.
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the typical phenotype may not be accompanied by any radiological
abnormality, and in some patients, intracranial pressure may be
normal or even elevated (8-10).

This last observation, in particular, is difficult to reconcile
with the historical view of spontaneous intracranial hypotension,
defined partly by intracranial pressures less than 6cm H,0.
However, the observation that the closure of a leak in spontaneous
intracranial hypotension can lead to rebound intracranial
hypertension (35, 36) and the knowledge that CSF leaks may
accompany IIH (6-8) imply that spontaneous intracranial
hypotension can often represent a complication of IIH,
developing when the dura gives way to a weak point under
the stress of prolonged elevation of intracranial pressure. In these
circumstances, it might not be expected that CSF pressures would
fall to very low levels.

This
connection

concept, however,
between IIH
hypotension, does not fit well with the idea that ITH is caused

while establishing a plausible
and spontaneous intracranial
by a mismatch between CSF production and CSF absorption
since, in this situation, one would expect the complication to
effect a cure. On the other hand, it is an encouragement to return
to the idea of an external force, such as venous hypertension,
acting to elevate intracranial pressure and, recently, two cases
of spontaneous intracranial hypotension have been published,
caused by narrowing of the jugular veins (18, 34). In both cases,
the clinical syndrome was severe, and the radiological findings
were striking. In one CSE the pressure was shown to be in the
high normal range (34). Both responded to relief of jugular
obstruction with complete resolution of symptoms. Similar
syndromes and responses to treatment have been recorded after
iatrogenic occlusion of the sigmoid sinus during posterior fossa
surgery (37).

Thus, extracranial venous outflow obstruction can give rise
to syndromes in which intracranial pressure may be high,
normal, or low, depending on the severity of venous obstruction
and the presence or absence of a CSF leak. The clinical
manifestation of these syndromes is likely to be complex,
reflecting the effect of venous obstruction on cerebral perfusion,
the effect of abnormal intracranial pressure on brain function
and pain-sensitive structures, and the product of distortion of
intracranial contents if there is CSF depletion. Importantly, the
absolute value of intracranial pressure in these circumstances
may be an unreliable indicator of the level of physiological
disturbance (16) (Figure 4).

The case we described here conformed to this template.
CSF opening pressure was in the normal range (14cm H,O).
Her response to CSF drainage was complex, but there were
features that suggested that she gained benefit when CSF
pressure was reduced. There was mild intracranial venous
hypertension, with sagittal sinus pressures of 20cm H,O, this
implying a reversal of the normal pressure gradient between
CSF and the venous sinuses, seen only when there is a CSF
leak or a functioning CSF shunt. She responded positively to
venoplasty of the narrowed segments identified on CT and
catheter venography, demonstrating the potential reversibility
of her clinical syndrome and suggesting targets for treatment.
The treatment, itself, while by no means affecting a cure, has
been transforming.
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What does this mean? Observer bias cannot be discounted in
a report without a control group, nor can the effect of placebo,
especially when the treatment offered is based on an organic model
of disease sympathetic to the widely held view among these patients
that they have an illness with a physical cause. Nevertheless, the
subtle clinical response to the diagnostic investigations witnessed
in this case, the nuanced and incremental response to successive
interventions (reminiscent of the response in other similar cases)
(18, 34), durable over the course of long follow-up, and easily
reconciled with the limited success of the interventions themselves,
would require a degree of sophistication and consistency in placebo
effect that would be hard to credit.

Equally, it should not be surprising that whatever pathological
process is behind IIH, creating a spectrum of increasing clinical
severity above a threshold value of 25 cm H,O, should also furnish
a population of patients with an equivalent illness that does not
make the threshold. The requirement for a threshold declares the
presence of symptoms in these patients. The key questions are
what form these symptoms would take and what diagnostic label
might be attached to them. In answer to the first, the form will
be contributed from the multiple symptoms seen in IIH, outside
those attributed to papilloedema but including those that might be
attributable to a CSF leak. In answer to the second, the prevalence of
fatigue among these symptoms should make a diagnosis of chronic
fatigue syndrome prominent.

