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Purpose: Percutaneous transforaminal endoscopic discectomy (PTED) was used as a minimally invasive treatment option for lumbar
disc herniation (LDH). However, studies focusing on the clinical outcomes of PTED for elderly patients with adjacent segment disease
(ASD) were limited. This study aims to compare the clinical outcomes of PTED between ASD and LDH in elderly patients.
Patients and Methods: This retrospective study enrolled 39 patients with ASD and 39 patients with LDH. Both groups had
undergone PTED in Beijing Chaoyang Hospital from July 4, 2016 to July 30, 2021. Visual analog scale for back pain (VAS-BP) and
leg pain (VAS-LP) and Oswestry disability index (ODI) were used to value the clinical outcomes of patients preoperatively,
immediately postoperatively, 12, and 24 months postoperatively, and at final follow-up. Patients’ satisfaction was evaluated based
on the MacNab criteria.

Results: All operations were completed. The excellent or good clinical outcomes at final follow-up was demonstrated by 87.15% (34/
39) and 89.74% (35/39) in ASD and non-ASD patients, respectively. Clinical improvement was observed immediately postoperatively
in both groups and sustained stability during the postoperative follow-up. The ASD group demonstrated significantly longer hospital
stays (p = 0.02) and operative time (p < 0.01) than the non-ASD group.

Conclusion: PTED is an effective and minimally invasive treatment option for revision surgery of ASD, especially for elderly
patients. However, the long-term prognosis of PTED treating ASD still needs further exploration.

Keywords: adjacent segment degeneration, percutaneous transforaminal endoscopic discectomy, clinical outcomes, geriatric patients,
minimally invasive

Introduction

Posterior lumbar decompression and interbody fusion with instrumentation has been the standard treatment for degen-
erative lumbar diseases.! This surgery markedly offers immediate segment stability and notable clinical outcomes.
However, adjacent segment degeneration (ASD) is not a rare complication because spinal fusion surgery has been more
widely performed. The incidence rate of asymptomatic ASD was reported to range from 5.2% to 18.5%.> Revision
surgery might have been a priority strategy after the failed conservative treatment.

Open revision surgery, in terms of surgical management of patients with ASD, has been the main therapy method so
far, including extended decompression and further lengthening of the fusion segment.” However, open revision surgery
may bring patients a second painful experience and substantial trauma to the muscle tissue.** Furthermore, the majority
of patients with ASD are elderly people with comorbidities, such as cardiopulmonary disorders and diabetes, which may
cause a high incidence of complications related to open revision surgery.®’ In recent years, percutaneous transforaminal
endoscopic discectomy (PTED) was used as a minimally invasive treatment option for ASD because of the advantages of

local anesthesia, avoidance of repetitive damage to surrounding muscle tissue, and fast recovery.®’
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Previous studies have been focusing on the clinical outcomes of PTED for elderly patients,'® but studies concerning
patients with ASD were limited. Therefore, this study aims to explore the efficacy and safety of PTED in elderly patients
with ASD. Patients with LDH were enrolled for comparison and further illustration.

Material and Methods

Patient Population
This study consecutively enrolled 78 patients July 4, 2016 to July 30, 2021 in Beijing Chaoyang Hospital, Capital
Medical University. All study participants were considered suitable for PTED based on current indications. All patients
agreed to participate in this study after explaining its detailed aims and scope. The hospital’s institutional review board
and ethics committee approved this study. Furthermore, all aspects of this study conformed to the principles outlined in
the Helsinki Declaration.

Inclusion criteria of ASD include 1) previous posterior fusion surgery for lumbar degenerative disease; 2) low-back pain
or radicular pain in the unilateral lower extremities; 3) ASDs confirmed by radiologic images; 4) symptoms that cannot be
relieved after 6 months of strict conservative treatment. Inclusion criteria of LDH include 1) positive symptoms of nerve
root compression; 2) positive clinical examination findings for sensory or motor neurological deficits; 3) clear visualization
of lumbar disc herniation on preoperative computed tomography and magnetic resonance imaging; 4) persistence of
symptoms or recurrent episodes after strict conservative treatment for at least 6 months.

