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Purpose: Tarlov cysts (TCs) are dilated nerve root sheaths originating from increased cerebrospinal pressure. Patients with TCs often
complain of neuropathic pain and paresthesia. The aim of this study was to retrospectively review intraepidermal nerve fiber density
(IENFD) and electrodiagnostic (EDX) data from TC patients.

Patients and Methods: Lower leg skin biopsy results and EDX data from the L2-S4 myotomes of patients with lumbar or sacral
TCs >8 mm were retrieved from a database of a physical medicine clinic. Patients with compressive pathology, diabetes mellitus and
chemotherapy were excluded.

Results: IENFD data from 17 patients and EDX data from 24 patients with TCs >8 mm were available. The mean age was 47 £ 10y,
and 83% were women. In 82% of patients, the IENFD was below the 5th percentile by age and sex. EDX showed increased Hoffmann
reflex latencies in 25%, increased anal reflex latencies in 95%, and a patchy distribution of neurogenic motor unit potentials in 100%.
More than 50% of needle EMG abnormalities appeared in myotomes unrelated to the location of the TCs.

Conclusion: Small- and/or large-fiber neuropathy was documented in a significant proportion of patients with TCs. The novel
findings may add to the understanding of the mechanisms involved in symptomatic TCs. We propose that pathologically elevated
cerebrospinal fluid pressure not only dilates some of the nerve root sheaths to form TCs but also potentially damages axons in
nondilated nerve root sheaths and neurons in the dorsal root ganglia.
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Introduction
Tarlov cysts (TCs) or perineural cysts are dilations of nerve root sheaths near the dorsal root ganglion containing nerve
roots and neurons. The dilations are assumed to originate from moderately pathologically increased pulsatile cerebrosp-
inal pressure forcing cerebrospinal fluid (CSF) into the nerve root sheaths. Nerve root dilations occur more frequently in
the sacrum, where the hydrostatic pressure is the highest.'" The prevalence of TCs > 5 mm on lumbar and sacral
magnetic resonance imaging (MRI) performed for any reason is 13%.* TCs produce symptoms more frequently than
generally assumed.” It has been estimated that approximately 25% of TCs are symptomatic and that an unknown
percentage of asymptomatic TCs may become symptomatic later in life.®

Both large- and small-fiber neuropathy (SFN) have been documented in other chronic painful conditions, such as
fibromyalgia’~® and Ehlers-Danlos syndrome.'®'" Additionally, a high prevalence of TCs was found among patients with
fibromyalgia (39%)'? and there is some evidence of an association of TCs with connective tissue disorders, such as

o 1
hypermobility-type Ehlers—Danlos syndrome and Marfan syndrome."?
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Patients with TCs may show signs of motor nerve involvement, including radicular symptoms, sphincter dysfunction,
or objective muscle weakness.'*!® Similar to patients with SFN, TC patients frequently complain of burning pain and
paresthesia in the lower legs and feet.'* The latter symptoms could not always be linked to the presence of TCs and were
suspected to be more likely related to small fiber neuropathy. Therefore, in the diagnostic workup, electrodiagnostic
(EDX) tests or skin biopsies to assess intraepidermal nerve fiber density (IENFD) were performed.

The aim of this exploratory study was to retrospectively review IENFD analyses and EDX data assessing lumbar and
sacral nerve root abnormalities in symptomatic TC patients.

Materials and Methods
The literature search for this manuscript used the MESH terms “Tarlov cysts”, “small fiber neuropathy” and “electro-
diagnosis” or “EMG”. The literature was accessed using PubMed and Web of Science.

In this retrospective study, IENFD and EDX assessments of patients with chronic pain and with evidence of TCs on
MRI were selected from the database of an outpatient physical medicine clinic from January 2016 to February 2021. The
diameter of the TCs was measured on all available planes (sagittal, axial, and coronal planes), and the largest diameter of
each TC was reported.

