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Background: Cauda equina syndrome (CES) may be a devastating disease with the potential for significant
patient morbidity. It is essential for emergency clinicians to be aware of how to effectively diagnose and
manage this condition.

Objective: This article provides a narrative review of the diagnosis and management of CES for the emer-
gency clinician.

gey\;vords: . d Discussion: Cauda equina syndrome is a rare but emergent condition associated with back pain. It can
B:l:k?):g]uma syndrome result in severe morbidity and can be due to a variety of causes, most commonly vertebral disc protru-

sion. Diagnosis is often delayed, which may result in a poor prognosis. Red flags and findings consistent
with CES include bilateral neurogenic sciatica, reduced perineal sensation, altered bladder function lead-
ing to painless urinary retention, loss of anal tone, and loss of sexual function. In isolation, history and
examination findings demonstrate poor sensitivity. Symptoms may occur either suddenly or gradually,
and most patients do not present with all of these symptoms. Postvoid bladder volume assessments
can assist in the evaluation, but the diagnosis typically involves magnetic resonance imaging (MRI) or
computed tomography myelography if MRI is not available. Treatment relies upon surgical consultation
and operative intervention for decompression.

Conclusion: Cauda equina syndrome can be a difficult diagnosis. However, knowledge of the history and
examination findings, imaging, and treatment can assist the emergency clinician in optimizing manage-
ment of this condition.
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1. Introduction ranging from 1 in 33,000 to 1 in 100,000 persons [5,6,11-15]. While

CES can present at any age, most patients with CES are diagnosed

Back pain affects up to 75% patients during their lifetime and is
a leading cause of disability, with 15-20% of persons within the
United States experiencing back pain at any one time [1-4]. While
many cases of back pain are relatively benign, cauda equina syn-
drome (CES) is a potentially devastating cause with the potential
for significant morbidity and long-term neurologic deficits. Cauda
equina syndrome is a rare but emergent condition associated with
back pain and other symptoms resulting from compression of the
cauda equina [1,5-10]. The cauda equina is comprised of the sec-
ond through fifth lumbar nerves, sacral nerves, and coccygeal
nerve and begins in the medullary cone. The incidence of CES var-
ies depending upon the etiology, with an overall prevalence
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around 40 years of age [14,15]. Additional risk factors include obe-
sity and female gender [13,15-17]. A retrospective study found CES
from a disc prolapse occurred in 1.8 patients per million, while a
different registry study found an incidence of 7 per 100,000
person-years [5,6,13,15]. Of those presenting with a chief
complaint of back pain, CES may be present in 0.04% of cases
[6,18-20]. Unfortunately, CES is also associated with significant
medico-legal consequences, most commonly due to failure to diag-
nose CES, inadequate examination, failure of communication, fai-
lure of testing, and delays to surgery [4,6,18-20]. The literature
suggests that damages are paid in approximately half of all cases,
with an average settlement of several hundred thousands of dollars
per person [4,6].

While back pain is the most common symptom in CES, other
symptoms include unilateral or bilateral sciatica, decreased peria-
nal region sensation, fecal and bladder disruption, lower extremity
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weakness, and reduced sexual function [4,6,11,19-29]. However,
many patients do not present with all of these symptoms, and they
may occur either suddenly or gradually [4,6,11,19]. Moreover,
there are at least 17 distinct definitions of CES present in the lite-
rature [1,5,21]. Due to these factors and the variety of etiologies,
diagnosis can be challenging and may be delayed, resulting in
significant morbidity and mortality. Unfortunately, there is a rela-
tively paucity of evidence in the emergency medicine literature
regarding the presentation, evaluation, and management of
patients with cauda equina. This narrative review provides emer-
gency clinicians with an evidence-based overview of the current
evidence for CES.

2. Methods

The authors searched PubMed and Google Scholar for articles
using the keyword “cauda equina syndrome”. Authors included
case reports, case series, retrospective studies, prospective studies,
systematic reviews and meta-analyses, clinical guidelines, and nar-
rative reviews. The literature search was restricted to studies
published in English. Emergency physicians with experience in cri-
tical appraisal of the literature reviewed all of the articles and deci-
ded which studies to include for the review by consensus, with a
focus on emergency medicine-relevant articles. A total of 80
resources were selected for inclusion in this review.

3. Discussion
3.1. Anatomy and pathophysiology

The spinal cord ends with the conus medullaris at the L1/L2 ver-
tebral level, which then travels further as nerve roots [9,30-32]
(Fig. 1). These lumbosacral and coccygeal nerve roots are similar
in appearance to a horse’s tail, which led to their name as the cauda
equina. These nerve roots include the ascending and descending
nerve roots from L2 through the coccygeal segments [5,6,9,10,30-
32]. These nerves control lower limb movement (L2-S2), lower
limb sensation (L2-S3), bladder control (S2-S4), external anal
sphincter control (S2-S4), external genitalia and perianal sensation
(S2-S4), and coccygeal sensation (S4, S5, and the coccygeal nerve).
The nerve roots travel within the vertebral canal and are surroun-
ded by the neural arches, the vertebral bodies and discs, spinous
processes, ligamentum flavum, posterior longitudinal ligaments,
and facet joints, all of which house and protect the nerve roots.
CES results from any compression of these cauda equina nerve
roots along their course within the vertebral canal, including
direct compression, inflammation, venous congestion, or ischemia
[5,6,9-11].