The outcome reported here, therefore, which is consistent with
another reported previously (38) and with results emerging from
recent research (2-5), suggests that investigating patients with
chronic fatigue syndrome as if they had a disorder of intracranial
pressure might not only bring clinical benefit to individual patients
but also contribute to a better understanding of ITH itself and its
relationship with spontaneous intracranial hypotension.
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As radiation therapy is increasingly utilized in the treatment of cancer,
neuropathic pain (NP) is a common radiotherapy-related adverse effect and has a
significant impact on clinical outcomes negatively. However, despite an improved
understanding of neuropathic pain management, pain is often undertreated in
patients with cancer. Herein, we reported two cases with radiotherapy-related
neuropathic pain (RRNP) who presented a positive reaction to acupuncture.
Patient 1 (a 73-year-old woman) with gynecologic cancer complained of burning
and electric shock-like pain in the lower limb after radiotherapy. With the accepted
combination of acupuncture and drugs, the pain was alleviated completely in 8
weeks. Patient 2 (a 64-year-old woman) accepted acupuncture in the absence of
medication because of her inability to tolerate the adverse events of anticonvulsant
drugs. She achieved remission of pain 4 weeks later. The results of this study
showed that acupuncture might be promising for controlling the RRNP in patients
with cancer, especially who were intolerant or unresponsive to medications.

KEYWORDS

neuropathic pain, radiotherapy, acupuncture, cancer, case report

1. Introduction

Neuropathic pain (NP) is defined as “pain caused by a lesion or disease affecting the
somatosensory system” (1), which is different from nociceptive pain due to damage to the
non-neural tissue and activation of nociceptors. In patients with cancer, it had been reported
that NP affects ~20-40% of populations (2) and severely interferes with emotional and
physical function, influences the quality of life negatively, as well as is associated with the
clinical outcome directly (3, 4). In etiology, cancer-related NP could be subdivided into
tumor-related (caused by tumor per se) and treatment-related NP (caused by treatments,
such as chemotherapy or radiotherapy) (5). At present, pain secondary to tumor have been
universally appreciated, and the neurotoxicity of chemotherapy is increasingly recognized
as well. In comparison, there exists a sparsity of direct data focused on radiotherapy-related
neuropathic pain (RRNP) (6) despite the increased utilization of radiotherapy in cancer care
and the overall increase in cancer survivorship.
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Current analgesic approaches are pharmaceutical (including

antidepressants, anticonvulsants, and opioids) and non-
pharmaceutical. Despite an improved understanding of
pain management and many approaches, pain is often

under-treated in patients with cancer (7). A system review
that with
cancer do not receive appropriate analgesia proportional
to their
pain

revealed approximately one-third of patients

pain intensity (8). Therefore, for optimal

control, a multimodal approach of medications

could be
conjunction with disease-directed treatment

and non-pharmaceutical therapy applied in
(9), especially
for patients who show no positive response to these
conventional treatments.

As a therapy of traditional Chinese medicine, acupuncture is
widely used for palliative and supportive care for cancer patients,
and evidence is increasing over the years (10). Some studies
suggested that acupuncture might be effective for chemotherapy-
induced neuropathic pain (CINP) (11-14). Based on the similar
concept of acupuncture, acupuncture might have potential in the
pain management of RRNP. Herein, we report the successful
application of acupuncture for the management of RRNP in
patients with gynecologic cancer. The article follows the CARE

guidelines (15).

2. Case presentation
2.1.Casel

A 73-year-old woman who presented with postmenopausal
bleeding for 20 years was admitted to the gynecology department
at the Third Affiliated Hospital of Sun Yat-Sen University.
Her past medical history revealed type 2 diabetes mellitus
with regular hypoglycemic drugs. On admission, the test of
serum tumor markers showed that carbohydrate antigen-125
was 90.4 U/ml, carbohydrate antigen-199 was 41.6 U/ml, and
human epididymal protein 4 was 153 mmol/L. Considering the
results of the pathological morphology examination (Figure 1)
comprehensively, she was diagnosed with endometrial carcinoma.
On the 10th day after admission, the gynecologist performed
a hysterectomy plus lymph node dissection for her. After 1
week of surgery, she accepted chemotherapy (docetaxel 100 mg,
carboplatin 500 mg, 1 day) and was discharged. The pelvic magnetic
resonance imaging (Figure 2) at 1 month after surgery showed
no residual tumor tissue, or metastasis was detected. Hence,
she started to accept radiotherapy (IMRT PTV:50Gy/2Gy/25F).
Approximately 3 months after surgery, she was back to the
hospital because of the burning, electric shock-like pain, and
pitting edema of the left lower limb that got an outbreak.
Other complaints included constipation, frequent micturition,
and insomnia. Neoplasm metastasis, recurrence, and deep venous
thrombosis were excluded through a series of examinations like
pelvic imaging and ultrasonic testing (Figure 3). She accepted
oral pain relief drugs (pregabalin 75mg Bid and mecobalamin
0.5mg Tid) for 2 weeks but her symptoms did not improve.
Therefore, she sought the aid of acupuncture in the outpatient
department ~4 months after surgery. Physical examination
showed hyperalgesia in the medial side of the lower limb,
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pressing pain (++) in the left groin area, and weakness of
muscle strength of the left lower extremity. The pain intensity
score evaluated by the numerical rating scale (NRS) was as
high as 7 points. To control the pain better, we applied
enhanced acupuncture therapy, accompanied by adjusting the
dosage of medication (pregabalin 75mg 8 am/150mg 8 pm).
The acupuncture treatment procedure was composed of manual
acupuncture and electro-acupuncture, which was given 3 times
per week, a total of 20 sessions of treatments within 8 weeks
and implemented by an experienced and certified acupuncturist
who had over 5 years of experience. The details of acupuncture
based on the theory of traditional Chinese medicine, such as the
acupoints, we chose and needling methods are demonstrated in
Supplementary material 1.

