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Abstract: Background: The timing of surgical intervention for cauda equina syndrome with retention remains de-
bated. This systematic review and meta-analysis aimed to investigate the relationship between the timing of surgi-
cal intervention and the prognosis of micturition function in cauda equina syndrome with retention.Material and
methods: Literatures in PubMed and ELSEVIER between Jan 1, 1990 and Dec 31, 2014 were reviewed. 10 studies
were included in our meta-analysis by Generic Inverse Variance method at the 24-, 48-hour time point with Review
Manager 5.0 to identify the evidence of urgent surgical decompression in cauda equina syndrome with retention.
Events were defined as either the abnormal recovery of urinary function, or the catheterization. Results: There was a
significant difference in the abnormal urinary function at 24- hour breakpoint. Operation beyond 24 hours increased
the risk of the abnormal urinary function by 54%. Additionally, a significant difference in the catheterization requir-
ing was observed at 48-hour breakpoint. A delayed operation after 48-hours increased the risk of catheterization by
47%. Conclusions: Bladder dysfunction caused by cauda equina syndrome with retention can be effectively attenu-
ated by an early surgery. An operation within 24 hours may prevent the occurrence of abnormal urinary function.
Meanwhile, an operation within 48 hours may help to reduce the usage of catheter.

Keywords: Lumbar disc herniation, cauda equina syndrome, urinary retention, surgical outcome, evidence-based
medicine

Introduction function: incomplete cauda equina syndrome
) ) (CESI) and cauda equina syndrome with reten-
Cauda equina syndrome (CES) is a rare but an tion (CESR) [12]. CESI was defined as altered

extremely serious surgery emergency [1-3]. It
can be induced by many diseases, such as lum-
bar disc herniation, lumbar spinal stenosis,
trauma, hematoma, tumors and infection [4-7].
This study focuses on the CES originated from
lumbar disc herniation with or without lumbar
spinal stenosis. The clinical manifestations of
CES are very complicated [8, 9]. It has been
reported that urinary dysfunction is the most
common characteristics of CES [10, 11]. It is
well known that voiding dysfunction has a poor
prognosis, which seriously affects patients’
daily life and emotions. Therefore, the recovery
of micturition function is a major concern of
CES patients and animportant predictor for the
prognosis.

urinary sensation, loss of desire to void, poor
urinary stream, and the need to strain in order
to micturate. CESR was defined as painless uri-
nary retention and/or overflow incontinence. It
was indicated that the extents of recovery of
bladder function from CESR and CESI were dif-
ferent, with the latter always better [10]. It is
inapposite to explore to relationship of surgical
timing with clinical outcome in a mixture of the
two different patient subpopulations [13].
Unfortunately, most of the studies in the litera-
tures failed to setup a clear classification into-
CESR and CESI [10, 14].

The timing of urgent surgical intervention is
debated [15-17]. Several investigation spro-
Gleave and Macfarlane classified CES into two posed that an early surgical intervention pre-
stages according to the severity of bladder dys- dicted for a better prognosis [13, 18-20]. Others
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Figure 1. Flow diagram of article searching.

showed no relevance between the prognosis
and operation timing [10, 21]. The lack of sup-
porting evidence and the presence of major
flaws in statistical methodology lead to the
inconsistent results [22-25]. After reviewing a
large number of literatures, we suspected that
the differences in the research objects and the
postoperative evaluation standard of bladder
function may introduce the above opposite
opinions. So far, previous studies have not
stratified the patients and their outcomes
according to timing of surgery.

To fill in the gap in knowledge, we investigated
the relationship between the timing of urgent
surgical intervention and the prognosis of mic-
turition function by meta-analysis. Here, CESR
was set as the research object, and the abnor-
mal urinary function and catheterization requir-
ing were set as the outcomes of bladder func-
tion at 24- and 48-hours after surgery.

Material and methods
Data resources and searching strategy

Databases: PubMed and ELSEVIER have been
chosen for the literature review. PubMed was
accessed through NCBI (http://www.ncbi.nlm.
nih.gov/pubmed/). ELSEVIER was accessed via
Capital Medical University (http://www.science-
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various combinations. No lan-
guage restrictions were appli-
ed. The literatures cited in the
identified articles were also

(n=14)

searched manually. Hongxing
Song and Qingkun Song con-
ducted the searches.

