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Visual Abstract
IMPORTANCE Cervical spondylotic myelopathy is the most common cause of spinal cord

dysfunction worldwide. It remains unknown whether a ventral or dorsal surgical approach

provides the best results. _CME Quizat
jamacmelookup.com

Supplemental content

OBJECTIVE To determine whether a ventral surgical approach compared with a dorsal surgical
approach for treatment of cervical spondylotic myelopathy improves patient-reported
physical functioning at 1year.

DESIGN, SETTING, AND PARTICIPANTS Randomized clinical trial of patients aged 45 to 80 years
with multilevel cervical spondylotic myelopathy enrolled at 15 large North American hospitals
from April 1, 2014, to March 30, 2018; final follow-up was April 15, 2020.

INTERVENTIONS Patients were randomized to undergo ventral surgery (n = 63) or dorsal
surgery (n = 100). Ventral surgery involved anterior cervical disk removal and instrumented
fusion. Dorsal surgery involved laminectomy with instrumented fusion or open-door
laminoplasty. Type of dorsal surgery (fusion or laminoplasty) was at surgeon’s discretion.

MAIN OUTCOMES AND MEASURES The primary outcome was 1-year change in the Short Form
36 physical component summary (SF-36 PCS) score (range, O [worst] to 100 [best]; minimum
clinically important difference = 5). Secondary outcomes included 1-year change in modified
Japanese Orthopaedic Association scale score, complications, work status, sagittal vertical
axis, health resource utilization, and 1- and 2-year changes in the Neck Disability Index and the
EuroQol 5 Dimensions score.

RESULTS Among 163 patients who were randomized (mean age, 62 years; 80 [49%] women),
155 (95%) completed the trial at 1year (80% at 2 years). All patients had surgery, but 5
patients did not receive their allocated surgery (ventral: n = 1; dorsal: n = 4). One-year SF-36
PCS mean improvement was not significantly different between ventral surgery (5.9 points)
and dorsal surgery (6.2 points) (estimated mean difference, 0.3; 95% Cl, -2.6 to 3.1; P = .86).
Of 7 prespecified secondary outcomes, 6 showed no significant difference. Rates of
complications in the ventral and dorsal surgery groups, respectively, were 48% vs 24%
(difference, 24%; 95% Cl, 8.7%-38.5%; P = .002) and included dysphagia (41% vs 0%), new
neurological deficit (2% vs 9%), reoperations (6% vs 4%), and readmissions within 30 days
(0% vs 7%).

CONCLUSIONS AND RELEVANCE Among patients with cervical spondylotic myelopathy
undergoing cervical spinal surgery, a ventral surgical approach did not significantly improve
patient-reported physical functioning at 1year compared with outcomes after a dorsal
surgical approach.
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ervical spondylotic myelopathy is the most common

cause of spinal cord dysfunction worldwide.! Cervical my-

elopathy presents insidiously with clinical symptoms (gait
instability, bladder dysfunction, fine finger motor difficulties) and
signs (hyperreflexia, weakness, alteration of proprioception).
Neurological dysfunction results from dynamic, repeated spi-
nal cord compression from cervical spine degenerative arthri-
tis, resulting in axonal stretch-associated injury? and spinal cord
ischemia.? Surgery to decompress the spinal cord, usually with
fusion, is frequently performed for severe or progressive symp-
toms. Of more than 112400 cervical spine operations per-
formed in the US annually,* fusion for cervical myelopathy
increased from 1993 to 2002.° Surgery is associated with sub-
stantial postsurgical outpatient resource utilization® and is ex-
pensive (US hospital charges exceeding $2 billion per year).*

The optimal surgical approach for treating cervical my-
elopathy remains unknown, and clinical equipoise exists for a
randomized clinical trial.” In US surgical practice, ventral and
dorsal decompression/fusion dominate, with dorsal lamino-
plasty performed to a substantially lesser extent.® In 2009, the
Institute of Medicine designated cervical myelopathy as one of
the top 100 national health priorities for comparative effective-
ness research. Clinical outcomes are unsatisfactory in 30% of
patients.'® Complications following cervical myelopathy sur-
gery are common (17% in a 2013 prospective study)," particu-
larly for patients older than 74 years.!? Ventral fusion surgery
hasbeen associated with significantly better health-related qual-
ity of life with less neck pain (in a prospective observational
study), and a state inpatient database showed a lower 5-year ad-
justed reoperation rate for ventral fusion surgery compared with
dorsal fusion approaches (12% vs 17.7%, respectively).!>14
The objective of the Cervical Spondylotic Myelopathy Sur-

gical (CSM-S) trial was to determine whether a ventral surgi-
cal approach compared with a dorsal surgical approach for
treatment of cervical spondylotic myelopathy improved pa-
tient-reported physical functioning at 1 year.

