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Purpose: To explore the prevalence of small-fiber neuropathy (SFN) and the clinical characteristics of patients with Tarlov cysts
(PTCs), focusing on symptoms related to SFN and increased cerebrospinal pressure.

Patients and Methods: In this retrospective study, 126 surveys assessing symptoms in women (30-69 years) with Tarlov cysts (TCs) >
7 mm seeking treatment for chronic back, pelvic or leg pain and skin biopsy results from 75 patients assessing intraepidermal nerve fiber density
(IENFD) were reviewed.

Results: IENFD < 5th percentile was documented in 80% of PTCs according to the normative reference data of Collongues et al and
72% according to the worldwide dataset of Lauria et al Questionnaires revealed high incidences of neuropathic pain (80%), allodynia
(76%), pain while sitting (93%), anal sphincter (11%) and urinary sphincter (66%) problems, persistent genital arousal (27%), and
restless legs (54%). Autonomic dysfunctions included early satiety (41%), bladder (93%) and bowel (88%) dysfunction, increased
sweating (51%), and Raynaud’s phenomenon (45%). Other symptoms potentially associated with increased cerebrospinal fluid
pressure (CSFP) were headaches (57%), fatigue (86%), cognitive issues (86%), and pulsatile tinnitus (59%).

Conclusion: This study revealed a high prevalence of SFN in PTCs (72-80%). Although the TCs may not cause radicular pain in the
corresponding dermatomes directly, individuals with TCs frequently report a range of symptoms that have previously been linked to
symptomatic TCs, including bladder, bowel, sphincter, and sexual symptoms, as well as local pain. Additionally, seemingly unrelated
symptoms, such as headaches, fatigue, cognitive difficulties, neuropathic pain localized in other parts of the body, and autonomic
dysfunctions, are commonly reported. These symptoms may be associated with elevated CSFP within the nerve root sheath. Elevated
pulsatile CSFP underlies the formation of TCs at the dorsal root ganglion and may gradually contribute to small-fiber dysfunction by
irritating, compressing and damaging small nerve fibers within the dorsal root ganglion.

Plain Language Summary:

Purpose: This study focused on how common small-fiber neuropathy (SFN) is in patients with Tarlov cysts (TCs) and examined their
symptoms, especially those linked to SFN and increased spinal fluid pressure.

Methods: Researchers reviewed surveys from 126 women (ages 30—69) with TCs larger than 7 mm who sought treatment for chronic
back, pelvic, or leg pain. Skin biopsy results from 75 of these patients were also used to quantify small nerve fibers.

Results: A reduction in nerve fiber count per mm skin, a sign of SFN, was found in 72—80% of patients. Common symptoms included
nerve pain (80%), sensitivity to touch (76%), pain while sitting (93%), bladder problems (93%), bowel issues (88%), genital arousal
(27%), and restless legs (54%). Many reported headaches (57%), fatigue (86%), memory difficulties (86%), and pulsating ear noise
(59%). Other symptoms included autonomic dysfunctions (problems with the body’s automatic functions), such as sweating problems

(51%), and circulation issues like Raynaud’s phenomenon (45%).
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Conclusion: Most patients with TCs show signs of SFN and report various symptoms, including bladder, bowel, and sexual issues, as
well as widespread nerve pain and other problems like fatigue and cognitive issues. These symptoms may be caused by increased
spinal fluid pressure, which stretches the nerve coverings to form Tarlov cysts and also damages small nerves in the spinal canal. Over
time, this pressure could lead to SFN.

Keywords: intracranial hypertension, neuropathic pain, meningeal cysts, dysautonomia, hEDS, PGAD

Introduction
Tarlov cysts (TCs) are dilations of the nerve root sheaths that form as a result of elevated pulsatile cerebrospinal fluid
pressure (CSFP). These dilations are situated at the dorsal root ganglion (DRG), where sensory and small-fiber neurons
are located. TCs are primarily situated in the sacrum, where the hydrostatic pressure adds to the pathologically increased
CSFP. TCs may induce radiculopathy of the nerve root on which they are located or by compressing the nearby nerve
roots. Cysts causing radiculopathy with symptoms in the corresponding dermatomes or myotomes are termed “sympto-
matic TCs”."? In a recent meta-analysis of 13,266 subjects, the incidence of TCs in Europe was estimated to be 6%, and
1 out of 6 (16%) were symptomatic TCs.> However, while symptomatic TCs are rare, patients with symptomatic and
non-symptomatic TCs often exhibit not only radicular manifestations but also symptoms that are not directly localized at
the level of the affected area but are instead felt in other, seemingly unrelated, areas. These symptoms include headaches,
fatigue, neuropathic pain elsewhere and autonomic dysfunction, among others.*>

A previous retrospective study using skin biopsy data reported small-fiber neuropathy (SFN) in 82% of a small cohort of 17
PTCs.® Increased CSFP, the underlying mechanism for the initiation and growth of TCs, may also contribute to other bodily
symptoms by irritating, compressing, and ultimately damaging sensory and small-fiber neurons and axons within the DRG of the
other nerve roots.® Increased CSFP in PTCs is able to expand nerve root sheaths and can even exert sufficient force to cause bony
erosion. Consequently, this force has the strength to damage the vulnerable unmyelinated and thinly myelinated Ad- and C-fibers.

This retrospective study had two main objectives. The first objective was to document intracpidermal nerve fiber
density (IENFD) in PTCs. The second objective was to map the incidence and types of symptoms experienced by PTCs.
These symptoms were categorized into two groups (however, there may be overlap among these categories):

1. Symptoms that are widely recognized in the literature as being related to TCs (Table 1).
2. Symptoms not conventionally linked to TCs, but with a potential common underlying pathophysiological

mechanism linked to increased CSFP (Table 2) and SFN (Table 3).

This classification can be used to map the symptomatic spectrum in PTCs and suggest possible underlying mechan-
isms, including elevated CSFP and SFN, that may contribute to the broader symptomatology in these patients.

Table | Symptoms Typically Associated with TCs

Prevalence of Symptoms All TC Patients: TC Patients TC Patients Difference Between
Aged 30-69 Aged 30-49 Aged 50-69 Age Groups
Years, % Years, % Years, % (Significance Level,
N =126 N =50 N =76 P < 0.05)

Pain associated with TCs'>*7#

Low back pain 89 92 87 0.6
Pain disrupting sleep* 64 69 60 0.4
Low back stiffness upon waking 77 86 71 0.06

(Continued)
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Table | (Continued).

