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 � Spine

A prospective study of the role of bladder 
scanning and post- void residual volume 
measurement in improving diagnostic 
accuracy of cauda equina syndrome

Aims
Diagnosis of cauda equina syndrome (CES) remains difficult; clinical assessment has  
low accuracy in reliably predicting MRI compression of the cauda equina (CE). This pro-
spective study tests the usefulness of ultrasound bladder scans as an adjunct for  
diagnosing CES.

Methods
A total of 260 patients with suspected CES were referred to a tertiary spinal unit over a 
16- month period. All were assessed by Board- eligible spinal surgeons and had transab-
dominal ultrasound bladder scans for pre- and post- voiding residual (PVR) volume meas-
urements before lumbosacral MRI.

Results
The study confirms the low predictive value of ‘red flag’ symptoms and signs. Of note 
‘bilateral sciatica’ had a sensitivity of 32.4%, and a positive predictive value (PPV) of only 
17.2%, and negative predictive value (NPV) 88.3%. Use of a PVR volume of ≥ 200 ml was a 
demonstrably more accurate test for predicting cauda equina compression on subsequent 
MRI (p < 0.001). The PVR sensitivity was 94.1%, specificity 66.8%, PPV 29.9% and NPV 
98.7%. The PVR allowed risk- stratification with 13% patients deemed ‘low- risk’ of CES. 
They had non- urgent MRI scans. None of the latter scans showed any cauda equina com-
pression (p < 0.006) or individuals developed subsequent CES in the intervening period. 
There were considerable cost- savings associated with the above strategy.

Conclusion
This is the largest reported prospective evaluation of suspected CES. Use of the PVR vol-
ume ≥ 200 ml was considerably more accurate in predicting CES. It is a useful adjunct to 
conventional clinical assessment and allows risk- stratification in managing suspected CES. 
If adopted widely it is less likely incomplete CES would be missed.

Cite this article: Bone Joint J 2020;102-B(6):677–682.

Introduction
Cauda equina syndrome (CES) is a potentially 
disabling condition associated with significant 
medical and social morbidity, together with high 
health and social care costs. Diagnostic delay 
can result in irreversible motor, sphincter, and  
sexual dysfunction.1,2

CES is a challenging condition to diagnose and 
manage. The definition of CES remains conten-
tious with a wide spectrum of symptoms.3 Many 
clinical signs have been identified and collectively 

quoted as ‘red flags’. The clinical features include 
perianal unilateral or bilateral numbness, absent or 
weak voluntary anal sphincteric contraction, and 
reduced anal tone.

The key clinical signs and symptoms commonly 
used as red flags to screen for CES are not robust 
enough to diagnose CES on their own, as their 
diagnostic accuracy is poor. Recent studies and 
literature reviews suggest that no clinical feature 
reliably predicts the presence of cauda equina 
(CE) compression on MRI.4,5 There is a high rate 
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Fig. 1

Flowchart illustrating study inclusion/exclusion criteria and cohort. +VE, positive; -VE, negative; CE, cauda equina; CES, cauda equina syndrome.

of ‘negative’ MRI scans given the low sensitivity and speci-
ficity of clinical assessment, with CE compression seen in only 
18% of scans.6

The most distressing consequence of complete CE damage is 
loss of bladder control. Dribbling overflow and urinary incon-
tinence are late features of CES (CES with retention, (CESR)) 
and is potentially avoidable. Unfortunately, formal urodynamic 
assessment is not possible in most clinical settings where CES 
is suspected. In order to assess the bladder function, the pre- 
and post- voiding residual (PVR) volumes are useful and accu-
rate measurements. Recent studies have shown that the use 
of a bladder scanner is an accurate alternative to in- and- out  
bladder catheterization.6-8

A recent retrospective study has demonstrated that bladder 
scanning and especially PVR volume are useful in the diag-
nosis of CES.6 In this prospective study we examined the role 
of PVR in improving diagnostic accuracy of CES, compared 
with standard clinical assessment. We also assessed the likely 
impact on PVR in risk- stratification of CES and the timing of 
MRI requests. Our thesis was that PVR estimation would be 
more accurate than current care standards and make an impact 
on the logistics of a CES care pathway.

