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Introduction

Lumbar spinal stenosis (LSS) is a common degenerative
condition that occurs in the spine with increasing age. It is
caused by degeneration of the intervertebral disk and hyper-
trophy of the facet joints and ligamentum flavum. Clinically,
LSS causes a progressive reduction in walking auto-
nomy and can be associated with acute or chronic signs of

radiculopathy, resulting in a poor quality of life and impaired
functional capacity.1–4

Nonoperative therapies such as steroidal or nonsteroidal
anti-inflammatory drugs, analgesics, and physical therapy can
be prescribed initially and provide some benefits,5 but when
symptoms become disabling, surgical treatment is the best
option. Decompressive laminectomy or laminotomy are the
standard treatmentswithgoodclinical outcomes reported.6–12
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Abstract Background and Objective Lumbar spinal stenosis (LSS) is a common degenerative
condition that occurs in the spine with increasing age. Clinically, LSS causes a
progressive reduction in walking autonomy, resulting in a poor quality of life and
impaired functional capacity. The aim of this study was to evaluate the clinical outcome
and quality of life of elderly patients presenting with LSS and associated comorbidities
after a 5-year follow-up who were treated with an interspinous process device (IPD).
Material andMethods Sixty patients > 75 years of age presenting with symptomatic
degenerative LSS were included. All were treated with an IPD under local anesthesia.
American Society of Anesthesiology score, Zurich Claudication Questionnaire, and
Short Form 36 were evaluated pre- and postoperatively and at the follow-up visit each
year for 5 years.
Results The mean surgery time while under local anesthesia was 20 minutes. Forty-
eight patients were followed for 5 years. Significant clinical improvements in all
outcome scores (p < 0.05) both postoperatively or at follow-up were found.
Conclusions IPD seems to be an effective and safe treatment for LSS in elderly
patients with general comorbidities. In our study, all followed up patients had a
meaningful improvement of their quality of life even at 5 years after surgery.
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In the past decade, interspinous process devices (IPDs) have
been used more commonly to treat LSS. IPDs, which can be
insertedusingaminimally invasiveprocedure, allowdistraction
of the interlaminar yellow ligament with a consequent indirect
opening of the interspace and neural foramens.13–15 The final
effect of this ligamentotaxis is the central decompression of the
dural sac and the intraforaminal part of the nerve roots, with
improvement of symptoms and preservation of lumbar spine
stability, which may be lost in cases of laminoarthrectomy.

Compared with standard open surgery, this minimally
invasive procedure is the best indication in cases of mono-
segment central stenosis and/or foraminal stenosis, which is
mainly caused by yellow ligament hypertrophy. In cases of
severe spondylosis or facet hypertrophy with stenosis of the
lateral recess, mobile ormore than grade 1 spondylolisthesis,
or in patients with obesity, IPDs are generally not indicated.

Nevertheless, IPDs may offer great advantages in selected
cases compared with standard open surgery. The procedure
can be performedunder local anesthesia, the operating time is
significantly reduced, and there is no risk of neural injury.
Furthermore, the anatomical structures, except for the inter-
spinous ligament, are spared.16–19 These characteristics may
make IPDanoptionforelderlypatientswithsignificantgeneral
comorbidities.

The aim of this study was to evaluate the long-term
clinical outcomes and quality of life of elderly patients
with LSS who underwent minimally invasive surgery with
IPD implantation for degenerative lumbar stenosis.

Materials and Methods

Between January 2008 and December 2010, 60 consecutive
elderly patients > 75 years of age, with radiologic mild or
moderate and symptomatic central LSS, presenting with
intermittent claudication with a significant reduction in
walking autonomy, lower back pain typically relieved by
lumbar flexion, with or without radicular extension and
numbness, were included.

Patients with grade II to IV spondylolisthesis, frank in-
stability demonstrated with dynamic radiographs, degen-
erative sagittal deformity with lumbar segmental kyphosis,
severe LSS, active oncologic systemic disease, severe osteo-
porosis (T score � 3), or previous spinal surgery with fusion
were excluded.

Allpatientsunderwentpreoperativeneurologicassessments
including American Society of Anesthesiologists (ASA) score,
and clinical outcomes were assessed with the Zurich Claudica-
tion Questionnaire (ZCQ) and Short Form 36 (SF-36).20–23

All patients underwent IPD implantationwhile under local
anesthesia. The patient was placed in a prone position, the
spinousprocessesof the involvedsegmentswereexposedwith
the aid of intraoperative fluoroscopy through a small median
posterior incision, and the IPD was positioned. The X-STOP
(Medtronic, Memphis, Tennessee, United States) was used in
22 cases, the BacJac (Pioneer Surgical Technology, Inc.,
Marquette, Michigan, United States) was used in 25 cases,
and the Impala (SIGNUS Medizintechnik GmbH, Alzenau,
Germany) in 13 cases.

