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Abstract

We report a series of patients operated for one or multilevel lumbar spinal stenosis (with and
without spondylolisthesis) using the minimal invasive bilateral interlaminar decompression.
We discuss our results, comparing this procedure (from a technical point of view) with the mus-
cle-preserving interlaminar decompression (MILD) and the unilateral approach for bilateral
decompression (ULBD). Clinical and outcome data of 62 consecutive patients were reviewed,
using the Visual Analogue Scale for both low back pain (LBP) and legs pain and the Oswestry
Disability Index (ODI) for the degree of disability. Mean age was 68.88 + 9.54 years and mean
follow-up (FU) was 16.38 + 11.12 months. A statistically significant improvement of LBP, legs
pain and ODI was globally observed. At latest FU, patients with multilevel lumbar spinal stenosis
significantly improved all scores and patients with spondylolisthesis significantly decreased
their disability. No major complications occurred. Two cerebrospinal fluid (CSF) collections
were treated conservatively. No wound infection occurred. No progression of spondylolisthesis
was observed. No reoperation was needed. Although efficacious in patients with lumbar spinal
stenosis, MILD and ULBD can have both some limitations. MILD has been found to decrease
lumbar function in multilevel decompression (increasing sagittal translation and lumbar lor-
dosis probably due to the removal of half of the spinous processes) and ULBD shows some dis-
advantages due to the difficulty of manipulating instruments through a small portal and the in-
adequate decompression due to a minimal exposure. The minimal invasive bilateral interlami-
nar decompression (in this technique, the access is bilateral but the supraspinous and inters-
pinous ligaments and the spinous processes are preserved) allows wide access (bilateral expo-
sure) with minimal invasiveness and very low morbidity in patients with lumbar spinal stenosis
at one or more levels.
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1. Introduction

Symptomatic lumbar spinal stenosis is the most common condition leading to decompressive surgery. The most
common technique is open laminectomy [1]-[3], which has been shown to improve quality-of-life outcomes
compared to conservative therapy [4]-[6]. Nonetheless, this procedure can be associated to iatrogenic instability
requiring reoperation to perform lumbar fusion by instrumentation [7]. Minimal invasive procedures such as the
muscle-preserving interlaminar decompression (MILD) [8] and the unilateral approach for bilateral decompres-
sion (ULBD) [9] have been reported in the literature [10]-[12] as alternative techniques for lumbar spinal steno-
sis decompression. These techniques are both efficacious to treat patients with single level spinal stenosis [11].
Moreover, in a recent randomized trial [12] and in a recent systematic review [13], it has been evidenced that
ULBD is as effective as open laminectomy in improving clinical functional outcome, with the additional bene-
fits of a significantly greater decrease in pain, postoperative recovery time, time to mobilization and opioid use.
Nonetheless, both the minimal invasive approaches have some limitations. MILD has been found to increase
sagittal translation and lumbar lordosis in multilevel decompression, probably due to the removal of half of the
spinous processes [10] and ULBD can show some disadvantages such as the difficulty of manipulating instru-
ments through a small portal and the inadequate decompression due to a minimal exposure [12]. Here we report
the results of a series of patients operated at one or multilevel lumbar spinal stenosis (with and without spondy-
lolisthesis), using the minimal invasive bilateral interlaminar decompression [14], in which the access was bilat-
eral but the supraspinous and interspinous ligaments and the spinous processes were preserved. We also discuss
our results taking into account the pertinent literature.

2. Methods
2.1. Patients

We retrospectively reviewed clinical and outcome data of 62 consecutive patients (31 M, 31 F) submitted to mi-
nimal invasive bilateral interlaminar decompression for the treatment of lumbar spinal stenosis at one or more
levels, from September 2011 to April 2015, at the Institute of Neurosurgery, Catholic University, Rome. All pa-
tients signed a written informed consent. The mean age was 68.88 + 9.54 years. The mean follow-up (FU) was
16.38 = 11.12 months. All patients had no previous lumbar spine operation and complained of lumbar/legs pain
and/or neurogenic claudication unresponsive to conservative (physical and medical) treatment for at least 1 year,
with a magnetic resonance imaging (MRI), showing a lumbar spinal stenosis at one or more levels. Patients with
an associated spondylolisthesis grade | were included in this study. Patients were submitted pre-operatively and
at FU to lumbar spine MRI and X-ray (anterior-posterior, lateral neutral and lateral flexion/extension projec-
tions). The changes about pain were assessed using the Visual Analogue Scale (VAS) for both low back pain
(LBP) and legs pain. The Oswestry Disability Index (ODI) was used to evaluate the degree of disability of these
patients. All scores were evaluated pre-operatively, one day post-operatively and at latest FU for each patient.
Statistical comparison of continuous variables and ordinal variables was performed by the t-Student test and by
Wilcoxon signed rank test, as appropriate.

