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Abstract

Purpose Lumbar spinal stenosis in the presence of

degenerative spondylolisthesis is generally treated by

means of surgery. The role of lumbar decompression

without fusion is not clear. Therefore, the aim of this study

was to assess whether patients who undergo decompression

alone have a favourable outcome without the need for a

subsequent fusion.

Methods This is a prospective cohort study with single

blinding of 83 consecutive patients with lumbar stenosis

and degenerative spondylolisthesis treated by decompres-

sion, without fusion, using a spinous process osteotomy.

Blinded observers collected pre- and post-operative

Oswestry Disability Index (ODI), EuroQol Five Dimen-

sions (EQ-5D), and visual analogue scale (VAS) for back

and leg pain scores prospectively. Failures for this study

were those patients who required a subsequent lumbar

fusion procedure at the decompressed levels. Statistical

analysis was performed using paired t test and Mann–

Whitney test.

Results There were 36 males and 47 females with a mean

age of 66 years (range 35–82). The mean follow-up was

36 months (range 19–48 months). The mean pre-operative

ODI, EQ-5D, and VAS scores were 52 [standard deviation

(SD) 18], 0.25 (SD 0.30), and 61 (SD 22), respectively. All

mean scores improved post-operatively to 38 (SD 23), 0.54

(SD 0.34) and 36 (SD 27), respectively. There was a sta-

tistically significant improvement in all scores

(p B 0.0001). Nine patients (11 %) required a subsequent

fusion procedure and five patients (6 %) required revision

decompression surgery alone.

Conclusion Our study’s results show that a lumbar

decompression procedure without arthrodesis in a consec-

utive cohort of patients with lumbar spinal stenosis with

degenerative spondylolisthesis had a significant post-op-

erative improvement in ODI, EQ-5D, and VAS. The rate of

post-operative instability and subsequent fusion is not high.

Only one in 10 patients in this group ended up needing a

subsequent fusion at a mean follow-up of 36 months,

indicating that fusion is not always necessary in these

patients.

Keywords Lumbar spinal stenosis � Degenerative

spondylolisthesis � Decompression � Fusion

Introduction

In the case of lumbar spinal stenosis (LSS) with degener-

ative spondylolisthesis (DS), the Spine Patient Outcomes

Research Trial (SPORT) studies support operative over

nonsurgical management [1, 2]. However, the literature is

not clear as to which surgical technique is the best course

of action; in particular, whether an arthrodesis should be

added to the procedure. Some state that a fusion should be

combined with a lumbar decompression in the setting of a

DS [3–5]. Post-operative spinal instability is a major con-

cern surgeons have when performing decompression alone

in the presence of DS. Greater intervertebral disc height
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[6–8], higher body mass index [6], motion at the spondy-

lolisthesis of more than 1.25 mm, and facet angle greater

than 50� [7] have been mentioned in the literature as risk

factors for the same segment disease (SSD) at the operated

level following decompression alone. Others believe that a

simultaneous arthrodesis is not required [9–13]; clinical

outcomes have not always correlated with radiological

findings in these degenerative spine patients [14, 15] and

fusing these patients does not seem to improve outcomes

[16].

If decompression alone is first done in patients with LSS

and DS, how many patients actually end up needing a

fusion? Sato et al. [6] have tried to answer this question,

but their study suffers from selection and indication bias,

besides being a retrospective study. Different decompres-

sion techniques may also have different outcomes. The

primary aim of our study was to answer this question for

our patients, so that we can guide them better in the sur-

gical consent process. We have also evaluated the clinical

outcome of this cohort of patients.

