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Differences in postoperative quality of life in young, early
elderly, and late elderly patients undergoing surgical
treatment for degenerative cervical myelopathy
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OBJECTIVE Cervical spondylotic myelopathy (CSM) is a common progressive spine disorder affecting predominantly
middle-aged and elderly populations. With increasing life expectancy, the incidence of CSM is expected to rise further.
The outcomes of elderly patients undergoing CSM surgery and especially their quality of life (QOL) postoperatively
remain undetermined. This study retrospectively reviewed patients to identify baseline differences and validated postop-
erative patient-reported outcome (PRO) measures in elderly patients undergoing CSM surgery.

METHODS The multi-institutional, neurosurgery-specific NeuroPoint Quality Outcomes Database was queried to iden-
tify CSM patients treated surgically at the 14 highest-volume sites from January 2016 to December 2018. Patients were
divided into three groups: young (< 65 years), early elderly (65—74 years), and late elderly (= 75 years). Demographic and
PRO measures (Neck Disability Index [NDI] score, modified Japanese Orthopaedic Association [nJOA] score, EQ-5D
score, EQ-5D visual analog scale [VAS] score, arm pain VAS, and neck pain VAS) were compared among the groups at
baseline and 3 and 12 months postoperatively.

RESULTS A total of 1151 patients were identified: 691 patients (60%) in the young, 331 patients (28.7%) in the early
elderly, and 129 patients (11.2%) in the late elderly groups. At baseline, younger patients presented with worse NDI
scores (p < 0.001) and lower EQ-5D VAS (p = 0.004) and EQ-5D (p < 0.001) scores compared with early and late elderly
patients. No differences among age groups were found in the mJOA score. An improvement of all QOL scores was not-
ed in all age groups. On unadjusted analysis at 3 months, younger patients had greater improvement in arm pain VAS,

ABBREVIATIONS ASA = American Society of Anesthesiologists; CSM = cervical spondylotic myelopathy; MCID = minimal clinically important difference; mJOA = modified
Japanese Orthopaedic Association; NDI = Neck Disability Index; PRO = patient-reported outcome; QOD = Quality Outcomes Database; QOL = quality of life; VAS = visual
analog scale.
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NDI, and EQ-5D VAS compared with early and late elderly patients. At 12 months, the same changes were seen, but on
adjusted analysis, there were no differences in PROs between the age groups.

CONCLUSIONS The authors’ results indicate that elderly patients undergoing CSM surgery achieved QOL outcomes
that were equivalent to those of younger patients at the 12-month follow-up.

https://thejns.org/doi/abs/10.3171/2022.1.SPINE211157

KEYWORDS age; cervical myelopathy; cervical spine; cervical spondylotic myelopathy; elderly; patient-reported
outcomes; quality of life; Quality Outcomes Database; degenerative

mon progressive spine neurological disorder pre-

dominantly affecting the middle-aged and elderly
populations.! The incidence and prevalence of CSM in
North America have been estimated to be 4.1 and 6.5 per
100,000 inhabitants, respectively.! CSM is caused by age-
related degenerative changes to the spinal axis, including
hypertrophy of the ligamentum flavum, degeneration of
the facet joints, and ossification of the posterior longitudi-
nal ligament.>

The actual life expectancy at birth in North America is
expected to rise from 77.9 years to 82.9 years in the next
15 years; countries such as Italy and Japan, which already
have life expectancies of 83.8 and 84.1 years, respectively,
also expect continued increases.” Moreover, 12.6% of the
population worldwide was older than 60 years in 2015, and
this is predicted to grow to 16.5% in 2030 and to 21.5% in
2050.° With the increasing life expectancy worldwide, the
incidence of pathologies associated with elderly patients,
such as CSM, is anticipated to rise, affecting the quality of
life (QOL) of this population.

In general, surgical treatment is recommended for pa-
tients with CSM,° but age has been described as an inde-
pendent factor increasing morbidity after surgical treat-
ment of CSM.” The outcome of elderly patients undergo-
ing CSM surgery and especially their QOL after surgery
remain unclear. Nagashima et al.® and Machino et al’
described worse outcomes of elderly patients undergoing
CSM surgery, based on the Japanese Orthopaedic Asso-
ciation score, whereas other studies showed no difference
in outcomes between young and elderly patients.® Con-
versely, in a propensity-matched cohort from the CSM—
North American and CSM-International studies, younger
patients (< 70 years) had significantly greater modified
Japanese Orthopaedic Association (mJOA) and SF-36
score improvement compared with elderly patients (= 70
years).!! These studies focused particularly on functional
outcomes.

