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Purpose: We aim to introduce the predictive value of a quantitatively described formula model in a multicenter prospective anal-
ysis using the EuroQol-5 dimensions (EQ-5D) health scale to anticipate postoperative improvement in patients with degenerative
lumbar spine disease (DLSD).

Materials and Methods: Quality of life was evaluated in 376 patients from 17 tertiary hospitals before and after spinal decompres-
sion and fusion surgery. The five items of the EQ-5D, mobility (M), self-care (S), usual activities (A), pain/discomfort (P), and anx-
iety/depression (D), were checked as level 1, 2, or 3, with 3 being the worst. A minimal significant change in the calculated EQ-5D
(cEQ-5D) was set as 0.05. Logistic regression analysis was performed to predict the highest successful outcome (cEQ-5D improve-
ment after operation >0.05) with the given sets of 5 items of the EQ-5D.

Results: In the cEQ-5D analysis, among patients with a formula score of S+A+2xP+D<8, 18/68 (27%) showed significant improve-
ment in the cEQ-5D at 1 year postoperatively (p<0.05). However, in patients with a formula score of >9, 265/308 (86%) demon-
strated significant improvements in the cEQ-5D at 1 year postoperatively (p<0.05).

Conclusion: We suggest that S+A+2xP+D>9 in the EQ-5D can quantitatively describe the better surgical outcome predictors for
DLSD. With a definite DLSD lesion confirmed by an imaging study, patients who meet the formula scores of 9 or over and have
refractory symptoms to non-operative treatment could be better surgical candidates resulting in satisfactory surgical outcomes of

over 86%, than those who scored 8 or lower.
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INTRODUCTION

For degenerative lumbar spinal disease (DLSD), most surgical
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indications reside on failed non-operative treatment, but there
is still a lack of consensus among clinicians regarding the indi-
cations for surgical intervention,'* which is causing increased
demand for costly surgical procedures as a challenge for any
health care system.* Absolute surgical indications for DLSD are
limited to rapidly progressive neurologic decline, clinically rel-
evant motor deficits, or cauda equina syndrome.* Up to now,
many studies regarding prognostic factors of the surgical out-
come after spine surgery have reported psycho-social status
and coexisting diseases.>”

In the present study, we aim to introduce the predictive value
of a quantitatively described formula model in a multicenter
prospective analysis using the EuroQol-5 dimensions (EQ-5D)
health scale to anticipate the postoperative improvement in pa-
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tients undergoing spinal fusion surgery for DLSD.

MATERIALS AND METHODS

All experimental protocols involving human participants were
approved by the Institutional Review Board of each participat-
ing institution (IRB No. 4-2009-0305).

Patients

From July 2009 to December 2009, 376 patients (148 males, 228
females; mean age: 69 years, range: 51 to 91), who underwent
spinal surgery, including decompressive laminectomy and
fusion procedure for various degenerative conditions, such as

Table 1. Patient Characteristics

Patients (%)

Gender
Male 148(39.4)
Female 228 (60.6)
Diagnosis
Spinal stenosis 305(81.1)
Degenerative spondylolisthesis 47 (12.5)
Intervertebral disc herniation 12(3.2)
Degenerative lumbar kypho-scoliosis 10(2.7)
Other 2(0.5)
Surgical procedures
PLF 222 (59.0)
PLIF 154 (41.0)
Level of surgery
1 level 166 (44.2)
L1-2 2
[2-3 3
L34 14
L4-5 9%
L5-S1 51
2 or more levels 210(55.8)
2 level 104
L1-3 2
L2-4 7
L3-5 39
L4-S1 56
3 level 73
L1-4 2
2-5 40
L3-S1 31
4 level 21
L1-5 "
[2-S1 10
5 level 12
L1-S1 12

PLF, posterolateral fusion; PLIF, posterior lumbar interbody fusion.
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intervertebral disc herniation (IVDH), spinal stenosis (SPS),
degenerative spondylolisthesis (DS), and degenerative lumbar
scoliosis (DLS), were included (Table 1). Before surgery, each
enrolled patient received at least 3 months of non-operative
treatment. Indications for lumbar fusion surgery were as fol-
lows: 1) existing dynamic instability/spondylolisthesis, and/or
anticipated iatrogenic instability after decompressive surgery
for SPS, IVDH, and DS; 2) or sagittal/coronal imbalance ac-
companying at least 10 degree deformity for DLS.* Enrollment
and follow-up of the study participants are presented in Fig. 1.

