Clinical Neurology and Neurosurgery 184 (2019) 105455

Contents lists available at ScienceDirect

Clinical Neurology and Neurosurgery

journal homepage: www.elsevier.com/locate/clineuro

Quality of life changes after lumbar decompression in patients with tandem @ R

Check for

spinal stenosis ke

Zach Pennington®, Vincent J. Alentado”, Daniel Lubelski®, Matthew D. Alvin®, Jay M. Levin‘,
Edward C. Benzel®"$, Thomas E. Mroz®"%*

2 Department of Neurosurgery, Johns Hopkins School of Medicine, Baltimore, MD, USA

Y Department of Neurological Surgery, Indiana University School of Medicine, Indianapolis, IN, USA
© Department of Diagnostic Radiology, Johns Hopkins School of Medicine, Baltimore, MD, USA

d Case Western Reserve University School of Medicine, Cleveland, OH, USA

€ Cleveland Clinic Center for Spine Health, Cleveland Clinic, Cleveland, OH, USA

f Cleveland Clinic Lerner College of Medicine, Cleveland, OH, USA

& Department of Neurological Surgery, Cleveland Clinic, Cleveland, OH, USA

ARTICLE INFO ABSTRACT

Keywords: Objective: Tandem spinal stenosis (TSS) is a degenerative spinal condition characterized by spinal canal nar-
Tandem spinal stenosis rowing at 2 or more distinct spinal levels. It is an aging-related condition that is likely to increase as the po-
Patient-reported outcomes pulation ages, but which remains poorly described in the literature. Here we sought to determine the impact of
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primary lumbar decompression on quality-of-life (QOL) outcomes in patients with symptomatic TSS.

Patients and methods: We retrospectively reviewed 803 patients with clinical and radiographic evidence of TSS
treated between 2008 and 2014 with a minimum 2-year follow-up. The records of patients with clinical and
radiographic evidence of concurrent cervical and lumbar stenosis were reviewed. Prospectively gathered QOL
data, including the Pain Disability Questionnaire (PDQ), Patient Health Questionnaire-9 (PHQ-9), EuroQOL-5
Dimensions (EQ-5D), and Visual Analogue Scale (VAS) for low back pain, were assessed at the 6-month, 1-year,
and 2-year follow-ups.

Results: Of 803 identified patients (mean age 66.2 years; 46.9% male), 19.6% underwent lumbar decompression
only, 14.1% underwent cervical + lumbar decompression, and 66.4% underwent conservative management
only. Baseline VAS scores were similar across all groups, but patients undergoing conservative management had
better baseline QOL scores on all other measures. Both surgical cohorts experienced significant improvements in
the VAS, PDQ, and EQ-5D at all time points; patients in the cervical + lumbar cohort also had significant im-
provement in the PHQ-9. Conservatively managed patients showed no significant improvement in QOL scores at
any follow-up interval.

Conclusion: Lumbar decompression with or without cervical decompression improves low back pain and QOL
outcomes in patients with TSS. The decision to prioritize lumbar decompression is therefore unlikely to adversely
affect long-term quality-of-life improvements.

1. Introduction between 5% and 28% of the adult population are symptomatic [3,4].

Patients classically present with a combination of the features char-

Tandem spinal stenosis (TSS) is defined as simultaneous spinal canal acteristic of cervical and lumbar stenosis, including neurogenic clau-

narrowing in two or more distinct regions, most commonly the cervical dication and compressive myelopathy [3]. Despite the relative fre-

and lumbar spine [1]. Though defined by its radiographic features, quency of this condition, studies investigating this entity are relative
which are reportedly seen in 8-60% of the general population [1,2], few [5].

Abbreviations: BMI, body mass index; EQ-5D, EuroQol 5-dimensions; ICD-9, international classification of diseases-9; MCID, minimum clinical important difference;
PDQ, pain/disability questionnaire; PHQ-9, patient health questionnaire-9; PRO, patient-reported outcome; QOL, quality of life; TSS, tandem spinal stenosis; VAS,
visual analogue scale

* Corresponding author at: Center for Spine Health, 9500 Euclid Avenue, Suite S-80, Cleveland, OH 44195, USA.