The aim of this study was to analyze and compare
the functional and QOL outcomes of patients undergo-
ing CSM surgery among three age groups—young (< 65
years), early elderly (65-74 years), and late elderly (= 75
years)—using the NeuroPoint Quality Outcomes Database

(QOD).
Methods

Data Source

The QOD is a multi-institutional, prospectively col-
lected, de-identified clinical registry of patient-reported
outcomes (PROs) maintained by NeuroPoint. Previous
articles have described the data collection process and the

C ERVICAL spondylotic myelopathy (CSM) is a com-
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cervical QOD methodology in detail.’>** Briefly, patients
undergoing cervical spine surgery for the diagnosis of disc
herniation, stenosis (foraminal or central), instability, or
adjacent-segment disease are eligible for inclusion. Exclu-
sion criteria include spinal infection, trauma, tumor, de-
formity, preexisting spinal cord injury, pediatric patients,
and incarcerated patients. Data from the 14 highest-vol-
ume QOD sites in the US were included. Each participat-
ing site received institutional review board approval for
patient enrollment. Because of the de-identified nature of
the data in the QOD, no approval was necessary for this
retrospective study.

Patient Cohort

We queried the cervical QOD module to identify pa-
tients with CSM as the predominant indication for surgery
from January 2016 through December 2018. Patients were
included if they had additional indications for surgery
along with CSM (including foraminal stenosis, radiculop-
athy, pseudarthrosis, instability, or adjacent-segment dis-
ease). Patients were divided into three age groups: young
(< 65 years), early elderly (65-74 years), and late elderly
(=75 years).

Variables of Interest

Demographic variables including age, sex, and in-
surance status were collected for analysis. Clinical and
comorbidity variables were also compiled, including
American Society of Anesthesiologists (ASA) class, BMI,
diabetes status, smoking status, symptoms at presentation,
duration of symptoms, surgical approach (anterior/poste-
rior), ambulation status, length of stay, return to work, and
discharge disposition.

Baseline (measured preoperatively) and postoperative
(measured 3 and 12 months postoperatively) variables
relevant to myelopathy included the following: neck pain
visual analog scale (VAS), arm pain VAS, Neck Disability
Index (NDI; a described and validated patient assessment
of neck-related disability's), EQ-5D (a validated question-
naire to assess QOL'®), EQ-5D VAS (a validated instru-
ment to visually relay QOL'¢!"), and mJOA (a previously
described and validated myelopathy patient self-assess-
ment'$-2"),

Statistical Analysis

Descriptive statistics were generated for patient demo-
graphics, operative variables, and postoperative outcomes.
ANOVA was used to compare continuous variable out-
comes among the groups. Post hoc test analysis for multi-
ple comparisons was performed using the Bonferroni test.
The chi-square test with Pearson’s correlation was used
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TABLE 1. Baseline characteristics by age group of patients undergoing surgery for CSM

Variable Young (n = 691) Early Elderly (n=331) Late Elderly (n=129) p Value
Age in yrs, mean £ SD 529+8.3 694+29 78.6 £3.3 <0.001
BMI, mean + SD 306+6.8 29.8+5.9 285+54 0.002
Sex, n (%) 0.1
Female 345 (49.9) 142 (42.9) 59 (45.7)
Male 346 (50.1) 189 (57.1) 70 (54.3)
ASA class, n (%)* <0.001
| 21(3.2) 0 2(1.7)
I 363 (55.1) 114 (37.6) 35(29.7)
Il 264 (40.1) 183 (60.4) 78 (66.1)
vV 1(1.7) 6 (2.0) 3(2.5)
Insurance, n (%) <0.001
Uninsured 13 (1.9) 1(0.3) 1(0.8)
Medicare 80 (11.6) 246 (74.3) 119 (92.2)
Medicaid 75(10.9) 4(1.2) 0
VA/government 21(3) 6 (1.8) 1(0.8)
Private 502 (72.6) 74 (22.4) 8(6.2)
Smoker status, n (%) <0.001
Current every day or almost every day 141 (20.4) 35(10.6) 10 (7.8)
Current some days or occasional 15(2.2) 3(0.9) 0(0)
Not a current smoker 522 (75.5) 287 (86.7) 118 (91.5)
Undocumented 13 (1.9) 6 (1.8) 1(0.8)
Diabetes, n (%) 130 (18.8) 87 (26.3) 30 (23.3) 0.02

VA = Veterans Affairs.
Boldface type indicates statistical significance.
* ASA classification was not available for all patients.

to compare categorical variable outcomes. Multivariate
analyses were performed using linear regression to iden-
tify independent predictors among the following depen-
dent variables: 12-month change in NDI score, 12-month
change in EQ-5D VAS score, 12-month change in EQ-5D
score, and 12-month change in mJOA score (change from
baseline preoperative values). The independent variables
in the multivariate models were selected according to
those found to be significantly different (p < 0.05) among
age groups in the univariate analyses. Variables were con-
sidered independently significant with multivariate linear
regression p values < 0.05. All statistical analyses were
performed using IBM SPSS Statistics for Windows (ver-
sion 25.0, IBM Corp.).