Assessments

We evaluated the surgical outcome protocols for DLSD at 17
tertiary hospitals (14 hospitals attached to medical colleges and
three general hospitals) carried out by 17 different spine sur-
geons for spinal fusion patients, using a self-administered ques-
tionnaire. The evaluation of the patients who underwent spinal
surgery was prospectively carried out using a self-administered
questionnaire under the supervision of clinical research coor-
dinators (CRC). CRCs were trained to evaluate patients in a
standardized manner and were also blinded to the preopera-
tive data, so as not to bias the data for the postoperative ques-
tionnaire.

The EQ-5D consisted of the EQ-5D descriptive system and
the EQ visual analogue scale (EQ-VAS), and could be used to
evaluate surgical outcomes of spine surgery.? The EQ-5D de-
scriptive system comprised the following five dimensions: mo-
bility (M), self-care (S), usual activities (A), pain/discomfort (P),
and anxiety/depression (D). Each dimension had three levels:
no problem was scored as 1, some problems were scored as 2,
and severe problems were scored as 3. The general health sta-
tus using EQ-VAS scale was designed to assess patients’ self-
rated health on a visual analogue scale, which ranged from 0
(worst imaginable health state) to 100 (best imaginable health
state). Quality of life and general health status were evaluated
using the EQ-5D and EQ-VAS on the day before the surgery,
followed up at 3 months and 1 year postoperatively.

Using the EQ-5D index value calculator provided by EQ-5D,
5 dimensions were utilized to calculate EQ-5D index.’ A mini-
mal clinically important difference or a substantial benefit of
the calculated EQ-5D (cEQ-5D) index was defined as a differ-
ence of more than 0.05.° We applied it for the difference be-
tween each measure before and after the treatment in the pres-
ent study. Surgical outcomes were defined as ‘improvement; a
postoperative improvement in the cEQ-5D index more than
0.05 (>0.05); ‘aggravation, postoperative worsening of cEQ-5D
index more than 0.05 (<-0.05); ‘no change, cEQ-5D index be-
tween improvement and aggravation as -0.05< difference of
cEQ-5D index <0.05. Also, EQ-VAS for general health status
between the preoperative and postoperative 1 year measures
were compared and defined as ‘improvement, the difference of
the general health status >0; ‘aggravation’ the difference of the
general health status <0; ‘no change; the difference the general
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‘ 479 patients were assessed for elligibility

Outcome Predictor in Lumbar Spine Surgery

86 patients were excluded
Spinal fracture/dislocation (21 patients),
Revisional spinal surgery (40 patients),
Metastatic spine disease (12 patients),

\ 4

\ 4
393 patients underwent lumbar fusion surgery
for degenerative lumbar spine disease

Infective spondylodiscitis (7 patients),
Significant medical problems (6 patients)
(angina pectoris, myocardial infarction,
cerebrovascular disease with sequelae, Parkinson’s disease)

| LosttoF/U: 3 patients

v
385 patients underwent postoperative 3 months assessment

| Refuse to enrollment; 5 patients

| LosttoF/U: 4 patients

y
376 patients underwent postoperative 1 year assessment

Fig. 1. Enroliment and follow-up of the study participants.

Table 2. Result of Logistic Regression Analyses of Postoperative Im-
provement of the Calculated EQ-5D Index and General Health Status
with Preoperative Measure of Each Dimension in EQ-5D Scale

Coefficient Variables pvalue Exp (B)
Postoperative improvement of calculated EQ-5D index (p<0.001)
0.9460 Self-care 0.002 2.575
0.9752 Usual activity 0.012 2.652
1.9385 Pain/discomfort <0.001 6.948
0.8469 Anxiety/depression 0.002 2.332
Postoperative improvement of general health status (p<0.001)
0.5731 Mobility 0.049 1.774
0.5018 Usual activity 0.062 1.652
-0.3823 Anxiety/depression 0.063 0.682

EQ-5D, EuroQol-5 dimensions.

Mobility in the calculated EQ-5D index and self-care, pain/discomfort in the
general health status were removed from the logistic regression model in the
forward stepwise method.

health status=0, from postoperative 1 year measure to preoper-
ative measure.

Statistical analysis

The stepwise logistic linear regression analysis was performed
to predict the highest successful outcome using binary vari-
ables which were defined as 1 ‘improvement’ of cEQ-5D and
general health status and as 0 ‘aggravation’ and ‘no change’ of
cEQ-5D and general health status with given sets of the 5 items
of the EQ-5D. The classification and regression tree (CART)
method was utilized to introduce a formula score to decide the
cutoff value based on the classification mismatch rate of the ac-
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| Refuse to enrollment; 5 patients

tual surgical outcome and the expected outcomes calculated
from the preoperative measure of the EQ-5D instrument.

