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Purpose: Although degenerative lumbar spinal stenosis (LSS) is increasingly being diag-

nosed in older people, there is much uncertainty about the appropriate operative treatment

options. The objective of this study was to compare the outcome of percutaneous endoscopic

lumbar decompression (PELD) versus fenestration for lumbar lateral recess stenosis (LRS) in

geriatric patients over 75 years old.

Materials and methods: This prospective controlled study was performed on 46 con-

secutive over aged patients with lateral recess stenosis who underwent either PELD or

fenestration. Clinical data were recorded before, 1 week, 3 months and 1.5 years after

surgery using visual analog scale (VAS), Japanese Orthopaedic Association Score (JOA),

The Short-Form-36 (SF-36), and the modified Macnab evaluation criteria.

Results: The patients’ mean age was 82.7 years (aged 75–93 years) in PELD group and 79.1

years (aged 75–88 years) in fenestration group. No statistical difference was found between

PELD group and fenestration group with regards to VAS-back pain, VAS-leg pain, JOA and

at 3 months and 1.5-year follow-up. However, the PELD group had a lower mean VAS for

back pain at 1 week postoperatively (P<0.05). The quality of life in PELD group

achieved the same remarkable improvement as fenestration group (P>0.05). Operative time

(min) was similar between two groups (p>0.05), while the PELD techniques brought

advantages in blood loss (mL) (48.3 vs 128.2, p<0.05), early ambulation (h) (5.5 vs 25.2,

p<0.05), and anesthesia-related complications.

Conclusion: Both PELD and fenestration showed favorable clinical outcomes for the treatment

of lumbar lateral recess stenosis. In addition, PELD had advantages such as reduced traumatiza-

tion and less anesthesia-related complications. In terms of quality of life and complications after

operation, PELD under local anesthesia could be an efficient supplement to conventional

decompression surgery in geriatric patients with lumbar lateral recess stenosis.

Keywords: geriatric patients, lumbar lateral recess stenosis, percutaneous endoscopic

lumbar decompression, PELD, minimally invasive

Introduction
Degenerative lumbar spinal stenosis (DLSS) is caused by degenerative changes of

the intervertebral disc, facet joints or ligaments, which primarily affect the elderly

population.1,2 The clinical manifestations are frequently reported as neurogenic

intermittent claudication or sciatica with or without low back pain3 resulting in

a much stronger negative impact on health-related quality of life.4 With aging of the

population, orthopedists are now increasingly confronted with lumbar spinal
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stenosis in the elderly. These elderly patients usually have

a long history of pain and dysfunction, poor conservative

treatment results, and severe symptoms since lumbar

spinal stenosis is a slowly progressive degenerative pro-

cess which deteriorates with aging.5

Symptomatic patients with ineffective conservative

treatment require surgical treatment. Conventional lami-

nectomy is effective. However, it involves removal of the

dorsal structure of spine and is thus considered to promote

iatrogenic instability.6 Meanwhile, it requires internal fixa-

tion and fusion which could be associated with increased

risks of major complications (e.g., acute myocardial

infarct, respiratory failure, pneumonia), higher infection

rates, and internal fixation failure (e.g., screw loosening

and cage sinking) in the elderly.7

Fenestration, also referred to as laminotomy, was

described by Kida et al in 1980 in Japan and Getty et al8 in

1981 in the United Kingdom. It involves partial undercutting

facetectomy and partial laminectomy and can preserve spinal

stability without instrumented spinal fusion by maintaining

posterior ligamentous complex.8 Encouraging results of this

less-invasive decompression for lumbar spinal stenosis have

been reported by various authors.9–11 Nowadays, fenestration

is widely performed by many surgeons and is favored as an

alternative to laminectomy.12 Nevertheless, for elderly

patients with systemic comorbidities, conducting fenestra-

tion under general anesthesia can still be a challenge.