Results
Baseline Characteristics

A total of 1151 patients were included in the study: 691
patients (60.0%) in the young group (< 65 years), 331 pa-
tients (28.8%) in the early elderly group (65-74 years), and
129 (11.2%) in the late elderly group (= 75 years) (Table 1).
The mean ages + SD were 52.9 + 8.3 in the young, 69.4 +
2.9 in the early elderly, and 78.6 + 3.3 in the late elderly (p
< 0.001) groups. Sex distribution was equal in all groups.
The differences in insurance coverage are shown in Table
1.

In the young group, 3.2%, 55.1%, 40.1%, and 1.7% of
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patients were classified as ASA classes I, II, III, and TV
compared with 0%, 37.6%, 60.4%, and 2.0% in the early
elderly group and 1.7%, 29.7%, 66.1%, and 2.5% in the late
elderly group (p < 0.001). Diabetes was present in 18.9%,
26.3%, and 23.3% of patients in the young, early elderly,
and late elderly groups, respectively (p = 0.02). Overall,
20.4% of patients in the young group were active smokers,
compared with 10.6% in the early elderly group and 7.8%
in the late elderly group (p < 0.001).

Symptoms at Presentation

No significant difference in duration of symptoms was
found among the groups (Table 2). Radicular arm pain
was significantly more common in the young group, with
54.3% of the patients affected compared with 34.4% of
patients in the early elderly group and 30.2% of patients
in the late elderly group (p < 0.001). Moreover, 35% of the
young patients experienced a radicular deficit, compared
with 25.1% in the early elderly group and 26.4% in the late
elderly group (p =0.003). Numbness was also significantly
more frequent in young patients (65.6%) compared with
53.5% and 41.1% of patients in the early and late elderly
groups, respectively (p < 0.001). Neck pain was more com-
mon in the young group, with 69.6% of patients affected,
compared with 55.6% and 55.0% of patients in the early
and late elderly groups, respectively (p < 0.001). In addi-
tion, only 12.0% of patients in the young group needed
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TABLE 2. Symptoms and surgical approach

Symptom Young (n=691) Early Elderly (n=331) Late Elderly (n=129) p Value
Duration of symptoms, mos 0.72
<3 89 (12.9) 41(12.4) 17 (13.2)
3-12 214 (31.0) 109 (32.9) 43 (33.3)
>12 325 (47.0) 146 (44.1) 52 (40.3)
Unknown 63 (9.1) 35(10.6) 17 (13.2)
Radicular arm pain <0.001
Yes 375 (54.3) 114 (34.4) 39 (30.2)
No 316 (45.7) 217 (65.6) 90 (69.8)
Radicular deficit 0.003
Yes 242 (35.0) 83 (25.1) 34 (26.4)
No 449 (65.0) 248 (74.9) 95(73.6
Numbness <0.001
Yes 453 (65.6) 177 (53.5) 53 (41.1)
No 238 (34.4) 154 (46.5) 76 (58.9)
Neck pain <0.001
Yes 481 (69.6) 184 (55.6) 71 (55.0)
No 210 (30.4) 147 (44.4) 58 (45.0)
Motor deficit 0.477
Yes 413 (59.8) 205 (61.9) 84 (65.1)
No 278 (40.2) 126 (38.1) 45 (34.9)
Ambulation <0.001
Independent 601 (87.0) 249 (75.2) 90 (69.8)
w/ assisting device 83 (12.0) 72 (21.8) 35(271)
Wheelchair bound (nonambulatory) 7(1.0) 10 (3.0) 4(3.1)
Surgical approach <0.001
Anterior 528 (76.4) 200 (60.4) 63 (48.9)
Posterior 163 (23.6) 131 (39.6) 66 (51.2)
No. of levels treated (arthrodesis, laminectomy, 23+£1.3 26+15 24+13 <0.001
arthroplasty, or laminoplasty), mean + SD
Length of stay in days, mean + SD 18+19 24+23 31+38 <0.001
Discharge destination <0.001
Home routine 606 (87.7) 243 (73.4) 76 (58.9)
Home w/ healthcare services 42 (6.1) 34 (10.3) 12(9.3)
Postacute or nonacute care settings 38 (5.5) 47 (14.2) 37 (28.7)
Transferred to another acute care facility 2(0.3) 7(21) 2(1.6)
Discharged alive, destination unknown 3(0.4) 0(0) 2(1.6)