Methods

This is a prospective cohort study with single blinding. The

study was done at a single UK tertiary referral centre with

an aim of evaluating the outcome of decompression alone

in patients with LSS due to DS. To avoid recruitment and

selection bias, it was decided that surgeons participating in

the study would agree to perform a decompression surgery

alone, and no fusions, in a consecutive group of patients

with LSS due to DS. Those surgeons who did not agree (i.e.

wanted to fuse some patients) were excluded, leaving only

two senior authors (BSB and DCJ) in the study. Between

2010 and 2013, 83 consecutive patients with LSS and DS,

as coming through their outpatient clinics, underwent

lumbar decompression surgery without arthrodesis. All

patients with LSS but no degenerative olisthesis were

excluded. No patients were lost to follow up in this study,

and the minimum follow-up was 18 months. The hospital

outcome centre team, who had no contact with the surgical

or treating team, did the collection of outcome data pre-

operatively and post-operatively.

Patients were considered surgical candidates if they had

neurogenic claudication or radiculopathy significantly

limiting their activities of daily living, and after failure of

non-operative measures. Surgery was indicated on the basis

of leg pain being worse than back pain; if back pain was

the worst problem, no surgery was offered, in line with the

policy adopted by all the surgeons in the department. These

patients were managed by injections and physiotherapy,

and offered surgery only when leg pain overtook the back

pain in severity.

The diagnosis of LSS and DS was confirmed on cross-

sectional imaging using magnetic resonance imaging

(MRI) and standing radiographs. In suspected cases, flex-

ion–extension radiographs were also used to rule out an

olisthesis if standing radiographs were normal and MRI

images showed significant facet effusions. The measure-

ment of the extent of the olisthesis slip was done on mid-

sagittal imaging MRI cuts, or on radiographs, and the size

had to be at least 4 mm for the definition of DS to be met.

This is similar to parameters used in other reports studying

DS patients [9, 13]. The degree of lumbar intervertebral

disc degeneration as classified by Pfirrman et al. [17] was

done on mid-sagittal MRI slices.

The operative procedure consisted of single or multi-

level lumbar decompression using a spinous process

osteotomy to gain access. This approach involves dissect-

ing muscles only on one side of the involved spinous

processes, keeping the other side intact, and then per-

forming an osteotomy at the base of spinous processes and

reflecting the spinous process along with the opposite intact

muscle groups to the other side to get a good bilateral view.

Subsequently a laminotomy, flavectomy, and partial medial

inferior facetectomy were done on both sides to gain access

to the central canal, followed by superior facetectomy up to

the pedicle, and superior undercutting to clear the lateral

recess and foramina. This approach allows a good

decompression across both sides without compromising

stability. Complete laminectomy was not performed in any

patient. The same approach was used regardless of the

degree of stability, and a bilateral decompression was done

in every case, even if symptoms were unilateral.

Primary outcome measures were the Oswestry Disabil-

ity Index (ODI), EuroQol Five Dimensions (EQ-5D), and

visual analogue scale (VAS) for back and leg pain. These

data were obtained from questionnaires completed by

patients at baseline, and prospectively collected and anal-

ysed at final follow-up by blinded observers. Minimal

clinically important difference (MCID) after spine surgery

for the ODI [18, 19], EQ-5D [20], and VAS scores [21] was

taken as 10, 0.17, and 14 points, respectively.

Clinical assessment was done 3 months post-operatively

and then at 18 months, with further follow-up appoint-

ments as needed. Patients had to have a minimum follow-

up of 18 months to be included in the study. Patients own

estimation of walking distance, post-operative medical and

surgical complications were recorded. If any patient had

persistent pain (back and/or leg), further imaging (radio-

graphs and MRI) was done to record if their DS had

worsened. Any patients needing further operations at the

affected site, or adjacent levels, and the reasons for the

reoperation were recorded.

Failures for this study were those patients who required

a subsequent lumbar fusion procedure at the decompressed
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levels. It was taken that these patients may have benefited

from having an arthrodesis at the index procedure.

Statistical analysis was performed using paired t-test

(ODI scores) and Mann–Whitney test (EQ-5D and VAS

scores) to compare the differences in the mean of the

outcome scores from prior to and after surgery. A p value

of less than 0.05 was accepted as showing statistical sig-

nificance. Higher scores in the ODI and VAS, and lower

scores in EQ-5D indicate more severe symptoms. Analysis

was also carried out on demographical, radiological and

clinical factors that may influence subsequent fusion rates.

