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Purpose: Percutancous transforaminal endoscopic decompression (PTED) is an ultra-mini-
mally invasive surgical option for patients that does not involve the same amount of
destabilizing facet joint removal as a traditional laminectomy. The objective of this study
was to describe the procedure of PTED under local anesthesia for geriatric patients with
central spinal stenosis and degenerative lumbar spondylolisthesis (CSS-DLS).

Materials and Methods: From January 2016 to December 2018, 30 consecutive geriatric
patients who underwent surgery for single-level CSS-DLS were retrospectively reviewed. All
patients were followed for at least 12 months (12-24 months). The visual analog scale (VAS)
scores, Oswestry disability index (ODI) scores and modified MacNab criteria were used to
evaluate the clinical results.

Results: The mean age was 73.1+6.0 years. Follow-up ranged from 12 to 36 months. The
mean+SD values of the preoperative VAS for leg pain and ODI were 7.4+1.0 and 67.2+8.4,
respectively. The values improved to 2.2+1.1 and 19.9+8.1 at 12 months postoperatively. The
outcomes of the modified MacNab criteria showed that 93.3% of patients obtained a good-to-
excellent rate. The percent slippage of spondylolisthesis before surgery (13.8+2.5%) and at
the end of follow-up (14.0+£2.5%) was not significantly different.

Conclusion: PTED under local anesthesia could be a useful supplement to traditional
decompression in geriatric patients with CSS-DLS.

Keywords: percutaneous transforaminal endoscopic decompression, degenerative lumbar
spondylolisthesis, central spinal stenosis, geriatric patients

Introduction

DLS, a common spinal disorder, is used to describe slippage of an upper vertebra
on the inferior vertebra with an intact neural arch. This pathologic disorder leads to
CSS, mainly due to the superior endplate of the inferior vertebral body.' Due to the
compression of the cauda equina and nerve roots, patients often present with signs
and symptoms consistent with neurogenic claudication and radiculopathy. The
clinical effects of CSS are magnified by the presence of degenerative slippage
that further narrows the central spinal canal. When conservative treatment thor-
oughly fails, surgical treatment is considered.”
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Traditionally, decompression with instrumented fusion
procedures has been performed for patients with neurogenic
claudication and nerve root compression. Ghogawala et al®
concluded that among patients with DLS, the addition of
fusion was associated with significant improvements in qual-
ity of life compared with decompression alone. However,
Forsth et al* concluded that the addition of fusion did not
result in additional benefits for patients with DLS. The nat-
ural disease course suggests that DLS does not always lead to
instability in patients who have probably reached a stabiliza-
tion phase and spontaneous fusion.”

PTED, a minimally invasive technique, is preferred by
patients with lumbar degenerative diseases worldwide.®
Compared with traditional decompression, PTED has
many advantages: a faster recovery, less trauma, lower
costs, a higher percentage of patient satisfaction, and a
reduced rate of anesthesia-related morbidity.” Most impor-
tantly, PTED can preserve the posterior ligament complex
(PLC) and other biomechanical structures.® The natural
course of CSS-DLS suggests that spontaneous fusion can
be achieved in geriatric patients.” Therefore, PTED has no
impact on instability and should not influence the natural
course of CSS-DLS.

Some surgeons’ have achieved satisfying outcomes by
using the PTED technique in patients with unilateral neu-
rogenic claudication and radiculopathy who have lumbar
spinal stenosis and low-grade DLS. However, to the best
of our knowledge, no published studies have included
patients with bilateral leg pain or neurogenic claudication.
The objective of this study was to describe the procedure
of PTED for geriatric CSS-DLS.

Materials and Methods

General Information

From January 2016 to December 2018, 30 consecutive
patients underwent surgery for single-level CSS-DLS.
The inclusion criteria were as follows: 1) a diagnosis of
predominant low-grade DLS based on clinical symptoms,
physical examination results and imaging studies; 2) fail-
ure of conservative treatment for at least three months; 3)
bilateral leg symptoms (intermittent claudication, lower
extremity pain, or numbness) without severe back pain;
and 4) an age of 65 years or older. The exclusion criteria
were as follows: 1) segmental instability on preoperative
dynamic radiographs; 2) mainly back pain symptoms; 3) a
history of previous lumbar surgery; and 4) pathological
conditions such as tumor, trauma, or infection. The

preoperative demographic characteristics, perioperative
outcomes and clinical outcomes were recorded.