Prevalence of Symptoms All TC Patients: TC Patients TC Patients Difference Between
Aged 30-69 Aged 30-49 Aged 50-69 Age Groups
Years, % Years, % Years, % (Significance Level,
N =126 N =50 N=176 P < 0.05)

Lumbar and sacral radicular pain

Leg pain 77 88 70 0.03
Pelvic pain during pregnancy 41 52 33 0.1
Coccygodynia*®? 59 67 53 0.1

Sensory symptoms of the lower legs

Sensory weakness of the lower limbs® 62 66 59 0.6

Difficulty climbing stairs due to leg weakness 73 82 67 0.1

Sensory ataxia / problems with proprioception 49 57 45 0.3
Bowel symptoms>® (Details in Table 4 SFN) 88 88 88 I

Fecal incontinence'

Minor incontinence I 6 14 0.2
Significant incontinence Il 4 15 0.08
Bladder symptoms”'® (Details in Table 4 SFN) 93 94 92 I

Urinary incontinence'*”

Stress incontinence 66 6l 69 0.4
Post-micturition dribbling 63 67 6l 0.6
Urge incontinence 49 51 48 0.9

Sexual dysfunction''

Difficulty reaching orgasm 42 39 43 0.8
Dyspareunia'? 42 40 43 0.8
PGAD*'>'® 27 22 31 03

Pain-aggravating factors

Sitting"">* 93 100 89 0.02*
Duration of comfortably sitting on a wooden chair (minutes) 285 + 323 325 +£363 25.8 £29.3 03
Standing' 87 90 85 0.6
Valsalva maneuvers'*® 62 73 55 0.07
Impact (driving on a rough road surface) 74 83 69 0.1

Intensified pain

After pregnancy'® 54 71 42 0.02*
Following a trauma'"*' 40 43 38 0.8
Diagnosed with hEDS'” 10 15 6 0.2

Notes: Significance levels: *p < 0.05; P values not indicated by asterisk are “NS”.
Abbreviations: TCs, Tarlov cysts; SFN, small fiber neuropathy; N, number of patients; PGAD, persistent genital arousal disorder; hEDS, hypermobile type Ehlers-Danlos
syndrome.
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Table 2 Symptoms Associated with Increased CSFP in PTCs

Signs of Increased Intracranial Pressure (%) All PTCs: Aged | PTCs Aged PTCs Aged Difference
30-69 Years % 30-49 Years, % | 50-69 Years, % | Between Age
N =126 N =50 N=76 Groups
(Significance
Level P < 0.05)

(Endo-)lymphatic overload symptoms 87 94 83 0.1

Nasal congestion'®2° 38 46 32 0.1

Rhinorrhea (watery discharge)'**° 32 35 30 0.008%*

Sinusitis'®'>2! 724 30 41 23 0.005**

Nasal septoplasty 9 6 I 0.5

Rotational vertigo/Meniére’s disease? 2’ 64 76 57 0.04*

Severe pressure in the ears during airplane flights 55 63 50 0.3

Aural fullness®”?® 49 66 38 0.005**
Tinnitus

Pulsatile tinnitus'®"2%-3 59 74 49 0.008**
Fatigue

Fatigue®'2 86 94 80 0.04*

Chronic fatigue syndrome'"32 18 24 14 0.2
Headaches

Headache (any type)*® 57 72 47 0.01%*

Nocturnal headaches 26 30 22 0.4

Headaches upon waking'® 37 42 34 0.5

Migraine headaches?®333* 47 67 34 0.0006%+#*

Skull base pain®® 54 67 45 0.02*
Hypersensitivity

Hypersensitive to light (photophobia) 6l 76 51 0.008**

Hypersensitive to odors (hyperosmia) 50 64 4?2 0.03*

Hypersensitive to noise (hyperacusis) 63 76 55 0.02*
Cognitive dysfunction’” 86 92 82 0.1

Brain fog®° 63 82 51 0.0006***

Struggling to recall names 62 64 61 0.7

Short-term memory impairment 46 54 41 0.2

Impaired mental concentration 65 78 55 0.01**

(Continued)
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Table 2 (Continued).

Signs of Increased Intracranial Pressure (%) All PTCs: Aged | PTCs Aged PTCs Aged Difference
30-69 Years % 30-49 Years, % | 50-69 Years, % | Between Age
N =126 N =50 N=76 Groups
(Significance
Level P < 0.05)
Radicular pain
Cervical pain 73 86 64 0.01**
Interscapular pain 60 67 55 0.2
Upper limb pain 50 6l 43 0.06
Thoracic pain 31 49 20 0.00 | ##*
Cranial nerves®®
I. Olfactory nerve
Decreased sense of smell (hyposmia)®”>® 12 16 10 0.4
11l. Oculomotor, IV. Trochlear motor, VI. Abducens
Diplopia®3° 27 38 19 0.03*
V. Trigeminal nerve
Sensory: face
Facial pain*® 21 31 14 0.02%
Paresthesia in the face 31 40 25 0.1
Motor: muscles of mastication
Bruxism (hyperexcitability of the trigeminal nerve)** | 67 78 49 0.03*
VIIl. Vestibulocochlear nerve
Hearing loss*¢*7%° 39 45 36 0.4
V3, IX, X, XIl. Swallowing problems
Dysphagia® 46 49 44 0.7
Xl. Accessory nerve
Shoulder/trapezius myalgia (hyperexcitability of the 71 78 67 0.2
accessory nerve)

Notes: Significance levels: *p < 0.05; **p < 0.01; **p < 0.001; P values not indicated by asterisk are “NS”.
Abbreviations: CSFP, cerebrospinal fluid pressure; PTCs, patients with Tarlov cysts; N, number of patients.

Materials and Methods
Inclusion and Exclusion Criteria

Female patients aged 30 to 69 years who presented to the outpatient physical medicine clinic with chronic low back pain
or leg pain and had MRI-documented spherical nerve root cysts measuring >7 mm were included. Owing to the
substantial predominance of females presenting with TCs and insufficient data on male patients for statistical analysis,
we limited our study to female participants. A determination of whether the visualized TCs were actually symptomatic
(ie, causing radiculopathy of the corresponding nerve root) was not routinely performed, as this information is relevant

mainly when planning surgery and often requires invasive techniques such as a diagnostic nerve root block.
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Table 3 Symptoms Associated with SFN in PTCs

Prevalence of Symptoms All PTCs Aged | PTCs Aged PTCs Aged Difference
30-69 Years, % | 30-49 Years, %, | 50-69 Years, % | Between Age
N =126 N =50 N=76 Groups
(Significance
Level, P < 0.05)

Neuropathic pain

Spontaneous pain: shooting pain*'"+? 80 89 75 0.06

Allodynia*' ™ 76 80 74 0.5

Stabbing pain of the scalp* 50 64 40 0.01%%

Pruritus*!"* 45 54 39 0.1

Burning eyes*® 31 39 26 0.2

Burning mouth*>4¢~8 28 31 27 0.7

Foot pain*’ 48 55 43 0.3
Sensory symptoms

Paresthesia (tingling)*'*2*¢

Arms*'* 40 55 30 0.009%*

Legs*'** 45 52 40 0.2

Sensory weakness in the lower limbs® 62 66 59 0.6

Sensory weakness in the upper limbs 43 56 34 0.02%*
Visceral pain*’

Stomach pain 62 80 51 0.00 | ***

Intestinal (abdominal) pain or cramps 41 63 28 0.0002#**

Bladder pain*!#7° 40 54 30 0.01**

Anal sphincter pain 22 33 I5 0.03*
Genital pain

Dyspareunia'? 4?2 40 43 0.8

Vaginal pain and vulvodynia*' #3474 20 24 17 0.3
Restless legs*'"™! 54 60 49 0.3
Widespread pain

Fibromyalgia*’>2->4 26 27 25 0.8
Growing pains

Leg pain during childhood growth (growing pains) 51 57 45 0.4
Autonomic dysfunction

Salivary glands

Dry mouth*!=#433 49 49 49 I

(Continued)
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Table 3 (Continued).

