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Cauda equina syndrome
IS THE CURRENT MANAGEMENT OF PATIENTS PRESENTING TO 
DISTRICT GENERAL HOSPITALS FIT FOR PURPOSE? A PERSONAL 
VIEW BASED ON A REVIEW OF THE LITERATURE AND A 
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There is no universally agreed definition of cauda equina syndrome (CES). Clinical signs of 
CES including direct rectal examination (DRE) do not reliably correlate with cauda equina 
(CE) compression on MRI. Clinical assessment only becomes reliable if there are symptoms/
signs of late, often irreversible, CES. The only reliable way of including or excluding CES is 
to perform MRI on all patients with suspected CES. If the diagnosis is being considered, MRI 
should ideally be performed locally in the District General Hospitals within one hour of the 
question being raised irrespective of the hour or the day. Patients with symptoms and signs 
of CES and MRI confirmed CE compression should be referred to the local spinal service for 
emergency surgery.

CES can be subdivided by the degree of neurological deficit (bilateral radiculopathy, 
incomplete CES or CES with retention of urine) and also by time to surgical treatment (12, 
24, 48 or 72 hour). There is increasing understanding that damage to the cauda equina nerve 
roots occurs in a continuous and progressive fashion which implies that there are no safe 
time or deficit thresholds. Neurological deterioration can occur rapidly and is often 
associated with longterm poor outcomes. It is not possible to predict which patients with a 
large central disc prolapse compressing the CE nerve roots are going to deteriorate 
neurologically nor how rapidly. Consensus guidelines from the Society of British 
Neurological Surgeons and British Association of Spinal Surgeons recommend 
decompressive surgery as soon as practically possible which for many patients will be 
urgent/emergency surgery at any hour of the day or night. 
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Patients with suspected cauda equina syn-
drome (CES) are frequently referred to ortho-
paedic surgeons working in District General
Hospitals (DGHs). These surgeons are not spe-
cialist spinal surgeons but are expected to
make crucial decisions regarding the manage-
ment of CES. This article provides the evidence
base for the rational management of the
patient with suspected CES.

Patients and Methods
A PubMed search was undertaken using the
search term cauda equine syndrome. No time
delimiter was applied; selected papers ranged
from 1956 to 2015. The search was restricted to
papers published in English and only involving
human studies. In total, 3528 potential abstracts
were identified; papers were selected to address
the issues set out in this paper. The author’s
(NVT) database of 157 medicolegal cases (2001
to 2015) was retrospectively reviewed to deter-
mine at what stage CES patients were treated
and the proportion of patients who deteriorated
while under medical care.

Results
Epidemiology. A significant central disc pro-
lapse has been reported to be present in about
3% of all lumbar disc prolapses (PLID)1 with
CES occurring in about 0.07% to 0.12% of
PLIDs.2,3

CES is a syndrome. Unfortunately there is no
universally agreed definition of CES. The liter-
ature includes symptoms and/or signs from
modest cauda equina irritation through to cat-
astrophic neurological and visceral injury.4

Symptoms and/or signs can include impair-
ment of bladder, bowel, urethral or perineal
sensation, problems in micturition, inconti-
nence of urine or faeces, a palpable bladder
and/or impairment of anal sphincter tone.
Before CES there may be bilateral radicular
pain and/or dermatomal sensory loss and/or
motor weakness. A previous literature review
noted a lack of commonality of symptoms and/
or signs in 25% of the papers examined,5 caus-
ing diagnostic uncertainty.
Classification. CES can be subdivided into
three categories.6 Firstly, CES suspected or
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suspicious (CESS), is the patient with a bilateral radiculop-
athy, who does not have CES but if the bilateral radiculopa-
thies are caused by a large central PLID then the patient is
at risk of developing CES. Secondly, incomplete CES
(CESI), is the patient who has objective evidence of CES,
typically impaired perineal sensation and some sphincter
problems but retains voluntary control of initiating and
stopping micturition. Thirdly, CES retention (CESR),
describes the patient with a paralysed, insensate bladder;
the bladder retains urine, which is painless and subse-
quently there is incontinence of urine. CESR does not imply
complete loss of cauda equina (CE) function. 
Diagnostic uncertainty. No symptom or combination of
symptoms/signs reliably excludes or confirms CES.7,8

