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A B S T R A C T   

Introduction: Cauda equina syndrome (CES), conus medullaris syndrome (CMS), and sciatica-like syndromes or 
“sciatica mimics” (SM) may present as diagnostic and/or therapeutic dilemmas for the practicing spine surgeon. 
There is considerable controversy regarding the appropriate definition and diagnosis of these entities, as well as 
indications for and timing of surgery. Our goal is to formulate the most current, evidence-based recommenda-
tions for the definition, diagnosis, and management of CES, CMS, and SM syndromes. 
Methods: We performed a systematic literature search in PubMed from 2012 to 2022 using the keywords “cauda 
equina syndrome”, “conus medullaris syndrome”, “sciatica”, and “sciatica mimics”. Standardized screening 
criteria yielded a total of 43 manuscripts, whose data was summarized and presented at two international 
consensus meetings of the World Federation of Neurosurgical Societies (WFNS) Spine Committee. Utilizing the 
Delphi method, we generated seven final consensus statements. 
Results and conclusion: s: We provide standardized definitions of cauda equina, cauda equina syndrome, conus 
medullaris, and conus medullaris syndrome. We advocate for the use of the Lavy et al classification system to 
categorize different types of CES, and recommend urgent MRI in all patients with suspected CES (CESS), 
considering the low sensitivity of clinical examination in excluding CES. Surgical decompression for CES and 
CMS is recommended within 48 h, preferably within less than 24 h. There is no data regarding the role of steroids 
in acute CES or CMS. The treating physician should be cognizant of a variety of other pathologies that may mimic 
sciatica, including piriformis syndrome, and how to manage these.   

1. Introduction 

A major clinical challenge for treating physicians, cauda equina 
syndrome (CES) is a rare condition, with an annual reported incidence 
between 0.3 and 0.6 patients per 100,000 per year.1 It may be missed at 
the time of presentation, especially when motor and sensory symptoms 
are mild or unnoticeable by the patient, resulting in progressive and 
sometimes permanent bowel and bladder dysfunction. A recent review 
reported as many as seventeen distinct definitions for cauda equina 
syndrome,2 and there is still no consensus regarding the standard defi-
nition of CES. The most common cause for CES is acute lumbar disc 
herniation (45%); other etiologies include trauma, neoplasia, infection, 

vascular pathology, hematoma, and iatrogenic (i.e. post-lumbar surgery 
or post-procedure, occurring in up to 0.2%–1.2% of patients).3 Conus 
medullaris syndrome (CMS) is another rare and unique entity presenting 
with features of both spinal cord and cauda equina compression. 
Different studies have described various levels of distal spinal cord and 
root involvement, with no clear-cut consensus on its definition. 
Sciatica-like syndromes or sciatic mimics (SM) may further confound the 
correct diagnosis of the pathology at hand. 

Delayed diagnosis and intervention for CES and CMS can lead to 
permanent neurologic morbidity, including permanent loss of bowel and 
bladder function. Given the controversy surrounding their definition/ 
diagnosis and the potential for major disability, there has been an ever- 
increasing occurrence of litigation and medicolegal cases internationally 
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against healthcare workers and hospitals regarding CES and CMS. 
The goal of this study is to perform a systematic literature review of 

all relevant recent studies related to CES, CMS, and SM. We then used a 
Delphi method during two meetings to generate seven consensus state-
ments from the World Federation of Neurosurgical Societies (WFNS) 
Spine Committee. These guidelines provide the latest evidence-based 
recommendations on the definition, classification, diagnosis, and man-
agement of CES, CMS, and SM. 

2. Methods 

2.1. Literature review 

We performed a comprehensive online search using the PubMed/ 
Medline database from 2012 to 2012 using the following keywords: 
“cauda equina syndrome”, “conus medullaris syndrome”, “sciatica”, 
“sciatica mimics”. Initial search yielded 5678 articles. Case reports, non- 
human studies, non-English language articles, articles without full text, 
and non-relevant articles were excluded, yielding 43 relevant articles for 
final review (Fig. 1). We focused specifically on prospective and retro-
spective studies with >50 patients, randomized controlled trials, sys-
tematic reviews, and meta-analyses and adhered to PRISMA guidelines. 

We summarized the relevant literature in order to address the 
following questions.  

1) What are the most precise definitions for cauda equina, cauda equina 
syndrome (CES), conus medullaris, and conus medullaris syndrome 
(CMS)?  