Evaluations of general and neurologic conditions, ASA
score, ZCQ, and SF-36 were collected pre- and postopera-
tively, and after long-term follow-up (mean time: 52months;
range: 24–64 months).The clinical outcomes were analyzed,
and statistical analyses were performed using SPSS v.15
software (Chicago, Illinois, United States). A p value < 0.05
was considered statistically significant.

Results

The mean patient age was 80.1 years (range: 75–86 years).
There were 36 women and 24 men. Based on the ASA
classification, six patients (10%) were assigned grade 2; 38
patients (63.3%), grade 3; and 16 patients (26.7%), grade
4.►Table 1 summarizes all patients’medical records includ-
ing clinical and radiologic data.

The L4–L5 level was involved in 48 patients (80%)
(►Fig. 1), L3–L4 in 10 patients (16.7%), L5–S1 in 9 patients
(15%), and L2–L3 in 5 patients (8.3%); 12 patients (20%)
underwent implantation of two devices. All procedures
were performed under local anesthesia. The mean surgery
time was 20 minutes (range: 18–30 minutes). No blood
transfusions were needed. All patients were discharged on
the same day as the procedure or the day after.

Intraoperative fracture of the spinous process occurred in
two patients (3.3%); in such cases, the procedurewas aborted
and patients underwent laminotomy under general anesthe-
sia in a second operation, after having signed an informed

Table 1 Patients’ characteristics

N Range

Sex (%)

M 24 (40)

F 36 (60)

Age, y 80.1 75–86

ASA (%)

1 –

2 6 (10)

3 38 (63.3)

4 16 (26.7)

IPD (%)

Single level 48 (80)

Two levels 12 (20)

Level (%)

L2–L3 5 (8.3)

L3–L4 10 (16.7)

L4–L5 48 (80)

L5–S1 9 (15)

Surgical data

Operative time, min 20 18–30

Abbreviations: ASA, American Anesthesiologist Association (score);
F, female; IPD, interspinous process device; M, male.
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consent for the higher risk of complications due to the
general anesthesia. Patients who experienced an intraopera-
tive fracture were excluded from the follow-up study. Peri-
operative complications occurred in three patients; one had
a subcutaneous blood collection, and two experienced
superficial skin infections. All were treated successfully.

Four patients were excluded from the study because they
died 18, 23, 24, and 32 months after the procedure of
cardiovascular disease such as heart failure, stroke, and
respiratory distress. Causes of death were not related to
spinal surgery or to their degenerative spine disease.

At the latest follow-up (mean time: 58 months; range:
52–66 months), no complications such as dislocation or
rupture of the devices or deep infections had occurred.

►Fig. 2 lists the results of the SF-36 questionnaire. During
the early follow-up, patients improved up to 7.9 points on the
physical scale compared with the preoperative score, with a
slight decrease to 40.1 points at the late follow-up (p < 0.05).
The best score on the psychological scale was 56.7, with a
decrease at later follow-up visits that improved up to 7.9
points compared with the preoperative status (p < 0.05).
Results of the ZCQ questionnaires (►Fig. 3) demonstrated
significant improvement in symptom severity, physical func-
tion, and patient satisfaction at the latest follow-up visit.

Discussion

Spinal degenerative stenosis typically affects elderly patients.
These patients usually present with severe comorbidities that
are considered risk factors for poor outcomes after laminect-
omy.24–28 Furthermore, poor general condition or diseases
involving cardiopulmonary function can impede surgery

Fig. 1 (a, b) Sagittal and axial T2-weighted magnetic resonance
imaging (MRI) scans showing L4–L5 lumbar degenerative stenosis in
an 87-year-old patient. (c, d) Sagittal and axial T2-weighted
postoperative MRI scans demonstrating the opening of the lumbar
canal, mainly due to the ligamentotaxis of the yellow ligament.

Preopera�ve 6 mo 12 mo 36 mo 60 mo
physical 38.1 46.2 45.9 42.8 40.1
psychological 32.5 56.7 55.2 49.1 44.5

0

10

20

30

40

50

60

SF-36

Fig. 2 Results of Short Form 36 (SF-36) questionnaire (physical and
psychological scale) preoperatively and at follow-up (6, 12, 36, and 60
months) (p < 0.05).

Fig. 3 Results of Physical Function Scale, Symptom Severity Scale,
and Satisfaction Scale of the Zurich Claudication Questionnaire (ZCQ)
preoperatively and at follow-up (6, 12, 36, and 60months) (p < 0.05).
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performed under general anesthesia. In such patients, conser-
vative treatment is generally preferred as the first choice but is
not always effective, especially in cases with persistent
and worsening symptoms such as severe intermittent
claudication.6–9

Minimally invasive approaches have been proposed in the
literature as the main treatment for degenerative lumbar
stenosis in elderly patients to minimize the risk of complica-
tions, especially in patients with severe comorbidities.29 In
our series, 26.7% of patients presented an ASA score of 4.
Although blood pressure and oxygenation can be more
tightly controlled in patients under general anesthesia com-
pared with local anesthesia, particularly with patients in the
prone position, in our experience, patients with significant
impairment of cardiopulmonary function tolerate better a
fast surgical procedure with local anesthesia. Furthermore,
avoiding general anesthesia reduces duration of hospital stay
and costs.30,31 Insertion of an IPD is a fast and safe procedure
that can be performed under local anesthesia and requires
only a minor skin incision and muscle retraction.