In the past decade, minimally invasive surgery

has developed rapidly. With the improvements in surgical

techniques, optical equipment and surgical instruments,

the cutting edge of spinal endoscopy of PELD has shifted

from treatment of soft disc herniation to management of

osseous lumbar spinal stenosis.13–15 Although high surgi-

cal satisfaction rates have been reported in some

literature,13,15 the technique is still controversial in the

treatment of lumbar spinal stenosis due to low quality of

the studies16 and relatively limited range of decompression

of endoscope interventions.

At present, there appears to be a trend away from more

aggressive (laminectomy) to more selective techniques since

decompression surgery plus fusion surgery may not result in

better clinical outcomes than decompression operation alone

for treatment of lumbar spinal stenosis.17 Therefore, we

report a 1.5-year prospective follow-up study comparing

the effects of two stability-preserving decompression tech-

niques, PELD with twice foraminoplasty and fenestration,

for the surgical treatment of lumbar lateral recess stenosis in

the elderly (over 75 years old).

Materials and Methods
Participants
This prospective study was conducted involving 46 conse-

cutive patients undergoing lumbar decompression surgery at

a single institution between October 2015 toMarch 2017. All

the participants provided written informed consent to parti-

cipate in the study. This study was approved by the ethics

review boards of Shanghai Renji Hospital and was per-

formed in accordance with the Declaration of Helsinki.

Patients who were scheduled to undergo lumbar

decompression surgery with a history of predominant uni-

lateral leg pain and lumbar recess stenosis verified by

magnetic resonance imaging (MRI) or computed tomogra-

phy (CT) were eligible. Single-level decompression was

included. Flexion–extension radiographic views were used

for determining radiographic instability. Nerve block was

used to help in determining the interest segment. Since the

main benefit of these two decompressive operations was to

relieve pain of “root” origin and the cause of low back

pain was varied in each individual patient, patients were

firmly told that the relief of back pain after decompression

was a bonus. All operations were completed by one sur-

geon with more than 5 years surgical experience.

The patients were assigned randomly to fenestration

group (Group 1) or PELD group (Group 2) at ratio of 1:1

and were selected to compared with the inclusion criteria:

1. 75 years of age or older;

2. a diagnosis of predominant foraminal/lateral recess

stenosis based on clinical history, physical examina-

tion and imaging studies such as CT or MRI;

3. clinical syndrome predominantly characterized by

unilateral lumbar radicular symptoms (lower extre-

mity pain, numbness or intermittent claudication)

without severe back pain;

4. failure of nonoperative treatment for at least 6

months and disabling lifestyle alteration.

And the exclusion criteria:

1. lumbar instability in dynamic radiographs: transla-

tion greater than 3 mm or changes in angulation

greater than 10° at 1 motion segment on the lateral

flexion and extension;

2. pathological conditions such as lumbar infection,

tumor or fracture;

3. a history of previous lumbar surgery.
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Surgical Procedure
Group 1 patients underwent decompression operation by

fenestration technique as previously described.8,18 In brief,

a posterior midline incision was made centered over the

spinal level of interest. Then the paravertebral muscles

were split and retracted laterally to the outer edge of the

facet joint. Next, medial undercutting facetectomy was

performed followed by removing of adjacent lamina mar-

gin and its ligamentum flavum. A minimum of 50% of the

structure of a facet joint should be preserved to prevent

iatrogenic spinal instability finally.

For Group 2, a 0.8 cm incision was made 12–14 cm from

the posterior middle line which is farther than the distance of

a typical transforaminal approach for the convenience of

dorsal decompression. Then the foraminoplasty was per-

formed by cutting off anterior lateral of superior articular

process (SAP). After placing the working cannula along the

guide wire, a secondary extended foraminoplasty was con-

ducted by removing ventral inferior portion of the SAP.

Finally, a full-scale nerve root decompression was accom-

plished by removing the hypertrophied facet joints and liga-

mentum flavum on the dorsal side and hypertrophied

posterior longitudinal ligaments (PLL), extruded disc mate-

rial and osteophytes on the ventral side until the nerve

showed pulsations with the heart rate.