2) What is the role of MRI in CES and CMS diagnosis? 

3) Is there a role for digital rectal examination and/or ultrasound ex-
amination of bladder in diagnosing or excluding CES or CMS?  

4) What are current recommendations for use of steroids in CES?  
5) What is the optimal timeframe for surgical decompression in acute 

CES, and how does this correlate with outcomes?  
6) What are non-spinal origins of sciatic syndrome, also known as 

sciatica mimics (SM)?  
7) How do we diagnose and manage piriformis syndrome? 

2.2. Consensus meetings 

Summarized literature data was presented at two consensus meet-
ings, the first in Karachi, Pakistan, in May 2022, followed by a second 
meeting in Istanbul, Turkey in Sep 2022. During both meetings, the 
consensus statements were discussed and voted on by XX members of the 
World Federation of Neurosurgical Societies (WFNS) Spine Committee, 
who are attending neurosurgeons and international experts in spine 
care. 

We utilized the Delphi method, and each participant voted inde-
pendently and anonymously using a Likert scale from 1 to 5 (1 =
strongly agree, 2 = agree, 3 = somewhat agree, 4 = disagree, 5 =
strongly disagree). Results were presented as a percentage of re-
spondents who scored each item as 1, 2 or 3 (agreement) or as 4 or 5 
(disagreement). Consensus was achieved when the sum for disagree-
ment or agreement was ≥66%. 

3. Results and discussion 

3.1. Definition: Cauda equina and cauda equina syndrome (CES) 

The term cauda equina was first described by the French anatomist 
Andre du Laurens in 1595 as the rope-like tail of fibers at the distal end 
of the spinal cord. He described this bunch of axons which represent the 
bundle of lumbar, sacral and coccygeal roots surrounding the filum 
terminale and caudal to the spinal cord as “cauda equina” which is Latin 
for “horse’s tail”.4 

We propose the following as the most precise definition of cauda 
equina. The cauda equina is the bundle of axons arising from the distal 
part of the spinal cord, usually around L1 vertebra level, which comprises 
the sensory and motor axons of all the lumbar, sacral and coccygeal nerve 
roots. These nerve roots resemble a thick bundle of fibers mimicking a 
horse’s tail. 

Mixter and Barr first described cauda equina syndrome due to a 

Abbreviations 

WFNS World Federation of Neurosurgical Societies 
MRI Magnetic resonance imaging 
CT Computer tomography 
PRISMA Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses 
CES Cauda equina syndrome 
CMS Conus medularis syndrome 
SM Sciatica mimics  

Fig. 1.  
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ruptured intervertebral disc in 1934. Since then, various authors have 
described CES, and up to seventeen different definitions of CES have 
been reported in the literature.2,5 Todd and colleagues described five 
characteristic features of CES, including bilateral sciatica, reduced 
perineal sensation, loss of anal tone, sexual dysfunction, and altered 
bladder function ultimately leading to painless urinary retention. They 
further note that not all symptoms will be present in any individual 
patient and that no symptom or sign individually or in combination can 
reliably diagnose or exclude CES. Furthermore, the diagnostic accuracy 
of digital rectal examination/anal tone has been questioned multiple 
times in literature. Tabrah and colleagues in a meta-analysis report DRE 
of minimal clinical value in diagnosing CES and that it may give false 
reassurance to the examiner.6 

Building upon the work of Fraser5 and Lavy,2 we propose the 
following definition for CES: Cauda equina syndrome is a clinical diagnosis 
resulting from dysfunction of one or more of the sacral nerve roots from S2 
and below. One or more of the following symptoms or signs must be present: 
(1) Bladder and/or bowel dysfunction; (2) Reduced sensation in the saddle 
area; (3) Sexual dysfunction. Back and leg pain, as well as lower limb 
motor/sensory changes or radiculopathy are often present but are not 
essential for the diagnosis of CES. 

3.2. Definition: conus medullaris (CM) and conus medullaris syndrome 
(CMS) 

The conus medullaris (CM) anatomically represents the terminal part 
of the spinal cord which ends at a mean level of L1. Cadaveric and MRI 
studies report the anatomical level of the CM ranging from the lower 
third of vertebrae T11 to the upper third of L3.7 The difference between 
the conus medullaris and the more inferiorly located cauda equina is 
demonstrated in Fig. 2. 