After five times of performing therapies, the patient claimed
that the pain had relief significantly, and the NRS scores decreased
from 7 to 3. Subsequently, accompanied by acupuncture therapy
and the improvement of pain, the dose of pregabalin was reduced
gradually until it was discontinued (Figure 4). After 20 times of
therapy, the patient felt relieved of the pain completely, but the
edema of the lower limb was not improved. No side effect or
adverse event was observed in association with the treatment
methods described. During a telephone follow-up, 6 months after
the end of treatment, the patient reported no recurrences of
neuropathic pain.

2.2.Case 2

Patient 2 was a 64-year-old woman who visited our
acupuncture and moxibustion department due to pain and
weakness in her right lower limbs. 4 months before her first
visit to our acupuncture department, she had suffered from
irregulate postmenopausal bleeding, at which she was diagnosed
with endometrial carcinoma and had accepted the surgery,
combined with chemotherapy and radiotherapy in the hospital.
After the comprehensive treatment above, she had got severe
neuropathic pain in her right lower limb. Her symptoms
occurred with no residual tumor tissue, local tumor recurrence,
or metastasis illustrated by pelvic MRIL. She began to receive
pregabalin (75mg bid), and pain had got partly controlled.
However, she started to complain of dizziness and gait disturbance
after taking the medicine. Therefore, she decided to stop
taking the medicine due to intolerance to the adverse events of
pregabalin. After withdrawal, the pain recurred but the intensity
was less than before. She started to visit our department and
accepted acupuncture without medication. On her first visit at
outpatient, pain intensity evaluation (NRS) was 4 points out
of 10.

Subsequently, we performed enhanced acupuncture therapy
three times per week, which was composed of two forms of
acupuncture. After 10 times of therapy, the pain in the right
limb was relieved completely. At 6 months after acupuncture
therapy, the pain occurred occasionally but the degree was slight.
Since the patient only had minor complaints with respect to
occasional pain, we decided to observe her symptoms without
any management.
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FIGURE 1
Pathological morphology examination.

FIGURE 2
The pelvic MRI on 1 month after surgery showed no residual tumor tissue or metastasis.
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FIGURE 3
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Medication adjustment and NRS scores along the timeline of disease. (A) Pregabalin 225 mg/day (75mg 8 am, 150 mg 8 pm). (B) Pregabalin 150
mg/day (75 mg Q12 h). (C) Pregabalin 75 mg/day (75 mg 8 pm). (D) Stop medication intervention

3. Discussion

Radiotherapy-related neuropathic
treatment-related adverse effect in the field of radiotherapy

pain

Frontiersin Neurology

is

a

common

61

with a high prevalence (31%) among cancer survivors (16).
It is often manifested as gradual, persisting, or recurrent
episodes and shows distinct clinical characteristics in terms
of hypersensitivity symptoms (burning, tingling, and electric
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shock-like sensation) and hyposensitivity symptoms (numbness
and muscle weakness) (17). The symptomatology of RRNP
is reliant on the anatomic areas of radiotherapy targeted.
The three most commonly involved neural tissues include
brachial plexopathy resulting from irradiation for lung or
breast cancer, lumbosacral plexopathy after pelvic radiotherapy,
and axial neuropathy of the spinal cord following cervical
radiotherapy (6).

