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Urgent operation improves weakness in cauda equina syndrome
due to lumbar disc herniation
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ABSTRACT

Objectives: This study aims to examine the effect of surgical timing on the sphincter function and improvement of motor function in patients
with cauda equine syndrome (CES) due to lumbar disc herniation (LDH).
Patients and methods: Between January 2005 and December 2013, a total of 33 patients (18 males, 15 females; mean age 48.6±2.2 years, range,
24 to 73 years) who underwent lumbar spinal surgery and were diagnosed with CES due to LDH were retrospectively analyzed. Data including
demographics, muscle weakness, sensory deficit, sphincter control, LDH level, time from the initiation of symptoms to admission, and time to
surgery were documented. The latest muscle weakness, sensory deficits, and sphincter control were also recorded. The patients were divided into
two groups according to the rate of muscle strength improvement and data including age, sex, and operation time were compared.
Results: The weakness remained unchanged in 11 (33.3%), improved in 13 (39.4%), and returned to normal in nine (27.3%) patients. Sphincter
control resolved in five patients. Sensory loss resolved in two patients. While admission duration was shorter in the group with improved
muscle strength (p=0.02), there was no significant difference in the time to surgery (p=0.63). Logistic regression analyses revealed that only
the admission within 0 to 24 hours was significant for the muscle strength improvement (regression coeeficient [B]=2.83, standard error
[SE]=0.86, p=0.006).
Conclusion: A significant improvement in the motor strength can be achieved in patients with CES who are operated within 24 hours. On
the other hand, patients with CES should be received surgery immediately when first seen, regardless of the time, since the muscle strength
is slightly improved.
Keywords: Cauda equina syndrome; lumbar disc herniation; muscle strength spinal column.

Cauda equina syndrome (CES) is a rare, but
dramatic condition occurring due to compression
of fibers of the cauda equina. Clinical signs and
symptoms include saddle-type anesthesia, urinary
and anal incontinence, sexual dysfunction, and severe
weakness such as drop foot. It has been reported
to occur primarily as a consequence of lumbar
disc herniation (LDH), thoracolumbar fractures,
and tumors. Hematomas and infections, which are
uncommon etiological factors, may be also the cause
of CES.[1]
Nearly 95% of LDH cases are improved
by conservative treatment methods without
progression.[1] Of note, LDH is the most common
pathology, leading to CES. About 45% of all CES

cases are caused by LDH, and about 1 to 6% of all
LDH cases manifest with CES.[1-3] The incidence of
CES has been reported between 1/33,000-100,000.[4]
In addition, CES with LDH must be treated surgically
as an absolute indication.
There is no controversy regarding the indications
for surgical management of LDH with CES, although
the spine surgeons have not agreed upon a consensus
for timing of surgery, yet. It is well-known that surgical
treatment is appropriate immediately after the diagnosis
of CES, while early surgery may not alter the natural
course of CES in all cases.[5-7] Tragic impairments, such
as loss of sphincter control or foot drop, may lead to
medico-legal problems, due to misdiagnosis and/or
delayed therapeutic procedures.[2,8] Impaired urinary
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and/or anal sphincter functions are considered for the
diagnosis of CES by many authors.[1,3] On the other
hand, some authors have suggested that CES must
initiate with urinary and/or anal dysfunction.[6,7,9]
Therefore, prognostic studies on CES have focused on
sphincter functions, and the timing of surgery is often
based on the improvement of these functions.
It is of utmost importance to recover from CES
caused by LDH with minor damages as possible, as
sphincter dysfunction, weakness or drop foot findings
would affect all of the living conditions and quality
of life. In this study, we aimed to examine the effect
of surgical timing on the sphincter function and
improvement of motor function in patients with CES
due to LDH.

