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Abstract
Tarlov cysts were thought to be anatomic variants of uncertain etiology and clinical significance when initially described 
over 80 years ago. They are often detected in routine lumbosacral imaging and generally not reported in a differential 
diagnosis. There is increasing evidence that at least some Tarlov cysts are symptomatic and can have a significant adverse 
impact on patients’ health and well-being. Women are disproportionately affected with this condition, often presenting with 
long-standing pain and neurological dysfunctions. Significant gender bias has been a concern in the management of these 
patients. Unfortunately, there is no consensus on patient selection or management approaches for symptomatic Tarlov cysts. 
This review article updates information on the prevalence, diagnosis, clinical significance, and treatments of these cysts. 
Based on these findings and experience with over 1000 patient referrals, a treatment decision algorithm for symptomatic 
Tarlov cysts was constructed to provide guidance for appropriate management of patients with these complex cysts.

Keywords  Tarlov cysts · Cerebral spinal fluid · Coccygodynia · Fibrin sealant · Magnetic resonance imaging · Sacral 
dermatomes

Introduction

In 1938, Isadore Max Tarlov, a McGill University neurosurgeon 
in Montreal, Quebec, Canada, first characterized perineural cysts 
of the sacral roots that bear his name in cadavers that he dis-
sected at the University [1]. He initially saw them as anatomic 
variants of uncertain etiology and clinical significance. Tar-
lov’s papers were widely read, and his initial assumptions about 
uncertain clinical significance of these cysts have persisted.

This review article updates information on the preva-
lence, diagnosis, clinical significance, and treatment of 
Tarlov cysts. There is no consensus on the management of 
these cysts, and based on these findings and experience with 
over 1000 patient referrals, a treatment decision algorithm 
for symptomatic Tarlov cysts was constructed to provide 
guidance for appropriate management of patients with these 
complex cysts.

Key points   
1. Prevalence of sacral Tarlov sacral cysts has been estimated 
mainly based on incidental imaging findings, and they have 
often been overlooked as a cause of various pain, neurological 
disorders, and dysfunctions.
2. Screening for Tarlov cysts involves multidisciplinary 
investigations including clinical and neurological examinations 
particularly for sacral root dermatomes. Pain associated with 
sitting is particularly indicative of sacral pain, and as women are 
disproportionately affected, further enquiry should be undertaken 
for pelvic pain, bladder, bowel, sphincter, and sexual dysfunctions.
3. Diagnosis of sacral Tarlov cysts is optimally made with 
dedicated sacral MRI with axial and sagittal planes of the entire 
sacrum and when detected radiologically should be included 
in differential diagnosis, and not discounted as incidental and 
asymptomatic.
4. Patient eligibility for interventions may be determined by 
diagnostic tests such as nerve root blocks or cyst fluid aspirations, 
and although both percutaneous aspiration-fibrin sealant injection 
and open surgery are effective treatments for symptomatic Tarlov 
cysts, percutaneous interventions should be considered first-line 
treatments because of their much lower complication rates, quicker 
recovery, and more favorable risk-benefit profile.
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Anatomy and pathogenesis

There are numerous benign cystic conditions that can 
involve the spine and spinal cord. Since Tarlov [2] first 
detailed characteristics of cystic lesions of the spinal nerve 
roots and introduced the term perineural cysts, various other 
spinal cyst-like abnormalities have been identified and an 
array of confusing terms have been employed. Goyal et al. 
[3] first introduced a simplified classification for the various 
intraspinal conditions differentiating perineural cysts, root 
sleeve dilations, intradural or extradural arachnoid cysts, 
and meningeal diverticulum. Since then, Nabors et al. [4] 
described spinal meningeal cysts as diverticula of the spinal 
meningeal sac, nerve root sheath, or arachnoid. For simplic-
ity, he referred to them all as meningeal cysts and introduced 
a simplified MR-based classification for these conditions 
consisting of three groups—type I, extradural meningeal 
cysts without spinal nerve root fibers; type II, extradural 
meningeal cysts with spinal nerve root fibers; and type III, 
spinal intradural meningeal cysts.

Perineural cysts (Tarlov cysts) can belong to either 
Nabor’s group I or II, with or without spinal nerve root 
fibers. Anatomically, Tarlov cysts are cerebrospinal fluid 
(CSF)-filled sacs that commonly occur at the junction of 
the posterior root and the dorsal ganglion appearing as 
gross dilations of spinal nerve root sleeves [5]. The cyst 
occupies the space between the perineurium (arachnoid 
covering the nerve root) and the endoneurium (outer layer 
of the pia). Nerve root fibers, and occasionally ganglion 
cells, exist within the cyst wall or freely in the cyst, and 
the entire cyst may be surrounded by neural tissues [6, 7]. 
They commonly exist at the sacral level (Fig. 1) but have 
been reported to exist at other spinal levels including the 
lumbar and cervical regions [8–11].

The pathogenesis of Tarlov cysts remains unclear. Mul-
tiple hypothesis including inflammation, trauma, congenital 
origin, and degenerative processes have been proposed [12, 
13]. Although acquired conditions of cyst formation have pre-
viously been proposed to involve inflammation or trauma [7, 
14, 15], the currently accepted cause of cyst development has 
been cited as a disruption of the CSF-venous drainage mecha-
nism at the perineurial-epineurium junction [6, 7, 15]. There 
is also a general view that cyst enlargement occurs because 
a microcommunication exists between the cyst and the suba-
rachnoid space and that a ball-valve-type mechanism allows 
CSF influx and restricts efflux leading to an expansion of the 
cyst [5, 16–18].

Congenital causes have included dural ectasia referring to 
connective tissue weakening, ballooning or widening of the 
dural sac, or arachnoid proliferations within the nerve root 
sleeve with obstruction of normal CSF return often precursors 
to the development of meningeal cysts, an interchangeable 
term for Tarlov cysts. Usually, the sacral region is the most 
vulnerable area for these abnormalities due to the presence 
of the highest pressure of CSF. However, these effects can 
occur at any level of the spinal column regardless of the point 
of pressure exertion.

Dural ectasias can exist in isolation or be associated with 
neurofibromatosis [19, 20], ankylosing spondylitis [21, 22], 
or heritable connective tissue disorders such as Marfan syn-
drome (Fig. 2) [23–25], Ehlers-Danlos syndrome [26, 27], 
or Loeys-Dietz syndrome [28]. These syndromes are heredi-
tary disorders that compromise the strength and elasticity of 
connective tissues throughout the body, including those of 
the dura. Dural ectasia is a frequent finding with a reported 
incidence of 63% within a 57-patient Marfan cohort with 
no cases present in the age-sex-matched non-Marfan con-
trol group [24]. These patients have also frequently reported 
diverse pain and neurological dysfunction symptoms associ-
ated with dural ectasia [29]. However, these syndromes are 
rare, and the true prevalence of Tarlov cysts occurring with 
them is unknown reported only in case reports [30–32].

Prevalence of Tarlov cyst

The prevalence of these cysts has been greatly underesti-
mated as they are often asymptomatic and detected inciden-
tally on CT or MRI examinations performed for a history of 
back pain or radiculopathy. Prevalence of Tarlov cysts has 
been investigated in MRI exams performed in nine studies 
conducted in different countries [5, 13, 33–39]. The studies 
detailed in Table 1 involved retrospective reviews of imaging 
investigations for large numbers of adult men and women; 
two studies [5, 36] included children and adolescents.

The primary complaint for the referrals involved lower 
back pain, sciatica, or other spinal pathology such as 

Fig. 1   T2-weighted images of a Tarlov cyst. A Axial images shows 
the cyst expanding and remodeling the right S2 foramen and sacral 
canal (arrows) with the S2 nerve displaced and flattened (short 
arrow). Sagittal image (B) shows the relation of the cyst to the S2 
foramen
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herniated disc or spinal stenosis. Investigations all involved 
MRI exams but several only involved lumbar MRI [13, 
38] rather than lumbosacral or dedicated sacral MRIs. The 
prevalence of Tarlov cysts ranged from 1.5 to 13.2% with 
the highest prevalence reported for studies employing sacral 
MRIs—Shoyab 6% [39], Burdan 7.6% [33], and Kuhn 13.2% 
[36]. Cysts commonly occurred at multiple sacral levels, 
increased with age, and were more common in women. 
Kuhn et al. [36] reported unusual architecture in many of 
the 263 evaluated sacral cysts—endocystic crossing of 
nerve fiber and internal septations (12.5%), adjacent bone 
erosion (26.6%), and pelvic extension (4.9%). Klepinowski 
et al.’s [40] meta-analysis of 22 imaging studies reported a 
pooled incidence rate of 4.18% (95% CI, 2.47–6.30%) for 
Tarlov cysts. They also reported that Tarlov cysts occurred 
more commonly in women than men (7.0% vs 4.1%), rarely 
reported in children, frequently located in the sacrum, and 
occurred in both single and multiple locations with a mean 
11.9-mm (95% CI, 10.8–12.9 mm) cyst diameter.

The prevalence of Tarlov cysts has been reported to be 
higher in female populations in studies specifically targeted 
at populations involving women referred for gynecological 
or urological conditions [41–43]. Lim et al. [42] evaluated 
the presence of Tarlov cysts in a 242-patient cohort referred 
to an academic chronic pain center with pudendal neuralgia, 
a chronic pelvic pain syndrome. Patients were referred for 
pelvic MRIs, and 16% (34 women, 5 men) of them had a 
least one Tarlov cyst with the majority located at the S2–S3 
sacral levels.

Tani et  al. [43] evaluated 102 consecutive Japanese 
women, mean age 41.4 years (range 22–77 years) with 
gynecological problems who underwent pelvic MRI and 
subsequently an additional sacral MRI. Ten women (9.8%) 

were suspected of having a symptomatic sacral Tarlov cyst 
with seven women (6.9%) diagnosed with a high probability 
of symptomatic sacral Tarlov cysts.

Hulens et al. [41] evaluated the prevalence of Tarlov cysts 
in a 197-patient cohort (180 women, 17 men) referred to an 
outpatient musculoskeletal pain clinic and diagnosed with 
fibromyalgia (FM) or chronic fatigue syndrome (CFS). Lum-
bar and sacral MRIs reviewed for Tarlov cysts were seen 
in 39% (75 women, 2 men) of patients, more commonly 
with patients having FM with or without CFS (n = 71). The 
mean cyst size was 11.8 mm (range 5–30 mm) and was 
significantly larger in patients older than 50 years of age 
(12.7 ± 5.5 mm) than in those younger than 50 years of age 
(10.5 ± 4.6 mm).

Clinical impact

For many years, radiologists have reported Tarlov cysts 
as an incidental finding of doubtful clinical significance 
and giving greater prominence to other co-existing spinal 
pathologies [44–46]. There is, however, extensive evi-
dence that Tarlov cysts identified radiologically can be 
symptomatic. Little is known about the growth of these 
cysts, but a natural history analysis by Yang et al. [47] 
with 4 years of follow-up of MR-identified Tarlov cysts 
reported that none of the cysts spontaneously decreased 
in size and that 17% increased minimally in the cranio-
caudal direction. In that study, positional headache symp-
toms associated with cerebral CSF hypotension were found 
on logistic regression to be significant predictors of cyst 
growth. Cerebrospinal fluid leakage is the cause of intrac-
ranial hypotension [48]. In one study of 568 patients with 

Fig. 2   T2-weighted sagittal and axial images of the lumbosacral spine 
which demonstrate dural ectasia in a patient with Marfan’s syndrome. 
A, B Sagittal images illustrate posterior vertebral body scalloping 
(arrows) and anterior sacral meningoceles (arrows). C Axial image 

shows marked enlargement of the neural foramina associated with 
dural ectasia. Dural ectasia is a feature of other hereditary connective 
tissue disorders including Loeys-Dietz and Ehlers-Danlos syndrome
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spontaneous intracranial hypotension, sacral dural ectasia/
Tarlov cysts were noted in 22 patients (3.9%) [49]. Fer-
rante et al. [50] reported that in their series of more than 
200 cases of spontaneous intracranial hypotension, CSF 
leaks were observed with three cases of Tarlov cysts.