Methods

Study Design

The CSM-S trial was a randomized clinical trial performed at 14
sites in the US and 1 site in Canada between April 1, 2014, and
March 30, 2018. Final 2-year follow-up was completed on April
15, 2020. Institutional review board approval at each site and
written informed consent from all patients were obtained. Data
were managed at the Stuart Spine Center at Lahey Hospital,
Burlington, Massachusetts. The trial protocol and statistical
analysis plan are available in Supplement 1 and Supplement 2.

Patient Population

Inclusion criteria for screening and enrollment were age 45 to 80
years; cervical myelopathy, defined as having 2 or more of the
following signs or symptoms: clumsy hands, gait disturbance,
hyperreflexia, Babinski sign, bladder dysfunction, or ankle clo-
nus; and 2 or more levels of spinal cord compression from the C3
to C7 vertebral levels, confirmed by magnetic resonance imaging
or computed tomography myelography. Exclusion criteria in-
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Key Points

Question In patients with cervical spondylotic myelopathy, does a
ventral surgical approach, compared with a dorsal surgical
approach, improve patient-reported physical functioning at 1year?

Findings In this randomized clinical trial that included 163
patients, mean improvement in the Short Form 36 physical
component summary score (range, 0-100) was 5.9 points in the
ventral surgery group and 6.2 points in the dorsal surgery group at
1year, a difference that was not statistically significant.

Meaning Among patients with cervical spondylotic myelopathy
undergoing cervical spinal surgery, a ventral approach did not
significantly improve patient-reported physical functioning at 1
year compared with outcomes after a dorsal approach.

cluded C2 to C7 kyphosis greater than 5° (measured on standing
cervical lateral radiographs); segmental kyphotic deformity
(defined as >3 disk osteophytes extending dorsal to a C2-C7 dor-
sal caudal line measured on cervical computed tomography or
magnetic resonance imaging)’; structurally significant ossifica-
tion of the posterior longitudinal ligament; previous cervical spi-
nal surgery; or significant health-related comorbidity (American
Society of Anesthesiologists physical status class >IV).!> Race/
ethnicity data were collected from participants using fixed cat-
egories as required by federal sponsorship using the US Office of
Management and Budget classification guidelines.

Radiology Image Analysis

Patients were screened and enrolled by trial coordinators at each
site. Central site investigators reviewed screened case images
to confirm eligibility prior to enrollment. An expert spine sur-
geon review panel (15 investigators) determined clinical
equipoise/suitability for randomization and enrollment eligi-
bility based on a brief clinical vignette plus 4 to 6 standardized
images (Figure 1). Each expert made 2 assessments: (1) suitabil-
ity for randomization (yes or no) and (2) characterization of pre-
ferred surgical approach (ventral or dorsal). Panel results of suit-
ability for randomization were shared with each eligible patient,
an approach that has resulted in increased rates of patient con-
sent to randomization (eFigure 1in Supplement 3).'®'” Clinical
equipoise was defined as not met when either (1) 80% or more
of panel members chose either ventral or dorsal surgery or
(2) a simple majority voted against randomization.

Study Interventions

Patients were randomized to either ventral or dorsal surgery,
using a 2:3 block randomization scheme (5 or 10 patients per
block) to provide roughly equal numbers of patients in ventral
fusion and dorsal subgroups for analysis (since among patients
randomized to a dorsal approach, surgeons chose whether to per-
form fusion or laminoplasty). Randomized assignment was site
specificand was generated and transmitted electronically to each
study coordinator from the study’s web-based research plat-
form after each patient had consented to participate and after
spinal expert review had confirmed clinical equipoise. Patients
who wished to participate in the trial but did not consent toran-
domization and patients who did not meet criteria for clinical
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Figure 1. Spinal Expert Review

B} sagittal T2-weighted MRI
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C5-C6 axial T2-weighted MRI