We propose the following as the most precise definition of conus 
medullaris: The conus medullaris is defined as the terminal part of the spinal 
cord ending at a mean level of L1 with individual variations between lower 
third of T11 to upper third of L2. At this level, there are exiting lower motor 
neuron cauda equina roots adjacent to the upper motor neurons of the spinal 
cord. 

There is significant overlap in the literature between the definitions 
of conus medullaris syndrome (CMS) and CES. Jefferson first described 
traumatic injury to the CM and CE and that injury to vertebral level 
Th12 or L1 might affect the CM and injuries below the level may affect 
CE.8 Lesions at the level of CM affect both the upper and lower motor 
neurons (as compared to involvement of only lower motor neurons in 
CES) and may therefore present with mixed signs. As compared to CES, 
the involvement of motor and sensory dermatomyotomes is often 

symmetrical in CMS.7,9–11 However, clinical examination alone may not 
be sufficient to label a compressive spinal lesion as CMS or CES, and MRI 
imaging is usually needed to identify the correct level for appropriate 
diagnosis. 

Building upon the work of Brouwers and colleagues,7 we propose the 
following as the most precise definition of conus medullaris syndrome 
(CMS): CMS is defined by the presence of one or more of the following: 
(1) Bladder and/or bowel dysfunction; (2) Reduced sensation in the saddle 
area; (3) Sexual dysfunction. Motor weakness may or may not be present; if 
present, it is predominantly symmetrical. The radiological level of compres-
sion must correspond to T12-L1 vertebral level. The neurological level of 
injury is between T12 and S5. 

3.3. Classification systems for CES and CMS 

There are multiple classification systems for CES and CMS that have 
been proposed in the literature, each with their own advantages/ 
disadvantages. Importantly, no classification system can reliably 
predict the history of the disease. For instance, some patients with 
complete CES with urinary retention may benefit from surgery even 
in a delayed fashion,12–14 while other patients with early CES may 
worsen over the next few hours and end up with irreversible bladder 
dysfunction.15 Other patients with incomplete CES may remain sta-
ble for prolonged periods after presentation. 

The Tandon and Sankaran classification system16 was first proposed 
in 1967. It focuses primarily on prior history of back problems, which is 
not felt to be as relevant today. In particular, this classification system 
does not stratify partial, incomplete, or impending cauda equina syn-
drome and is rarely used today. 

The more recent Gleave and McFarlane classification system focuses 
on the importance of incomplete bladder dysfunction (early urinary 
difficulties such as altered urinary sensation, loss of desire to void, poor 
stream, or straining when voiding) versus complete urinary dysfunction 
(defined as painless urinary retention with overflow). These authors 
state that once CES with retention is established, the timing of surgery 
may not significantly impact patient outcome. In contrast, they argue 
that incomplete CES warrants urgent treatment. This classification sys-
tem is used more widely in recent literature, with many authors modi-
fying and adding appropriate suffixes to enhance the applicability of this 
system. Additional recent and comprehensive classification CES/CMS 
systems include the 2010 Shi classification system and 2018 Cauda 
Equina Scoring systems (Table 1). 

We recommend the use of the Lavy et al modified CESI/CESR clas-
sification system (Table 1). This classification system is particularly 
relevant because it includes the entity of suspected cauda equina syn-
drome. First described in a paper by Todd,20 suspected CES is seen in 
patients with bilateral radiculopathy and/or subjective sphincter prob-
lems without any objective evidence of CES. The Lavy system also de-
fines early symptom-only CES as an entity separate from incomplete 
CES. These patients have some subjective and/or objective evidence of 
perineal sensory impairment without any bladder problems. These pa-
tients would not fall under the category of CESI (incomplete CES), which 
also includes alteration in bladder/urethral sensation or function. 
Finally, the Lavy system includes a late stage CES (complete CES), where 
there is loss of all motor and sensory and autonomic functions below the 
affected level. It may present as an insensate bladder with overflow in-
continence, bowel dysfunction, a patulous anus, and complete loss of 
muscle power. This situation is more extreme than CESR, where some 
genital/perineal sensation may be maintained.2 In patients with diffi-
culties in micturition but preserved perineal sensation, a neurogenic 
origin of micturition dysfunction could be delayed. Such patients fall 
under the category of Early CES.21 

Fig. 2.  
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3.4. Evaluation of CES 