A p value of less than 0.05 was considered to be statistically
significant. Other basic statistics including ANOVA, indepen-
dent t test and multivariate regression analysis were also used.
All statistical analyses were done with the support of the De-
partment of Applied Statistics, School of Business, Yonsei Uni-
versity, Seoul, Korea.

RESULTS

Practice patterns

Surgical procedures included postero-lateral fusion with instru-
mentation (222 procedures, 59.0%) and posterior interbody fu-
sion with instrumentation (154 procedures, 41.0%), and 166
cases (44.2%) of single level surgery and 210 (55.8%) of multi-
level surgery (Table 1). At postoperative 1 year, each of 12 pa-
tients demonstrated adjacent segment problem (3 cases),
pseudoarthrosis/non-union (7 cases) and spinal instrument
related complication such as pedicle screw pulling-out (1 case)
and rod breakage (1 case).

Changes in patients’ quality of life

Scores for all items on the EQ-5D significantly improved at
three months and 1 year after surgery compared to their pre-
operative measures, including the dimensions of M, S, A, P, D,
and cEQ-5D (p<0.05, ANOVA). Preoperative measures were:
M=2.06+0.52, S=1.77+0.62, A=2.06+0.56, P=2.40+0.52, D=
1.75+0.60, and cEQ-5D=0.32+0.30. At 3 months postoperative,

http://dx.doi.org/10.3349/ym;.2016.57.5.1214
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Table 3. Distribution of Clinical Outcomes of the Calculated EQ-5D at Postoperative 1 Year

Preoperative EQ-5D level

EQ-5D Postoperative calculated EQ-5D index No problem (1) Some problem (2) _ Severe problem (3 Total
Aggravation'/no change? 25(61.0%) 68 (24.9%) 0(0.0%) 93

Mobility (M) Improvement* 16 (39.0%) 205(75.1%) 62 (100.0%) 283
Total 41(100.0%) 273(100.0%) 62 (100.0%) 376

Aggravation/no change 61(49.2%) 32(15.0%) 0(0.0%) 93

Self-care (S) Improvement 63 (50.8%) 182 (85.0%) 38(100.0%) 283
Total 124(100.0%) 214(100.0%) 38(100.0%) 376

Aggravation/no change 32(71.1%) 59 (22.9%) 2(2.7%) 93

Usual activities (A) Improvement 13(28.9%) 199 (77.1%) 71(97.3%) 283
Total 45(100.0%) 258 (100.0%) 73(100.0%) 376

Aggravation/no change 7(87.5%) 80 (37.9%) 6(3.8%) 93

Pain/discomfort (P) Improvement 1(12.5%) 131 (62.1%) 151(96.2%) 283
Total 8(100.0%) 211 (100.0%) 157 (100.0%) 376

Aggravation/no change 55 (44.4%) 36(16.3%) 2(6.5%) 93

Anxiety/depression (D) Improvement 69 (55.6%) 185 (83.7%) 29 (93.5%) 283
Total 124.(100.0%) 221(100.0%) 31(100.0%) 376

EQ-5D, EuroQol-5 dimensions.

*Improvement” indicates the difference of the calculated EQ-5D (cEQ-5D) index >0.05° from postoperative measure to preoperative measure, ""Aggravation” indi-
cates the difference of the cEQ-5D index <-0.05 from postoperative measure to preoperative measure, *'No change’ indicates the difference of the cEQ-5D index
between ‘improvement’ and ‘aggravation” as -0.05= the difference of cEQ-5D index <0.05.

Table 4. Misclassification Ratio Depending on the Cutoffs of the Sug-
gested Formula (S+A+2xP+D) Score Resulting in Improvement of the
Calculated EQ-5D Value >0.05

Cut-off value Accuracy (%)*  Mis-classification ratio (%)
7 0.814 0.186
8 0.838 0.162
9 0.777 0.223
10 0.641 0.359
1 0.543 0.457

EQ-5D, EuroQol-5 dimensions.
*Accuracy means the matching ratio between the ‘improvement’ candidates
based on score and the actual improved patients, "Mis-classification ratio
equals 1-accuracy ratio which indicates the actual worsened patients among
the ‘improvement’ candidates.

each measure improved to M=1.66+0.54, S=1.64+0.58, A=1.77+
0.54, P=1.84+0.47, D=1.30+0.47, and cEQ-5D=0.59+0.22. At 1
year postoperative, each measure improved to M=1.60£0.52,
S$=1.45+0.53, A=1.77+0.54, P=1.31+0.50, D=1.31+0.47, and cEQ-
5D=0.63+0.21.

In the logistic regression analysis, preoperative S, A, P, and
D significantly affected the postoperative improvement of the
cEQ-5D (p<0.05) (Table 2).