Methods
Our unit is a regional tertiary spinal service serving a catchment 
population of 4.7 million. As well as providing a spinal surgical 
service to the local community, it supports four peripheral 

district hospitals with no spinal surgeon on staff. The unit also 
offers a permanent 24- hour MRI scan facility.

We collected and analyzed the suspected CES referrals 
over a period of 16 months (2016 to 2018). This is a consec-
utive cohort of patients referred to the emergency spinal 
service with suspected CES. This included patients from our 
Emergency Department, direct referral from general practi-
tioners, and those patients transferred from peripheral general 
hospitals. Although there is no widely accepted definition 
of CES, our unit adheres to published societal consensus 
recommendations.9,10 We excluded patients who had CE 
compression from metastases, trauma, or infection. Figure 1 
summarizes the inclusion and exclusion criteria together with 
the outcomes.

All referrals were received via an electronic referral system.11 
Medical records were reviewed and information collated 
including demographic details, presenting symptoms and signs, 
pre- and PVR volumes, result of MRI, and clinical outcome. 
A total of 260 consecutive patients were referred to our unit 
during the period of study. The mean age was 43.2 years (18 to 
83). There was a female predominance (70.8%; 184/260).

Our unit policy is that every suspected CES patient has pre- 
and PVR bladder- volume measured by transabdominal ultra-
sound (Bardscan IIs Real Time Ultrasound Bladder Scanner; 
Bard, Crawley, UK) after adequate analgesia and prior to MRI. 
The bladder scans were performed on admission as part of the 
initial clinical assessment.
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Table I. Prevalence of symptoms and signs in cauda equina syndrome 
versus non- cauda- equina- syndrome groups.

Symptoms Non- CES, n (%) CES, n (%) p- value

Bowel incontinence 34/226 (15.0) 4/34 (11.8) 0.421*

Urinary incontinence 175/226 (77.4) 33/34 (97.1) 0.008*

Bilateral sciatica 53/226 (23.5) 11/34 (32.4) 0.528†

Unilateral sciatica 152/226 (67.3) 20/34 (58.8) 0.528†

Saddle anaesthesia 139/226 (61.5) 25/34 (73.5) 0.121*

Signs
Muscle weakness MRC < 4 93/226 (41.2) 12/34 (35.3) 0.325*

Reduced perianal 
sensation

110/226 (48.7) 23/34 (67.6) 0.029*

Reduced/absent anal tone 59/226 (26.1) 13/34 (38.2) 0.104*

Bladder scan
Post- voiding residual  
volume ≥ 200 ml

75/226 (33.2) 32/34 (94.1) < 0.0001*

Post- voiding residual  
volume < 200 ml

151/226 (66.8) 2/34 (5.9) < 0.0001*

*Fisher’s exact test.
†Chi- squared test.
CES, cauda equina syndrome; MRC, Medical Research Council grade .

Table II. Sensitivity, specificity, positive predictive value, and negative 
predictive value of bilateral sciatica, perianal numbness, and abnormal 
anal tone versus pre- and post- void volume > 200 ml in predicting 
cauda equina syndrome.

Symptoms/signs Sensitivity, 
95% CI

Specificity, 
95% CI

PPV, 
95% CI

NPV, 
95% CI

Bilateral sciatica 32.4 76.5 17.2 88.3

Saddle anaesthesia 73.5 38.5 15.2 90.6

Reduced perianal sensation 67.6 51.3 17.3 91.3

Abnormal anal tone 38.2 73.9 18.0 88.8

Post- void residual ≥ 200 ml 94.1 66.8 29.9 98.7

CI, confidence interval; NPV, negative predictive value; PPV, positive 
predictive value.

After the initial evaluation, a decision whether an urgent 
MRI was warranted was made. All the patients in our study 
underwent an MRI of the lumbosacral region either as an emer-
gency or on an outpatient basis. One of the criteria for an MRI 
to be performed on an urgent basis was if PVR volume was  
≥ 200 ml. If the PVR volume was ˂ 200 ml the decision for 
urgent MRI was based on other clinical features such as bladder 
incontinence (dribbling), saddle anaesthesia, perianal numb-
ness, or absent/reduced anal tone.