The diagnosis of cauda equina syndrome requires a high index of 
suspicion. CES patients usually present with sciatic pain symptoms. It is 
often difficult to pinpoint the exact time frame, but subtle changes in 
urinary habits and perineal sensation must be elicited from the patient. 
Urinary retention with overflow incontinence indicates late stage CES 
and by this time, bowel/bladder damage may be irreversible.3 

Todd described potential red and white flags which may aid the 
emergency physician or outpatient physician to take necessary steps to 
refer or treat patients before permanent neurological morbidity occurs. 
Red flags are signs of caution which must alert the physician to evaluate 
further and triage patients as CESS (suspected CES) until proven 
otherwise, while white flags constitute potentially irreversible situa-
tions. Definite red flags include bilateral radiculopathy and progressive 
neurological deficits in the legs. Possible red or white flags include 

impaired perineal sensation and/or anal tone and/or unspecified uri-
nary disturbance. Definite white flags correspond to signs of CESR/ 
CESC—namely, perineal anesthesia, urinary retention/incontinence, 
and fecal incontinence. 

3.5. Role and timing of MRI 

A non-contrast MRI of the lumbar spine is the preferred and most 
important investigation to diagnose compression of the cauda equina 
structures and to determine the cause of compression including disc 
herniation, hematoma, tumor, etc.22 A vast majority of patients who 
present with symptoms of CES and they turn out scan negative for CE 
compression. Hoeritzauer reported 61% patients presenting with 
symptoms of CES as Scan Negative.23 Acute severe pain, affecting the 
brain bladder feedback has been postulated as a possible cause for the 
development of symptoms.24 We recommend urgent MRI in all patients 
with suspected CES (CESS), considering the low sensitivity of clinical ex-
amination in excluding CES.6,15,25–29 

3.6. Role of bladder ultrasound 

Many authors advocate for the routine use of bladder ultrasound for 
detection of post void residual (PVR) urine volume as a surrogate marker 
for assessment of bladder function.30 Ultrasound is a more widely 
available diagnostic tool as compared to MRI, which is expensive and 
may not be available at all centers or at all hours. Venkatesan et al re-
ported a sensitivity of 94%, specificity of 72%, and positive predictive 
value of 43% for CES when a PVR cutoff of >200 mL was used.31 In a 
study of 260 patients, Katzouraki et al found that a PVR cutoff >200 mL 
had a 94% sensitivity, 66.8% specificity, 29.9% positive predictive 
value, and 98.7% negative predictive value for CES.30 Another study 
reported that a PVR volume >500 mL had a sensitivity of 100% and a 
specificity of 93% in detecting cauda equina syndrome.25 

While ultrasound can help detect changes in bladder function, it may 
not replace an MRI scan even in an emergency setting. Its use is 
encouraged where there is unavailability of urgent MRI service and 
patient has a suspected CES in order to document bladder function. A 
PVR <200 mL may then be considered for earliest possible MRI, while 
PVR>200 mL should be considered for transfer to a center with emer-
gency MRI service. It should be noted, however, that in a review of 50 
medicolegal cases of CES, 50% (13/26) patients with a Clinical/MRI 
positive CES had a PVR of <200 mL. We therefore recommend that 
bladder scan/PVR does not dictate the decision to get an early MRI scan. 

3.7. Management and timing of surgery for acute CES 

Surgery to halt progression and potentially reverse neurologic deficit 
is the mainstay of treatment for MRI-proven cauda equina syndrome.17 

The goal of surgery is decompression of the neural structures. Once 
diagnosis is established, there is no reason to delay spinal decompres-
sion. Animal studies have shown that not only the duration of 
compression but also the degree of compression play a major role in final 
outcome.32 

Ahn et al (2000) observed superior outcomes in recovery of sensory 
and motor function when surgical intervention was performed before 
48 h.33 This time window was challenged in future studies, with some 
authors stating no difference in outcomes irrespective of timing and that 
initial severity of symptoms dictated outcomes,34 while others proposed 
a 24-h time window as the ideal time for surgical decompression.35,36 In 
a recent prospective cohort study of 621 patients with acute CES, there 
was no correlation observed between timing of surgery and neurological 
outcomes. However, it must be noted that the time of onset can be highly 
arbitrary with patient reported timings and different time reporting 
methodologies between papers. The authors also noted that patients 
requiring catheterization preoperatively or those who were deterio-
rating rapidly were taken for surgery earlier.37 A review of major studies 

Table 1 
Cauda Equina Syndrome (CES) Classification Systems. *indicates preferred 
classification system of WFNS Spine Committee.  