E-mail address: mrozt@ccf.org (T.E. Mroz).

https://doi.org/10.1016/j.clineuro.2019.105455

Received 15 April 2019; Received in revised form 10 July 2019; Accepted 25 July 2019
Available online 26 July 2019

0303-8467/ © 2019 Published by Elsevier B.V.


http://www.sciencedirect.com/science/journal/03038467
https://www.elsevier.com/locate/clineuro
https://doi.org/10.1016/j.clineuro.2019.105455
https://doi.org/10.1016/j.clineuro.2019.105455
mailto:mrozt@ccf.org
https://doi.org/10.1016/j.clineuro.2019.105455
http://crossmark.crossref.org/dialog/?doi=10.1016/j.clineuro.2019.105455&domain=pdf

Z. Pennington, et al.

Surgery is often indicated in symptomatic patients; however, the
question remains regarding patients with symptomatic cervical and
lumbar pathologies. Should these patients be treated using a staged or
combined approach? Prior research has demonstrated similar im-
provements in both patients treated with simultaneous decompressions
and those treated with serial decompression [6-8]. However, as TSS is
most common among the elderly, who may not be healthy enough for a
combined approach, a staged approach is often favored [3].

In patients presenting with symptoms of myelopathy, cervical de-
compression takes priority owing to the need to preserve neurological
function. Yet in non-myelopathic patients, it has been suggested that
treatment may reasonably proceed with decompression of the more
symptomatic level [3]. Some prior evidence has suggested that cervical
decompression may decrease the need for concomitant lumbar de-
compression, presumably by decompressing the ascending and des-
cending tracts of cervical cord connecting the lower cord with higher
motor and sensory centers [9]. Yet other, conflicting, evidence has
failed to document an impact of cervical decompression on the symp-
toms of the lumbar pathology, thus favoring the adoption of a staged
approach prioritizing the more symptomatic region [3,10]. To address
this, we elected to investigate quality-of-life (QOL) outcomes in neu-
rologically-intact patients presenting with the primary complaint of
lower back pain with or without radicular features. Our goal was to
determine if staged cervical and lumbar decompression resulted in
significantly better QOL outcomes compared to lumbar decompression
alone among patients with TSS and primary lumbar symptoms.

2. Materials and methods

After obtaining approval from our institutional review board, we
queried the medical records for patients seen between 2008 and 2014
for tandem spinal stenosis. Patients with TSS were screened for using
the International Classification of Diseases-9 (ICD-9) by selecting for
patients with diagnosis codes for both cervical (723.0) and lumbar
stenosis (724.01, 724.02, or 724.03). At our institution, these diagnoses
and indications are assigned based upon the primary treating surgeon,
all of whom at our center are fellowship trained. While variability and
specific exceptions exist, cervical stenosis typically was defined as
clinically significant based on a spinal canal sagittal diameter of < 10
mm [11] and lumbar stenosis by a mid-sagittal diameters < 12 mm.
[12].

The medical records of patients identified on the preliminary screen
were reviewed to verify the diagnosis of tandem spinal stenosis. We
included all patients with a definitive diagnosis of TSS and full medical
records who presented with predominant lower back or extremity
complaints. Electronic medical records were considered complete if
they contained imaging from the initial consultation, demographic in-
formation (including age, body mass index (BMI), and gender), and
treatment plan (surgery vs. non-operative management). We also ob-
tained details regarding the surgical approach, levels treated, and in-
dication for surgery. Patients were excluded if their medical charts were
incomplete, they were younger than 18 years of age, had active ma-
lignancy, had confirmed neuromuscular disease, had predominately
complaints of myelopathy or upper extremity symptoms, or had a his-
tory of spinal trauma.

Where both cervical and lumbar spine segments were thought to
benefit from decompression, cervical operations were prioritized as a
means of prophylaxis against future neurological deterioration. Lumbar
operations were generally performed 6-8 weeks following the cervical
operation to allow the patient adequate time to recover. The decision to
perform cervical operations first was based upon two-factors: 1) at least
one prior study had suggested cervical decompression may help alle-
viate lumbar symptoms [13], and 2) some case reports have suggested
that failure to treat the cervical stenosis prior to lumbar surgery may be
associated with cervical cord injury during positioning [14-17]. We
have not seen the latter to occur in our experience though.
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2.1. Patient reported outcomes