Direct rectal examination (DRE) does not discriminate
between the presence or absence of CES.9 A clinical diagno-
sis of CES is most likely to be correct when the lesion is
severe.10 If the clinician waits for symptoms/signs of a
severe lesion, such as perineal anaesthesia, urinary reten-
tion, urinary or faecal incontinence or absent anal tone, to
develop, few patients will recover full function following
decompressive surgery.1,10,11

Where to image and when? MRI is the imaging modality of
choice and CT is inadequate as it does not adequately show
soft tissues such as a PLID. MRI is part of triage whenever
CES is suspected.6,12,13 In many hospitals, MRIs are not
available out of hours14 so these patients need to be trans-
ferred to a spinal service. Many of these MRIs which are
undertaken in these circumstances are found to be negative
with low rates of CE compression on MRI ranging from
14% to 33%;7,8,10,15 and emergency surgery being per-
formed at an even lower incidence of 4% to 7%.15,16 Hence
transferring large numbers of patients to spinal centres for
negative MRIs is both time consuming and expensive. As
MRI is part of patient triage, it should ideally be performed
at the DGH before contacting a spinal surgeon.
Thresholds or continuous deterioration. Thresholds for CES
have been divided by time and/or neurological deficit, for
example < 24 hours or < 48 hours; the deficit is typically sub-
divided into CESS, CESI or CESR.1,11,17,21,27 However, there
is an increasing understanding that neurological losses in
CES are continuous and form part of a progressive process.17

When to operate. The urgency of surgical decompression
remains contentious.1,4,7-10,13,15,17-60 Emergency surgery in
all CES patients has been recommended.18,19 Others set
thresholds of clinical deficit1,20 or time to decompressive
surgery,21 suggesting that in some patients it may be reason-
able to delay surgery because further harm is not caused by
the delay - some patients improve, however, delays in sur-
gery of a day or two do not adversely affect the probability
of functional recovery. The advice of the National Institute
of Health and Care Excellence61 the Society of British Neu-
rological Surgeons (SBNS)6 and the British Association of
Spinal Surgeons (BASS)13 is to operate on the CES patient
as soon as practically possible in order to prevent further
neurological deterioration and to maximise the chance of

recovery. However, not all patients with large central disc
prolapses deteriorate. Two studies22,23 reported a total of
50 patients with large central disc prolapses and unilateral
radiculopathy who were treated conservatively. No patient
developed CES and there was clinical improvement in the
majority with resolution of the central disc prolapse in most
patients. Only five of these patients ultimately required an
operation for persistent radicular pain.22,23 In those
patients who have CES (CESS, CESI or CESR) it is impos-
sible to predict who will deteriorate but if neurological
deterioration does occur outcomes are worse.1,11,17,20,24,25

In a large meta-analysis Ahn et al21 suggested that the treat-
ment of the CES patient could be delayed for up to 48 hours
with similar outcomes. Two studies17,26 repeated the analy-
sis of Ahn et al21 and found that the primary data, methods
and statistical analysis were open to criticism. A further
meta-analysis has proposed other ‘safe’ periods of delay 12,
24, 36, 48 or 72 hours27 before surgical decompression in
the presence of CES with urinary retention. There was a
trend to the better bladder outcomes in patients treated at
earlier points in time, but this did not achieve statistical sig-
nificance. There is also uncertainty whether emergency
decompression is needed in the patient with a paralysed,
insensate bladder (CESR). Some authors have suggested
better outcomes with early treatment after CESR,11,24,25