All the referrals and patients on admission were reviewed 
by senior, Board- eligible spinal fellows. The clinical symptoms 
and physical examination were documented. Where there was 
a discrepancy between the referrer’s and fellows’ findings, the 
latter was preferred in the data analysis.

The MRI scans were reported by at least two radiologists 
(usually a senior radiology trainee and validated by a consul-
tant). The reports were classified as definite CE compression 
(CE+ve), no compression (CE- ve), or indeterminate (CEind). The 
maximum proportion of canal occlusion (cross- sectional area) by 
disc protrusion was measured in the CE+ve and CEind scans.

Only patients with complete data of bladder scans, MRI, and 
two- year follow- up with documented outcome were included 
in this study.
Statistical analysis. Data analysis was performed by SPSS 
v20.0 (IBM, Armonk, New York, USA). Descriptive statistics 
were used to analyze demographic data. Comparison between 
subgroups was made with rank sum test, paired t- tests, and 
Fisher’s exact test. A p- value < 0.05 was considered statistical-
ly significant. Sensitivity, specificity, positive predictive value 
(PPV), and negative predictive value (NPV) were calculated 
using standard techniques. The 95% confidence interval (CI) 
of these values was determined using the Newcombe method.

Logistic regression was used to determine the odds ratio 
(OR) values and where p < 0.05, to enable conclusions to be 
drawn whether the odds in one group are significantly higher 
than in the other.

A receiver operator curve (ROC) was constructed by plotting 
true- positive (sensitivity) against false- positive (1- specificity) 

rates. We used this curve to determine the optimum cut- off point 
of PVR that maximizes the specificity and sensitivity for the 
diagnosis of CES. The area under the ROC was calculated and 
determined the accuracy of using this cut- off.

Results
Based on the detailed history of the patients, 24.6% (64/260) 
presented with bilateral sciatica, 66.2% (172/260) with unilat-
eral sciatica, and 9.2% (24/260) with no sciatica. Low back pain 
was present in 98.5% (256/260) of the patients.

Saddle anaesthesia was common but not invariable (63.1%; 
164/260). Similarly, 80% (208/260) had urinary symptoms 
including retention, dribbling, or difficulty initiating micturi-
tion. Only 14.6% (38/260) reported any bowel incontinence.

A positive MRI scan i.e. large lumbosacral disc prolapse 
occupying most of the canal cross- sectional area sufficient to 
compress the CE was present in only 13.1% (34/260) patients. 
These patients had urgent decompressive surgery.

Table I compares the prevalence of the symptoms and signs of 
the patients of the CES versus non- CES groups. All 34 patients 
in the CES group had MRI- proven CE compression and went on 
to have surgery. None of the five patients in the CEind group had 
abnormal PVR volumes and were included in the non- CES group. 
Given the multiple comparisons between non- CES and CES 
groups a post- hoc Bonferroni correction of p < 0.005 resulted in 
no significant associations other than PVR measurement.

The sensitivity and specificity of all the clinical signs were 
evaluated and set out in Table II. Moreover, because bilateral 
sciatica is considered a very strong indicator for CES,12 sensi-
tivity and specificity were also calculated for this symptom.

The ROC analysis for PVR volume gave a value of 182 
ml as the most reliable discriminator with a sensitivity of 1.0 
and false positive rate of 0.37 (p < 0.001) (Figure 2). The area 
under the curve of 0.84 demonstrated that this threshold had 
good accuracy. A PVR volume of 199 ml gave similar values 
(sensitivity 0.94; false positive 0.34). Given the proximity to 
our previously published 200 ml PVR threshold, the latter was 
used in subsequent calculations. In contrast, a threshold of 504 
ml gave a much lower sensitivity (0.56), albeit with a reduced 
false- positive value (0.17) (Table III).

Based on the latter PVR volume, there was a significant asso-
ciation between a PVR > 200 ml and CE compression on MRI 
and subsequent surgery (p < 0.0001, Fisher’s exact test). The 
PVR volume > 200 ml has a sensitivity in predicting CES 94%, 
specificity 66.8%, with 29.9% PPV and 98.7% NPV.
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Fig. 2

Receiver operator curve (ROC) for post- voiding residual volume.

