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ABSTRACT

Study design: Retrospective study with prospective long-term clinical follow-up.
Background: Cauda equina syndrome (CES) is a neurosurgical emergency, mostly
caused by herniated lumbar disc for which urgent surgical decompression is
indicated. Data on long-term clinical outcome of bladder, bowel & sexual function
following decompression are elusive.

Aim: To evaluate the effectiveness of surgical decompression on recovery of CES
symptoms at long-term follow-up & role of timing of surgery on the outcome.
Methods: Records of 35 CES patients who underwent surgical decompression for
herniated lumbar disc during a five years period retrospectively analysed & patients
called for follow-up visits. Outcome measures comprised of history & clinical
examination pertinent to bladder, bowel & sexual function.

Results: Twenty-four patients (68.5%) were included for final evaluation who
attended follow-up visits, with a minimum follow-up period of one year. Most
common complaint at presentation was bladder dysfunction (100%) with urinary
retention in 16 patients (66.6%), faecal incontinence in 11 (45.8%), saddle anaesthesia
in 22 (91.6%) & erectile dysfunction in 6 patients (out of 15 males). Only four patients
underwent surgery within 48 hours of CES symptom onset, rest cases after 48 hours
duration. At follow-up, bladder dysfunction present in 33.3% with urinary retention
in 16.6%. Faecal incontinence persisted in 4 patients (16.6%) & saddle anaesthesia in
7 (29.1%). Sexual dysfunction was the most persistent complaint.

Conclusion: Long-term follow-up shows significant recovery of sphincteric function
in CES patients after surgical decompression. Urinary & bowel dysfunction improve
significantly. Timing to surgery didn't affect the long-term outcome.

INTRODUCTION

Cauda equina syndrome (CES) is clinically characterized by varying
degree of loss of bladder, bowel & sexual function & is often associated
with one or more of features like low back pain, unilateral or bilateral
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sciatica, leg weakness & is caused by compression of
lumbar and sacral nerve roots in cauda equina [1, 2,
25, 33, 35].

It is considered a neurosurgical emergency &
prompt surgical decompression represents the
therapeutic gold standard [1, 18, 28]. The most
common cause of CES is herniated lumbar disc (HLD)
& CES is considered the only primary absolute
indication for surgery in HLD patients [1, 8, 18, 28].
There are differing reports in the literature regarding
the optimum time to surgery but because of the rare
occurrence of this syndrome, there is a lack of unified
criteria for deciding the best timing for surgery and
determining factors that positively influence the
clinical outcome.

Hence, the influence of timing of surgery on
outcome has been a topic of debate in literature and
most studies show that decompression within 48
hours yield better outcome [1, 3, 18]. But many
others disagree & indicate that timing of surgery
does not appear to significantly improve the
outcome [4, 14, 25, 26, 28]. Regardless of the disease
onset, it is logical to conclude that operating sooner
rather than later is better.

Long term follow-up of CES patients is required
for evaluation of bladder, bowel & sexual function
recovery following surgical decompression and
several studies do include individual population with
follow-up of several years, however, those patient
numbers are small and evaluation of outcome
seldom includes defecation and sexual function [20].

Aim of this study was to present our experience
at this institute and assess the effectiveness of
surgical decompression on functional recovery of
CES symptoms after long term follow-up with
regards to bladder, bowel as well as sexual
dysfunction & evaluate the factors affecting the long-
term outcome after surgery following development
of CES symptoms, together with a thorough review
of literature.

MATERIALS & METHODS

Study design

Medical records & clinical data of consecutive
patients operated for lumbar herniated disc at this
tertiary care regional Government hospital during a
five years period from July 2014 to June 2019 with
coded admission diagnosis & clinical presentation of
CES were retrospectively reviewed for their baseline
characteristics, presenting complaints, pre-operative
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neurological status, surgical complications, clinical
parameters at the time of discharge from the
hospital. Then selected patients included in the study
were called upon telephonically for follow-up visits
arranged in outpatient care clinic. All patients had
pre-operative MRI of lumbosacral spine for definitive
diagnosis of herniated disc causing clinical cauda
equina syndrome. The minimum follow-up period
was set to one year with mean follow-up of 28
months and maximum of 5 years. Patients were
evaluated for clinical improvement & outcome of
micturition, defecation, and sexual function and
possible predictors of outcome. The study was
approved by Institutional Review Board.