while others have not.1,20 It is clear that the evidence from
the literature is inconsistent. There is the risk that a study
that shows benefit to earlier surgery is because the ‘early’
patients contain a higher proportion of CESI patients, who
would be expected to do well. The ‘late’ group are more
predominantly CESR because some of the CESI patients
have deteriorated to CESR.11,28 It is uncertain what propor-
tion of CESR patients recover bladder and/or bowel func-
tion but ranges of 22% to 79% have been
reported.1,24,25,29,30 This wide variation probably also
reflects the case-mix (CESI vs CESR) of those reported
patients. A patient with deteriorating neurological function
should be operated upon as an emergency.28 There is pro-
gressive loss of CE function after CESR.36 The predictors of
good outcomes are the least neurological deficit at the time
of surgery, shortest duration of compression and a slow
onset of compression.17 There are potential disadvantages
to operating as an emergency on all patients who have, or
could, develop CES. It is not known what proportion of
patients who present in CESS or CESI deteriorate to CESR,
and presumably some can recover spontaneously. The
advice of the SBNS and BASS is to operate promptly if there
is a risk of neurological deterioration.6,13

Outcomes following treatment. The principle is that any
function that has not been lost at the time of decompression
will be preserved. Therefore, in the event that the CESS
patient does not have CES, they will have no long-term
problems with bladder, bowel or sexual function. There is
also an 85% chance of improvement in radicular leg pain,
but there is no predictable improvement in back pain.1,11,17

The CESI patient in the long-term typically has normal
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control of the bladder and bowel.1,11,17 Recovery of func-
tion can occur following CESR1,24,25,29,30 and there can be
recovery with delayed surgery,31,32 but often this does not
extend to full function.1,11,17,31,32 
Medicolegal cases. The author’s database of medicolegal
reports in patients with CES was reviewed in order to see
whether patients deteriorated while under medical care. It
was found that in 39 patients there was intra- or post-
operative injury (the latter typically caused by a post-oper-
ative haematoma) to the CE roots, plus there were three
patients with no CES, leaving 118 patients for analysis. At
first clinical contact 100 (85%) patients were CESS or CESI
and 18 (15%) were CESR. At the time of treatment 98
(83%) were CESR and only 20 (17%) were CESI, none
were CESS. Delay in diagnosis and treatment leading to
long-term harm occurred in the majority of patients. Of the
100 patients presenting with CESS or CESI ten (10%) dete-
riorated to CESR within 12 hours, 16 (16%) 12 to 24 hours
and 74 (74%) > 24 hours after the first medical contact.

Discussion
It is incorrect to believe that there is a clear clinical picture
of CES. There is no combination of clinical symptoms and/
or signs that reliably predict CE compression. DRE does
not predict MR-positive CE compression unless and until
the CE lesion is severe and irreversible.9,10 If CES is sus-
pected (CESS, CESI or CESR) a detailed history and clinical
examination (including DRE) and MRI should be per-
formed. The medicolegal data presented in the current
paper show that these patients can deteriorate rapidly to
CESR at a rate of 1% per hour in the first 24 hours follow-
ing medical contact. Given the rapid rates of neurological
deterioration in some patients, best practice would be for
an MRI to be undertaken within one hour of a clinical diag-
nosis of suspected CES. This will lead to increased demand
for MRI and more negative MRIs, which can be justified if
patients are diagnosed and treated before CESR.