Clinical vignettes for each patient accompanied by relevant imaging studies
were presented to an expert review panel. Imaging typically included sagittal
T2-weighted magnetic resonance (MRI) image of the cervical spine,
flexion-extension cervical radiographs, and relevant axial MRl images at the
point of compression of the spinal cord. Ventral decompression and fusion
would typically involve the removal of disks that are compressing the spinal

cord from the front of the neck (blue arrow shown on sagittal T2-weighted MRI
image). Dorsal decompression would involve decompression of the spinal
column from the back of the neck (red arrow). A summary of expert opinion
showing clinical equipoise was generated for surgeons and patients to review
before accepting randomization (eFigure 1in Supplement 3).

equipoise after expert review were placed in a nonrandomized
cohort and were followed up. The goal of surgery was decom-
pression of the spinal canal with restoration of circumferential
cerebrospinal fluid around the spinal cord. Standardized surgi-
cal techniques are summarized below.

Ventral decompression with fusion!® was performed using
amultilevel diskectomy (which could include partial- or single-
level corpectomy) with fusion and plating.'-2° Allograft or au-
tograft was used. Compressive osteophytes were removed
using microsurgical technique. Fixation was performed using
rigid, semiconstrained or dynamic titanium alloy plates.?!

Dorsal decompression with fusion was performed using
cervical laminectomy with application of lateral mass screws
and rods.?? Local bone and allograft were used to perform a
lateral mass fusion, which typically extended 11level rostral to
the uppermost decompressed level.

Dorsal laminoplasty was performed using an open-door ap-
proach (lamina opened unilaterally with hinge on the contra-
lateral side of the lamina) with application of plates and screws

JAMA March 9,2021 Volume 325, Number 10

at each treated level (eFigure 2 in Supplement 3). Ceramic or
allograft laminar spacers were occasionally used with plates
and screws to expand the canal diameter.?*

Outcome Assessments

All functional and quality-of-life outcome measures were as-
sessed by validated, standardized survey instruments (eAp-
pendix in Supplement 3) administered in person by a site study
coordinator (blinded to patient randomized group) preopera-
tively and 3, 6, 12, and 24 months postoperatively.

Primary Outcome Measure

The primary outcome measure was 1-year change in the
physical component summary (PCS) score of the Short Form
36 (SF-36; version 2). The SF-36 PCS score represents patient-
reported perceived physical functioning, limitations in work
and activities due to bodily pain, and physical and general
health. Scores range between O (worst) and 100 (best). The
SF-36 PCS scores are calculated using population-adjusted
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norms to generate normalized scores with a mean of 50 (SD,
+10). The meaningful clinically important difference (MCID)
is 5 points or more.?42”

Secondary Outcome Measures
Disease-specific function was assessed using the modified
Japanese Orthopaedic Association (mJOA) scale (range, 0-18;
higher scores indicate less myelopathy; MCID, 2 points)?®-?° and
the Neck Disability Index (NDI; range, 0-100; higher scores in-
dicate more disability; MCID, 15 points).3°-3! Preference-based
health-related quality of life, reflecting US population values for
calculation of quality-adjusted life-years (QALYs), was assessed
using the EuroQol 5 Dimensions (EQ-5D) score (O indicates death;
1, perfect health; MCID, 0.05).32:33 Assessments were made 3, 6,
12, and (except the mJOA) 24 months postoperatively. Sagittal
vertical axis®>* was measured at 1 year postoperatively.
Participants logged workdays missed, and return to work
wasrecorded at1, 3, 6, and 12 months. Adverse outcomes were
recorded at 30 days and 1 year postoperatively. Major and mi-
nor adverse events were categorized by investigators who were
blinded to the treatment received, but this was done in a post
hoc fashion. Minor complications were defined as those that
resolved within 3 months of surgery. Major complications in-
cluded those that did not resolve within 3 months or required
reoperation within 2 years or readmission to the hospital within
30 days. Health resource utilization information (imaging pro-
cedures, physician office visits, physical therapy sessions, and
opioid medication utilization) was obtained using patient dia-
ries reviewed at 1, 3, 6, and 12 months postoperatively with
study coordinators.

Interim Analysis

No interim analysis was planned or performed. The data and
safety monitoring board reviewed complications and mortal-
ity data at prespecified study intervals.