Inclusion criteria

- Patients with newly diagnosed CES operated within
the study period.

- Pre-operative MRI suggestive of herniated lumbar
disc causing cauda equina nerve root compression
(Figure 3 & 4).

- Follow-up of at least one year.

Exclusion criteria

- Cause of CES other than HLD, like tumors or
degenerative lumbar stenosis.

- Patients with re-operation for persistent symptoms
with post-operative MRl suggestive  of
residual/recurrent disc herniation.

- Didn't attend the follow up clinic.

Atotal of 35 patients were identified by screening the
records of all patients operated by the two
experienced senior neurosurgeons for lumbar
herniated disc at this institution & out of these, 24
patients were included for the final evaluation. Rest
eleven patients didn't meet the inclusion criteria due
to various reasons & were excluded.

Operative procedure

All patients underwent standard laminectomy &
removal of herniated Ilumbar disc causing
compression of lumbosacral nerve roots. No patient
in this study had spinal fusion or any
instrumentation for instability.

Demographic & clinical data

Baseline parameters like age, sex, level of disc,
associated  comorbidities,  smoking  status,
presenting symptoms, duration of symptoms of CES
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& time to surgery were analyzed (table-1). Limb
weakness was graded according to MRC (Medical
research council) scale. Symptoms of bladder, bowel
& sexual dysfunction were separately measured.
Patients who were catheterized at the time of
presentation were considered having urinary
retention. Incontinence of faeces due to sphincteric
dysfunction & saddle anesthesia were included as
symptoms of bowel dysfunction relevant to CES &
were evaluated. Sexual dysfunction was present in
male patients as erectile dysfunction. Post-operative
complications were also noted & patient-related
clinical data at the time of discharge from the
hospital were analyzed.

Characteristics (n=24)

Median Age (in years) 40.0 years (Range 30-65)

Sex - Male 15
Female 09
Level of HLD L2-31 (4.1%)

13-4 5(20.8%)

L4-5 11 (45.8%)

L5-S1 9 (37.5%)

Two level HLD 2 (8.3%)

Comorbidities DM-23
HTN 4
Smoking status Smoker 8

Non-smoker 16

(HLD Herniated lumbar disc; DM-2 Diabetes mellitus type-2;
HTN Hypertension)

Table 1. Pre-operative patient related parameters.

Outcome Measures

A follow-up visit was arranged during a period
between July to August 2020 for all screened patients
of CES as per their convenience to attend the
outpatient care & relevant clinical history was taken
regarding present status of pain, limb weakness &
improvement in bladder, bowel & sexual function.
Thorough neurological examination was performed
in all patients including presence of motor deficit,
anal tone & perineal sensation. Improvementin limb
weakness was considered significant if it upgraded at
least two MRC (Medical research council scale)
grades from the pre-operative record.

Outcome of individual parameters was assessed

& compared between two intergroups of
chronological order 1) pre-operative v/s at discharge
& 2) at discharge v/s long term follow-up. This
comparison was done to evaluate the importance of
a long-term follow-up & long recovery time required
to see the results of surgical decompression.

Statistical analysis

The recorded data were analyzed using IBM-SPSS
software version 24.0 for windows OS 10 (SPSS Inc.
Chicago). Comparing independent groups with
categorical variables was done with Chi Square test.
For comparisons between paired groups of
categorical variables, McNemar's test was done with
Yates correction for continuity and validated with a
binomial exact test. Binary logistic regression models
were used to evaluate predictors for bladder, bowel
and sexual dysfunction at long term follow-up, with
inclusion of the following variables: age, sex, level of
herniated disc at presentation, duration of
complaints of CES at presentation & time to
decompression. Statistical significance determined
by a p value < 0.05.

RESULTS

A total of 594 patients underwent laminectomy with
discectomy surgery for herniated lumbar disc during
the five years study period at this institution, out of
which thirty-five (35) patients were diagnosed having
CES. So, the incidence of CES among patients
operated for lumbar herniated disc was 5.9% at our
center. Out of these 35 patients, eight didn't attend
the follow-up visit due to various reasons (three of
them couldn't be contacted, five didn't came for
follow-up even after several requests made
telephonically & so couldn't be examined at follow-
up). Three patients demonstrated significant
residual or recurrent disc herniation in the follow-up
MRI scans and were re-operated, so excluded from
the final evaluation. Hence, twenty-four patients
(68.5%) with CES were included in our study for
evaluation.