Surgical Procedure

The surgical procedure included three steps: 1) foramino-
plasty: removal of the ligamentum flavum (LF) and the
ventral elements on the superior articular process (SAP);
2) discectomy: removal of the posterior longitudinal liga-
ment, perineural scar, and extruded lumbar disc material,
and 3) resection of the superior endplate of the inferior
vertebral body.

To open the patient’s disc, a soft roll was placed under the
waist after the patient was placed in the lateral decubitus
position on the radiolucent table. The entry point was located
at the more severe symptomatic side and was 1-3 cm above the
iliac crest and 8—12 cm from the midline horizontally. A total of
20 mL of 2% lidocaine combined with 30 mL of 1:200,000
epinephrine was used during the procedure. 1): The skin was
infiltrated with 5 mL of mixed local anesthetic, and a 25-G
needle was inserted to anaesthetize the trajectory with 15 mL,
the foramen with 1015 mL, and the articular process with
15-20 mL of mixed local anesthetic. 2): An incision was made,
and sequential drills were used to resect the hypertrophy of the
LF and the ventral osteophytes on the SAP (foraminoplasty).
3): The endoscope was inserted after the working cannula was
placed [Figure 1]. A Maxmore percutaneous transforaminal
endoscopic spine system (Maxmore spine® by Hoogland
Spine Products, Germany) was used in the PTED.

The remaining part of the ipsilateral LF and the ventral
SAP, the extruded disc material, the posterior longitudinal
ligament, and the perineural scar were resected with endo-
scopic forceps step by step [Figure 2]. For full ventral
decompression, the critical point of PTED was to remove
the superior endplate of the inferior vertebral body (L5
vertebral body) bit by bit using endoscopic forceps, a high-
speed drill, or an endoscopic bone knife. After ipsilateral
270-decompression, the endoscopic abduction angle needed
to be increased to perform contralateral decompression. The
fully 270-degree ipsilateral decompressed traversing nerve
root and 180-degree contralateral decompressed traversing
nerve root could be pulsed freely with the heart rate.

After adequate hemostasis, a drainage tube was placed
postoperatively and removed one day after the surgery.

Measures
The clinical results were evaluated by using the VAS and
ODI preoperatively and at three months, six months and
12 months addition,

postoperatively. In surgical
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Figure | Fluoroscopic views before endoscopic manipulation. (A and B) The drill was inserted to resect the LF and the ventral osteophytes on the SAP. (C and D) The

working cannula was placed.

Figure 2 Intraoperative endoscopic views. (A and B) The superior endplate of the inferior vertebra (L5) was removed with an endoscopic bone knife. (C) Dorsal and
ventral L5 nerve roots were fully decompressed. (D) The dura was torn with nucleus forceps. The white arrow represents the traversing nerve root (L5), and the black

arrow represents the superior endplate of the inferior vertebra.

satisfaction rates were assessed by using the modified
Macnab criteria'® at the final follow-up.

Statistical Assessments

The clinical results were analyzed statistically using the
SPSS 21 program (IBM, Armonk, USA). Paired t tests and
one-way analysis of variance were used to compare the
differences in the mean outcome scores from pre- and
postoperative variables. P < 0.05 was considered statisti-
cally significant.

Results
Preoperative Demographic

Characteristics and Outcomes

The preoperative demographic characteristics and outcomes
are shown in Table 1. The average follow-up period was at
least 12 months (12-36 months). A total of 8 men and 22
women were involved in this study. The average age was
73.1 years (6589 years). The average duration of symptoms
was 44.1 months (6-240 months). The most common comor-
bidity was cardiovascular problems (50.0%), such as hyper-
tensive disorders (Table 2), followed by endocrinology

diseases (16.7%). There were only 5 patients without comor-
bidities. Radiologic evaluation showed that spondylolisthesis
was located at L4-5 in all patients. The mean operation time
was 72.0 minutes (50—100 minutes), the amount of blood loss
was 13.7 mL (10-25 mL), and the drainage volume was 31.1
mL (0—180 mL). The average hospital stay was 5.0 days (3-8
days).