Urination, defecation, and sexual function are key components
of normal function affected in CES [5-7,9-11]. The bladder’s inner-
vation is via the pelvic splanchnic nerves (S2-S4), with sensory
input from the hypogastric, pelvic, and pudendal nerves, while
the autonomic control is primarily via the parasympathetic system
[7-9]. Stimulation of these nerves causes bladder emptying
through stimulation of the detrusor muscle and inhibition of the
urethral sphincter [5,6,8]. Damage to these nerves results in blad-
der atony with urinary retention and absence of voluntary control
[5-9]. Defecation is controlled by the internal (involuntary) and
external (voluntary) anal sphincters. Stimulation of the rectum
from stool triggers the pudendal nerve (S2-5S4) to increase peristal-
sis and relax the sphincters. Damage to these nerves can result in
aperistalsis and failure of sphincter activity. Constipation is gene-
rally the first sign, followed by failure to voluntarily retain stool
[5-10]. Sexual function can also be affected by CES. In males, erec-
tion is controlled by the parasympathetic system, while ejaculation

Fig. 1. Caudal spinal cord with 1) conus medullaris, 2) filum terminale, and
3) cauda equina. From https://commons.wikimedia.org/wiki/File:Human_caudal
spinal_cord_anterior_view_description.jpg.

is controlled by the sympathetic and somatic systems [7-9]. Conse-
quently, damage to the parasympathetic innervation from CES will
result in erectile dysfunction [5,6,8].

3.2. Etiologies

CES is most commonly the result of a large central disc hernia-
tion or prolapse at the L4/L5 or L5/S1 level, which accounts for over
45% of cases [1,5,11,24,33-40]. While disc herniation is the most
common cause of CES, only 1-2% of all disc herniations will result
in CES [1,4-6,33,41-43]. The degree of herniation resulting in CES
varies. One study found that 75% of herniations occupy at least
one-third of the spinal canal diameter, while a different study
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Table 1
Etiologies of cauda equina [4-6,44-55].

Table 2
CES features and stages [63].

Ankylosing spondylitis

Chemotherapy

Congenital spinal cord disorder

Constipation

Disc herniation

Epidural anesthesia

Infection - osteomyelitis, spinal epidural abscess, arachnoiditis
Multiple sclerosis

Neoplasm - primary or metastatic

Radiation

Spinal stenosis

Vascular lesion - hematoma, arteriovenous malformation, inferior vena cava
thrombosis

Trauma

found that 45% of herniations occupy greater than three-quarters
of the canal [4-6,43]. Other etiologies of CES are shown in Table 1
[4-6,24,33,44-55]. Preexisting spinal disease such as spinal stenosis
or thickening of the ligamentum flavum is a major risk factor for
development of CES, as even small disc protrusions can result in
significant compression in these patients [4-6,8-11].

3.3. History and physical examination

Given the myriad of potential presentations, a thorough history
and physical examination are important. However, the literature
suggests a significant delay in time to diagnosis, with a median
of 11 days from onset of CES symptoms to diagnosis [14]. Tandon
and Sankaran described three common presentations of CES based
on the history and physical examination: 1) rapid onset in the
absence of prior back problems, 2) acute bladder dysfunction with
a history of low back pain with or without sciatica, and 3) chronic
back pain and sciatica with gradually worsening pain combined
with bladder and bowel dysfunction [5,6,56]. Approximately 70%
of patients have a history of chronic back pain [4,35,57]. However,
CES may present acutely or gradually over weeks to months [4-6,8-
11]. One study suggested that 89% of patients with CES experience
an acute worsening of symptoms within 24 h [5,6,9,58]. It is
important to determine the time of onset, as more rapid onset of
symptoms is associated with worse outcomes [39,58-62]. Other
definitions have divided CES into two categories [5,6,9,58,63].
Complete CES includes painless urinary retention with inconti-
nence, while incomplete CES can include reduced urinary sensa-
tion, decreased desire to void, or reduced urinary stream with
pain [5-9,58,63]. This distinction is important, as those with com-
plete CES require more emergent therapy and may have a worse
prognosis [63]. The most recent definition relies on five clinical fea-
tures and four stages (Table 2) [63]. This table depicts stages of CES,
which play a role in determining prognosis. CES with retention is
associated with poor prognosis, while suspected CES with bilateral
radicular pain is associated with better prognosis if the condition is
appropriately diagnosed and managed [5-9,11,63].