The inclusion criterion was the presence of lumbar or sacral cystic lesions >8 mm. In the literature, there is no
consensus regarding the size at which nerve root dilation is termed TC. One study reporting on the prevalence of TCs
used 5 mm as the lower limit.* However, most studies consider larger TCs. Therefore, we chose 8 mm as the lower limit
for the inclusion of TCs in this study.

The exclusion criteria were compressive pathology, diabetes mellitus and past or current chemotherapy.

Skin biopsies were taken 10 cm above the malleolus externus using disposable circular 3-mm punch needles. Fixation
and analysis were conducted in the Department of Pathology of UZ Leuven. Punch biopsies were fixed in 4% phosphate
buffered formaldehyde for 6-24 hours and then incubated in a cryoprotective solution (10% sucrose). Cross section of the
epidermis was cut at a thickness of 50 um with a cryotome. Immunohistochemistry was carried out with a polyclonal
rabbit antibody raised against Protein Gene Product 9.5 (1/100, DAKO, Glostrup, Denmark) using an automated
immunostainer. It was first ensured that nerve fibers associated with glands and/or blood vessels were stained as internal
controls. The number of nerve fibers that entered the epithelium was counted in three different cross-sections.'® The
length of the epithelium was measured using ImageJ software (NIH, Bethesda, MD, USA).

EDX was performed by an expert electrophysiologist at UZ Leuven. A Natus Synergy electromyography machine
(Natus Medical Incorporated, 6701 Koll Center Parkway Suite 120, Pleasanton, CA, USA) with filter settings of 20—
20,000 Hz was used with Natus disposable concentric needle electrodes (30 G, 25-mm length).

IENFD was compared with sex- and age-specific normative values according to the Worldwide Reference Study of
Lauria et al.'” Values < 0.05 quantile for sex and age were considered a sign of SFN. Note that in this manuscript, the
more common term of “5th percentile” will be used instead of the “0.05 quantile” term used in Lauria et al’s'” paper.

Nerve conduction studies included the sural nerves, fibular motor nerves, S1 Hoffmann reflexes and anal reflexes.

Needle EMG included the vastus medialis (L3), vastus lateralis (L4), extensor digitorum (L5), tibialis anterior (L4-
L5), gastrocnemius muscle medial head (S1), tibial nerve-supplied intrinsic foot muscles (S2), and external anal sphincter
(S2, S3, S4).

During needle EMG, abnormal spontaneous activity at rest and the presence of >50% polyphasic motor unit potentials
during contraction were considered pathological.'® Electrodiagnostic abnormality severity scores in each myotome were
labeled as follows: 0 = normal; 1 = slight (=50% polyphasic MUPs); 2 = moderate (>75% polyphasic MUPs); 3 = severe
(>290% polyphasic MUPs).

For the anal reflex assessment, the EMG needle was inserted on the left and right sides of the anal sphincter at the
mucocutaneous junction at a depth of 3 mm. Electrical stimulation with a maximal pulse (300 V, 35 mA) and 1-ms
duration was applied caudally on the sacral midline. Latency was calculated from onset of the stimulation artifact to onset
of the reflex response.'”

Pearson correlation coefficients between the size of the TCs and the anal reflex parameters, and Spearman correlation
coefficients between the size of the TCs and the severity of needle EMG abnormalities in the corresponding myotomes
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were calculated. For the calculation of the Pearson correlation coefficients between the size of the S2-S4 TCs and EMG
abnormalities in the anal sphincter or the anal reflex latency, the largest TC of the S2, S3, or S4 nerve roots was
considered because of their shared innervation of the anal sphincter.

Because of the retrospective nature of the study, the available MRIs were not intended for the visualization of sacral
nerve roots. Thus, not all nerve roots were sufficiently visible to be measured. All nondilated lumbar and sacral nerve
roots were included in the calculation using a uniform estimated mean diameter of 4 mm.