Tarlov cysts have been associated with CSF leakage and 
intracranial hypotension [14, 51] although a spinal CSF 
leak should not be ascribed to a Tarlov cyst without con-
firmation of the Tarlov cyst as the leak site. Patients with 
Tarlov cysts often have other smaller meningeal diver-
ticula along the spinal axis, and one of those diverticula 
may be the source of the CSF leak. Spinal CSF-venous 
fistulas are a recently described type of CSF leak that can 
also cause spontaneous intracranial hypotension [48, 52]. 
These fistulas are not visible on routine CT-myelography, 
and they require more specialized imaging, such as digi-
tal subtraction myelography, for their detection. Most of 
these fistulas are found in the thoracic spine [53], but they 
may also be seen arising from the sacrum (Fig. 3) [54, 
55]. There are reported cases of associations of Tarlov 
cysts with hydrocephalus [56] and idiopathic intracranial 
hypertension [57].

An increasing cyst size can have an adverse impact in 
other ways. The increase in size may result in distorting, 
compressing, or stretching nerves running through the cyst 
or compressing neighboring spinal nerve fibers resulting 
in various neurological symptoms depending on the spi-
nal level of involvement [58]. Cysts may also become large 
enough to erode surrounding bony tissue causing irritation 
of periosteal pain fibers and in rare cases have been respon-
sible for sacral insufficiency fractures [59, 60]. Although 
cysts rarely become large enough to spontaneously rupture, 
they have been reported in case reports to rupture with CSF 
leakage resulting in intracranial hypotension [16, 61]. Two 
unusual case reports dealt with a cerebral fat embolism after 
a traumatic rupture of a Tarlov cyst secondary to a sacral 
fracture after a fall with a low back injury [62, 63]. The fatty 
bone marrow was believed to have migrated from the sacral 
fracture to the brain through a dural breech of the cyst.

Endopelvic extension of sacral cysts is uncommon, but 
presacral pelvic meninogoceles may become large enough 
to extend through the anterior sacral neural foramina into 
the pelvic cavity. There have been multiple case reports [12, 
64–68] of patients, mainly women, initially presenting with 
abdominal or pelvic pain that were frequently misdiagnosed 
on ultrasonography, as unspecified gynecological masses. 
Various diagnoses have been initially proposed for these 
conditions such as hydrosalpinx, ovarian cyst, para-ovarian 
cysts, or adnexal mass. An unusual case was reported of a 
giant Tarlov cyst extending into the presacral space causing 
ureteric compression resulting in hydronephrosis in a woman 
with Marfan syndrome [31]. These missed diagnoses have 
resulted in delays, unnecessary laparoscopic or laparotomy Ta
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procedures, and in some cases inappropriate treatments [65, 
67].

Although Tarlov cysts have been reported in some cases 
to be associated with isolated lower limb radiculopathy and 
paresthesias [69, 70], they are also more commonly associ-
ated with pelvic, perineurial, urogenital pain, and neuro-
logical conditions. The broader impact of Tarlov cysts was 
detailed more extensively in clinical assessments of six 
cohorts with MRI-identified sacral Tarlov cysts involving 
different referral patient groups [37, 42, 71–74]. The assess-
ments and symptom profiles of patients with Tarlov cysts in 
these studies are detailed in Table 2.

Langdown et  al.’s [37] early report of 54 Australian 
patients (38 women, 16 men) with MRI-identified sacral 
Tarlov cysts were referred for a spinal surgeon specialist 
opinion for low back pain, sciatica, or spinal stenosis. Their 
objective was to clarify the relationship of Tarlov cysts in 
the origin of symptoms of lumbosacral spinal canal stenosis 
focusing only on typical symptoms of low back pain, nerve 
root pain, leg pain, and neurological loss. Based on these 
restricted symptoms, the authors concluded that only 30% 
of patients had symptomatic Tarlov cysts that could be con-
sidered contributory, or the main cause of symptoms.

When comorbid spinal conditions are present along with 
Tarlov cysts, it can be difficult to attribute causality of symp-
toms. Complicating treatment decisions are observations 
that spinal degenerative changes themselves are known to 
increase with age and degenerative changes have commonly 
been reported in various imaging investigations in asympto-
matic subjects [75–80].

This early study by Langdown et al. [37] did not inves-
tigate the occurrence of other symptoms in patients with 

Tarlov cysts. A focus of MRI mainly on the lumbar region 
and the usual degenerative spinal pathologies and absence 
of gynecological or urological investigations for symptoms 
related to sacral cysts have been cited as major reasons why 
the clinical impacts of sacral Tarlov cysts are often over-
looked [45].

Five more recent studies investigating symptoms of 
patients with Tarlov cysts have involved either more exten-
sive evaluations, different referral settings, or study groups 
involving mainly women [42, 71–74]. Additional investiga-
tions in these studies have included bladder, urinary, and 
sexual functions as Tarlov cysts located in the sacral regions 
can adversely impact nerves for these functions (Table 2). 
Enquiry into these symptoms is rare as many spine surgeons 
focus on the disc space and are uncomfortable discussing 
genital pain and sexual dysfunction [81].

Marino et al.’s [73] 157-patient (138 women, 19 men) 
Italian cohort with Tarlov cysts were referred to a neuro-
surgical outpatient clinic (Table 2). Patients were on aver-
age 48 years old with an average age of symptom onset at 
42 years of age—a 6-year duration. Investigations included 
neurological, gynecological, and urological and although 
almost all reported perineal or lower back pain; sphinc-
ter disorders and sexual dysfunctions were also reported 
(Table  2). Social and psychological impacts were also 
reported with some having social and employment issues 
involving job loss.

Murphy et al.’s [74] 213-patient American cohort with 
symptomatic sacral Tarlov cysts had been referred to a spine 
neurosurgeon and an interventional neuroradiologist and 
followed up for 5 to 10 years. Patients underwent physi-
cal examinations and neurological examinations, and those 

Fig. 3   CSF-venous fistula arising from a sacral meningeal diver-
ticulum causing intracranial hypotension. A T1-weighted sagittal 
image demonstrating features of intracranial hypotension including 
brainstem sagging, enlargement of the pituitary gland, dural venous 

sinus distension, and syringomyelia. B MR myelogram demonstrat-
ing a meningeal diverticulum in the sacral canal. C Digital subtrac-
tion myelogram showing a CSF-venous fistula (arrow). Case provided 
courtesy of Dr Wouter Schievink
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with pelvic, abdominal, or genital symptoms were seen by 
a gynecologist and/or urologist. Most patients had gener-
alized sacral and/or lumbar pain; pelvic pain and sexual 
dysfunctions were also frequently reported (Table 2). Typi-
cally, many of these patients had difficulty sitting. Multiple 
neurologic abnormalities were also commonly found, and 
two patients with cysts compressing the L5 nerve root had 
dorsiflexion weakness and complete foot drop.

Baker et al.’s [71] 65-women American cohort with Tar-
lov cysts had been referred to urogynecology or neurosurgery 
clinics. Patients reported one or more symptoms in diverse 
areas—lumbosacral, urinary, bowel, central nervous sys-
tem, and sexual dysfunction (Table 2). The most frequently 
reported symptoms in addition to low back pain were lower 
extremity pain, positional pain arising to sitting or standing, 
urinary urgency, and urinary frequency. Many undergoing 
urodynamic testing had abnormalities with early bladder fill-
ing sensation the most frequent finding; the 31% reporting 
urinary urge incontinence was significantly more prevalent 
than the 1–7% prevalence cited for the general population.

Hulens et al. [72] investigated symptom profiles of 33 
patients (33 women, 3 men) with Tarlov cysts symptomatic 
for over 9 years based on responses to a modified Interna-
tional Tarlov Cyst Questionnaire [82]. This study was the 
only one to compare responses with a comparator group, 
42 age-sex-matched patients experiencing long-term back 
pain or sciatica due to degenerative disorders or inflam-
matory disease. Significantly, more symptoms were found 
for patients with Tarlov cysts than comparator patients in 
several regions including the lower limbs, pelvis, coccy-
godynia, bowel, and bladder (Table 2). Pain aggravating 
feature such as sitting or walking were also common fea-
tures in women with Tarlov cysts and other impacts on their 
quality of life were that they were significantly more likely 
to reduce their social activities, stop working, and experi-
ence social decline.

Lim et al. [42] evaluated thirty-nine patients (34 women, 
5 men) referred to an academic chronic pain center with 
pudendal neuralgia, a chronic pelvic pain syndrome, and 
having MRI-identified Tarlov cysts. Pain locations were 
reported by women in the perineum, rectum, and vagina 
and by men in the perineum, penis (glans), and scrotum. 
Comorbid conditions also existed for women including diag-
noses of interstitial cystitis, pelvic floor tension myalgia, 
pelvic organ prolapse, and persistent genital arousal disorder 
(PGAD). Pelvic floor tension myalgia was also identified in 
two men. No significant associations were found between 
cyst size, pain laterality, and concordance of pain symptoms 
with cyst location.

Neurophysiological studies  Several investigators [83–86] 
employed electrodiagnostic studies, both nerve conduction 
and needle electromyography (EMG) to assess axonal or 

nerve root injury associated with Tarlov cysts and correlate 
with sacral nerve root damage (Table 2). The sural nerve was 
often the target nerve in the studies as it is composed mainly 
of fibers originating mainly from the S1 and S2 sacral roots 
where Tarlov cysts tend to localize. Tarlov cysts are located 
at the dorsal roots and primarily affect sensory functions. 
However, if cysts protrude or impact on the ventral region, 
motor conduction abilities could also be affected. Motor 
neuron symptoms, i.e., foot-drop, have been reported for 
patients with Tarlov cysts in two studies, although for a 
minority of patients: 2/213 [74] and 1/30 [85].

Sural nerve abnormalities were initially documented in 
two studies [83, 84]. In an initial small study [84], sural 
conduction abnormalities were reported for three patients 
and Tarlov cysts as small as 6 mm were found to cause nerve 
damage and debilitating symptoms correlating with patients’ 
symptoms. In another study [83], abnormalities noted in five 
of the eleven patients with Tarlov cysts were localized to 
the side of the Tarlov cysts and the size of the cyst was not 
related to the presence and extent of the nerve damage.

Abnormal neurophysiological findings were also reported 
in larger cohort studies of patients referred to a physical 
medicine outpatient clinic: a 30-patient cohort [85] and a 
later 31-patient cohort [86]. Nerve conduction studies in the 
30-patient cohort were abnormal for sural nerves, S1 Hoff-
man-reflex latency, and the ano-anal reflex with almost all 
abnormalities corresponding with dermatomal pain or par-
esthesia [76, 85]. The S3–S4 ano-anal reflux prevents fecal 
incontinence, and bowel dysfunction and fecal incontinence 
were reported by 70% and 40%, respectively. Needle EMG 
abnormalities in nerve root myotomes corresponded to der-
matomal pain and paresthesia with the highest correspond-
ence at the S1/S2 and S3/S4 levels. MRIs of the cervico-
thoracic regions were also reviewed to rule out Tarlov cysts 
as a potential cause of frequent arm/neck pain complaints. 
Nerve root dilations or smaller Tarlov cysts (< 10 mm) were 
found in the cervical (C7) to thoracic (TH4) regions for most 
(23/30) of the patients.

Nerve fiber neuropathy was evaluated in 31 patients with 
symptomatic Tarlov cysts [86]. Small fiber neuropathy was 
evaluated with lower leg skin biopsies to assess intraepider-
mal nerve fiber density, and the majority of patients with 
biopsy samples were below the 5% percentile of age-sex-
matched reference values for this nerve damage. Small fibers 
are responsible for nociceptive processing, thermal sensa-
tion, and autonomic functions, and damage to these fibers 
may produce commonly reported Tarlov cyst-related sensory 
symptoms such as burning pain, hyperesthesia, and dyses-
thesia. Nerve conduction studies were again abnormal for 
the ano-anal reflex and were seen as probable cause of the 
mild to severe fecal incontinence in over half of those report-
ing these symptoms. Needle EMG abnormalities were also 
found in the lumbar and sacral nerve roots in all patients.
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Based on their findings, the authors proposed that the 
increased pulsatile CSF pressure that initiates Tarlov cyst 
formation might also be damaging axons and neurons inside 
the nerve root sheaths and dorsal root ganglia. The authors 
also noted that these abnormalities are often missed, as in 
practice needle EMGs are more commonly performed for 
diagnosis of radiculopathies related to disk herniations and 
only myotomes L3 to S1 are generally examined but not the 
sacral roots S2 to S4 where Tarlov cysts commonly locate.