Demographic parameters of the patients who
were included are summarized in table-1. The
median age was 40 years with 15 males & 9 females.
The most common level of disc herniation was L4-5
(in 45.8%) followed by L5-51 (37.5%) & two-level disc
herniation in two cases (8.3%), one with L2-3 & L3-4
levels & other one with L3-4 & L4-5 levels, & these



two patients underwent laminectomy & discectomy
at both levels simultaneously.

Pre-operative clinical parameters

The common presenting clinical features are listed in
Table-2. The most common presenting symptoms
were radicular leg pain (87.5%), urinary dysfunction
(100%) & saddle anesthesia (91.6%). Other common
complaints were weakness of either or both legs
(54.1%) & bowel dysfunction in form of faecal
incontinence of varying severity (45.8%). Two
patients had partial foot drop at presentation which
improved at long term follow-up. The least common
complaint reported was sexual dysfunction (25% in
whole sample) as 6 male patients having erectile
dysfunction (40%). None of the females reported any
sexual dysfunction. Sixteen patients (66.6%) were
catheterized either at the time of admission or
before surgery for urinary retention. Per-rectal
examination revealed perineal hypoesthesia in
thirteen (54.1%) & decreased anal tone in nineteen
(79.2%) patients. Three patients who reported
absence of radicular pain, also had bilateral lower
limb weakness, complete saddle anesthesia with
urinary retention.

Symptoms/signs
Low back pain

Overall (n=24)
22 (91.6%)

Radicular leg pain 21(87.5%)

- Unilateral 16 (66.6%)
- Bilateral 5(20.8%)
Motor deficit 13 (54.1%)
- U/l leg weakness 8 (33.3%)
- B/l leg weakness 3(12.5%)
- Foot drop (U/I & partial) 2 (8.3%)
Bladder dysfunction 24 (100%)
- Urgency/dysuria 3(12.5%)
- Overflow incontinence 5(20.8%)
- Retention 16 (66.6%)

Bowel dysfunction

- fecal incontinence 11 (45.8%)

Sexual dysfunction (Male)
- Erectile dysfunction
Perineal hypoesthesia

6/15 (40.0%)
13 (54.1%)

Saddle anesthesia 22 (91.6%)

- Complete 15 (62.5%)
- Partial 7 (29.1%)
Anal tone

- Normal 5(20.8%)
- Decreased 19 (79.2%)

Table 2. Pre-operative clinical parameters.

Long term outcomes following CES surgery

Disease duration and time to surgery

The duration of complaints related to herniated
lumbar disc disease with low backache &/or radicular
leg pain are summarized in Table-3. The most
important parameter to be measured was the mean
duration of onset of cauda equina syndrome
symptoms (bladder &/or bowel dysfunction with or
without leg weakness) to surgical decompression.
For this, the duration of symptoms at admission was
added to the duration from admission to surgery.
The mean duration was 117 hours (approximately 5
days) with only four patients (16.6%) undergoing
surgery within 48 hours from symptom onset. We do
not have emergency spine surgery unit at this
institution; hence all cases were posted for surgery
on urgent priority basis in the elective theatre on the
same day or within 48 hours of admission. The time
to surgical decompression from onset of CES
symptoms of all included patients is shown in Figure-
1 & the time to surgery from admission to the
hospital in Figure-2. The average duration of hospital
stay was 6.5 days. Mean follow-up period was 28
months with range from 12-60 months. The duration
of symptoms relevant to herniated disc like low
backache and radicular pain with or without limb
weakness were also noted from patient's history
sheets. Many of these were on conservative
approach of management with analgesics alone.
Those cases first presented to us with acute
involvement of bladder & bowel function. Some
cases developed CES without prior symptoms of
HLD. The longest duration of CES symptoms
recorded was 15 days in two cases (Figure-1).

Duration (Range)

Mean duration from onset of 152.3(10-730)
symptoms of HLD to presentation

(in days)

Mean duration of onset of CES 117.0(36-360)
complaints to surgery (in hours)

Mean duration from admission to  33.5(12-48)
surgery (in hours)

Average duration of hospital stays 6.5(3-13)

(in days)

Table 3. Duration of symptoms & time to surgical
decompression.