Statistical Analysis

Sample size estimates were calculated based on a 2-sided t test
with a = .05 at 90% power using Power Analysis and Sample Size
software, version 14 (NCSS LLC). Preliminary observational data
from a nonrandomized, prospective, clinical pilot trial showed
mean 1-year differences in SF-36 PCS scores of 8.7 points for ven-
tral surgery compared with 4.0 points for dorsal fusion proce-
dures. The estimated within-group standard deviation for the
primary outcome was 9 points.'* A total sample size (2:3 ventral-
dorsal randomization) required to detect a 5-point difference
between the ventral and dorsal groups was calculated. A mini-
mum sample size of 137 across both study groups was inflated
by 15% to accommodate attrition during follow-up, for a final
accrual goal of 159 participants randomized.

Primary analysis compared 1- and 2-year changes in SF-36
PCS scores for patients as randomized using a linear mixed-
effects model. The model included baseline SF-36 PCS score,
treatment group, time point (1 or 2 years), treatment x time
point interaction, and surgeon as a random effect. Pairwise con-
trasts and 95% confidence intervals were calculated from the
parameter estimates. Prespecified secondary analyses in-
cluded 1- and 2-year change in secondary outcomes (NDI and
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EQ-5D) using the same modeling approach as the primary out-
come and pairwise comparisons of the laminoplasty, dorsal fu-
sion, and ventral fusion groups. These secondary analyses (ana-
lyzing patients in their actual treatment cohort) also reflected
nonrandom treatment assignment in the dorsal group (dorsal
laminoplasty vs dorsal fusion, as selected by the treating sur-
geon). Categorical outcomes (risk of complications, health re-
source utilization, return to work) were compared using x> tests
with 95% confidence intervals for differences in proportions.
Noimputation was performed for missing data. Because of the
potential for type I error due to multiple comparisons, find-
ings for analyses of secondary end points should be inter-
preted as exploratory. All tests were 2-sided with a = .05. Stata
version 16.1 (StataCorp) was used for statistical analysis.

. |
Results

Patient Characteristics

Participant flow through the trial is presented in Figure 2. At
the 15 study sites, 458 patients were screened for eligibility,
269 were enrolled, and 163 were randomized for treatment
(eTable 1 in Supplement 3). One-year follow-up was 95% for
the randomized cohort; 6 patients (3 in the ventral group; 3 in
the dorsal group) were lost to follow-up and 2 (1 with dorsal
fusion; 1 with dorsal laminoplasty) died of unrelated causes
(as adjudicated by the data and safety monitoring board). Of
the 63 participants randomized to ventral fusion, 1 under-
went a dorsal fusion procedure; of the 100 patients random-
ized to dorsal surgery, 4 underwent a ventral fusion proce-
dure. Alternative surgery different from randomized strategy
occurred because of either patient preference (n = 4) or sur-
geon preference (n = 1) regarding which operation they per-
ceived was better. Ultimately, 66 patients underwent ventral
fusion, 69 underwent dorsal fusion, and 28 underwent dor-
sal laminoplasty. All baseline variables were comparable be-
tween randomized groups (Table 1) and across actual treat-
ment groups (eTable 2 in Supplement 3).

Main Treatment Effects

Primary Outcome Measure

Five percent of participants had missing data for the primary
outcome. Mean changes in SF-36 PCS scores did not differ sig-
nificantly between the ventral and dorsal fusion groups at 1 year
(estimated mean change, 5.9 vs 6.2 points, respectively; esti-
mated mean difference, 0.3 points; 95% CI, -2.6 to 3.1; P = .86).
At 2 years, mean changes in SF-36 PCS scores also did not sig-
nificantly differ (estimated mean change, 5.2 [ventral] vs 6.0
[dorsal] points; estimated mean difference, 1.1 points; 95% ClI,
-1.9t04.2; P = .46) (eTable 3in Supplement 3). A parallel-line
plot>® of 1-year changes in SF-36 PCS scores for each patient is
shown in Figure 3A, and the trajectory of mean change in SF-36
PCS scores over time for both groups is shown in Figure 3B.
Both ventral and dorsal surgeries were associated with
aclinically meaningful improvement in patient-reported physi-
cal functioning (at 1 year: ventral group, 5.9 points; dorsal
group, 6.2 points; at 2 years: ventral group, 5.2 points; dorsal
group, 6.0 points).
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Figure 2. Flow of Participants in the Cervical Spondylotic Myelopathy Surgical Trial

458 Patients screened

189 Excluded
168 Did not meet inclusion criteria
—> 13 Did not wish to enroll
8 Did not wish to have surgery or
had surgery at another facility

269 Eligible and enrolled

91 Enrolled in nonrandomized cohort
76 280% of review panel selected
one surgical approach over the other
13 Did not consent to randomization
2 >50% of review panel did not favor
randomization (equipoise)