2.2. Surgical Technique [14]

Under general anesthesia and in prone position, the correct level of surgery was confirmed using intraoperative
imaging. A midline skin incision was made to expose the fascia. Fascia was incised bilaterally with the supra-
and interspinous ligaments and the spinous processes preserved. The paraspinous muscles were stripped on both
sides from the laminae and the capsules of the facet joints. Under microscopic view, a little rim of bone from the
caudal aspect of the cranial lamina and the cranial aspect of the caudal lamina was removed, thereby creating a
larger interlaminar space. The ligamentum flavum was removed bilaterally, and the spinal recess subsequently
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was opened bilaterally by undercutting minimal portions of the medial facet joints. At the end of the procedure,
the dural sac and the nerve root were decompressed bilaterally. Two illustrative cases are presented in Figure 1
and Figure 2.

3. Results

Clinical and outcome data of patients are summarized in Table 1. We globally found a statistically significant
improvement of post-operative LBP compared to pre-operative (VAS; pre-operative 7.24 + 2.62, post-operative
3.96 £ 2.26; p < 0.0001; Figure 3). At FU LBP (VAS; 2.75 + 2.95; Figure 3) was significantly reduced com-
pared to pre-operative (p < 0.0001) and post-operative (p = 0.0002). Post-operative legs pain was also signifi-
cantly improved compared to pre-operative (VAS; pre-operative 8.08 + 1.95, post-operative 3.88 + 2.38; p <
0.0001; Figure 4). At FU, legs pain (VAS; 2.80 + 3.26, Figure 4) was significantly decreased compared to
pre-operative (p < 0.0001) and post-operative (p = 0.0007). Considering the degree of disability we observed a

Figure 1. (A) Pre-operative T2-weighted sagittal spinal lumbar MRI of a 65 year-old man with a L3-L4 and L4-L5 stenosis.
The patient was submitted to bilateral interlaminar decompression at these levels. (B) One year FU T2-weighted sagittal spi-
nal lumbar MRI showing the optimal decompression of dural sac and nerve roots.

.(_i; A 5 \
Figure 2. (A) Pre-operative T2-weighted sagittal spinal lumbar MRI of a 60 year-old woman with a L4-L5 stenosis and

spondylolisthesis. The patient was submitted to bilateral interlaminar decompression at this level. (B) One year FU T2-
weighted sagittal spinal lumbar MRI showing the optimal decompression of dural sac and nerve roots with no progression of

spondylolisthesis.
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Table 1. Clinical and outcome data of 62 patients submitted to minimal inva-
sive bilateral interlaminar decompression for lumbar spinal stenosis, from
September 2011 to April 2015, at Catholic University, Rome.

Patients 62
Sex (M/F) 31/31
Mean age (years) 68.88 £ 9.54
Level number (1/2/3/4) 23/28/10/1
Spondylolisthesis (Yes/Not) 7/55
Low back pain VAS
Pre-operative 7.24 £2.62
Post-operative 3.96 £2.26
At follow-up 2.75+£295
Legs pain VAS
Pre-operative 8.08£1.95
Post-operative 3.88+2.38
At follow-up 2.80£3.26
Oswestry Disability Index (%)
Pre-operative 59.03+11.98
Post-operative 22.64+17.61
At follow-up 16.51+ 16.24
Mean follow-up (months) 16.38 £ 11.12
104 Low back pain VAS
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Figure 3. Bar graph. Pre-operative, post-operative and follow-up (FU) low back pain VAS of 62 patients submitted to bila-
teral interlaminar decompression for lumbar spinal stenosis showing the statistically significant improvement of VAS at lat-
est FU. Error bars indicate deviation standard.

10 |
0 Legs VAS

pre-operative post-operative at FU

Figure 4. Bar graph. Pre-operative, post-operative and follow-up (FU) legs pain VAS of 62 patients submitted to bilateral
interlaminar decompression for lumbar spinal stenosis showing the statistically significant improvement of VAS at latest FU.

Error bars indicate deviation standard.
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statistically significant improvement of post-operative ODI compared to pre-operative (%; pre-operative 59.03 +
11.98, post-operative 22.64 + 17.61; p < 0.0001; Figure 5). The ODI at FU (%; 16.51 + 16.24; Figure 5) was
significantly better than pre-operative (p < 0.0001) and post-operative (p < 0.0001). At latest FU patients operat-
ed at more than one level experienced a statistically significant improvement of low back pain (VAS; pre-operative
7.38 £ 2.54, at FU 3.15 + 3.03; p < 0.0001) legs pain (VAS; pre-operative 8.12 + 2.00, at FU 3.05 + 3.34; p <
0.0001) and ODI (%; pre-operative 61.12 + 11.12, at FU 17.53 + 16.69; p < 0.0001) with no differences com-
pared to patients operated at one level. Patients with spondylolisthesis experienced a statistically significant im-
provement of their disability at latest FU (ODI; %; pre-operative 59.71 + 15.07, at FU 26.28 + 22.28; p = 0.0178).
Mean operation length was 116.93 + 39.42 minutes (89.13 + 35.85 and 133.33 £ 31.73 minutes for one level and
more than one level, respectively). No major complications occurred post-operatively and at FU. Two cerebros-
pinal fluid (CSF) collections were treated conservatively and resolved in one week. No wound infection oc-
curred. At latest FU, no progression of spondylolisthesis was observed. No reoperation was needed.