PATIENTS AND METHODS
This retrospective study was conducted at the
neurosurgery clinic between January 2005 and
December 2013, and patients who had lumbar
spinal surgery in our clinic were screened. A total of
3,486 patients were identified. Pathologies such as
trauma, tumor, epidural hematoma or abscess were
excluded. Charts of operated patients were reviewed
and only patients diagnosed with CES due to LDH
were included. Patients with missing preoperative
examination findings and those who were unable to
be reached after surgery were also excluded. Finally,
a total of 33 patients (18 males, 15 females; mean age
48.6±2.2 years, range, 24 to 73 years) who underwent
lumbar spinal surgery and were diagnosed with CES

3,486 patients had lumbar spinal surgery
between 2005-2013
3,338 patients were excluded:
• Vertebral fracture
• Hematoma
• Spinal infection
• Tumor
• LDH without CES
48 patients had lumbar disc hernia induced
cauda equina syndrome

3 patients excluded for preoperative lack of
data 12 patients could not be contacted

CES: Cauda equine syndrome.

due to LDH were included. The study flow chart is
shown in Figure 1.
Data including demographics, muscle weakness,
sensory deficit, sphincter control, LDH level, time
from the initiation of symptoms to admission, and
time to surgery were documented. The latest muscle
weakness, sensory deficits, and sphincter control were
also recorded. The patients were interviewed via phone
call and scheduled for a follow-up visit.
Pre- and postoperative muscle strength were
recorded. The patients were, then, divided into two
groups according to the rate of muscle strength
improvement: (i) loss of strength unchanged (those
with no improvement in the muscle strength after
surgery); and (ii) improved muscle strength after
surgery, compared to baseline.
In addition, preoperative anal sphincter tone was
examined in all patients. The presence of urinary
catheter was also assessed. Pre- and postoperative
muscle strength, sensory deficit, and sphincter
control were compared. The effects of demographic
characteristics and operation time on the muscle
strength improvement were investigated.
A written informed consent was obtained from
each patient. The study protocol was approved by the
Ankara Numune Training and Research Hospital
Local Ethics Committee. The study was conducted in
accordance with the principles of the Declaration of
Helsinki.
Statistical analysis
Statistical analysis was performed using the
PASW for Windows version 18.0 software (SPSS
Inc., Chicago, IL, USA). The Shapiro-Wilk test was
used to test normality. Descriptive statistics were
expressed in mean ± standard deviation (SD) or
median (min-max) for continuous variables and in
number and percentage for categorical variables. The
Mann-Whitney U and chi-square tests were used to
compare continuous and nominal variables between
the groups. The Wilcoxon and McNemar’s tests were
used to analyze pre- and postoperative results. Binary
logistic regression analyses were used to evaluate
predictors for muscle strength improvement. A p value
of <0.05 was considered statistically significant.

RESULTS

33 patients with CES due to LDH
were analyzed

Figure 1. Patients’ study flowchart.
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LDH: Lumbar disc herniation;

Of a total of 3,486 patients screened at baseline, 48
were diagnosed with CES based on their symptoms
and signs. However, 33 of these patients were included
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Table 1. Demographic and clinical characteristics of patients
Clinical characteristics

n

Age (year)
Sex
Female
Male
Lumbar disc herniation level
L2-L3
L3-L4
L4-L5
L5-S1
Muscle weakness +
0/5 motor strength
2/5 motor strength
3/5 motor strength
4/5 motor strength
Incontinence +
Sensory deficit +
Time from initation of symptoms to admission
Time from admission to surgery

%

Mean±SD

Median

Min-Max

48.6±2.2

48

24-73

48.5±45.5
7.6±5.2

24
8

3-150
1-24

15
18
4
4
16
9

12.1
12.1
48.5
27.3

30
1
1
1
27
31

90.9
3.03
3.03
3.03
81.8
93.9

SD: Standard deviation; Min: Minimum; Max: Maximum.