Classic red flag symptoms for CES including severe low back
pain, bilateral sciatica, saddle anesthesia or genital sensory chan-
ges, bladder or bowel incontinence, and sexual dysfunction
[5-8,63]. These findings suggest a central cause of canal compres-
sion [5-8,63]. The history and examination should focus on these
findings, as well as predisposing risk factors (Table 3). While chro-
nology of pain is vital to obtain, other important factors include
changes in pain, pre-existing weakness or sensory changes in the
lower extremities, any new weakness or sensory changes, prior
interventions (including lumbar punctures, spinal or epidural
anesthesia, or spinal surgeries), and past medical history
[8,11,63]. Back pain in CES is typically more severe than that

Features and
stages

Specifics

CES characteristic
features

1. Bilateral neurogenic sciatica

2. Reduced perineal sensation

3. Altered bladder function leading to painless urinary
retention

4. Loss of anal tone

5. Loss of sexual function

1. CES Suspected - Bilateral radicular pain

2. CES Incomplete - Urinary difficulties of neurogenic
origin (e.g., altered urinary sensation, loss of desire to
void, poor urinary stream, need to strain to micturate)
3. CES Retention - Neurogenic urine retention (defined
as painless urinary retention with overflow
incontinence)

4, CES Complete - Objective loss of cauda equina
function, absent perineal sensation, patulous anus,
paralyzed and insensate bladder/bowel

CES stages

CES, cauda equina syndrome.

Table 3
Features suggesting CES.

Evaluation Findings (decreasing order of impact on prognosis)

History Bladder dysfunction (urinary retention, incontinence)
Defecatory dysfunction

Sexual dysfunction

Perineal anesthesia or hypoesthesia

Severe back pain that suddenly worsened
Lower extremity motor or sensory changes
Bilateral sciatica

Unilateral sciatica

Decreased perineal/urinary sensation
Decreased anal tone

Motor weakness in lower extremities
Sensory deficit in lower extremities
Depressed patellar and Achilles reflexes

Examination

expected with compression of a single nerve root [5-9,11,63]. The
pain typically worsens when in the supine position because this
increases pressure on the affected nerve roots [5,6,46]. Lumbosa-
cral radicular pain results from nerve root impingement, though
the specific distribution of the radiculopathy depends upon the
affected nerves [5,6,9]. Lesions more cranial in location typically
result in more severe, widespread pain [5,6,8,9]. Unilateral sciatica
is more common than bilateral sciatica in confirmed cases of CES
[5,6,64,65]. While bilateral sciatica is classically associated with
CES, it has not been found to be a statistically significant indicator
of CES [5-11,66]. Lower extremity weakness occurs when there is
compression of lumbosacral nerve roots in the L4-S2 distribution
[5,6,9,10]. Perineal sensory changes can occur, but patients often
fail to spontaneously report them unless specifically queried
[5,6,9,10]. Clinicians should inquire about changes in sensation
with sitting, during defecation, or during hygiene activities (e.g.,
wiping with toilet paper) [67]. Changes in perineal sensation can
be unilateral, mild, or patchy [5,6,67]. The distribution of the sen-
sory loss worsens as the compression of the sacral and coccygeal
nerves progresses [5,6,9,10,67].

Bladder dysfunction can include retention, incontinence, or
decreased urethral sensation during urination [5,6,63,67,68]. Uri-
nary retention in the absence of back pain may be the sole feature
of CES, though this is rare [5,6,68]. Retention typically precedes
incontinence; therefore, patients may not present with inconti-
nence until late in the disease process [4,5,35,39,66]. Rather than
inquiring about incontinence, clinicians should ask about retention
and difficulty passing urine [67,69]. Unfortunately, difficulty pas-
sing urine can be associated with severe pain or chronic illness
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[7-10]. Other common causes of urinary retention include anticho-
linergic medications and benign prostatic hyperplasia; therefore, it
is essential to ask about these risk factors. Fecal incontinence is not
as commonly reported as urinary retention and incontinence
[5-11,67]. This may be due to decreased patient reporting, as
patients urinate more frequently than they defecate, or that bowel
transit issues may take longer to become apparent [4-9,11,67]. CES
can also result in urination during intercourse, dyspareunia, and
erectile dysfunction [4-9,11,67]. However, the literature suggests
that clinicians fail to inquire about and document sexual function
in their assessment of patients with suspected CES [1,64,67,70].
This may be due to discomfort in asking about sexual function,
as patients may be more reluctant to report sexual symptoms
[4-6,67,70]. Therefore, it is important for clinicians to specifically
inquire about these issues.