4. Discussion

Lumbar spinal stenosis can cause progressive neurogenic claudication, radicular pain, and weakness. In multiple
randomized and nonrandomized trials, it has been evidenced that, when symptoms are present, surgical decom-
pression can improve quality-of-life outcomes [4]-[6]. However, there is no consensus about the optimal surgic-
al technique. The most common approach is an open laminectomy with medial facetectomy and foraminotomy
[1]-[3], which provides wide decompression but involves wide muscle retraction and extensive removal of post-
erior spinal structures, which can lead to lumbar instability [15]. Indeed, a recent systematic review established
that iatrogenic spondylolisthesis following laminectomy is a common condition often requiring reoperation for
the instability [7]. Thus lumbar fusion with instrumentation is commonly used following decompression for
stenosis associated with spondylolisthesis [16]. Nonetheless, instrumentation has been associated to a number of
complications such as increase of low back pain, fracture of the vertebral body and the pedicle, pedicle screw
loosening and adjacent segment degeneration [17]. There is evidence that fusion may increase the biomechanical
stress imposed on the adjacent segments, leading to overload disease [18] and requiring secondary spine surgery
for lumbar adjacent instability [19]. To overcome these problems, minimal invasive procedures have been re-
ported in the literature [10]-[14]. The most common minimal invasive approaches are: the muscle-preserving
interlaminar decompression (MILD), introduced by Hatta et al. [8] and the unilateral approach for bilateral de-
compression (ULBD), reported by Spetzger et al. [9]. Briefly, in the first procedure [8], the supraspinous liga-
ment is longitudinally split down the middle, and both the caudal part of the upper adjacent spinous process and
the cranial part of the lower adjacent spinous process are exposed by detaching the supraspinous ligament. The
exposed portions of the spinous processes are removed with the cranial third of the lower adjacent lamina, to
free the caudal margin of the ligamentum flavum. After partial laminotomy of the caudal half of the upper adja-
cent lamina, a dome-like expansion is performed by removing the inner laminar plate to the extent that the cra-
nial margin of the ligamentum flavum is freed. The bilateral facet joint is undercut to expose the lateral margin of
the ligamentum flavum, that is then easily removed. In the ULBD technique [9], the supraspinous and interspinous
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Figure 5. Bar graph. Pre-operative, post-operative and follow-up (FU) ODI of 62 patients submitted to bilateral interlaminar
decompression for lumbar spinal stenosis showing the statistically significant improvement of ODI at latest FU. Error bars

indicate deviation standard.
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ligaments are preserved during the surgical procedure and the spine is usually approached from the most symp-
tomatic side. After the paraspinal muscles are dissected from the midline, the interlaminar space is exposed.
Under microscopic view, laminotomy is performed by removing a portion of the superior and inferior lamina at
the segment, as well as a small portion of the medial facet. The ligamentum flavum and its bony attachments are
removed to expose the dural sac. After the first laminotomy is performed on one side, the deep cortical surface
of the contralateral lamina is undercut, and drilling is extended to the contralateral lateral recess, permitting the
removal of the ligamentum flavum. It has been reported the usefulness of both procedures to treat patients with
single level spinal stenosis [11]. In a recent prospective study, in patients with multilevel decompression, UBLD
was found superior to MILD in term of low back pain and lumbar function (increased sagittal translation and
lumbar lordosis in MILD compared to UBLD, probably due to the removal of half of the spinous processes in
the MILD) [10]. Nonetheless, Mobbs et al. [12] reported that UBLD can have some disadvantages such as the
difficulty of manipulating instruments through a small portal (resulting in a more significant dural sac retraction
and a higher possibility of dural tears) and the higher recurrence and reoperation rates due to minimal exposure,
leading to inadequate decompression [12]. The minimal invasive bilateral interlaminar decompression [14] al-
lows wide access (bilateral exposure) with minimal invasiveness (the supra- and interspinous ligaments and the
spinous processes are preserved). In our study we found a statistically significant improvement of all clinical
parameters at FU with a very low morbidity. This data is particularly significant, taking into account that the
majority of our population was composed of elderly patients (58.06% of patients with age > 70 years and
32.25% of patients with age > 75 years). Moreover we observed no progression of spondylolisthesis and no need
of reoperation at latest FU.

5. Conclusion

Our study has some limitations due to the retrospective nature of data. Nonetheless, we think that this technique
provides good results in terms of wide exposure and minimal invasiveness with very low morbidity in patients
with lumbar spinal stenosis at one or more levels.
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