Prevalence of Symptoms All PTCs Aged | PTCs Aged PTCs Aged Difference
30-69 Years, % | 30-49 Years, %, | 50-69 Years, % | Between Age
N =126 N =50 N=76 Groups
(Significance
Level, P < 0.05)
Lacrimal glands
Dry eyes*!'=#4%> 49 60 41 0.05*
Laryngeal symptoms
Dysphagia*' 46 49 44 0.7
Gastric disorders*! #4735 79 90 72 0.02*
Gastroesophageal reflux 47 45 49 0.7
Early satiety 41 51 35 0.1
Pyrosis 38 40 36 0.7
Nausea 33 42 26 0.08
Decreased appetite 22 33 15 0.03*
Bowel dysfunction 88 88 88 |
Bloating®' 57 71 48 0.02*
Constipation*! #4955 53 56 51 0.6
Alternating constipation and diarrhea pattern 44 37 49 0.3
Fecal urgency®' 44 48 41 0.6
False urge to defecate 42 4?2 42 |
Irritable bowel syndrome*'*? 35 43 30 0.2
Bladder dysfunction®*+*° 93 94 92 I
Detrusor overactivity: urgency”' 55 69 45 0.01**
Sensation of incomplete emptying*'*’ 51 63 44 0.06
Valsalva voiding*’ 49 58 Y] 0.1
Detrusor overactivity: frequency > 7 times/d 48 64 38 0.009**
Slow emptying49 44 47 42 0.7
Hesitancy*24° 39 45 36 0.4
Cardiovascular symptoms
Orthostatic hypotension*'4%#* 42 64 28 < 0.000 | #¥¥*
Palpitations*? 4> 39 50 31 0.07
Sweating®! 434455
Increased daytime sweating*? 34 34 33 |
Increased nighttime sweating* 51 55 48 0.5
Profuse sweating 30 30 30 |
(Continued)
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Table 3 (Continued).

Prevalence of Symptoms All PTCs Aged | PTCs Aged PTCs Aged Difference
30-69 Years, % | 30-49 Years, %, | 50-69 Years, % | Between Age
N =126 N =50 N=76 Groups
(Significance
Level, P < 0.05)
Thermoregulation
Feeling cold*? 60 68 55 0.2
Hot flashes* ) 40 44 07
Vasomotor
Ice-cold feet 67 78 60 0.05%
Ice-cold hands 53 68 43 0.006%*
Raynaud’s phenomenon affecting the fingers®® 45 58 38 0.05*
Vision
Blurred vision*"** 40 50 34 0.09
Fatigue*25457:8 86 94 80 0.04*

Notes: Significance levels: *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001, P values not indicated by asterisk are “NS”.
Abbreviations: SFN, small fiber neuropathy, PTCs, patients with Tarlov cysts; N, number of patients.

The exclusion criteria were other nerve-compressing pathologies (spinal or neuroforaminal stenosis, or disc hernia),
and past or current chemotherapy.

Questionnaires
During the clinical assessment of PTCs, comprehensive questionnaires evaluating the occurrence of symptoms associated
with TCs, increased CSFP, and SFN were administered. While the surveys used in this study have not undergone prior
validation, they were specifically designed for use with PTCs in the clinical setting and were based on (1) extensive
review of published studies on symptoms associated with PTCs, increased CSFP, and SFN; (2) existing questionnaires,
such as the International Tarlov Cyst Questionnaire, which is used to assess typical TC symptoms preoperatively (F.
Feigenbaum and D. West, unpublished); the International Consultation on Incontinence Questionnaire Female Lower
Urinary Tract Symptoms Modules;*® and a gastrointestinal symptoms questionnaire;*® and (3) the 10 years of clinical
experience with PTCs of the first author (MH).>"'®

For each question, patients could choose from the following response options: “never”, “rarely”, “sometimes”,

LERNT EEENT

“often”, “very often”, “always”, or “not applicable/I don’t know”. The term “sometimes” is ambiguous and lacks clarity;
therefore, the answers “never”, “rarely”, and “sometimes” were coded as “no”, and “often”, “very often”, and “always”
were coded as “yes” to indicate whether the patient experienced a particular symptom. For some symptoms, such as
rotational vertigo, allodynia or out-of-context genital arousal, that are typically absent in healthy individuals, a response
of “sometimes” was included in the incidence group.

Symptoms, such as low back pain, sweating, constipation, and fecal or urinary incontinence, may occur more
frequently in menopausal or aging individuals than in younger individuals. Therefore, two age categories were compared:

3049 years and 50—69 years.

Skin Biopsies
Skin biopsies were collected 10 cm above the malleolus externus via disposable circular 3-mm punch needles. Fixation and
analysis of the samples were carried out at the Department of Pathology, University Hospitals Leuven, Belgium. The punch

2248 s Journal of Pain Research 2025:18
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biopsies were fixed in 4% phosphate-buffered formaldehyde for 6-24 hours and subsequently incubated in a cryoprotective
solution (10% sucrose). Cross-sections of the epidermis were cut at a thickness of 50 um using a cryotome.
Immunohistochemistry was conducted with a polyclonal rabbit antibody raised against Protein Gene Product 9.5 (PGP9.5) (1/
100, DAKO, Glostrup, Denmark) via an automated immunostainer. Prior to analysis, nerve fibers associated with glands and/or
blood vessels were stained to serve as internal controls. The number of nerve fibers penetrating the epithelium was quantified in
three distinct cross-sections.®' The length of the epithelium was measured with ImageJ software (NIH, Bethesda, MD, USA).
Patients with and without SFN were classified according to the quantitative normative dataset of Collongues et al,**
because this statistical model considered age and sex. In some instances, we also referred to the worldwide normative
reference study from Lauria et al,®" as their dataset remains the most widely used dataset in the scientific literature. In this
manuscript, the more common term “5th percentile” was used instead of the “0.05 quantile” term used by Lauria et al®®

for patients whose biopsy results indicated a 95% likelihood of having SFN.

Statistics
Statistical analysis was performed in Python (Version 3.7.6, Copyright (¢) 2001-2019 Python Software Foundation).
Descriptive characteristics and IENFD data are summarized as the means and standard deviations. The IENFD data for each
patient were additionally plotted in Figure 1 alongside the normative data. Symptoms were summarized as a percentage. Patients
who responded “I don’t know” or skipped a response were excluded from the mean and incidence calculations for that symptom.
Medication use may cause side effects, such as sweating, constipation, or difficulty emptying the bladder. Therefore,
all symptoms of patients taking tramadol, opioids, antidepressants, or antiepileptics were compared to those of patients
taking no medication or medications causing less interference, such as paracetamol or supplements.
When comparing differences between two independent patient groups, a z-test was used to compare mean differences
in symptom prevalence, and Fisher’s exact test was used to compare percentages of symptom incidence between groups.
Significant difference levels were reported as meaningful based on a two-tailed test (p < 0.05).
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Figure | Biopsy results of PTCs compared to normative data.
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Results

Descriptive statistics
Age, mean size of the largest TC in each patient, and the prevalence of SFN are detailed in Table 4. The mean age of all
female PTCs was 51.3 £ 9.3 years. The mean TC size in all patients was 17.6 mm. The TC size was 2.4 mm smaller in
the younger group than in the older group; however, the difference was not statistically significant.

In the entire cohort of PTCs, 80% of patients with skin biopsies had an IENFD below the 5th percentile value
according to the quantitative normative dataset of Collongues et al®* In the younger cohort, nearly all patients (94%)
were classified as having SFN, whereas the older cohort had a lower prevalence of SFN (68%).

Symptoms Associated with Tarlov Cysts
The symptoms associated with symptomatic TCs have been extensively described in the literature.'**° The incidence of
these symptoms in our entire cohort of PTCs and in the two age groups is detailed in Table 1. The symptoms included
low back pain (89%); leg pain (77%); difficulty sitting comfortably (93%); difficulty standing (87%); and bladder (93%),
bowel (88%) and sexual dysfunctions (65%). Leg pain and sitting difficulties were reported significantly more often in
the younger age group than in the older age group (p<0.05).

