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ABSTRACT: Background: Cervical spondylotic myelopathy (CSM) is the leading cause of spinal cord impairment. In a public
healthcare system, wait times to see spine specialists and eventually access surgical treatment for CSM can be substantial. The goals of
this study were to determine consultation wait times (CWT) and surgical wait times (SWT), and identify predictors of wait time length.
Methods: Consecutive patients enrolled in the Canadian Spine Outcomes and Research Network (CSORN) prospective and
observational CSM study from March 2015 to July 2017 were included. A data-splitting technique was used to develop and
internally validate multivariable models of potential predictors. Results: A CSORN query returned 264 CSM patients for CWT. The
median was 46 days. There were 31% mild, 35% moderate, and 33% severe CSM. There was a statistically significant difference in
median CWT between moderate and severe groups; 207 patients underwent surgical treatment. Median SWT was 42 days. There was a
statistically significant difference in SWT between mild/moderate and severe groups. Short symptom duration, less pain, lower BMI,
and lower physical component score of SF-12 were predictive of shorter CWT. Only baseline pain and medication duration were
predictive of SWT. Both CWT and SWT were shorter compared to a concurrent cohort of lumbar stenosis patients (p <0.001).
Conclusions: Patients with shorter duration (either symptoms or medication) and less neck pain waited less to see a spine specialist in
Canada and to undergo surgical treatment. This study highlights some of the obstacles to overcome in expedited care for this patient
population.

RESUME : Temps d’attente pour obtenir une consultation et une intervention chirurgicale dans le cas de la myélopathie spondylotique
cervicale. Contexte : La myélopathie spondylotique cervicale (MSC) est la principale cause des troubles de la moelle épiniére. Dans un régime public de
santé, les temps d’attente pour voir des spécialistes et, le cas €chéant, pour avoir accés a un traitement chirurgical dans le cas de la MSC peuvent étre
considérables. Cette étude comporte deux objectifs : d’une part, déterminer les temps d’attente pour une consultation (TAC) et pour une intervention
chirurgicale (TAIC) ; d’autre part, identifier les variables prédictives des temps d’attente. Méthodes : C’est dans le cadre du Canadian Spine Outcomes and
Research Network (CSORN) que cette étude observationnelle prospective a été effectuée. Y ont participé des patients vus un a la suite de I’autre entre mars
2015 et juillet 2017. A cet égard, nous avons utilisé la méthode de fractionnement des données (data-splitting technique) pour développer et valider a
I’interne des modeles concernant nos variables prédictives. Résultats : Les données du CSORN montrent que 264 patients atteints de MSC sont parvenus a
obtenir une consultation. Leur TAC médian a été de 46 jours. Sur ces 264 patients, 31 % étaient atteints d’une forme légere de MSC ; 35 %, d’une forme
modérée ; et 33 %, d’une forme grave. Une différence statistique notable est apparue en ce qui regarde le TAC médian du groupe de patients atteints de la
forme modérée de la maladie et celui du groupe de patients atteints de la forme grave. Notons par ailleurs que 207 patients ont pu subir une intervention
chirurgicale. Leur TAIC médian a été de 42 jours. Une différence statistique notable est apparue entre les groupes de patients atteints des formes 1égere/
modérée et celui incluant des patients atteints de la forme grave. Des symptomes de courte durée, moins de douleurs ressenties, de bas IMC et des scores
plus bas au SF-12 en matiére de santé physique ont constitué des variables prédictives d’un TAC plus court. Les seules variables ayant pu prédire les TAIC
ont été le niveau de douleur avant traitement et la durée d’un traitement médical. Enfin, tant les TAC que les TAIC des patients atteints de MSC se sont
révélés plus courts que ceux d’une cohorte de patients atteints de sténose du canal lombaire (p < 0,001) étudiée simultanément. Conclusions : En somme,
les patients dont la durée des symptomes ou du traitement médical était plus courte, de méme que ceux ayant moins souffert de cervicalgie, ont moins
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attendu au Canada pour voir un spécialiste de la moelle épiniere et subir une intervention chirurgicale. Cette étude met donc en relief certains obstacles a

une offre de services rapides pour cette catégorie de patients.
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BACKGROUND

