Original Article

updates

J. of Advanced Spine Surgery
Volume 15, Number 2, pp104~113

MRI Signal Characteristics of Conus Medullaris Aids
Prediction of Bladder Outcome in Traumatic Conus
Medullaris Syndrome

Han-Dong Lee, M.D.

Department of Orthopaedic Surgery, Ajou University School of Medicine, Suwon, Korea

Background: Neurogenic bladder dysfunction is a common and serious consequence of traumatic conus medullaris
syndrome (T-CMS). Despite its clinical importance, predictive data for bladder outcomes after T-CMS remain
limited. This study aimed to identify predictors of neurogenic bladder dysfunction at >2 years post-injury.

Methods: We retrospectively reviewed 39 patients with acute T-CMS treated at a single level I trauma center from
2004-2017 who underwent spinal surgery and had >2 years of follow-up. Bladder function at 2 years was categorized
as complete dysfunction, incomplete dysfunction, or normal. Potential predictors included demographic factors,
injury mechanisms, ASIA Impairment Scale grades, MRI timing, fracture level and type, canal diameter, occupying
ratio, conus signal change (normal, edema, or edema with hemorrhage), edema length, time to surgery, and surgical
approach. Univariate and multivariate analyses were performed.

Results: At final follow-up, 14 patients (35.9%) had complete bladder dysfunction, 12 (30.8%) had incomplete
dysfunction, and 13 (33.3%) had normal function. Multivariate analysis identified edema with hemorrhage in the
conus medullaris as the only independent predictor of bladder dysfunction.

Conclusions: Bladder dysfunction is highly prevalent after T-CMS. Hemorrhagic edema in the conus medullaris
significantly increases the risk of long-term neurogenic bladder dysfunction.
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Introduction of spinal cord injury (SCI) patients were T-CMS patients. A

neurological deficit is present in approximately 4 to 42% of
)

The conus medullaris (CM) is the finely tapered distal end
of the spinal cord and contains both the sacral and coccygeal
spinal segments."” The CM had a variable location between
T12 and L-23. The CM syndrome (CMS) results when there
is compressive damage to the spinal cord from T12-12.” The
clinical symptoms of CMS include the low back pain, lower
limb weakness, perineum or saddle anesthesia, and bowel
and/or bladder dysfunction.” The CM is susceptible to
injury because of its proximity to the frequently injured tho-
racolumbar junction.” Therefore, traumatic CMS (T-CMS)
is not rare. Harrop et al® reviewed 282 spinal cord injury

(SCI) patients and demonstrated approximately a quarter
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patients with thoracolumbar junction fractures.’

Neurogenic bladder dysfunction represents one of the
most common and devastating sequelae of T-CMS.">” It
might lead to complications such as recurrent urinary tract
infections, urethral strictures, calculus disease, hydrone-
phrosis, and renal failure.” Early diagnosis and treatment of

neurogenic bladder dysfunction is essential to prevent irre-
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versible deterioration of urinary tract function and potential
life threatening complications. Early prediction of bladder
function recovery would play a key role to orient a patient-
tailored rehabilitative program and to counsel patients and
their families. However, there has been no literatures pre-
dicting long-term bladder dysfunction in T-CMS.

Magnetic resonance image (MRI) is currently the gold
standard for imaging of spinal cord injury (SCI) for predict-
ing neurological outcome.”"” Since 1986, it has been found
that the presence of spinal cord edema and hemorrhage is
associated with a worse neurological outcome.'”" Spinal
cord edema manifest as T2 intramedullary hyperintensity
and known to be related with reduced motor recovery.'>"*"
Spinal cord hemorrhage manifest as T2 intramedullary
hypointensity and is associated with an irreversible neuro-
logical deficit and is one of the most important predictors
for neurological outcome.”"*'*'¥ CM is the caudal end of
spinal cord and the relationship between signal changes in
spinal cord and neurological prognosis in SCI patients can
be applied to T-CMS patients. To our knowledge, there has
no clinical studies analyzing the relationship between MRI
signal characteristics of CM and long-term bladder out-
come in T-CMS.

The aim of our study was to develop a model to predict
neurogenic bladder dysfunction at minimum 2 year follow-
up using clinical and radiological factors including MRI

signal characteristics of CM in T-CMS patients.