15 Withdrawn prior to randomization
—> 11 Did not undergo surgery
4 Withdrawn prior to surgery

e

163 Randomized )

63 Randomized to undergo 100 Randomized to undergo
ventral surgery dorsal surgery
62 Underwent ventral surgery 96 Underwent dorsal surgery
as randomized as randomized
1 Did not undergo ventral surgery? 4 Did not undergo dorsal surgery?
! v
3-Month follow-up 3-Month follow-up
56 Included in analysis 90 Included in analysis
7 Not included in analysis 10 Not included in analysis
5 Missed follow-up visit 9 Missed follow-up visit
2 Lost to follow-up 1 Lost to follow-up
' '
6-Month follow-up 6-Month follow-up
53 Included in analysis 91 Included in analysis
10 Not included in analysis 9 Not included in analysis
7 Missed follow-up visit 7 Missed follow-up visit
3 Lost to follow-up 1 Lost to follow-up
l 1 Deceased
v
1-Year follow-up 1-Year follow-up
60 Included in analysis 95 Included in analysis
3 Not included in analysis 5 Not included in analysis
(lost to follow-up) 2 Missed follow-up visit The majority of the 189 patients
1 Lost to follow-up screened who did not enroll were not
2 Deceased eligible. Some were unwilling to
l complete study questionnaires or to
2-Year follow-up 2-Year follow-up consider randomization. A few
51 Included in analysis 79 Included in analysis ultimately did not choose to have
12 Not included in analysis 21 Not included in analysis surgery or had their surgery at
5 Missed the follow-up visit 14 Missed the follow-up visit another institution.
4 st il 1 Ussitti o 2 One patient randomized to ventral
2 Withdrew consent 3 Withdrew consent .
T Y - surgery underwent dorsal fusion
L L surgery.
T - T - ® Four patients randomized to dorsal
63 Included in primary analysis ‘ ‘ 100 Included in primary analysis ‘ surgery underwent ventral fusion
surgery.
Secondary Outcome Measures respectively; difference, -2.9%; 95% CI, -26.2% to 20.4%;

There were no significant differences in 6 of 7 prespecified sec- P =.80) (eFigure 3A in Supplement 3). Ventral surgery was as-
ondary outcomes (Table 2; eTables 4-5 and eFigure 3Ain Supple-  sociated with a significantly greater risk of any complications
ment 3). Of 63 patients who were working preoperatively, 45 than dorsal surgery (47.6% vs 24.0%; difference, 23.6%; 95%
(71%) returned to work by 1 year; this did not differ signifi- CI, 8.7%-38.5%; P = .002), including dysphagia (41% vs 0%, re-
cantly between the ventral and dorsal groups (69.6% vs 72.5%,  spectively), new neurological deficit (2% vs 9%), reoperations
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Table 1. Baseline Participant Characteristics