Cervical spondylotic myelopathy (CSM) is a progressive
degenerative disease and the most common cause of spinal
cord dysfunction worldwide." Its etiology is multifactorial and
includes disc protrusion, ossification of the posterior longitudinal
ligament, thickening of the ligamentum flavum and osteophyte
formation, which result in narrowing of the spinal canal and
ultimately lead to compression of the spinal cord.

Depending on the severity of the disease, symptoms can
include neck pain, loss of hand dexterity, gait difficulties, and
sphincter disturbance.”™* There are multiple scoring systems used
to assess the severity of cervical myelopathy. The modified
Japanese Orthopedic Association (mJOA) score is among
the most commonly utilized and is a recommended outcome
assessment tool for these patients.” According to this scoring
system, mild myelopathy is defined as a score from 15 to 17,
moderate from 12 to 14, and severe from 0 to 11.°

Surgery is usually indicated to halt or reverse the myelo-
pathic symptoms.”® The natural history of cervical myelopathy
can be a progressive decline in neurological function in a
significant proportion of patients.9 Moreover, the severity of
symptoms has been correlated to the likelihood of achieving a
good clinical outcome with surgical decompression; patients
with severe CSM are less likely to achieve a mJOA >16 with
surgery.'” Longer duration of symptoms has been correlated
with poor surgical outcomes; ' therefore, prompt assessment
and management are warranted to achieve better results for this
patient population. In a public healthcare system, wait times to
see a specialist from the time of referral (consultation wait time
(CWT)) and wait times to receive surgical treatment from the
time of surgical booking (surgical wait time (SWT)) can be
substantial. With the increasing prevalence of CSM and the
significant disease burden associated with spinal cord dysfunc-
tion for both the patients and society, it is essential to recognize
factors that could be obstacles to timely management.

The primary objective of this study was to examine CWT and
SWT in patients surgically assessed for CSM in the Canadian
public healthcare system. Secondary objectives were to identify
demographic, clinical, and radiographic factors that predict CWT
and SWT in this same patient population and to compare wait times
between CSM and other degenerative conditions of the spine.

METHODS
Study Design

We conducted a multicentre, prospective observational study
of consecutive patients with CSM enrolled in the CSORN
between March 2015 and July 2017. CSORN is a group of over
50 neurosurgical and orthopedic spine surgeons from 18 tertiary
care academic and non-academic hospitals across Canada
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that prospectively collect data on patients with spinal conditions.
This database serves as a national registry created to answer
research questions and to facilitate the implementation of best
practices. Thirty-five surgeons from seven Canadian centers
participated in this prospective CSM study.

A national database research coordinator audits data quality and
performance and sends reports to each contributing hospital site
coordinator on a quarterly basis. Reports track data completion and
follow-up rates to facilitate internal data validation at each site. A
national privacy and security framework was created for CSORN
that includes a governance structure, standard operating procedures,
training processes, physical and technical security, and privacy
impact assessments. This model ensures privacy and security of
personal health information. Written informed consent is obtained
from all participating patients. Patient identification is anonymized
to ensure that patients in the Network cannot be individually
identified. All participating sites obtained Research Ethics Board
(REB) approval prior to any data collection. Decisions regarding
data collection, storage, and analysis are independent of any
particular company or commercial interest.

