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OBJECTIVE Cervical spondylotic myelopathy (CSM) shows varying levels of improvement after surgical treatment.
While some patients improve soon after surgery, others may take months to years to show any signs of improvement.
The goal of this study was to evaluate postoperative improvement, patient-reported outcomes, and patient satisfaction up
to 2 years after surgical treatment for CSM, which will help optimize the current treatment strategies and effectively man-
age patient expectations.

METHODS This was a retrospective study of prospectively collected data using the Quality Outcomes Database. The
primary outcomes of interest were achievement of the minimal clinically important difference (MCID) for the numeric rat-
ing scale for neck and arm pain, modified Japanese Orthopaedic Association, Neck Disability Index, and EQ-5D scores
and postoperative satisfaction (North American Spine Society scale). Early and sustained improvement was defined as
MCID achievement in at least one patient-reported outcome measure (PROM) at the 3-, 12-, and 24-month follow-ups.
Transient improvement was defined as MCID achievement only at the 3-month and/or 12-month follow-up but not at the
24-month follow-up. Late improvement was defined as MCID achievement in at least one PROM only at the 24-month
follow-up.

RESULTS There were 630 patients included in the comparative analysis. A total of 463 (73.5%) patients achieved early
and sustained improvement, 105 (16.7%) patients experienced transient improvement with subsequent decline, 25 (4.0%)
patients reported late improvement, and 37 (5.9%) patients did not report any clinically meaningful improvement after

surgery. Patients with an anterior approach were more likely to be in the early and sustained improvement group. African

ABBREVIATIONS ASA = American Society of Anesthesiologists; COPD = chronic obstructive pulmonary disease; CSM = cervical spondylotic myelopathy; MCID = minimal
clinically important difference; mJOA = modified Japanese Orthopaedic Association; NASS = North American Spine Society; NDI = Neck Disability Index; NRS = numeric
rating scale; PROM = patient-reported outcome measure; QOD = Quality Outcomes Database; SES = socioeconomic status.
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American patients (OR 2.98, 95% CI 1.14-7.76; p = 0.03) were more likely to report late improvement when compared
with White patients. The overall satisfaction rate at the 24-month follow-up was 87.8%.

CONCLUSIONS These findings indicate that 73.5% of patients achieve early and sustained improvement, and 87.8% of
patients are satisfied with surgery 24 months postoperatively.

https://thejns.org/doi/abs/10.3171/2024.9.SPINE24 351
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generative disease in which nearby structures

lead to compression of the cervical spinal cord. It
is the most common cause of spinal cord injury, and the
symptoms often go unrecognized by patients. Myelopa-
thy presents with a variety of symptoms, which include
neck and shoulder pain, gait disturbances, hyperreflexia,
bladder and bowel dysfunction, reduced hand dexterity,
and clonus. Surgical decompression prevents further dis-
ease progression and potentially improves functionality.'?
While pain and numbness can quickly improve after de-
compression of the spinal cord, the ability and timing of
motor improvement is unclear. Some studies have dem-
onstrated that neurological improvement is most signifi-
cant the first 3 months postoperatively and plateaus at 6
months.>* A previous Quality Outcomes Database (QOD)
study determined the trajectory of the 1st year postopera-
tively, also finding that the majority of patients improved
in the first 3 months.> Patients with severe myelopathy
showed the greatest improvement after 3 months but never
reached the functionality that those with less severe dis-
ease achieved.

Previous studies have attempted to determine charac-
teristics of patients most likely to improve from decom-
pression. Some studies have demonstrated that elderly pa-
tients significantly improve after decompression and that
diabetes can impair recovery.®’ Studies have shown mixed
results when determining the effect of BMI and obesity on
surgical outcomes.®?

The goal of this study was to determine the trajectory
of patients who underwent a surgical decompression for
CSM over the first 2 years postoperatively, as well as their
satisfaction rate at the 2-year follow-up. In addition, we
assessed for variables that contribute to early versus late
improvement of symptoms. To our knowledge, this is the
largest cohort of patients with CSM followed for 2 years
after decompression.