Exclusion criteria include 1) disc sequestration, segmental instability, vertebral slippage, or other abnormalities; 2)
history of surgery at the affected segment or recurrent disc herniation at the same level; 3) spinal tumors, infections, or

vertebral fractures; 4) patients with psychiatric disorders that affect accurate assessment.

Surgical Procedures

All operations were performed using PTED under local anesthesia and prone position. Surgical segments and needle
placements were guided under anteroposterior and lateral C-arm fluoroscopy. The entry point was established at a lateral
distance of 12—14 cm from the spinal midline, targeting the intervertebral level of intent. A puncture needle was then
inserted into the superior articular process (SAP) of the designated segment under the guidance of C-arm fluoroscopic
after infiltration of the entry point with 3—5 mL of lidocaine. Serial cannula and dilator were percutaneously introduced
into the SAP under the guidance of the puncture needle. Subsequently, a trepan was used to excise the ligamentum
flavum and ventral elements of the SAP. Burrs were employed to further expand the foramen when necessary. The
endoscope was inserted, with the working channel and irrigation channels placed eccentrically, after placing the working
cannula. Removal of herniated disc material was performed under direct vision. The traversing nerve root and dural sac
were exposed with adequate mobility and good pulse to ensure complete decompression. Appropriate irrigation and

hemostasis management were used to minimize the risk of postoperative infection and hematoma formation.

Clinical Evaluation

This study recorded the demographic and perioperative parameters. The clinical outcome was evaluated by the visual
analog scale (VAS) and Oswestry disability index (ODI) scores preoperatively, immediately postoperatively, 12 and 24
months postoperatively, and at the final follow-up. Patients’ satisfaction was evaluated via MacNab criteria at the final
follow-up.

Statistical Analysis

Statistical Package for the Social Sciences (version 27.00, Chicago, Illinois, USA) and MedCalc (version 22.016) were
used for data analyses. Continuous variables were expressed as mean + standard deviation and analyzed by #-tests if
assuming a normal distribution or Yuen-Welch tests if not, in which the trimming was set as 10%. Statistical analysis for
categorical variables was performed using the chi-square test. A p-value of <0.05 indicated statistical significance.
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Results

Demographic Characteristics

This study ultimately enrolled 78 patients who were categorized into the ASD and the non-ASD groups (LDH group). 3
patients in the ASD group and 2 patients in the non-ASD group lost follow-up, and the follow-up rates of the two groups
were respectively 92.86% and 95.12%. Of the participants, 56.41% were women (n = 44). The average age was 68.49 +
9.74 years old, ranging from 38 to 87 years. Table 1 shows similar demographic features between the two groups.
Significant statistical differences were observed in operation (p < 0.001) and hospitalization times (p = 0.02). Level of
significance was determined at p-value=0.05.

Clinical Outcomes

Figure 1 presents significantly improved postoperative symptoms in both groups (p < 0.001). Table 2 shows the details of
other information on postoperative parameters. The follow-up time was at least 2 years (range: 25—74 months). The VAS-
back pain (VAS-BP) scores of the ASD and non-ASD groups significantly improved from 4.41 + 0.75 and 4.1 + 0.45
preoperatively to 2.95 + 1.15 and 2.79 + 1.00 immediately postoperatively, respectively. So did the VAS-leg pain (VAS-
LP) scores of the ASD and non-ASD group, respectively from 6.26 + 0.85 and 6.05 + 0.89 preoperatively to 2.28 + 1.34
and 2.03 £+ 1.25 immediately postoperatively. The ODI scores in both groups also demonstrated significant improvement
from preoperative scores of 68.23 £ 8.11 (ASD) and 68.38 &+ 6.36 (non-ASD) to immediate postoperative scores of 25.46
+ 9.46 (ASD) and 26.21 + 5.76 (non-ASD). These improvements remained stable during the subsequent follow-up
period. Preoperative VAS-BP scores indicated statistically significant differences in the severity of lumbar pain between
the two groups (p < 0.05). However, all valued scores demonstrated no statistical differences between the two groups
during the postoperative follow-up time. The excellent and good rate was 87.15% in the ASD group and 89.74% in the
non-ASD group, with no significant statistical difference.