The physical examination may be challenging in these patients,
particularly if they are in severe pain. Therefore, it is important to
treat pain early to ensure that a reliable examination can be perfor-
med. Examination should focus on assessing strength and sensa-
tion of the lower extremities (L2-S3), perianal region sensation
(S2-54), patellar reflex (L4), the Achilles tendon reflex (S1), anal
wink reflex, and the bulbocavernosus reflex (S2-4) [4-11]. Clini-
cians may find unilateral or bilateral weakness in the L2-S2 distri-
bution. The Achilles and patellar reflexes are typically reduced in
CES. Hyperreflexia may be present when the compression is multi-
focal or superior to the cauda equina [4-11]. Sensation in the lum-
bosacral dermatomal distribution should be assessed, especially in
the perineal region [4-11]. Clinicians should test the anal wink
reflex, which can be assessed by gently stroking the skin around
the anus with a cotton swab or applicator. An intact reflex results
in contraction of the external anal sphincter [9,11]. An absent anal
wink reflex is associated with dysfunction of the sacral nerve roots.
The bulbocavernosus reflex occurs when the anal sphincter con-
tracts in response to squeezing the glans penis or pulling on a uri-
nary catheter [4-9,11]. This is also typically absent in CES. While a
rectal examination was traditionally recommended for the diagno-
sis, the literature suggests rectal tone findings do not correlate
with CES and vary among providers [63,71,72]. Table 3 contains
a list of features suggestive of CES.

While these signs and symptoms may suggest CES, no single
finding or combination of findings is sufficient to exclude CES in
isolation [64-66,69,73]. While back pain is the most common pre-
senting symptom, followed by bladder dysfunction and saddle
hypoesthesia [64,66], a recent systematic review evaluating red
flag findings in the history or physical examination when compa-
red with MRI-confirmed CES found that bowel incontinence, peri-
neal anesthesia, and reduced anal tone were the most specific, but
that most findings had low sensitivity (Table 4) [74]. While many
of the individual studies had significant limitations, clinicians
should suspect CES in patients with acute or chronic low back pain
with at least one of the following: urinary retention, urinary incon-
tinence, fecal retention, fecal incontinence, loss of anal sphincter

Table 4
Reliability of history and examination in CES [74].

tone, sexual dysfunction, or saddle hypoesthesia or anesthesia
[4-11,67,74].

3.4. Diagnostic testing

There are no laboratory studies which are diagnostic of CES.
However, pre-operative laboratory testing should be considered
if there is significant concern for CES. This often includes a com-
plete blood count, basic metabolic panel, prothrombin time, activa-
ted partial thromboplastin time, and a type and screen, but may
vary depending upon the hospital.

A point-of-care ultrasound examination may be performed to
assess for the bladder volume. It is important to assess this imme-
diately after a patient voids. One study found that a post-void
volume >500 mL had an odds ratio of 4.0 for diagnosing CES [66].
However, the odds ratio increased to 48.0 when this was combined
with two of the following three symptoms: bilateral sciatica, sub-
jective complaints of urinary retention, or rectal incontinence
symptoms [66].

Plain radiographs are of low utility in CES [4-6,10,11]. While
they may demonstrate an associated fracture or other injury,
advanced imaging remains necessary, and plain radiographs are
unlikely to significantly alter the initial management [4-6,10,11].
The gold standard for diagnosis is magnetic resonance imaging
(MRI) [5,6,9,10]. While there are no studies directly assessing the
diagnostic accuracy of MRI for CES, a recent systematic review
and meta-analysis on imaging for disc herniation found that MRI
was 81% sensitive and 81% specific [75]. Given that many cases
of CES have much greater degrees of herniation than in the afore-
mentioned study, it is likely that the diagnostic accuracy would be
greater in this population. Importantly, MRI is contraindicated in
the presence of pacemakers, aneurysmal clips, or when metal frag-
ments are near vital structures (e.g., eyes, heart) [76]. When MRI
cannot be performed, clinicians should consider a computed tomo-
graphic (CT) myelogram [76]. CT myelography is more invasive
than MRI and involves placing a needle into the spinal canal follo-
wed by injection of contrast dye [76]. One recent study found that
a CT of the lumbar spine with <50% thecal sac effacement was able
to rule out CES in 96 out of 97 cases (98% sensitivity), while a thecal
sac effacement >50% was suggestive of CES (86% specificity) [77].

3.5. Treatment

Treatment involves immediate neurosurgical consultation for
operative management [5,6,9,10]. The literature suggests that sur-
gery should be performed within 48 h of symptoms with abrupt
onset, as delays beyond 48 h are associated with a greater risk of
permanent dysfunction [1,5,6,11,23,35,45,78,79]. While the exact
timing for surgical management is controversial, those with rapid
onset of symptoms (defined as occurring within 24 h) or evolving
bladder dysfunction are considered particularly high risk, and

Feature Sensitivity (95% CI) Specificity (95% CI) LR+ (95% CI) LR— (95% CI)

Back pain 34% (26-42%) 62% (51-72%) 1.98 (1.52-2.58) 0.64 (0.26-1.60)
Sciatica 43% (30-56%) 66% (59-73%) 1.50 (0.80-2.80) 0.90 (0.61-1.30)
Perineal anesthesia 38% (28-49%) 85% (81-89%) 2.00 (0.92-4.33) 0.80 (0.61-1.05)
Urinary retention 25% (17-35%) 72% (65-79%) 0.84 (0.53-1.32) 0.99 (0.82-1.20)
Urinary incontinence 24% (16-33%) 70% (61-77%) 0.76 (0.50-1.13) 1.05 (0.92-1.20)
Bowel incontinence 19% (9-33%) 86% (80-91%) 1.60 (0.66-3.89) 0.97 (0.78-1.20)
Reduced anal tone 30% (16-49%) 83% (76-88%) 1.83 (1.00-3.33) 0.90 (0.73-1.12)

(I, confidence interval; LR+, positive likelihood ratio; LR—, negative likelihood ratio.
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experts recommend that these patients undergo surgery within
24 h of presentation [58-63,80].