Methods

Data Source and Patient Cohort

The CSM cohort of the QOD includes 1141 patients
who underwent cervical spine surgery for CSM across 14
high-enrolling sites of the original QOD.! Criteria for en-
rollment were a score < 17 on the modified Japanese Or-
thopaedic Association (mJOA) questionnaire at baseline
and myelopathy as the primary indication for surgery.!
Elective cases solely due to degenerative underlying pa-
thologies were enrolled in this database, while operative
cases due to infection, trauma, or tumor were excluded.
Patients were followed up in person or via telephone for
the completion of patient-reported outcome measures

C ERVICAL spondylotic myelopathy (CSM) is a de-
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(PROMs) at the 3-, 12-, and 24-month follow-up periods.
This study’s cohort included 630 patients with available
PROMs at the 3-, 12-, and 24-month time points, that is,
the numeric rating scale (NRS) for neck and arm pain,
mJOA, Neck Disability Index (NDI), and EQ-5D (mea-
sured in quality-adjusted life-years) scores. IRB approval
was obtained by the participating sites during develop-
ment of the QOD registry. Because this registry contains
de-identified patient information, no additional IRB ap-
proval or consent was required.

Outcomes of Interest

The primary outcome of interest was the achievement
of the minimal clinically important difference (MCID) for
NRS neck pain, NRS arm pain, mJOA, NDI, and EQ-5D
scores and achievement of postoperative satisfaction. The
NRS pain scales range from 0 to 10, with higher scores in-
dicating a greater intensity of pain. Myelopathy was con-
sidered mild with mJOA scores of 15-17, moderate with
mJOA scores of 12—14, and severe with mJOA scores of
0-11."2 The NDI consists of 10 sections designed to evalu-
ate the effect of neck pain on the patient’s functionality.'
In this registry, NDI percentage scores (ranging from O to
100) are captured, with higher scores indicating greater
disability. The MCIDs for NRS neck pain, NRS arm pain,
NDI, and EQ-5D scores were defined as a 30% decrease
from baseline." The MCID for the mJOA score was calcu-
lated based on the CSM severity at baseline, as previously
described.” Satisfaction with surgery was measured based
on the 4-point North American Spine Society (NASS)
scale: 1) “The treatment met my expectations™; 2) “I did
not improve as much as I had hoped, but I would undergo
the same treatment for the same outcome™; 3) “I did not
improve as much as I had hoped, and I would not undergo
the same treatment for the same outcome”; and 4) “I am
the same or worse than before treatment.”'¢ Patients were
considered satisfied if they had a score of 1 or 2.16

Patients were divided into four groups based on their
trajectory of outcome achievement; early and sustained
improvement was defined as MCID achievement in at
least one PROM at the 3-, 12-, and 24-month follow-ups.
Transient improvement was defined as MCID achieve-
ment only at the 3-month and/or 12-month follow-up but
not at the 24-month follow-up. Late improvement was de-
fined as MCID achievement in at least one PROM only
at the 24-month follow-up. The no-improvement group
consisted of patients who did not achieve an MCID at any
time point.

Baseline and Perioperative Variables
Demographic variables, comorbidities, clinical char-
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acteristics, and surgical variables were also included for
each group. These variables included age, sex, race, BMI,
insurance payor, educational level, preoperative employ-
ment status, socioeconomic status (SES) index, workers’
compensation status, smoking status, medical comor-
bidities (multiple sclerosis, diabetes mellitus, depression,
anxiety, coronary artery disease, osteoarthritis, chronic
obstructive pulmonary disease [COPD]), baseline symp-
toms and symptom duration, American Society of Anes-
thesiologists (ASA) grade, presence of dynamic instability,
number of treated segments, surgical approach, discharge
disposition, and reoperation status.

Statistical Analysis

Descriptive statistics are reported as means and stan-
dard deviations for continuous variables or frequencies
and percentages for categorical variables. The indepen-
dent Student t-test and Pearson’s chi-square test were
performed for univariate analyses of continuous and cat-
egorical variables, respectively. ANOVA was performed
when the association between categorical and continuous
variables was investigated. A multivariable logistic regres-
sion model was created to evaluate the baseline risk fac-
tors associated with transient and late improvement, with
the early and sustained improvement group as a reference.
For the multivariable model, variables were selected if p <
0.20 on univariate analysis and/or clinical relevance. The
covariates used in this analysis were age, sex, BMI, race,
ambulation dependence, baseline radicular arm pain, sur-
gical approach, and number of levels treated. Results were
considered statistically significant at p < 0.05. Statistical
analyses were performed using R software (version 4.2.2,
R Foundation for Statistical Computing)."”