in the study. At baseline, all patients had low back
and/or leg pain during admission. Muscle weakness
was present in all patients, and 30 patients had 0/5
muscle strength. Although one patient had 4/5 motor
strength, she was diagnosed with CES based on
incontinence and sphincter control loss. Twelve of
the patients were referred to our hospital with urine
catheter; incontinence was found in 15 patients at the
initial examination. The remaining six patients had no
incontinence. About half of the patients (48.5%) were
found to have L4-L5 level LDH. The mean time from
the initiation of symptoms to admission was 48.5±45.5
hours. All patients were considered emergent and
operated as soon as possible, irrespective of the time of
admission and time from symptom onset. All patients
underwent hemilaminectomy in which the selection
of side was decided according to side of the previous

sciatica and magnetic resonance imaging (MRI). The
mean time from admission to surgery was 7.6±5.2
hours. Demographic and clinical characteristics of the
patients are shown in Table 1.
The patients were mobilized on the first day of
surgery, and passive range of motion exercises for
feet were initiated in the early period. All patients
continued a physiotherapy schedule and rehabilitation
sessions.
The mean follow-up was 16 (range, 2 to 54)
months. The muscle weakness remained unchanged
in 11 (33.3%), improved in 13 (39.4%), and returned
to normal in nine (27.3%) patients. Sphincter control
resolved in five patients. Sensory loss resolved in two
patients, but remained unchanged in 29 patients, which
was the least satisfactory sign and symptom (Table 2).

Table 2. Pre- and postoperative clinical assessments
Preoperative evaluation
Clinical characteristics
Motor strength
Muscle strength
0/5 motor strength
2/5 motor strength
3/5 motor strength
4/5 motor strength
5/5 motor strength
Sphincter control loss
Sensory deficit

n

30
1
1
1
27
31

%

Postoperative evaluation

Mean±SD

Median

Min-Max

0.27±0.91

0.00

0.00-4.00

90.9
3.03
3.03
3.03
81.8
93.9

SD: Standard deviation; Min: Minimum; Max: Maximum; * Wilcoxon analyses; ** McNemar’s test.

n

11
5
5
3
9
22
29

%

33.3
15.2
15.2
9.1
27.3
66.7
87.9

Mean±SD

Median

Min-Max

p

2.51±2.01

2.50

0.00-5.00

<0.001*

0.06**
0.25**
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Table 3. Clinical variables, admission, pre-operation and operation time in patients with improved and non improved muscle
strength
Patients with same muscle strength (n=11)
Clinical characteristics
Age (year)
Sex
Female
Time from initation of
symptoms to admission
Time from admission to surgery
Time from initation to surgery

n

6

%

Patients with improved muscle strength (n=22)
Mean±SD

Median

Min-Max

p

46.0±11.7

47

24-63

0.14*

8-150

33.5±33.1

24

3-120

0.45**
0.02*

2-15
13-165

7.5±5.8
41.0±22.0

7
27

1-24
7-144

0.63*
0.037*

Mean±SD

Median

Min-Max

53.5±12.0

52

37-73

76.4±53.3

78

7.5±3.8
83.8±11.0

8
80

54.5

n

9

%

40.9

SD: Standard deviation; Min: Minimum; Max: Maximum; * Mann Whitney U test, ** Chi-square test.

Table 4. Association between muscle strength improvement, clinical variables and surgery duration
Muscle strength 2**
(improved muscle strength)
Constant
Age
Sex
Time from initation of symptoms to admission
Time from initation to surgery

B

SE

p*

Exp(B)

95%CI

5.07
-0.74
0.565
-0.24
0.231

2.73
0.044
0.892
0.010
0.142

0.004
0.094
0.526
0.019
0.104

0.928
1.759
0.977
1.260

0.851-1.013
0.306-10.103
0.957-0.996
0.953-1.666

B: Regression coefficient; SE: Standard error; Exp (B): Odds ratio; Cl: Confidence interval.

The time from initation of symptoms to surgery
was defined as the operation time (OPT). The time
from the initiation of symptoms to admission and
duration of surgery were shorter in the patients
with improved muscle strength, while there was no
significant difference in the time from admission
to surgery between the patients with and without
improvement (Table 3).
Binary logistic regression analyses were used to
evaluate predictors for muscle strength improvement
and only time from the initiation of symptoms
to admission was found to be a significant
predictor (Table 4). This variable was evaluated in
four subgroups, as 0-24 hours; 25-48 hours; 49-72
hours, and >72 hours. Logistic regression analyses
indicated that only the admission within 0-24 hours
was significant for muscle strength improvement
(regression coeeficient [B]=2.83, standard error
[SE]=0.86, p=0.006).