Pain increased with the Valsalva maneuver (62%) or with impacts such as driving on an uneven road (74%).
Additionally, 10% of PTCs had a prior diagnosis of hypermobile Ehlers—Danlos syndrome (hEDS).

When patients with smaller TCs (<15 mm, N=59) were compared with those with larger TCs (>15 mm, N=67), no
relevant significant differences were observed for any of these symptoms (results not shown).

Symptoms Associated with Increased Cerebrospinal Fluid Pressure in Patients with
Tarlov Cysts

Symptoms associated with increased CSFP are described elsewhere.>® The incidence of symptoms possibly associated
with increased CSFP in our PTC cohort is detailed in Table 2. Overall, these symptoms were significantly more prevalent
in the younger age group.

Symptoms due to overload of the (endo-)lymphatic system in the brain were highly prevalent, with episodes of
rotational vertigo (64%) and aural fullness (49%) being the most frequently reported symptoms.

Increased CSFP in PTCs can cause pulsatile tinnitus (59%), fatigue (86%), headaches (57%), and cognitive
dysfunction (86%). Additionally, 18% of all PTCs had been previously diagnosed with chronic fatigue syndrome
(CFS). Increased sensitivity to odors (50%), light (61%), and noise (63%) was observed in PTCs.

Radicular pain unrelated to the location of the TCs but possibly associated with increased CSFP included neck pain
(73%), pain between the shoulder blades (60%), and upper limb pain (50%).

Table 4 Descriptive statistics of Patients with TCs

Variables All Patients Age (Years) Significance Level
with TCs Between Age
30-49 50-69
Groups, P value
Mean size of the largest TC in mm (N) 17.6 £9.3 (126) | 162 £9.4 (50) | 18.6 +9.3 (76) | 0.2*
Range of the largest TC, mm 7-57 7-50 7-57
SFN (Collongues reference data),®* % (N) 80 (75) 94 (34) 68 (41) 0.01**
SFN (Lauria reference data),®® % (N) 72 (75) 97 (34) 51 (41) 0.00 | ***

Notes: Significance levels: *p < 0.05; **p < 0.01; **p < 0.001.
Abbreviations: TCs, Tarlov cysts; mm, Millimeter; N, Number of patients; SFN, Small Fiber Neuropathy.
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Possible cranial nerve irritation due to increased CSFP was most pronounced in the accessory nerve-innervated
trapezius muscles, in which patients reported painful hypertonia (71%). Similarly, hypertonia of the trigeminal nerve-
innervated muscles of mastication was reported, with 67% of PTCs experiencing grinding or clenching.

Symptoms Associated with Small-Fiber Neuropathy in Patients with Tarlov Cysts
The symptoms associated with SFN are detailed in Table 3.

Given that 80% of PTCs with skin biopsies were documented to have SFN, neuropathic pain was prevalent, including
stabbing pain (80%) and allodynia (76%). Visceral pain included stomach (62%), abdominal (41%), and bladder pain
(40%). Visceral pain was significantly more common in the younger age group.

Notably, 26% of all women with TCs were previously diagnosed with fibromyalgia.

Autonomic dysfunctions included dry eyes (49%) and dry mouth (49%), symptoms of stomach dysfunction (79%),
and intestinal (88%) and bladder symptoms (93%).

Discussion

Pathologically increased CSFP is generally believed to be largely responsible for the initiation and growth of TCs by
forcing CSF into the nerve root sheaths. This pressure increase may lead to CSF leakage and accumulation between the
layers of the nerve root sheath, ultimately resulting in sheath dilation.'**°® The DRG blood-nerve interface has
significantly greater permeability and interstitial leakage of fluid and nutrients than the spinal nerve does, which,
under physiological conditions, is necessary to meet the higher metabolic demands of the neurons within the
DRG.”%® Consequently, CSF leakage between the endoneurium and perineurium occurs more readily at the DRG,
leading to the emergence of TCs in this area.'*>**7® Additionally, women exhibit substantially greater vascular
permeability within the DRG than men do.®® This difference may explain why the presence of TCs is notably more
prevalent in women than in men. In a meta-analysis of 13,266 subjects, the prevalence of TCs worldwide was 6% in
women and 3% in men.> Approximately 16-25% of TCs are symptomatic TCs, as these cause clinically significant
radicular pain or motor weakness. Approximately 75% of patients with symptomatic TCs are women,*>->6%"!

The prevailing assumption attributes widespread pain and various symptoms in PTCs to central sensitization triggered
by a prolonged episode of initial pain. However, central sensitization or hypersensitivity in the central nociceptive system
may also be induced and maintained by prolonged peripheral overstimulation or small nerve damage.” For example, the
symptoms of neuropathic pain due to postherpetic neuralgia and complex regional pain syndrome are maintained by
peripheral nociceptive input.”> In PTCs (with or without confirmed SEN), this overstimulation may be prompted by
prolonged irritation, compression and damage of the small nerve fibers or small-fiber neurons due to (moderately)
elevated pulsatile CSFP. CSFP in PTCs, which can dilate nerve root sheaths and cause bone erosion, must be sufficient to
hyperexcite or even damage frail small nerve fibers and sensory fibers in the DRG.'!

Age, Size of Tarlov Cysts and Intraepidermal Small Fiber Density

Table 4 shows the details of the demographic characteristics. The mean age of all female PTCs was 51.3 + 9.3 years, and
the mean largest diameter of TCs in any plane (sagittal, coronal, or axial) was 17.6 = 9.3 mm. The age and TC size of this
cohort are comparable to those in the study by Baker et al,'® which included 65 women with a mean age of 53 + 12 years
and a mean TC sagittal diameter of 17 mm who presented at urogynecology or neurosurgery clinics with symptoms
similar to those of our cohort. In a meta-analysis, radiologic data from 13,266 PTCs were pooled, and the mean pooled
sagittal diameter was 11.86 mm, which was smaller than that reported in our cohort.

The percentage of all patients in our cohort with an IENFD below the 5th percentile for SFN according to the
quantitative normative dataset of Collongues et al®* was 80%, but it was only 72% according to the worldwide normative
reference study by Lauria et al®® (Figure 1).

Previously, we reported preliminary findings on SEN in a small cohort of 17 PTCs.® In 82% of these patients, the
IENFD was below the 5th percentile for age and sex based on Lauria® reference data. Here, we present data from
a significantly larger sample of 75 skin biopsies. This expanded dataset enables more robust and generalizable conclu-
sions, while also confirming and building upon our earlier observations. Furthermore, this manuscript includes an
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analysis of symptom questionnaires from 126 patients treated at our clinic. These surveys were specifically designed to
capture the diverse range of symptoms reported by individuals with Tarlov cysts.

We classified patients using the SFN 5th percentile reference data provided by Collongues,®* because this dataset
includes age-specific data, whereas Lauria et al®® provide data by decade. Moreover, the normative data from Collongues
et al®* were collected from healthy subjects in France, a neighboring country with a comparable ethnicity to that of
Belgium.®> While the use of these criteria may result in a small number of false-positive biopsies compared with Lauria’s
criteria, the impact on this PTCs study is believed to be minimal. Moreover, PGP9.5 staining detects skin nerves that are
sufficiently intact to be identified, but it does not provide information about their functionality.*' This fact may explain
the lack of correlation between IENFD and neuropathic pain reported in previous studies.”

In the younger cohort, almost all PTCs were diagnosed with SEN (97% according to Lauria and 94% according to
Collongues). In contrast, in the older cohort, only 68% of patients were diagnosed with SFN via the Collongues et al®®
data, and only 51% via the dataset of Lauria et al.®> The reason for this difference in SFN diagnoses, which is calibrated
for age using normative data, between older and younger patients is not clear. Further research is recommended to help
explain the vast differences observed between normative and a PTCs population, similar to the one in this study.