These included age, gender, the grade of olisthesis, the

amount of slip, Pfirrman grade, the number of levels

decompressed, and the post-operative ODI, EQ-5D, and

VAS scores. Again, statistical analysis was performed

using paired t-test, Mann–Whitney test, and Chi-squared

test, and a p value of less than 0.05 was accepted as

showing statistical significance. The estimated walking

distance from pre-operative to post-operative was repre-

sented by the degree of improvement (better, no change or

worse).

Results

The mean follow-up was 36 months (range 19–48 months).

The study population comprised of 36 males and 47

females with a mean age of 66 years (range 35–82 years).

The majority (86 %) of the spondylolisthesis were Mey-

erding grade one with the remaining 12 patients being

grade two. The mean pre-operative slip was calculated at

5.4 mm (range 4–13 mm). Lumbar intervertebral disc

degeneration (Pfirrman grading) was present in the fol-

lowing numbers of patients: I = zero, II = one, III = 17,

IV = 29 and V = 36 (mean = 4.2). Seventy-one percent

of patients had a one or two level lumbar decompression,

and three or more spinal levels were decompressed in 29 %

of patients.

The mean pre-operative ODI, EQ-5D, and VAS scores

were 52 [standard deviation (SD) 18], 0.25 (SD 0.30), and

61 (SD 22), respectively. All mean scores improved post-

operatively to 38 (SD 23), 0.54 (SD 0.34), and 36 (SD 27),

respectively. There was a statistically significant

improvement in all outcome scores (p B 0.0001). Also,

this improvement in mean scores bettered the MCID for the

three outcome measures. Patients’ estimated walking dis-

tance and improvement in ambulation had become better in

82 % of cases, with only one patient describing worsening

of their mobility.

With regard to the primary aim of the study, nine

patients (11 %) required a subsequent fusion procedure and

five patients (6 %) required revision decompression sur-

gery alone. Indications for fusion were back pain only

(five), back and leg pain (two), leg pain only (one), and

lumbar vertebral body fracture following a fall (one).

Excluding the patient who had revision surgery for a

fracture, the total failure rate for patients requiring a fusion

in this group was 10 % (eight out of 83).

Of the potential correlating factors, patients who

underwent a subsequent fusion procedure had a mean 1.3

(SD 0.5) number of levels decompressed at their initial

operation compared with 2.1 (SD 0.9) for those who did

not undergo fusion. This was statistically significant with a

p value of 0.0139 (see Table 1). Also, the post-operative

VAS score was significantly greater for those patients who

required a lumbar fusion [mean 55.8 (SD 27.6)] than those

who did not [mean 33.1 (SD 26.4)], p = 0.0204 (see

Table 2). There was no difference in all the other corre-

lating factors comparing patients that were fused and those

that were not.

There were three CSF leaks intra-operatively, which

were repaired successfully at the time of surgery. Five

patients (6 %) developed post-operative medical

complications.

Discussion

Our results show that a lumbar decompression procedure

without arthrodesis in a consecutive cohort of patients with

LSS and DS had a significant post-operative improvement

in ODI, EQ-5D, and VAS. Only one in 10 patients in this

group ended up needing an arthrodesis at a mean follow-up

of 36 months, indicating that fusion is not always

necessary.

There is ample proof in the literature that surgery in

patients with LSS is better than non-operative care [22, 23].

The surgeries mentioned in the literature for this condition

can broadly be divided into some form of decompression

alone, or decompression combined with an arthrodesis. The

results of the Swedish Spine Registry by Forsth et al. [9]

involving 5390 LSS patients support statistically significant

improvement with both these surgical groups, with no

difference between the two. Katz et al. [11] had similar

results in a prospective multicentre observational study of

272 patients.

Others have tried to address the specific issue of surgery

in patients with DS and LSS. Forsth et al. [9] in the same

article reporting on 1306 patients with LSS and DS found

no differences between decompression alone and decom-

pression with arthrodesis at a final follow-up of 24 months.