Complications and Typical Case
The ASD group showed two cases of postoperative complications. One case involved an intraoperative dural tear but showed
a favorable recovery following postoperative treatment. Another case exhibited radiating pain 2 days postoperatively,

Table | Demographic Characteristics of Enrolled Patients

Parameters ASD Non-ASD P
Age (year) 70.38+1043 | 66.59+8.73 0.086
BMI (kg/m?) 26.70+3.85 25.76+4.49 0.325
Gender (M/F)
Male 17(43.59%) 19(48.72%) 0.820
Female 22(56.41%) 20(51.28%)
Levels of previous fusion

LI-L3 1(2.56%) -

L3-L5 33(84.62%) -

L5-SI 5(12.82%) -

Surgical level

LI-L2 1(2.56%) 0 0.774

L2-L3 2(5.13%) 3(7.69%)

L3-L4 6(15.38%) 6(15.38%)

L4-L5 14(35.90%) 11(28.21%)

L5-SI 16(41.03%) 19(48.72%)
Operation time (min) 118.21+21.87 | 99.23+22.87 | <0.001
Intraoperative blood loss (mL) 12.95+6.56 11.28+4.96 0.336
Hospital time (day) 12.43+5.50 9.82+3.92 0.048

Notes: Statistically significant p -values are highlighted in bold.
Abbreviations: BMI, Body Mass Index; ASD, adjacent segment disease.
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Figure | Postoperative scores of VAS-BP, VAS-LP and ODI significantly improved in both groups. p-value<0.001 in comparison between preoperative and all postoperative
valued scores.
Abbreviation: VAS-LP, visual analog scale for leg pain; VAS-BP, visual analog scale for back pain; ODI, Oswestry dysfunction index; ASD, adjacent segment disease.

indicating recurrent disc herniation. Symptoms improved after subsequent PTED. The non-ASD group showed one patient

who suffered a postoperative complication, characterized by 4-grade strength and residual pain in the right iliopsoas muscle.

Neuraxial steroids demonstrated satisfactory results. Typical case is shown in Figures 2, 3.

Table 2 Comparison of Scores Between Two Groups

ASD Non-ASD P
VAS-BP
Pre-operation 4.41+0.75 4.1+0.45 0.012
Post-operation 2.95%1.15 2.79+1.00 | 0.464
12-months post 2.72+0.94 2.62x1.11 | 0.803
24-months post 241%1.31 2.36£1.31 | 0.864
Last follow-up 2.46%1.29 241£1.33 | 0.857
VAS-LP
Pre-operation 6.26+0.85 6.05+0.89 | 0.470
Post-operation 2.28+1.34 2.03+1.25 | 0.654
12-months post 2.33%1.61 2.00+1.28 | 0.457
24-months post 2.23£1.39 1.97x1.14 | 0432
Last follow-up 2.05%1.36 1.97+1.06 | 1.000
oDl
Pre-operation 68.23+8.11 | 68.38+6.36 | 0.946
Post-operation 25.4619.46 | 26.21+5.76 | 0.127
12-months post 23.95+#9.70 | 23.51+£5.08 | 0.693
24-months post 23.44+9.51 | 23.46x551 | 0.434
Last follow-up 23.64+9.00 | 22.62+5.07 | 0.979
MacNab
Excellent 20(51.28%) | 22(56.41%) | 0.629
Good 14(35.90%) | 13(33.33%)
Fair 4(10.26%) 2(5.13%)
Poor 1(2.56%) 2(5.13%)
Complications 2(5.13%) 1(2.56%) 0.562
Severe complications 0 0
Follow-up time (month) | 41.23£17.08 | 38.2+14.64 | 0.402

Notes: Statistically significant p -values are highlighted in bold.