Results

A total of 630 patients who underwent surgery for CSM
were included in this study. The mean age was 61.7 + 11.3
years, and 47.6% of the cohort was female. The mean BMI
was 30.1 + 6.4. Patients excluded from this study due to
inadequate follow-up at all three time points were younger
(aged 61.7 vs 59.2 years, p < 0.01), were less likely to have
Medicare and more likely to have private or no insur-
ance (p < 0.01), and had a higher NDI score (p < 0.01).
Of the 630 patients included in the study, 463 (73.5%)
patients achieved early and sustained improvement, 105
(16.7%) patients experienced transient improvement with
a subsequent decline, 25 (4.0%) patients reported late
improvement, and 37 (5.9%) patients did not report any
clinically meaningful improvement after surgery. There
were no significant differences between the four groups
with respect to age, BMI, insurance payor, level of edu-
cation, SES index, preoperative employment or workers’
compensation status, and medical comorbidities such as
multiple sclerosis, diabetes mellitus, depression, anxiety,
coronary artery disease, osteoarthritis, or COPD. There
were no significant differences in terms of ambulation
dependence, listhesis/dynamic instability, or ASA grade
between the four groups.

The mean number of operated levels was highest in the
no-improvement group (p = 0.02), while the early and sus-
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tained group had the lowest rate of reoperation (p = 0.05).
Patients with transient or late improvement were more
likely to have a symptom duration > 3 months (p < 0.01).
Patients who achieved early and sustained improvement
were more likely to have an anterior surgical approach
(69.5% vs 66.7% vs 60.0% vs 43.2%, p < 0.01) as well as
severe myelopathy (39.5% vs 24.8% vs 36.0% vs 21.6%,
p < 0.01). Baseline characteristics are outlined in Table 1.
Patient-reported outcomes at baseline and 3, 12, and 24
months of follow-up are reported in Table 2. The rates of
MCID achievement at the 3-, 12-, and 24-month follow-up
time points are outlined in Table 3.

In the multivariable model to identify baseline risk
factors for transient improvement and late improvement,
patients with early and sustained improvement were used
as the reference group. African American patients (ref-
erence: White patients) (OR 2.98, 95% CI 1.14-7.76; p =
0.03) were found to be more likely to report late improve-
ment (Table 4). There were no significant predictors for
transient improvement.

At the 24-month follow-up, postoperative satisfaction
with surgery (NASS score) was collected for 623 of 630
patients. The overall patient satisfaction rate was 87.8%
(NASS score of 1 or 2). Patients who reported early and
sustained improvement had significantly higher rates of
satisfaction (93.4% vs 70.5% vs 78.3% vs 73%, p < 0.01)
(Fig. 1). Line graphs depicting NRS neck pain, NRS arm
pain, mJOA, NDI, and EQ-5D scores at baseline and at
follow-up time points stratified by outcome trajectory
(early and sustained improvement, transient improvement,
late improvement, no improvement) are demonstrated in
Fig. 2.

Discussion

Decompression is effective in halting the progression
of CSM and improving symptoms associated with it. Un-
derstanding both how we can improve the outcomes of
these patients and the predictors of improvement is es-
sential to counsel patients and manage patient expecta-
tions. In this study, 73.5% of patients achieved early and
sustained improvement, and an additional 4.0% achieved
late improvement. Patients with early and sustained im-
provement were more likely to have an anterior surgical
approach, and patients with early and sustained as well
as late improvement were more likely to have severe my-
elopathy at baseline.

Previous studies have demonstrated the significance
of surgical approach (anterior vs posterior) and severity
of myelopathy on whether a patient achieves an MCID.>!8
One study demonstrated that patients undergoing an an-
terior approach for decompression and fusion were more
likely to achieve a significant improvement in NDI score.!®
In our cohort, there was a greater proportion of anterior
approaches in the early and sustained improvement group.
A previous QOD study demonstrated that patients with se-
vere myelopathy were more likely to continue improving
1 year postoperatively.® Patients in the early and sustained
group as well as the late improvement group were more
likely to have severe myelopathy in our cohort (p < 0.01)
(Table 1).
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TABLE 1. Characteristics of patients undergoing surgery for CSM