Surgical complications
All patients underwent standard laminectomy &
discectomy surgery to decompress the cauda equina
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nerve roots, intraoperatively dural tear was
encountered in two cases but they were recognized
& managed intraoperatively without closure of dura
required & they had no post-operative CSF leak.
Post-operatively no major complications were
reported before discharge except one patient having
diabetes developed superficial wound infection on
post-operative day-4 which was managed
conservatively with antibiotics alone. No worsening
of neurological status reported in the post-operative
period & at discharge from hospital. All patients were
shifted to elective ICU care at least for 24 hours post-
operatively, no patient required ventilatory support
or prolonged ICU stay. Injectable antibiotics were
given routinely to all patients for a minimum of three
days post-operatively, no steroid use documented
for any patient.
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Duration of CES symptom onset to surgery (in hours)

Figure 1. Duration from CES symptom onset to surgery of all
patients.

Clinical outcome at long-term follow up

At a minimum follow-up period of one year, most of
the patients had significant improvement in their
pre-operative deficits (Table-4). Age at onset of CES,
sex, comorbidities, smoking status & level of disc
were not found to influence the outcome (not
statistically significant).

The assessment of pain relief was subjective &
patient reported & this was not quantified on pain
scale. Our study shows that a significant number of
patients (37.5%) still complain of radicular leg pain at
follow up. Patients who had limb weakness show
significant improvement when compared to pre-
operative & discharge records, & only 4 patients
(16.6%) had reported residual deficits.
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Figure 2. Time to surgery after admission of all patients.

Pre-operative At discharge At long-term follow p-value**
(average 6.5 days) up

Radicular leg pain 21 (87.5%) 15(62.5%) 9 (37.5%) MNY 0.003
- Unilateral 16 (66.6%) 11 (20.8%) 6 (25.0%) BE <0.001
- Bilateral 5(20.8%) 4(8.3%) 3(12.5%)
Motor deficit* 13 (54.1%) 12(50.0%) 4(16.6%) MNY 0.016
-U/l leg weakness 8(33.3%) 8(33.3%) 3(12.5%) BE <0.001
-B/l leg weakness 3(12.5%) 3(12.5%) 1(4.1%)
-Foot drop 2(8.3%) 1(4.1%) 0(0.0%)

* if no improvement in motor power by at least 2 MRC grades; **outcome at long-term; MNY - McNemar's test with Yates

correction; BE - Binomial Exact test

Table 4. Long-term outcome of leg pain & motor deficits.
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Pre-operative At discharge At long-term follow up p-value*
(average 6.5 days)

Urgency/dysuria 3(12.5%) 3(12.5%) 2 (8.3%) -
Overflow 5(20.8%) 4 (16.6%) 2 (8.3%) -

incontinence
Retention 16 (66.6%) 14 (58.3%) 4(16.6%) -
Total 24 (100%) 21 (87.5%) 8(33.3%) MNY <0.001
BE <0.001

# outcome at long-term; MNY - McNemar's test with Yates correction; BE - Binomial Exact test

Table 5. Long-term outcome of bladder dysfunction.

Long-term outcome of bladder dysfunction

At follow-up, 33.3% of patients complained of
bladder involvement at follow-up & this
improvement, when compared with either pre-
operative or at discharge data using McNemar's test
with Yates correction for continuity, was statistically
significant (Table-5). Binomial exact test was used to
check the validity of this calculation. Out of 16
patients with retention initially, 12 were free from
catheter at long-term & only 16.6% were still
dependent on it despite proper bladder training in
post-operative period.

Two of the cases who had retention before surgery,
however, reported complaints of dysuria or urgency
at follow-up but were not catheter-dependent. Out
of the four patients operated within 48 hours after
CES symptom onset, three had retention & one had
incontinence pre-operatively, out of which one
patient still had retention at the follow-up visit. When
compared with the group of rest of the 20 patients
operated >48 hours after CES onset, no statistically
significant difference was observed in outcome of
bladder function between the two groups.