Study selection

In the present study, we

focused on the timing of the

surgical treatment on the uri-
nary recovery from CESR arising from herniated
lumbar discs with or without spinal stenosis.
We aimed to determine the effects of the oper-
ations on clinical outcome in 24 and 48 hours.
The inclusion criteria were CESR, cohort design,
and original reports. The exclusion criteria were
CESI, cross-sectional and case-control study
design, reanalysis of previous data, review and
comments to the related studies.

Criterion of urinary function outcome

According to Gleave and Macfarlane, postoper-
ative urinary function outcome was defined as:
“excellent” for a complete recovery of bladder
function in the immediate posterior period;
“good” for a complete recovery of bladder func-
tion during the follow-up; “fair” for an incom-
plete recovery of bladder functionnot requiring
catheterization; “poor” for permanent urinary
incontinence requiring catheterization [12]. In
the current studywe used 3 categories of uri-
nary outcome: normal, fair, andpoor. The “nor-
mal” group combined the “excellent” and
“good” subgroups mentioned above. We con-
ducted two analyses according to the recovery
level of bladder function: one analysis is to
compare the normal (“excellent” or “good”) with
the “abnormal” (“fair” or “poor”) groups; the
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Table 1. Study characteristics of included articles

Urinary function outcome

Sample Timing of

Reference size surgery Normal Ab_normal No cath . Cath
(Normal) (Fair+poor) (Normal+fair) (Poor)
Dining 1993 14 <24 h 8 1 8 1
>24 h 1 4 1 4
Sulla 1996 58 <24 h 6 3 6 3
>24 h 33 16 44 5
<48 h 12 6 14 4
>48 h 27 13 36 4
Shapiro 2000 44 <24 h 17 1 18 0
>24 h 11 15 11 15
<48 h 19 1 20 0
>48 h 9 15 9 15
Buchner 2002 22 <24 h 9 2 10 1
>24 h 8 3 11 0
Mangialardi 2002 5 <24 h 2 2 4 0
>24 h 1 0 1 0
<48 h 3 2 5 0
>48 h 0 0 0 0
Yamanishi 2003 8 <24 h 0 2 1 1
>24 h 0 6 5 1
<48 h 0 8 6 2
>48 h 0 0 0 0
Radulovic 2004 47 <48 h 3 4 6 1
>48 h 30 10 36 4
McCarthy 24 <24 h 2 0 2 0
>24 h 15 7 18 4
<48 h 13 3 14 2
>48 h 4 4 6 2
Olivero 2009 27 <24 h 4 2 5 1
>24 h 21 0 21 0
<48 h 12 2 13 1
>48 h 13 0 13 0
Todd 2011 34 <24 h 2 5 6 1
>24 h 0 27 1 26
<48 h 2 16 7 11
>48 h 0 16 0 16

second analysis was to compare “no catheter-
ization” (“excellent”, or “good”, or “fair”) group
with “catheterization” (“poor”) group.

Data extraction

The data of authorship, publication year, sam-
ple size, timing of surgery and urinary function
outcome were collected from the eligible stud-
ies. The risk ratio and 95% confidence interval
were extracted or calculated by the raw data
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from the included studies. Hongxing Song and
Chenli Sun extracted the data. The disagree-
ments were discussed and resolved by Hong-
xing Song (orthopedics) and Qingkun Song
(epidemiology).

Data synthesis
Review Manager (RevMan) is The Cochrane

Collaboration’s software for preparing and
maintaining Cochrane reviews. We used the
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Risk Ratio Risk Ratio
__Study or Subgroup __log[Risk Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl

Buchner 2002 041 0.81 5.9% 1.51[0.31, 7.37]
Dinning 1993 1.97 0.97 4.1% 7.17[1.07, 48.00]
Mangialardi 2002 -067 13 2.3% 0.51[0.04, 6.54]
McCarthy 2007 0.67 1.32 22% 1.95[0.15, 25.98]
Shapiro 2000 2.34 0.99 3.9% 10.38[1.49, 72.27]
Sulla 1996 -0.02 051 14.8% 0.98 [0.36, 2.66] - 1
Todd 2011 0.36 0.24 66.8% 1.43 [0.90, 2.29] il
Total (95% CI) 100.0%  1.54 [1.05, 2.27] N g

Heterogeneity: Chi? = 7.86, df = 6 (P = 0.25); I? = 24%
Test for overall effect: Z=2.21 (P = 0.03)
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Operation in >24 hours
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Operation in 24 hours