Tandon and Sankaran 
classification (1967)16 

Type 1- A rapid onset of CES symptoms with no 
history of back problems 
Type 2- Acute bladder/CES symptoms with a 
history of back problems and sciatia 
Type 3- Long-standing back problems and gradually 
progressive CES, often with spinal stenosis 

Gleave and McFarlane 
(2002)17 

CES-I – Incomplete- this represents urinary difficulties 
of neurogenic origin such as altered urinary sensation, 
loss of desire to void, poor stream or the need to strain, 
but there is still executive control of bladder function 
and voiding is possible even if difficult. 
CES-R – Retention- this occurs when the bladder is no 
longer under executive control and there is painless 
retention of urine with overflow. 

Shi et al (2010)18 Group 1 (preclinical) - low-back pain with only 
bulbocavernosus reflex (BCR) and ischiocavernosus 
reflex (ICR) abnormalities and no typical symptoms of 
CES. 
Group 2 (early) saddle sensory disturbance and 
bilateral sciatica. 
Group 3 (middle): saddle sensory disturbance, bowel or 
bladder dysfunction, motor weakness of the lower 
extremity, and reduced sexual function. 
Group 4 (late): absence of saddle sensation and sexual 
function in addition to uncontrolled bowel function. 

Cauda Scoring System 
(2018)19 

(1) Perineal sensation: Graded 0 to 3, where 0 is 
absent sensation and 3 is normal perineal sensation 
(2) Anal tone/squeeze: Graded 0 (absent), 1 
(reduced), 2 (present) 
(3) Bladder function: Graded 0 (painless retention 
>500 mL or painless incontinence), 1 (straining to 
pass urine with reduced bladder or urethral 
sensation), 2 (reduced bladder or urethral sensation 
with normal micturition control), 3 (urgency or 
hesitancy, but normal bladder sensation and 
control), 4 (normal bladder function) 

Lavy et al modified CESI/ 
CESR system (2022)* 

Suspected CES (CESS): No bladder/bowel/genital/ 
perineal symptoms, but bilateral sciatica or motor/ 
sensory loss in legs (clinical CESS) Or Known large 
disc herniation on existing MRI (radiological CESS) 
Symptom only CES (Early CES, CESE)- Normal 
bladder, bowel and sexual function but some 
sensory loss in perineum or change in micturition 
frequency 
Incomplete CES (CESI)- Alteration in bladder/ 
urethral sensation or function, but maintenance of 
executive bladder control. ± perineal sensory 
changes, or sexual or bowel sensory or functional 
changes 
CES with urinary retention (CESR)- As in CESI, but 
with painless bladder retention and overflow 
Complete CES (CESC)- Insensate bladder with 
overflow incontinence, no perineal perianal or 
sexual sensation, no anal tone  
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highlighting the timing of surgery and outcomes for CES is shown in 
Table 2. 

Taking this data together, we recommend early surgery, preferably 
within 24 h or less than 48 h from onset of acute CES symptoms. In case 
the diagnosis or presentation is beyond the 48-h time frame, surgery 
should be considered as early as possible. 

3.8. Management and timing of surgery for CMS 

There is a lack of studies specifically discussing the management of 
acute conus medullaris compression. There is therefore a need for 
further research on the approach and management of CMS. Recom-
mendations and guidelines may be extrapolated from data available for 
CES. However, CMS represents a distinct entity with involvement of 
spinal cord along with the nerve roots. Recommended imaging (specif-
ically, MRI) and clinical evaluation remain similar for CMS as they are 
for CES. Timing of surgery for acute CMS may also be considered similar 
to CES, i.e. preferably within 48 h. 

3.9. Outcomes after surgical decompression of CES 

The outcomes following surgery for CES are variable and depend on 
the symptoms at the time of presentation.38–42 In a cohort study of 621 
patients, Woodfield et al reported complete symptom resolution at 
hospital discharge in 45% (273/608) patients, with ongoing back pain in 
18% (110/608) and ongoing sciatica in 8% (46/608). Pain scores were 
lower at discharge compared to admission. 66% (188/284) patients 
reported leg weakness, and 51% (125/244) had altered sensation at one 
year post-op.37 49% (117/241) participants had bladder symptoms at 
the time of hospital discharge. At one year, 50% (122/245) patients 
reported abnormal bladder function, with 34% (83/242) not always able 
to tell when their bladder was full. Of those who were catheterized 
pre-operatively, 30% (57/190) required a catheter at discharge, and 
26% (22/84) at one year.37 Preoperative catheterization and absent 
perianal sensation has been reported as a marker for poor bladder 
function postoperatively and essentially signifies complete CES. 