Clinical Results

Significant improvements in clinical results from preopera-
tion to three months, six months, twelve months and the
final follow-up after the operation were quantified using

Table | Demographics of the Included Patients

Demographic Value (MeantSD)
Age (years) 73.1+£6.0

Sex (male) 8/30

Duration of symptoms (months) 44.1£50.4

Blood loss (mL) 13.7+4.3

Duration of surgery (minutes) 72.0+14.2

Hospital stay (day) 5.0%1.2

Drainage (mL) 31.1£33.1
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Table 2 Comorbidities

Number of Patients Percentage

Cardiovascular 15/30 50.0%
Cerebrovascular 5/30 16.7%
Endocrinologic 4/30 13.3%
Pulmonary 3/30 10.0%
Hepatobiliary 3/30 10.0%
Urologic 2/30 6.7%

Others 4/30 13.3%

the VAS-leg pain score, ODI score and the modified
MacNab criteria (Figure 3). The mean preoperative ODI
and VAS-leg pain scores were 67.2+8.4 and 7.4+£1.0,
respectively; all mean scores improved postoperatively to
19.94£8.1 and 2.2+1.1 after 12 months, respectively. The
patients’ estimated walking distance improved from 150.3
+95.2 to 1355.0£631.7 m. The good-to-excellent rate in
patients was 93.3%. One patient had fair results. One
reported a poor outcome. The average percent slippage
of spondylolisthesis was 13.842.5% before surgery and
14.0+2.5% at the final follow-up. There were no statisti-
cally significant differences between them (P > 0.05).

Complications

One patient had a dural tear and cerebrospinal fluid leakage,
which was not repaired at the time of surgery, and no perma-
nent neurological sequelae were indicated during the follow-
up period. There were no reports of infection, thrombophle-
bitis, cauda equina syndrome, or vascular injury.

Discussion
The goal of this retrospective research was to introduce a
new PTED method for CSS-DLS. Although most of our

A VAS B
10+ 100
8- -e- PTED 80—
6 60
4+ 40
2+ 20-
0 0

ODI

patients experienced symptom relief, complications still
occurred. The reasons for these complications might shed
light on future improvements in this technique. The pre-
liminary results demonstrated that PTED was a feasible
and safe way to treat CSS-DLS.

CSS-DLS has specific pathologic features. CSS results
from dorsal compression of the hypertrophic SAP and LF,
ventral compression of posterior disc protrusion, the pos-
terior longitudinal ligament and, particularly, the superior
endplate of the inferior vertebra.'' The clinical effects of
CSS are magnified by the presence of degenerative slip-
page that further narrows the central spinal canal. Lower
extremity pain with or without claudication typically
results from compression of the cauda equina and traver-
sing nerve roots. Most experts believe that three to six
months of nonsurgical treatment failure is an indication for
spinal decompression surgery.'? Conventional decompres-
sion surgery, such as TLIF or PLIF, has been considered
the gold-standard procedure for CSS-DLS due to the wide
decompression of the cauda equina and nerve roots and the
correction of the deformity. Karsy and Bisson'? concluded
that, compared with medical management alone, surgical
treatment showed a better incremental cost-effectiveness
ratio in selected patients. Some experts® considered that by
releasing operational capacity, decompression alone could
save medical resources as a result of the shorter hospitali-
zation. However, other experts thought that simple decom-
pression would cause the risk of reoperation due to
iatrogenic destabilization, which is the consequence of
removing the osseo musculotendinous complex and other
posterior bony elements.'*

Although decompression combined with fusion may
decrease the risks caused by decompression alone, it has
also been shown that instrument implantation increases the

c Modified MacNab criteria
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Figure 3 Clinical outcomes before and after PTED at different follow-up time points. (A) The VAS-leg pain scores. (B) ODI before and after PTED. (C) Outcome of the

modified MacNab criteria.
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Figure 4 Pre- and postoperative CT and MRI. (A and B) The superior endplate of the inferior vertebra (arrow) before surgery. (C and D) Central spinal canal stenosis
(circle). (E and F) The protruding vertebral bone was removed (arrow), and this procedure led to restoration of the original spinal canal shape. (G and H) The central spinal
canal (circle) was enlarged. The superior endplate of the inferior vertebra was indicated by arrow. The central spinal canal stenosis and the enlarged central spinal canal was
indicated by circle.