Group 1's procedure was performed after induction of

general anesthesia, while Group 2's was conducted under

local anesthesia. Both groups received intravenous flurbi-

profen axetil (50 mg) daily for postoperative analgesia.

Clinical Evaluation and Follow-Up
Neurological function and pain status were evaluated

using the Japanese Orthopaedic Association Score (JOA)

and visual analog scale (VAS, the lowest, 0, represents “no

pain” and the highest, 10, represents “worst pain imagin-

able”) preoperatively and at 1 week, 3 months, 1.5 years

postoperatively. In addition, surgical satisfaction rates

were assessed by using the modified Macnab evaluation

criteria and health-related quality of life was measured

with 36-Item Short Form Health Survey (SF-36) at the

final follow-up.

Sample Size
We calculated that a minimum of 20 patients in each group

would be required for the trial to have 80% power to detect

a difference in the VAS for leg pain (primary outcome

measures) of at least 1.6 between the treatment groups at

a significance level of 0.05. We chose a difference of 1.6

since a decrease in the VAS for the leg pain score of 1.6 had

been reported in previous literature to indicate minimal clini-

cally important difference after lumbar spine surgery.19 On

the assumption of 15% rate of loss to follow-up, the rando-

mization was stopped at 46 patients, since more than 20

patients would have been included in each group.

Statistical Analysis
Statistical analyses were performed with SPSS software

(SPSS Inc, Chicago, IL, USA). Paired t-test and indepen-

dent samples t-test were applied for the comparison of the

clinical results in the PELD group and fenestration group.

Enumeration data were analyzed using chi-squared test.

A value of P<0.05 was considered significant.

Results
Wekept in contact with a total of 45 patients (22 in fenestration

group and 23 in PELD group) throughout the follow-up. The

follow-up rate was 97.8% since 1 patient in fenestration group

died of a myocardial infarction in the first year of follow-up.

Demographic data were summarized in Table 1. Baseline

characteristics were remarkably similar in the two groups.

Table 1 Patient Demographics and Operative Characteristics in

PELD Group and Fenestration Group

Characteristic PELD Fenestration p

Age (y), mean (range) 82.7 (75–93) 79.1 (75–88) 0.435

Gender (n/%) 0.894

Female 10 (43.5) 10 (45.5)

Male 13 (56.5) 12 (54.5)

BMI 23.2±4.2 25.4±5.3 0.593

Operative level 0.699

L3/4 2 1

L4/5 12 14

L5/S1 9 7

Comorbid diseases (n/%)

Hypertension 13 (56.5) 10 (45.5)

Diabetes mellitus 5 (21.7) 6 (27.3)

Heart disease 8 (34.8) 6 (27.3)

Cerebrovascular infarction 2 (8.7) 3 (13.6)

Respiratory diseases 4 (17.4) 2 (9.1)

Renal/Ureteral disease 3 (13.0) 2 (9.1)

Peripheral vascular disease 2 (8.7) 2 (9.1)

Neoplasia 2 (8.7) 1 (4.5)

Anxiety neurosis 1 (4.3) 0 (0.0)

Mean number of comorbid

diseases

1.7 1.5
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Perioperative data, including operative time, blood

loss, time until ambulation, and hospital stay time were

recorded. No significant between-group differences were

found in operative time (P > 0.05). However, PELD had

advantages in blood loss (mL) (48.3 vs 128.2, p<0.05),

early ambulation (h) (5.5 vs 25.2, p<0.05), and hospitali-

zation (d) (2.2 vs 4.3, p<0.05) (Table 2).

The trends in VAS scores and JOA in PELD group

were similar to those in the fenestration group (Figure 1).