Sigmundsson et al. [10] used Swespine to report on 1624

patients with L4/5 stenosis and olisthesis and found that

adding a fusion did not result in a significant difference in

back pain or leg pain at the 2-year follow-up mark. Similar

results were found in a smaller study [13]. Other studies
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[3, 24] have found much better results with an arthrodesis

with decompression as compared with decompression

alone. These results have been supported by a randomised

controlled trial [5]. Turner et al. [16] clearly mention the

importance of splitting DS and LSS with LSS alone.

Pearson et al. [25] found no differences at baseline between

these groups, but better results with surgery in patients with

DS.

It is interesting to note that only 21 % of all LSS

surgeries mentioned in the Swedish spine registry involve

fusions [9], as opposed to 79 % that have decompression

alone; in a group of LSS with DS, however, the split is

50–50. Pearson et al. [25] report that 94 % of patients with

DS and LSS in their study were fused as opposed to 11 %

in LSS group. Surgeons, therefore, differ in their approach

to treating with DS with LSS with regards to adding a

fusion. Rompe et al. [12] found that the technique of

undercutting decompression made a difference to the out-

come, and was better than decompression and fusion.

There is a lack of clarity about the type of decompression

used in some series; laminectomy is mentioned by some

[3, 24] but no clear description of its extent. A complete

laminectomy is likely to result in instability and this lack of

clarity makes it difficult to compare results form different

series. Deyo et al. [26] have reported clear problems

associated with arthrodesis, both in terms of morbidity and

revision surgery; others have reported problems with

adjacent segment disease [27–30]. Novel techniques to

surgically treat these degenerative spinal conditions have

also been tried [31, 32]. Lee et al. [31] found improved

clinical outcomes when adding non-fusion dynamic sta-

bilisation to the decompression, and Anekstein et al. [32]

showed decompression with total facet joint replacement

had clinical success and radiological stability at long-term

follow-up.

It is, therefore, critical, in our view, for surgeons to

evaluate the results of their own decompression technique

in this group of patients (LSS with DS). Our patients

routinely ask whether it is necessary to do a more com-

plicated operation instead of a simpler one, keeping in

Table 1 Analysis of the

influence of demographical,

radiological, and clinical factors

on subsequent spinal fusion

rates

Patients requiring spinal fusion Patients not requiring spinal fusion p

Number of patients Number of patients

Gender

Male 3 33 0.4723

Female 6 41

Grade of olisthesis

1 8 63 0.8704

2 1 11

Mean ± SD, median (range) Mean ± SD, median (range)

Age (years)

62.2 ± 10.8, 60.7 (49.4–79.7) 65.9 ± 10.3, 67.5 (35.1–81.7) 0.3144

Pfirmann’s score

4.6 ± 0.7, 5 (3–5) 4.1 ± 0.8, 4 (2–5) 0.1353

Olisthesis slip (mm)

6.1 ± 2.9, 5 (4–13) 5.35 ± 2.6, 5 (4–13) 0.288

Levels decompressed

1.3 ± 0.5, 1 (1–2) 2.1 ± 0.9, 2 (1–4) 0.0139

Table 2 Analysis of the

influence of post-operative

outcome scores on subsequent

spinal fusion rates

Patients requiring spinal fusion Patients not requiring spinal fusion p

Mean ± SD, median (range) Mean ± SD, median (range)

Post-op ODI score

43.3 ± 19.1, 39 (22–82) 36.7 ± 24.4, 35.6 (0–86) 0.5213

Post-op VAS score

55.8 ± 27.6, 67.5 (5–80) 33.1 ± 26.4, 30 (0–90) 0.0204

Post-op EQ-5D score

0.4 ± 0.5, 0.5 (-0.5 to 0.8) 0.6 ± 0.3, 0.7 (-0.3 to 1) 0.7308
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mind the possible complications, longer recovery and risk

of further surgery. The results of our study have helped us

in counselling our patients better; that only one in 10

patients with this condition will end up needing a fusion at

a mean follow-up of 3 years, and the others would be able

to avoid a more complicated procedure. Moreover, Man-

nion et al. [33] have developed criteria for determining the

suitability for surgical treatment in DS patients. This may

well be the way forward in the future considering the

scrutiny that is placed on failed spinal surgery and that

patient selection is crucial for its success.