Early & Sustained Transient Improvement  Late Improvement No Improvement
Improvement (n = 463) (n=105) (n=25) (n=37) p Value

Age, yrs 61.62 (11.21) 61.90 (12.02) 61.20 (10.79) 61.76 (11.64) 0.99
Female sex 227 (49.0) 47 (44.8) 12 (48.0) 14 (37.8) 0.55
BMI 29.89 (6.34) 31.41 (6.73) 31.36 (6.03) 28.86 (5.90) 0.06
Insurance payor 0.25

Medicaid 29 (6.3) 4(3.8) 2(8.0) 6(16.2

Medicare 191 (41.3) 49 (46.7) 11 (44.0) 14 (37.8

Private 233 (50.3) 50 (47.6) 11 (44.0) 17 (45.9)

Uninsured 0(0.0) 1(1.0) 0(0.0) 0(0.0)

VA/government 10 (2.2) 1(1.0) 1(4.0) 0(0.0)
Educational level 0.32

Graduate 178 (38.4) 44 (41.9) 8 (32.0) 13 (35.1)

High school or less 196 (42.3) 43 (41.0) 14 (56.0) 14 (37.8)

Postgraduate 69 (14.9) 14 (13.3) 1(4.0) 10 (27.0)

Prefer not to answer/NA 20 (4.3) 4(3.8) 2(8.0) 0(0.0)
Race 0.09

White 364 (81.3) 78 (75.7) 16 (66.7) 33 (89.2)

African American 67 (15.0) 21(20.4) 8(33.3) 2(5.4)

Other 17 (3.8) 4(3.9) 0(0.0) 2(5.4)
SES index 53.32 (5.17) 53.18 (5.31) 53.24 (4.68) 52.47 (5.20) 0.81
Preop employment status 0.38

Employed 177 (38.2) 31(29.5) 5(20.8) 16 (43.2)

Employed on short-term leave 35(7.6) 10 (9.5) 2(8.3) 2(5.4)

Unemployed 251 (54.2) 64 (61.0) 17 (70.8) 19 (51.4)
Workers’ compensation 7(1.5) 2(1.9) 14.2) 0(0.0) 0.64
Multiple sclerosis 7(1.5) 2 (1.9) 1(4.0) 1(27) 0.79
Smoking 74 (16.0) 11 (10.5) 5 (20.0) 6 (16.2) 0.47
Diabetes mellitus 97 (21.0) 25 (23.8) 7 (28.0) 9 (24.3) 0.77
Depression 103 (22.2) 24 (22.9) 6 (24.0) 10 (27.0) 0.92
Anxiety 90 (19.4) 24 (22.9) 5(20.0) 8 (21.6) 0.88
Coronary artery disease 49 (10.6) 7(6.7) 5(20.0) 4(10.8) 0.25
Osteoarthritis 140 (30.2) 31(29.5) 8 (32.0) 11(29.7) >0.99
COPD 29 (6.3) 5(4.8) 5(20.0) 4(10.8) 0.03
ASA grade 0.67

I 9 (2.0) 1(1.0) 0(0.0) 0(0.0)

I 215 (48.8) 40 (40.4) 10 (40.0) 19 (54.3)

1] 209 (47.4) 55 (55.6) 15 (60.0) 15 (42.9)

v 8(1.8) 3(3.0) 0(0.0) 1(2.9)
Dependent ambulation 88 (19.0) 16 (15.2) 8 (32.0) 6 (16.2) 0.27
Radicular motor deficit 140 (30.2) 38(36.2) 5(20.0) 10 (27.0) 0.37
Radicular arm pain 221 (47.7) 52 (49.5) 8 (32.0) 10 (27.0) 0.04
Symptom duration <0.01

<3 mos 74 (29.0) 6 (10.7) 1(6.3) 5(27.8)

>3 mos 181 (71.0) 50 (89.3) 15 (93.8) 13 (72.2)
Myelopathy severity <0.01

Mild 101 (21.8) 25(23.8) 6 (24.0) 5(13.5)

Moderate 179 (38.7) 54 (51.4) 10 (40.0) 24 (64.9)

Severe 183 (39.5) 26 (24.8) 9 (36.0) 8 (21.6)
Listhesis/dynamic instability 137 (33.3) 31(33.0) 9 (37.5) 13 (37.1) 0.94