Analyses were performed using SAS software (version 9.4, SAS System for Windows).

The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Ethics
Committee Research of University Hospitals Leuven (protocol code S65053; date of approval: March 1, 2021). Patient
consent was waived due to the retrospective nature of the analysis based on existing data. Patient data were accessed in

compliance with relevant data protection and privacy regulations.

Results

In total, 31 patients with symptomatic TCs were included (26 women and 5 men; mean age 47/+10 years; range 31-74
years). EDX data from 24 patients (20 women and 4 men) and IENFD analyses from 17 patients (15 women and 2 men)
were available. Eleven patients had undergone both IENFD and EDX studies.

The TCs were most frequently located on S2 nerve roots. The mean size of TCs showed a caudo-rostral gradient, with
the largest TCs on S3 and S4 nerve roots and the smallest on L4 and L5 nerve roots. Table 1 displays the number and
mean size (+ standard deviation) of the TCs.

Table 2 shows the results of IENFD analyses of the skin biopsy of 17 TC patients. IENFD was <5th percentile for age
and sex in 82% of patients. The remaining samples showed IENFD values slightly above the 5th percentile.

Table 3 shows the EDX test results. Sural nerve latency was delayed (>3.6 ms) in one patient (6%), and amplitude
was low (< 6 pV) in two patients (13%). Hoffmann reflexes were delayed in 25% of TC patients, and anal reflexes were
delayed in 95% (38% unilaterally; 57% bilaterally).

Twelve of 21 patients (57%) with delayed anal reflex latency complained of mild (48%) to severe (10%) fecal
incontinence.

Resting needle EMG showed fasciculation potentials in the S1 myotome in 14% and in the S2 myotome in §6% of
patients. EMG during voluntary contraction showed patchy neurogenic motor unit potentials in the L2—S4 myotomes in

all patients.

Table | Number and Size + Standard Deviation of TCs in 3| Patients on 62 (Left + Right) Nerve Roots
from L2 to S4

Nerve Roots Number of TCs Mean Size (mm) Range (mm)
L2 0

L3 0

L4 3 8712 8-10

L5 I 85+ 0.8 8-10

| 24 10.8 + 2.6 8-17

S2 28 12.6 £ 6.2 8-34

S3 23 145 + 6.1 8-35

S4 6 143 + 34 10-20

Abbreviation: TCs, Tarlov cysts.
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Table 2 Age, Results of IENFD Analyses, Mean Number of ESF/mm and 0.05 Quantile ESF/Mm Values for Age and Sex in Lower Leg Skin Biopsies of 17 Patients with TCs

Patient Code (Agein | A(61) | B(43) | C(38) | D(42) | E(4]l) | F(49) | G(41) | H@42) | 1(61) | J(47) | K(54) | L(42) | M(42) | N(38) | O (43) | P (58) | Q (50)
Years)

ESF/mm 1.57* 5.71 5.24%* 1.83* 5.37* 2.49% 0.71* 4.6* 335 1.05% | 3.7 3.16* 2.72% 2.7% 1.88* 3.25% 1.65%
5th percentile 32 5.7 7.1 44 5.7 5.7 5.7 5.7 32 5.7 35 5.7 5.7 7.1 7.1 43 5.7

Note: *< 0.05 percentile.
Abbreviations: [ENFD, intraepidermal nerve fiber density; ESF/mm, epidermal small fibers per millimeter; TCs, Tarlov cysts.
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Table 3 Results of Nerve Conduction Studies and Needle EMG in 23 Patients with TCs

Nerves Number of Patients with EDX
Abnormalities/Total Number of
Patients Examined and %

Nerve conduction studies

Sural nerve
Latency 2 3.6 ms (14 cm) 1716 6%
Amplitude < 6 pv 2/16 13%

Peroneal nerve
Conduction velocity > 39 m/s or latency > 6 ms 0/19 0%
Amplitude < 1000 pV 1719 5%