We also found that multilevel decompressions (more than

two levels) are unlikely to end up needing an arthrodesis.

Smorgick et al. [34] found that fusing more levels in this

group of patients is accompanied by more complications. It is

highly likely that the process of degeneration is quite

advanced in this group of patients, with more loss of disc

height at multiple levels resulting in more stiffness. This

could also explain why all our patients that ended up getting a

fusion had grade 1 olisthesis. The only patient that needed a

fusion in grade 2 olisthesis patients was the one who had a

fracture from a fall. Pearson et al. [14] reported improved

results in conservatively managed DS patients with

increased flexibility on pre-operative flexion–extension

radiographs compared with those with a smaller amount of

mobility. The findings from their cohort study imply that

there is no clear relationship between the degree of radio-

graphic instability and patients’ clinical outcomes.

The complication rates in our series are in line with

those reported in the literature. The CSF leak rates in these

studies are similar to ours of 4 %. Revision decompression

was needed on 6 % in our series, not dissimilar to other

series [9]. The reasons for fusion were mainly related to

worsening of back pain (five out of eight patients); wors-

ening of leg pain resulting in fusion was seen in only three

patients. These risks from a decompression alone have to

be balanced against the morbidity of longer operating time

in this older group of patients with medical comorbidities,

which could lead to substantial systemic problems that

could even lead to death [26, 35].

There are limitations to our study. First, our sample size

is small compared with registry studies and multicentre

trials. However, our study has no loss to follow up and does

not suffer from any selection or recruitment bias, with data

collected by blinded observers. Second, we have not used

standing flexion–extension radiographic views for deter-

mining instability. We have been thorough in including

everyone with an olisthesis, and have carefully studied the

longstanding approach in our institution of primarily

decompressing these patients, regardless of the presence of

instability. A recent study [36] has revealed that the pres-

ence of a standing radiograph and supine MRI is enough to

diagnose instability; and flexion–extension radiographs

offer no added benefit. Other authors have looked at vari-

ous factors affecting surgical outcome in this group of

patients, and flexion–extension instability, greater disc

height and facet angle more than 50�, has been reported by

Blumenthal et al. [7]. Sato et al. [6] found that the same

segment disease-related reoperations were affected by high

BMI and disc height, and adjacent segment disease reop-

erations affected by male gender and facet degeneration.

They, however, did not find flexion–extension instability as

a significant factor. We have never considered flexion–

extension related micro-instability as a significant factor,

and thus, it has not been used to differentiate between LSS

and DS patients in our series. Last, this is a relatively short-

term follow-up study with a mean of three years. Deyo

et al. [26] clearly mention that results with time differ in

decompression patients as opposed to those who have

simple or complex arthrodesis. Most of the reoperations for

decompression are performed in the first 2 years, as

opposed to the risk of reoperations for simple arthrodesis,

which gets worse with time over 4 years. Sato et al. [6]

report that reoperation rate for decompression alone is

highest in the short- and long-term for SSD, but a closer

analysis of their reoperations reveals that the risk is higher

in the first 3 years, and the risk for reoperation is no dif-

ferent in the two groups (decompression or decompression

and fusion), once the patient survives 3 years (six failed

between 3 and 6 years in the fusion group, and seven failed

in the decompression alone group). We, therefore, believe

that our mean follow-up of 36 months is adequate to

comment on the aims of our study.

In conclusion, this prospective cohort single blinded

study shows that decompression alone (laminotomy with

spinous process osteotomy) for LSS in the setting of DS

has good clinical results. The rate of post-operative insta-

bility and subsequent fusion is not high with only 10 % of

patients needing a subsequent fusion at a mean follow-up

of 3 years. We believe, therefore, that fusion is not nec-

essary in every patient undergoing decompression surgery

for LSS with DS.
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