risk of adjacent segment disease and hardware-related
complications.'® In addition, it is crucial to reconsider
the necessity for instrumented fusion in geriatric patients
who have comorbidities. In addition, cost-effectiveness
studies indicate that decompression alone is less expensive
than additional fusion.'®

Microendoscopic decompression (MED), as a standard,
minimally invasive spinal technique, can be used to treat
CSS-DLS. Similar to traditional laminectomy, spinal canal
expansion mainly depends on dorsal decompression.'”'®
Although MED may be possible with epidural anesthesia,
most surgeons conduct MED under general anesthesia in
reality. In addition, posterior elements must be severely
removed, which increases the risk of dural sac injury and
iatrogenic instability and may lead to reoperation.

PTED is more minimally invasive than MED for ger-
iatric patients with degenerative spinal disease.'” For com-
plete decompression, the ventral osteophytes of the SAP
and hypertrophic LF are removed (foraminoplasty), and
the posterior longitudinal ligament, degenerated interver-
tebral disc, and peripheral scars of nerves should also be
removed with endoscopic forceps. Most importantly, the

superior endplate of the inferior vertebral body (L5) com-
pressing the traversing nerve roots and cauda equina must
be resected carefully. After that, the central spinal canal
and lateral recess can be enlarged [Figure 4].

There was no significant progression of slippage in our
study. This means that PTED did not influence the natural
course of CSS-DLS, and restabilization occurred. Ventral
decompression of the traversing nerve roots and cauda
equina can lead to restoration of the central spinal canal
and lateral recess morphology. In addition, ventral bone
resection can avoid excessive dorsal resection of the osseo
musculotendinous complex and other posterior bony ele-
ments. Therefore, this dorsal decompression only of the
LF and SPA did not cause significant iatrogenic instability.

One patient had a dural tear and cerebrospinal fluid
leakage in this study because the nucleus forceps acciden-
tally tore the dura mater, resulting from an unclear opera-
tive view.?’ To prevent intraoperative bleeding and provide
a clear operative view, the bone should be lifted carefully,
and strict bleeding control is needed. Epinephrine mixed
with local anesthetic during the operation, combined with
irrigation and radiofrequency

adequate pressure
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coagulation, can provide a clear operative field. Finally,
significant enlargement of the central spinal canal is
achieved by dorsal and ventral decompression.

Awake geriatric patients represent a highly desirable
patient population for surgeons. 1): For geriatric patients
with severe comorbidities and contraindications to general
anesthesia, the PTED procedure under local anesthesia
may be the best option. 2): Local anesthesia can provide
feedback from patients when stimulating the nerve root.

With the development of improvements in surgical
devices and anesthesiology, the majority of geriatric
patients can withstand minimally invasive TLIF and
expect satisfactory improvement.?' Therefore, we believe
that the procedure should be determined jointly by the
patient and the expert. To some extent, PTED is just an
effective supplement to traditional decompression.

Limitations

The study has some limitations: 1): Although PTED shows
good short-term results, it still requires long-term follow-
up. 2): Due to the strict inclusion criteria in our study, the
sample size was relatively small. 3): The cross-sectional
area of the lateral recess was not measured, as we attrib-
uted the relief of leg symptoms to the enlargement of the
spinal canal.

Conclusion

As the elderly demographic increases in number and gets
older, spine physicians need to consider treatment para-
digms that factor in risk, patient downtime, and health care
costs and that are specifically tailored to this older popula-
tion. The operation has no anesthesia complications and
does not damage the paravertebral muscles of the lumbar
spine or the stability of the lumbar spine, and the short-
term effect is acceptable. We believe that this procedure
may be used as an alternative therapeutic option for
CSS-DLS.

Abbreviations

PTED, percutaneous transforaminal endoscopic decom-
pression; DLS, degenerative lumbar spondylolisthesis;
CSS, central spinal stenosis; VAS, visual analog scale;
ODI, Oswestry disability index; CT, computed tomogra-
phy; MRI, magnetic resonance imaging.
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