Hoffmann reflex
Latency 2 32 ms; left/right difference > 2 ms 5/20 25%

Anal reflex

Latency > 40 ms (or > 45 ms in women who have given birth vaginally); 20/21 95%

left/right difference > 6 ms

Amplitude: left-right difference 2 500 pV 15/21 71%

Needle EMG = 50% neurogenic motor unit potentials Mean severity score
(0-3)

L2 (rectus femoris m.) 1718 6%

L3 (vastus medialis m.) 0/18 0%

L4 (vastus lateralis m.) 5/18 29% 0.3

L5 (extensor digitorum longus m.) 13/18 72% 0.6

S| (medial head of gastrocnemius m.) 4/20 20% 0.1

S2 (flexor hallucis brevis m.) 18/22 82% 1.1

(S2) S3, S4 (external anal sphincter) 18/22 82% 1.1

Notes: Severity scores: 0 = normal; | = slight (250% polyphasic MUPs); 2 = moderate (275% polyphasic MUPs); 3 = severe (290% polyphasic MUPs) abnormalities.
Abbreviations: ms, milliseconds; pV, microvolts; m, meters; s, seconds; EMG, electromyography; MUPs, motor unit potentials.

There was no correlation between TC size and the severity of needle EMG abnormalities or between TC size and anal
reflex latency or amplitude (Table 4).

Only in 43 myotomes did the needle EMG abnormalities correspond to the location of the TCs. Fifty-three myotomes
showed EMG abnormalities without corresponding TCs, and 39 TCs were documented on nerve roots without EMG

abnormalities in the corresponding myotomes.

Discussion

This retrospective study documents SFN in 82% and EDX abnormalities in 100% of patients with lumbar or sacral TCs
measuring >8 mm. To our knowledge, SFN in patients with TCs has not been reported in the literature. Furthermore,
representative EDX data in this population are scarce.

Tarlov Cysts

TCs are dilated nerve root sheaths resulting from pathologically increased CSF pressure. Initially, a connection exists
between the dilating nerve root sheath and the subarachnoid space of the spinal canal. In some cases, this connection may
become narrowed. As a consequence, CSF is forced into the TCs; however, it is blocked from exiting the cyst (valve
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Table 4 Correlations Between TC Size and Severity of EDX Abnormalities and Between TC Size and Anal Reflex Parameters

Nerve Needle EMG Spearman 95% Confidence P value | N. Patients | N. Obs.
Roots Correlation Interval

L4 Vastus lateralis muscle 0.21 —0.13-0.50 0.22 18 36
L5 Extensor digitorum longus muscle 0.08 —0.25-0.40 0.63 18 36

S Medial head of gastrocnemius 0.32 —0.00-0.57 0.05* 20 39

muscle

(S2), S3, S4 External anal sphincter 0.09 —0.22-0.38 0.57 22 44
Nerve Anal Reflex Pearson correlation 95% Confidence P value | N. patients | N. obs.
roots interval

(S2), S3, S4 Anal reflex latency 0.33 0.02-0.57 0.03* 21 42
(S2), S3, S4 Anal reflex amplitude 0.25 —0.52-0.07 0.12 20 40

Note: *Statistically significant.
Abbreviations: N. patients, number of patients; N. obs., number of observations.

mechanism). As a result, the rising pressure within the TC may compress the nerve root fibers inside, causing radicular
pain in the corresponding dermatome.

In general, large TCs (>20-30 mm) are more often valved cysts because the pressure inside is higher than that in
nonvalved cysts, causing them to grow faster. These valved TCs are rare; however, they are typically reported in the
literature because the link between such TCs and symptoms is apparent.*'>*° However, small TCs and TCs open to the
spinal subarachnoid space (nonvalved cysts) may cause significant pain, as has been observed previously,>*%?' although
the reason is currently unclear.