Screening

Although many Tarlov cysts are asymptomatic [37, 74, 87], 
the remainder can present with a range of various neurologi-
cal, musculoskeletal, urological, and/or gynecological symp-
toms which could be attributed to numerous pathological 
processes. Therefore, before any intervention, it would also 
be important to determine the relationship between the cyst 
and presenting symptoms—directly related to the symptoms, 
an additive factor in the presence or other comorbid patholo-
gies, or unrelated to symptoms.

Patient selection is key, and initial assessments should 
include a careful history and physical examination before 
any treatment decisions. However, patients with Tarlov cysts 
often present with diverse symptoms unrelated to their cysts 
requiring extensive intake assessments and dedicated staff 
to assist with screening can greatly facilitate identifying 
patients with symptomatic Tarlov cysts [74]. Screening has 
also become more difficult with patients becoming aware 
of their Tarlov cysts and self-referring for treatment after 
internet-based searches resulting in increasing numbers of 
ineligible patients.

Many extraspinal origins of back or radicular pain need 
to be considered [88] particularly for women commonly 

presenting with Tarlov cysts. Women presenting with pelvic, 
abdominal, or genital symptoms in addition to back pain sug-
gest consultations for further assessments by a gynecologist or 
urogynecologist. A range of potential gynecologic conditions 
including endometriosis (Fig. 4), uterine fibroids (Fig. 5), piri-
formis syndrome (Fig. 6), or compression from gynecologic 
masses (Fig. 7) could be causative or contributory to symp-
toms and must be excluded before treating the cysts.

Patient-completed dermatome maps have also been 
helpful to identify patients with Tarlov cyst-related 
symptoms [72]. Mapping evaluates symptoms relation-
ship to the sacral anatomic location of the cyst and that 
symptoms are in the appropriate distribution of the 
cyst-bearing nerve roots. Electrodiagnostic assessments 
involving needle EMG tests and nerve conduction studies, 

Fig. 4   T2-weighted MR images 
of the pelvis in a 29-year-old 
female with a Tarlov cyst 
referred for assessment of 
pelvic pain. A dedicated pelvic 
MR was obtained in view 
of a history of cyclical pain. 
A Sagittal image shows the 
Tarlov cyst associated with 
the right S3 nerve. B Sagit-
tal aligned-with-cervix image 
shows T2-hypointense plaques 
along the dorsal uterine serosal 
surface and vesicouterine recess 
(arrows) which are consistent 
with endometriosis

Fig. 5   T2-weighted sagittal image of the pelvis demonstrating mul-
tiple large T2 hypointense fibroids which occupy most of the pelvic 
cavity and are associated with significant mass effect on surrounding 
pelvic structures
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particularly in the sacral nerve roots to assess potential 
nerve root injury as discussed earlier, may also provide 
valuable information, particularly for patients presenting 
with severe neurological symptoms but no abnormalities 
on physical exam.

The use of a modified version of the International Tar-
lov Cyst Questionnaire has been shown to be helpful in 
discriminating between symptom profiles of patients pre-
senting with Tarlov cysts from those presenting with back 
pain and sciatica due to other common spinal pathologies 
[72]. The questionnaire has been subsequently validated 
as the Tarlov Cyst Quality of Life Scale, an 11-item ques-
tionnaire [82]. As discussed earlier, a range of symptoms 
particularly bowel and bladder dysfunctions were com-
monly reported by patients with Tarlov cysts. Pain associ-
ated with sitting was particularly indicative of sacral pain.

Diagnosis

Several diagnostic modalities are available to identify Tar-
lov cysts. A comprehensive imaging panel should include 
a lumbar MRI and a dedicated sacral MRI as it is the pre-
ferred modality to detect sacral Tarlov cysts since it is 
more sensitive than CT scans, pelvic or routine lumbosa-
cral MRIs [64, 74, 89]. Sacral MRI evaluation in axial and 
sagittal planes and should be performed with attention to 
the field of view, matrix, slice thickness, and positioning 
for anatomic localization. It is important to differentiate 
the neck of the Tarlov cyst as narrow- or wide-necked with 
a high flow of CSF as communication with the subarach-
noid space can increase risk with any interventions in the 
sacral area [74]. A wide-necked cyst would be a contrain-
dication to percutaneous fibrin sealant injections and can 

Fig. 6   T2 SPAIR axial image 
(A) of the pelvis showing 
hypertrophy of the left piri-
formis muscle (arrow) in a male 
patient with left gluteal pain. 
The left S2 nerve (short arrow) 
has an intramuscular course 
within the medial edge of the 
left piriformis muscle. A CT-
guided botox injection (B) of 
the enlarged left piriformis mus-
cle was subsequently performed 
and provided satisfactory relief 
of symptoms

Fig. 7   Left S1 schwannoma in 
a 41-year-old female who pre-
sented with chronic left-sided 
pudendal neuralgia. Sagittal 
STIR (A) and contrast-enhanced 
T1 fat-saturated axial images 
(B) show a well-circumscribed 
heterogenous cystic mass 
(arrows) arising from the left 
S1 nerve (short arrow) which 
remodels its respective foramen 
and extends into the pelvis
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be distinguished by MRI-based signal in the cyst. In wide-
necked cysts, connections may be visible on T2-weighted 
sequences, and in narrow-neck cysts, the T2 signal in the 
cyst will be higher than the signal in the adjacent intrathe-
cal subarachnoid space. If MRI fails to define this connec-
tivity, further evaluation with myelography may be needed 
to look for rapid contrast filling of the cyst indicating a 
wide connection to subarachnoid space. CT is also useful 
to evaluate any bone erosion by the cysts, and axial and 
sagittal CT is very useful to evaluate bone remodeling and 
plan interventions.

If a cyst is identified, it is very important to distinguish it 
from other similar conditions such as dural ectasia, menin-
geal diverticula (Fig. 8), or lipoma of the filum terminale 
(Fig. 9) which are congenital and rarely operated on [13]. 
Once the diagnosis of Tarlov cyst has been established and 
other potential pain causes have been ruled out, it is impor-
tant to confirm that pain is in the immediate anatomic region 
of the cyst and that radicular signs and symptoms are in 

the appropriate distribution of cyst-bearing nerve roots, 
with accurate dermatomal charting. If symptoms are sub-
jectively uncertain, the next recommended step can be to 
perform a diagnostic test either with local anesthetic nerve 
root block or by aspirating cyst fluid [81]. If pain is objec-
tively improved after diagnostic procedures, it is likely that 
presenting symptoms are attributable to the cyst and further 
interventions could be warranted.

Treatments

Treatment options for symptomatic Tarlov cysts range from 
conservative medical approaches including analgesic, anti-
inflammatory, or neuropathic medications and physical ther-
apy; minimally invasive image-guided percutaneous inter-
ventions; and various open and microsurgical approaches 
[44]. Those with symptomatic Tarlov cysts not responding 
or failing conservative medical management strategies and 
following confirmatory investigations that cysts are symp-
tomatic can be considered for more invasive treatment 
interventions.

Percutaneous minimally invasive interventions  Several 
investigators have reported case reports of successful epidural 
steroid injections relieving symptoms associated with sacral 
[90], lumbar, and cervical Tarlov cysts [10, 91]. Although 
injections relieved symptoms for a short term and in some 
cases decreased cyst size, repeated injections over time were 
needed to sustain treatment effectiveness. These injections, 
however, could also serve as a diagnostic confirmation that 
Tarlov cysts are the likely source of symptoms and would be 
helpful to indicate whether a patient would be eligible for 
further interventions targeting the sacral cysts [73].

Minimally invasive percutaneous approaches have also 
involved image-guided aspiration of CSF and injection of 

Fig. 8   Sacral meningeal diverticulum in a 33-year-old patient. A 
T2-weighted sagittal image of the sacrum shows the meningeal diver-
ticulum enlarging the sacral canal at the S3 level (arrow). B Coronal 
STIR demonstrates the wide-neck of the diverticulum (arrow) across 
which CSF is in free communication with the subarachnoid space

Fig. 9   A T2-weighted sagittal image of a meningeal diverticulum 
remodelling the sacral canal. B T1-weighted coronal image of the 
sacrum demonstrating a subtle lipoma of the filum terminal (arrow) 

associated with the meningeal diverticulum. C The fatty filum trav-
erses the neck and merges before merging with the wall of the diver-
ticulum (not shown)
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fibrin sealant. Fibrin sealants have been commercially avail-
able since 1998 and have been extensively used in various 
surgeries for its hemostatic and adhesive properties [92]. 
Initially, only cyst aspiration of CSF was performed and 
treatment success was reported in several case reports of 
sacral Tarlov cysts [5, 93, 94]. However, pain relief was gen-
erally short-lived, and multiple serial aspirations were often 
required to maintain symptom resolution.

Since then, injection of fibrin sealant following fluid aspi-
ration has been reported by several investigators for symp-
tomatic sacral Tarlov cysts [44, 46, 74, 95–97] and symp-
tomatic sacral arachnoid cysts [98]. Treatment results of 
the cohort studies, none involving randomization, are sum-
marized in Table 3. In all studies, patients presented with 
multiple symptoms that in some reports had been present for 
years [95, 96]. Although treatment success was defined dif-
ferently in these studies, all reported high rates of symptom 
improvement greater than 70% after aspiration-fibrin sealant 
injection. Follow-up with MRI imaging also demonstrated 
that cysts either disappeared or were substantially reduced 
in size in many cases [95, 96].

Treatment failure rates ranged from 14 [96] to 25% [44]. 
Minor procedure-related transient side effects such as nau-
sea, vomiting, low-grade fevers, cutaneous allergic reac-
tions, and headaches were noted for patients undergoing 
these procedures (Table 3). However, in an early report by 
Patel et al. [97], three unusual cases of low-grade fevers and 
meningism believed to be aseptic meningitis occurred and 
were managed conservatively. The condition was also later 
referred to as chemical meningitis for a similar event in a 
surgical study for symptomatic Tarlov cysts [99]. Although 
the authors had not performed myelography to assess com-
munication of the cyst with the subarachnoid space, it is 
thought that the treated cysts were likely wide-necked cysts. 
At that time, a wide-necked cyst was an unknown contrain-
dication to percutaneous fibrin sealant injections as there 
is an increased possibility of fibrin sealant migration into 
the subarachnoid space. No cases of aseptic meningitis 
have been reported in any other percutaneous fibrin sealant 
injection studies including the large cohort of Murphy et al. 
[100]. In their study, procedures were performed under CT 
fluoroscopic guidance, employing a two-needle technique, 
and commercially prepared fibrin sealant; wide-necked cysts 
were a contradiction for their study.

Murphy et al.’s [74] 213-patient cohort undergoing per-
cutaneous cyst aspiration and fibrin-sealant injection for 
symptomatic sacral Tarlov cysts is the largest study for any 
intervention performed for these cysts to date and includes 
5-to-10-year long-term follow-up. As Tarlov cysts are not 
always associated with presenting symptoms, several diag-
nostic studies including lidocaine/or marcaine injection and 
cyst aspiration were performed in the study in order to deter-
mine if presenting symptoms could be attributed to the cyst. 

Pending resolution of symptoms, aspiration of cyst fluid, and 
fibrin sealant injection were performed.

The technique for the outpatient procedure was fully 
described by Murphy et al. [81]. A technical refinement 
using a two-needle approach (Fig. 10) was detailed in an 
earlier report and has proven useful for draining any closed 
space [100]. The technique involves positioning one needle 
deep in the cyst through which aspiration was performed, 
while the second needle placed more superficially acts as a 
venting tube during the aspiration allowing air to enter the 
cyst and function as a contrast agent. Needles are advanced 
into the cyst under CT fluoroscopic guidance, and as the 
cyst wall is penetrated, the patient may experience sharp 
pain reproducing the symptoms providing confirmation that 
the correct lesion is being treated. After confirming a stable 
intracystic fluid level, commercially available fibrin sealant 
is injected into the cyst through the deep needle with careful 
monitoring of the fill level with 80% of the cyst filled with 
fibrin. Follow-up MR imaging can demonstrate complete or 
partial collapse of the cyst with resolution of compression 
of the accompanying sacral nerve (Fig. 11).

In that study [74] of 421 patients with imaging confirmed 
sacral Tarlov cysts, 8.7% (34 patients) were referred for 
invasive surgery and 31 of them achieved excellent or sat-
isfactory results. Also, eleven patients initially failing cyst 
aspiration also all achieved successful relief of symptoms 
with surgery. In the 213 patients undergoing aspiration-
fibrin sealant injections, overall treatment success based 
on four criteria was rated as excellent or good in 81.8%, 
and at 1 year, 81% were satisfied with treatment outcomes 
(Table 3). Treatment success rated as excellent or good was 
70% or greater for multiple individual presenting symptoms 
and neurological deficits.