Values are reported as number (%) unless otherwise indicated. Boldface type indicates statistical significance.

assistance devices for ambulation compared with 21.8%
and 27.1% of the early and late elderly groups, respectively
(p < 0.001). Of these, 3.0% and 3.1% of the early and late
elderly patients, respectively, were wheelchair bound pre-
operatively. Motor deficits were present in 59.8%, 61.9%,
and 65.1% of patients in the young, early elderly, and late
elderly groups, respectively (p = 0.47).

The anterior surgical approach was performed signifi-
cantly more frequently in young (76.4%) and early elderly
(60.4%) patients compared with late elderly patients, where
51.2% were treated with a posterior approach (p < 0.001).
The number of levels treated was significantly higher in
the early elderly group, with a mean of 2.6 + 1.5 levels
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treated compared with means of 2.3+ 1.3 and 2.4 + 1.3 in
the young and late elderly groups, respectively (p < 0.001).
Younger patients had a significantly shorter postoperative
length of stay and were more frequently discharged home
compared with early and late elderly patients (Table 2).

Surgical Outcomes

Results of baseline and postoperative PRO measures
are reported in Fig. 1 and Table 3. In unadjusted analy-
sis, at baseline younger patients had worse neck and arm
pain VAS scores and worse NDI score (mean 42.7 + 20.8,
329+ 189, and 29.7 + 19 in young, early elderly, and late
elderly patients, respectively; p < 0.001). Younger patients
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FIG. 1. PRO values for arm pain VAS (A), neck pain VAS (B), NDI (C), mJOA (D), EQ-5D VAS (E), and EQ-5D (F) at baseline and
3 and 12 months postoperatively in young, early elderly, and late elderly patients. *p < 0.05.

also had significantly lower baseline EQ-5D VAS (57.6 +
22.5,60.6 £ 20.9, and 64 + 19.9, respectively; p = 0.004)
and EQ-5D (0.53 +0.23, 0.61 = 0.21, and 0.59 + 0.21, re-
spectively; p < 0.001) scores. No significant differences
were found in the mJOA baseline scores (p = 0.145).

At 3 months postoperatively, despite improvements in
score compared with baseline, younger patients still had
worse neck and arm pain and worse NDI score (mean 25.9
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+ 194, 18.8 + 14.7, and 18.7 £ 13.9 in young, early elderly,
and late elderly patients, respectively; p < 0.001). Signifi-
cant differences remained as well for the EQ-5D (0.70 +
0.23,0.76 £ 0.17, and 0.75 + 0.17, respectively; p < 0.001).
No significant differences were found 3 months postopera-
tively in the mJOA and EQ-5D VAS scores. At 12 months
postoperatively, younger patients still had worse neck and
arm pain and worse NDI scores (mean 23.6 +20.8, 16.7 +
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TABLE 3. PRO measures: raw values and change from baseline