The pathophysiological mechanisms of RRNP are not yet
fully understood. Radiation-induced direct axonal damage
and demyelination, nerve compression by indirect extensive
radiation-induced fibrosis, and nerve ischemia from microvascular
damage are the three key factors involved (18). Pharmaceutical
approaches including gabapentin, pregabalin, duloxetine, and
tricyclic antidepressive agents are strongly recommended as
single agents for first-line treatment in the European Society for
Medical Oncology guidance (7). The combination of opioids
and adjuvants needs to be carefully dosed because it remains
uncertain regarding the risk-benefit trade-off (19, 20). However,
the results of most approaches on average could only provide pain
relief to less than half of the patients treated (21). In addition, the
direct evidence focused on the management of RRNP is limited.
There are only a limited number of studies conducted on RRNP
(17, 22, 23) that results in the recommendation above which
is extrapolated from studies in non-cancer related neuropathic
pain. Hence, managing pain adequately for this population
remains challenging.

We presented the two cases with RRNP that obtained complete
relief after acupuncture. This is the first report to show that
acupuncture might release neuropathic pain in patients with cancer
after radiotherapy. In patient 1, with a combination of acupuncture
and anticonvulsant drugs strategy, the burning and electric shock-
like pain in the limb was alleviated in 8 weeks. Patient 2 achieved
complete remission of pain through acupuncture in the absence of
medication because of the inability to tolerate the adverse events of
drugs. Both of them showed no recurrence of pain after stopping
interventions and during the follow-up visit. In this study, we
applied an enhanced acupuncture strategy that chose the local
acupoints at limbs, combining acupoints located at the abdomen
and the lumbar. First, the mechanism of the lesion in two cases
involves the obstruction of Qi and the blood in the liver, kidney, and
spleen meridian. Performing acupuncture at the local acupoints on
the above three meridians could regulate the Qi and blood in the
meridian and release the pain. Second, according to the theory of
meridian, the govern vessel and ren vessel could control all the
Yang and Yin meridian. Hence, we applied acupoints at the govern
vessel and ren vessel to strengthen the dredging of Qi and blood.
Some studies support the effectiveness of this strategy in improving
peripheral neural function (26).

An overview of systematic reviews showed that acupuncture
is beneficial to cancer survivors with fatigue, insomnia, improved
quality of life, nausea and vomiting, bone marrow suppression,
menopausal, and CINP (11). In general, many similarities exist
between CINP and RRNP in aspects of syndrome and mechanism.
Some pilot studies highlighted that the use of local acupoints
on toes and fingers is the key factor to the effectiveness of
decreasing the intensity of CINP (24). However, we considered
that the treatment for RRNP might emphasize the use of proximal
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segmental acupoints more than local acupoints compared to
that for CINP. Although the mechanism by which acupuncture
manages RRNP has still not been illustrated, we suggest a possible
mechanism based on the mechanism of acupuncture for CINP.
First, acupuncture might enhance the perfusion of the vasa
nervorum and dependent capillary beds supplying local neurons,
which improve the removal of inflammatory factors and reduction
of tissue toxicity (13, 25). Second, acupuncture appears to provide a
microenvironment conducive to neuroregeneration by stimulating
the release of neurotrophin (26).

However, this study is limited because it is a case study.
Accordingly, a further study that involves an adequate sample size
and appropriate control group is warranted to verify the effect of
acupuncture in treating RRNP. Moreover, exploratory research on
the mechanisms of acupuncture alleviating RRNP is necessary. In
addition, to achieve the optimal outcomes of acupuncture, it is
needed to investigate the optimum treatment procedure including
stimulation mode, acupoints, and duration.