Abbreviations: VAS-LP, visual analog scale for leg pain; VAS-BP, visual analog
scale for back pain; ODI, Oswestry dysfunction index; MacNab, MacNab

criteria; ASD, adjacent segment disease.
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Figure 2 A 71-year-old man with ASD accepted PTED for L5-S| disc herniation. (A) Preoperative anterior and lateral X-rays showing the L3-L5 having undergone PLIF
surgery previously (B) Preoperative CT and MRI showing herniation of the intervertebral disc in the right of adjacent segment L5-SI (yellow arrow) (C) Postoperative
anterior and lateral X-rays showing the L5-S| having undergone PTED (D) Postoperative CT and MRI showing the herniated intervertebral disc in the right side of L5-S|

having been removed (yellow arrow).

Figure 3 Intraoperative fluoroscopy shows the placement of the protective sleeve; Screenshot of Intraoperative endoscope shows the S| nerve root after decompression.

(I) ligamentum flavum; (2) S| nerve; (3) intervertebral disc.
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Discussion

Several studies have supported the efficacy and reliability of lumbar fusion, but considering the fusion-related complications is
crucial.'' ASD is the symptomatic deterioration of spinal levels neighboring the fused vertebrae.'?> Compared to the natural
history, fusion surgery accelerates degenerative changes in adjacent segments,'> with an increasing occurrence rate with the
extended follow-up period.'*'> Hence, the need for treatment grows more urgent with the accumulation of patients under-
going lumbar fusion surgery. Surgical intervention becomes a viable option once conservative treatment is ineffective.
Traditional approaches extended internal fixation to the adjacent vertebral level. However, PTED has been a recently attractive
potential alternative, considering the comparatively little trauma, fast recovery, and low complication incidence.

Our study included 39 patients with ASD accepting follow-up for at least 2 years. Most treatments resulted in
satisfactory therapeutic outcomes. Postoperative VAS-BP, VAS-LP, and ODI scores, which remained stable during the
later follow-up period, demonstrated significant improvement in comparison with preoperative scores. Of the patients
with ASD, 87.15% (34/39) showed excellent and good clinical outcomes at final follow-up, which is akin to the rate of
90.63% (29/32) in the study of Feng and others.'® All measured indexes exhibited statistically significant improvements
in all follow-up sections compared to preoperative scores. Previous research has explored the application of variable
treatment for ASD following lumbar fusion.'” The comparison conformed to a study conducted by Li and others, which
compared the outcomes of PELD and posterior lumbar interbody fusion in managing disc herniation of adjacent
segments.'® The study concluded that both procedures showed similar clinical outcomes, but PELD demonstrated
advantages in terms of reduced trauma, decreased blood loss, and faster recovery. These findings indicate that PTED,
as well as minimally invasive, significantly improves symptoms and reduces functional impairment in patients with ASD.

In comparison to the non-ASD group, the ASD group achieved similar clinical improvement after PTED. Cho and
others indicated that postoperative lumbar pain symptoms may be more common postoperatively in patients with ASD,"’
but we found no significant difference between the two groups throughout the subsequent follow-up period. Multiple
surgical techniques reporting the efficiency of PTED on spinal degeneration diseases demonstrated analogous outcomes.
Gadjradj and others considered PTED as an effective alternative to open microdiscectomy in treating sciatica.”® Li and
others revealed PTED as an effective supplement in elderly patients with degenerative lumbar scoliosis combined with
spinal stenosis, with excellent rates of 90.0%.?' Additionally, Cheng and others explored the application of PETD on
central spinal stenosis and degenerative lumbar spondylolisthesis and revealed a satisfactory outcome at a good-to-
excellent rate of 93.3%.%> However, our groups demonstrated differences. First, we found higher preoperative VAS-BP
scores in the ASD group than in the non-ASD group, which is consistent with the results of Kapetanakis and others.>
One possible reason is a previous intervertebral fusion internal fixation.”* Further, we observed significant statistical
disparities between the two groups in operation and hospitalization times, which can be attributed to the complex nature
of conditions prevalent among patients with ASD, including previous fusion approach, resultant mechanical alterations,
and enduring scars. Different distribution of affected segments may also play a role, considering factors, such as puncture
angle and anatomical characteristics.”>**® Thus, extensive expertise and experience should be necessary for perioperative
preparation. Benefits to patients with ASD could still be observed through PTED in our study despite these complexities.