Quality of life (QOL) scores were measured using the following
patient reported outcome (PRO) measures, all of which have been
previously validated in spine patient populations: the Visual Analogue
scale (VAS) for low back pain, Pain Disability Questionnaire (PDQ)
[18], Patient Health Questionnaire-9 (PHQ-9) [19], and EuroQOL-5
Dimensions (EQ-5D) [20]. These scores were acquired through our in-
stitutional Knowledge Program (KP). The KP is an outcome assessment
tool embedded within our electronic medical record for the collection
of QOL data. These data are systematically collected in a prospective
fashion at the time of patient visits to spine health providers. Lower
scores correspond to improvement on the PHQ-9, PDQ, and VAS; higher
scores denote better performance on the EQ-5D. Patients were de-
termined to have achieved the minimum clinically important difference
using the following benchmarks established in the existing literature:
PHQ-9 (5), PDQ (26), VAS (2.1), and EQ-5D (0.1) [21,22]. Categorical
data were compared using ? tests, dichotomous data using Fisher-
Exact tests, and continuous data using Student’s t-tests and one-way
analysis of variance (ANOVA). Post-hoc analysis of ANOVA results was
performed using paired t-tests and Tukey honest significant difference.
We defined statistical significance using an a of 0.05.

3. Results

We identified 2769 patients as having TSS based on ICD-9 coding.
Of these, 1645 patients were excluded due to lack of radiographic
evidence of both cervical and lumbar stenosis, 272 patients were ex-
cluded for having predominating upper extremity complaints or having
undergone cervical decompression only, 38 patients were excluded
because they did not have QOL data for any of the predefined follow-up
timepoints, and 11 patients were excluded as the spinal stenosis was
secondary to a non-degenerative pathology (e.g. tumor). Of the re-
maining 803 patients, 157 (19.6%) received lumbar decompression
surgery only, 113 (14.1%) patients received cervical decompression
surgery followed by lumbar decompression surgery 6-8 weeks later,
and 533 (66.4%) patients received no surgery.

3.1. Demographics

The average ages of patients within the lumbar surgery only, cer-
vical and lumbar surgery, and conservative treatment cohorts were 65.7
years, 62.9 years, and 67.1 years, respectively. Patients undergoing
two-stage surgery were more commonly male (65%) than were patients
undergoing lumbar-only decompression or conservative management
(p < 0.01). There was no difference between the cohorts with respect
to BMI. Between the surgical cohorts, there were no differences be-
tween surgical approach used, clinical or radiographic indications for
surgery, or perioperative complications. The two-stage surgery group
was more likely to receive a multi-level operation compared to the
lumbar surgery only group (67% vs. 49%, respectively, p < 0.01).
(Table 1)

3.2. Quality of life outcomes

The proportion of each cohort with Follow-up QOL data at each of
the follow-up intervals were as follows (baseline, 6 months, 1 year, 2
years, respectively): lumbar (116/157 [74%], 79/157 [50%], 55/157
[35%], 39/157 [25%]), cervical and lumbar (79/113 [70%], 54/113
[48%], 42/113 [37%], 35/113 [31%]), and conservative (533/533
[100%], 153/533 [29%], 127/533 [24%], 124/533 [23%]). The con-
servatively managed cohort demonstrated significantly better baseline
QOL scores in all measurement tools other than VAS, for which there
was no significant difference between cohorts. The average pre- to
postoperative change in score for each questionnaire was (lumbar, 2-
stage, and conservative cohorts, respectively) VAS (6 month: —0.6,
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Table 1
Demographics of included patients divided by treatment regimen.
Lumbar Cervical + Lumbar Conservative p-Value