4. Conclusion

We reported two patients with RRNP who showed a good
reaction to acupuncture. The results of this study showed that
acupuncture might be promising for controlling neuropathic pain
after radiotherapy in patients with cancer, especially who were
intolerant or unresponsive to medications.
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Giant cell arteritis (GCA) is a kind of systemic vasculitis affecting individuals over 50
years old and is often the cause of new-onset headaches in older adults. Patients
with GCA sometimes have rheumatic polymyalgia (PMR). The diagnosis of GCA
generally depends on clinical manifestation, elevated erythrocyte sedimentation
rate (ESR) or C-reactive protein, and positive imaging findings commonly
obtained by ultrasound or temporal artery biopsy. In this study, we report a
case of an 83-year-old woman with a new-onset headache and an elevated
ESR. The result of the temporal artery ultrasound did not distinguish between
vasculitis and atherosclerosis. The F18-fluorodeoxyglucose positron emission
tomography and computed tomography (18F FDG PET-CT) were performed and
suggested large vessel vasculitis with temporal artery involvement. In addition,
polyarticular synovitis and bursitis were also revealed. Finally, the diagnosis of
secondary headache attributed to CGA complicated with PMR was established.
The patient experienced remission of symptoms after glucocorticoid therapy. PET
can become a powerful tool for diagnosis and differential diagnosis when the
ultrasound result is ambiguous and a biopsy is not obtained.

headache, giant cell arteritis, rheumatic polymyalgia, PET, case report

Introduction

Giant cell arteritis (GCA) is a kind of systemic vasculitis involving the large and middle
arteries, also known as temporal arteritis (1). The age of the population with GCA is
generally over 50 years, and the annual incidence among individuals over 50 years old is
~10-20 per 100,000, which is highest in Nordic countries and rare in Asia; the average
age at diagnosis is over 70 years (2). The prevalence rate of female patients is higher
than that of male patients, and the ratio of male to female is 1:2.5-3 (3). GCA is closely
related to rheumatic polymyalgia (PMR); 46-60% of GCA patients have comorbid PMR,
and 16-21% of PMR patients have comorbid GCA (4). As the temporal artery and other
cranial arteries are commonly involved, GCA is one of the causes of new-onset headache in
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middle-aged and elderly people (5). Although biopsy is still
the golden standard of GCA, its low acceptance of invasive
examination limits its uses. If the positive ultrasound result
and other supportive evidence are absent, there would be a
dilemma for differential diagnosis and optimal treatment. Here, we
report a case of GCA complicated with PMR diagnosed by F18-
fluorodeoxyglucose positron emission tomography and computed
tomography (18F FDG PET-CT). Written informed consent for
the personal medical information and images to be published was
provided by a legally authorized representative.

Case description

The patient, an 83-year-old woman, went to the Neurologic
Clinic, at Peking University People’s Hospital on May 9, 2022
because of a paroxysmal headache for 10 days. The pain was located
in the right temporal region and waxed and waned, sometimes
accompanied by congestion and tears in the right eye. She had no
fever, no dizziness, no nausea or vomiting, no blurred vision, no jaw
and tongue claudication, and no general malaise. Blood pressure
was 100/70 mmHg in the left upper limb but undetectable in the
right upper limb by electronic sphygmomanometer. There was no
obvious tenderness in the region of the right temporal artery. The
routine blood examination showed moderate anemia (hemoglobin
content of 85 g/L) and an erythrocyte sedimentation rate (ESR) of
101 mm/h. Considering the possibility of a secondary headache, she
was admitted to the neurology ward on May 11, 2022. The patient
had a history of neurological deafness, diabetes, and hypertension,
but no family history of headache or cerebrovascular disease. Two
months ago, an ultrasound examination showed that sclerotic
plaque was formed at bilateral subclavian arteries with the intima

10.3389/fneur.2023.1241676

thickened; the distal end of the right subclavian artery was severely
stenosed (about 85%), and the distal part of the left subclavian
artery was moderately stenosed (60-65%). A neurological physical
examination suggested a positive right Babinski and Chaddock
sign, no meningeal irritation sign, and other positive signs of the
nervous system.

The C-reactive protein (CRP) was elevated (39.1 mg/L).
Cytokeratin 19 fragment was slightly elevated (3.32ng/ml,
reference < 3.30 ng/ml) among the tumor marker measurements.
The wurine and stool routine, blood biochemical analysis,
antinuclear antibody, anti-ENA antibody, ANCA, Coomb’s test,
rheumatoid factor, immunoglobulin, galactomannan test (1,3)-f-
D-glucan and galactomannan test, T-cell spot test for tuberculosis
infection, PPD test, anti-double-stranded DNA antibody, serum
and urine immunofixation electrophoresis, 1L-2/4/6/10, IFN-y,
TNF-a, cytomegalovirus, EB virus, and adenovirus nucleic acid
detection showed no markedly abnormal findings.