Pre-operative

Saddle anaesthesia 22 (91.6%) 19(79.1%)
- Complete 15 (62.5%) 13 (54.1%)
- Partial 7 (29.1%) 6 (25.0%)

Faecal incontinence 11 (45.8%) 11 (45.8%)

Perineal 13 (54.1%) 11 (45.8%)
hypoaesthesia

Anal tone

-decreased 19 (79.2%) 15 (62.5%)
Sexual dysfunction 6 (40.0%) 6 (40.0%)

in males (ED), n=15

At discharge (average 6.5 days)

At long-term follow up p-value®

7(29.1%) MNY <0.001

4 (16.6%) BE <0.001
3(12.5%)

4 (16.6%) MNY 0.046

BE 0.004

8(33.3%) MNY 0.131

BE0.016

7 (29.1%) MNY 0.005

BE <0.001

4 (26.6%) MNY 0.479

BE 0.50

## outcome at long-term; MNY - McNemar’s test with Yates correction; BE - Binomial Exact test

Table 6. Long-term outcome of bowel & sexual dysfunction.

Bowel & sexual dysfunction

Bowel dysfunction was measured with four different
parameters (Table-6). Two subjective parameters
including saddle anaesthesia & faecal incontinence
as reported by the patients. Saddle anesthesia
present pre-operatively in 22 cases (91.6%) including

15 complete & 7 partial loss of sensation in saddle
region. Itimproved at follow-up visit to seven (29.1%),
four (16.6%) & three (12.5%) respectively. Faecal
incontinence with partial or complete loss of control
over defecation including either intermittent
incontinence or soiling was reported by 11 patients
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(45.8%) before surgery which improved significantly
at follow-up & prevalent in only 4 cases (16.6%) at
follow-up.

Objective parameters of bowel dysfunction
included presence or absence of perineal
hypoaesthesia & demonstration of anal tone. At
presentation, hypoaesthesia was present in 13
patients & decreased anal tone i.e. lax anal sphincter
in 19 patients, which improved at follow-up. The
association of saddle anaesthesia & decreased anal
tone with presence of wurinary retention at
presentation & follow-up was statistically significant
(p-value < 0.05) & all 4 patients with retention at
follow-up had saddle anaesthesia, perineal
hypoaesthesia & decreased anal tone. Hence,
presence of saddle anaesthesia with perineal
hypoaesthesia and a lax anal tone was a predictor of
urinary dysfunction.

Sexual dysfunction which was prevalent in 25% of
the study cohort & reported by 6 male patients (40%)
having erectile dysfunction at presentation was still
present in 4 of them at follow-up. The lower initial
incidence of this complaint as compared to other
sphincteric disturbances may be due to response
bias, as none of the females complained any form of
sexual dysfunction, possibly reflecting some form of
barrier on both patient's side as well as on doctor’s
side regarding the discussion of sexual health.

DIscuUssION

This study is one rare of its kind to prospectively
assess the long-term outcome following surgery for
CES secondary to herniated lumbar disc by directly
obtaining patient history & performing clinical
examination in the outpatient care clinic after a
minimum of one year.

The primary aim of this study was to evaluate
clinical outcome after a long period following
surgery, specifically the outcome of sphincteric
function. This long term follow-up is required for
neurological recovery which tends to occur many
years after decompression [5, 25]. Some previous
studies by Korse et al. & Hazelwood et al. have
evaluated outcomes at relatively longer duration [13,
20]. Together with highlighting the importance of a
long term follow up, we also reviewed the literature
to describe other features relevant to the context of
cauda equina syndrome and their possible
association with the outcome.

The sample size (n=24) in our study was relatively
small but considering the rare occurrence of this
syndrome [9, 15, 23], number of patients in this study
were considerable. We achieved a response rate of
68.5% due to unwillingness of many patients (31.5%)
to participate for the follow-up evaluation for various
reasons, personal or social. This shows a significant
number of patients were lost to follow-up & indicates
towards an attrition bias, but it could well be because
of dissatisfaction from the delivered care also & must
have been a major factor affecting the overall
outcome assessment.

The incidence of CES in patients undergoing
surgery for lumbar disc herniation in this study was
5.9%, which is slightly higher than previous literature
that quotes approximate incidence of 1-3% [8, 9, 14,
16, 19, 23, 25]. Recently Korse et al. quoted a higher
incidence of 10.8% in their study on 75 patients [19].

The most common cause of CES is lumbar disc
herniation [18, 34]. Others include tumors, spinal
stenosis, hematomas, trauma, and iatrogenic causes
[21]. The most common level of cauda equina nerve
root compression is L4-5 or L5-S1 level [6, 8, 16] and
our study population also reflects the same with
almost 83.3% (20/24) of cases demonstrating disc at
these two levels. We couldn't demonstrate a
correlation between the level of disc and long-term
outcome.