No significant difference in the mean VAS for back pain,

VAS for leg pain and JOA scores was found between these

groups preoperatively and at 3 months and 18 months after

surgery, while VAS for back pain in PELD group was

superior to that in fenestration group at 1 week after

surgery (3.7±0.7 vs 4.5±0.9, <0.05). In addition, we

found a similar long-lasting improvement in quality of

life after both PELD and fenestration in the majority of

patients (Figure 2). The outcomes of modified Macnab

criteria were shown in Figure 3. Good-to-excellent rate

was 82.6% in PELD group and 86.4% in fenestration

group at the final review.

With regard to complications, there was 1 case of dural

tear during nerve decompression in each group. In the

PELD group, the dural lesion was covered with a dural

graft matrix without a suture after decompressive manipula-

tion and stopping the irrigation. Primary suturing was con-

ducted to repair dura in the fenestration group. In addition,

2 cases of postoperative delirium were observed for several

days but were fully reversible in fenestration group.

A thorough nerve root decompression, by removing the

dorsal partial hypertrophied facet joint and ligament fla-

vum and ventral extruded disc, was displayed on cross-

sectional CT or MRI films (Figures 4 and 5).

Discussion
A one and a half-year follow-up was conducted to

evaluate and compare the safety and curative effect of

PELD and fenestration in geriatric patients with lumber

recess stenosis. From this research, we found that

patients suffered hugely with regard to pain, function

and quality of life in both groups. Although no signifi-

cant difference was found in clinical results between

PELD and fenestration groups, the PELD techniques

brought advantages in terms of less trauma, faster recov-

ery, and less postoperative anesthesia-related complica-

tions from our own experience.

Anatomically, the spinal canal consists of two main

regions, central and nerve root canal. The latter is a funnel-

shaped tunnel in which the nerve root travels downwards

and laterally from the lateral aspect of the dural sac, and

connects the intraspinal space and the extraspinal space.

Vital et al20 divided the nerve root canal into retrodiscal,

parapedicular (the lateral recess per se), and foraminal part.

Similarly, Lee et al21 classified the lateral lumber spinal

canal into three zones: entrance zone, mid zone, and exit

zone. This lateral area of the spinal canal is subjected to

pathological alterations. Various stenotic lesions at any site

of it can cause radicular symptoms such as lower extremity

pain, paresthesia or intermittent claudication. Therefore, it is

very important to identify the sites and factors (osseous and/

or soft tissue elements) of nerve root compression before

the operation.

The goal of the operation is to decompress the “incarcer-

ated” nerve root, and one of the major causes of surgical

failure is represented by the residual radicular pain as well

which is usually induced by remnants left around the nerve

root. In order to complete full course of the entire traversing

nerve root, the anatomic limitation at foramen must be bro-

ken. In our study, accordingly, a secondary foraminoplasty,

undercutting of the ventral inferior portion of the SAP, was

performed in addition to the anterior lateral removal of the

upper articular process, which allowed comfortable access to

the parapedicular pathologic lesion.

In this study, there were no statistical differences in

improvements in average VAS-back pain scores, VAS-leg

pain scores, JOA scores and SF-36 between PELD group

and fenestration group except that VAS-back pain in PELD

group was less than in fenestration group at 1 week after

surgery. Also, ambulation of patients was earlier in PELD

group. This may be because the patients in PELD group

experienced less damage to bone tissue and paravertebral

Table 2 General Clinical Results in the PELD Group and

Fenestration Group

Outcome

Measure

PELD (n=23),

Mean (Range)

Fenestration

(n=22), Mean

(Range)

p

Operative time

(min)

65.7 (45.0–85.0) 61.8 (50.0–75.0) 0.196

Bleeding quantity

(mL)

48.3 (40.0–60.0) 128.2 (95.0–150.0) <0.05

Length of stay (d) 2.2 (1.0–3.0) 4.3 (3.0–6.0) <0.05

Hours until

ambulation (h)