1

Figure 2. Effect of operation in 24 hours on abnormal urinary function among CESR patients.
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Figure 3. Effect of operation in 48 hours on abnormal urinary function among CESR patients.

version 5.0 to evaluate the pooled effects.
“Generic Inverse Variance” method was recom-
mended in RevMan 5.0 to synthesize the data
[26]. “Events” were defined as the abnormal
recovery of urinary function/catheterization;
and the early operation was set as control. Log
risk ratio and standard error were input for
analyses. In addition, RevMan 5.0 provided not
only the summary of estimated effects but also
the heterogeneity among the studies. We used
Chi? tests to assess the heterogeneity where
the P-value of <0.05 indicated a significant het-
erogeneity. The random analysis model was
used for the significant heterogeneity and the
fixed analysis model was used for non-signifi-
cant heterogeneity. In individual studies that
lost follow-up, information biases were
assessed. Reporting biases between studies
were assessed by Egger’s tests.

Results

Over 800 articles were reviewed, however, only
24 studies were considered relevant to our pur-
pose after screening the topics and abstracts.
Eventually, 10 studies are included in our meta-

547

analysis at the 24-, 48-hour time point by a
careful sorting of the contents [1, 19, 21,
27-38] (Figure 1 and Table 1).

The information on the authorship, publication
year, sample size, timing of surgery and urinary
function outcome had been extracted from 10
studies between Jan. 1 1990 to Dec. 31 2014,
where the sample size was ranged from 6 to
58; timing of surgery was fixed at the 24-, and
48-hour time point. Different groups were clas-
sified based on the recovery of bladder func-
tion: normal vs. abnormal, no catheterization
vs. catheterization. The follow-up was ranged
from 1 to 5 years. For limited numbers of case
in those studies, the rate of lost follow-up was
<1%. The outcomes of abnormal urinary func-
tion and catheterization requiring were objec-
tively judged by doctors in hospitals. Risk of
biases in individual studies was pretty low.

When we chose the abnormal urinary function
as the event, the synthesized RR (relative risk)
of the surgical treatment in 24 hours was 1.54
with the 95% CI of (1.05-2.27), compared with
that in longer than 24 hours. The heterogeneity

Int J Clin Exp Med 2016;9(2):544-551
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Figure 4. Effect of operation in 24 hours on catheterization requiring among CESR patients.
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Figure 5. Effect of operation in 48 hours on catheterization requiring among CESR patients.

was non-significant, indicating the operation in
more than 24 hours increased the risk of the
abnormal urinary function by 54% (Figure 2).
The operation in more than 48-hours increased
the RR to 1.15, the effect was non-significant
and the heterogeneity was significant (Figure
3).

When we chose catheterization as the event,
there was no significant difference in the cath-
eterization requiring for the surgical interven-
tion at <24 h vs. >24 h (Figure 4). However, the
surgical treatment in >48 h was associated
with a 47% increased risk of the catheterization
requiring (P=0.03), in contrast to that <48 h.
The heterogeneity was non-significant (Figure
5).

All the P-values in the reporting bias test were
>0.05, indicating no significant reporting bias
in the analysis (Table 2).

Discussion

The relationship between the operation time
and the prognosis for CES is unclear. The pos-
sible explanation of this uncertainty may be
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summarized as the following: 1) Complex and
various clinical symptoms of CES. There has
been no universal standard for the definition
and diagnosis of CES in the literatures [39, 40].
Based on 105 published papers, Fraser identi-
fied 17 different definitions. Such different defi-
nitions reduced the comparability [41]. 2)
Different patient population. The study popula-
tion should be distinguished according to the
severity of bladder dysfunction. 3) Lack of well-
accepted definition for the degree of the uri-
nary function recovery. Different evaluation
systems lead to inconsistent conclusions. 4) Di-
fferent follow-up time. As the recovery varied
from months to years, the results varied accord-
ingly. Further studies are required to be con-
ducted in a large sample size with long-term
follow-up, in order to obtain reliable results of
the bladder function recovery. 5) CES as a rare
disease. Most investigations had very small-
sample sizes. The reliability of the results can
be undermined by lack of statistical power [33-
35]. Therefore, the present study was focused
on CESR and set exclusively the abnormal uri-
nary function and the catheterization requiring

Int J Clin Exp Med 2016;9(2):544-551



Early surgery and caudaequina syndrome

Table 2. Test of publication bias in analyses

Treatment Egger’s test

Events ) - -
time t p

Abnormal urinary <24 hours 0.40 0.703
function >24 hours

<48 hours -0.25 0.813

>48 hours
Catheterization <24 hours 0.90 0.412
requiring >24 hours

<48 hours 0.15 0.886

>48 hours

as the primary endpoints. The included studies
were all cohort designs with a mean followed
up time for at least 2 years. Limited lost follow-
up happened and all of the outcomes were
assessed by a standard clinical definition.