Symptoms Associated with Tarlov Cysts

Table 1 provides details on the symptoms associated with TCs. Owing to the primary location of TCs on sacral nerve
roots, symptomatic TCs commonly cause symptoms such as lower back, leg, pelvic, perineal, and genital pain, as well as
bladder, bowel, sphincter, and sexual dysfunctions.z""5

No relevant significant differences in symptom reporting were observed between patients with TCs <15 mm and those
with TCs >15 mm, which is consistent with other studies. Baker et al'” reported no significant associations between TC
size and bowel, sexual, or lumbosacral symptoms, or lower extremity weakness or numbness. The authors reported
a significant association only between urinary symptoms and cyst size. Similarly, Hentzen et al'' reported that
neurophysiology findings did not correlate with the number, size or location of the cysts. In another study in PTCs,
neurophysiological abnormalities were found even in myotomes of non-dilated nerve roots.®’> These results suggest that
the size of the TC is not a criterion for experiencing symptoms. Instead, the pressure inside the TC is likely more
important.

Among neurophysiological studies, the most common abnormalities were observed in sensory evoked potential (SEP)
studies'' and anal reflex studies,® suggesting that the sensory pathways are more susceptible to injury.

In our study, low back pain was reported in 89% of PTCs. It was not specified whether the pain was sacral or lumbar,
as patients are often unable to differentiate. Most TCs are found in the sacrum given the relatively high hydrostatic CSFP
in this area.®*’®’” Leg pain occurred in 77% of patients and may be caused by the involvement of sacral nerves S1 and
S2 and, less frequently, due to the involvement of lumbar nerves. In a previous needle-electrode electromyography study,
the L5 myotome was the most commonly affected lumbar nerve root in TC patients, even when a TC was not visible at
that level.®

A distinct form of pelvic pain is pelvic girdle pain during pregnancy, which is often attributed to mechanical pelvic
instability. In our cohort, 41% of PTCs reported having been diagnosed with pelvic instability during pregnancy
compared to an estimated incidence of 20% in the general population during pregnancy.”® A subgroup of these PTCs
with pelvic pain during pregnancy likely experienced neuropathic pelvic pain, either in isolation or in combination, with
mechanical pain.

Coccygodynia is also often suspected to be a mechanical problem. However, chronic intractable coccygodynia may
have a neuropathic component.”® In the general population, coccygodynia accounts for less than 1% of all non-traumatic
complaints of the spine.®® The high incidence of coccygodynia (59%) in our cohort of PTCs may suggest a neuropathic
component originating from radiculopathy of the nerve roots of the coccygeal plexus.

In PTCs, sensory symptoms in the lower legs included a sensation of weakness (62%), although clinical examination
did not reveal any objective reduction in strength. Difficulty climbing stairs due to this feeling of weakness was reported
in 73%. The term ‘sensory weakness’ is used here to describe the feeling of weakness caused by reduced sensory
feedback. Weakness of the legs was reported significantly more often by younger patients than by older patients.
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Additionally, 49% of PTCs reported experiencing an unsteady gait (sensory ataxia). This may be attributed to the mixed
etiology polyneuropathy in PTC, in which small and large sensory nerve fibers may be involved in sensory ataxia similar
to that observed in diabetes mellitus.®!

Bowel and bladder dysfunction are typically reported in PTCs. However, these symptoms are likely attributable
primarily to autonomic dysfunction from SFN and will be discussed later in this article.

Eleven percent of PTCs reported minor fecal incontinence, and another 11% reported significant fecal incontinence.
Fecal incontinence may be partly attributed to radicular sensory nerve involvement. The S2-S3-S4 anal reflex arc consists
of a sensory limb and a motor limb. Electrophysiological assessment of the anal reflex arc thus incorporates sensory
nerve evaluation, which is an advantage over needle—electrode electromyography, which evaluates only motor innerva-
tion. In a study of the anal reflex in 21 PTCs, 95% showed a delayed anal reflex response unilaterally or bilaterally, and
57% of patients with a delayed anal reflex latency complained of mild to severe fecal incontinence.® Additionally,
Murphy et al’ reported sphincter tone disturbances in 29% of 213 symptomatic PTCs.

In our cohort of PTCs, the incidence of self-reported urinary stress incontinence was 66% and urge incontinence 49%.
This is higher than the incidence of urinary stress incontinence (10-39%) and urge incontinence (1-7%) in the general
population.'® The incidences in our cohort are also higher than those reported by Baker et al'® in women of a similar age
with TCs: stress incontinence in 25% and urge incontinence in 31%. The reason for this discrepancy is unclear. It is
possible that there may have been slight differences in the questions asked between the studies. The incidence of urinary
incontinence was expected to increase with age; however, the rates were not significantly different between the younger
and older PTCs.

In an electrophysiologic SEP study in 65 women with TCs, Hentzen et al'' reported a negative association between
abnormal neurophysiology and urinary incontinence and, therefore, concluded that urinary incontinence is unlikely to be
related to TC-induced nerve damage. However, electrophysiologic anal reflex studies may provide an alternative
explanation. By assessing the integrity and function of the sacral nerves (S2-S4), which are involved in both anal and
urinary sphincter control, a delayed anal reflex can indirectly offer information about the neural mechanisms responsible
for urinary continence. The previously mentioned electrophysiological study of 21 PTCs revealed a delayed anal reflex in
95% of patients, which may suggest a neurophysiological mechanism for urinary incontinence related to TC-induced
nerve sensory damage.®

Sexual dysfunction is common in PTCs.**"!""'® Difficulty reaching orgasm can be due to pelvic or leg pain during
intercourse, or dyspareunia, which was reported in 42% of PTCs; however, it can also be related to genital sensory
disturbances.

Persistent genital arousal disorder (PGAD) is a condition characterized by out-of-context sexual arousal episodes.'?
Out-of-context genital arousal was reported by 27% of PTCs. PGAD has been previously associated with the presence of
TCs. In a recent meta-analysis of 13,266 subjects with TCs, the prevalence of PGAD was 38%.° Feigenbaum and
Boone'* identified 11 patients with PGAD in patients with symptomatic spinal meningeal cysts. Microsurgical treatment
of the cysts cured or significantly reduced PGAD symptoms in 91% of the patients.

Additionally, Oaklander et al'> documented TCs in 4 out of 10 patients with PGAD and concluded that this finding
strengthened the associations between TCs and sensory polyneuropathy and suggested that many cases of PGAD may be
caused by unprovoked firing of small C-fibers in regional sensory neurons that contribute to sexual arousal. Similarly,
Komisaruk and Goldstein®” noted that TCs induced genital radicular neuropathy can stimulate sensory nerves and
produce PGAD symptoms. According to the authors, nerve compression likely represents a continuum from nerve
irritation (hyperstimulation) to nerve damage (hypofunction), which can subsequently lead to nerve hypofunction and
difficulty in achieving orgasm.

Pain in PTCs typically worsens with sitting (93%) and standing (87%). The ability to sit comfortably on a wooden
chair was limited to an average duration of 28.5 minutes.