The exact definition of cauda equina syndrome is
not available. It is described by various authors in
different terms and there is no agreed definition [32].
There have been attempt to quantify the clinical
aspects of Cauda equina syndrome by N. V. Todd
based on bladder and bowel dysfunction but has not
been validated for clinical practice [2, 35]. The five
characteristic features of CES are bilateral
neurogenic sciatica, reduced perineal sensation,
altered bladder function ultimately to painless
urinary retention, loss of anal tone and sexual
dysfunction. Not all will be present in any individual
patient [8, 32]. Results demonstrated that bladder
dysfunction, radicular leg pain, saddle anaesthesia
with decreased or loss of anal tone are the most
prevalent complaints within this population, while
leg weakness & bowel dysfunction being
comparatively less common and sexual dysfunction
reported least frequently. Bilateral sciatica also, was
a less common feature (in 20.8%). Unilateral foot
drop is also described as a feature of CES & two
patients in this study had partial unilateral foot drop



along with sphincter dysfunction with evidence of
disc herniation at L3-4 & L4-5 levels respectively.
These two patients recovered at follow-up. Bilateral
foot drop can also occur but is an extremely rare
condition as described by Mahapatra et al. in a case
of CES due to L3-4 prolapsed disc [24]. Low-backache
being non-specificc was not assessed as an
independent outcome measure, though many cases
still had this complaint in post-operative and follow-
up period.

There has also been an attempt to classify CES by
The British Association of Spinal Surgery' into three
subgroups as CESS (suspected CES with absence of
sphincter dysfunction), CESI (CESS plus dysuria,
urgency or altered urinary sensation) and CESR
(painless retention with faecal or urinary overflow
incontinence) [10, 14]. However, classification into
two broad groups of incomplete (CESI) and complete
(CESR) cauda equina syndrome seems more realistic
for the true evaluation of the clinical outcome, as
these two groups represent the definite involvement
of sphincter function, specifically the bladder
function. We followed the same criteria to describe
CES clinically. All the 24 patients in our study cohort
had some form of bladder dysfunction and 21 of
them fall into CESR subgroup (16 with retention & 5
with overflow incontinence). Thereby, a comparison
couldn’t be made with the rest of the three patients
falling into CESI subgroup due to such skewed
distribution of variables.

The long-term outcomes related to bladder,
bowel & sexual dysfunction in this study broadly
agree with previous literature. However, similar to
previous studies, the proportions of patients with
residual symptoms differ in individual categories.
Our study noted a lower rate of bladder dysfunction
(33.3%) at long term follow up than previous studies,
with Hazelwood et al. finding 76%, Korse et al finding
36.1% & McCarthy et al finding 43% of patients to
have bladder dysfunction at long term follow-up [13,
20, 25]. The higher incidence of bladder dysfunction
by Hazelwood et al. may be due to use of the
objective USP score (Urinary symptoms profile score)
which have a high sensitivity to a range of urological
symptoms and patients would often report a
symptom-free bladder, only to show dysfunction on
the USP [5, 36]. This is likely due to the neural
damage sustained in CES that would preferentially
affect detrusor innervation and function over pelvic
floor strength or urethral patency [10]. Olivero et al.

Long term outcomes following CES surgery

have described an improvement of bladder function
in more than 90% of their cases with a sample size of
31 patients [26]. Kaiser et al. noted good outcomes
in 70% of their patients with CESR [16]. Similar to
these, patients in the retention group also had good
recovery patterns in our study with a prevalence of
66.6% reducing to 16.6% at follow-up. This
improvement is significant considering the generally
described poor outcome in previous studies [18, 20].
Konig et al. found no improvement in bladder
dysfunction in any case of a grade-4 CES (based on
Shi classification) regardless of the timing of surgery
[18, 31]. We did not classify our patients into these
grades as described by Shi et al. but the classification
seems promising and further prospective studies on
its application in prognostication of CES patients are
recommended [31].