Methods

1. Study population

We performed retrospective cohort study evaluating 40
patients who presented to a level I trauma center between
2004 and 2017 with acute T-CMS and undergone a spinal
surgical procedure. Diagnosis of T-CMS was made if all
three criteria were met: (1) acute traumatic vertebral frac-
ture in T12, L1, or L2; (2) the presence any neurologic defi-
cit regarding CMS including leg weakness, decreased volun-
tary anal contraction, or sensory change in lower extremity
or perianal area; (3) compression of CM or intramedullary
signal change in CM on T2-weighted MRI (Fig. 1). The
location of conus medullaris was confirmed on T1 and T2-

weighted sagittal and axial images. Cases with compression

of cauda equina (n=4) or compression or signal change in
thoracic spinal cord (n=1) without involvement of CM were
excluded.

Inclusion criteria were: (1) Age 215 years, (2) followed-
up more than 2 years. Exclusion criteria were (1) previous
spinal disease or surgery, (2) previous bladder dysfunction,
(3) penetrating injury of CM, (4) associating injury impact
on bladder function such as bladder rupture or pelvic bone
injury. One patient was lost during follow-up. Finally, thirty
nine patients met inclusion and exclusion criteria. Clinical
data including age, gender, cause of injury (high fall, low
fall, motor vehicle injury, and crushed with heavy subject),
American Spinal Injury Association Impairment Scale (AIS)
at injury, time from injury to MRI, fracture type (burst,
flexion-distraction, and fracture-dislocation), fracture level,
time from injury to surgery, and surgical details, were col-
lected.

2. Radiological analysis

T2 weighted mid-sagittal MRI scans at acute injury were
collected for each patient. MRI mid-sagittal image was
defined as a sagittally oriented image in which the spinous
processes were best visible. Three categories of intramed-
ullary signal in CM were determined according to the
presence of intramedullary edema or hemorrhage (Fig. 2).

Type I is normal without signal change in CM. Type 2 is

Spinal cord injury

Conus medullaris syndrome

Cauda equine syndrome
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Fig. 1. Diagnosis of acute traumatic conus medullaris syndrome on T2 weighted
mid-sagittal MR image. (A) MR image of spinal cord injury showing acute
vertebral fractures in T12, L1, and L2 with T2 hyperintensity on spinal cord without
the involvement of conus medullaris. (B) MR image of conus medullaris syndrome
showing acute vertebra fractures in T12 and L1 with T2 hyperintensity on conus
medullaris. (C) MR image of cauda equine syndrome showing acute vertebral
fracture in L2 with no involvement of conus medullaris. Bidirectional arrow
represent whole length o conus medullaris.
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Fig. 2. Signal characteristics in conus medullaris of MR image. (A) Type I: MR
image of simple compression of conus medullaris without signal change in conus
medullaris. (B) Type Il: MR image of intramedullary edema in conus medullaris
manifesting as T2 hyperintensity on conus medullaris (white arrow). (C) Type
[l MR image of intramedullary edema and hemorrhage manifesting as T2
hypointensity (grey arrow) surrounded by T2 hyperintensity.

intramedullary edema in CM, which had intramedullary
lesions of high signal intensity on T2-weighted image. Type
3 is mixed intramedullary edema and hemorrhage in CM.
Intramedullary hemorrhage present with low signal inten-
sity on T2-weighted image. Maximal vertical length of in-
tramedullary edema in CM was measured on T2-weighted
sagittal image. Maximal canal compromise at mid-sagittal
image was determined by measuring anteroposterior (AP)
canal diameter at the point of maximal canal compromise.
Maximal AP canal encroachment ratio was calculated using
AP canal diameters of fractured vertebra (DF) and one level
above (DA) and below (DB) vertebra; maximal osseous
canal compromise=[1-DF/{(DA+DB)/2}]x100%. All radio-
logical measurements were done by one experienced sur-
geon who was blinded to neurological outcome of patients
and done by picture archiving and communication system
(INFINITT PACS; INFINITT, Seoul, Korea).