3.6. Disposition

Patients with cauda equina syndrome require operative inter-
vention. As such, these patients will typically be admitted to the
hospital following their surgery [4-11]. The majority of patients
will be admitted to an intensive care unit prior to their surgery
given the need for frequent neurologic assessments.

4. Conclusions

Cauda equina syndrome is a rare but devastating disease with
the potential for significant morbidity. While it can be due to a
variety of causes, the most common is vertebral disc protrusion.
Findings consistent with CES include bilateral neurogenic sciatica,
reduced perineal sensation, altered bladder function leading to
painless urinary retention, loss of anal tone, and altered sexual
function. While in isolation these findings have limited sensitivity,
clinicians should consider CES in patients with these symptoms.
Several stages of CES based on history and examination findings
include suspected, incomplete, retention, and complete. In the
ED, a focused history and physical examination combined with a
postvoid assessment of bladder volume can assist with identifying
cases. Recommended imaging involves MRI or CT myelography.
Treatment relies upon surgical consultation and operative inter-
vention for decompression.

Declaration of competing interest
None.
Acknowledgements

MG, BL, and AK conceived the idea for this manuscript, obtained
permission for submission from Dr. White and Dr. Brady, and con-
tributed substantially to the writing and editing of the review. This
manuscript did not utilize any grants or funding, and it has not
been presented in abstract form. This clinical review has not been
published, it is not under consideration for publication elsewhere,
its publication is approved by all authors and tacitly or explicitly by
the responsible authorities where the work was carried out, and
that, if accepted, it will not be published elsewhere in the same
form, in English or in any other language, including electronically
without the written consent of the copyright-holder. This review
does not reflect the views or opinions of the U.S. government,
Department of Defense, U.S. Army, U.S. Air Force, Brooke Army
Medical Center, or SAUSHEC EM Residency Program.

References

[1] Fraser S. Cauda equina syndrome: a literature review of its definition and
clinical presentation. Arch Phys Med Rehabil 2009;90(11):1964-8.

[2] Verhagen AP, Downie A, Popal N, et al. Red flags presented in current low back
pain guidelines: a review. Eur Spine ] 2016;25:2788-802.

[3] Mckenzie R, May S. The lumbar spine—mechanical diagnosis and therapy, vol.
1. Waikanae, New Zealand: Spinal Publications; 2003.

[4] Kavanagh M, Walker ]. Assessing and managing patients with cauda equina
syndrome. Br ] Nurs 2013 Feb 14-28;22(3):134-7.

[5] Tarulli AW. Disorders of the cauda equina. Continuum (Minneap Minn)
2015;21(1 Spinal Cord Disorders):146-58. Feb.

[6] Gardner A, Gardner E, Morley T. Cauda equina syndrome: a review of the
current clinical and medico-legal position. Eur Spine J 2011;20(5):690-7.

[7] Mukherjee S, Thakur B, Crocker M. Cauda equina syndrome: a clinical review
for the frontline clinician. Br ] Hosp Med (Lond) 2013;74(8):460-4. Aug.

[8] Goodman BP. Disorders of the cauda equina. Continuum (Minneap Minn)
2018;24(2):584-602.

[9] Mauffrey C, Randhawa K, Lewis C, et al. Cauda equina syndrome: an
anatomically driven review. Br ] Hosp Med (Lond) 2008;69(6):344-7. Jun.

[10] Greenalgh S, Finucane L, Mercer C, Selfe ]. Assessment and management of
cauda equina syndrome. Musculoskelet Sci Pract 2018;37:69-74. Oct.

[11] Kapetanakis S, Chaniotakis C, Kazakos C, Papathanasiou JV. Cauda equina
syndrome due to lumbar disc herniation: a review of literature. Folia Med
(Plovdiv) 2017;59(4):377-86. Dec 20.

[12] Anthony S. Cauda equina syndrome. Medical Protection Society UK Casebook
2000;20:9-13.

[13] Podnar S. Epidemiology of cauda equina and conus medullaris lesions. Muscle
Nerve 2007;35(4):529-31.

[14] Fuso FA, Dias AL, Letaif OB, et al. Epidemiological study of cauda equina
syndrome. Acta Ortop Bras 2013;21(3):159-62. May.

[15] Schoenfeld AJ, Bader JO. Cauda equina syndrome: an analysis of incidence
rates and risk factors among a closed North American military population. Clin
Neurol Neurosurg 2012;114(7):947-50.