When changing from the lying position to the sitting position, a caudal shift in spinal CSF volume occurs.
Consequently, the spinal dural sac volume increases, reducing compliance of the spinal CSF space, increasing sacral
pressure and forcing CSF into the nerve root sheaths and the TCs.*® Pain in PTCs also increases during Valsalva
maneuvers and following physical impacts, pregnancy, or trauma.'**>!'® The Valsalva maneuver increases intrathoracic
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and intra-abdominal pressure, leading to a sharp transient increase in CSFP in both the ventricles and lumbar spine.** The
increased CSFP during a Valsalva maneuver may apply additional transient pressure, potentially irritating the small nerve
fibers in the DRG and the communicating TCs, leading to a temporary increase in pain. Moreover, in non-communicating
TCs (ie, those with a valve system), during Valsalva maneuvers, CSF is forced into the TCs but cannot exit quickly.
Therefore, repeated Valsalva maneuvers (coughing, lifting heavy objects) may cause longstanding increased radicular
pain.

Notably, 10% of PTCs in our cohort were previously diagnosed with hypermobile Ehlers-Danlos syndrome (hEDS)
according to the diagnostic criteria for hEDS of the International Consortium on Ehlers—Danlos Syndromes and Related
Disorders.®> Connective tissue disorders have been linked to idiopathic intracranial hypertension (IICH), with complica-
tions such as dural ectasia and TCs being common.'”'**° Additionally, connective tissue weakness allows the nerve root
sheaths to dilate more easily in response to increased CSFP.

Symptoms Associated with Increased Cerebrospinal Fluid Pressure in Patients with
Tarlov Cysts

Table 2 provides details on symptoms that are likely associated with CSFP in PTCs. The role of unrecognized moderately
increased CSFP has been demonstrated in patients with other chronic pain conditions, such as widespread chronic pain,*®
CFS,*'*? chronic refractory migraines,®” and hypermobility syndromes.'” The role of moderately increased CSFP has
also been demonstrated in PTCs via external lumbar CSF drainage or the administration of acetazolamide, both of which
temporarily relieved pain by reducing the CSFP.**°° In the upright posture, pathologically elevated CSFP is most
pronounced in the sacral spinal canal, where most TCs form.**

In the clinical assessment of PTCs in this study, diagnostic tests to confirm a diagnosis of IICH were not conducted.
PTCs are thought to have a moderately increased CSFP. Therefore, papilledema is unlikely to be present. Moreover,
measuring CSFP via lumbar puncture is an invasive procedure associated with potential risks. The opening pressure in
PTC cases is typically less than 25 cm H2O, which does not meet the criteria for diagnosing IICH. In a retrospective
study of lumbar punctures in 15 patients with TCs, the average opening pressure ranged from 11 to 32 cm H20, with
a mean of 18.5 cm H20, which falls at the high end of the normal range.®® The cutoff values used to define IICH have
been debated. Indeed, the intracranial pressure (ICP) is a continuum that lacks a clear cutoff value. Additionally,
papilledema may be absent even if the ICP is greater than the cutoff value.*'

Compared with the older cohort, the younger cohort often presented significantly more frequent symptoms that may
be related to increased CSFP. Symptoms such as neck pain, hearing loss, or cognitive problems are expected to increase
with age; however, the opposite trend was observed. This discrepancy may be because these younger patients often have
a greater physical load because they have a family with children at home, work (either in sedentary or physically
demanding jobs), and manage household tasks. In contrast, the older patients are more likely to be out of employment,
possibly due to sick leave or retirement, and typically do not have children at home to care for. A previous retrospective
study revealed that PTCs were more frequently forced to stop working or reduce their social activities than were those
with chronic low back pain due to other causes.*

(Endo-)lymphatic Overload Symptoms
PTCs frequently present symptoms that are related to overload of the olfactory lymphatic pathway. Nasal congestion,'®”

1920 and sinusitis'®'>*'"?* have been linked to IICH. The mechanism involves CSF drainage along the

20 rhinorrhea
perineural spaces of the cranial nerves, most commonly the olfactory nerve. As the endothelial layer of the olfactory
nerve sheath is thinner in the nasal mucosa and ethmoid sinus, CSF penetrates into the lymphatic pathways of the nasal
submucosa, traveling toward the regional lymph nodes.”’ When the olfactory lymphatic drainage system becomes
saturated with excess CSF, the fluid may leak into the nasal mucosa, leading to mucosal swelling and nasal obstruction.
Leaking of excess CSF into the paranasal and nasal cavities may cause watery rhinorrhea or sinusitis.'™'? In our cohort,
62% of patients experienced rhinitis symptoms (nasal obstruction, rhinorrhea, or both), which is a greater proportion than
that reported in the general population of Belgium.”> The overall incidence of rhinitis in Belgium has been estimated

at 39.2%.
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Notably, 9% of PTCs had already undergone septoplasty due to persistent severe nasal obstruction.

Rotational vertigo occurred in 64% of the PTCs. Hearing loss and vertigo may result from the transmission of
increased CSF pressure to the medial or inner ear via the cochlear aqueduct. Meniere’s disease and IICH share similar
symptoms, such as a greater incidence of vertigo, tinnitus, aural fullness, sensorineural hearing loss, and headache.?’
When lumbar punctures were performed in patients with IICH, vertigo, dizziness, fluctuating hearing loss, tinnitus, and
aural fullness improved.”® Additionally, medical management with diuretics and corticosteroids is similar for both IICH
and Meniere’s disease.”> This mechanism of olfactory overload may also explain the severe ear pressure experienced by
49% of PTCs during airplane flights.

Tinnitus

In our cohort of PTCs, 59% experienced pulsatile tinnitus. Among the younger cohort, the prevalence was greater (74%)
than that in the older cohort (49%). Pulsatile tinnitus is a common symptom of IICH due to increased ICP acting on the
blood vessels near the ear.

Fatigue

Fatigue was reported in 86% of PTCs. Among younger PTCs, 96% reported experiencing fatigue significantly more than
older PTCs did (80%). Moreover, chronic fatigue syndrome was previously diagnosed in 18% of PTCs. Several
researchers have proposed that a subset of chronic fatigue syndrome cases may be linked to moderately elevated
CSFp,18:31:32

Headaches

In our cohort, headaches of any type were reported in 57% of PTCs. Few authors have reported headaches in
symptomatic TC patients, likely because the association of headaches with TCs is unclear. Baker et al'® reported
a headache incidence rate of 35% in PTCs. In our cohort, skull base pain was reported in 54% of patients, occurring
significantly more frequently in younger PTCs than in older PTCs. Patients with IICH present with complaints secondary
to intracranial venous congestion, including headache, skull base pain, morning and nocturnal headaches.'?**?*> A study
in which CSFP was continuously monitored revealed that CSFP increased at night because of increased CSF secretion in
30% of patients,”* which may explain the morning headaches reported in 37% and nocturnal headaches reported 26% of
PTCs.

Chronic migraine may be caused by unrecognized elevated CSFP.** Migraines in PTCs (47%) were reported
significantly less frequently in the older patient group (34%) than in the younger group (67%), which is consistent
with the data of population-based studies on migraine that have shown an improvement in migraine after menopause.
Notably, migraine has also been linked to SFN. In a prospective cohort study of 61 migraine patients, SFN was
documented in 45% of the patients.*> Additionally, symptoms often associated with migraine and IICH, such as
hypersensitivity to light (61%), noise (63%), or odors (50%), were highly prevalent in PTCs.