Two important aspects of bladder dysfunction
not sufficiently mentioned in the previous literature
are the pre & post-operative urodynamic study (UDS)
and electromyography of bladder musculature.
Uroflowmetry and post-void residual urine (PVR) are
simple objective tests to establish the neurovesical
involvement in CES [17]. These can be further
confirmed with invasive multichannel UDS to
exclude other possible causes responsible for
persistent bladder dysfunction in the post-operative
period. Yamanishi et al. in their study on urodynamic
evaluation of surgical outcome of CES stated that
most of the patients could empty their bladder only
by straining or changing their voiding postures
postoperatively [37]. This adaptation by the CES
patients in post-operative period could well be a
reason for the subjective improvement of bladder
dysfunction in the present study and their catheter-
free status at follow-up, despite the presence of a
residual  bladder dysfunction on objective
assessment. Lee et al. have evaluated the role of
electromyography as a tool for evaluating the
integrity of sacral spinal segments 2 to 4 to predict
the outcome of bladder dysfunction in CES & found
that results of electrically induced bulbocavernosus
reflex (E-BCR) examination seemed to give excellent
positive and negative predictive values for the
recovery of bladder function in patients with CES
[22]. These two factors should be considered
relevant predictors of bladder dysfunction and
should be evaluated in the follow-up.

Bowel dysfunction is a complex domain of Cauda
equina syndrome and includes two subjective and
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two objective parameters as previously mentioned.
We describe a high prevalence of 91.6% saddle
anaesthesia and 45.8% faecal incontinence. This
incontinence of varying degree was strongly related
to the presence of two objective parameters of
perineal sensory loss and decreased anal tone. All
patients having some form of faecal incontinence
also had both these findings present. Most of the
previous studies report poor outcome of bowel
disturbances with Korse et al. finding a prevalence of
43% at long term follow-up from 47% at initial follow-
up and McCarthy et al. finding 60% bowel
disturbance at follow-up & one-third of these having
intermittent faecal incontinence or soiling [20, 25].
Our findings correlate with the previous studies but
since there is no unified criteria of defining bowel
dysfunction or disturbance in different studies [4, 13,
20] we could not compare individual parameters,
however, the overall recovery is significant for all
these 4 parameters. The role of rectal examination
testing the anal tone is described in previous studies.
Sphincter disturbance and saddle anaesthesia
appear to be the most reliable predictors of outcome
after surgery [7, 12, 21, 25]. There are few studies
suggesting that early surgery increases the likelihood
of an improvement in bowel dysfunction [8, 18, 25].
However, we could not verify this association.

Sexual dysfunction was reported less commonly
and complained only by the male population with
erectile dysfunction. There was no patient showing
any functional recovery at the time of discharge but
33.3% (2 of 6) patients had reported improvement in
erection at long term follow-up though it was not
statistically significant (p value 0.479). None of the
females reported any form of sexual dysfunction,
however this doesn't rule out its prevalence in this
population  considering the  under-reported
complaints related to sexual dysfunction. McCarthy
et al. reported 50% of patients had some degree of
sexual dysfunction, and Korse et al. reported
dysfunction prevalence of 56% at 2 months,
marginally improving to 53% at 13 years [20, 25].

In our study, patients operated before 48 hours
fared no better than those operated after 48 hours,
specifically the sphincter function. However, since
only four cases were operated before 48 hours, this
conclusion didn't reach a statistical significance. But,
considering the significantly good recovery in those
operated after 48 hours, it can be concluded that a
more important factor predicting the outcome is

‘time factor’ post-surgery, thus emphasizing the role
of a long-term follow-up of these cases. Four cases
presented more than 10 days after the onset of their
CES symptoms (figure-1), but had no statistically
significant difference between the outcome when
compared with those operated early upon. What are
the factors then, governing the neurological recovery
in such patients remains unanswered.

Figure 3. Pre-operative T1-weighted sagittal MRl image of a 36
years old male patient showing a large herniated disc at L5-S1
level (yellow-coloured arrow mark).