Ventral fusion

Dorsal fusion or laminoplasty

Characteristics (n=63) (n =100)
Age, mean (SD) 62.0(7.2) 62.5(8.8)
o ? The American Society of
=25 Wb ) Anesthesiologists (ASA) physical
Male 34 (54.0) 49 (49.0) status classification is used to assess
Female 29 (46.0) 51 (51.0) a patient’s physical health and
Race, No. (%) corrllorb|d|t'|es t.o preldlct
perioperative risk prior to surgery.
White 54 (85.7) 85 (85.0) Patients with class IV status
Black 6(9.5) 7(7.0) (systemic disease that is life
; threatening) or higher were
Asian 2(3.2) 3(3.0) excluded from the study.”®
American Indian 1(1.6) 3(3.0) ®The Neck Disability Index (NDI)
Not provided 0 2(2.0) ranges from O to 100, with lower
Hispanic ethnicity, No. (%) 2(3.2) 4(4.0) scores representing less disability.
Baseli | No. (% —63 -9 A typical patient with moderate
aseline work status, No. (%) n= NSk neck pain and disability would have
Working full-time 17 (27.0) 40 (40.8) ascore between 20 and 40.
Retired 14 (22.2) 29 (29.6) < Short Form 36 (SF-36) mental
Not working, unable to work 17 (27.0) 18 (18.4) component and physical
- component summary scores range
Not working but able to work 8(12.7) 7(7.1) from O to 100, with higher scores
Working part-time 7(11.1) 4(4.1) representing better quality of life.
ASA physical status class, No. (%)? n=61 n=98 Atypical patient with cervical
myelopathy who is being
I (healthy) 0 1(1.0) recommended surgery would have
11 (mild systemic disease) 31(50.8) 46 (46.9) ascore between 30-40.
11l (significant systemic disease) 30(49.2) 51 (52.0) 9The modified Japanese Orthopedic
R — Association (mJOA) scale ranges
from O to 17, with higher scores
Mean (SD) 2.8(0.7) 2.8(0.8) representing less dysfunction due
No. (%) to myelopathy. A typical patient
1 0 3(3.0) with moderate cervical myelopathy
: has an mJOA score between 12 and
2 22(34.9) 29(29.0) 14. Many surgical studies show that
3 33(52.4) 55 (55.0) patients with cervical myelopathy
4 8(12.7) 11(11.0) have mJOA scores in this range."
€ For the EuroQol 5 Dimensions
5 0 2(2.0
20 (EQ-5D) score, O indicates death
NDI score, mean (SD)° 38.6(19.1) 35.3(20.4) and Tindicates a perfect health
SF-36 summary score, mean (SD)© state. EQ-5D scores between 0.6
Mental component 45.6 (12.2) 46.6 (12.1) a.nd 07 represenga moderate but
- significant reduction in overall
Physical component 37.4(8.8) 37.3(9.9) health-related quality of life.
mJOA scale score, mean (SD)¢ 12.2(2.7) 12.1(2.2) f For the EQ-5D visual analogy scale,
EQ-5D score, mean (SD)® 0.64 (0.21) 0.61(0.21) patients score their health state on
EQ-5D visual analog scale score, mean (SD)f 61.7 (20.9) 63.1(21.7) ascale from O to 100, with higher

(6% Vs 4%), and readmissions within 30 days (0% vs 7%). There
was no significant difference in the risk of major complica-
tions (22.2% [ventral] vs 17.0% [dorsal]; difference, 5.2%; 95%
CI, -7.4% t0 17.9%; P = .41), although ventral surgery was asso-
ciated with greater risk of minor complications (27.0% vs 7.0%;
difference, 20.0%; 95% CI, 7.9%-32.0%; P < .001), of which dys-
phagia was the most prevalent. Specific complications by sur-
gical approach are shown in Table 2.

Health resource utilization data (eTable 5 in Supplement 3)
were obtained for all patients. At 1year, there were no significant
differences between groups in the proportions who received any
diagnostic testing, opioid treatment, or physical therapy.

Dorsal Procedure Selection
Not all spine surgeons are trained to perform dorsal lamino-

plasty. Of the 24 enrolling surgeons, 8 with dorsal lamino-

jama.com

scores representing better health.

plasty skills chose between dorsal laminoplasty and dorsal fu-
sion for patients randomized to dorsal surgery (eTable 6 in
Supplement 3). Among 58 dorsal patients treated by sur-
geons who performed both laminoplasty and fusion, base-
line demographic characteristics were comparable for dorsal
laminoplasty vs dorsal fusion patients. The majority (5 of 8)
of these surgeons chose dorsal laminoplasty more frequently
than dorsal fusion.

Secondary Analyses

In nonrandomized comparisons, secondary analyses were con-
ducted by the type of surgery received (ie, ventral fusion, dor-
sal fusion, or dorsal laminoplasty). Overall, there was a signifi-
cant association between type of surgery and change in SF-36
PCS scores (P = .02). Specifically, at 1 year, dorsal laminoplasty
was associated with significantly greater improvement in SF-36
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Figure 3. Comparative Outcomes Assessment
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MCID indicates minimum clinically important difference. A, Change in Short
Form 36 physical component summary (SF-36 PCS) score for each patient in the
trial from baseline to 1year. Each bar extends from a patient’s baseline score to
their 1-year score, with patients in each group ordered by baseline score. At
baseline, mean SF-36 PCS scores for the dorsal and ventral groups were 37.3
(SD, 9.9) and 37.4 (SD, 8.8) points, respectively. The 1-year mean change from
baseline in the SF-36 PCS score was 6.2 (SD, 10.2) points for dorsal surgery and
5.9 (SD, 8.2) points for ventral surgery. B, Trajectory of change in SF-36 PCS

score by randomized group, with box plots showing distribution of change in
SF-36 PCS scores at each time point. Box plots represent the distribution of
SF-36 PCS scores: the center line of the box is the median, with the box tops
and bottoms indicating the interquartile range (IQR). The upper whisker is the
largest value that is less than or equal to the third quartile plus 1.5 times the IQR,
and the lower whisker is the smallest value that is greater than or equal to the
first quartile minus 1.5 times the IQR. Circles represent more extreme values.