Although most reports on cyst aspiration-fibrin seal-
ant treatment for symptomatic Tarlov cysts involved sin-
gle cohort studies, Jiang et al.’s [95] observational study 
compared three different treatment approaches over time 
(Table 3). Among them are conservative management (phys-
iotherapy, anti-inflammatory, and neuropathic medications) 
for those refusing surgery (n = 12), open surgery involving 
partial cyst wall fenestration and imbrication followed by 
2-day lumbar CSF drainage performed before 2009 (n = 14), 
and aspiration-fibrin sealant injection performed after 2009 
(n = 56). Patients in the surgical and interventional group 
both had significant reductions in mean pain NRS scores, 
although post-operative pain scores were lower in the inter-
ventional than the surgical group (1.3 ± 1.1 vs 3.4 ± 2.5; 
P < 0.001).

In the surgical group, three patients had recurrent symp-
toms and MRI confirmed cyst recurrence, and in the inter-
ventional group, no recurrences occurred. Adverse events 
involving CSF leakage occurred in three surgical patients 
requiring a second operation whereas no post-operative 
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infections, nerve damage, or CSF leaks occurred in the inter-
ventional group. In the medical management group, mean 
pain scores did not improve post-operatively, and in nine of 
the 12 patients, pain was aggravated.

Complications  Percutaneous aspiration-fibrin sealant injec-
tion procedures are performed on an outpatient basis under 
conscious sedation and analgesia with patients discharged 
the same day. In a recent systematic review [101] of six 
studies (417 patients) of percutaneous aspiration-fibrin seal-
ant procedures, commonly reported adverse events included 
allergic response to fibrin sealant (3.4%, 14 patients), tran-
sient post-operative sciatica (5.3%, 22 patients), and CSF 
leaks (1.7%, 7 patients) occurring in one study [74]. As dis-
cussed earlier, three unusual cases of low-grade fevers and 
meningism believed to be aseptic meningitis occurred fol-
lowing percutaneous fibrin-sealant injection [97], but have 
not been reported since.

Recurrence is possible after fibrin sealant injection as the 
material can gradually break down over time allowing for cyst 
recurrence. In the largest cohort study of aspiration-fibrin seal-
ant injection for Tarlov sacral cysts and the longest follow-up, 
36 patients (16.9%) had symptom recurrence, 23 patients within 
6 months, and 13 patients after 6 months [74]. Fluid re-accu-
mulation in the cysts were demonstrated on MR imaging, and 
all underwent re-aspiration and fibrin sealant injection, and all 
except one resulted in satisfactory symptom relief.

Surgical management  Surgical objectives for Tarlov cysts 
are generally to relieve nerve compression and/or stimula-
tion, stop bone erosion, and relieve symptoms. However, 
the sacral region is a very surgically technically demanding 
area. Cysts are mainly located in sacral areas where there 
is increased risk of ectasia and CSF leakage. Cyst walls are 
often fragile and can have adhesions. Even microsurgical 
approaches to reduce cyst size have the potential to damage 
nerve roots within or near the cyst, and it is difficult to repair 
any anatomy.

Initially, a variety of shunts were employed to address 
symptomatic Tarlov cysts by relieving or equalizing CSF 
pressure—lumboperitoneal shunt [102] and cyst-subarach-
noid shunt [103, 104]. The results of these simple sacral 
decompression methods by diverting CSF, similar to per-
cutaneous fluid aspiration alone, were not always effective 
or long lasting. In addition, shunts posed potential risks of 
malfunction, migration, and infection [105, 106]. Open sur-
gical approaches involving simple sacral bony decompres-
sion have also been largely found to be inadequate due to 
low clinical success [107].

There is no consensus on the optimal surgical method for 
Tarlov cysts, and there have been numerous evolving sur-
gical techniques [17, 18, 108–112]. Laminectomy or lami-
noplasty to unroof the sacral canal is commonly followed 

by varying microneurosurgical techniques to aspirate CSF, 
decrease cyst size, block communication between the cyst 
and the subarachnoid space to prevent CSF re-accumulation, 
and close the wound [17, 108, 113, 114].

Reports on microsurgical strategies to decrease cyst size 
after opening the dural sac and draining cyst CSF have 
involved: partial cyst resection, full cyst resection, or cyst 
fenestration. Depending on the cyst size, either imbrica-
tion involving resection of excess cyst wall prior to suture 
closure, or plication involving folding the cyst wall upon 
itself without resection prior to suture closure have been 
employed. In addition, various materials, gelfoam, fat or 
muscle grafts, and fibrin sealant have been used to fill the 
cyst cavity, block communication between the cyst and suba-
rachnoid space, and cover dural defects. Simple resection of 
cyst wall or clipping are less commonly practiced, as they 
are considered a hazard to the sacral nerves within the cyst 
[18]. A cyst wall fenestration rather than cyst wall resection 
has been recommended to avoid or minimize any damage 
to the neural elements lying along the cyst wall [17, 115].

Because of the risk of neural damage with any handling 
of the cyst wall, several investigators report performing the 
surgery under electrophysiological monitoring [14, 111, 113, 
114, 116]. Some investigators have also recommended plac-
ing lumbar drains post-operatively to address CSF leaks for 
variable periods of time (3 to 10 days) particularly for large 
cysts, large dural defects, or unsecure closures [108, 111, 
116, 117]. Others, however, have reported that postopera-
tive drains were not placed or were considered not appro-
priate [17, 106, 118]. Surgeries are performed as in-patient 
procedures, and hospital stays depending on bed rest poli-
cies and placement of CSF drains under general anesthesia 
have been variably reported: 3.5 days [107], 4 days (range 
1–10 days) [99], 7 days (range 3–16 days) [113], 10 days 
(range 5–14 days) [118], and 15 days [110].

The majority of surgical reports for symptomatic Tarlov 
cysts involved single cohort studies; there have been three 
comparative studies of surgical techniques, none involving 
randomization [99, 119, 120]. The results of these comparative 
studies are detailed in Table 4. The studies involved a compari-
son of cyst fenestration versus nerve root imbrication [120], 
surgical approaches for cysts with or without spinal nerve root 
fibers [119], and cyst fenestration and nerve root imbrication 
versus cyst fenestration and partial cyst wall removal [99]. In 
all studies, patients had diverse symptoms and neurological 
deficits, and treatment outcomes were assessed differently 
(MacNab, IJOA criteria). Except for the Medani et al. [99] 
study, most patients in either group achieved successful resolu-
tion of various pain symptoms and neurological deficits; bowel 
and bladder dysfunctions however were less likely to improve. 
Adverse events, particularly CSF leaks occurred in all studies 
and was reported to be significantly higher in the fenestration 
than the imbrication group (42% vs 22%) [99].
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More evidence on surgical procedures for symptomatic 
Tarlov cysts is available from several systematic reviews 
by authors covering different time periods: Lucantoni et al. 

up to 2011 [105], Dowsett et al. up to January 2016 [121], 
Sharma et al. up to April 2018 [101], and Kameda-Smith 
et al. to April 2019 [122]. However, two of the reviewers 

Fig. 10   Two-needle technique for therapeutic aspiration and fibrin 
sealant injection of a symptomatic right S3 Tarlov cyst. A Two 22G 
spinal needles were advanced into the cyst under CT fluoroscopic 
guidance with one needle placed deep and the other more superfi-
cially. The stylets were then removed. B Aspiration from the needle 

placed in the deep aspect of the cyst was performed which produced 
a stable air-fluid level within the cyst (arrow). C Fibrin sealant (Tis-
seel VH; Baxter Healthcare, Westlake Village, California) was then 
injected into the cyst, with the volume injected equating to 80% of the 
aspirate volume

Fig. 11   T2-weighted axial and 
sagittal images of a symp-
tomatic right S3 Tarlov cyst 
belonging to the patient in 
Fig. 9, before and after fibrin 
sealant injection. A, B Prepro-
cedural T2-weighted images 
show a large Tarlov cyst in the 
remodelled right S3 foramen 
(arrow) which compresses the 
right S3 nerve (short arrow). C, 
D Follow-up imaging performed 
at 32 months demonstrates last-
ing collapse of the cyst (arrow) 
with resolution of neural 
compression of the exiting S3 
nerve which assumes a rounded 
morphology (short arrow)



20	 Neuroradiology (2024) 66:1–30

1 3

[105, 121] included other non-surgical procedures, such as 
percutaneous aspiration-fibrin sealant interventions, epi-
dural steroid injections, and endoscopic procedures in the 
pooled summaries of surgeries limiting the usefulness of 
the reviews.

Summaries of Kameda-Smith’s [122] and Sharma’s [101] 
systematic reviews on open surgery are detailed in Table 5. 
Both reviews included meta-analyzed outcomes in surgical 
management of symptomatic Tarlov cysts—16 studies (283 
patients), excluding those with less than 10 patients in Kam-
eda-Smith et al.’s review [122] and 32 studies (333 patients) 
in Sharma et al.’s review [101]. The mean age of patients 
in the reviews was 46 ± 8.6 years and 45 ± 13 years with 
females predominating (70%, 71%). Presenting symptoms 
and neurological deficits at baseline were diverse and long 
lasting with mean duration 40 ± 26 months [122] (Table 5).

Surgeries in both reviews involved multiple techniques, 
laminectomies or laminotomies followed by microsurgical 
cyst resection, partial resection, fenestration, imbrication, 
and plication with lumbar drains placed infrequently. Vari-
ous materials including fat grafts, muscle grafts, gelfoam, 
or fibrin sealant were used in surgeries to reinforce cyst clo-
sure. The presence of bony defects or erosions required addi-
tional procedures. Heterogeneity of the surgical approaches, 
variability in institutional/operational protocols, inconsistent 
reporting, and retrospective nature of studies were limita-
tions cited in both reviews.

High rates of treatment success with variable definitions 
were reported in both reviews for operative management 
of cysts. Kameda et al. [122] reported complete or partial 
symptom resolution in 81% (95% CI, 74–88%) with 79% 
(95% CI, 42–99%) also having a complete or substantial 
reduction in cyst size. Sharma et al. [101] reported an 83.5% 
overall symptomatic improvement.

Although cyst recurrence was similar in the two reviews, 
8.5% (95% CI, 3.5–15.4%) [122] and 8% (95% CI, 5–10%) 
[101], symptom recurrence at 21% (95% CI, 12–54%) was 
higher in the Sharma et al. [101] review than the 8.3% (95% 
CI, 2.7–16.3%) in the Kameda et al. [122] review. A re-
operation rate reported in one review [122] was 6.7% (95% 
CI, 2.9–12%).

Complications  Kameda et al. [122] reported an overall com-
plication rate of 16.9% (95% CI, 12–23%) ranging from 5.6 
[114] to 31.4% [113]. The main complications included CSF 
leaks 4.8%, surgical site infections 4.3% (95% CI, 2.4–8.1%), 
and new or worsened bladder dysfunction 2.1% (95% CI, 
0.07–4.0%). Sharma et al. [101] reported a 21% overall 
complication rate for the surgical group. Complications in 
that review included CSF-related complications (CSF leaks, 
fistula, pseudomenigocele) 9%, sexual dysfunctions 11%, 
bladder and bowel complications 12%, and wound infec-
tions requiring debridement and extended hospital stay with 

external CSF drainage 5%. Complications were thought to 
be mainly related either to the inadequate closure of the dura 
and/or handling sacral nerve roots.

Open surgery versus percutaneous aspiration‑fibrin sealant 
injection  Although there have been no randomized trials of 
open surgery versus percutaneous aspiration-fibrin sealant 
injection, Sharma et al.’s [101] review made a comparison 
between studies (32 studies, 333 patients) of open surgical 
management with studies (6 studies, 417 patients) on aspi-
ration-fibrin sealant interventions for symptomatic Tarlov 
cysts. However, one of the percutaneous studies [5] included 
only cyst fluid aspiration, and the others [46, 74, 96, 97, 123] 
included both cyst aspiration and fibrin sealant injection. 
Cyst aspiration only techniques are now usually intended 
mainly as diagnostic studies as symptoms and cysts usually 
recur without injection of fibrin sealant.