Patient Sample

Local research coordinators enrolled patients at each site.
All patients presenting to the participating surgeons with
clinical signs and symptoms of CSM and MRI evidence of
cord compression and/or myelopathy secondary to spondylosis
were invited to participate in this study. To be included,
patients also had to have referral and consultation dates avail-
able for CWT and surgical booking date and operative date for
SWT. Further exclusion criteria included: previous cervical
spine surgery, fracture, tumor or intradural pathology, anterior
horn disease, or multiple sclerosis

Patient Variables

Baseline pre-operative patient characteristics included socio-
demographic factors (age, sex, body mass index (BMI), nicotine
use, education level, work status, and marital status), symptom
duration, and the physical component score (PCS) of SF-12. All
patients were treated in a single payer, publically administered
healthcare system. These patients were stratified by CWT, SWT,
as well as by the severity of the symptoms based on mJOA score.
CWT was defined from the referral date to the first surgical
consultation date and SWT was defined from surgical booking to
the actual surgical date. Categorical data were compared using
the Chi-square two-tailed tests. For demographic comparisons
between wait time groups, statistical significance was achieved
with a p-value of less than 0.05. Survival analysis was used for
identification of independent predictors of CWT and SWT within
the nationwide registry.
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Table 1: Demographic data for patients with CSM from the
CSORN registry as stratified by CWT and SWT

Demographics CWT SWT
Age (mean) 59.4 60.1

Female 33 % 34.8 %
Working 273 % 26.1 %
Symptom < 1 year 40.9 % 39.7 %
BMI (mean) 28.63 28.79

Using the CSORN database, a comparison cohort of
lumbar stenosis patients enrolled during the same study period
(March 2015 and July 2017) was used to contrast CSM and
stenosis wait times.

Statistical Analysis

Outcomes were assessed using survival analysis. As a prelim-
inary analysis to compare differences in survival across groups,
the Kaplan—Meier (KM) method was used to estimate the survi-
vor function of cumulative time waiting for consultation/surgery.
Since not every referred patient was treated surgically, separate
analyses were conducted for CWT and SWT.

Cox regression procedures were employed to find the best
multivariable models predicting CWT and SWT outcomes. A
data-splitting technique was used to develop and test the multi-
variable models. Data splitting is a method of obtaining a nearly
unbiased internal assessment of accuracy. With this technique, an
80% random sample of the full data set was used for model
development (BUILD sample) and the entire data set for valida-
tion (TEST sample).

Multivariable analyses were performed on the BUILD sample
to identify the statistically significant variables, using a backward
stepwise selection procedure. Collett'? suggests avoiding rigid
application of a particular significance level with this selection
procedure. To guide decisions on entering and omitting terms, the
significance level should not be too small; the significance level
was set at the recommended level of 10%.

There were 22 potential predictors entered into regression
models in clusters. The first cluster was primarily demographic-
type variables: age, gender, BMI, marital status, living arrange-
ment, education level, smoking status, exercise, and comorbidity.
The second cluster was clinical variables: symptom duration,
numeric pain rating, medication use, medication duration, inten-
sity, and alignment. The third cluster was patient reported ques-
tionnaires: Neck Disability Index, SF-12 (Mental Component
Score (MCS) and PCS, PHQ-9, EQ-5D, and mJOA.

All significant variables from the cluster modeling procedures
were then entered into a multivariable model to determine the best
models predicting outcome using the same selection procedure and
significance levels. This combined analysis of multiple clusters/
predictors has been previously shown to enhance the prediction of
persistent pain.'*'* The outcome variables were cumulative num-
ber of calendar days waiting for consultation (CWT) and waiting
for surgery (SWT). Adjusted R-squared values were computed for
each final regression model. R-squared in survival analysis does
not describe how appropriately a model fits the data because
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R-squared can be increased just increasing the number of variables.
As a result, R-squared in this context examines the percentage of
explained variation in the regression models.

Kaplan—Meier log rank tests were conducted to compare CWT
and SWT in patients with CSM to lumbar stenosis patients
entered into the CSORN database.

REsuLTS

Since not every referred patient was treated surgically,
descriptive results are reported separately for CWT and SWT.
Table 1 displays demographic data for both CWT and SWT. No
statistical difference between provinces was found for either
CWT or SWT. A total of 80 (CWT) and 124 (SWT) patients
were excluded from analysis because the primary outcome was
not obtained.