3.10. Role of steroids in CES/CMS 

The role of steroids in the management of acute CES not well 
established. A literature review yields no significant results mentioning 
use of steroids for acute CES. Some authors recommend use of high dose 
corticosteroids in the emergency department while awaiting evaluation 
and/or surgery.43 Given potential significant side effects of steroids, 
there is need for further studies to better elucidate their role in acute 
CES. The role of steroids in CMS may be extrapolated from the data on 
steroid use in acute spinal cord injury. 

3.11. Role of intraoperative-neuromonitoring 

A literature survey did not yield any results pertaining to the regular 
use of intraoperative neuromonitoring (IONM) in the management of 
patients with acute CES/CMS. Extrapolating from the established use of 
IONM in neoplastic pathologies and in spinal dysraphism surgery, it may 
be used as an added adjunct in the surgical management of acute CMS. 

3.12. Syndromes mimicking sciatica 

The evaluation of a patient with lumbosacral radiculopathy requires 
that the physician understand other conditions and extraspinal causes of 
“sciatic-type” pain. The term “sciatica” or ischias (Greek ἰσχιάς) was 
used by ancient Greeks to describe pain around the hip or thigh.44 

Sciatica technically means any pain transmitted along the sciatic nerve 
(SN) roots and along the course of the SN. That being said, “sciatica” is 
commonly used to describe radiculopathic leg symptoms that may be in 
the distribution of any of the lumbosacral nerve roots. Lumbar disc 

Table 2 
Major studies highlighting the timing of surgery and outcomes for CES.  

Study (Ref) Year Design Methodology Conclusion 

Srikandarajah 
et al37 

2015 Retrospective, 
single centre 

200 patients (61 
CESR, 139 CESI) 
different 
timepoints of 
symptom onset 
(24h, 48h, 72h), 
all with MRI 
confirmed 
compressive 
origin, all 
underwent 
decompression 
within 48h after 
admission 
3 months follow- 
up 

Rate of 
improvement of 
bladder function 
deteriorated 
continuously 
depending on 
time between 
symptom onset 
and surgery with 
CESI patients 
(88% at <24h to 
50% at >72h), 
With CESR 
surgery timing 
had no sig. 
Influence was 
roughly 26% in 
total 

Thakur et al36 2017 Retrospective 
multi centre 

4066 patients all 
grades of CES, 
Nationwide 
inpatient Sample 
(NIS, USA) 
database 
2005–2011, 
timing of 
decompression 
surgery after 
hospital 
admission <24h, 
24–48h, later 

Patients 
operated within 
24h of admission 
showed sig. 
Better outcome 
regarding 
neurological 
deficits, 
hospitality 
charges, 
hospitality stay 
and mortality 
than those 
operated 24–48 
and > 48h. 

Heyes et al38 2018 Retrospective, 
single centre 

136 patients, all 
grades of CES), 
all with MRI 
confirmed 
compressive 
origin, all 
underwent 
decompression 
within 48h after 
admission, 2 y 
follow-up 

Independent of 
surgery timing 
sig. 
Improvement to 
preop baseline. 
Surgery <24h of 
symptom onset 
not favourable 
vs Surgery at 
24–48h. After 6 
months no 
further 
improvement of 
bladder 
function. 

Hogan et al35 2019 Retrospective 
multi centre 

20,924 patients 
all grades of 
CES, Nationwide 
Inpatient Sample 
(NIS, USA) 
database 
2000–2014. 
Timing of 
surgery, two 
groups <48 and 
later. 

Day 0 and 1 
surgery 0 (<48h 
after admission) 
is superior to 
later performed 
surgery. 