DISCUSSION
Cauda equina syndrome is a dramatic condition
which is commonly caused by LDH.[1-3] Although it
is a widely accepted rule that a herniated disc should
be removed at once when it causes CES, there is no
consensus about the timing of surgery. In the present

study, we evaluated the effect of demographic features
and operation time on the sphincter function and
muscle strength. Our study results showed that the
OPT was effective in improving the muscle strength.
Incontinence and muscle weakness are the main
components affecting functional capacity and quality
of life in patients with CES. The importance of early
(within the first 24 and 48 hours) operation has
been shown to be associated with improved sphincter
functions.[10-13] Nielsen et al.[10] reported a significant
improvement in the detrusor functions of patients
undergoing decompression within 48 hours after
the first attack. Hellstrome et al.[11] also reported
improvements in the sexual potential following
early surgery. Dinning and Schaffer[12] showed a
substantial improvement in urinary complaints of
patients operated with decompression within 24 hours.
Similarly, Shapiro[3] reported an improvement rate of
100% for urinary symptoms, when decompression
surgery was performed within 48 hours and 33%,
when surgery was performed after 48 hours. Kostuik[2]
and Kostuik et al.[13] also recommended surgery to be
performed within 48 or 24 hours, if possible. In a metaanalysis, however, Kohles et al.[14] reported that there
was no significant difference between an early surgery
(within 24 hours) and a longer period (between 24 and
48 hours) after CES onset. Although early surgery has
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been conventionally recommended for CES, previous
studies reported in 2000s have highlighted that early
surgery is not effective on treatment outcomes. Chang
et al.[15] reported that incontinence persisted during
a mean follow-up of 6.4 years and some authors
found that early surgery did not affect prognosis of
bladder functions.[6,15] In addition, McCarthy et al.[4]
reported that early surgical decompression did not
affect improvement rates at two years. Similarly, Dhatt
et al.[16] reported that 39 of 50 patients operated within
a mean of 12.2 days showed improvement and delayed
surgery did not adversely affect prognosis, as expected.
In our study, consistent with the aforementioned
studies, we found no positive effect of surgical timing
on the sphincter functions.
Sphincter dysfunction, which is a more dramatic
sign, has been more commonly evaluated in the
literature as a prognostic criterion in such patient
groups with heterogeneous demographic features,
complaints, and symptoms. Although a significant
muscle weakness has not been as often studied as
sphincter dysfunction, it is a significant sign which
can affect the function and quality of life of patients.
Loss of strength is mainly expected in severe and
advanced stage of CES. Kostuik et al.[13] reported loss
of strength in all 31 patients, Choudhury and Taylor[17]
in 24 patients (n=42, 57%), McCarthy[4] in 23 patients
(n=42, 55%), and Shapiro[3] in 37 patients (n=44, 84%).
In a meta-analysis published by Ahn et al.,[1] resolution
of sensory and motor deficits was founded in the
patients treated within 48 hours. Similarly, in the
present study, all patients had motor deficit and motor
strength significantly improved in those undergoing
surgical decompression within 0-24 hours. As seen
in many studies in the literature, we highlighted the