[16] Hamid R, Averbeck MA, Chiang H, et al. Epidemiology and pathophysiology of
neurogenic bladder after spinal cord injury. World ] Urol 2018;36
(10):1517-27. Oct.

[17] Venkatesan M, Uzoigwe CE, Perianayagam G, Braybrooke JR, Newey ML. Is
cauda equina syndrome linked with obesity? ] Bone Joint Surg Br 2012 Nov;94
(11):1551-6.

[18] Small SA, Perron AD, Brady W]J. Orthopedic pitfalls: cauda equina syndrome.
Am ] Emerg Med 2005;23:159-63.

[19] Kostiuk JP. Medicolegal consequences of cauda equina syndrome: an overview.
Neurosurg Focus 2004;16(6):e8.

[20] Markham DE. Cauda equina syndrome: diagnosis, delay and litigation risk.
Curr Orthop 2004;18:58-62.

[21] Todd NV. Guidelines for cauda equina syndrome. Red flags and white flags.
Systematic review and implications for triage. Br J Neurosurg 2017;31
(3):336€9.

[22] Gitelman A, Hishmeh S, Morelli BN, et al. Cauda equina syndrome: a
comprehensive review. Am ] Orthop (Belle Mead NJ) 2008;37(11):556-62.

[23] Chan Am Xu LL, Pelzer NR, et al. Timing of surgical intervention in cauda
equina syndrome: a systematic critical review. World Neurosurg 2014;81(3-
4):640-50.

[24] Tamburelli FC, Genitiempo M, Bochicchio M, et al. Cauda equina syndrome:
evaluation of the clinical outcome. Eur Rev Med Pharmacol Sci 2014;18
(7):1098-105.

[25] Ma B, Wu H, Jia LS, et al. Cauda equina syndrome: a review of clinical progress.
Chin Med ] (Engl) 2009;122(10):1214-22.

[26] Humphreys SC, Eck JC. Clinical evaluation and treatment options for herniated
lumbar disc. Am Fam Physician 1999;59(3) [575-82, 587-8].

[27] Shephard RH. Diagnosis and prognosis of cauda equina syndrome produced by
protrusion of lumbar disk. Br Med ] 1959;2(5164):1434-9.

[28] Nater A, Fehlings MG. The timing of decompressive spinal surgery in cauda
equina syndrome. World Neurosurg 2015;83(1):19-22.

[29] Hakan T. Lumbar disk herniation presented with cauda equina syndrome in a
pregnant woman. ] Neurosci Rural Pract 2012;3(2):197-9.

[30] Moore KL. Clinically oriented anatomy. Baltimore: Williams & Wilkins; 1992.

[31] Stewart JD. Focal peripheral neuropathies. 3rd ed. Baltimore, MD: Lippincott
Williams & Wilkins; 2000.

[32] McNamee ], Flynn P, O’Leary S, et al. Imaging in cauda equina syndrome: a
pictorial review. Ulster Med ] 2013;82(2):100-8.

[33] Shapiro S. Cauda Equina syndrome secondary to disc herniation. Neurosurgery
1993;32:743-7.

[34] Oliphant D. Safety of spinal manipulation in the treatment of lumbar disk
herniations: a systematic review and risk assessment. ] Manipulative Physiol
Ther 2004;27(3):197-210.

[35] Shapiro S. Medical realities of cauda equina syndrome secondary to lumbar
disc herniation. Spine (Phila Pa 1976) 2000;25(3):348-51 [discussion 352].

[36] Bednar DA. Cauda equina syndrome from lumbar disc herniation. CMA]
2016;188(4):284.

[37] Li X, Dou Q, Hu S, et al. Treatment of cauda equina syndrome caused by lumbar
disc herniation with percutaneous endoscopic lumbar discectomy. Acta Neurol
Belg 2016;116(2):185-90.

[38] Busse JW, Bhandari M, Schnittker ]B, et al. Delayed presentation of cauda
equina syndrome secondary to lumbar disc herniation: functional outcomes
and health-related quality of life. CJEM 2001;3(4):285-91.

[39] O’Laoire SA, Crockard HA, Thomas DG. Prognosis for sphincter recovery after
operation for cauda equina compression owing to lumbar disc prolapse. Br
Med ] (Clin Res Ed) 1981;282(6279):1852-4.

[40] Kohless SS, Kohles DA, Karp AP, et al. Time-dependent surgical outcomes
following cauda equina syndrome diagnosis: comments on a meta-analysis.
Spine (Phila Pa 1976) 2004;29(11):1281-7.

[41] Jarvik ]JG, Deyo RA. Diagnostic evaluation of low back pain with emphasis on
imaging. Ann Intern Med 2002;137:586-97.

[42] Jennett WB. A study of 25 cases of compression of the cauda equina by
prolapsed intervertebral discs. ] Neurol Neurosurg Psychiatry 1956;19
(2):109-16.

[43] Qureshi A, Sell P. Cauda equina syndrome treated by surgical
decompression: the influence of timing on surgical outcome. Eur Spine ]
2007;16:2143-51.