Elderly patients, often with multiple comorbidities, make up a vastly considerable proportion of the ASD group. Our
current investigation revealed that the mean age of patients undergoing revision surgery was 70.2 years. Other research
reported the mean age of patients with ASD as 57.2, 66.2, and 64.8 years, respectively.”>"*® This indicates a more
cautious approach when selecting surgical strategies. Revision surgeries present significant challenges, particularly for
the elderly in the context of previous fusion procedures, for prior internal fixation disrupting the natural anatomy of
paraspinal muscles, spinal bone structures, and ligaments.”**° Moreover, the overlap of surgical incisions with the
postoperative scar tissue of the initial procedure makes open revision surgery difficult. However, PTED accesses the
intervertebral foramen via a reduced incision, eliminating the need to disturb pre-existing scar tissue when dealing with
recurrent disc herniation.’® Small surgical incision also reduces the amount of intraoperative blood loss and shorten
recovery time. Additionally, PTED merely decompresses the adjacent segment nerve without internal fixation and fusion.
This simplifies the surgical procedure, thereby allowing PTED as a tolerable option for the elderly requiring spinal

revision surgery.
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Complications pose a significant concern in ASD treatment. The incidence of complications in our ASD group was
5.13% (2/39), which was comparable to the non-ASD group and notably lower than what has been reported in traditional
lumbar fusion surgery.>'? Importantly, our study revealed no severe complications in patients, such as cardiopulmonary
dysfunction, thrombosis, nerve root injuries, major bleeding, or postoperative infections. We also observed no recurrence
during the whole follow-up (25-74 months). Performing fusion surgery under general anesthesia exposes the elderly to
an increased risk of serious cardiopulmonary complications.>® However, PTED offers the advantage of using local
anesthesia, making it a safer option for the elderly. Additionally, PTED allows patients to remain awake during the
procedure, providing real-time feedback on sensory and motor functions, thereby helping the surgeon avoid potential
nerve root damage and ensure sufficient decompression. Moreover, recent studies indicated that patients undergoing open
revision spinal fusion surgery have a higher risk of surgical site infection (SSI) than those who underwent primary fusion
surgery.>* However, PTED has the advantages of a low SSI rate due to the small incision and working environment.
Previous studies have explored the recurrence following multiple fusion revision techniques, respectively revealing that
5.1% and 11.1% of patients required further surgery due to recurring ASD.'”*> Clinical data indicates that post-revision
spinal fusions cause a greater segmental rigidity, which in turn triggers compensatory motion in adjacent segments,
eventually causing additional ASD and fixation-related complications such as screw loosening or rod fractures.**’
These results indicate that additional fusion surgeries may offer only temporary relief and fail to effectively prevent
recurring ASD. In terms of the aforementioned problem, PTED retains a larger portion of the facet joint structure,
preserving the motion and minimizing the occurrence of subsequent adjacent segment diseases postoperatively.**°

PTED shows promise in addressing ASD after lumbar fusion, but it does have limitations. Not all patients with ASD
after lumbar fusion are suitable candidates for PTED, because cases of lumbar instability may be better suited for open
surgery. Furthermore, the current study has limitations, such as a small sample size and potential selection bias due to its
retrospective nature. Currently, large-scale, long-term follow-up data to facilitate the sustained effectiveness of PTED in
treating ASD are lacking.

Conclusion

PTED, as a minimally invasive surgical technique, has shown promising efficacy and safety in treating ASD after lumbar
fusion surgery especially for elderly patients. However, postoperative symptoms may worsen due to progressive
degeneration and further intervention may subsequently be needed.
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