Recently, Bydon et al. in their study on 45 patients of
CES have stated that determinants of outcome in CES
are elusive, similar to the state of the literature on
surgical management of acute spinal cord injury, in
which the timing of surgery has not been
conclusively correlated with outcome [4]. Studies in
the porcine model have shown that cauda equina
compression can cause injury after as little as 2 hours
[4, 27, 29]. They have further postulated that time-
dependent cellular and physiologic effects of cauda
equina impingement are irreversible well before
patients reach surgery, leaving outcome dependent
on other factors. This together with the delayed
presentation of patients to seek medical help,
unavailability of adequate medical facilities in the
developing countries and delayed diagnosis by
primary care physician leads to a significant delay in
time to surgery. Heyes et al. in their recent series of
136 patients, demonstrated that regardless of type
of CES and independent of timing of surgical
intervention, most patients see a significant
improvement in bowel and bladder function
following surgical decompression [14]. The majority



of patients in their series also presented with
symptom duration of greater than 48 hours. We
consider this related to the long time required for
natural recovery of damaged nerve fibers after
decompression. Nerve injury is not necessarily a
direct result of injury to the nerve at the level of the
Cauda equina but more a mechanical injury to the
bladder wall musculature. Schoenfeld A] & Bono CM
stated in their systematic review of timing on post-
operative recovery in Lumbar discectomy, functional
outcome was only adversely affected if
decompression was carried out 6 months post onset
of symptoms [30]. Considering all these facts,
outcome in our study were fairly good irrespective of
duration of CES symptoms & time to surgery.
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Figure 4. Pre-operative axial MRl image of the same patient as
in figure-3, showing large postero-central disc herniation at L5-
S1 level causing compression over ventral thecal sac (yellow-
coloured arrow mark).

We also reviewed the pre & post-operative MRl scans
wherever available to evaluate the possible role of
MRI findings in clinical outcome (figure-3 to 6). Three
of the cases not included in our study cohort but
were first operated during the study period, had
evidence of significant residual or recurrent disc
herniation on post-operative MRI, were re-operated
for their persistent sphincteric dysfunction. This role,
of ineffective decompression or recurrence of disc
herniation, has not been considered in most of the
previous studies. Residual disc or recurrent disc
herniation can be a cause of long term sphincteric
dysfunction in these population of patients and
should not be overlooked. Another factor which can

Long term outcomes following CES surgery

influence the outcome is disc herniation size and
degree of compression of cauda equina nerve roots.
A previous study by Kaiser et al. however, found no
significant correlation between the size of disc
herniation relative to size of spinal canal and post-
operative urinary function in patients with CES [16].
Further research is recommended to evaluate this
probable association.

Figure 5. Post-operative sagittal MRI image of same patient as
in Figure-3.

Figure 6. Post-operative axial MRl image of same patient as in
Figure-4.

We also reviewed the literature for comparison of
different surgical techniques and found that most of
the previous studies recommend a wider
decompression [11]. There is no significant
difference with either bilateral laminectomy or
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hemilaminectomy or interlaminar fenestration with
discectomy, with fusion or without fusion. Dave et al.
found patients operated with trans-foraminal
lumbar interbody fusion (TLIF) have decreased
incidence of surgical complications but similar
neurological outcome compared with non-fusion
group [6]. All the patients included in current study
underwent standard unilateral or bilateral
laminectomy with discectomy and without fusion.

Overall, the outcome predictors of CES surgery
are difficult to prognosticate. Timing of surgery is the
most extensively studied parameter in CES patients
but till now no consensus exists for the optimum
time window of surgery. However, we still
recommend urgent surgical decompression once
the patient presents with CES symptoms. We also
recommend a strict follow-up schedule for all
operated patients of CES till recovery of sphincteric
dysfunction achieved so as to further evaluate the
other causes responsible for delayed long-term
outcomes.

LIMITATIONS

All pre-operative data were obtained retrospectively
from the history files of the patients from hospital's
medical record section. This implicates an observer's
bias & limitation of the data quality. Most of the
recorded parameters were patient reported &
subject to individual variation.

CONCLUSION

This study assesses most of the issues relevant to
CES & demonstrated that regardless of timing of
surgical intervention, most of the patients see a
significant improvement in pain, limb weakness,
bowel and bladder function following surgical
decompression & this requires a long-term follow-
up. Recovery is not complete in all patients but
urinary & bowel dysfunction improve significantly.
Sexual dysfunction, however, have poor recovery.
This long-term outcome after surgery has
highlighted the importance of a strict schedule of
follow-up of all CES patients. Timing of surgery was
not shown to influence the clinical outcome in this
study. This doesn't mean surgery should be deferred,
but better outcomes are not guaranteed even after
earlier surgical decompression. Since it is not always
practical for most of the patients of CES to operate
within the first 48 hours after symptom onset,
especially in the developing countries, we should

focus further research on other relevant outcome
parameters to prognosticate this rare neurosurgical
disease entity.
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