[44] Kebaish KM, Awad ]. Spinal epidural haematoma causing acute cauda equina
syndrome. ] Neurosurg Neurosurg Focus 2004;16:1-4.

[45] Ahn UM, Ahn NU, Buchowski JM, et al. Cauda equina syndrome secondary to
lumbar disc herniation—a meta-analysis of surgical outcomes. Spine 2000;25
(12):1515-22.


http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0005
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0005
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0010
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0010
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0015
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0015
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0020
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0020
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0025
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0025
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0030
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0030
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0035
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0035
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0040
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0040
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0045
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0045
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0050
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0050
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0055
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0055
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0055
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0060
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0060
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0065
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0065
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0070
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0070
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0075
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0075
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0075
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0080
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0080
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0080
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0085
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0085
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0085
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0090
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0090
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0095
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0095
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0100
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0100
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0105
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0105
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0105
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0110
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0110
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0115
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0115
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0115
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0120
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0120
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0120
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0125
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0125
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0130
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0130
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0135
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0135
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0140
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0140
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0145
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0145
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0150
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0155
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0155
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0160
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0160
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0165
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0165
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0170
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0170
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0170
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0175
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0175
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0180
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0180
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0185
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0185
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0185
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0190
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0190
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0190
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0195
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0195
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0195
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0200
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0200
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0200
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0205
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0205
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0210
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0210
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0210
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0215
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0215
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0215
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0220
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0220
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0225
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0225
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0225

148 B. Long et al./American Journal of Emergency Medicine 38 (2020) 143-148

[46] Bagley CA, Gokaslan CA. Cauda equina syndrome caused by primary and
metastatic neoplasms. Neurosurg Focus 2004;16(6):e3.

[47] Cohen DB. Infectious origins of cauda equine syndrome. ] Neurosurg
Neurosurg Focus 2004;16:5-10.

[48] Harrop JS, Hunt GE, Vaccaro AR. Conus medullaris and cauda equine syndrome
as a result of traumatic injuries: management principles. ] Neurosurg
Neurosurg Focus 2004;16:19-23.

[49] Issada T, Le H, Park J, Kim DH. Cauda equina syndrome in patients with low
lumbar fractures. ] Neurosurg Neurosurg Focus 2004;16:28-33.

[50] Jensen RL. Cauda equina syndrome as a post operative complication of lumbar
spine surgery. ] Neurosurg Neurosurg Focus 2004;16:34-8.

[51] Ozgen S, Beyken N, Dogan 1V, et al. Cauda equina syndrome after induction of
spinal anaesthesia. ] Neurosurg Neurosurg Focus 2004;16:24-7.

[52] Flores LP, Nascimento Filho ] deS, et al. Prognostic factors related to gunshot
wounds to the spine in patients submitted to laminectomy. Arq De Neuro-Psyq
1999;57:836-42.

[53] Rubinstein DJ, Alvarez O, Ghelman B, Marchisello P. Cauda equina syndrome
complicating ankylosing spondylitis: MR features. ] Comput Assist Tomogr
1989;13:511-3.

[54] Transfeldt E, White D, Bradford DS, Roche B. Delayed anterior decompression
in patients with spinal cord and cauda equina injuries of the thoraco-lumbar
spine. Spine 1990;15:953-7.

[55] Lawrentschuk N, Nguyen H. Cauda equina syndrome secondary to
constipation: an uncommon occurrence. ANZ ] Surg 2005;75:498-500.

[56] Tandon PN, Sankaran B. Cauda equina syndrome due to lumbar disc prolapse.
Indian J Orthop 1967;1(2):112-9.

[57] McCarthy MJH, Aylott CEW, Grevitt MP, Hegarty J. Cauda equina syndrome—
factors affecting long term functional and sphincteric outcome. Spine 2007;32
(2):207-16.

[58] Gleave ]JRW, MacFarlane R. Cauda equina syndrome, what is the
relationship between timing of surgery and outcome. Br | Neurosurg
2002;16(4):325-8.

[59] Hussain SA, Gullan RW, Chitnavis BP. Cauda equina syndrome: outcome and
implications for management. Br ] Neurosurg 2003;17(2):164-7. Apr.

[60] Jerwood D, Todd NV. Reanalysis of the timing of cauda equina surgery. Br |
Neurosurg 2006;20(3):178-9. Jun.

[61] Todd NV. Cauda equina syndrome: the timing of surgery probably does
influence outcome. Br ] Neurosurg 2005;19(4):301-6. Aug.

[62] Delamarter RB, Sherman JE, Carr JB. Cauda Equina syndrome: neurologic
recovery following immediate, early or late decompression. Spine
1991;16:1022-9.

[63] Todd NV, Dickson RA. Standards of care in cauda equina syndrome. Br ]
Neurosurg 2016;30(5):518-22. Oct.

[64] Korse NS, Pijpers JA, van Zwet E, et al. Cauda equina syndrome: presentation,
outcome, and predictors with focus on micturition, defecation, and sexual
dysfunction. Eur Spine ] 2017;26(3):894-904.