In both treatment groups, women predominated in the pooled 
surgical (71.4%) and percutaneous (74%) groups,although 
patients in the percutaneous group tended to be younger than 
the surgical group (38 ± 10 years vs 45 ± 13 years). Cyst size 
also tended to be smaller in the percutaneous group versus the 
surgical group (range 1.6 to 3.2 cm vs 0.8 to 10 cm) and were 
commonly located at the S2–S3 sacral level rather than the S1–
S3 sacral level in the surgical group. Diverse presenting symp-
toms of pain and neurological dysfunctions were frequently 
reported in both study groups although higher incidences of 
several symptoms were reported for the interventional group; 
coccygodynia, perineal pain, lower limb weakness, sensory 
disturbances, and sexual dysfunction (Table 5).

Symptomatic improvement was 83.5% in both treatment 
groups although transient exacerbation of symptoms was 
greater in the percutaneous group (10.1% vs 3.3%). Recur-
rence of symptoms was similar in the treatment groups (20% 
vs 21%), but cyst recurrence was higher in the percutaneous 
group (20% vs 8%). The high cyst recurrence rate in the percu-
taneous group was likely associated with the more than 2-year 
follow-up for recurrence in the Murphy et al. study [74].

However, the overall procedural-related complication 
rate was significantly higher for the surgical group versus 
the percutaneous group (21% vs 12.5%). As noted ear-
lier, complications in the percutaneous study groups were 
mainly minor transient events such as transient sciatica 
or allergic reaction to fibrin sealant. In the surgical study 
groups, all adverse events were significantly higher than the 
percutaneous study groups: transient sciatica (17% vs 8%, 
P = 0.0177), CSF-related complications (CSF leaks, fistula, 
pseudomenigocele) (9% vs 3%, P = 0.017), sexual dysfunc-
tion (11% vs 0%, P = 0.0007), and wound infection requiring 
debridement and extended hospital stay with external CSF 
drainage (5% vs 0%). Bowel and bladder complications were 
also higher for the surgery groups (12% vs 1%, P = 0.0007) 
and are concerning as these may be irreversible occurrences.
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 c

ys
t r

ec
ur
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nc
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ou
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pr

ov
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en
t w

ith
 

se
co

nd
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rg
er

y
• 

A
dv

er
se

 e
ve

nt
s (

n =
 1)

, C
SF

 le
ak

 fi
xe

d 
w

ith
 a

rti
fic

ia
l d

ur
al

 p
at

ch
 

in
 se

co
nd

 su
rg

er
y 

an
d 

on
e 

w
ee

k 
lu

m
ba

r d
ra

in
ag

e
• 

Si
nc

e 
20

06
, s

ec
on

d 
su

rg
er

y 
gr

ou
p 

in
cl

ud
ed

 7
 p

at
ie

nt
s (

3 
w

om
en

, 4
 m

en
) a

ge
 ra

ng
e 
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• 
Su

rg
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al
 p

ro
ce
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 in
cl

ud
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al
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m
in

ec
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m
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af

te
r w
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ch

 
th

e 
cy

st 
w

al
l w
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 p

ar
tia

lly
 re
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ov

ed
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nd
 fe

ne
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at
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 w
ith

 a
 sc

al
-

pe
l t
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ai
n 

C
SF
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an

d 
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C

SF
 le

ak
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pe
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te
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an
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d 
w

ith
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t a
nd
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in
 se

al
an
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• 

Fo
llo

w
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p 
ra

ng
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 1
4 
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 6
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m

on
th
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• 

Tw
o 

pa
tie

nt
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bo
th
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om

en
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ef
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in
g 

su
rg

er
y 
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en

t 
m

ed
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al
 m

an
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em
en
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lg
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s, 
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te

ro
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an
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in
fla

m
m

at
or

ie
s a

nd
 p
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ca
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he
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, f

ol
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an
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th
s
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rg
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y 
gr

ou
p,

 si
x 
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nt
s e

xp
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ie
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ed
 c
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pl

et
e 
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m
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r s
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an
tia

l r
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ie
f (

n =
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f s

ym
pt
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nd
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ur

ol
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ic
al

 d
efi

ci
ts

 im
m

ed
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te
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 a
fte

r s
ur

ge
ry

 o
r d

ur
in

g 
fo

llo
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• 

Th
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e 
w

er
e 
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cu
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en
ce

s
• 

A
dv

er
se

 e
ve

nt
s (

n =
 1)

 w
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 w
or

se
ni

ng
 o

f p
re

op
er

at
iv

e 
bl

ad
de

r 
dy

sf
un

ct
io

n,
 g

ra
du

al
ly

 re
tu

rn
in

g 
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 n
or

m
al

 o
ne

 m
on

th
 la

te
r
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N

o 
ne

ur
ol

og
ic

al
 d

efi
ci
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, C

SF
 le
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s,o

r s
ur

gi
ca

l i
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ec
tio

ns
, p

os
t-

op
er

at
iv

e 
lu

m
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r d
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in
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er
e 

no
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d
• 
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nt
s i

n 
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e 
m

ed
ic

al
 m

an
ag
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en

t g
ro

up
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 =
 2)

 e
xp

er
ie
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ed
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gr
av

at
ed

 sy
m

pt
om

s a
nd

 in
cr

ea
se

d 
cy

st 
gr

ow
th

 o
ve

r 4
-y

ea
r 
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w
-u

p
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[1

19
]
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C
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B

et
w
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n 
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2 
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ec

ut
iv

e 
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 p
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ie
nt

 c
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or
t (
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w
om

en
, 1

7 
m

en
), 

m
ea

n 
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 ±

 14
.3

1 
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s (

ra
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e 
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 to
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 y
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) w
ith

 m
ea

n 
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-u
p 

25
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 ±
 12
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 m

on
th

s
• 
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m

pt
om

s w
er

e 
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t a
t m
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tio
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 (4

0%
) w
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e 

m
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t c
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m
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m
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om
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n 

(7
3%

), 
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m
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s (
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), 
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w
el

/
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de

r a
nd

 se
xu

al
 d
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%
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w
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 e
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m
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 te
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m
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 d
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C
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 d
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f c
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 c
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 c
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cy

sts
 a

nd
 n

eu
ro

lo
gi

ca
l s

ym
pt

om
s a

ttr
ib

ut
ab

le
 to

 
cy

sts
• 

Ta
rlo

v 
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e 
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l c
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) s
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ve
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 fi
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w
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e 

cy
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A
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y 
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e 

te
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c 
w
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d 
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g 
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 c
ys

ts
 w

er
e 

di
ss

ec
te

d 
fro
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• 
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e 
ne
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w
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 d
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at
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 o
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p
• 

C
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 w

ith
ou

t n
er

ve
 ro

ot
 fi

be
rs

 te
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ed
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 b
e 

si
gn

ifi
ca

nt
ly

 
la

rg
er

 th
an

 c
ys

ts
 w

ith
 n

er
ve

 ro
ot

 fi
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rs
 (4

.9
 c

m
 ±

 2.
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s 

3.
3 

cm
 ±

 1.
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ed
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cc
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s s
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gl
e 
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 (9
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 v
s 
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%

)

• 
M
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n 
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n 

of
 p

ro
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 p
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r s
ur
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16
 d
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s, 

m
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l L
O

S 
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 ±

 5.
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s
• 

M
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n 
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er
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e 
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O

A
 c

or
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l f
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-
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 im
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h 
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: c
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 to
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 ±

 0.
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s c
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ou
t n

er
ve

s (
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 ±

 2.
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 to
 1
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 1.
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w
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 d
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m
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 c
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 p
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 d
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 c
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w
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er

ve
s)

• 
W

ou
nd
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 c
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ed
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s w
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ye
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%
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 c
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 d
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t 
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d 
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s r
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at
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 p
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ys
t r

es
ol

ut
io

n 
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 c
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l c
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d 
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e 
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e 
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l c
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)
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r c
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ith
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t n
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 fi
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 =
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), 
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e 
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 c
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t 

w
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d,
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m
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ni
ng

 c
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t w
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e 
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 c
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w

as
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 d
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in
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m
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r c
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 n
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e 
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, d

ef
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nt
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no
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 sh

ea
th

 re
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t c
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l s
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r c
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 c
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ra

l s
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na
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d,

 L
O

S 
le

ng
th

 o
f s
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y,

 IJ
O

A 
Im

pr
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ed
 Ja
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se
 O

rth
op

ae
di

c 
A

ss
oc

ia
tio

n,
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O
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le
ng

th
 o

f s
ta

y
+
 M
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N
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 c

rit
er
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el

le
nt

 (n
o 

pa
in
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o 

re
str
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tio

n 
of

 m
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, r
et

ur
n 

to
 n

or
m

al
 w

or
k 

an
d 

le
ve

l o
f a

ct
iv
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go
od

 (o
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io

na
l n
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 p
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n,
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f o

f p
re

se
nt

in
g 

sy
m
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tu
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m
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ifi
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; f
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r (
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m
e 
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l c
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l h
an
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r u
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 (c
on
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l o
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te
rv
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ng
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 o
f p
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w
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4  
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tin
ue
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A
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rt 
ye
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, c
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ry
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y 
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y 
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si
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nd
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en
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en
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an
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]
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at
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B
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w
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co
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ut
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ie
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 c
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or
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om

en
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m

ea
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e 
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an

ge
 2
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)
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m
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d 
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w

 b
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k 
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), 
se
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 d
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re
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 d
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fu
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• 
Ta

rlo
v 

cy
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 w
er

e 
su

rg
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al
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te
d 
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er
 b

y 
si

m
pl

e 
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st 
fe
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n 
(n

 =
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) o
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er
ve
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ot
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ic
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io
n 

(n
er

ve
 ro

ot
 re
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ir)

 
(n

 =
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)

• 
C

ys
t f

en
es

tra
tio

n 
su

rg
er

ie
s f

ro
m

 2
00

7 
to
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00

9 
(n

 =
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, 1
 re

do
)
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Su

rg
er

ie
s i
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ve
d 

pa
rti

al
 sa
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al
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m

in
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to
m
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 c
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en
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n,

 a
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of

 fi
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in
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e 
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e 
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st 
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m
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• 
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oc

ed
ur

es
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 o

r m
or

e 
cy

sts
 w

er
e 

pe
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rm
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a-

tio
n 
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oc

ed
ur

es
• 

O
ve

ra
ll,

 o
pe

ra
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e 
m
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e 
w
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 u
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d 
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e 
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c 
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ll 
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r d
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m
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S 
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m
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w
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os
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m
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ra
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r c
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ra
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 c
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 p
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 c
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e
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Treatment overview  There is no agreed upon optimal surgi-
cal treatment for patients with symptomatic Tarlov cysts, and 
the numerous evolving surgical techniques tend to support a 
lack of consensus [17, 18, 108–112]. Treatment considera-
tions for these cases are complex and best based on a case-
by-case basis depending on a variety of factors including the 
patients’ health status, characteristics of the sacral cyst, and 
adverse impacts in the sacral region and elsewhere.

It is worth noting that women constituted 70% of the 
study groups treated either percutaneously or surgically for 
Tarlov cysts and that they often presented with years of long-
standing debilitating pain and neurological dysfunctions. 
Several authors have proposed that inadequate knowledge 
due to the rarity of these cysts or gender bias by treating 
physicians contributes either to a significantly delayed or a 
lack of treatment for these patients [45, 46].

A key treatment consideration for providers and patients 
is to determine whether to consider minimally invasive per-
cutaneous or open surgical interventions for symptomatic 
Tarlov cysts. There is sufficient evidence supporting both 
minimally invasive percutaneous fibrin sealant procedures 
and open surgical interventions for effective treatment of 
symptomatic Tarlov cysts. However, due to the rarity of 
these cysts, the evidence is largely based on small cohort 
studies, except for one study [74]. There have been no rand-
omized trials between these interventions although several 
systematic reviews have shown that both approaches have 
similarly high effectiveness in reducing Tarlov cyst-associ-
ated symptoms.

Post-operative management and recovery, however, are 
significantly different after these procedures. Following per-
cutaneous aspiration-fibrin sealant interventions, patients 
are usually discharged the same day with minimal restric-
tions. After surgery, patients are often kept prone for several 
days to control CSF pressures and/or place external lum-
bar drains, and hospital stays, when reported, often involve 
lengthy durations variably reported from 3 to 15 days. Sev-
eral systematic reviews [101, 122] reported that although 
symptom recurrence was similar for the treatment groups, 
cyst recurrence was significantly higher for percutaneous 
aspiration-fibrin sealant interventions than surgery. How-
ever, successful repeat percutaneous treatments for symptom 
recurrence have been reported [74], and these procedures are 
likely to be more easily performed than repeat open surgical 
procedures. Furthermore, patients failing an initial percuta-
neous treatment were able to successfully undergo further 
invasive sacral interventions if appropriate [74].