3. 5Grading of bladder function

We reviewed medical records at minimum 2 year follow-
up to analyze long-term bladder outcome. We graded
bladder dysfunction of each patient into complete (voiding
using clean intermittent catheterization or indwelling cath-
eter), incomplete (voiding using Valsalva maneuver, inter-
mittent diaper use for intermittent incontinence, or feeling
difficulty due to frequency or urgency), and normal (without

any subjective difficulty of voiding urine).
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4 Statistical analyses

Comparison between three bladder dysfunction groups
were analyzed using kai square test and ANOVA test
depending on type of variables. Univariate analysis was
performed to determine the odds ratios (ORs) and 95%
confidence intervals (CIs) for the relationship between
independent variables and the presence of bladder dysfunc-
tion (complete and incomplete) at final assessment. Given
the relatively small sample size, AIS B, C, and D were com-
bined to maximize statistical power. For length of edema
on conus medullaris, ORs were calculated on the basis of
having a bladder dysfunction if edema was greater than the
median value. Multivariate logistic regression analysis was
used to identify independent risk factors for bladder dys-
function. Multivariate models included those with P values
of <0.20 in the univariate analyses. The data from this study
were analyzed using SPSS statistical software (ver. 20.0; IBM
Corp., Armonk, NY, USA). In all analyses, p<0.05 was taken
to indicate statistical significance.

Results

1. Demographic character (Table 1)

The mean age (and standard deviation) of patients was
46.1+13.9 years, and the majority of patients were male
(n=28 [71%]). High fall was the most common cause of
injury (n=29 [74%]). Burst fractures (n=31 [79%]) were the
most common fracture type and L1 level (n=26 [67%]) was

most commonly involved level.

2. Baseline MRI characteristics

The median time to MRI following injury was 7.5 hours.
Except 6 patients (15%), all MRI were taken within 24 hours
of injury. Two patients were delayed due to late diagnosis
and four patients were delayed due to poor condition. Ma-
jority of patients had signal changes in CM on T2-weight
midsagittal MRI at injury. Nineteen patients (49%) had ede-
ma on CM and 16 patients (41%) had edema and hemor-
rhage on CM. Mean length of edema of CM was 24.5+16.8
mm. Mean maximal AP canal length was 6.1+2.1 mm and

mean maximal AP encroachment ratio was 55.0+16.2%.
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Table 1. Patient characteristics

Table 2. AIS Grade Conversion from Hospital admission to final assessment

Characteristics

Values

Age (years)

Male gender

Cause of injury

Fracture type

Fracture level

Time to MRI, hours

Signal characteristics
of conus medullaris

Length of edema on
conus medullaris, mm
Maximal AP canal
length, mm

Maximal AP canal

High fall (=1 m)

Low fall (<1 m)

Motor vehicle injury
Crushed with heavy object
Burst

Flexion-distraction
Fracture-dislocation

T2

L1

Wi

Normal
One segment edema
Edema and hemorrhage

Preoperative
Postoperative
Preoperative

46.1+13.9 (15-73, 48)

N
[ee]

N w N
NP ocoXR wswiE

38.4+120.8(1.8-725.3,7.5)

4
19
16

24.5+16.8(0-61.3, 20.6)

6.1£2.1(1.7-9.9,6.8)
12.5£2.5(6.7-17.1, 12.6)
55.0+16.2 (29.0-88.3, 53.0)

12.8+13.4(0-50.0, 9.3)
66.2+162.5 (6.1-951.1, 11.9)

Posterior only 31
Anterior + posterior 8

encroachment ratio, % Postoperative

Time to surgery, hours

Approach

Results are expressed as N or mean — standard deviation. () means range and
median value.

3. Surgical factors

The median time to surgery following injury was 11.9
hours. Except 6 patients (15%), all surgery were done within
72 hours of injury. Majority of surgery was done with pos-
terior only approach (31 patients [79%]). After surgery,
mean maximal AP canal length increased to 12.5£2.5 mm
and mean maximal AP encroachment ratio decreased to
12.8+13.4%.

4. Neurological recovery (Table 2)

Seven patients (18%) were initially classified as AIS grade
A (complete motor and sensory deficit below the level of
injury). At baseline, majority of patients had incomplete
motor deficit with AIS grade C (motor incomplete, less than
half of key muscle functions below the level of injury have a
muscle grade >3, 15 patients [38%]) and AIS grade D (motor
incomplete, at least half of key muscle functions below the
level of injury having a muscle grade >3, 16 patients [41%]).