Consultation Wait Time

Data from 264 patients were available for analysis. The
median CWT was 46 days. There were 31% mild (median
CWT =40), 35% moderate (median CWT = 60), and 33% severe
CSM (median CWT = 32) based on mJOA scores. Kaplan—Meier
log rank tests revealed no statistically significant difference in
median CWT between mild and moderate group or mild and
severe group. There was, however, a statistically significant
difference (p <0.011) in CWT between the moderate and severe
groups (Figure 1).

Multivariable Modeling

Using the build sample, multivariable regression analysis
revealed five significant predictors of shorter CWT: short symp-
tom duration (p <0.0001), less baseline neck pain (p <0.011),
radiologic cord compression (p <0.059), lower BMI (p <0.023),
and lower PCS scores (p <0.106) (Table 2). A separate regression
analysis using the test sample confirmed the same five predictors.
Overall, the model explained 18% of the variance (adjusted
R-squared =0.18).

Surgical Wait Time

Two hundred and seven patients underwent surgery and were
included in the SWT analyses. The median SWT was 42 days.
There were 25% mild (median SWT =54), 40% moderate
(median SWT =43), and 35% severe CSM (median SWT =24)
based on mJOA scores. Kaplan—-Meier log rank tests revealed a
statistically significant difference in median SWT between mild
and severe groups (p <0.005) and between moderate and severe
groups (p <0.017). There was no statistically significant differ-
ence between mild and moderate groups (Figure 2).

Multivariable Modeling

Using the build sample, multivariable regression analysis
revealed only two significant predictors of shorter SWT:
medication duration of less than 1 year (p <0.002) and less
baseline neck pain rating (p <0.083) (Table 3). A separate
regression analysis using the test sample confirmed the same
two predictors. Overall, the model explained 11% of the variance
(R-squared =0.11).
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Table 2: Regression analysis of predictors of CWT

Predictor HRR 95% CI (lower) 95% CI (upper) p-value
Symptom duration < 1 year 2.127 1.450 3.120 <0001
Baseline neck pain rating 919 862 981 011
Radiologic cord compression 2.684 962 7.490 .059
BMI 971 946 .996 .023
PCS-12 .984 965 1.003 .106

HRR = hazard rate ratio, CI = confidence interval, and PCS = Physical Component Score of the SF-12.

Survival Functions

Lo MIOA Table 3: Regression analysis of predictors of SWT
. 1 mild 15+
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Their median CWT was 82 days compared to 46 days for CSM.
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Figure 1: CWT Kaplan—Meier survival curves stratified by disease
severity.
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Figure 2: SWT Kaplan—-Meier survival curves stratified by disease
severity.

CSM and Lumbar Stenosis Comparison

A query of the CSORN database returned a total of
2799 patients who were surgically treated for lumbar stenosis.
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To our knowledge, this is the first study to investigate wait
times and predictors in patients with CSM. In a public healthcare
system such as the Canadian one, knowing the estimated wait
time from referral to seeing a spine surgeon and from assessment
to surgical treatment is necessary information to assist in quality
improvement strategies.

In this study, patients with severe myelopathy waited less than
patients with moderate symptoms to see a spine specialist and
waited less than the moderate and mild groups to have surgery;
however, mJOA on its own was not a significant predictor of wait
times. There was no difference between the severe and mild
groups for CWT. Two explanations are that our study may have
been underpowered to detect a significant difference between
each severity category or that the impact of the severity of the
disease is indeed more pronounced on SWT than on CWT.
Severity of symptoms may be better assessed by a surgeon, and
hence the assessment has more impact on SWT. Disease severity
may moreover not always be well communicated between
referring doctors and surgeons, explaining less impact on CWT.
The referral and prioritization mechanisms currently in place do
work to some extent, but good communication between referring
doctors and spine specialists cannot not be overemphasized.
Improving the referral pathway for patients before they become
severe would improve healthcare outcomes.'™'" Increased
awareness and continuous medical education of this common
problem are part of the solution.