Table III. PVR volumes and respective sensitivity and 1- specificity 
values. Area under the curve (0.84; p < 0.001) and 95% confidence 
interval (0.78 to 0.89).

PVR volume, ml Sensitivity 1- Specificity

182 1.00 0.37

199 0.94 0.34

504 0.56 0.17

PVR, post- voiding residual.

Table IV. Prevalence of cauda equina compression on MRI scans.*

MRI CE+ve CE- ve Ceind

Emergency MRI 34 187 5

Deferred MRI 0 34 0

*p < 0.006, Fisher’s exact test.
CE+ve, cauda equina compression; CE- ve, no cauda equina 
compression; CEind, indeterminate report.

Table V. National Institute of Health and Clinical Excellence Clinical 
Knowledge Summaries: updated ‘Red flags’ for cauda equina 
syndrome.12

Red flags for cauda equina syndrome

Bilateral sciatica

Severe or progressive bilateral neurological deficit of the legs, such 
as major motor weakness with knee extension, ankle eversion, or foot 
dorsiflexion

Difficulty initiating micturition or impaired sensation of urinary flow, if 
untreated this may lead to irreversible urinary retention with overflow 
urinary incontinence

Loss of sensation of rectal fullness, if untreated this may lead to 
irreversible faecal incontinence

Perianal, perineal or genital sensory loss (saddle anaesthesia or 
paraesthesia)

Laxity of the anal sphincter

The mean proportional canal compromise seen on CES+ve 
scans was 76.5% (95% CI 72.0 to 80.1). The mean canal occlu-
sion in the CEind group was 54.7% (95% CI 51.6 to 57.7;  
p < 0.001, Mann- Whitney U test). Regarding MRI scan 
urgency, 226 patients had an emergency scan and 34 (13%) had 
deferred scans. The results are summarized in Table IV. There 
was no instance of CE compression seen on deferred MRI scan  
(p < 0.006, Fisher’s exact test).

The estimated cost of referral for suspected CES investiga-
tion at a tertiary centre is £6,000.13 The cost- savings associated 
with the 34 deferred scans were thus in excess of £200,000.

Discussion
There are many studies that demonstrate no clinical features 
reliably predict the presence of CES.3,5 Bell et al14 in 2007 could 
not find any correlation between the clinical features and the 
MRI findings.

A systematic review by Fairbank et al15 reported that none 
of the symptoms or signs reported by patients with suspected 
CES had a likelihood ratio with a magnitude that would suggest 
ruling out CES given the pretest probability of disease. More-
over, the literature did not define objective, reliable clinical 
criteria for the diagnosis of CES. A more recent systematic 
review concluded that the key clinical signs and symptoms 
commonly used as ‘red flags’ to screen for CES are not robust 
enough to diagnose CES on their own as their accuracy is poor.16

The United Kingdom National Institute of Health and Clin-
ical Excellence (NICE) have updated the ‘red flags’ that should 
raise concern for CES.12 The criteria are set out in Table V. 
Bilateral sciatica is an oft- quoted red- flag symptom in suspected 
CES. However, our data show that this symptom was no more 
prevalent in those with versus those without CE compression. 
Furthermore, it has low specificity and poor PPV.

Furthermore, this study’s data on physical examination confirm 
the poor predictive value of the digital rectal examination (DRE), 
particularly anal tone. In particular, the poor sensitivity (46.5%) 
and false negative rate (31%) cast serious doubt on its utility. If 
there is any value of assessing anal tone, the examination should 
include the presence of voluntary anal contraction (VAC).17 
However, absence of VAC is a late sign associated with CESR, 
and therefore not useful in diagnosing an earlier incomplete CES 
(CESI). Gleave and MacFarlane18 emphasized that the differ-
ence between CESI and complete CES (i.e. CESR) was loss of 
‘executive function’ [sic] of the bladder. The former term recog-
nizes preliminary stages before complete detrusor paresis, that 
may manifest as difficulty with initiation of stream, incomplete 
voiding, post- micturition dribbling etc. 