In total, 283 patients demonstrated ‘improvement’ in cEQ-
5D measure but 93 patients showed ‘aggravation/no change’
at postoperative 1 year, shown in Table 3. Preoperative level of
each dimension in EQ-5D scale depending on the ‘improve-
ment, ‘aggravation, and ‘no change’ status of cEQ-5D index is
also presented in Table 3.

http://dx.doi.org/10.3349/ymj.2016.57.5.1214

Cut-off value and mismatching rate based on cEQ-5D
In the CART analysis, the surgical indication formula was sug-
gested to be as follows, using each dimension of the EQ-5D
instrument:

Surgical indication formula=S+A+2xP+D

The surgical outcome of the cEQ-5D was affected most
strongly by the score of the P dimension as P was weighted 2
fold compared with the other dimensions S, A, and D in the for-
mula (Table 2).

The misclassification ratio was 16.2% with the cut-off value of
a score of 8, which made the best accuracy of 83.8% among
other cutoff value scores (Table 4). The frequency rates of ‘im-
provement’ and ‘no change/aggravation’ are shown in Table 5.

Changes in the general health status

The average general health status was 58.42+20.58 preopera-
tively, which increased significantly to 71.49+15.41 at postop-
erative 3 months and to 73.84+16.23 at 1 year after the opera-
tion (p<0.05).

In the logistic regression analysis, preoperative M significantly
affected the postoperative improvement of general health status
positively (p<0.05) (Table 2). Although, preoperative A and D in-
dicated each positive and negative correlation coefficient with
postoperative improvement of general health status, they were
only statistically marginally significant (p=0.062, 0.063).

At postoperative 1 year, in the general health status measure,
266 patients demonstrated ‘improvement,; but 110 patients
showed ‘aggravation/no change’ (Table 6).
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Subgroup analysis (Table 7)
Among 68 patients with a formula score of <8, only 18 (27.3%)
patients showed improvement in the cEQ-5D at 1 year postop-
eratively (p<0.05, CART analysis). 265/308 (86.0%) of patients
with a formula score of 29 demonstrated significant improve-
ment in the cEQ-5D at 1 year postoperatively (p<0.05, CART
analysis).

EQ-5D measures and cEQ-5D indexes depending on the
surgical outcome between score group of <8 and 29, are pre-

Table 5. Frequency of ‘Improvement’ and ‘No Change/Aggravation’ in
Calculated EQ-5D Indexes Depending on Preoperative Scores by the
Suggested Formula

cEQ-5D results

Scores by
S+A+2xP+D No chang-je/ Improvement Total
aggravation

5.00 5 0 5
6.00 2 0 2
7.00 19 3 22
8.00 24 15 39
9.00 21 44 65
10.00 15 66 81
11.00 2 39 41
12.00 4 46 50
13.00 1 4 42
14.00 0 23 23
15.00 0 6 6
Total 93 283 376

S, self-care; A, usual activity; P, pain/discomfort; D, anxiety/depression; EQ-
5D, EuroQol-5 dimensions; cEQ-5D, calculated EQ-5D.

Outcome Predictor in Lumbar Spine Surgery

sented in Table 7.

There were no differences in the demographic statistics in-
cluding age, the distribution of gender, diagnosis, surgical pro-
cedures, and the level of surgery between groups. In the addi-
tional multiple regression analysis, age over 70, co-existing
morbidity, presence of pseudoarthrosis (non-union) and/or
implant failure, and level of surgery demonstrated negative cor-
relation with cEQ-5D and general health status at 1 year post-
operative (p<0.05). There were no statistically significant corre-
lation with gender, diagnosis and surgical procedure.

DISCUSSION

The superiority of surgical outcomes in treating DLSD was
proven by the Spine Patients Outcome Research Trial (SPORT)
study up to 8 years postoperatively'*® and also by postoperative
improvements in terms of serum vitamin D levels and risk of
falling.'"*

Severity of stenosis or instability among most degenerative
spine conditions does not correlate with the patients’ symp-
toms.?” During the past decades, reports of health related qual-
ity of life (HRQOL) related to low back pain and degenerative
spine conditions have increased, reflecting a better under-
standing of the psychometrics and clinical utility of these mea-
sures. Therefore, the importance of these aspects should be
weighted in the clinical setting when considering surgical in-
dications based on HRQOL.?!