importance of the first 24-hour surgery in our study. On
the other hand, we also found improvement in motor
weakness following surgery in the patients who were
admitted to hospital after 24 hours. Therefore, patients
with CES should be received surgery immediately
when first seen, regardless of the time of admission.
Both pain and neurological signs leading to the
loss of strength and sphincter dysfunction result
from compression of the nerve roots in the cauda
equina by herniated disc. There are two main opinions
regarding this pathological process involving the nerve
roots: (i) chemical exposure due to chemical chain
reactions caused by herniated nucleus pulposus;[9,18]
and (ii) compression of the cauda equina by herniated
nucleus pulposus.[4,8] First, it should be emphasized that
the cauda equina fibers are, unlike peripheral nerves,
unmyelinated preganglionic fibers and has a lower
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chance of regeneration after Wallerian degeneration.[19]
Compressive effects and chemical exposure start a
vicious cycle including progressive edema, impaired
venous return, and impaired vascular supply/hypoxia,
resulting in an irreversible damage, and this process
takes four to six hours.[8] Sacral fibers related to the
sphincter control and sensory innervations of the
perianal region are more centrally located in the
cauda equina, whereas motor fibers in the sciatic
nerve are more proximally and laterally located, while
leaving the foramen.[8,20] Therefore, it is possible that
motor fibers escape compressive effects. On the other
hand, the thick nerve fibers carrying motor strength
conduction are less affected by compression and
ischemia, compared to smaller-caliber nerve fibers
carrying sensory conduction.[19,20] These data may
help explain the postoperative motor recovery in our
study. Although we diagnosed CES in a short period of
time, completing radiological examinations (e.g., MRI)
indicating that CES due to LDH and performing
surgery would not be always an easy task. A favorable
prognosis can be achieved by removing the culprit disc
causing the chemical process and, thus, eliminating
compression at once with early surgery.
It has been reported that sphincter functions
improve at a rate of 70% following surgery. Although
theories related to nerve regeneration, detrusor muscle
reinnervation, and improved motor function have
been proposed,[7] they are not objective theories
based on urodynamic examinations. Being able
to micturate only via increasing intraabdominal
pressure, multiparity, and altered bladder functions
due to diabetic polyneuropathy complicate accurate
evaluation of the sphincter control.[21-24] Moreover,
sphincter functions return over an extended period of
time. In a meta-analysis by Korse et al.,[25] sphincter
dysfunction persisted in 55.3% of the patients for
a follow-up less than 12 months and in 28.1% at a
longer follow-up. Chang et al.[15] also reported that the
improvement process could last for months to years.
Therefore, while motor improvement starts earlier
and allows prediction of prognosis, we may need to
wait longer to evaluate the improvement in sphincter
functions.
In this study, valuable results were obtained in
terms of screening records for about a decade in an
experienced center. However, relatively small patient
population and retrospective study design can be
deemed as the limitations of the study. Although
studies and meta-analyses with CES mainly consist
of retrospectively evaluated patient groups and it
does not seem possible to analyze patients with CES