The brain MR (Figures 1A-F) showed several lacunar foci
in bilateral basal ganglia and thalamus (especially on the
left), leukoencephalopathy, and atrophy. An MRI angiogram
(Figure 1G) suggested intracranial arteriosclerosis and mild to
moderate stenosis of the M1 segment of the left middle cerebral
artery. Temporal artery ultrasound (TAU) showed hypoechogenic
non-smooth thickening of the bilateral superficial temporal artery
wall with the presence of a few punctate strong echo plaques
(Figure 2), which could not tell vasculitis from atherosclerosis
clearly. After a consultation with a rheumatologist, the patient
underwent an 18F FDG PET-CT examination. The results showed
that FDG uptake increased unevenly in the temporal arteries,
ascending aorta, aortic arch, brachiocephalic trunk, descending
aorta, abdominal aorta, bilateral subclavian arteries, axillary
arteries, carotid arteries, femoral arteries, popliteal arteries, and

FIGURE 1
Brain MR of the patient. T1-weighted imaging (A, B) and FLAIR (C, D) showed several lacunar foci in bilateral basal ganglia and thalamus,

leukoencephalopathy, and atrophy. No hyperintense on DWI (E, F). MRl angiogram suggested stenosis of the left middle cerebral artery (red
arrow) (G).
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FIGURE 2

Ultrasound images of the temporal artery. Long-axis section of the
temporal artery (A) exhibits irregular wall morphology characterized
by thickening and the presence of a few punctate strong echo
plagues. Short-axis section of the temporal artery (B) demonstrates
non-uniform thickening with a non-smooth appearance.

tibial arteries (SUVmax: 1.4-5.3). Vessel walls were slightly
thickened, and strip calcification was seen in part of them
(Figure 3). In addition, increased FDG uptake (SUVmax: 4.2) could
be seen in atlantoaxial, shoulder, wrist, hip, knee, sternoclavicular
joints, and lumbar spinous processes, with synovium thickened or
synovial capsule enlarged (Figure 4). In the meantime, the patient
presented another clinical clue that she had bilateral shoulder joint,
knee joint, hip, and waist pain in the past 2 years. Finally, the
diagnosis of GCA complicated with PMR was established.

She received 40 mg of intravenous methylprednisolone daily for
7 days and then 50 mg of oral prednisone daily. The headache and
limb pain were significantly relieved. ESR decreased from 101 to 25
mm/h, and CRP decreased from 39.1 to 2.7 mg/L. The disease was
kept under good control at follow-up.

Discussion

This case involved an elderly woman with new-onset headache,
accompanied by an elevation of ESR and CRP. Except for the
positive right Babinski and Chaddock sign, which could be
explained by old lesions of the brain revealed by the MRI, no other
positive sign was found. The secondary headache attributed to GCA
was suspected. On the basis of the GCA diagnostic criteria put
forward by the American College of Rheumatology (ACR) in 1990
(6), ACR and the European League Against Rheumatism (EULAR)
introduced the “halo sign” of TAU and high FDG uptake of large
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arteries in FDG-PET into the diagnostic criteria in 2022. After the
introduction of TAU and PET, the new criteria have a sensitivity of
87% and a specificity of 95% (7). A halo sign is defined as a hypo-
or iso-echogenic dark aspect of the vessel walls (8). The TAU in this
case showed hypoechogenic uneven thickening of the artery wall
with punctate plaques, which did not fit the typical halo sign and
failed to distinguish between vasculitis and atherosclerosis (9, 10).
According to EULAR’s recommendations on the application of
imaging in the clinical practice of large vessel vasculitis, a temporal
artery biopsy (TAB) or further imaging examination was needed to
confirm the diagnosis (11).

TAU is convenient and easy to perform, and it is the preferred
imaging method when GCA is clinically suspected (11). According
to the literature, the halo sign of TAU has a sensitivity of 77%
and a specificity of 96% for the diagnosis of GCA (12). TAB
is still the gold standard for diagnosing GCA (13), but biopsy
is invasive, and its acceptance by patients is low. Pooled data
showed that the sensitivity of TAB was similar to TAU findings,
but the positive rate of biopsy showed a decreasing trend year by
year (14). The patient refused an invasive examination. In recent
years, studies have found that FDG-PET had high sensitivity and
specificity for the diagnosis of GCA, which were 80-90% and 73—
98%, respectively (15). In this case, there was no typical halo sign,
which made the involvement of the temporal artery doubtful. In
pathological process, functional changes often precede structural
changes, and FDG-PET theoretically has a higher sensitivity to
early vascular inflammation with only functional involvement. In
addition, although ESR was elevated in this elderly woman, other
rheumatic and immune-related indicators and pathogenic agent
tests were negative. Therefore, the possibility of tumors could not
be ruled out, and PET is more helpful for the differential diagnosis.
Therefore, PET-CT was finally chosen.