Cognitive Dysfunction

In our PTCs, brain fog (63%), difficulties with recalling names (62%), short-term memory (46%) or mental concentration
(65%) were highly prevalent, especially among younger patients. There was no difference in cognitive impairment
symptoms between patients taking tramadol, opioids, anti-epileptics, or antidepressants and those not taking these
medications. This suggests, that the impairment is not due to aging or drug side effects. Patients with IICH may also
experience cognitive impairment.*%>-%¢

Radicular Pain

PTCs commonly suffer from low back pain (89%) and leg pain (77%). Additionally, the incidence of neck pain (73%),
arm pain (50%), upper back pain (60%), and thoracic pain (31%) was also notably high. Such symptoms may be caused
by increased CSFP even in the absence of TCs on the cervical or thoracic nerve roots. Several authors have reported
radicular pain in patients with IICH.””"*° Moreover, spinal nerve root sheaths of patients with IICH can be noticeably
dilated,'® and signs of radiculopathy may be observed during electrophysiologic testing.'®""'% Among 101 patients with
IICH, 31% reported neck problems and 22% reported paresthesia. These symptoms resolved immediately following
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lumbar puncture.'® In another study of 165 patients with IICH, 42% reported neck pain, 53% reported back pain, and
19% reported radicular leg pain.*® In these reports, the authors suggested that radicular pain resulted from CSF filling the

nerve root sheaths near the DRG under high pressure.*?7-'°1-193

Cranial Nerve Involvement
Some of the symptoms of PTCs may be attributed to cranial nerve involvement. The perineural spaces of cranial nerves,
including the olfactory, optic, trigeminal, and auditory nerves, involve multiple lymphatic pathways of CSF drainage
toward the lymph nodes.”’ When ICP is chronically elevated, CSF is forced into the cranial nerve root sheaths, which
may compromise the blood supply or cause mechanical pressure on the axons during their intracranial course. Increases
in optic nerve sheath diameter, tortuosity, and papilledema are notable examples of this phenomenon. Although less
visible on MRI than optic nerves, other cranial nerves are likely affected by the forced entry of CSF into their nerve root
sheaths. Symptoms associated with cranial nerve involvement have been described in IICH patients and are prevalent in
PTCs. These symptoms include a decreased sense of smell (olfactory nerves),’” diplopia (oculomotor nerve),?**° facial
pain and paresthesia (trigeminal nerve),*® sensorineural hearing loss (vestibulocochlear nerves),”*’
difficulties,*® all of which have been reported by our PTCS at significant rates (Table 2).

The high incidences of bruxism or clenching (67%) and hypertonia or pain in the trapezius muscles (71%) are also

and swallowing

notable in PTCs. Both symptoms have been reported in IICH patients, as well as in patients with other chronic pain
conditions and CFS.'"® According to our hypothesis, increased CSFP may lead to hyperexcitability of the trigeminal

104

nerve, affecting the muscles involved in mastication,” and the accessory nerve, impacting the upper trapezius muscle,

potentially causing these symptoms.

Symptoms Associated with Small-Fiber Neuropathy in Patients with Tarlov Cysts
Table 3 provides details on neuropathic pain and autonomic dysfunctions associated with SFN in PTCs. Several of these
symptoms occurred more often in the younger cohort than in the older cohort. The explanation may be twofold: first, the
younger cohort likely leads a more physically demanding lifestyle than the older group does; second, nearly all younger
patients were documented as having IENFD values below the 5™ percentile.

SFN is caused by the damage and loss of thinly myelinated Ad- and unmyelinated C-fibers. SFN is a debilitating
condition that leads to alterations in nociceptive processing (pain), thermal sensation, and autonomic function.*' The
autonomic nervous system regulates involuntary physiological processes, including blood pressure, heart rate, respira-
tion, thermoregulation, digestion, lacrimation, urinary motility, visual focusing and sexual arousal, to maintain body
homeostasis. It comprises the sympathetic, parasympathetic, and enteric nervous systems.'® The clinical symptoms of
SFN are the result of conduction impairment and sensitization triggered by neural damage. Length-dependent SFN starts
in the feet and progresses upward, whereas non-length-dependent SFN involves the face, scalp, mouth, trunk, and upper
and lower limbs.** The topographic pattern of non-length-dependent SFN is likely related to ganglionopathy affecting the
small neurons of the DRG,42 such as in PTCs.

Potential Relationship Between Tarlov Cysts and Small-Fiber Neuropathy
The connection between TCs and SFN may involve increased endoneural CSFP in the DRG. Increased amounts of
endoneural fluid distend the nerve; however, the nerve root sheath resists expansion. This resistance leads to an increase
in endoneural fluid pressure, which compresses the penetrating perineurial vessels and consequently decreases blood flow
to the DRG neurons and the thin or unmyelinated nerve fibers.'% Similarly, studies have shown that external mechanical
compression of the DRG by disc herniation results in increased endoneural CSFP. The authors describe this phenomenon
as “closed compartment syndrome in nerve roots”. According to the authors, this elevation in the CSFP may lead to
a reduction in blood flow to the sensory and small-fiber neurons in the DRG, potentially serving as a mechanism
underlying the occurrence of nerve root pain.'’’

In PTCs, the CSFP inside the endoneural space increased to the point that some of the patient’s nerve root sheaths
could no longer resist expansion, leading to their dilation and the emergence of TCs. This internal pressure, which is
strong enough to dilate nerve root sheaths, can also be powerful enough to erode dense bone, emphasizing that it is likely

2256 e Journal of Pain Research 2025:18



Hulens et al

to also damage delicate small nerve fibers and neurons within the DRG, resulting in SFN. As a result of chronically
elevated internal CSFP, small-fiber damage is expected to occur not only within dilated nerve roots but also within nerve
root sheaths that resist that pressure and do not dilate. The increased internal pressure within both dilated and non-dilated
nerve roots is likely why pain in TC patients often does not correlate with the size or location of the TCs, as noted by
several authors.®!%11:63-108:109 ginilarly. Hentzen et al'' reported that SEP abnormalities and clinical sensory examina-
tion findings do not correlate with TC location. As a consequence, pain in PTCs can develop anywhere in the body in
a non-length-dependent topographic pattern.*’

Approximately 50% of SFN cases are idiopathic.** The mechanism of (moderately) increased CSFP may explain
a subset of these idiopathic cases of SFN. SFN in PTCs may help explain why surgery on TCs often fails to produce the
expected outcomes, such as pain reduction.

Interestingly, there is a striking similarity between the process of CSF accumulation in the DRG in PTCs and
glycolipid accumulation in the DRG of patients with Fabry disease, an inherited lysosomal storage disorder associated
with painful neuropathy. Using magnetic resonance neurography, significantly enlarged DRGs have been documented in
female patients with Fabry disease compared with those of matched healthy women. These dilations were most likely due

to severe glycolipid accumulation.''”

Neuropathic Pain

Common neuropathic pain symptoms in patients with SFN include shooting pain, allodynia, and paresthesia.*' **
Shooting pain was confirmed in 80% of PTCs, and allodynia was confirmed in 76% of PTCs. Paresthesia occurred
not only in the legs (45%), as might be expected in PTCs, but also almost equally in the arms (40%). Additionally, 62%
of patients reported a sensation of weakness in the legs, and 43% reported a sensation of weakness in the arms.

Specific types of pain associated with SFN were also reported by PTCs. They included stabbing pain on the scalp in
50% of the PTCs, pruritus in 45%, and severe burning of the eyes in 31% and mouth in 28%.*'*3-*>*%!!! Neuropathic
pain in the feet is typically associated with length-dependent SEN* but was also reported by 48% of PTCs, who are
probably more likely to have non-length-dependent SFN.