Complication rates in systematic reviews have been 
reported to be significantly higher after surgical interven-
tions than percutaneous aspiration-fibrin sealant procedures 
[101, 122]. The main complication in the percutaneous group 
was allergic reactions which are rare events and transient sci-
atica which also occurred after surgery and at a higher rate. Ta
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Complication rates are also highly variable in the surgical 
studies due to the extensive array of open surgical laminec-
tomies/laminotomies with variable microsurgical approaches 
to managing the sacral cyst, CSF fluid, and wound closure. 
Depending on the surgical approach, manipulations of the cyst 
wall in which nerve fibers run through increases the potential 
for neurological damage, some being irreversible.

However, some cysts depending on their size, distribu-
tion, and damage or erosion to sacral bony areas could be 
better approached by surgery. Cysts having a wide neck or 
a large communication pore with the subarachnoid space 
would be a contraindication to fibrin sealant injection and 
would also be likely better treated surgically. For both 
percutaneous fibrin sealant procedures and open surger-
ies, the lengthy delay to treatment is a significant concern 
particularly as the neurological deficits occurring from 
nerve fiber neuropathy caused by Tarlov cysts may result 
in lengthy recovery periods or may become unrecoverable 
without an early intervention to ensure better neurologi-
cal outcomes.

Recommendations

Based on our experience over 1000 patient referrals and treat-
ment experience with cyst aspiration-fibrin sealant injections 
of symptomatic Tarlov cysts and on a review of the literature 
on these cysts, we can make several key observations and 
recommendations on the management of these cysts. We also 
constructed a treatment decision algorithm to guide manage-
ment of patients with symptomatic Tarlov cysts (Fig. 12).

1.	 Although sacral Tarlov cysts are an uncommon finding, 
prevalence estimates have often been based on incidental 
radiographic findings and inconsistent reporting particu-
larly from lumbar rather than dedicated sacral MRIs and 
likely contribute to an underestimation of the prevalence 
of this spinal disease.

2.	 There is extensive evidence that sacral Tarlov cysts are 
associated with a diverse range of pain and neurological 
symptoms. Workups of patients, particularly for women 
presenting initially with low back pain or coccygodynial 

Fig. 12   Treatment decision algorithm for symptomatic MRI-documented Tarlov cyst
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pain, should include a careful history, neurological 
examination, and when appropriate electrodiagnostic 
testing or urodynamic studies to conduct more compre-
hensive multidisciplinary investigations.

3.	 Imaging investigations for Tarlov cysts should include a 
lumbar spine MRI and a sacral MRI with axial and sagit-
tal planes of the entire sacrum and when identified radio-
logically should be reported in a differential diagnosis and 
in the appropriate clinical context, considered a potential 
pain generator and contributor to neurological symptoms.

4.	 A range of strategies can be employed to determine 
if sacral cysts are causative or contributing agents of 
symptoms: Tarlov disease specific quality-of-life ques-
tionnaires, patient-completed dermatome maps, and 
diagnostic tests including percutaneous anesthetic injec-
tion into the cyst or cyst fluid aspiration with a two-nee-
dle technique. Fluid aspiration can also assess whether 
rapid cyst refilling occurs indicating a wide-necked cyst, 
a contraindication to fibrin sealant injection.

5.	 Sacral Tarlov cysts can cause peripheral nerve fiber 
neuropathy through sacral nerve root stretching or com-
pression, and electrodiagnostic tests can detect nerve 
conduction abnormalities and nerve fiber neuropathy, 
potentially responsible for a range of commonly reported 
Tarlov related pain, paresthesia and, bowel/bladder dys-
functions. Early intervention for nerve fiber neuropathy 
is preferred to ensure better neurological outcomes. As 
patients with Tarlov cysts have often reported experienc-
ing symptoms for years, there is a concern that long-
standing nerve damage may be unrecoverable.

6.	 Both percutaneous and open surgical approaches have 
resulted in high rates of rapid symptomatic relief, but 
percutaneous interventions have several advantages over 
open surgery. The cyst aspiration-fibrin injection is an 
uncomplicated technique performed as an outpatient 
procedure with rapid reductions in symptoms and recov-
ery with no serious complications. In comparison, there 
is no consensus on the optimal surgical method, and 
surgeries are technically demanding. They also involve 
variable approaches with significantly higher complica-
tion rates, longer hospital stays, and recovery than per-
cutaneous aspiration-fibrin sealant interventions.

Conclusion

Sacral Tarlov cysts are an uncommon spinal column dis-
ease that has been associated with a wide range of debili-
tating pain, neurological disturbances, and dysfunctions. 
The condition is often overlooked or ignored as an inci-
dental finding of no clinical significance, particularly in 
the presence of other comorbid spinal pathologies. Tarlov 
cysts when identified radiologically should be reported in a 

differential diagnosis and in the appropriate clinical context 
evaluated as a potential pain generator and contributor to 
neurological symptoms.

Excluding symptomatic patients from appropriate eval-
uation disproportionately deprives women of appropri-
ate care by delaying a potentially life-altering minimally 
invasive treatment resulting in a debilitating condition 
unmanaged for years. Based on risk–benefit perspectives 
and the extensive reported complications of open sur-
gery, percutaneous aspiration-fibrin sealant interventions 
should be considered first-line treatment for patients with 
symptomatic sacral Tarlov cysts, following confirmatory 
investigations that cysts are symptomatic.

Acknowledgements  Dr. Murphy would like to thank the all the people 
who donate and support his research program and make this work pos-
sible. These include The Ron Joyce Foundation, The Litwin family, The 
Dezwirek family, Judy and Andy Pollack, Viola Lobidowsky, Tony 
DeMarco, The Austin family, and The Goldstein family. Without their 
support, there would be no interventional spine program.

Funding  No funding was received for this study.

Data Availability  All data relevant to this review are referenced in the article.

Compliance with ethical standards 

Conflict of interest  The authors declare no competing interests.

Ethics approval  No procedures were performed on human participants 
and an ethical review was not required.

Informed consent  Informed consent was not required as the study was 
a review of the literature, and human participants were not included 
in the study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Konar SK, Bir SC, Maiti TK, Bollam P, Nanda A (2016) Isa-
dore Max Tarlov (1905–1977) and the controversial Tarlov 
cyst: historical perspective. J Neurosurg Spine 24(3):510–513

	 2.	 Tarlov IM (1948) Cysts, perineurial, of the sacral roots; 
another cause, removable, of sciatic pain. J Am Med Assoc 
138(10):740–744

http://creativecommons.org/licenses/by/4.0/


27Neuroradiology (2024) 66:1–30	

1 3

	 3.	 Goyal RN, Russell NA, Benoit BG, Belanger JM (1987) Intraspinal 
cysts: a classification and literature review. Spine 12(3):209–213

	 4.	 Nabors MW, Pait TG, Byrd EB, Karim NO, Davis DO, Kobrine 
AI et al (1988) Updated assessment and current classification 
of spinal meningeal cysts. J Neurosurg 68(3):366–377

	 5.	 Paulsen RD, Call GA, Murtagh FR (1994) Prevalence and 
percutaneous drainage of cysts of the sacral nerve root 
sheath (Tarlov cysts). AJNR Am J Neuroradiol 15(2):293–7. 
discussion8-9

	 6.	 Nishiura I, Koyama T, Handa J (1985) Intrasacral perineurial 
cyst. Surg Neurol 23(3):265–269

	 7.	 Voyadzis JM, Bhargava P, Henderson FC (2001) Tarlov cysts: 
a study of 10 cases with review of the literature. J Neurosurg 
95(1 Suppl):25–32

	 8.	 Jain M, Sahu NK, Naik S (2018) Bag ND (2018) Sympto-
matic Tarlov cyst in cervical spine. BMJ CaseRep 11:e228051. 
https://​doi.​org/​10.​1136/​bcr-​2018-​228051

	 9.	 Joshi VP, Zanwar A, Karande A, Agrawal A (2014) Cervical 
perineural cyst masquerading as a cervical spinal tumor. Asian 
Spine J 8(2):202–205

	 10.	 Kim K, Chun SW, Chung SG (2012) A case of symptomatic 
cervical perineural (Tarlov) cyst: clinical manifestation and 
management. Skeletal Radiol 41(1):97–101

	 11.	 Zibis AH, Fyllos AH, Arvanitis DL (2015) Symptomatic 
cervical perineural (Tarlov) cyst: a case report. Hippokratia 
19(1):76–77

	 12.	 H’Ng MW, Wanigasiri UI, Ong CL (2009) Perineural (Tarlov) 
cysts mimicking adnexal masses: a report of three cases. Ultra-
sound Obstet Gynecol 34(2):230–233

	 13.	 Park HJ, Jeon YH, Rho MH, Lee EJ, Park NH, Park SI et al 
(2011) Incidental findings of the lumbar spine at MRI during her-
niated intervertebral disk disease evaluation. AJR Am J Roent-
genol 196(5):1151–1155

	 14.	 Acosta FL Jr, Quinones-Hinojosa A, Schmidt MH, Weinstein PR 
(2003) Diagnosis and management of sacral Tarlov cysts. Case 
report and review of the literature. Neurosurg Focus 15(2):E15

	 15.	 Tarlov IM (1952) Cysts of the sacral nerve roots; clinical sig-
nificance and pathogenesis. AMA Arch Neurol Psychiatry 
68(1):94–108

	 16.	 Akahori S, Nishimura Y, Eguchi K, Nagashima Y, Ando R, Awaya 
T et al (2021) Spontaneous rupture of a huge presacral cyst leading 
to dramatic neurologic recovery. World Neurosurg 145:306–310

	 17.	 Guo D, Shu K, Chen R, Ke C, Zhu Y, Lei T (2007) Microsurgical 
treatment of symptomatic sacral perineurial cysts. Neurosurgery 
60(6):1059–65 (discussion 65-6)

	 18.	 Tanaka M, Nakahara S, Ito Y, Nakanishi K, Sugimoto Y, Ikuma 
H et al (2006) Surgical results of sacral perineural (Tarlov) cysts. 
Acta Med Okayama 60(1):65–70

	 19.	 Polster SP, Dougherty MC, Zeineddine HA, Lyne SB, Smith 
HL, MacKenzie C et al (2020) Dural ectasia in neurofibroma-
tosis 1: case series, management, and review. Neurosurgery 
86(5):646–655

	 20.	 Sheikhzadeh S, Sondermann C, Rybczynski M, Habermann CR, 
Brockstaedt L, Keyser B et al (2014) Comprehensive analysis of 
dural ectasia in 150 patients with a causative FBN1 mutation. 
Clin Genet 86(3):238–245

	 21.	 Ha SW, Son BC (2014) Cauda equina syndrome associated with 
dural ectasia in chronic anlylosing spondylitis. J Korean Neuro-
surg Soc 56(6):517–520

	 22.	 Liu CC, Lin YC, Lo CP, Chang TP (2011) Cauda equina syn-
drome and dural ectasia: rare manifestations in chronic ankylos-
ing spondylitis. Br J Radiol 84(1002):e123–e125

	 23.	 Doi H, Sakurai S, Ida M, Sora S, Asamoto S, Sugiyama H (1999) 
A case of sacral meningeal cyst with Marfan syndrome. No 
Shinkei Geka. 27(9):847–50

	 24.	 Pyeritz RE, Fishman EK, Bernhardt BA, Siegelman SS (1988) 
Dural ectasia is a common feature of the Marfan syndrome. Am 
J Hum Genet 43(5):726–732

	 25.	 Raftopoulos C, Delecluse F, Braude P, Rodesh C, Brotchi J 
(1993) Anterior sacral meningocele and Marfan syndrome: a 
review. Acta Chir Belg 93(1):1–7

	 26.	 Henderson FC Sr, Austin C, Benzel E, Bolognese P, Ellenbo-
gen R, Francomano CA et al (2017) Neurological and spinal 
manifestations of the Ehlers-Danlos syndromes. Am J Med 
Genet C Semin Med Genet 175(1):195–211