The human studies1,4,7-10,13,15,17-60 are retrospective
single-centre reports of low power. A number of studies
that have attempted to compare data from the different
papers11,17,21,26,27 suffer from the problem that the popula-
tions are heterogeneous with uncorrected variables, differ-
ent definitions of CES, failures to set out the nature and
timing of surgery or the experience of the surgeon, along
with variable reporting of outcomes and losses to follow-
up. Ahn et al21 stated that the CES patient could be treated
at any time up to 48 hours after the onset of CES, implying
that there is a safe time window of 48 hours for treatment.
This study has been criticised on the basis of methodology
and misinterpretation of the data.26 A recent study repeated
Ahn et al’s21 work and could find no difference between
those treated < 48 hours or > 48 hours.17 In that paper, the
CES patients were divided by the degree of neurological
deficit, whether CESS, CESI or CESR, yet these are not
homogenous groups and patients were found to develop
more severe deficits within a group, such as progressive

motor weakness or more severe sphincter dysfunction.
There is increasing recognition that deterioration in func-
tion in the CES patient is continuous and progressive.17,33,34

In a series of 139 patients with CESI, it was found that
bladder outcomes were dependant on time. Normal blad-
der function was found in 88.9% of patients treated within
24 hours, 79% of cases treated within 24 to 48 hours and
only 44% of those treated more than 48 hours after CESI.36

In a small series of medicolegal patients, the probability of
the patient having more severe losses of perineal sensation
and/or anal tone increases from CESI to CESR and with
more prolonged CESR.36 Therefore, there is evidence that
the duration of CE compression is a determinant of out-
come, with progression of neurological deficits and worse
outcomes where there is more prolonged compression in
CESI patients. In the CESR patient there is no proof that
urgent surgery produces better outcomes and no proof that
delayed surgery is or is not safe. Putting patients into CES
subgroups may help descriptively, but if the principle of
continuous deterioration is ignored, it can lead to poor
decisions.6,13,33

Patients with bilateral radiculopathy (CESS) do not have
CES, however, they are at risk of CES if they have a large
central PLID. Worse outcomes occur if patients deteriorate
neurologically prior to treatment. Large central disc pro-
lapses can safely be treated conservatively in patients with
unilateral radiculopathy, but there is no evidence that this is
a safe policy in patients with CES.22,23 If all CESS patients
were operated upon as an emergency, it would mean that
some patients were over treated. However, it is not known
which CESS patients with a large central disc prolapse com-
pressing the cauda equina nerve roots will deteriorate to
CES (CESI and/or CESR, or when). It would be reasonable
to admit the CESS patient to the DGH overnight and, pro-
viding they do not deteriorate, to undertake MRI immedi-
ately in the morning. If the MRI showed a large central
PLID compressing the CE roots, and the patient opted for
surgery, they should be transferred to the spinal service for
surgery that day. The CESI patient should be accepted for
transfer and operated upon as an emergency as deteriora-
tion to CESR can occur rapidly. The principle of emergency
imaging and surgery for the CES patient has been endorsed
by the SBNS and BASS.6,13 If a CESI patient is left over-
night, during which time there is deterioration, there is fre-
quently a poor long-term outcome, which is potentially
preventable. Given that in our series, 26% of medicolegal
CESI patients deteriorate to CESR within 24 hours, it is a
high-risk strategy to leave the CESI patient until the next
morning’s operating list and, therefore, emergency decom-
pression is mandatory.33,34 For the CESR patient, clinical
data are not available to show whether emergency surgery
leads to better outcomes. However, clinical data suggest
there is progressive damage to the CE roots which contin-
ues both before and after CESR and, therefore, delaying sur-
gery after CESR may contribute to poor outcomes.17,35,36

Provided the operation can be carried out by a consultant
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spinal surgeon and knowing that neurological deficits pro-
gress after CESR,36 the rational approach to maximising
good outcomes is to operate upon the CESR patient as soon
as possible. 

In conclusion, it is recommended that a DGH orthopae-
dic surgeon who is assessing a patient with suspected CES,
urgently reviews the patient. If the diagnosis continues to be
considered, then MRI of the lumbosacral spine should be
arranged locally within one hour. In the event that the MRI
is positive then the patient should be transferred to a spinal
surgery unit as an emergency. The best outcomes will be
achieved where patients are operated upon with the least
neurological deficits and the shortest duration of CE com-
pression.

Author contributions: 
N. V. Todd: Conceiving, researching and writing the paper.