Visceral pain and visceral hypersensitivity are mediated by small fibers.*’ In our cohort of PTCs, reported visceral
pain included stomach (62%) and intestinal pain (41%). These symptoms were significantly more prevalent in the
younger patient cohort. Other symptoms in PTCs, including bladder pain (40%) and vulvodynia (20%), have previously
been associated with SFN.*!#3474%50 Dyspareunia occurred in 42% of PTCs and was equally prevalent in both the
younger and older groups, suggesting that dyspareunia cannot be attributed solely to declining estrogen levels and
vaginal atrophy during menopause.

To our knowledge, restless leg symptoms have not been previously reported in PTCs. However, in our cohort, 54% of PTCs
experienced these symptoms. Restless leg syndrome has also been linked to SEN, possibly as a form of neuropathic pain.*!-*!

In this study, 26% of PTCs were previously diagnosed with fibromyalgia. This association may be expected, as,
similar to fibromyalgia, PTCs report unexplained widespread pain. Moreover, up to two-thirds of fibromyalgia patients
have been diagnosed with SFN,''? and it has been documented that 39% of patients previously diagnosed with
fibromyalgia also exhibit TCs."'"?

Growing pains, defined as recurrent lower limb pain during childhood, was reported in 51% of PTCs. Despite
numerous cases of growing pains documented in the international literature, their exact nature and etiology remain
unclear. In a retrospective study of 532 Mediterranean children aged 4-12 years, the incidence of growing pains was
25%.'"* Given the high percentage of childhood leg pain in PTCs, this symptom may be neuropathic pain associated with

early-stage small fiber involvement.

Autonomic Dysfunction

Autonomic dysfunction of the lacrimal glands, causing dry eyes, and salivary glands, causing dry mouth, have been
reported in patients with SFN.*'"**>> In our cohort of PTCs, 49% reported one or both of these symptoms. Compared
with the older age group, dry eyes were significantly more prevalent in the younger age group. Therefore, these
symptoms cannot be attributed to aging alone.
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There was also a high incidence of symptoms suggesting autonomic dysfunction of the gastrointestinal tract. One or
more symptoms indicating gastric dysfunction were reported in 79% of PTCs. Slow gastric emptying has primarily been
studied in diabetic patients with SFN.*'***4%> Symptoms indicating bowel dysfunction were reported by 88% of PTCs,
including bloating (57%), constipation (44%), constipation alternated with diarrhea (44%), fecal urgency (44%), and
false bowel movements (42%). Murphy et al” reported bowel dysfunction in 29% of 213 patients with symptomatic TCs.
As a consequence of these bowel symptoms, patients with SFN are often (mis)diagnosed with irritable bowel
syndrome.*"*” In our cohort, 35% were diagnosed with irritable bowel syndrome.

Symptoms indicating bladder dysfunction were reported in 93% of PTCs. Autonomic dysfunction can play
a significant role in the development of these bladder symptoms.*'***° Detrusor muscle contraction during voiding is
mediated by the parasympathetic innervation derived from the sacral spinal cord roots (S2, S3, and S4). Our findings are
consistent with those of Hentzen et al,'' who utilized the Urinary Symptom Profile questionnaire’'® and reported that
93% of 65 women with TCs experienced voiding difficulties.

When our cohort was compared with the cohort of 65 female PTCs studied by Baker et al,'® the incidence of urinary
urgency (54% vs 55%) and frequency (48% vs 48%) did not differ. However, urinary hesitancy was reported in 18% of
the women in Baker’s cohort versus 39% in our cohort. Murphy et al” reported bladder or urinary sphincter symptoms in
43% of 213 PTCs. The lower percentage of patients with bladder symptoms in Murphy’s cohort than in our cohort (94%)
is likely because we inquired more specifically and in detail about the possible symptoms. Valsalva voiding was reported
in 49% of our cohort, which is comparable to the 48% reported by Hentzen et al'' in a urodynamic study of 56 women.

Cardiovascular symptoms that may be precipitated by autonomic dysfunction were prevalent in our cohort.*'~#+3°
The most prevalent symptoms among the younger PTCs were orthostatic hypotension (64%) and palpitations (50%).

Thermoregulation and sweating abnormalities have been reported in patients with SFN.*'"**5° Feeling cold was
reported by 60% of PTCs, and hot flashes were reported by 42%, with no statistically significant difference in the
incidence between the younger and older cohorts. Similarly, profuse daytime sweating (34%) and nighttime sweating
(51%) did not differ between the age groups, indicating that menopause was not the main reason for hot flashes or
sweating. On the other hand, patients who chronically used tramadol, opioids, antidepressants, or antiepileptics reported
significantly more sweating than those not taking these medications did (63% vs 40%, p<0.05).

Primary Raynaud’s phenomenon is characterized by pallor of the fingers in response to cold and is a common feature
of systemic sclerosis. However, Raynaud’s phenomenon has also been associated with autonomic nervous system
abnormalities, with both autonomic small fibers and sensory nerve fibers believed to play a role.’® This theory could
explain why 45% of all PTCs reported experiencing Raynaud’s phenomenon, with significantly more in the younger age
group (58%) than in the older age group (38%).

Intermittent blurred vision that could not be corrected by using lenses or glasses was confirmed in 40% of PTCs. The
autonomic nervous system controls the physiological functions of the eye, including the regulation of lens
accommodation.''® Blurred vision has been described in patients with SEN.*!** There was no statistically significant
difference between age groups, indicating that aging was not the main cause of these visual disturbances.

Limitations
Normative IENFD data from healthy control subjects from our anatomopathological laboratory for comparison with the
data from PTCs are lacking. Therefore, we compared the IENFD of PTCs to the quantitative normative dataset by

1% and to the data of the worldwide normative reference study by Lauria et al®* However, minor technical
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differences between laboratories may lead to variations in IENFD outcomes. An additional test, such as the sympathetic
skin response, could serve as a complementary neurophysiological tool for assessing C-fibers and sensory pathways, both
of which are affected in PTCs.'!"-!'®

Additionally, in this study, we used self-composed questionnaires that have not been previously validated. While
these tools were tailored specifically for the clinical assessment of PTCs, the lack of prior validation may affect the
reliability and validity of our findings. Future research should include steps to validate these instruments.

Despite the limitations, we have ensured rigor by objectively confirming the presence of TCs on the MRI and

assessing IENFD. To improve the testability of our results, we suggest designing a prospective study that would allow for
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better patient selection, minimization of recall bias, and the inclusion of supplementary tests such as the sympathetic skin
response or thermal sensory threshold testing in PTCs.

Conclusion
A high prevalence of SFN was documented in PTCs, with 80% falling below the 5th percentile as defined by Collongues
et al.® It is widely accepted that (moderately) elevated pulsatile CSFP within the nerve root sheaths contributes to TC
formation at the DRG by gradually distending the nerve root sheaths. This chronically elevated pressure may also lead to
small-fiber dysfunction by irritating, compressing, and ultimately damaging small fibers in the DRG, resulting in SFN.
While TCs identified on MRI are often reported as incidental findings and may be asymptomatic, individuals with TCs
frequently report symptoms such as headaches; fatigue; cognitive issues; widespread neuropathic pain; and dysfunctions
in bladder, bowel, sphincter, sexual, and autonomic functions. These symptoms are consistent with those previously
documented in PTCs, IICH patients, or SFN patients. Thus, TCs observed on MRI, regardless of whether they are
symptomatic, should not be evaluated in isolation since they may be indicative of a broader systemic condition involving
elevated CSFP and SFN.

Future research should focus on developing a tool capable of continuously and accurately monitoring CSFP in PTCs,
allowing for the study of its effects on sensory fibers and nerve root sheaths, and enabling a more objective assessment.
Currently, no such non-invasive measurement method exists.
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