n 157 113 533 -
Age 65.7 = 9.7 62.9 = 10.6 67.1 = 11.4 < 0.01*
Male 69 (44%) 74 (65%) 234 (44%) < 0.01%
BMI 29.4 = 53 30.4 = 6.1 29.3 + 6.1 0.2
Initial Surgery
Fusion 89 (57%) 56 (50%) 0.2
Laminectomy 52 (33%) 50 (44%) 0.06
Laminotomy 16 (10%) 7 (6%) 0.2
Single-Level 80 (51%) 37 (33%) < 0.01
Multi-Level 77 (49%) 76 (67%) < 0.01
Indication for Lumbar Operation
Stenosis Only 81 (52%) 65 (58%) 0.3
+ Spondylolisthesis 56 (36%) 31 (27%) 0.2
+ Scoliosis 14 (9%) 12 (11%) 0.6
+ Spondylosis 6 (4%) 5 (4%) 0.8
Back Pain Only 7 (4%) 6 (5%) 0.7
+ Leg Pain 109 (69%) 69 (61%) 0.2
+ Leg Spondylosis 5 (3%) 3 (3%) 0.8
+ Leg Weakness 3 (2%) (4%) 0.2
Leg Pain Only 21 (13%) 19 17%) 0.4
+ Leg Weakness 6 (4%) (4%) 0.9
Leg Weakness Only 4 (3%) 2 (2%) 0.7
Leg Numbness Only 2 (1%) 5 (4%) 0.1
Complications
Durotomy 18 (11%) 9 (8%) 0.3
Infection 6 (4%) 2 (2%) 0.3
CSF Leak 2 (1%) 1 (1%) 0.8

Key: BMI - body mass index.
*p < 0.05.

-1.1, 0; 1 year: —0.8, —1.1, 0; 2 year: —1.4, —0.3, —0.1), PDQ
Functional component (6 month: —11.3, —15.8, —0.7; 1 year: —11.7,
—14.1, 0.2; 2 year: —9.5, —8.4, —0.3), PDQ Psychosocial component
(6 month: —5.7, —7.4, 0.7; 1 year: —5.8, —8.2, 0.8; 2 year: —5.3,
—3.4, —0.1), total PDQ (6 month: —17.0, —24.2, 0.1; 1 year: —17.5,
—22.2, 1.2; 2 year: —14.8, —11.8, —0.3), PHQ-9 (6 month: —1.8,
—-3.0, 0.4; 1 year: —0.3, —2.9, —0.3; 2 year: —2.3, —2.3, —0.1), and
EQ-5D (6 month: 0.135, 0.167, 0.025; 1 year: 0.107, 0.159, 0.010; 2
year: 0.080, 0.084, 0.036).

At all periods of follow-up, the lumbar decompression-only group
showed statistically significant improvement in PDQ Functional com-
ponent, PDQ Psychosocial component, total PDQ, and EQ-5D index.
The lumbar decompression-only group also demonstrated significant
improvement in VAS scores at 2-year follow-up. The group that un-
derwent staged cervical and lumbar decompression demonstrated sig-
nificant improvement in all QOL measures 6 months and 1 year post-
operatively. However, only PDQ Functional component and total PDQ
scores remained significantly improved from preoperative values at 2-
year follow-up for the 2-stage cohort. The conservatively managed
group showed no significant improvement from baseline on any QOL
measure at any follow-up period. Although the conservatively managed
cohort had better baseline QOL scores on all measurements other than
VAS, there were no differences in QOL scores between the three cohorts
at any follow-up other than for VAS scores, for which the surgical co-
horts demonstrated significantly lower scores than the conservatively
managed cohort at all follow-up intervals (Table 2).

4. Discussion

Our results illustrate that for neurologically-intact TSS patients
presenting with a primary clinical complaint of low back pain with or
without radicular symptoms, lumbar decompression-alone may provide
similar quality of life improvements relative to patients undergoing
staged cervical and lumbar decompression. In both surgical groups,

improvements on all QOLs were superior relative to the group treated
with conservative management. Additionally, none of the patients in
either group experienced an intraoperative spinal cord injury secondary
to positioning, which is a feared concern in patients with cervical spine
stenosis [16].

Teng and Papatheodorou published an early series describing the
surgical management of patients with concomitant cervical and lumbar
stenosis [23]. The authors reported a series of 12 patients, of whom 10
were treated with decompression of the cervical and lumbar spines.
Relative to those treated with conservative management alone, surgi-
cally managed patients were more likely to return to work and were in
general held to have superior neurological outcomes. Despite this, the
authors did not offer any description regarding the relative benefits of
staging the cervical and lumbar decompression surgeries, or whether
the order of decompression had an effect on outcomes.