Missing Mean £ SD

Variable Values (%) Young (n=691)  Early Elderly (n=331) Late Elderly (n=129) p Value
Baseline neck pain VAS 2(0417) 58+3.6 44+32 4132 <0.001
Baseline arm pain VAS 21(1.8) 55433 42+33 39+35 <0.001
Baseline NDI 4(0.35) 42.7+20.8 329+18.9 29.7+£19 <0.001
Baseline EQ-5D VAS 36 (3.1) 576 +22.5 60.6 +20.9 64 +£19.9 0.004
Baseline EQ-5D 94 (8.2) 0.53+£0.23 0.61+0.21 0.59+0.21 <0.001
Baseline mJOA 0(0) 121+£28 12127 11.6+29 0.145
3-mo neck pain VAS 189 (16.4) 32+28 2124 2123 <0.001
3-mo arm pain VAS 192 (16.7) 2629 1927 16+25 0.001
3-mo NDI 180 (15.6) 259+194 18.8 £14.7 18.7+£13.9 <0.001
3-mo EQ-5D VAS 197 (17.1) 676 +21.5 716+ 18.8 70.6 + 16.6 017
3-mo EQ-5D 223 (19.4) 0.7+0.23 0.76 £0.17 0.75+0.17 <0.001
3-mo mJOA 207 (18.0) 14+£27 14+£24 13.5+£23 0.158
12-mo neck pain VAS 322 (28.0) 32+£29 2125 2+28 <0.001
12-mo arm pain VAS 323 (28.1) 27+29 1.9+26 1.8+26 0.001
12-mo NDI 318 (27.6) 23.6+20.8 16.7 £16.7 161 +£17.4 <0.001
12-mo EQ-5D VAS 355 (30.8) 68.2+21.6 73.4 £17.7 69.5+21.2 0.007
12-mo EQ-5D 364 (31.6) 0.71+£0.21 0.75+0.19 0.73+0.19 0.06
12-mo mJOA 323(28.1) 13.8+2.8 13.9+£25 13.3+£29 0.08
3-mo Aneck pain VAS 191 (16.6) -26%3.2 2334 -22%33 0.18
3-mo Aarm pain VAS 195 (16.9) -29+36" -22+34* -25%35 0.029
3-mo ANDI 183 (15.9) -16.9 £ 19.3* -13.8+18.9 -10.5 £ 19.1* 0.002
3-mo AEQ-5D VAS 213 (18.5) 10.4 +23.4 11.5 £22.9* 51+21.3* 0.044
3-mo AEQ-5D 274 (23.8) 0.18+0.22 0.16 +0.23 015+0.2 0.314
3-mo AmJOA 207 (18.0) 19+28 19+26 19+26 0.988
12-mo Aneck pain VAS 324 (28.1) -26+3.3 -22%32 -20+37 0.148
12-mo Aarm pain VAS 335 (29.1) -2.8+3.7* -2.0+34* -2.0+37 0.010
12-mo ANDI 321 (27.9) -18.6 £20.2* -152+19.3 -12.8 £20.7* 0.009
12-mo AEQ-5D VAS 371(32.2) 10.3+25.9 13.2+21.7* 5.3+24.9 0.026
12-mo AQ-5D 398 (34.6) 018+0.2 014+0.2 012+0.3 0.039
12-mo AmJOA 324 (28.1) 1.7+3 1.8+27 1.5+£3.2 0.585

A = change from baseline.
Boldface type indicates statistical significance.
* Post hoc analysis Bonferroni (p < 0.05).

16.7,and 16.1 + 17.4 in young, early elderly, and late elderly
patients, respectively; p < 0.001).

Table 3 also shows changes from baseline for each
PRO measure. At 3 months postoperatively, the NDI score
improved more from baseline in the young group (mean
-169+19.3,-13.8 + 19.9,and —10.5 + 19.1 in young, early
elderly, and late elderly patients, respectively; p = 0.002),
as had the EQ-5D VAS score in the young and early el-
derly groups (104 + 234 and 11.5 + 22.9 in the young
and early elderly groups, respectively, vs 5.1 + 21.3 in the
late elderly group; p = 0.044). Improvement in the EQ-5D
score at 12 months was greater in the young group (0.18 +
0.2,0.14 £ 0.2, and 0.12 + 0.3 in the young, early elderly,
and late elderly groups, respectively; p = 0.039). Young
patients also had greater improvement in arm pain at 3 (p
=0.029) and 12 (p = 0.010) months compared with early
and late elderly patients. No significant mJOA changes
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from baseline to 3 and 12 months were found among the
groups.

At 3 months postoperatively, surgery met the expecta-
tions of 62.7%, 68.6%, and 70% of patients in young, early
elderly, and late elderly groups, respectively, without sig-
nificant differences among the groups (p = 0.054) (Table
4). Similarly, at 12 months, no significant difference was
found in terms of surgical expectations (p = 0.182).

Table 5 displays the minimal clinically important dif-
ference (MCID) values for PROs by age group. Except for
arm pain VAS at 12 months and NDI at 12 months, where
significantly fewer patients in the late elderly group ach-
ieved MCID (p = 0.003 and p = 0.031, respectively), no
other significant MCID was found between the groups.

Readmission, Reoperation, and Mortality Rates
The readmission rate in the young, early elderly, and
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No. of Patients (%)

Variable Missing Values Young (n =691) Early Elderly (n =331) Late Elderly (n=129) p Value
Patient satisfaction at 3 mos 193 (16.7) 0.054
Surgery met my expectations 354 (62.7) 194 (68.6) 77 (70)
| did not improve as much as | had hoped, but would 128 (22.7) 61 (21.6) 14 (12.7)
undergo same surgery for same results
Surgery helped, but would NOT undergo same surgery 27 (4.8) 13 (4.6) 5 (4.5)
for same results
| am the same or worse as compared to before surgery 56 (9.9) 15 (5.3) 14 (12.7)
Patient satisfaction at 12 mos 332 (28.8) 0.182
Surgery met my expectations 264 (56.4) 151 (62.7) 70 (63.6)
| did not improve as much as | had hoped, but would 122 (26.1) 59 (24.5) 19 (17.3)
undergo same surgery for same results
Surgery helped, but would NOT undergo same surgery 40 (8.5) 11 (4.6) 8(7.3)
for same results
| am the same or worse as compared to before surgery 42 (9.0 20 (8.3) 13 (11.8)