From a biomechanical standpoint, IPDs can achieve in-
direct decompression of the dural sac by ligamentotaxis of
the yellow ligament, attained through distraction of the
posterior elements.13–15 Although the results in terms of
an anatomical opening in the spinal canal cannot be com-
pared with those obtained by open surgery, significant
clinical and functional improvement can be achieved.

In the literature there have been criticisms about IPD use
regarding a possible “kyphotic” effect of lumbar segments
due to the distraction of the posterior elements. The reck-
less use of IPDs for all degenerative lumbar diseases is
probably the cause of the reported failures.32,33 Patients
with both frank instability or severe spondylolisthesis, or
sagittal segmental deformity, as in our series, are not
suitable for an IPD.

Several studies demonstrated that when it is the correct
choice, IPDs are as safe and effective as laminectomy to treat
degenerative spines in elderly patients.33,34 Furthermore,
the literature confirms better outcomes with IPDs, even
over the long term, comparedwith conservative treatment.35

We believe IPDs should be used in elderly patients with
mono- or bisegmental stenosis due to yellow ligament
hypertrophy who have severe comorbidities that put them
at risk for general perioperative procedures. Our treatment
protocol is based on a minimally invasive one-day surgery
performed under local anesthesia. The aim of this minimally
invasive approach is to relieve the neurologic symptoms that
are typical of degenerative conditions and to reestablish the
patient’s autonomy, enabling them to walk an acceptable
distance without being exposed to the risks related to
surgery under general anesthesia.

Our results demonstrate that good clinical outcomes can
be achieved after 6 months and later follow-ups as assessed
by the ZCQ and SF-36 questionnaires. No surgery-related
complications were recorded, even in patients with severe
comorbidities (i.e., high ASA score). The results of the latest
follow-up in terms of clinical outcomes and quality of life
have confirmed that IPDs are safe and should always be

considered an alternative treatment for LSS in elderly
patients with severe comorbidities.

Possible complications of IPDs reported in the literature
include subsidence, spinous process fracture, adjacent seg-
ment degeneration, persistence of symptoms, and infec-
tions; cost effectiveness is also reported.36–40 In our series,
two patients had a spinous process fracture during the IPD
implantation procedure that was facilitated by severe osteo-
porosis or ossification of the interspinous ligaments, which
narrows the interspinous space and impedes implantation of
the IPD. Interestingly, no patients in the present series
presented a postoperative mobilization of their IPD and
spinous process fracture. A critical point to avoid such
complications should be the choice of the correct IPD size
IPD during implantation.

Two patients presented with superficial wound infec-
tions that were related to severe diabetes, and two other
patients who complained of persistent symptoms after IPD
implantation underwent a laminotomy and laminectomy,
respectively, after 12 and 14 weeks, respectively. In these
cases, the spinal stenosis was more lateral and associated
with articular facet hypertrophy; therefore, the indication
for an IPD implant was not totally correct. Nevertheless, the
devices were easily removed, and a standard surgical ap-
proach to decompress the neural elements was easily
completed.

Interestingly, unlike theliterature, our seriesdidnot include
cases of unsuccessful treatment, and we did not perform any
second surgeries via an open standard access. Such results
seem due to our strict criteria of patients. We did not perform
treatment on patients with the following clinical background:
grade II to IV spondylolisthesis and instability demonstrated
with dynamic radiographs, degenerative sagittal deformity
with lumbar segmental kyphosis, severe LSS, active systematic
oncologic disease, severe osteoporosis (T score � 3), or pre-
vious spinal surgery with fusion. Furthermore, the choice of
the correct size of IPD seems to be a critical point to avoid poor
results in term of neurologic recovery and spinous process
fractures.41

Different randomized controlled trials have compared
IPDs with laminectomy or laminotomy. These studies con-
cluded that both techniques are appropriate for the treat-
ment of LSS.16–19 Although IPDs have different advantages
(shorter operation time, less blood loss, shorter hospital
stay), they have higher reintervention rates compared with
decompressive surgery.39,40 Nevertheless, in our experi-
ence, given a careful selection of patients, IPDs can be
considered an effective alternative to the standard surgical
approach.

Conclusions

Our results demonstrate that implantation of IPDs is an
effective and safe minimally invasive procedure for treating
mono- or bisegmental degenerative lumbar stenosis in
elderly patients presenting with severe comorbidities. Rigid
inclusion and exclusion criteria seem to be critical factors to
obtain good results in such a group of patients.
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