Urgent operation improves weakness in cauda equina syndrome due to lumbar disc herniation

in a prospective-controlled studies due to the widely
adopted concept of early surgery and medico-legal
issues, further large-scale studies may be useful to
confirm our preliminary findings.
In conclusion, sphincter control and perianal
sensory fibers may be more dramatically affected than
motor fibers due to their more central localization
and histologically being more sensitive. Sphincter
dysfunction which is already widely present in LDH
patients complicates distinguishing complete from
incomplete CES. Motor strength examination should
be a tool for the differentiation of complete CES.
A significant improvement in the motor strength can
be achieved in patients with CES who are operated
within 24 hours. On the other hand, patients with CES
should be received surgery immediately when first
seen, regardless of the time, since the muscle strength
is slightly improved. Although sphincter dysfunction
appears to be independent of the timing of surgery,
further large-scale studies with long-term follow-up
are needed to draw a conclusion.
Declaration of conflicting interests
The authors declared no conflicts of interest with respect
to the authorship and/or publication of this article.
Funding
The authors received no financial support for the research
and/or authorship of this article.

REFERENCES
1. Ahn UM, Ahn NU, Buchowski JM, Garrett ES, Sieber AN,
Kostuik JP. Cauda equina syndrome secondary to lumbar
disc herniation: a meta-analysis of surgical outcomes. Spine
(Phila Pa 1976) 2000;25:1515-22.
2. Kostuik JP. Medicolegal consequences of cauda equina
syndrome: an overview. Neurosurg Focus 2004;16:8.
3. Shapiro S. Cauda equina syndrome secondary to lumbar
disc herniation. Neurosurgery 1993;32:743-6.
4. McCarthy MJ, Aylott CE, Grevitt MP, Hegarty J. Cauda
equina syndrome: factors affecting long-term functional and
sphincteric outcome. Spine (Phila Pa 1976) 2007;32:207-16.
5. Olivero WC, Wang H, Hanigan WC, Henderson JP,
Tracy PT, Elwood PW, et al. Cauda equina syndrome
(CES) from lumbar disc herniations. J Spinal Disord Tech
2009;22:202-6.
6. Qureshi A, Sell P. Cauda equina syndrome treated by
surgical decompression: the influence of timing on surgical
outcome. Eur Spine J 2007;16:2143-51.
7. Gleave JR, Macfarlane R. Cauda equina syndrome: what is
the relationship between timing of surgery and outcome? Br
J Neurosurg 2002;16:325-8.
8. Gardner A, Gardner E, Morley T. Cauda equina syndrome:
a review of the current clinical and medico-legal position.
Eur Spine J 2011;20:690-7.

227

9. DeLong WB, Polissar N, Neradilek B. Timing of surgery
in cauda equina syndrome with urinary retention: metaanalysis of observational studies. J Neurosurg Spine
2008;8:305-20.
10. Nielsen B, de Nully M, Schmidt K, Hansen RI. A urodynamic
study of cauda equina syndrome due to lumbar disc
herniation. Urol Int 1980;35:167-70.
11. 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;135:308-12.
12. Dinning TA, Schaeffer HR. Discogenic compression of
the cauda equina: a surgical emergency. Aust N Z J Surg
1993;63:927-34.
13. Kostuik JP, Harrington I, Alexander D, Rand W, Evans D.
Cauda equina syndrome and lumbar disc herniation. J Bone
Joint Surg [Am] 1986;68:386-91.
14. Kohles SS, Kohles DA, Karp AP, Erlich VM, Polissar NL.
Time-dependent surgical outcomes following cauda equina
syndrome diagnosis: comments on a meta-analysis. Spine
(Phila Pa 1976) 2004;29:1281-7.
15. Chang HS, Nakagawa H, Mizuno J. Lumbar herniated disc
presenting with cauda equina syndrome. Long-term followup of four cases. Surg Neurol 2000;53:100-4.
16. 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;20:2235-9.
17. Choudhury AR, Taylor JC. Cauda equina syndrome in
lumbar disc disease. Acta Orthop Scand 1980;51:493-9.
18. Marsala J, Kafka J, Lukácová N, Cízková D, Marsala M,
Katsube N. Cauda equina syndrome and nitric oxide
synthase immunoreactivity in the spinal cord of the dog.
Physiol Res 2003;52:481-96.
19. Olmarker K, Rydevik B, Holm S, Bagge U. Effects of
experimental graded compression on blood flow in spinal
nerve roots. A vital microscopic study on the porcine cauda
equina. J Orthop Res 1989;7:817-23.
20. Rydevik B, Brown MD, Lundborg G. Pathoanatomy and
pathophysiology of nerve root compression. Spine (Phila Pa
1976) 1984;9:7-15.
21. Perner A, Andersen JT, Juhler M. Lower urinary tract
symptoms in lumbar root compression syndromes: a
prospective survey. Spine (Phila Pa 1976) 1997;22:2693-7.
22. Siracusa G, Sparacino A, Lentini VL. Neurogenic bladder
and disc disease: a brief review. Curr Med Res Opin
2013;29:1025-31.
23. Bartolin Z, Savic I, Persec Z. Relationship between clinical
data and urodynamic findings in patients with lumbar
intervertebral disk protrusion. Urol Res 2002;30:219-22.
24. Dong D, Xu Z, Shi B, Chen J, Jiang X, Wang H.
Urodynamic study in the neurogenic bladder dysfunction
caused by intervertebral disk hernia. Neurourol Urodyn
2006;25:446-50.
25. Korse NS, Jacobs WC, Elzevier HW, VleggeertLankamp CL. Complaints of micturition, defecation
and sexual function in cauda equina syndrome due to
lumbar disk herniation: a systematic review. Eur Spine J
2013;22:1019-29.