Twenty patients (51%) improved with at least one grade of

Final AIS grade

Admission AlS grade

B C D E
A 4 0 3 0 0
B 0 0 0 1 0
C 1 0 2 9 3
D 0 0 0 12 4

AIS grade at final assessment. One patient (3%) deteriorated
at final assessment. At final assessment, majority of patients
were AIS grade D (22 patients [56%]) and AIS grade E (nor-
mal, 7 patients [18%]). Overall, there was an average im-

provement of 0.7 AIS grades among the study population.

5. Bladder outcome (Table 3)

At final assessment, fourteen patients (35.9%) had com-
plete bladder dysfunction and 12 patients (31%) had incom-
plete dysfunction. Comparative analysis revealed significant
differences of AIS grade at injury, fracture type, signal
characteristics of conus medullaris, and length of edema
(All p<0.05). AIS A were more frequent in complete bladder
dysfunction group (43%). There was no AIS grade A patient
in normal bladder group. Fracture-dislocation type fracture
is more frequent in complete bladder dysfunction group
than normal group (50% vs. 8%). Edema and hemorrhage
type signal characteristics of conus medullaris is not pres-
ent in complete and incomplete bladder dysfunction group.
On the other hand, no patient had edema and hemorrhage
on conus medullaris in normal bladder group. Mean length
of edema on conus medullaris is longest in complete blad-
der group (38.3+14.7 mm) and shortest in normal bladder
group (13.3+9.9 mm).

6. Prediction of bladder dysfunction (Table 4)

Univariate analysis identified 4 independent variables
with a p-value<0.2 that were associated with a bladder
dysfunction at final assessment. Fracture-dislocation type
fracture, the presence of edema and hemorrhage in CM,
>20 mm length of edema in CM, and time from injury to
surgery were entered into a stepwise multivariate logis-

tic regression analysis to assess the likelihood of bladder
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Table 3. Comparison between bladder outcome groups

Complete (n=14)  Incomplete (n=12) Normal (n=13) p-value
Age (years) 48.1+12.7 47.8+13.1 42.2+16.0 0.491
Male gender 10 9 9 0.949
High fall (=1 m) 1 9 9
. Low fall (<1 m) 0 2 1
L Motor vehicle injury 2 1 1 U
Crushed with heavy object 1 0 2
A 6 1 0
. B 0 1 0 M
AlIS grade at injury C 3 7 5 0.024
D 5 3 8
Time to MRI (hrs) 18.6+46.3 15.9+23.7 80.4+201.2 0.315
Burst 7 12 12
Fracture type Flexion-distraction 0 0 0 0.003*
Fracture-dislocation 7 0 1
T2 2 2 2
Fracture level L1 9 10 7 0.368
L2 3 0 4
) Preoperative 55+2.2 74418 5.7+2.0 0.056
Maximal AP canal length (mm) Postoperative 11518 13.4+2.0 12,7432 0217
. . Preoperative 59.3+18.2 45.8+13.8 57.7+14.8 0.081
0
bl (A e Rt e O el 17.14138 75497 1314165 0122
Normal 0 2 2
Signal characteristics of conus medullaris ~ Edema 2 6 " 0.002*
Edema and hemorrhage 12 4 0
Length of edema on conus medullaris (mm) 38.3+14.7 20.7+14.3 13.319.9 <0.001*
Time to surgery (hrs) 16.3+9.9 42.7+64.5 141.7+264.8 0.110
Posterior only " 10 10
TG Anterior + posterior 3 2 3 DS

*means p<0.05.

dysfunction at the initial assessment. Of these, only the
presence of edema and hemorrhage in CM was identified
as independently influencing the likelihood of bladder dys-
function at the initial assessment (OR, 9.4 [95% CI, 0.9 to
97.1]; p=0.04). None of other variables except the presence
of edema and hemorrhage in CM had a significant associa-
tion with bladder dysfunction (p>0.05).

Discussion

This study demonstrates that bladder dysfunction occur
commonly following T-CMS. The presence of edema and
hemorrhage in CM was significantly associated with blad-
der dysfunction. A number of other variables were also ex-
amined in relationship to outcome. Although some of these
were significantly associated with bladder dysfunction on

univariate analysis, none other than the presence of edema
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and hemorrhage in CM were independently associated with
bladder dysfunction on multivariate analysis.