Epstein et al were the first set of authors to compare the outcomes of
different management strategies for patients with TSS [24]. In their
series of 24 patients, the authors reported that decompression of either
level led to improvement in lower extremity symptoms. Interestingly, it
was noted that among patients undergoing staged, cervical followed by
lumbar decompression, the lumbar symptoms (i.e. lower extremity ra-
dicular pains) were generally the first to regress suggesting that com-
pression of long tracts in the cervical spine may contribute to lower
extremity symptomatology. As would be expected, lumbar decom-
pression alone did not relieve cervical symptoms, implying that cervical
decompression should be pursued first in patients with complaints lo-
calizable to both regions of stenosis.

The term “tandem spinal stenosis” was coined shortly thereafter by
Dagi et al. [3] who reported a series of 19 patients treated with TSS
using both cervical and lumbar decompression. They found patient
outcome to be inversely related to the duration of the patient’s symp-
toms at the time of surgery, though like Epstein et al. [24], they re-
ported improvement in the majority of patients. Unlike Epstein et al,
Dagi and colleagues recommended that the first surgical stage
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Table 2
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Comparison of quality of life outcomes at 6-, 12-, and 24-month outcomes between patients undergoing operative and conservative management.

Lumbar p-Value vs. Cervical + p-Value vs. Conservative p-Value p-Value Among Cohorts
Pre-Op Lumbar Pre-Op vs. Baseline

VAS Low Back
Pre-Op/Baseline 6.5 = 2.5 — 6.0 = 2.3 — 6.5 + 2.1 — 0.3
6 Month 59 + 25 0.2 49 + 23 0.04* 6.5 + 2.1 1.0 < 0.01*
1 Year 5.7 = 2.5 0.1 49 + 2.3 0.05* 6.5 = 1.9 1.0 < 0.01%
2 Year 51 = 2.6 0.01* 57 = 1.8 0.6 6.4 + 2.1 0.7 0.01*
PDQ-Functional
Pre-Op/Baseline 52.9 = 15.8 — 57.2 £ 17.2 — 43.5 + 19.5 — < 0.001*
6 Month 41.6 = 19.0 < 0.001* 41.4 = 21.2 < 0.001* 42.8 = 20.0 0.7 0.9
1 Year 41.2 = 19.9 < 0.001* 43.1 = 223 < 0.001* 43.7 = 19.0 0.9 0.7
2 Year 43.4 = 21.2 < 0.01* 48.8 = 15.3 0.01* 43.2 = 194 0.9 0.3
PDQ-Psychosocial
Pre-Op/Baseline 29.3 = 13.1 — 31.0 = 14.0 — 247 = 12.8 — < 0.001*
6 Month 23.6 £ 12.9 < 0.01* 22.6 + 14.8 < 0.01% 25.4 + 13.6 0.6 0.4
1 Year 23.5 + 13.5 < 0.01* 22.8 = 16.0 < 0.01* 25.5 = 12.7 0.5 0.4
2 Year 24.0 = 13.1 0.03* 27.6 = 13.5 0.2 24.6 = 12.9 0.9 0.4
PDQ-Total
Pre-Op/Baseline 82.2 = 26.8 — 88.2 = 29.7 — 68.1 = 30.3 — < 0.001*
6 Month 65.2 + 29.9 < 0.001* 64.0 = 33.7 < 0.001* 68.2 = 31.8 1.0 0.6
1 Year 64.7 + 31.7 < 0.001* 66.0 = 36.7 < 0.001* 69.3 + 29.9 0.7 0.6
2 Year 67.4 = 319 < 0.01* 76.4 + 26.8 0.05* 67.8 = 31.0 0.9 0.3
PHQ-9
Pre-Op/Baseline 7.9 £ 6.5 — 89 £ 7.0 — 6.8 £ 5.5 — 0.01*
6 Month 6.1 + 5.3 0.07 59 * 6.6 0.02* 7.2 £ 5.7 0.5 0.3
1 Year 7.6 = 6.0 0.8 6.0 = 5.9 0.03* 6.5 = 4.7 0.6 0.3
2 Year 56 + 4.2 0.06 6.6 + 6.2 0.1 6.7 + 5.6 0.9 0.6
EQ-5D
Pre-Op/Baseline 0.494 + 0.207 — 0.486 + 0.217 — 0.590 + 0.220 — < 0.001*
6 Month 0.629 + 0.219 < 0.001* 0.653 + 0.216 < 0.001* 0.615 + 0.228 0.2 0.6
1 Year 0.601 + 0.234 < 0.01% 0.645 = 0.207 < 0.001* 0.600 * 0.209 0.7 0.5
2 Year 0.574 + 0.201 0.04* 0.570 + 0.238 0.07 0.626 + 0.196 0.1 0.2

Key: EQ-5D - EuroQol 5-Dimensions; PDQ - pain disability questionnaire; PHQ-9 — patient health questionnaire-9; VAS - visual analogue scale.