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.

This article was primary edited by S. P. F. Hughes and first proof edited by G.
Scott.

References
1. Gleave JRW, MacFarlane R. Prognosis for recovery of bladder function following

lumbar central disc prolapse. Br J Neurosurg 1990;4:205–209.

2. Scorbie C. Cauda equina syndrome. Orthopaedics 2009;32:39.

3. Schoenfeld AJ, Bader JO. Cauda equina syndrome: an analysis of incidence rates
and risk factors among a closed North American military population. Clin Neurol Neu-
rosurg 2012;114:947–950.

4. Lavy C, James A, Wilson-MacDonald J, Fairbank J. Cauda equina syndrome.
BMJ 2009;338:936.

5. Fraser S, Roberts L, Murphy E. Cauda equina syndrome: a literature review of its
definition and clinical presentation. Arch Phys Med Rehabil 2009;90:1964–1968.

6. No authors listed. Standards of care for established and suspected cauda equina
syndrome. www.sbns.org.uk/index.php/download_file/view/131/87 (date last
accessed 11 June 2015).

7. Bell DA, Collie D, Statham PF. Cauda equina syndrome: what is the correlation
between clinical assessment and MRI scanning? Br J Neurosurg 2007;21:201–203.

8. Balasubramanian K, Kalsi P, Greenough CG, Kuskoor Seetharam MP. Relia-
bility of clinical assessment in diagnosing cauda equina syndrome. Br J Neurosurg
2010;24:383–386.

9. Gooding BW, Higgins MA, Calthorpe DA. Does rectal examination have any value
in the clinical diagnosis of cauda equina syndrome? Br J Neurosurg 2013;27:156–159.

10. 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;16:416–419.

11. Todd NV. Cauda equina syndrome: the timing of surgery probably does influence out-
come. Br J Neurosurg 2005;19:301–306.

12. Todd NV. Letter to the editor: MRI is essential for triage of the "? CES" patient. Br J
Neurosurg 2015;29:181.

13. Germon T, Ahuja S, Casey AT, Todd NV, Rai A. British Association of Spine Sur-
geons standards of care for cauda equina syndrome. Spine J 2015;15(suppl):S2–S4.

14. Hauptfleisch J, Meagher TM, King D, López de Heredia L, Hughes RJ. Out-of-
hours MRI provision in the UK and models of service delivery. Clin Radiol
2013;68:245–248.

15. Crocker M, Fraser G, Boyd E, et al. The value of interhospital transfer and emer-
gency MRI for suspected cauda equina syndrome: a 2-year retrospective study. Ann R
Coll Surg Engl 2008;90:513–516.

16. Paluzzi A, Nissen JJ. Is it appropriate for GPs to refer patients with presumed acute
lumbar spinal pathology directly to the on-call neurosurgical team? Br J Neurosurg
2009;23:474.

17. Chau AM, Xu LL, Pelzer NR, Gragnaniello C. Timing of surgical intervention in
cauda equina syndrome: a systematic critical review. World Neurosurg 2014;81:640–
650.

18. Shephard RH. Diagnosis and prognosis of cauda equina syndrome produced by pro-
trusion of lumbar disk. Br Med J 1959;2:1434–1439.

19. O’Laoire SA, Crockard HA, Thomas DG. Prognosis for sphincter recovery after
operation for cauda equina compression owing to lumbar disc prolapse. Br Med J
(Clin Res Ed) 1981;282:1852–1854.

20. Gleave JRW, Macfarlane R. Cauda equina syndrome: what is the relationship
between timing of surgery and outcome? Br J Neurosurg 2002;16:325–328.

21. Ahn UM, Ahn NU, Buchowski JM, et al. Cauda equina syndrome secondary to
lumbar disc herniation: a meta-analysis of surgical outcomes. Spine (Phila Pa 1976)
2000;25:1515–1522.