T-CMS has unique clinical characteristics and prognosis
differed from SCI and cauda equina syndrome. T-CMS pa-
tients have better neurologic recovery than SCI patients'”"”
and different type of bladder dysfunction.” CMS has more
symmetrical neurologic deficit and poorer neurologic re-
covery than cauda equine syndrome because CMS involves
upper motor neuron.*"” Clear diagnosis of T-CMS should
be premised to identify the prognosis and related factors in
T-CMS. Although some literatures diagnosed T-CMS with

22)

clinical findings,”*” most literatures diagnosed T-CMS us-

471823-26) poowers et al suggested the

ing the level of injury.
diagnosis of T-CMS with a trauma to vertebra T12-L2 in
combination with neurological impairment in dermato-
myotomes Th12-S54. Our study diagnosed T-CMS using

this methods. Furthermore, we analyzed MRI images and
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Table 4. Univariate comparisons of risk factors in patients with and without bladder dysfunction after acute traumatic conus medullaris syndrome

Characteristics 0dds Ratio (95% Confidence Interval) p-value
Age per year 1.03(0.98-1.08) 0.228
Male gender 1.21(0.28-5.21) 0.801
High fall (=1m) 1
Cause of iniur Low fall (<1m) 0.9(0.07-11.25) 0.935
Jury Motor vehicle injury 1.35(0.12-14.82) 0.806
Crushed with heavy object 0.23(0.18-2.81) 0.247
- Incomplete 1
AIS grade at injury Complete 4.11(0.44-38.23) 0215
Time to MRI per hour 0.99 (0.98-1.01) 0.287
Fracture type Burst !
¥P Fracture-dislocation 4.42(0.48-40.56) 0.189*
T12 1
Fracture level L1 1.36 (0.20-9.13) 0.753
L2 0.38(0.04-3.61) 0.396
) Preoperative 1.15(0.84-1.59) 0.387
Maximal AP canal length per mm Postoperative 0.94(0.72-1.24) 0.674
Maximal AP canal Preoperative 0.18 (0-10.80) 0.408
encroachment ratio per % Postoperative 0.81(0.01-100.93) 0.934
Normal 1
Signal characteristics of conus medullaris Edema 1.92 (0.24-15.35) 0.540
Edema and hemorrhage 19.5(2.20-173.49) 0.008*
) <20mm 1
Length of edema on conus medullaris ~20mm 1,09 (1.02-1.16) 0.009*
Time to surgery per hour 0.99(0.98-1.00) 0.111*
Aooroach Posterior only 1
P Anterior + posterior 0.79 (0.16-4.00) 0.779

*means p<0.20.

excluded pure cauda equina injury and SCI (Fig. 1).

Bladder dysfunction is the major devastating sequelae
after T-CMS."*” However, the number of literatures regard-
ing the long-term prognosis of bladder function is limited
and with small number of patients. McAfee et al assessed
32 T-CMS patients (CM injury was made on the basis of
the clinical findings of a neurogenic bladder, and the loss or
third, fourth and fifth sacral nerve root sensation) at mean
3.4 year follow-up and found that 20 patients (62%) had
bladder dysfunction at final assessment. Dall et al”” evalu-
ated 14 T-CMS patients (T12, L1 burst fracture) at mean 32
month follow-up. Three patient (21%) had bladder dysfunc-
tion at one year follow-up. Taylor et all assessed bladder
function of 18 T-CMS patients (with L1 or L2 burst frac-
tures) at mean 4 year follow-up. The half of patients could
not control bladder. Six patients (33%) had no bladder
sensation and twelve patients (67%) had altered sensation of
bladder fullness. Clohisy et al*” analyzed 11 T-CMS patients
(T12, L1 fracture) who surgically treated within 48 hours

of injury and five (45%) had bladder dysfunction at final
follow-up. Rahimi-Movaghar et al” evaluated bladder func-
tion of 11 T-CMS patients (T12, L1 fracture) at 8 months —
12 years follow-up. Three patients (27%) recovered partially
and no improvement in 5 patients (47%). Overall, the rate
of bladder dysfunction after T-CMS was approximately 21-
100%. Our study evaluated 39 patients and about 64% of pa-
tients had bladder dysfunction at minimum 2 year follow-
up. The reported rate of patients with bladder dysfunction
1 year after traumatic SCI ranges from 69-78%.” Although
T-CMS patients have better neurologic recovery than SCI
patients,”'¥ the recovery rate of bladder function in T-CMS$
patients may be poor as much as in SCI patients.