late elderly within 30 days (2.2%, 3.0%, and 1.9%, respec-
tively; p = 0.716) and 3 months (3.6%, 6.4%, and 4.8%, re-
spectively; p = 0.140) did not differ between groups (Table
6). The rates of return to the operating room at 30 days
were 1.6%, 2.4%, and 2.4% in the young, early elderly, and
late elderly groups, respectively (p = 0.613), and the rate of
return to the operating room at 3,9, and 12 months also did
not differ among the groups. The rates of mortality were
0.1% in the young, 0% in the early elderly, and 0.8% in the
late elderly group (p = 0.184).

Multivariate Analysis

Results from the multivariate analyses to identify
variables that would predict 12-month change in NDI,
12-month change in EQ-VAS, 12-month change in EQ-
5D, and 12-month change in mJOA scores are shown in
Table 7. For the 12-month change in NDI model, preopera-
tive neck pain symptoms (p < 0.001) and surgical approach
(p < 0.001) were both independently associated with the
12-month NDI change. The results indicate that patients
who undergo an anterior approach have greater improve-
ment in neck disability. Regarding the EQ-VAS 12-month
change model, only preoperative ambulation status (p =
0.032) was significantly associated with EQ-VAS change

TABLE 5. MCIDs for PROs by age group at 12 months postoperatively

at 12 months. For the EQ-5D 12-month change, diabetes
(p =0.003) and radicular deficit (p = 0.030) were inversely
associated with EQ-5D change; preoperative ambulation
status (p = 0.009), similarly to the EQ-VAS model, was
significantly associated with the EQ-5D 12-month change.
Only preoperative ambulation status (p < 0.001) was inde-
pendently associated with mJOA 12-month change. For all
multivariate models, age was not independently associated
with any of the four 12-month changes in PROs.

Discussion

With a growing elderly population and increasing in-
cidence of CSM, many surgeons are confronted with the
question of whether surgical treatment of an elderly pa-
tient affected by CSM will lead to functional and QOL
improvement. Here, we described outcome differences
among three age categories (young, early elderly, and late
elderly) of patients who underwent CSM surgery.

Late elderly patients tended to be classified as worse
ASA classes compared with the younger groups, and
diabetes was more common in the early and late elderly
patients, reflecting the higher prevalence of this disorder
in the elderly population. Interestingly, the rate of ac-

No. of Patients (%)*

Variable Young Early Elderly Late Elderly p Valuet
MCID neck pain VAS (threshold —-2.14) 232/473 (49.0) 108/243 (44.4) 47111 (42.3) 0.303
MCID arm pain VAS (threshold -2.91) 238/469 (50.7) 93/236 (39.4) 42/111 (37.8) 0.003
MCID EQ-5D (threshold +0.0485) 297/428 (69.4) 154/225 (68.4) 59/100 (59.0) 0.130
MCID mJOA score (+1 for mild, +2 for moderate, +3 for severe) 263/475 (55.4) 132/242 (54.5) 54/110 (49.1) 0.490
MCID NDI (threshold -17.3) 244/475 (51.4) 108/246 (43.9) 43/109 (39.4) 0.031

Boldface type indicates statistical significance.

* Denominators represent the number of patients with follow-up data for the specified variable.
1 Statistical analyses performed using chi-square analysis for comparison among all three groups.
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TABLE 6. Postoperative outcomes by age group

No. of Patients (%)*

Variable Young Early Elderly Late Elderly p Valuet
30-day readmission any reason 12/553 (2.2) 8/266 (3.0) 2/106 (1.9) 0.716
3-mo readmission any reason 25/686 (3.6) 21/327 (6.4) 6/125 (4.8) 0.140
30-day return to OR any reason 11/687 (1.6) 8/328 (2.4) 3/126 (2.4) 0.613
3-mo return to OR any reason 9/586 (1.5) 3/299 (1.0) 1/117 (0.9) 0.726
9-mo return to OR any reason 6/478 (1.3) 2/253 (0.8) 1/110 (0.9) 0.832
12-mo return to OR any reason 3/284 (11) 2/142 (1.4) 0/58 (0) 0.669
30-day mortality 1/686 (0.1) 0/327 (0) 11125 (0.8) 0.184

OR = operating room.