22. Benson RT, Tavares SP, Robertson SC, Sharp R, Marshall RW. Conservatively
treated massive prolapsed discs: a 7-year follow-up. Ann R Coll Surg Engl
2010;92:147–153.

23. Cribb GL, Jaffray DC, Cassar-Pullicino VN. Observations on the natural history of
massive lumbar disc herniation. J Bone Joint Surg [Br] 2007;89-B:782–784.

24. Jerwood D, Todd NV. Reanalysis of the timing of cauda equina surgery. Br J Neu-
rosurg 2006;20:178–179.

25. Todd NV. Causes and outcomes of cauda equina syndrome in medico-legal practice:
a single neurosurgical experience of 40 consecutive cases. Br J Neurosurg
2011;25:503–508.

26. Kohles SS, Kohles DA, Karp AP, Erlich VM, Polissar NL. Time-dependent surgi-
cal outcomes following cauda equina syndrome diagnosis: comments on a meta-anal-
ysis. Spine (Phila Pa 1976) 2004;29:1281–1287.

27. DeLong WB, Polissar N, Neradilek B. Timing of surgery in cauda equina syn-
drome with urinary retention: meta-analysis of observational studies. J Neurosurg
Spine 2008;8:305–320.

28. Findlay G. Meta-analysis and the timing of cauda equina surgery. Br J Neurosurg
2008;22:137–138.

29. Shapiro S. Medical realities of cauda equina syndrome secondary to lumbar disc her-
niation. Spine (Phila Pa 1976) 2000;25:348–351.

30. Dinning TAR, Schaeffer HR. Discogenic compression of the cauda equina: a surgi-
cal emergency. Aust N Z J Surg 1993;63:927–934.

31. Dhatt S, Tahasildar N, Tripathy SK, Bahadur R, Dhillon M. Outcome of spinal
decompression in Cauda Equina syndrome presenting late in developing countries:
case series of 50 cases. Eur Spine J 2011;20:2235–2239.

32. Aly TA, Aboramadan MO. Efficacy of delayed decompression of lumbar disk herni-
ation causing cauda equina syndrome. Orthopedics 2014;37:153–156.

33. Bydon M, Gokaslan ZL. Time to treatment of cauda equina syndrome: a time to
reevaluate our clinical decision. World Neurosurg 2014;82:344–345.

34. Sonntag VK. Why not decompress early? The cauda equina syndrome. World Neu-
rosurg 2014;82:70–71.

35. 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;40:580–583.

36. Todd NV. Cauda equina syndrome: findings on perineal examination. Br J Neurosurg
2013;27:852.

37. Kostuik JP, Harrington I, Alexander D, Rand W, Evans D. Cauda equina syn-
drome and lumbar disc herniation. J Bone Joint Surg [Am] 1986;68-A:386–391.

38. Hellström P, Kortelainen P, Kontturi M. Late urodynamic findings after surgery for
cauda equina syndrome caused by a prolapsed lumbar intervertebral disk. J Urol
1986;135:308–312.

39. Kennedy JG, Soffe KE, McGrath A, et al. Predictors of outcome in cauda equina
syndrome. Eur Spine J 1999;8:317–322.

40. Macfarlane R. Meta-analysis and the timing of cauda equina surgery. Br J Neuro-
surg 2007;21:635.

41. McCarthy MJH, Aylott CEW, Grevitt MP, Hegarty J. Cauda equina syndrome:
factors affecting long-term functional and sphincteric outcome. Spine (Phila Pa 1976)
2007;32:207–216.

42. Qureshi A, Sell P. Cauda equina syndrome treated by surgical decompression: the
influence of timing on surgical outcome. Eur Spine J 2007;16:2143–2151.

43. Scott PJ. Bladder paralysis in cauda equina lesions from disc prolapse. J Bone Joint
Surg [Br] 1965;47-B:224–235.

44. Jennett WB. A study of 25 cases of compression of the cauda equina by prolapsed
intervertebral discs. J Neurol Neurosurg Psychiatry 1956;19:109–116.