CONTINUED ON PAGE 5 »
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» CONTINUED FROM PAGE 4
TABLE 1. Characteristics of patients undergoing surgery for CSM

Early & Sustained Transient Improvement  Late Improvement No Improvement
Improvement (n = 463) (n=105) (n=25) (n=137) p Value
Surgical approach <0.01
Anterior 322 (69.5) 70 (66.7) 15 (60.0) 16 (43.2)
Posterior 141 (30.5) 35(33.3) 10 (40.0) 21(56.8)

No. of levels treated 3. 36 (1.28) 3. 44 (1.27) 3.44 (1.16) 4.08 (1.80) 0.02

Nonroutine discharge 49 (10.6) 21 (20.0) 3(12.0) 6 (16.7) 0.06

90-day readmission 25(5.4) 4(3.8) 0(0.0) 5(13.5) 0.08

Reop 31(6.7) 15 (14.3) 3(12.0) 7(18.9) 0.05
NA = not available; VA = Veterans Affairs.

Values are given as number of patients (%) or mean (SD) unless otherwise indicated. Boldface type indicates statistical significance.

Overall, 77.5% of our cohort (73.5% early and sus- of previous studies, which have suggested that 30% of pa-
tained improvement, 4.0% late improvement) achieved an tients do not improve with surgery and are unsatisfied.”
MCID at the 24-month follow-up, and 87.8% of patients The difference in outcomes seen in this study could be
were satisfied with surgery at the 24-month follow-up attributed to the use of MRI, improvement in diagnosing
(Fig. 1). These outcomes are more favorable than those myelopathy, or improvements in surgical technique. The

TABLE 2. PROMs at baseline and 3, 12, and 24 months of follow-up
Early & Sustained Transient Late Improvement  No Improvement
Improvement (n = 463) Improvement (n = 105) (n=25) (n=37) p Value
NRS arm pain score
Baseline 5.13 (3.36) 447 (3.57) 3.84 (3.89) 2.68 (3.66) <0.01
3 mos 1.80 (2.52) 2.90 (3.20) 3.80(3.37) 2.86 (3.24) <0.01
12 mos 1.76 (2.48) 3.29 (3.15) 3.76 (3.22) 2.68 (3.19) <0.01
24 mos 1.61 (2.56) 4.57 (3.26) 2.28 (3.02) 2.27 (3.48) <0.01
NRS neck pain score
Baseline 5.31(3.17) 4.82 (3.48) 4.20 (3.24) 3.30 (3.45) <0.01
3 mos 215 (2.42) 3.75(2.98) 4.36 (2.25) 3.70(3.07) <0.01
12 mos 2.01(2.49) 4.26 (3.23) 416 (3.01) 3.24 (3.01) <0.01
24 mos 1.80 (2.41) 4.69 (3.09) 2.48 (2.77) 3.03 (3.53) <0.01
mJOA score
Baseline 11.97 (2.82) 12.76 (2.38) 12.36 (2.66) 12.81(1.93) 0.02
3 mos 14.44 (2.14) 13.77 (2.57) 12.17 (2.55) 12.86 (2.25) <0.01
12 mos 14.57 (2.17) 12.91 (2.56) 11.80 (3.06) 13.11 (2.57) <0.01
24 mos 14.64 (2.27) 12.29 (2.76) 13.58 (2.86) 13.30 (2.82) <0.01
NDI score
Baseline 38.53 (19.51) 34.77 (23.21) 36.88 (21.51) 25.43 (24.38) <0.01
3 mos 18.30 (15.14) 26.49 (19.88) 3712 (19.51) 30.06 (19.69) <0.01
12 mos 15.28 (15.66) 29.24 (20.51) 31.28 (20.99) 24.54 (21.95) <0.01
24 mos 15.34 (16.13) 33.26 (18.88) 18.00 (15.52) 23.42 (24.35) <0.01
EQ-5D score*
Baseline 0.56 (0.21) 0.59 (0.23) 0.59 (0.18) 0.67 (0.22) <0.01
3 mos 0.77 (0.19) 0.69 (0.22) 0.59 (0.19) 0.64 (0.21) <0.01
12 mos 0.78 (0.18) 0.66 (0.19) 0.62 (0.19) 0.68 (0.23) <0.01
24 mos 0.78 (0.20) 0.59 (0.23) 0.78 (0.14) 0.70 (0.25) <0.01
Values are given as mean (SD) unless otherwise indicated. Boldface type indicates statistical significance.
* Measured in quality-adjusted life-years.
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TABLE 3. Rates of MCID achievement at 3, 12, and 24 months of follow-up