	 27.	 Isono M, Hori S, Konishi Y, Kinjo H, Kakisako K, Hirose R 
et al (1999) Ehlers-Danlos syndrome associated with multiple 
spinal meningeal cysts–case report. Neurol Med Chir (Tokyo) 
39(5):380–383

	 28.	 Kono AK, Higashi M, Morisaki H, Morisaki T, Naito H, Sug-
imura K (2013) Prevalence of dural ectasia in Loeys-Dietz 
syndrome: comparison with Marfan syndrome and normal 
controls. PLoS One 8(9):e75264

	 29.	 Foran JR, Pyeritz RE, Dietz HC, Sponseller PD (2005) Char-
acterization of the symptoms associated with dural ectasia in 
the Marfan patient. Am J Med Genet A 134a(1):58–65

	 30.	 Arnold PM, Teuber J (2013) Marfan syndrome and symptomatic 
sacral cyst: report of two cases. J Spinal Cord Med 36(5):499–503

	 31.	 Paterakis K, Brotis A, Bakopoulou M, Rountas C, Dardiotis E, 
Hadjigeorgiou GM et al (2019) A giant Tarlov cyst presenting 
with hydronephrosis in a patient with Marfan Syndrome: a case 
report and review of the literature. World Neurosurg 126:581–587

	 32.	 Wang Z, Jian F, Chen Z, Wu H, Wang X, Duan W et al (2022) 
Percutaneous spinal endoscopic treatment of symptomatic 
sacral Tarlov cysts. World Neurosurg 158:e598–e604

	 33.	 Burdan F, Mocarska A, Janczarek M, Klepacz R, Łosicki M, 
Patyra K et al (2013) Incidence of spinal perineurial (Tarlov) 
cysts among East-European patients. PLoS One 8(8):e71514

	 34.	 Joo J, Kim J, Lee J (2010) The prevalence of anatomical varia-
tions that can cause inadvertent dural puncture when perform-
ing caudal block in Koreans: a study using magnetic resonance 
imaging. Anaesthesia 65(1):23–26

	 35.	 Kozłowski P, Kalinowski P, Kozłowska M, Jankiewicz M, Budny A, 
Starosławska E et al (2021) Spinal perineural cysts among European 
patients. J Neurol Surg A Cent Eur Neurosurg 82(5):463–467

	 36.	 Kuhn FP, Hammoud S, Lefèvre-Colau MM, Poiraudeau S, 
Feydy A (2017) Prevalence of simple and complex sacral peri-
neural Tarlov cysts in a French cohort of adults and children. 
J Neuroradiol 44(1):38–43

	 37.	 Langdown AJ, Grundy JR, Birch NC (2005) The clinical rel-
evance of Tarlov cysts. J Spinal Disord Tech 18(1):29–33

	 38.	 Senoglu N, Senoglu M, Ozkan F, Kesilmez C, Kızıldag B, 
Celik M (2013) The level of termination of the dural sac by 
MRI and its clinical relevance in caudal epidural block in 
adults. Surg Radiol Anat 35(7):579–584

	 39.	 Shoyab M (2021) Tarlov cysts in back pain patients: preva-
lence, measurement method and reporting points. Br J Radiol 
94(1127):20210505

	 40.	 Klepinowski T, Orbik W, Sagan L (2021) Global incidence of spinal 
perineural Tarlov’s cysts and their morphological characteristics: a 
meta-analysis of 13,266 subjects. Surg Radiol Anat 43(6):855–863

	 41.	 Hulens M, Bruyninckx F, Dankaerts W, Rasschaert R, De 
Mulder P, Stalmans I et al (2021) High prevalence of peri-
neural cysts in patients with fibromyalgia and chronic fatigue 
syndrome. Pain Med 22(4):883–890

	 42.	 Lim VM, Khanna R, Kalinkin O, Castellanos ME, Hibner M 
(2020) Evaluating the discordant relationship between Tar-
lov cysts and symptoms of pudendal neuralgia. Am J Obstet 
Gynecol 222(1):70.e1-e6

https://doi.org/10.1136/bcr-2018-228051


28	 Neuroradiology (2024) 66:1–30

1 3

	 43.	 Tani S, Hata Y, Tochigi S, Ohashi H, Isoshima A, Nagashima H 
et al (2013) Prevalence of spinal meningeal cyst in the sacrum. 
Neurol Med Chir (Tokyo) 53(2):91–94

	 44.	 Hiers RH, Long D, North RB, Oaklander AL (2010) Hiding in plain 
sight: a case of Tarlov perineural cysts. J Pain 11(9):833–837

	 45.	 Hulens M, Rasschaert R, Bruyninckx F, Dankaerts W, Stalmans 
I, De Mulder P et al (2019) Symptomatic Tarlov cysts are often 
overlooked: ten reasons why—a narrative review. Eur Spine J 
28(10):2237–2248

	 46.	 Murphy KJ, Nussbaum DA, Schnupp S, Long D (2011) Tarlov 
cysts: an overlooked clinical problem. Semin Musculoskelet 
Radiol 15(2):163–167

	 47.	 Yang AI, Rinehart CD, McShane BJ, Hitti FL, Welch WC (2020) 
Growth of lumbosacral perineural (Tarlov) cysts: a natural his-
tory analysis. Neurosurgery 86(1):88–92

	 48.	 Schievink WI (2021) Spontaneous intracranial hypotension. N 
Engl J Med 385(23):2173–2178

	 49.	 Schievink WI, Maya MM, Jean-Pierre S, Nuño M, Prasad RS, 
Moser FG (2016) A classification system of spontaneous spinal 
CSF leaks. Neurology 87(7):673–679

	 50.	 Ferrante E (2014) Tarlov cysts: clinical evaluation of an Italian 
cohort of patients. Neurol Sci 35(4):611

	 51.	 Tarlov IM (1970) Spinal perineurial and meningeal cysts. J Neu-
rol Neurosurg Psychiatry 33(6):833–843

	 52.	 Luetzen N, Dovi-Akue P, Fung C, Beck J, Urbach H (2021) 
Spontaneous intracranial hypotension: diagnostic and therapeutic 
workup. Neuroradiology 63(11):1765–1772

	 53.	 Shlobin NA, Shah VN, Chin CT, Dillon WP, Tan LA (2021) Cer-
ebrospinal fluid-venous fistulas: a systematic review and exami-
nation of individual patient data. Neurosurgery 88(5):931–941

	 54.	 Mark IT, Morris PP, Brinjikji W, Madhavan AA, Cutsforth-
Gregory JK, Verdoorn JT (2022) Sacral CSF-venous fistulas 
and potential imaging techniques. AJNR Am J Neuroradiol 
43(12):1824–1826

	 55.	 Schievink WI, Maya MM, Borst AJ (2023) Adolescent headache 
due to congenital pelvic/sacral vascular malformation. Ann Neurol. 
https://​doi.​org/​10.​1002/​ana.​26651

	 56.	 Hulens M, Dankaerts W, Rasschaert R, Bruyninckx F, Stalmans 
I, Vansant G et al (2019) Hydrocephalus associated with multiple 
Tarlov cysts. Med Hypotheses 130:109293

	 57.	 Rodrigues TP, Rodrigues MAS, Suriano IC, Zymberg ST (2018) Idi-
opathic intracranial hypertension associated with symptomatic peri-
neural cysts: presentation of 2 cases. World Neurosurg 119:17–19

	 58.	 Padma S, Palaniswamy SS (2012) Multilocular disseminated 
Tarlov cysts: importance of imaging and management options. 
Indian J Nucl Med 27(2):111–114

	 59.	 Peh WC, Evans NS (1992) Tarlov cysts—another cause of sacral 
insufficiency fractures? Clin Radiol 46(5):329–330

	 60.	 Puffer RC, Gates MJ, Copeland W 3rd, Krauss WE, Fogelson 
J (2017) Tarlov cyst causing sacral insufficiency fracture. Oper 
Neurosurg (Hagerstown) 13(3):E4-e7

	 61.	 Sivakumar W, Ravindra VM, Cutler A, Couldwell WT (2014) 
Intracranial hypotension in the setting of concurrent perineu-
ral cyst rupture and subarachnoid hemorrhage. J Clin Neurosci 
21(6):1063–1065

	 62.	 Duja CM, Berna C, Kremer S, Géronimus C, Kopferschmitt 
J, Bilbault P (2010) Confusion after spine injury: cerebral fat 
embolism after traumatic rupture of a Tarlov cyst: case report. 
BMC Emerg Med 10:18

	 63.	 Zubizarreta IK, Menoyo JL, Ojeda JR, Olabarria IV, Carra JC 
(2014) Cerebral fat embolisms secondary to rupture of a Tarlov 
cyst. J Neuroimaging 24(4):432–433

	 64.	 Boukobza M, Roussel A, Fernandez-Rodriguez P, Laissy JP (2018) 
Giant multiple and bilateral presacral Tarlov cysts mimicking 
adnexal mass—imaging features. Int Med Case Rep J 11:181–184

	 65.	 Kim S, Lee HJ, Park JH, Kim T, Nam K (2020) Tarlov cysts 
misdiagnosed as adnexal masses in pelvic sonography: a lit-
erature review. Front Med (Lausanne) 7:577301

	 66.	 North RB, Kidd DH, Wang H (1990) Occult, bilateral anterior 
sacral and intrasacral meningeal and perineurial cysts: case 
report and review of the literature. Neurosurgery 27(6):981–986

	 67.	 Wang B, Pu F, Wu Q, Zhang Z, Shao Z (2018) Presacral Tarlov 
cyst as an unusual cause of abdominal pain: new case literature 
review. World Neurosurg 110:79–84

	 68.	 Zhu H, Shen L, Chen Z, Yang M, Zheng X (2020) Giant Tarlov 
cysts with rare pelvic extension: report of 3 cases and literature 
review. World Neurosurg 139:505–511

	 69.	 Kassem H, Urits I, Hasoon J, Kaye AD, Viswanath O (2020) 
Tarlov cysts in a 49-year-old woman presenting with bilateral 
lower-extremity radiculopathy: a case report. Case Rep Womens 
Health 28:e00248

	 70.	 Nadler SF, Bartoli LM, Stitik TP, Chen B (2001) Tarlov cyst as 
a rare cause of S1 radiculopathy: a case report. Arch Phys Med 
Rehabil 82(5):689–690

	 71.	 Baker M, Wilson M, Wallach S (2018) Urogenital symptoms in 
women with Tarlov cysts. J Obstet Gynaecol Res 44(9):1817–1823

	 72.	 Hulens MA, Dankaerts W, Rasschaert R, Bruyninckx F, Willaert ML, 
Vereecke C et al (2018) Can patients with symptomatic Tarlov cysts 
be differentiated from patients with specific low back pain based on 
comprehensive history taking? Acta Neurochir 160(4):839–844

	 73.	 Marino D, Carluccio MA, Di Donato I, Sicurelli F, Chini E, Di 
Toro ML et al (2013) Tarlov cysts: clinical evaluation of an ital-
ian cohort of patients. Neurol Sci 34(9):1679–1682

	 74.	 Murphy K, Oaklander AL, Elias G, Kathuria S, Long DM (2016) 
Treatment of 213 patients with symptomatic Tarlov cysts by CT-
guided percutaneous injection of fibrin sealant. AJNR Am J Neu-
roradiol 37(2):373–379

	 75.	 Boden SD, Davis DO, Dina TS, Patronas NJ, Wiesel SW (1990) 
Abnormal magnetic-resonance scans of the lumbar spine in 
asymptomatic subjects. A prospective investigation. J Bone Joint 
Surg Am 72(3):403–8

	 76.	 Borenstein DG, O’Mara JW Jr, Boden SD, Lauerman WC, Jacob-
son A, Platenberg C et al (2001) The value of magnetic resonance 
imaging of the lumbar spine to predict low-back pain in asympto-
matic subjects : a seven-year follow-up study. J Bone Joint Surg 
Am 83(9):1306–1311

	 77.	 Gore DR (2001) Roentgenographic findings in the cervical 
spine in asymptomatic persons: a ten-year follow-up. Spine 
26(22):2463–2466

	 78.	 Lehto IJ, Tertti MO, Komu ME, Paajanen HE, Tuominen J, Kor-
mano MJ (1994) Age-related MRI changes at 0.1 T in cervical 
discs in asymptomatic subjects. Neuroradiology 36(1):49–53