Using conventional MRI images, our study was unable to differentiate between valved and nonvalved TCs. For this
differentiation, CT or MRI myelography with intrathecal contrast injection is needed. Late filling (after several hours) of
a TC indicates a valve mechanism.’ These imaging procedures were not implemented in our study due to the invasive
nature of intrathecal contrast injection.

Small-Fiber Neuropathy

SFN is the consequence of damage to small-diameter thinly myelinated Ad- and unmyelinated C-fibers. Small fibers are
responsible for nociceptive processing, thermal sensation, and autonomic function.”> SFN may produce debilitating
sensory symptoms, including burning pain, hyperesthesia, and dysesthesia.”> Approximately half of SFN cases are
idiopathic.?***

The assessment of [ENFD at the lower limb by the immunohistochemical analysis of skin biopsy samples has become
the gold standard to confirm damage to the small nerve fibers.>

In our cohort of patients with TCs and chronic pain, a significant percentage had IENFD below the 5th percentile for
the diagnosis of SFN, whereas the remaining percentages were at or only slightly above the 5th percentile for their age
and sex.

Visceral sensory and autonomic neurons contribute to visceral reflex arcs, such as defecation and micturition. Thus,
injury to small visceral fibers may explain why patients with TCs often suffer bowel, bladder and sphincter dysfunction.
Based on our findings, other characteristic TC symptoms may be related to SFN, including perineal pain, leg weakness,
restless legs, paresthesia, neuropathic pain, bladder pain, sexual dysfunction, chronic prostatitis, chronic pelvic pain and

vulvodynia.>***>
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Large-Fiber Neuropathy

The sural nerve contains fibers of nerve roots S1 and S2. Despite the fact that TCs were prevalent on S2, we documented
delayed sural nerve response latency in only 6% and low sural nerve amplitudes in only 13% of patients. It is possible
that in most patients, sural nerve conduction and amplitude were normal because the S1 nerve fibers were not affected.

An EDX study by Cattaneo et al*® in 11 TC patients documented more prevalent sural nerve abnormalities (50%).
The study also revealed a correlation between the side of sural nerve abnormalities and the location of the TCs.
However, no correlation between TC size and the severity of EDX abnormalities was observed.?® The reason why sural
nerve abnormalities were more prevalent in the latter study than in ours may be due to the larger size of the TCs in that
study. In Cattaneo et al’s*® study, the TC size ranged from 20 to 30 mm. As mentioned previously, large TCs more
frequently tend to be valved cysts, in which the pressure inside rises to high levels and, therefore, creates greater
compression of the nerve root inside. Due to their size, large TCs may also compress neighboring nerve roots, such as
nerve root S1.

In our study, only 1 patient with a large TC (34 mm) underwent sural nerve response testing. This patient indeed
showed a delayed sural nerve response on the same side as the large TC.

Our study revealed normal motor fibular nerve conduction in 95% of patients. This is in agreement with two studies
conducted in 11 TC patients®® and in 32 TC patients.” Motor nerve conduction was within normal limits in all patients.

We documented delayed S1 Hoffmann reflexes in 25% of patients (6 patients). Only two of these 6 patients showed
needle EMG abnormalities in the corresponding S1 muscles, possibly indicating sensory S1 radiculopathy. In the
literature, only one publication on a delayed Hoffmann reflex with associated needle EMG abnormalities in one TC
patient was available.”®

The (S2)-S3-S4 anal reflex arc consists of a sensory limb and a motor limb. Assessing the anal reflex thus has the
advantage of including the sensory nerve, whereas needle EMG evaluates only motor innervation.””° Moreover, for
electrophysiologists, the anal reflex is easier to measure and interpret than needle EMG of the external anal sphincter.

In our study, 95% of patients showed significantly increased anal reflex latency. No prior anal reflex studies in TC
patients are available in the literature.