The other predictors of a shorter CWT were short symptom
duration at time of referral, less neck pain, cord compression,
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lower BMI, and lower PCSs. Predictors of shorter SWT, on the
other hand, only included short medication duration and less neck
pain. Patients with more chronic findings and longer duration of
symptoms had to wait longer to receive either consultation or
surgical treatment. The rationale for this may be based on the
knowledge that duration of symptoms has been shown to have a
negative effect on surgical CSM outcomes.'”'! Subacute CSM
patients are often seen and offered treatment in an expedited
fashion, thereby prioritizing patients with the best chance of
improvement.'*"'" The other findings reflect that surgeons are less
likely to see and operate rapidly on patients with severe neck pain.

Both CWT and SWT were significantly shorter in CSM
compared to lumbar stenosis, which was expected. Our findings
suggest that clinically appropriate prioritization schemes have
been established at the participating centers. Patients with mye-
lopathy, who have a higher likelihood of deterioration and with
potential increased morbidity from delayed management, are
treated faster than patients with lumbar stenosis.

The median CWT and SWT in this study were 46 and 42 days,
respectively. We were unable to identify published data from
other healthcare systems for comparison. Considering the poten-
tial clinical deterioration over time and the fact that patients with
longer duration of symptoms and more severe disease have worse
outcomes, time does matter in CSM. It is critical that CSM be
diagnosed promptly, referred and managed in an expedient
manner. A delay of close to 3 months from initial referral to
definitive treatment may be suboptimal.'”'" The length of the
wait is an incentive to overcome the obstacles to expedited care.
Improving communication and improved referral screening strat-
egies are central to improving CWT. Imaging review by the
spinal surgeon, rapid access clinics, and physiotherapist triage
clinics are all potential improvement strategies that could
improve CWT and needs to be studied further in this population.
On the other hand, multiple factors are potential barriers to
expedited surgical treatment. Access to semi-urgent operative
time, case sharing among surgeons and proactive waitlist man-
agement are all part of dealing with limited resources, a problem
commonly cited by surgeons to explain increased SWT. Surgery
for CSM has been shown to be cost-effective while spinal cord
impairment is associated with significant cost and productivity
loss."> A combined effort by physicians and funders to increase
expedited definitive care for these patients is justified and should
be the focus of further study.

One limitation of this study is a lack of generalizability to
other healthcare systems; however, the homogeneity of the
Canadian healthcare structure increases the validity of these
results for any single payer system. Moreover, no difference
between provinces was found for both CWT and SWT reinfor-
cing the homogeneity of this healthcare system. Although we
acknowledge different referral schemes within Canada, the goal
of this paper was not to compare pathway systems, but to define
CWT and SWT and potential predictors in Canada and give
incentives for improvement for this time-sensitive pathology.
Interestingly, however, different screening strategies among
different provinces did not impact CWT in this population. We
did not establish a correlation between wait times and patient
outcomes; our goal was to analyse predictors of shorter wait
times. Lastly, we did not address two other potentially significant
contributors: the time from symptom onset to first medical
assessment and the time taken by primary care physicians
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to initiate consultation. Physicians will often request different
investigations (imaging, nerve conduction studies) prior to
making referrals. This “diagnostic” wait time has the potential
to be long but needs to be kept to a minimum.

CONCLUSION

In this study, symptom severity had an impact on consultation
and SWT in patients with cervical myelopathy. Patients with
shorter duration (either symptoms or medication) and less neck
pain had shorter waits to see a spine specialist in Canada and to
undergo surgical treatment. This study highlights some of the
obstacles to expedited care in this patient population. Process
improvement strategies should be deployed to optimize outcomes
in a population of patients in whom time matters.
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