Even a dichotomous variable e.g. normal or reduced peri-
anal sensation, had poor predictive value of only 17.9%. This 
reflects the considerable scope for misinterpretation between 
buttock and perianal hypoaesthesia given the variable depiction 
of the sacral S1 and S2/3 dermatomes in anatomical texts.

Our results should be viewed in the context that clinical 
assessments on which the data analyses are based were made 
by experienced fellowship- trained spinal surgeons. There-
fore, these results arguably represent the ‘best- case’ scenario 
in suspected CES diagnoses. Clearly, with less experienced 
clinicians the potential for inaccuracy is likely amplified; this 
is most germane as the bulk (92%) of litigation for CES is 
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levelled at general practice or community- based allied health 
professionals.19

The ultrasound bladder scan, together with pre- and PVR 
volume measurement is a useful adjunct in detecting CESI. 
Deyo et al20 reported that the finding of urinary retention has a 
sensitivity of 90% and a specificity of 95% in CES. They also 
reported that the absence of a ‘large post- void residual’ essen-
tially rules out CES, with a NPV of 99.9%.

Our earlier retrospective study demonstrated a PVR of 
more than 200 ml was the most important predictor of MRI 
confirmed CE compression. The odds of having CES was 20.7 
times higher if PVR > 200 ml. That same threshold also had 
higher sensitivity, specificity, and NPV when compared to any 
physical signs.6

This prospective, larger study validates the same threshold: 
the ROC analysis of 182 ml is close to the our earlier study’s 
result.6 This confirms its utility despite the wide age range of 
the patients. The low PPV (29.9%) of a large PVR probably 
represents difficulty with micturition whilst in severe pain or 
side effect of the analgesia prescribed. Moreover, the sensitivity, 
specificity etc of physical signs in this study are at variance 
with the previous retrospective study, despite the same grade 
of assessing surgeons. In contrast, the PVR results (especially 
sensitivity and NPV) are more consistent across both cohorts, 
thus adding weight to the reproducibility of this data and diag-
nostic test.

Domen et al21 in their study also found that urinary reten-
tion of more than 500 ml, alone or in combination with two 
or more characteristics, were more accurate predictors of MRI 
confirmed CES. Our ROC data suggest that this value would 
reduce the false- positive diagnosis rate for CES, but with a 
commensurate decrease in the sensitivity. The corollary of this 
is a reduced number of negative MRI scans but risks missing 
potential CESI.

The PVR volume may be more difficult to interpret in 
the patient with sciatica and coincident prostatism. This 
confounding factor did not arise in our cohort given the 
female preponderance and the mean age. However, were this 
encountered the threshold for early MRI scan would have to 
be lowered.

In this cohort, four patients had CE compression on MRI 
but whose PVR volume was < 200 ml. Two patients, although 
referred with suspected CES, on admission denied any bladder 
or bowel dysfunction and had normal DREs. They were reclas-
sified as non- CES. The other two patients had more complex 
histories. One was a 42- year- old male with three- previous 
lumbar discectomies/decompression procedures in the preceding 
13 years. He had chronic micturition problems with associated 
terminal dribbling. Prior to admission he had increasing back 
pain, unilateral sciatica, and one episode of urinary and faecal 
incontinence. DRE revealed ipsilateral perianal numbness, 
normal anal tone, and positive VAC. His prevoid volume was 
540 ml, and PVR volume was 80 ml. The other patient was a 
32- year- old female, who presented with worsening low back 
and sciatica. She denied any urinary dysfunction or altered 
micturition but had one isolated episode of faecal incontinence. 
On DRE she had unilateral reduced perianal sensation and anal 
tone. There was no VAC. Her prevoid scan result was 433 ml 

and PVR was 194 ml. All four patients received appropriate 
counselling and elected to have surgery.

These case histories illustrate the often complex problems 
associated with CES. It can be debated if the latter two clinical 
scenarios represent ‘true’ CES, as both had preserved bladder 
executive function and good voiding volumes. However, for 
the sake of transparency it was decided to include them in the 
‘false- negative’ category for calculating the utility of PVR.