[65] Fairbank ], Hashimoto R, Dailey A, et al. Does patient history and physical
examination predict MRI proven cauda equina syndrome? Evid Based
SpineCare ] 2011;2(4):27-33.

[66] Domen PM, Hofman PA, van Santbrink H, Weber WE. Predictive value of
clinical characteristics in patients with suspected cauda equina syndrome. Eur
J Neurol 2009;16(3):416-9.

[67] Greenhalgh S. Development of a toolkit for early identification of cauda equina
syndrome. Prim Health Care Res Dev 2016;17:559-67.

[68] Sylvester PA, McLoughlin ], Sibley GN, et al. Neuropathic urinary retention in
the absence of neurological signs. PostgradMed ] 1995;71(842):747-8.

[69] Bell DA, Collie D, Statham PF. Cauda equina syndrome: what is the correlation
between clinical assessment and MRI scanning? Br ] Neurosurg 2007;21
(2):201-3.

[70] Pronin S, Hoeritzauer I, Statham PF, et al. Are we neglecting sexual function
assessment in suspected cauda equina syndrome? Surgeon. Available online
26 April 2019. doi:https://doi.org/10.1016/j.surge.2019.03.005.

[71] Gooding BW, Higgins MA, Calthorper DA. Does rectal examination have any
value in the diagnosis of cauda equina syndrome? Br ] Neurosurg 2013;27
(2):156-9.

[72] Sherlock KE, Turner W, Elsayed S, et al. The evaluation of digital rectal
examination for assessment of anal tone in suspected cauda equina syndrome.
Spine (Phila Pa 1976) 2015;40(15):1213-8. Aug 1.

[73] Balasubramanian K, Kalsi P, Greenough CG, Seetharam MP. Reliability of
clinical assessment in diagnosing cauda equina syndrome. Br ] Neurosurg
2010;24(4):383-6.

[74] Nathalie D, Abiodun A, Dena K, et al. What is the diagnostic accuracy of red
flags related to cauda equina syndrome (CES), when compared to magnetic
resonance imaging (MRI)? A systematic review. Musculoskelet Sci Pract
2019;42:125-33. Jul.

[75] Kim JH, van Rijn RM, van Tulder MW, et al. Diagnostic accuracy of diagnostic
imaging for lumbar disc herniation in adults with low back pain or sciatica is
unknown; a systematic review. Chiropr Man Therap 2018;26:37. Aug 21.

[76] Ozdoba C, Gralla ], Rieke A, et al. Myelography in the age of MRI: why we do it,
and how we do it. Radiol Res Pract 2011;2011(3290):17.

[77] Peacock ]G, Timpone VM. Doing more with less: diagnostic accuracy of CT in
suspected cauda equina syndrome. AJNR Am ] Neuroradiol 2017;38(2):391-7.
Feb.

[78] Aly TA, Aboramadan MO. Efficacy of delayed decompression of lumbar disk
herniation causing cauda equina syndrome. Orthopedics 2014;37(2):e153-6.

[79] Thakur JD, Storey C, Kalakoti P, et al. Early intervention in cauda equina
syndrome associated with better outcomes: a myth or reality? Insights from
the Nationwide Inpatient Sample database (2005-2011). Spine ] 2017;17
(10):1435-48. Oct.

[80] Srikandarajah N, Boissaud-Cooke MA, Clark S, Wilby MJ. Does early surgical
decompression in cauda equina syndrome improve bladder outcome? Spine
(Phila Pa 1976) 2015;40(8):580-3. Apr 15.


http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0230
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0230
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0235
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0235
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0240
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0240
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0240
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0245
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0245
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0250
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0250
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0255
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0255
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0260
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0260
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0260
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0265
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0265
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0265
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0270
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0270
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0270
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0275
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0275
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0280
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0280
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0285
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0285
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0285
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0290
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0290
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0290
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0295
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0295
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0300
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0300
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0305
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0305
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0310
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0310
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0310
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0315
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0315
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0320
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0320
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0320
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0325
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0325
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0325
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0330
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0330
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0330
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0335
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0335
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0340
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0340
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0345
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0345
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0345
https://doi.org/10.1016/j.surge.2019.03.005
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0350
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0350
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0350
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0355
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0355
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0355
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0360
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0360
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0360
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0365
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0365
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0365
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0365
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0370
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0370
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0370
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0375
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0375
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0380
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0380
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0380
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0385
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0385
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0390
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0390
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0390
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0390
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0395
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0395
http://refhub.elsevier.com/S0735-6757(19)30535-2/rf0395

	Evaluation and management of cauda equina syndrome in the emergency department
	1 Introduction
	2 Methods
	3 Discussion
	3.1 Anatomy and pathophysiology
	3.2 Etiologies
	3.3 History and physical examination
	3.4 Diagnostic testing
	3.5 Treatment
	3.6 Disposition

	4 Conclusions
	Declaration of competing interest
	Acknowledgements
	References