Table 2. Adverse Events by Surgical Strategy

No. (%)
Adverse events Ventral fusion (n = 66) Dorsal fusion (n = 69) Dorsal laminoplasty (n = 28)
Any complications® 31(47) 20 (29) 3(11)
Major complications® 14 (21) 15 (22) 2(7)
Prolonged dysphagia 9(14) 0 0
Motor radiculopathy® 1(2) 8(12) 0
Spinal cord injury 0 0 1(3.6)
Deep vein thrombosis 0 1(1) 0
Delayed wound healing 0 1(1) 0
Minor complications? 18 (27) 5(7) 1(4)
Dysphagia 18 (27) 0 0
Infection 0 2(3) 1(4)
Motor radiculopathy® 0 2(3) 0
. @ Patients may have had more than 1
Delayed wound healing 0 ) 0 complication, so totals may be less
Reoperations 4 (6) 4 (6) 0 than the sum of categories.
Readmissions within 30 days 0 6(8.7) 1(3.6) ®Major complications included
Cervical (C5) paresis 0 2(2.9) 0 adverse events that were ongoing at
- : 3 months, reoperations within 2
Pulmonary embolism 0 1(1.5) 0 years, and 30-day readmissions.
Ileus 0 1(1.5) 0 < All cases of postoperative motor
Uncontrolled neck pain 0 1(1.5) 0 radiculopathy were related to C5
Tl 0 1(1.5) 0 nerve root dysfunction.
dng -
e (T o) 0 0 1G.6) Minor complications were those

that resolved within 3 months.

PCS scores compared with dorsal fusion (estimated mean
change, 9.6 vs 4.6 points; estimated mean difference, 5.0; 95%
CIL, 0.95-9.0; P = .02). Changes in SF-36 PCS scores were not sta-
tistically significantly different between dorsal laminoplasty and
ventral fusion at 1 year (estimated mean change, 9.6 vs 5.7 points;
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estimated mean difference, 3.9; 95% CI, -0.2 t0 7.9; P = .06) or
between dorsal fusion and ventral fusion (estimated mean
change, 4.6 vs 5.7 points; estimated mean difference, -1.1; 95%
CI, -4.1t01.9; P = .46). At 2 years, dorsal laminoplasty was as-
sociated with a significant improvement in SF-36 PCS outcomes
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that was sustained compared with dorsal fusion (estimated
mean change, 10.1 vs 4.3 points; estimated mean difference,
5.8; 95% CI, 1.5-10.1; P = .01) and ventral fusion (estimated
mean change, 10.1 vs 5.0 points; estimated mean difference,
5.1; 95% CI, 0.8-9.4; P = .02). There was no statistically sig-
nificant difference in SF-36 PCS scores between the ventral and
dorsal fusion groups at 2 years (estimated mean change, 5.0
vs 4.3 points; estimated mean difference, —0.7 points; 95% CI,
-3.9t02.4; P = .65) (eTable 7 and eFigure 4 in Supplement 3).
Changes in the EQ-5D, the NDI, the mJOA, and postoperative
sagittal vertical axis are summarized in eTable 8 in Supple-
ment 3. Comparisons by surgical approach of the proportion
of patients who returned to work are summarized in eFig-
ure 3B in Supplement 3.

Type of surgery was associated with a significant differ-
ence in the risk of complications (ventral fusion, 47.0% [95%
CI, 34.6%-60.0%]; dorsal fusion, 29.0% [95% CI, 18.7%-
41.2%]; dorsal laminoplasty, 10.7% [95% CI, 2.3%-28.2%];
P =.002). At 1year, type of surgery was also associated with a
statistically significant difference in the rate of any diagnostic
testing (ventral fusion, 78.8% [95% CI, 67.0%-87.9%]; dorsal fu-
sion, 87.0% [95% CI, 76.7%-93.9%]; dorsal laminoplasty, 60.7%
[95% CI, 40.6%-78.5%]; P = .02), opioid treatment (ventral fu-
sion, 45.5% [95% CI, 33.1%-58.2%]; dorsal fusion, 65.2% [95%
CI, 52.8%-76.3%]; dorsal laminoplasty, 39.3% [95% CI, 21.5%-
59.4%]; P = .02), and ongoing physical therapy (ventral fu-
sion, 16.7% [95% CI, 8.6%-27.9%]; dorsal fusion, 21.7% [95% CI,
12.7%-33.3%]; dorsal laminoplasty, 0% [95% CI, 0%-12.3%];
P =.03) (eTable 9 in Supplement 3).