	 79.	 Matsumoto M, Okada E, Ichihara D, Watanabe K, Chiba K, Toyama 
Y et al (2010) Age-related changes of thoracic and cervical interver-
tebral discs in asymptomatic subjects. Spine 35(14):1359–1364

	 80.	 Powell MC, Wilson M, Szypryt P, Symonds EM, Worthington 
BS (1986) Prevalence of lumbar disc degeneration observed 
by magnetic resonance in symptomless women. Lancet 
2(8520):1366–1367

	 81.	 Murphy KP (2019) Ryan S (2019) Shrinking of a Tarlov cyst. BMJ 
Case Rep 12:e227256. https://​doi.​org/​10.​1136/​bcr-​2018-​227256

	 82.	 Feigenbaum F, Parks SE, Chapple KM (2022) Prospective valida-
tion of a quality-of-life measure for women undergoing surgical 
intervention for symptomatic sacral Tarlov cysts: the Tarlov cyst 
quality of life scale. World Neurosurg 165:e276–e281. https://​
doi.​org/​10.​1016/j.​wneu.​2022.​06.​033

	 83.	 Cattaneo L, Pavesi G, Mancia D (2001) Sural nerve abnormalities 
in sacral perineural (Tarlov) cysts. J Neurol 248(7):623–624

	 84.	 Hulens M, Bruyninckx F, Dankaerts W, Vansant G, De Mulder 
PA (2016) Electromyographic abnormalities associated with 
symptomatic sacral Tarlov cysts. Pain Pract 16(5):E81–E88

https://doi.org/10.1002/ana.26651
https://doi.org/10.1136/bcr-2018-227256
https://doi.org/10.1016/j.wneu.2022.06.033
https://doi.org/10.1016/j.wneu.2022.06.033


29Neuroradiology (2024) 66:1–30	

1 3

	 85.	 Hulens M, Bruyninckx F, Somers A, Stalmans I, Peersman B, 
Vansant G et al (2017) Electromyography and a review of the 
literature provide insights into the role of sacral perineural cysts 
in unexplained chronic pelvic, perineal and leg pain syndromes. 
Int J Phys Med Rehabil 5(3):407

	 86.	 Hulens M, Bruyninckx F, Thal DR, Rasschaert R, Bervoets 
C, Dankaerts W (2022) Large- and small-fiber neuropathy in 
patients with Tarlov cysts. J Pain Res 15:193–202

	 87.	 Fletcher-Sandersjöö A, Mirza S, Burström G, Pedersen K, Kuntze 
Söderqvist Å, Grane P et al (2019) Management of perineural 
(Tarlov) cysts: a population-based cohort study and algorithm 
for the selection of surgical candidates. Acta Neurochir (Wien) 
161(9):1909–1915

	 88.	 Kulcu DG, Naderi S (2008) Differential diagnosis of intraspi-
nal and extraspinal non-discogenic sciatica. J Clin Neurosci 
15(11):1246–1252

	 89.	 Vargas MI, Delattre BMA, Boto J, Gariani J, Dhouib A, Fitsiori 
A et al (2018) Advanced magnetic resonance imaging (MRI) 
techniques of the spine and spinal cord in children and adults. 
Insights Imaging 9(4):549–557

	 90.	 Freidenstein J, Aldrete JA, Ness T (2012) Minimally invasive 
interventional therapy for Tarlov cysts causing symptoms of 
interstitial cystitis. Pain Physician 15(2):141–146

	 91.	 Mitra R, Kirpalani D, Wedemeyer M (2008) Conservative man-
agement of perineural cysts. Spine 33(16):E565–E568

	 92.	 Spotnitz WD (2010) Fibrin sealant: past, present, and future: a 
brief review. World J Surg 34(4):632–634

	 93.	 Lee JY, Impekoven P, Stenzel W, Löhr M, Ernestus RI, Klug N 
(2004) CT-guided percutaneous aspiration of Tarlov cyst as a 
useful diagnostic procedure prior to operative intervention. Acta 
Neurochir (Wien) 146(7):667–670

	 94.	 Sahin E, Lee SH, Eun SS (2020) CT-guided percutaneous aspiration of 
Tarlov cyst: a case report of 2-year follow up. AME Case Rep 4:11

	 95.	 Jiang W, Hu Z, Hao J (2017) Management of symptomatic Tar-
lov cysts: a retrospective observational study. Pain Physician 
20(5):E653–E660

	 96.	 Jiang W, Qiu Q, Hao J, Zhang X, Shui W, Hu Z (2015) Percuta-
neous fibrin gel injection under C-arm fluoroscopy guidance: a 
new minimally invasive choice for symptomatic sacral perineural 
cysts. PLoS One 10(2):e0118254

	 97.	 Patel MR, Louie W, Rachlin J (1997) Percutaneous fibrin glue 
therapy of meningeal cysts of the sacral spine. AJR Am J Roent-
genol 168(2):367–370

	 98.	 Shao Z, Wang B, Wu Y, Zhang Z, Wu Q, Yang S (2011) CT-
guided percutaneous injection of fibrin glue for the therapy 
of symptomatic arachnoid cysts. AJNR Am J Neuroradiol 
32(8):1469–1473

	 99.	 Medani K, Lawandy S, Schrot R, Binongo JN, Kim KD, Panchal 
RR (2019) Surgical management of symptomatic Tarlov cysts: 
cyst fenestration and nerve root imbrication-a single institutional 
experience. J Spine Surg 5(4):496–503

	100.	 Murphy K, Wyse G, Schnupp S, Gailloud P, Woodworth GF, 
Sciubba DM et al (2008) Two-needle technique for the treatment 
of symptomatic Tarlov cysts. J Vasc Interv Radiol 19(5):771–773

	101.	 Sharma M, SirDeshpande P, Ugiliweneza B, Dietz N, Boakye 
M (2019) A systematic comparative outcome analysis of sur-
gical versus percutaneous techniques in the management of 
symptomatic sacral perineural (Tarlov) cysts: a meta-analysis. 
J Neurosurg Spine 30. https://​thejns.​org/​doi/​abs/​10.​3171/​2018.​
10.​SPINE​18952J

	102.	 Bartels RH, van Overbeeke JJ (1997) Lumbar cerebrospinal fluid 
drainage for symptomatic sacral nerve root cysts: an adjuvant 
diagnostic procedure and/or alternative treatment? Technical case 
report. Neurosurgery 40(4):861–4 (discussion 4-5)

	103.	 Morio Y, Nanjo Y, Nagashima H, Minamizaki T, Teshima R 
(2001) Sacral cyst managed with cyst-subarachnoid shunt: a tech-
nical case report. Spine 26(4):451–453

	104.	 Takemori T, Kakutani K, Maeno K, Akisue T, Kurosaka M, 
Nishida K (2014) Symptomatic perineural cyst: report of 
two cases treated with cyst-subarachnoid shunts. Eur Spine J 
23(Suppl 2):267–270

	105.	 Lucantoni C, Than KD, Wang AC, Valdivia-Valdivia JM, Maher 
CO, La Marca F et al (2011) Tarlov cysts: a controversial lesion 
of the sacral spine. Neurosurg Focus 31(6):E14

	106.	 Rasmussen MM, Clemmensen D, Karabeqovic S, Mirza B, 
Brandsborg MB, Mosdal C (2012) A novel microsurgical 
method for the treatment of spinal nerve root cysts. Dan Med J 
59(12):A4539

	107.	 Galarza M, Chaban G, Gazzeri R, de la Rosa P, Montoya CG, 
Laut MM et al (2021) Functional recovery following resection of 
large Tarlov cyst malformation: a multicentre longitudinal cohort 
study. Acta Neurochir (Wien) 163(10):2769–2776

	108.	 Caspar W, Papavero L, Nabhan A, Loew C, Ahlhelm F (2003) 
Microsurgical excision of symptomatic sacral perineurial cysts: 
a study of 15 cases. Surg Neurol 59(2):101–5 (discussion 5-6)

	109.	 Elsawaf A, Awad TE, Fesal SS (2016) Surgical excision of symp-
tomatic sacral perineurial Tarlov cyst: case series and review of 
the literature. Eur Spine J 25(11):3385–3392

	110.	 Sun J, Wang Z, Li Z, Wu H, Yen R, Zheng M et al (2013) 
Reconstruction of nerve root sheaths for sacral extradural spinal 
meningeal cysts with spinal nerve root fibers. Sci China Life Sci 
56(11):1007–1013

	111.	 Tsitsopoulos PP, Marklund N, Salci K, Holtz A, Mani M (2018) 
Management of symptomatic sacral perineural cysts with micro-
surgery and a vascularized fasciocutaneous flap. J Spine Surg 
4(3):602–609

	112.	 Zheng X, Li S, Sheng H, Feng B, Zhang N, Xie C (2016) Bal-
loon-assisted fistula sealing procedure for symptomatic Tarlov 
cysts. World Neurosurg 88:70–75

	113.	 Potts MB, McGrath MH, Chin CT, Garcia RM, Weinstein PR 
(2016) Microsurgical fenestration and paraspinal muscle pedicle 
flaps for the treatment of symptomatic sacral Tarlov cysts. World 
Neurosurg 86:233–242

	114.	 Smith ZA, Li Z, Raphael D, Khoo LT (2011) Sacral laminoplasty 
and cystic fenestration in the treatment of symptomatic sacral peri-
neural (Tarlov) cysts: technical case report. Surg Neurol Int 2:129

	115.	 Kikuchi M, Takai K, Isoo A, Taniguchi M (2020) Myelographic 
CT, a check-valve mechanism, and microsurgical treatment of 
sacral perineural Tarlov cysts. World Neurosurg 136:e322–e327

	116.	 Mummaneni PV, Pitts LH, McCormack BM, Corroo JM, Wein-
stein PR (2000) Microsurgical treatment of symptomatic sacral 
Tarlov cysts. Neurosurgery 47(1):74–8 (discussion 8-9)

	117.	 Burke JF, Thawani JP, Berger I, Nayak NR, Stephen JH, Farkas T 
et al (2016) Microsurgical treatment of sacral perineural (Tarlov) 
cysts: case series and review of the literature. J Neurosurg Spine 
24(5):700–707

	118.	 Neulen A, Kantelhardt SR, Pilgram-Pastor SM, Metz I, Rohde 
V, Giese A (2011) Microsurgical fenestration of perineural cysts 
to the thecal sac at the level of the distal dural sleeve. Acta Neu-
rochir (Wien) 153(7):1427–1434

	119.	 Sun JJ, Wang ZY, Teo M, Li ZD, Wu HB, Yen RY et al (2013) 
Comparative outcomes of the two types of sacral extradural spi-
nal meningeal cysts using different operation methods: a prospec-
tive clinical study. PLoS One 8(12):e83964

	120.	 Xu J, Sun Y, Huang X, Luan W (2012) Management of sympto-
matic sacral perineural cysts. PLoS One 7(6):e39958

	121.	 Dowsett LE, Clement F, Coward S, Lorenzetti DL, Noseworthy 
T, Sevick L et al (2018) Effectiveness of surgical treatment for 
Tarlov cysts: a systematic review of published literature. Clin 
Spine Surg 31(9):377–384

https://thejns.org/doi/abs/10.3171/2018.10.SPINE18952J
https://thejns.org/doi/abs/10.3171/2018.10.SPINE18952J


30	 Neuroradiology (2024) 66:1–30

1 3

	122.	 Kameda-Smith MM, Fathalla Z, Ibrahim N, Astaneh B, Far-
rokhyar F (2021) A systematic review of the efficacy of surgical 
intervention in the management of symptomatic Tarlov cysts: 
a meta-analysis. Br J Neurosurg. https://​doi.​org/​10.​1080/​02688​
697.​2021.​18742​94

	123.	 Zhang T, Li Z, Gong W, Sun B, Liu S, Zhang K et al (2007) 
Percutaneous fibrin glue therapy for meningeal cysts of the sacral 

spine with or without aspiration of the cerebrospinal fluid. J Neu-
rosurg Spine 7(2):145–150

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1080/02688697.2021.1874294
https://doi.org/10.1080/02688697.2021.1874294

	Management of Tarlov cysts: an uncommon but potentially serious spinal column disease—review of the literature and experience with over 1000 referrals
	Abstract
	Introduction
	Anatomy and pathogenesis
	Prevalence of Tarlov cyst
	Clinical impact
	Screening
	Diagnosis
	Treatments
	Recommendations
	Conclusion
	Acknowledgements 
	References