Early & Sustained Transient Improvement ~ Late Improvement ~ No Improvement
Improvement (n = 463) (n=105) (n=25) (n=37)

NRS arm pain score MCID

3 mos 309 (67.5) 45 (42.9) 3(12.0) 3(8.1)

12 mos 313 (68.5) 38 (36.2) 3(12.0) 4(10.8)

24 mos 310 (69.4) 22 (21.2) 11 (44.0) 7(18.9)
NRS neck pain score MCID

3 mos 324 (70.3) 35 (33.3) 4 (16.0) 5(13.5)

12 mos 329 (71.7) 28 (26.7) 5(20.0) 8 (21.6)

24 mos 327 (72.8) 19 (18.3) 17 (68.0) 13 (35.1)
mJOA score MCID

3 mos 306 (66.7) 45 (43.3) 2(8.3) 5(13.5)

12 mos 318 (69.6) 28 (27.2) 5(20.0) 8 (21.6)

24 mos 287 (70.2) 16 (16.3) 14 (58.3 13 (35.1)
NDI score MCID

3 mos 340 (73.4) 42 (40.0) 1(4.0) 3(8.1)

12 mos 362 (78.7) 37(35.2) 7 (28.0) 8 (21.6)

24 mos 368 (80.0) 21(20.0) 19 (76.0) 11(29.7)
EQ-5D score MCID

3 mos 197 (44.1) 20 (19.6) 4.0) 2(54

12 mos 195 (44.3) 20 (19.4) 2(8.0) 2(5.4)

24 mos 196 (44.4) 11 (10.8) 10 (40.0) 4(10.8)

Values are given as number of patients (%).

early and sustained group had a significantly lower reoper-
ation rate (Table 1). Patients with late improvement of their
symptoms had steady improvement in all patient-reported
outcomes but did not achieve an MCID until 24 months
postoperatively (Fig. 2, Table 2).

This study exhibits the same limitations commonly as-
sociated with registry-based research. This study was lim-

ited to patients in our database with 3, 12, and 24 months of
follow-up. The study is limited by the variables collected in
the database, and imaging characteristics are not currently
included in the registry.?’ Preoperative imaging character-
istics and operative reports would be especially helpful to
better understand the radiographic outcomes of patients
and demonstrate adequate decompression postoperatively.

TABLE 4. Multivariable analyses demonstrating factors associated with early improvement and
subsequent decline and late improvement at 24-month follow-up

Transient Improvement*

Late Improvement*

OR 95% ClI p Value OR 95% ClI p Value

Age: <61 yrs 0.98 0.62-1.55 0.93 0.92 0.38-2.25 0.86
Sex: Male 1.16 0.74-1.79 0.52 0.83 0.36-1.93 0.67
BMI: =229 1.52 0.97-2.37 0.07 1.65 0.69-3.95 0.26
Race: Black 1.37 0.77-2.42 0.28 2.98 1.14-7.76 0.03
Race: other 1.06 0.34-3.28 0.92 — — —

Dependent ambulation 0.72 0.39-1.32 0.29 1.32 0.50-3.47 0.57
Radicular arm pain 1.07 0.68-1.69 0.78 0.48 0.19-1.25 013
Approach: posterior 1.20 0.68-2.12 0.53 1.20 0.41-3.47 0.74
Levels: 3 0.99 0.56-1.76 0.98 1.09 0.35-3.38 0.89
Levels: >4 1.08 0.59-1.97 0.80 1M 0.34-3.65 0.86

— = there were no patients with other race in the late improvement group.

Boldface type indicates statistical significance.
* Reference: early and sustained improvement.
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FIG. 1. Comparison of satisfaction rates based on outcome trajectory at the 2-year follow-up. Figure is available in color online
only.

onclusions ence late improvement when compared with White pa-

Surgical decompression for CSM is an effective treat- tients.

ment, with 77.5% of patients reporting clinically mean-
ingful improvement in at least one patient-reported out- Acknowledgments
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