As for the short form-36 (SF-36) and oswestry disability index
(ODI), clinicians have been introduced to the concept of the

Table 6. Distribution of Clinical Outcomes of the General Health Status at Postoperative 1 Year

Preoperative EQ-5D level

EQ-5D Postoperative general health status (0-100) No problem (1) Some problem (2) _ Severe problem (3) Total
Aggravation’/no change? 17 (41.5%) 85(31.1%) 8(12.9%) 110

Mobility (M) Improvement™ 24 (58.5%) 188 (68.9%) 54 (87.1%) 266
Total 41(100%) 273 (100%) 62 (100%) 376

Aggravation/no change 43 (34.7%) 63 (29.4%) 4(10.5%) 110

Self-care (S) Improvement 81 (65.3%) 151 (70.6%) 34 (89.5%) 266
Total 124 (100%) 214 (100%) 38(100%) 376

Aggravation/no change 17 (37.8%) 84 (32.6%) 9(12.3%) 110

Usual activities (A) Improvement 28(62.2%) 174 (67.4%) 64 (87.7%) 266
Total 45(100%) 258 (100%) 73 (100%) 376

Aggravation/no change 2(25.0%) 76 (36.0%) 32(20.4%) 110

Pain/discomfort (P) Improvement 6(75.0%) 135 (64.0%) 125 (79.6%) 266
Total 8(100%) 211(100%) 157 (100%) 376

Aggravation/no change 34(27.4%) 66 (29.9%) 10(32.3%) 110

Anxiety/depression (D) Improvement 90(72.6%) 155(70.1%) 211(67.7%) 266
Total 124.(100%) 221(100%) 31(100%) 376

EQ-5D, EuroQol-5 dimensions.

*Improvement” indicates the difference of the general health status >0 from postoperative 1 year measure to preoperative measure, ""Aggravation’ indicates the
difference of the general health status <0 from postoperative 1 year measure to preoperative measure, *No change’ indicates the difference the general health

status=0 from postoperative 1 year measure to preoperative measure.
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Table 7. EQ-5D Measure Based on Surgical Outcome and Preoperative Scores by the Suggested Formula

S+A+2xP+D<8 S+A+2xP+D>9
Aggravation/ Improvement Aggravation/ Improvement
no change (n=50) (n=18) pvalue no change (n=43) (n=265) pvalue
EQ-5D
M 1.58+0.50 1.73+0.46 NS 1.93+0.25 2.20+0.49 NS
S 1.04+0.20 1.09+0.43 NS 1.72+0.45 1.98+0.56 NS
Preoperative A 1.38+0.49 1.55+0.60 NS 2.02+0.26 2.25+0.47 NS
P 1.88+0.33 1.95+0.21 NS 2.14+0.35 2.57+0.50 NS
D 1.12+0.33 1.41+0.50 0.019 1.77£0.52 1.90£0.57 0.019
GH 65.66+16.86 62.09+15.63 NS 58.57+22.00 56.704+21.10 NS
M 1.32+0.47 1.27+0.46 NS 1.81+0.45 1.73+£0.53 NS
S 1.34+0.52 1.27+0.46 NS 1.80+0.55 1.70+0.58 NS
Postoperative 3 months A 1.48+0.24 1.45+0.51 NS 1.86+0.46 1.84+0.53 NS
P 1.64+0.48 1.68+0.48 NS 2.02+0.26 1.86+0.48 NS
D 1.14+0.35 1.05+0.21 0.008 1.50+0.55 1.30+0.49 0.008
GH 73.80+13.34 78.40+11.47 NS 68.68+15.93 70.93+15.83 0.000
M 1.66+0.52 1.45+0.51 NS 2.00+0.30 1.53+0.52 0.000
S 1.48+0.54 1.04+0.21 0.000 2.02+0.34 1.39+0.51 0.001
. A 1.56+0.50 1.13+0.35 0.001 2.11+0.39 1.51+0.53 0.000
Postoperative 1 yr
P 1.86+0.50 1.40+0.50 0.001 2.25+0.49 1.70+0.50 0.001
D 1.40+0.49 1.0940.29 0.002 1.75+0.49 1.24+0.43 0.002
GH 75.20+10.64 81.59+8.91 0.011 58.52+18.38 75.51+15.79 0.016
Calculated EQ-5D
Preoperative 0.7404+0.0525 0.6917+0.0530 0.001 0.4406+0.1685 0.1937+0.2531 0.001
Postoperative 3 months 0.7033+0.1427 0.7289+0.1053 NS 0.5224+0.1977 0.5643+0.2282 NS
Postoperative 1yr 0.6226+0.1950 0.7917+0.0374 0.000 0.3358+0.2387 0.6703+0.1795 0.000

M, mobility; S, self-care; A, usual activity; P, pain/discomfort; D, anxiety/depression; GH, general health; NS, not significant; EQ-5D, EuroQol-5 dimensions.

Values are mean®SD.

minimal clinically important difference** and substantial

clinical benefit.** Likewise, the EQ-5D to determine health state
values in patients with DLSD may be more appropriate than
the SF-6D.* Thus, we studied the sensitive cut-off line based on
patients’ HRQOL based outcome measurer, the EQ-5D.