There have been a paucity of literature introducing the
prognostic factor in T-CMS. McAfee et al’” and Bradford et
al” suggested that anterior decompression could improve
bladder dysfunction. Clohisy et al*” found early decom-
pression (within 48 hours of injury vs. mean 61 days after

injury) improve bladder function. Dall et al”” demonstrate
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that canal compromise, fracture pattern, or treatment was
not related with recovery bladder function. In current study,
surgical approach and timing were not related with blad-
der dysfunction. However, those results may not mean that
surgical approach and timing is not related with neurologi-
cal outcome. Because, the small number of patients were
treated with anterior approach and there were some outliers
regarding surgical timing in the current study. Regarding
fracture type, there were significant differences of fracture
type between three bladder outcome groups in current
study. However, fracture type was not the predictor of blad-
der dysfunction in multivariate logistic regression model
as shown in the other study. Canal compromise was not
related with bladder dysfunction in this study. AIS grade at
injury is known to be important prognostic factor for recov-
ery of neurologic deficit in SCL.” In current study, AIS grade
was significantly different between three bladder outcome
groups. However, AIS grade at injury was not related in uni-
variate analysis. In prediction model of bladder function in
SCI patients, AIS was not indicative for recovery of bladder
function.” AIS grade may also not be related with the recov-
ery of bladder function in T-CMS.

Signal changes in SCI are considered as the important
predictor of neurologic recovery.'® Cord edema is seen on
T2 MRI sequences as a hyperintensity of the signal within
the cord and intramedullary hemorrhage manifests as T2
hypointensity within the cord.”'*'****” Hemorrhage is
almost always present concurrently with edema, and on
an MRI it is surrounded by a hyperintensity normally as-
sociated with edema. Intramedullary hemorrhage on T2W
imaging is universally associated with some component of
irreversible injury and arguably the most robust MR imag-
ing predictor of injury severity.”'*'*' There is insufficient
evidence to support other individual MR imaging features,
including cord edema, swelling, and lesion length, for pre-
dicting neurologic outcomes in SCL.' CM is most caudal
part of spinal cord. Therefore we applied this prognostic
method on T-CMS. Signal characteristics of MRI in spinal
cord were also present in CM of T-CMS patients. Although
signal characteristics and length of edema were significantly
different between bladder function groups, the presence of
intramedullary hemorrhage in CM was the only prognostic

factor of bladder dysfunction in multivariate logistic regres-
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sion model in T-CMS as found in studies of SCI.

The current study has several limitations. First, this was
a retrospective study and it has the possibility of bias. To
avoid this problem, we tried to collect consecutive patients
to meet our inclusion and exclusion criteria and . Second,
this study had a relatively small number of patients. How-
ever, this is the largest study demonstrating the prognosis
and predictors of long-term bladder dysfunction in T-CMS.
Third, our diagnosis of T-CMS is mostly based on radiologi-
cal findings. We included patients with leg weakness or sen-
sory change regardless of acute bladder dysfunction if the
patients met radiological criteria of T-CMS. This is because
there are several obstacles such as mental change, indwell-
ing catheter, or distracting injury, to figure out clinical find-
ings of T-CMS in acute setting. Last, our grade system of
bladder function is too simple. There is a tool for measuring
bladder function of SCI patients (SCIM, which is short for
Spinal Cord Independence Measure). Item 6 is for bladder
function. However, it is too complex. It classified as bladder
function into 7 grades. And we believe our grade system is
more practical tool reflecting the difficulty of patients in real

clinical situation.

Conclusions

Results highlight the high prevalence of bladder dysfunc-
tion in the T-CMS patients. Presence of hemorrhage in CM
is associated with an increased likelihood of neurogenic
bladder dysfunction following T-CMS. Early prediction of
bladder function using MRI at injury might optimize coun-
selling and patient-tailored rehabilitative interventions and

improve patient stratification in future clinical trials.
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