* Denominators represent the number of patients with follow-up data for the specified variable.
t Statistical analyses performed using chi-square analysis for comparison among all three groups.

tive smokers was higher in the younger group compared
with the elderly groups, which might be explained by a
possible reluctance to perform fusion surgery on elderly
active smokers because of the risk of pseudarthrosis. As
previously reported in other studies, posterior surgical
approaches were favored in the elderly patients, whereas
younger patients underwent anterior approaches more of-
ten.22‘23

At baseline, younger patients presented with worse neck
and radicular pain and NDI scores compared with the late
elderly patients, but the late elderly patients showed greater
need for assistive devices. Interestingly, despite equivalent
mJOA scores in the different groups, EQ-5D VAS and EQ-
5D scores at baseline were worse in the young group com-
pared with the elderly groups. This might be explained by
the worse NDI and pain scores in the young group. In the
unadjusted analysis, at 3 and 12 months postoperatively,
patients in the young group still showed worse neck, arm,
NDI, EQ-5D, and EQ-5D VAS scores compared with the
late elderly group despite a significantly greater improve-
ment of scores from baseline in younger patients. However,
in the adjusted multivariate analysis, no differences in any
of the postoperative PRO changes were found among the
age groups. These results contrast with results presented
by Nakashima et al.** of a prospective cohort of 479 pa-
tients from the AO Spine International study. In that study,
younger patients (< 65 years) achieved better postoperative
mJOA and Nurick scores than elderly patients (= 65 years),
and no significant differences could be found between age
groups with respect to the NDI and SF-36 at the 24-month
follow-up.

Similar to our study, Wilson et al.!' compared pro-
pensity-matched cohorts of 107 CSM patients older and
younger than 70 years from the AO Spine North American
and International studies. They found that elderly patients
showed an improvement in functional and QOL outcomes,
based on SF-36 scores, after CSM surgery, but the magni-
tude of improvement was less in the elderly cohort com-
pared with the matched younger adult cohort.

At the 12-month follow-up, our results showed no dif-
ferences in mJOA scores and QOL measured using the
EQ-5D among the groups, although patients in the young
group had worse NDI and EQ-5D VAS scores compared
with the early and late elderly patients. This might be ex-
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plained by the fact that patients in the young group are
of working age, so the socioeconomic and psychological
impact of CSM and the related neck and arm pain might
be greater in this age group. This might even be greater
if employment and related financial stability are placed at
risk. However, this same difference did not translate into
a worse QOL measured with the EQ-5D, so the rationale
is speculation.

Compared with previously published studies,'>* this is
the largest prospective analysis to date evaluating the out-
come differences in elderly versus younger patients under-
going surgical treatment for CSM, especially for patients
older than 75 years.

Study Limitations

The major limitation of this study is the possible se-
lection bias in the selection of elderly patients undergo-
ing CSM surgery. “Healthier” elderly patients may have
been more likely to be selected to undergo surgery than
less healthy patients. In addition, frailty and comorbidities
other than diabetes and smoking status were not evaluated.
Several studies?2¢ have shown that frailty may be a better
predictor of outcomes. The rates of complications and re-
vision surgeries by age group were not evaluated because
this was not the main aim of the paper, but other stud-
ies have shown that elderly patients generally have greater
morbidity after surgical treatment of CSM.” The patients
included in this study were from 14 high-volume sites only.
Academic centers are likely more biased toward more
complex and frail patients, which may not be representa-
tive of more general community neurosurgery practice.

Conclusions

Our results indicate that younger patients had greater
improvement in scores from baseline to 3 and 12 months
postoperatively in unadjusted analysis, but in adjusted
analysis, there were no differences in PROs among the age
groups. Moreover, late elderly patients achieved outcomes
according to the EQ-5D and mJOA that were equivalent
to those of younger patients at 12 months postoperatively.
These results suggest that variables other than age might
be more important in determining potential benefit from
surgical treatment for CSM.
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TABLE 7. Results from multivariate linear regression models for 12-month change in PROs