*p-value < 0.05.
fTImprovement exceeds 1-year minimum clinically important difference.

performed should address the more symptomatic region.

It was not until 2007 however that QOL outcomes were described in
this clinical population. At that time Aydogan et al described their
experience of 8 patients with TSS [10]. They reported significant im-
provement in both neurological function — assessed using the Japanese
Orthopaedic Association (JOA) Index — and lower back complaints —
measured using the Oswestry Disability Index (ODI). Their study was
underpowered to determine if the relative ordering of the surgical
stages impacted functional outcomes, however they advocated for
cervical decompression in patients with presenting with symptoms of
myelopathy, consistent with the conclusions of Epstein et al. [24] and
others [9,25]. Similar improvements in Nurick score, modified JOA
score, and ODI score have been observed by subsequent studies using
both simultaneous and staged surgeries [5,6,26].

To our knowledge though, this is the largest series comparing short-
and long-term QOL outcomes in neurologically-intact patients with
TSS. We previously reported that among patients with TSS who are
clinically myelopathic, cervical decompression alone can produce
functional outcomes similar or superior to treatment with both cervical
and lumbar decompression [27]. Similarly, in the present study, we
found that for non-myelopathic patients with a clinical picture domi-
nated by lower back and extremity symptoms, lumbar decompression
alone provides equivalent QOL outcomes to surgery at both cervical and
lumbar locations. These results are also consistent with the findings of
Dagi et al. [3], who endorsed prioritizing the more symptomatic level.
It does contrast with the treatment algorithm proposed by Luo et al. [9]
and Yamada et al. [8] who found that when prioritizing lumbar de-
compression based on the severity of symptoms, functional outcomes
were worse and patients required a second, cervical decompression.

Both sets of authors concluded that this likely stemmed from the fact
that the baseline lumbar symptoms in these patients were derived from
a combination of the cervical and lumbar spondylotic changes. Unlike
our study though, Yamada et al did not report excluding patients with
upper extremity neurological findings at baseline. As a result, our po-
pulation may have had lower extremity symptoms that are more purely
derived from their lumbar stenosis.

4.1. Limitations

Limitations of this study include the large number of patients lost to
follow-up and retrospective nature of the analysis. Loss to follow-up
increases the risk that statistical outliers bias the findings. The retro-
spective nature similarly limits our findings by preventing us from de-
termining the reasons for early patient dropout. It is possible that pa-
tients with poorer outcomes selectively dropped out, artificially
inflating the improvements seen in one or all three groups. Another
limitation stems from the fact that our study focused solely on patients
treated at a single tertiary-care institution. Patients reaching our center
often have more extensive medical comorbidities and poorer overall
health, the metric that the EQ-5D attempts to assess. As a result, the
QOL changes seen here may not be generalizable to all patients with
TSS. Regardless, this is both the largest population of clinically- and
radiographically-confirmed cases of TSS, and the largest study ex-
amining QOL outcomes in patients receiving lumbar decompression for
TSS. This study may help inform providers and patients of the expected
quality of life outcomes following lumbar decompression for TSS as
well as the relative benefit of including cervical decompression in pa-
tients with lumbar-predominant complaints.
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5. Conclusion

This study represents the largest study examining functional out-
comes in patients treated for tandem spinal stenosis. We find that both
lumbar-only and combined cervical + lumbar decompression produce
significant improvements in long-term QOL outcomes relative to con-
servative management. Additionally, in neurologically-intact patients
with a primary complaint of low back or lower extremity pain, lumbar
decompression alone produces similar or superior functional outcomes
to combined cervical + lumbar decompression. We therefore re-
commend considering staged surgical decompression prioritizing the
lumbar region in patients with TSS and lumbar-predominant com-
plaints. In the absence of persistent symptoms or the appearance of
clinical signs localizable to the cervical region, patients may not require
an additional surgical decompression. Further prospective and multi-
center studies are needed to validate these findings.
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