This prospective series has demonstrated that the PVR 
volume > 200 ml is a useful tool in predicting CES. The sensi-
tivity of 94% and NPV 99% are considerably higher compared 
to the utility of clinical symptoms and signs. Furthermore, if 
the two illustrative patients above were omitted, the sensitivity, 
specificity, and NPV would be higher.

This study suggests that the use of PVR threshold of 200 ml 
allows a reasonable risk stratification when a patient is referred 
with suspected CES. The risk of CES (even with bilateral 
sciatica) is minimal if a patient has normal perianal sensation, 
positive VAC and PVR < 200 ml. Arguably there is no need for 
an urgent MRI.

In contrast, an urgent MRI should be performed to exclude 
CE compression if the patient has PVR ≥ 200 ml. Moreover, 
the PVR result should encourage a more expeditious scanning.

The magnitude of disc prolapse required to cause CES is 
poorly defined. Balasubramanian5 used 85% occlusion of the 
spinal canal to justify emergency surgery. Our data comparing 
the CE+ve and CEind scans suggest a lower threshold of 75% 
canal occlusion. However there are reports of large occlusive 
disc prolapses which have not developed CES.22,23 Thus, the 
size of disc prolapse cannot be the only aetiopathogenic factor 
in CES. It probably represents a complex interaction between 
compressive pressure, vascular resilience of the nerves and 
duration. In contrast, Qureshi and Sell24 reported 4/32 (12.5%) 
patients undergoing operation for CES where the canal occlu-
sion was 50% or less. This should be interpreted with caution as 
there may be reluctance on the part of surgeon (fearing medico-
legal consequences) and patient (with severe neuropathic pain) 
to be discharged after admission with suspected CES, despite a 
lack of CE compression on MRI. These conflicts highlight the 
need for a robust clinical test for CES to supplement interpreta-
tion of MRI scan results.

The bladder scan results did provide confidence to defer 
13% of MRI scans. This figure represents a cautious approach, 
which is reflected in societal guidelines that state “there should 
be a low threshold for investigation with an emergency MRI”.10 
However, in selected cases, the measure of PVR < 200 ml 
combined with judicious clinical assessment determined there 
was low risk of CES. Therefore, with appropriate advice (both 
verbal and written in the form of a ‘warning card’), and ‘safety- 
netting’ arrangements for follow- up, patients could be managed 
on a nonemergent basis. This approach was validated as there 
was no instance of cauda compression or delayed CES surgery 
arising from the deferred scans.

Moreover, there was considerable cost- savings related to 
this limited approach. If adopted more widely this represents a 
large potential reduction in NHS expenditure. The comparative 
cheapness of bladder ultrasound machines (£800) compared 
with the cost of successful litigation (£117,331 average pay out 
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per case 2003 to 2007,4 £68 million total in 2014 to 201625) 
should make the adoption of this noninvasive test de riguer in 
the management of suspected CES.

In conclusion, this is the largest prospective study of 
suspected CES. It has validated the significant benefit that 
measurement of bladder scan PVR volume affords in predicting 
CES. A PVR of ≥ 200 ml alongside with one or more symptoms 
or signs of CES is a strong predictor of CE compression on 
subsequent MRI. We suggest that after appropriate analgesia, 
bladder scanning, and record of the PVR volume (in combina-
tion with the rest of physical examination and history) to be one 
of the prerequisites when a referral for suspected CES is being 
made to a spinal surgical service or tertiary centre. Conversely, 
a PVR measurement should be made prior to discharge of all 
patients with suspected CES notwithstanding any apparently 
reassuring physical signs. Based on our objective data, PVR 
data assist in determining whether a patient requires an emer-
gency MRI or if that scan can be deferred as an outpatient or 
performed during working hours.

Take home message
  - ‘Red flag’ symptoms and signs have low predictive value in 

diagnosing cauda equina syndrome (CES).
  - Pre- and post- voiding residual (PVR) volume of ≥ 200 ml 

measurement is demonstrably more accurate, with a negative predictive 
value of 99%.
  - Use of PVR allows risk- stratification of suspected CES to be performed 

more effectively than clinical assessment alone.
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