Unstandardized Coefficient 420 dardized 95% Cl for B
B SE Coefficient t p Value  LowerBound Upper Bound
12-mo change in NDI model
(Constant) -5.331 8.090 -0.659 0.510 -21.213 10.551
Age 0.073 0.078 0.042 0.942 0.347 -0.080 0.226
BMI -0.101 0.114 -0.033 -0.888 0.375 -0.325 0.122
Insurance payer 0.157 0.584 0.011 0.269 0.788 -0.990 1.304
Smoker 0.273 1.002 0.010 0.272 0.786 -1.695 2.240
Diabetes 2.799 1.803 0.059 1.553 0.121 -0.740 6.339
Symptom
Radicular arm pain -1.791 1.853 -0.045 -0.966 0.334 -5.428 1.846
Radicular deficit 1.004 1.745 0.023 0.575 0.565 -2.423 4430
Numbness 1.531 1.627 0.037 0.940 0.347 -1.664 4725
Neck pain -6.051 1.666 -0.145 -3.632 <0.001 -9.322 -2.781
Ambulation -1.795 1.678 -0.041 -1.070 0.285 -5.089 1.499
ASA class 0.176 1.359 0.005 0.129 0.897 -2.492 2.843
Surgical approach -5.734 1.595 -0.134 -3.594 <0.001 -8.865 -2.602
12-mo change in EQ-5D VAS model
(Constant) 25.928 10.386 2.496 0.013 5.538 46.318
Age -0.059 0.099 -0.028 -0.590 0.555 -0.253 0.136
BMI -0.155 0.145 -0.042 -1.070 0.285 -0.439 0.129
Insurance payer -0.156 0.754 -0.009 -0.207 0.836 -1.637 1.325
Smoker -1.000 1.274 -0.030 -0.785 0.433 -3.501 1.500
Diabetes -0.002 2.321 0.000 -0.001 0.999 -4.559 4.555
Symptom
Radicular arm pain 4101 2.419 0.084 1.696 0.090 -0.647 8.850
Radicular deficit -0.687 2.223 -0.013 -0.309 0.757 -5.051 3.676
Numbness 0.207 2115 0.004 0.098 0.922 -3.946 4.360
Neck pain -1.211 2155 -0.024 -0.562 0.574 -5.442 3.021
Ambulation 4.667 2173 0.086 2147 0.032 0.400 8.934
ASA class -3122 1.744 -0.074 -1.790 0.074 -6.545 0.302
Surgical approach -1.907 2.046 -0.036 -0.932 0.352 -5.924 2110
12-mo change in EQ-5D model
(Constant) 0.125 0.101 1.238 0.216 -0.073 0.322
Age -0.002 0.001 -0.074 -1.584 0.114 -0.003 0.000
BMI -0.001 0.001 -0.026 -0.642 0.521 -0.004 0.002
Insurance payer 0.011 0.007 0.070 1.555 0.120 -0.003 0.026
Smoker 0.005 0.012 0.015 0.380 0.704 -0.020 0.029
Diabetes -0.068 0.022 -0.120 -3.009 0.003 -0.112 -0.023
Symptom
Radicular arm pain 0.013 0.023 0.027 0.551 0.582 -0.033 0.058
Radicular deficit -0.048 0.022 -0.092 -2.168 0.030 -0.092 -0.005
Numbness -0.017 0.020 -0.037 -0.867 0.386 -0.057 0.022
Neck pain -7.823E-05 0.020 0.000 -0.004 0.997 -0.040 0.040
Ambulation 0.055 0.021 0.106 2.630 0.009 0.014 0.096
ASA class 0.015 0.017 0.036 0.875 0.382 -0.019 0.048
Surgical approach 0.020 0.020 0.039 0.995 0.320 -0.019 0.058
12-mo change in mJOA model
(Constant) 1129 1.210 0.934 0.351 -1.246 3.504
Age -0.010 0.012 -0.038 -0.848 0.397 -0.032 0.013
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» CONTINUED FROM PAGE 347
TABLE 7. Results from multivariate linear regression models for 12-month change in PROs

Unstandardized Coefficient

95% Cl for B

Standardized
B SE Coefficient t pValue  LowerBound UpperBound
12-mo change in mJOA model (continued)
BMI -0.013 0.017 -0.028 -0.741 0.459 -0.046 0.021
Insurance payer -0.005 0.087 -0.003 -0.059 0.953 -0.175 0.165
Smoker 0.046 0.149 0.012 0.311 0.756 -0.246 0.339
Diabetes -0.475 0.268 -0.068 -1.773 0.077 -1.002 0.051
Symptom
Radicular arm pain 0.482 0.276 0.082 1.744 0.082 -0.061 1.024
Radicular deficit -0.263 0.260 -0.041 -1.011 0.312 -0.774 0.248
Numbness -0.393 0.244 -0.066 -1.616 0.107 -0.872 0.085
Neck pain -0.074 0.250 -0.012 -0.295 0.768 -0.564 0.416
Ambulation 1.169 0.252 0178 4,632 <0.001 0.673 1.664
ASA class 0.138 0.201 0.027 0.684 0.494 -0.258 0.533
Surgical approach -0.070 0.236 -0.011 -0.296 0.767 -0.534 0.394
Boldface type indicates statistical significance.
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