Health state utility values in patients undergoing lumbar fu-
sion surgery after short-term and long-term follow-up and in
comparison with other diseases, were shown to have similar
values to those in patients with chronic renal disease, Crohn’s
disease, or coronary artery disease.* After lumbar fusion sur-
gery, patients have health state utility gains similar to those of
patients after interventional treatment for unstable angina.®

However, conservative treatment also has the capacity to im-
prove patients’ symptoms and HRQOL. The physician should
negotiate with patients about the timing of the surgery in case
the patients’ symptoms are refractory to non-operative treat-
ment, which hampers the QOL of the patient. Then, when can
the surgery-indicated patients obtain best outcomes?

For answer to this question, we found only an article that re-
ported that mental health among the SF-36 domain affects the
surgical outcomes rather than the decision making to undergo
surgery.*

In the present study, we found that among the 5 dimensions

http://dx.doi.org/10.3349/ymj.2016.57.5.1214

P is the most affective factor, which had a 2-fold weighted value
of measure to ensure the favorable outcome of surgery, com-
pared with other dimensions. In other words, as shown in other
papers, the pain component affected the surgical outcomes as
well as played a major role in the decision making to undergo
surgery, similar to the equivocal domain of bodily pain in the
SE-36.

Statistically, the p value of P demonstrated the lowest value,
which means that it is the most affective factor among the 5 di-
mensions in the regression model. The positive value of the re-
gression coefficient indicated that the preoperative higher score
(the worst status) was more likely to be improved postopera-
tively. Interestingly, the regression coefficient of D was also a
positive correlation of the cEQ-5D, although the coefficient was
the lowest among others (S, U, and P), differing from the result
that better mental health status resulted in the better outcomes
in treating low back pain.”

This could be explained by the fact that the cEQ-5D is calcu-
lated based on each dimension to better present the objective
overall health status. In other words, the mental component
scores were measured based on the subjective self-health sta-
tus in line with other dimensions, which could be easily affect-
ed by the depressive mood of individuals.
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In the general health status using the EQ-5D VAS scale, only
the worst preoperative M scores demonstrated significant cor-
relation with the better surgical outcomes. Therefore, careful
interpretation between an objective cEQ-5D standard and a
subjective general health status should be taken into account,
since the worse (higher) preoperative score of each EQ-5D scale
could get a better postoperative result, but it could be recorded
as the opposite or non-correlative in reporting general health
status.

It is well proven that the most powerful predictor of a good
outcome after surgery for lumbar SPS is a patients’ favorable
self-assessment of their own health (as good or excellent)."* If
the patients have a psychological weakness, the surgical out-
come of DLSD could be worse than expected. We confirmed
that all of the EQ-dimensions could be utilized as tools of deci-
sion making and surgical outcome estimators, with the excep-
tion of the M dimension. This exception would be due to self-
limitation of activity of daily living, depending on the overall
health status of patients.

Up until now, health status outcome measurements were
used to determine the postoperative QOL change. The use of
SF-36 bodily pain and physical functioning followed a dose-
response model in which worse (lower) scores tended to lead
to more patients choosing surgery at an equal rate. In contrast,
the ODI followed a threshold model in which scores above 30
led patients to choose surgery more often.”

However, this is the first report in which each domain of the
EQ-5D instrument can be used to establish the surgical out-
come of expecting models based on the actual surgical out-
comes of enrolled patients. This model could also be applied to
determine the expected surgical outcome for surgical candi-
dates when planning DLSD surgery.

Our formula could be used as a predictor and possible deci-
sion making tool simultaneously, because it demonstrated a
positive anticipation of clinical outcomes in as many as 86% of
the involved cases with a cutoff value of 9 or over.

This study has several limitations to discuss. Firstly, enrolled
patients were limited to those who underwent their first sur-
gery for DLSD. In general, primary cases have better health re-
lated outcomes than the revision cases.?' To optimize the sur-
gery effect, having the first surgery at the proper timing should
be emphasized.”! Because this study aimed to determine the
best surgical indication for primary cases, further investigation
on revision surgeries is necessary in future.

Another limitation is that we did not separate the diagnostic
sub-categories of the DLSD, such as SPS (central, foraminal or
lateral recess stenosis) and DS, which has been done in the
SPORT study."**** But, in these studies, they failed to present
direct comparisons of each outcome related to the surgery of
each diagnosis. They concluded only the difference between
the two surgical outcomes that was better in the DS and would
be related to the additional fusion surgery rate to secure the in-
stability between DS and SPS.?® In the present study, therefore,

1220

Outcome Predictor in Lumbar Spine Surgery

only patients who underwent fusion surgery were enrolled.
Furthermore, we had greater number of loss during follow-up
period in patients who underwent decompressive surgery only,
consequently we decided to analyze the decompressive and fu-
sion surgery patients group first.