Planty- 
Bonjour, 
Alexia et 
al34 

2022 Prospective, 
single center 

140 Consecutive 
patients 
undergoing 
surgery for CES 

Poor functional 
prognosis 
overall, initial 
severity of 
symptoms – 
highly 
prognostic of 
outcome, 
No difference 
between early or 
late 
decompression 
(<24 or 48 h or 
later)  
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herniations are responsible for approximately 90% of radiculopathy 
cases. History and physical examination form the mainstay of diagnosis. 
However, no combination of physical and clinical characteristics have a 
high sensitivity and specificity.45 The straight leg raise test (Lasegue’s 
sign) is the most commonly used physical test to detect lumbosacral 
radiculopathy, with reported sensitivity of 91% and specificity of 26%. 
The crossed straight leg raise test has a reported pooled specificity of 
88% and sensitivity of 29%.46 

Other major causes of sciatica include spinal stenosis, spondylolis-
thesis, as well as piriformis syndrome, neoplastic pelvic lesions, and 
pregnancy.44,47 Other sciatica mimics (SM) include cyclical or catame-
nial sciatica, wallet neuritis, superior cluneal nerve disorders, referred 
pain from the quadratus lumborum (QL), gluteal medius tendinitis, 
myofascial pain syndrome (MPS), and post injection sciatica.47,48 The 
various pathologies which can present with sciatic-like pain are listed in 
Table 3. 

3.13. Pyriformis syndrome 

One of the more common sciatica mimics (SM), piriformis syndrome 
arises from sciatic nerve entrapment at the level of the ischial tuberosity. 
It can mimic classical sciatic pain of spinal origin. Patients complain of 
pain in the gluteal/buttock region that may radiate down to the lower 
extremities. This may be accompanied by numbness in the buttocks and 
tingling along the distribution of the sciatic nerve. Piriformis syndrome 
is a clinical diagnosis after exclusion of other pain syndromes. It includes 
patients with chronic buttock and posterior hip pain without correlation 
on the neuroimaging.63,64 Positive clinical examination including the 
pyriformis stretch test, active piriformis test, Beatty Test, FAIR Test, 
Pace Test, and/or tenderness upon palpation of the greater sciatic 
notch.50,65 For diagnosis of piriformis syndrome, at least one of the 
piriformis stretch tests should be positive. 

Management of pyriformis syndrome initially includes rest, NSAIDs, 
muscle relaxants, gabapentin and/or physical therapy. Second-line 
therapy may include steroid or local anesthetic injections directly into 
the body of the piriformis muscle.66 Botulinum toxin injections into the 
muscle can also be considered for pain reduction.50,67 For cases re-
fractory to these conservative treatments, surgical intervention via 
cutting of the piriformis muscle tendon and sciatic nerve decompression 
may be considered.68,6970 

4. WFNS spine committee recommendations 

Taking this literature in summary, and via the two rounds of voting 
outlined in our methods section, the WFNS Spine Committee proposed 
the following seven consensus statements on the definition, diagnosis, 
and management of cauda equina syndrome (CES), conus medullaris 
syndrome (CMS), and sciatica mimics (SM). See Table 4 for final voting 
on each statement.  

1. The optimal treatment for MRI- proven cauda equina syndrome and 
conus medullaris syndrome is decompression surgery. 

Table 3 
Sciatica like syndromes and their mimics.   

• Pyriformis syndrome43,49  

• Hip adductor muscle tear(s),42  

• Wallet neuritis44  

• Ossified bone tissue (hip/femur)45  

• Piriformis pyomyositis46  

• SN endometriosis 47  

• SN tumor 50  

• Malignant invasion to SN50  

• Oteitis condensans ilii (OCI)42  

• Inflammatory sacroiliitis51  

• Myofascial pain syndrome42  

• Meralgia paraesthetica52,53  

• Gluteal medius (GME) tendinitis, 42  

• Post-injectional gluteal neuropathy,54  

• Referred pain from the quadratus lumborum (QL) muscle42  

• Cluneal nerve disorder55  

• gemelli-obturator internus syndrome56  

• ischiofemoral impingement syndrome 56  

• proximal hamstring syndrome.56  

• Sciatic nerve compression by venous varix.57,58  

• Perineural Tarlov cysts59  

• Fibromyalgia60  

• Ossified sacrospinous ligament61,62  

Table 4 
Statements voted after “Lumbar disc herniation: Prevention and Treatment of 
Recurrence” statements.  

Statement Likert type 
scale 

No of 
respondents 

Statement 1: 
The optimal treatment modality for Cauda 
equina syndrome and Conus medularis 
syndrome with MRI confirmed compression is 
decompression surgery. 

1. Strongly 
agree 
2. Agree 
3. Somewhat 
agree 
4. Disagree 
5. Strongly 
disagree 

9 (100%) 

Statement 2: 
Studies regarding Cauda equina- and Conus 
medularis syndrome showed improvement 
after surgery compared to baseline. Surgery 
should be performed as soon as possible. We 
can expect better outcomes if the surgery is 
performed within 24h. 