It is generally believed that the severity of blad-
der dysfunction at the time of surgery is the
dominant factor for bladder function recovery
[10]. An urgent decompression surgery could
get a satisfactory recovery of bladder function-
for CESI patients, not for CESR patients.
Numerous literatures showed that the curative
efficiency couldn’t be increased even by an
early surgery [22]. Nevertheless, Delong et al.
reported that the surgical timing was still impor-
tant for CESR [13]. In the present meta-analy-
sis, the bladder function was improved by the
earlier surgery. There was a significant differ-
ence in the abnormal urinary function for the
surgery at <24 h vs. >24 h breakpoint. This
result is in accordance with the previous report
[13] and may provide a supporting theoretical
basis of the early surgery timing for CESR
patients. Moreover, a significant difference in
catheterization requiring was observed at the
<48 h vs. >48 h breakpoint, indicating that the
patients may discard the urine catheter and
recover to void even with various difficulties in
urinating, such as straining to void. The 48 h is
again a critical time point for the improvement
of patients’ quality of life and social engage-
ment, and alleviation of depressions. The
results are different from a meta-analysis by
Delong. It was possibly to be caused by new
studies included in our analysis. A 2000 meta-
analysis by Ahn et al concluded that a signifi-
cant improvement in urinary function occurred
in patients who underwent decompression
within 48 hours versus after 48 hours. But the
studies did not classify CESR and CESI definite-
ly. Moreover, criteria of postoperative urinary
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function outcome did not classified clearly. A
2014 meta-analysis by Chau et al concluded
that there was no significant difference in uri-
nary function at the surgery at 48-hours break-
point. In our study, we further analyzed the uri-
nary function at the 24-hours breakpoint.
Moreover, our research analyzed no catheter-
ization with catheterization groups at 24 and
48-hours break point for operation. Simply, our
updated meta-analysis set a clear inclusion cri-
terion, classified the outcome definitely and
included more studies.

In the present meta-analysis, there was no sig-
nificant difference in the catheterization
remaining at the 24-h breakpoint; nor in the
abnormal urinary function at the 48-h break-
point. This could be a type Il error due to the
small sample size. CES can cause sphincter
dysfunction that may seriously affect the
patient’s daily life and leads to depression.A
recent study including 14 CESR cases reported
that a delayed surgical decompression could
improve the bladder function obviously, but an
early emergency operation would restore the
bladder function to the greatest extent [42].
Therefore, we stand for the emergency operati-
on as soon as possible to achieve the maximal
benefit.

Tandon and Sankaran classified the CES into 3
subtypes accordingto its onset priorities: sud-
denly and without a history of back problems
(Type I); subacute bladder dysfunction in sev-
eral days or weeks, with a history of chronic low
back pain and/or sciatica (Type ll); slowly and
insidiously, progressing gradually to severe vis-
ceral impairment with urinary retention (Type
lIl).The Onset of symptoms was thought to be
critical for decision making [43]. In the present
study, the onset priority of the CESR has been
not defined yet. The statistical analysis regard-
less of acute and non-acute patients might
introduce inappropriate interpretation. Further
study on subtypes of CES should be conducted
based on its onset priorities. The prognosis of
the surgery intervention must be analyzed sep-
arately to draw more convincing and definitive
conclusions.

Conclusions
The bladder dysfunction for the CESR patients

may be reduced effectively by an early surgery.
The operation within 24-hours may decrease

Int J Clin Exp Med 2016;9(2):544-551
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the occurrence of abnormal urinary function.
The operation within 48-hours may help to
reduce the usage of catheter. We suggest that
a universal standard of definition, clinical mani-
festations, classification, onset priorities, and
comprehensive evaluation of CES, and a long-
term (extending to several years) follow-up time
should be used in the future studies. A multi-
center randomized control trial means more to
the field.
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