5.5 (2.0–12.0) 25.2 (20.0–38.0) <0.05
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muscles. Furthermore, the clinical results in our study are

comparable to those of other published studies of open decom-

pression surgery patients (Table 3).22–26

For PELD, the foraminal area was identified on the pos-

terior-anterior image under the guidance of the fluoroscopic

C-arm. By using trephine and an endoscopic drill, the surgeon

can quickly cut off the partial hypertrophied SAP and osteo-

phytes using video monitors which can provide clear surgical

field through continuous irrigation. Since elderly patients

usually have a more complicated pathological structure due

to the long clinical course and scar adhesion, the operator

should be careful in operative procedure, avoiding any
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Figure 1 Clinical outcomes before and after endoscopic decompression at different follow-up time points in PELD group and fenestration group. (A) Visual analog scale

(VAS) scores for back pain. (B) VAS scores for leg pain. (C) Japanese Orthopaedic Association Score (JOA) scores.
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damage to nerve root or cauda equina. In the current study,

there were no other procedure-related complications except 1

case of small dural tear in PELD group.

The biggest advantage of PELD over other operations for

elderly patients is that it can be performed under local anesthe-

sia. For the elderly patient, the age-related changes in homeo-

static mechanisms alter both the pharmacokinetics and

pharmacodynamics inside patients’ system,27 which

increases patients’ sensitivity to anesthetics and predispose

patients to postoperative delirium (POD) and postoperative

cognitive dysfunction (POCD).28 However, with the develop-

ment of anesthesiology and improvement of surgical devices,

one thing should be pointed out, that is, the vast majority of

elderly patients without significant morbidity could withstand

laminectomy or laminotomy and expect a clinically

Modified Macnab criteria in fenestra�on group
A B

Excellent

good

fair

poor

Excellent

good

fair

poor

Modified Macnab criteria in PELD group

Figure 3 Satisfaction rates according to the modified Macnab criteria in PELD group (A) and fenestration group (B) at the final review (18 months) post-surgery.

A

B

Figure 4 An 81-year-old female patient with lumbar lateral recess stenosis (LRS)

who received PELD. (A) Preoperative magnetic resonance images (MRI) showing

severe lateral recess stenosis with LRS at the left L4-5 level (yellow arrowhead). (B)
Postoperative MRI showing a thorough nerve decompression (yellow arrowhead).

A

B

Figure 5 A 76-year-old male patient with lumbar lateral recess stenosis (LRS) who

received fenestration. (A) Preoperative computed tomography (CT) images showing

severe lateral recess stenosis with LRS at the left L4-5 level (yellow arrowhead). (B)
Postoperative CT images showing a thorough nerve decompression (yellow arrowhead).
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meaningful improvement.29,30 Therefore, we believe that the

method of operation should be decided on individually in each

case and determined by both patients and surgeons.

Accordingly, PELD is just an alternative to the conventional

approach.

In the present study, we compared the outcome of PELD

and fenestration for lumbar lateral recess stenosis in geriatric

patients over 75 years of age. Carefully selected patients

obtained good clinical results from both groups during the 18

months follow-up. Reoperation due to recurrent symptoms that

suggested insufficient decompression or emerging load-

dependent back pain that indicated postoperative instability

was not required in either group. At the same time, there are

still some limitations in this study: first, although PELD

demonstrated short-term potential, long-term follow-up is

needed to confirm the long-term efficacy. Second, the sample

included in this study was small, owing to the relatively strict

inclusion criteria. Third, we have no data of standing full-

length spine radiographs as the sagittal spinal alignment

affected the outcome of patients undergoing decompression

surgery for lumbar canal stenosis.

Conclusion
Both PELD and fenestration showed favorable clinical out-

comes for the treatment of lumbar lateral recess stenosis in

elderly patients. In terms of clinical effect and complications

after operation, PELD procedure under local anesthesia can be

considered as a supplement to conventional decompression

surgery, especially for elderly patients with comorbidities.

Attention should be paid to long-term biomechanical changes

and clinical results after PELD.
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