A delayed anal reflex affects bowel continence. In our study, 57% of patients with unilaterally or bilaterally delayed
anal reflex latency complained of mild to severe fecal incontinence. This is in accordance with other studies, in which
clinically, mild to severe fecal incontinence was reported in 55 to 65% of patients with TCs.'*!*

From these retrospective findings of anal reflex abnormalities in such a high percentage of TC patients, we propose
that EDX anal reflex testing may be an additional objective tool for the diagnosis of symptomatic TC disease.

We found a diffuse, patchy distribution of needle EMG abnormalities in the lumbar or sacral nerve roots in all patients
with TCs.

Additionally, we found only a weak significant positive correlation between S1 TC sizes and the severity of needle
EMG abnormalities (0.32; p=0.05), and only a weak significant positive correlation between S2, S3, S4 TCs sizes and
anal reflex latency (0.33; p= 0.03). This finding is in agreement with previous findings on this discordant
relationship.”®>' Naderi®' asserted that fluctuations in pain severity and lack of correlation between radiological findings
and symptomatology are the main characteristics of TCs. Lim et al>* found a discordant relationship between TCs and
pudendal neuralgia. In a meta-analysis of 22 radiological studies, Klepinowski et al** found a correspondence with
symptoms in only 16% of TCs.

Clinically, small TCs are assumed to be harmless, while large TCs are able to compress neighboring nerve roots
(external compression). However, a TC is a dilated nerve root sheath. Therefore, compression of nerve root fibers and
neurons occurs inside the cyst (internal compression).

We propose that the increased pulsatile spinal CSF pressure forcefully dilates some of the nerve root sheaths to
initiate TC formation. Indeed, it has been documented that patients with idiopathic intracranial hypertension often have
radicular symptoms and that nerve roots may be significantly dilated. Moreover, in patients with intracranial
hypertension, paresthesia, and lower back pain may resolve following lumbar puncture with spinal fluid
evacuation.**>?At the same time, the increased spinal CSF pressure may also compress or damage axons and neurons
inside both dilated and nondilated nerve root sheaths.
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These effects of moderately pathologically increased CSF pressure in patients with TCs can be compared with the
effects of moderately increased blood pressure on the blood vessels. Moderate arterial hypertension may dilate some but
not all arterial blood vessels, resulting in the formation of aneurysms.*’ At the same time, moderate arterial hypertension
progressively damages the inner layer of both dilated and nondilated blood vessels to cause atherosclerosis.

Damage to axons and neurons due to increased CSF pressure in both dilated and nondilated nerve root sheaths may
explain the discordant relationship between TC location or size and EDX abnormalities or pain.

Weaknesses of the Study
The main limitation of this study is the lack of data from healthy control subjects. Therefore, we compared IENFD with
normative values from the Worldwide Reference Study,'” and we compared EDX results with generally accepted
normative values in the literature.'®'’

Additionally, because this was a retrospective study, some data were missing, such as pain scores or the side on which
the skin biopsy was taken. Thus, we were unable to correlate these data with TC size or location.

This exploratory study involved a relatively small sample of TC patients. Interpretation of such information can be

biased, and the results cannot be accurately extrapolated to the general population.

Conclusions
This retrospective study documented signs of SFN in most patients and large fiber neuropathy in all patients with TCs >
8 mm. This is the first study to report SFN in patients with TCs, and ours is the largest TC cohort in which both nerve
conduction and needle EMG data have been reported.

From our findings, we propose that [IENFD measurement in lower leg skin biopsies and EDX of lumbar and sacral
nerve roots (in particular anal reflex latency) can be considered reliable diagnostic tools for symptomatic TCs.

We propose that the same moderately increased pulsatile CSF pressure that initiates TC formation also damages
axons and neurons inside nerve root sheaths and dorsal root ganglia.

Abbreviations
TCs, Tarlov cysts; IENFD, intraepidermal nerve fiber density; EDX, electrodiagnosis; CSF, cerebrospinal fluid; MRI,
magnetic resonance imaging; SFN, small fiber neuropathy.
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