1. Strongly 
agree 
2. Agree 
3. Somewhat 
agree 
4. Disagree 
5. Strongly 
disagree 

6 (66.7%) 
3 (33.3%) 

Statement 3: 
The outcome in Cauda equina- and Conus 
medularis syndrome highly depends on 
various factors, especially its preoperative 
neurological severity. 

1. Strongly 
agree 
2. Agree 
3. Somewhat 
agree 
4. Disagree 
5. Strongly 
disagree 

6 (66.7%) 
2 (22.2%) 
1 (11.1%) 

Statement 4: 
Evidence for the benefit of steroids in Cauda 
equina- and Conus medularis syndrome is 
lacking. 

1. Strongly 
agree 
2. Agree 
3. Somewhat 
agree 
4. Disagree 
5. Strongly 
disagree 

7 (77.8%) 
2 (22.2%) 

Statement 5: 
Piriformis syndrome is a clinical diagnosis 
after exclusion of other pain syndromes. It 
includes patients with chronic buttock and 
posterior hip pain without correlation in the 
neuroimaging. 

1. Strongly 
agree 
2. Agree 
3. Somewhat 
agree 
4. Disagree 
5. Strongly 
disagree 

6 (66.7%) 
2 (22.2%) 
1 (11.1%) 

Statement 6: 
For the diagnosis of piriformis syndrome, at 
least one of the piriformis stretching tests 
needs to be positive. 

1. Strongly 
agree 
2. Agree 
3. Somewhat 
agree 
4. Disagree 
5. Strongly 
disagree 

6 (66.7%) 
2 (22.2%) 
1 (11.1%) 

Statement 7: 
Conservative therapy with pain medication 
and physical therapy is the first line treatment 
for piriformis syndrome. Second line 
treatment is local lidocaine and botulinum 
injections. Surgery (decompression with/ 
without piriformis muscle resection) is 
reserved for selected refractory cases, which 
showed good but short-term effect of 
injections. 

1. Strongly 
agree 
2. Agree 
3. Somewhat 
agree 
4. Disagree 
5. Strongly 
disagree 

6 (66.7%) 
3 (33.3%)  
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2. Studies regarding cauda equina and conus medullaris syndrome 
showed improvement after surgery compared to baseline. Surgery 
should be performed as soon as possible. Better outcomes are ex-
pected if the surgery is performed within 24 h. 

3. The outcome in cauda equina and conus medullaris syndrome de-
pends on multiple factors, especially preoperative neurological 
severity.  

4. Evidence for the benefit of steroids in cauda equina and conus 
medullariis syndrome is lacking.  

5. Piriformis syndrome is a clinical diagnosis after exclusion of other 
pain syndromes. It includes patients with chronic buttock and pos-
terior hip pain without correlation on neuroimaging. 

6. For the diagnosis of piriformis syndrome, at least one of the pir-
iformis stretch tests should be positive.  

7. Conservative therapy with pain medication and physical therapy is 
the first line treatment for piriformis syndrome. Second line treat-
ment is local lidocaine and botulinum injections. Surgery (decom-
pression with/without piriformis muscle resection) is reserved for 
selected refractory cases, which showed good but short-term relief 
after injections. 

5. Conclusion 

Cauda equina syndrome and conus medullaris syndrome are medical 
emergencies which mandate a timely and appropriate diagnosis. MRI 
scanning is essential for confirming radiological cauda equina 
compression and need for surgical decompression. Early surgical 
decompression within 48 h and preferably within 24 h is recommended 
once diagnosis of CES/CMS is established. There is no data on the role of 
steroids in treatment of acute CES/CMS. The treating physician must be 
cognizant of a variety of other pathologies which may mimic sciatica, 
including piriformis syndrome. 
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Abbreviations 

CM –: Conus medullaris 
CMS –: Conus medullaris syndrome 
CES –: Cauda equina syndrome 
SM –: Sciatica mimics 
WFNS –: World Federation of Neurosurgical Societies 
CESI –: Cauda equina syndrome incomplete 
CESC -: Cauda equina syndrome complete 
CESR –: Cauda equina syndrome with retention 
CESS –: Suspected cauda equina syndrome 
PVR –: Post void residual urine 
IONM –: Intraoperative neuromonitoring 
SN –: Sciatic Nerve 
MPS –: Myofascial pain syndrome 
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