Finally, there might be a ceiling effect of our suggested for-
mula when considering the less than 8 scored patients. Those
patients mostly tend to score each dimension of S, A, P, D as 1
or 2, which could not be improved after surgery. Therefore, this
formula could be better for the higher (worse) scorers to eval-
uate the postoperative improvement.

This study also demonstrated the primary outcomes of only 1
year postoperatively in treating DLSD. However, as Weinstein,
et al.” suggested, it is highly likely that the surgical treatment
and any improvements in the patients’ symptoms can be dis-
cerned as of 1 year postoperative. Further secondary long-term
follow-up data for up to 2 years could enlighten these results.

In conclusion, we suggest that S+A+2xP+D>9 in the EQ-5D
can quantitatively describe the surgical indications for DLSD.
With a definite DLSD lesion confirmed by an imaging study,
patients who meet the formula scores of 9 or over and have re-
fractory symptoms to non-operative treatment could be better
surgical candidates, resulting in satisfactory surgical outcomes
of over 86% based on cEQ-5D scores, than 8 or lower scored
patients.

ACKNOWLEDGEMENTS

This study was supported by research grants from Pfizer Phar-
maceuticals Ltd. and research fund of Catholic Kwandong
University International St. Mary’s Hospital (CKURF-2016
0146).

This study was mainly performed in the Severance Hospital,
College of Medicine, Yonsei University.

REFERENCES

1. Katz JN, Stucki G, Lipson SJ, Fossel AH, Grobler L], Weinstein JN.
Predictors of surgical outcome in degenerative lumbar spinal ste-
nosis. Spine (Phila Pa 1976) 1999;24:2229-33.

2. Weinstein JN, Lurie JD, Olson PR, Bronner KK, Fisher ES. United
States’ trends and regional variations in lumbar spine surgery:
1992-2003. Spine (Phila Pa 1976) 2006;31:2707-14.

3. Deyo RA, Nachemson A, Mirza SK. Spinal-fusion surgery - the
case for restraint. N Engl ] Med 2004;350:722-6.

4. Siebert E, Priiss H, Klingebiel R, Failli V, Einhdupl KM, Schwab
JM. Lumbar spinal stenosis: syndrome, diagnostics and treat-
ment. Nat Rev Neurol 2009;5:392-403.

5. McKillop AB, Carroll L], Battié MC. Depression as a prognostic fac-
tor of lumbar spinal stenosis: a systematic review. Spine J 2014;14:
837-46.

6. Aalto TJ, Malmivaara A, Kovacs E Herno A, Alen M, Salmi L, et al.
Preoperative predictors for postoperative clinical outcome in lum-
bar spinal stenosis: systematic review. Spine (Phila Pa 1976) 2006;
31:E648-63.

7. Park EJ, Joo IW, Jang MJ, Kim YT, Oh K, Oh H]J. Prevalence of osteo-

http://dx.doi.org/10.3349/ym;.2016.57.5.1214



Byung Ho Lee, et al.

10.

11.

12.

13.

14.

15

16.

17.

18.

porosis in the Korean population based on Korea National Health
and Nutrition Examination Survey (KNHANES), 2008-2011. Yon-
sei Med ] 2014;55:1049-57.

. Jansson KA, Németh G, Granath E Jonsson B, Blomgqyvist P. Health-

related quality of life (EQ-5D) before and one year after surgery for
lumbar spinal stenosis. ] Bone Joint Surg Br 2009;91:210-6.

. EuroQol Group. EuroQol--a new facility for the measurement of

health-related quality of life. Health Policy 1990;16:199-208.

Lurie JD, Tosteson TD, Tosteson AN, Zhao W, Morgan TS, Abdu
WA, et al. Surgical versus nonoperative treatment for lumbar disc
herniation: eight-year results for the spine patient outcomes re-
search trial. Spine (Phila Pa 1976) 2014;39:3-16.

Park DK, An HS, Lurie JD, Zhao W, Tosteson A, Tosteson TD, et al.
Does multilevel lumbar stenosis lead to poorer outcomes?: a sub-
analysis of the Spine Patient Outcomes Research Trial (SPORT)
lumbear stenosis study. Spine (Phila Pa 1976) 2010;35:439-46.
Pearson AM, Lurie JD, Tosteson TD, Zhao W, Abdu WA, Wein-
stein JN. Who should undergo surgery for degenerative spondy-
lolisthesis? Treatment effect predictors in SPORT. Spine (Phila Pa
1976) 2013;38:1799-811.