The results of PET-CT showed that the aorta, its main
branches, and even the distal arteries showed high uptake of linear
FDG. Combined with other clinical features, according to the
classification criteria of ACR/EULAR in 2022, the diagnosis of
GCA was established (7). Meanwhile, PET-CT revealed no signs
of a tumor. Although the result of TAU was ambiguous, abnormal
FDG uptake of the temporal artery in PET-CT confirmed that PET
could detect vessel wall inflammation before significant changes in
anatomical morphology. Therefore, PET can also show the extent
of disease involvement earlier and more systematically. In addition,
PET can also quantitatively display the inflammation level of the
blood vessel wall, and different stages of the disease can be displayed
as standard uptake values (SUV) of different degrees on PET, so as
to better reflect the activity of the disease (16).

Notably, polyarticular synovitis and bursitis were also detected,
suggesting PMR, which was overlooked in the initial clinical
inquiry related to headache. PMR lacks specific diagnostic
methods, and its diagnosis depends on clinical criteria and
exclusion diagnoses. PET can not only detect the presence of
GCA but also reveal the abnormal FDG uptake characteristic of
PMR (17). The study by Yamashita et al. suggested that when
PET showed that two or more parts of the ischial tubercle,
greater trochanter, and lumbar spinous process were involved,
the sensitivity and specificity of diagnosing PMR were 85.7
and 88.2%, respectively. The sensitivity and specificity of the
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FIGURE 3

Abnormal findings of arteries in PET-CT. The temporal arteries (A), subclavicular arteries, brachial trunk, axillary arteries, carotid arteries (B), aortic

arch, descending aorta, abdominal aorta (C), and several other arteries showed an uneven increase in FDG uptake (red arrow, SUVmax distribution in

1.4-5.3), and corresponding CT showed slightly thicken vascular wall. Calcification can be seen in some artery walls.

lumbar spinous process alone can also reach 78.6 and 82.4%,
respectively. Other parts, such as sternoclavicular joints, shoulder
joints, elbow joints, wrist joints, hip joints, knee joints, and
others, also have abnormal manifestations but lack specificity
(18). Other studies have also summarized the PET imaging
characteristics of PMR (19, 20). Compared to ultrasound, PET
imaging results are more specific (21). In this case, several regions
including the spinous process of the lumbar spine were involved.
Based on the patient’s clinical manifestations and hematological
indicators, the diagnosis of GCA complicated with PMR was
established (22). The patient’s response to treatment also supports
the diagnosis.

Frontiersin Neurology

The diagnosis and the treatment process, in this case,
were not perfect. It can be seen from the figure that the
subject’s brain tissue showed high uptake of 18F-FDG, while
the walls of the cerebral arteries were too thin to be detectable
against the background. The patients MRA showed stenosis
of the left middle cerebral artery, and there were many old
lesions in the left cerebral hemisphere. Therefore, it was not
clear whether the intracranial artery was involved. Kinoshita
et al. reported a case of cerebral infarction caused by GCA
with middle cerebral artery involvement. After 3 months of
prednisolone therapy, the patient’s middle cerebral artery stenosis
improved (23). Perhaps follow-up observation or other imaging
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FIGURE 4
Abnormal findings of joints in PET-CT. Atlantoaxial joint (red arrow) (A), lumbar spinous processes (B), sternoclavicular and shoulder joints (C), hip
joints (D), knee joints (E), and several other regions showed an increase in FDG uptake (SUVmax: 4.2), and corresponding CT showed synovial

thickening or bursae enlargement.

examinations, such as a high-resolution MRI angiogram, can
make up for the defect of PET in the evaluation of intracranial
blood vessels.

PET has certain advantages in assisting the diagnosis of GCA
and PMR, such as higher sensitivity and specificity, quantitative
evaluation of the inflammation level, and evaluation of the disease
extent involved. Of course, factors such as high costs and radiation
exposure also limit its promotion. Although it cannot be used as a
routine inspection, PET can become a powerful tool for diagnosis
when the TAU result is negative and the TAB is not agreed upon.
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