45. Chang HS, Nakagawa H, Mizuno J. Lumbar herniated disc presenting with cauda
equina syndrome. Long-term follow-up of four cases. Surg Neurol 2000;53:100–
104.discussion 5.

46. Choudhury AR, Taylor JC. Cauda equina syndrome in lumbar disc disease. Acta
Orthop Scand 1980;51:493–499.

47. Fanciullacci F, Sandri S, Politi P, Zanollo A. Clinical, urodynamic and neurophys-
iological findings in patients with neuropathic bladder due to a lumbar intervertebral
disc protrusion. Paraplegia 1989;27:354–358.

48. Korse NS, Jacobs WCH, Elzevier HW, Vleggeert-Lankamp CLAM. Complaints
of micturition, defecation and sexual function in cauda equina syndrome due to lum-
bar disk herniation: a systematic review. Eur Spine J 2013;22:1019–1029.



1394 N. V. TODD

THE BONE & JOINT JOURNAL

49. Kumar JR, Krishnan RU, Menon KVG. Timing of surgery in cauda equina syn-
drome. Amrita J Med 2012;8:28–30.

50. Hussain SA, Gullan RW, Chitnavis BP. Cauda equina syndrome: outcome and
implications for management. Br J Neurosurg 2003;17:164–167.

51. Jalloh I, Minhas P. Delays in the treatment of cauda equina syndrome due to its var-
iable clinical features in patients presenting to the emergency department. Emerg
Med J 2007;24:33–34.

52. Nielsen B, de Nully M, Schmidt K, Hansen RI. A urodynamic study of cauda
equina syndrome due to lumbar disc herniation. Urol Int 1980;35:167–170.

53. O’Flynn KJ, Murphy R, Thomas DG. Neurogenic bladder dysfunction in lumbar
intervertebral disc prolapse. Br J Urol 1992;69:38–40.

54. Radulović D, Tasić G, Joković M, Nikolić I. The role of surgical decompression of
cauda equina in lumbar disc herniation and recovery of bladder function. Med Pregl
2004;57:327–330. (In Serbian).

55. Shi J, Jia L, Yuan W, et al. Clinical classification of cauda equina syndrome for
proper treatment. Acta Orthop 2010;81:391–395.

56. Spännare BJ. Prolapsed lumbar intervertebral disc with partial or total occlusion of
the spinal canal. A study of 30 patients with and 28 patients without cauda equina
symptoms. Acta Neurochir (Wien) 1978;42:189–198.

57. Tandon PN, Sankaran B. Cauda equina syndrome due to lumbar disc prolapse.
Indian J Orthop 1967;1:112–119.

58. Olivero WC, Wang H, Hanigan WC, et al. Cauda equina syndrome (CES) from lum-
bar disc herniations. J Spinal Disord Tech 2009;22:202–206.

59. Arrigo RT, Kalanithi P, Boakye M. Is cauda equina syndrome being treated within
the recommended time frame? Neurosurgery 2011;68:1520–1526.

60. Buchner M, Schiltenwolf M. Cauda equina syndrome caused by intervertebral
lumbar disk prolapse: mid-term results of 22 patients and literature review. Orthope-
dics 2002;25:727–731.

61. No authors listed. NICE Guidelines: Sciatica (lumbar radiculopathy) http://
cks.nice.org.uk/sciatica-lumbar-radiculopathy (date last accessed 11 June 2015). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Sabon-Bold
    /Sabon-BoldItalic
    /SabonCE-Bold
    /SabonCE-BoldItalic
    /SabonCE-Italic
    /SabonCE-Roman
    /Sabon-Italic
    /Sabon-Roman
    /Univers
    /Univers-Bold
    /Univers-BoldOblique
    /UniversCE-Bold
    /UniversCE-BoldOblique
    /UniversCE-Medium
    /UniversCE-Oblique
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