|
Discussion

Among patients with cervical spondylotic myelopathy undergo-
ing cervical spinal surgery, a ventral surgical approach, compared
with a dorsal surgical approach, did not significantly improve
patient-reported physical functioning at 1 or 2 years. Both ven-
tral and dorsal surgeries were associated with clinically mean-
ingful improvements in patient-reported physical functioning.

This trial is the first randomized clinical trial, to our knowl-
edge, of alternative surgical approaches for cervical spondylotic
myelopathy. This trial randomized one-third of patients with cer-
vical myelopathy who were screened from multiple regions
within North America, making the results more likely to be gen-
eralizable. Unlike the randomized assignment to ventral vs dor-
sal approach, in the dorsal group, the surgeon chose between
laminectomy with fusion vs laminoplasty, resulting in potential
selection bias when comparing between dorsal approaches. In
the nonrandomized analysis by type of treatment (disaggregat-
ing dorsal fusion and dorsal laminoplasty), laminoplasty was as-
sociated with significantly better patient-reported functioning,
significantly fewer complications, and significantly less health
service and resource utilization compared with ventral fusion and
dorsal fusion. The differences observed at 1 year were sustained
and significant at 2 years postoperatively.

There is substantial practice variation associated with sur-
gical treatment of cervical myelopathy. Laminoplasty, ini-
tially described in Japan in the early 1980s, is a common form
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of cervical myelopathy treatment in Asia and Europe, whereas
ventral or dorsal fusions are favored in North America.?¢-3” In
general, fusion surgery is preferred for patients with neck
pain.38 Ventral surgery is preferable to laminoplasty in pa-
tients with cervical kyphosis greater than 13° or poor cervical
sagittal alignment.2®->°

As confirmed by this trial, surgery is effective for treat-
ment of myelopathy. But only recently, in response to patient
advisers (including those who participated in this trial’s de-
sign), has significant attention focused on postoperative func-
tion, quality of life, and surgical complications. Complica-
tions were observed in 48% of ventral surgery patients (most
of which were minor, including dysphagia that resolved within
1 year after surgery). Complications were recorded by inde-
pendent study coordinators who asked patients about spe-
cific concerns including problems with swallowing, which may
have identified a higher frequency of dysphagia and other com-
plications compared with studies using alternative methods.
Laminoplasty was associated with the lowest complication rate.

In this trial, laminoplasty was associated with improved
outcomes and less outpatient medical service utilization than
ventral fusion or dorsal fusion surgery. Charges and Medicare
payments from laminoplasty procedures are lower than for fu-
sion procedures.*® The current study’s clinical outcomes re-
sults underscore the importance of producing a more exten-
sive and formal economic analysis to examine the societal cost-
effectiveness of these 3 alternative surgical approaches.

Limitations

This study has several limitations. First, laminoplasty was not
included in the randomization because it is not widely used in
the US (at the time this trial was designed, only 5 of the 15 major
centers routinely performed the procedure, limiting available sur-
geon experience and skill to generate clinical equipoise for ran-
domization among ventral fusion, dorsal fusion, and lamino-
plasty). Therefore, this trial’s design randomized more patients
to the dorsal group with the aim to permit secondary (nonran-
domized) analyses comparing laminoplasty with ventral fu-
sion and dorsal fusion surgery. The results observed for lami-
noplasty, however, should be interpreted with caution. Second,
the number of patients available for subgroup analysis was lim-
ited. Third, although there were no significant differences in the
baseline characteristics collected in this trial among the surgi-
cal groups, surgeon selection bias could have occurred in the tri-
al’s dorsal group. There may have been subtle differences sug-
gestive of less severe disease among those who received
laminoplasty. Future surgical education on laminoplasty tech-
niques and indications would be important for US spine sur-
geons to refine the appropriate population of patients with cer-
vical myelopathy who are candidates for laminoplasty.

. |
Conclusions

Among patients with cervical spondylotic myelopathy undergo-
ing cervical spinal surgery, a ventral surgical approach did not
significantly improve patient-reported physical functioning at
1year compared with outcomes after a dorsal surgical approach.
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