Weinstein JN, Lurie JD, Tosteson TD, Hanscom B, Tosteson AN,
Blood EA, et al. Surgical versus nonsurgical treatment for lumbar
degenerative spondylolisthesis. N Engl ] Med 2007;356:2257-70.
Weinstein JN, Tosteson TD, Lurie JD, Tosteson A, Blood E, Herkow-
itz H, et al. Surgical versus nonoperative treatment for lumbar spi-
nal stenosis four-year results of the Spine Patient Outcomes Re-
search Trial. Spine (Phila Pa 1976) 2010;35:1329-38.

. Weinstein JN, Tosteson TD, Lurie JD, Tosteson AN, Blood E,

Hanscom B, et al. Surgical versus nonsurgical therapy for lumbar
spinal stenosis. N Engl ] Med 2008;358:794-810.

Weinstein JN, Lurie JD, Tosteson TD, Tosteson AN, Blood EA, Abdu
WA, et al. Surgical versus nonoperative treatment for lumbar disc
herniation: four-year results for the Spine Patient Outcomes Re-
search Trial (SPORT). Spine (Phila Pa 1976) 2008;33:2789-800.

Kim TH, Lee BH, Lee HM, Lee SH, Park JO, Kim HS, et al. Preva-
lence of vitamin D deficiency in patients with lumbar spinal steno-
sis and its relationship with pain. Pain Physician 2013;16:165-76.
Kim HJ, Chun HJ, Han CD, Moon SH, Kang KT, Kim HS, et al. The
risk assessment of a fall in patients with lumbar spinal stenosis.
Spine (Phila Pa 1976) 2011;36:E588-92.

http://dx.doi.org/10.3349/ymj.2016.57.5.1214

19.

20

21.

22.

23.

24.

25.

26.

27.

28.

YMJ

Lee BH, Kim TH, Park MS, Lim S, Park JO, Kim HS, et al. Compari-
son of effects of nonoperative treatment and decompression sur-
gery on risk of patients with lumbar spinal stenosis falling: evalua-
tion with functional mobility tests. ] Bone Joint Surg Am 2014;96:
ell0.

. Amundsen T, Weber H, Lilleds E Nordal HJ, Abdelnoor M, Mag-

naes B. Lumbar spinal stenosis. Clinical and radiologic features.
Spine (Phila Pa 1976) 1995;20:1178-86.

Carreon LY, Djurasovic M, Canan CE, Burke LO, Glassman SD.
SF-6D values stratified by specific diagnostic indication. Spine
(Phila Pa 1976) 2012;37:E804-8.

Copay AG, Glassman SD, Subach BR, Berven S, Schuler TC, Carre-
on LY. Minimum clinically important difference in lumbar spine
surgery patients: a choice of methods using the Oswestry Disability
Index, Medical Outcomes Study Questionnaire Short Form 36, and
Pain Scales. Spine ] 2008;8:968-74.

Higg O, Fritzell P, Nordwall A; Swedish Lumbar Spine Study
Group. The clinical importance of changes in outcome scores after
treatment for chronic low back pain. Eur Spine J 2003;12:12-20.
Glassman SD, Copay AG, Berven SH, Polly DW, Subach BR,
Carreon LY. Defining substantial clinical benefit following lumbar
spine arthrodesis. ] Bone Joint Surg Am 2008;90:1839-47.

Kim J, Henderson RA, Pocock SJ, Clayton T, Sculpher MJ, Fox KA;
RITA-3 Trial Investigators. Health-related quality of life after inter-
ventional or conservative strategy in patients with unstable angina
or non-ST-segment elevation myocardial infarction: one-year re-
sults of the third Randomized Intervention Trial of unstable Angina
(RITA-3).J Am Coll Cardiol 2005;45:221-8.

Kurd ME Lurie JD, Zhao W, Tosteson T, Hilibrand AS, Rihn J, et al.
Predictors of treatment choice in lumbar spinal stenosis: a spine
patient outcomes research trial study. Spine (Phila Pa 1976) 2012;
37:1702-7.

Derby R, Lettice JJ, Kula TA, Lee SH, Seo KS, Kim BJ. Single-level
lumbar fusion in chronic discogenic low-back pain: psychologi-
cal and emotional status as a predictor of outcome measured us-
ing the 36-item Short Form. ] Neurosurg Spine 2005;3:255-61.
Pearson A, Blood E, Lurie J, Tosteson T, Abdu WA, Hillibrand A, et
al. Degenerative spondylolisthesis versus spinal stenosis: does a
slip matter? Comparison of baseline characteristics and out-
comes (SPORT). Spine (Phila Pa 1976) 2010;35:298-305.

1221



