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Purpose: Percutaneous endoscopic lumbar discectomy for the treatment of far-migrated
lumbar disc herniation (LDH) is clinically challenging. The aim of this study was to compare
the efficacy and safety of interlaminar endoscopic lumbar discectomy (IELD) and interlami-
nar microscopic lumbar discectomy (IMLD) for the treatment of far-migrated LDH.
Materials and Methods: We retrospectively analyzed 50 consecutive cases of far-migrated
LDH treated by IELD or IMLD. Clinical data and outcomes were assessed before the
operation and 1 day and 3, 12, and 24 months after the surgery using the visual analog
scale (VAS) and Oswestry disability index (ODI). Modified MacNab criteria were used to
evaluate patient satisfaction at the 24-month follow-up.

Results: A significant reduction in leg pain and improvement in ODI (P<0.01) were
observed in both groups after surgery. Lower back pain (LBP) was reduced at 24 months
postsurgery in the IELD group (P<0.05) but not in the IMLD group (P>0.05). There were
significant intergroup differences in VAS LBP score at 1 day and 24 months postsurgery
(p=0.01 and 0.02, respectively) and in ODI at 24 months (p=0.03). The rate of excellent or
good outcome was 90.32% with IELD and 78.95% with IMLD (p=0.55). Hospital stay and
time to ambulation were shorter in the IELD group than in the IMLD group, but the former
had a longer operative time (p<0.01). Low and comparable complication rates were reported
in the IELD (16.13%) and IMLD (10.53%) groups (p=0.70).

Conclusion: Both IELD and IMLD achieve favorable clinical results in the treatment of far-
migrated LDH, with only minor complications. Compared to IMLD, LBP was significantly
reduced with IELD presumably because it involved less trauma.

Keywords: minimally invasive spinal surgery, highly migrated lumbar disc herniation,
interlaminar approach, downward migration, upward migration

Introduction
Lumbar disc herniation (LDH) is one of the most common disorders of the lumbar
spine,! with disc fragment migration occurring in 35%-72% of cases. Far-
migrated disc herniation (DH) is accompanied by back pain and severe sciatica
and can lead to sensory changes and motor weakness.* Such cases often respond
poorly to conservative treatment and require surgical intervention.’

Interlaminar microscopic lumbar discectomy (IMLD), which is considered as
the gold standard procedure for the treatment of LDH, involves removal of part of
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the lamina, ligamentum flavum, and medial facet joints.®™”
When there is herniation of a migrated disc, additional
laminae or medial facet joints must be removed.'® In
10%-20% of cases, iatrogenic lumbar instability may
occur after open and microscopic fenestrated discectomy,
failed back surgery
reoperation.'' !> With improvements in instrumentation

leading to syndrome  or
and advances in minimally invasive surgical techniques,
percutaneous endoscopic lumbar discectomy (PELD) has
become a popular approach that has several advantages
over conventional discectomy including less paravertebral
muscle injury, lower risk of iatrogenic instability, and
rapid recovery.'*!” Meanwhile, percutaneous endoscopic
transforaminal lumbar discectomy (PETLD) and percuta-
neous endoscopic interlaminar lumbar discectomy are
alternatives to microscopic discectomy for the treatment
of various types of LDH, including severe and extremely
difficult cases.'® However, because of anatomic barriers
and disc fragmentation, the treatment of far-migrated DH
remains clinically challenging.'” ' Although previous stu-
dies have demonstrated the feasibility of PETLD for the
treatment of far-migrated DH, the failure rate is very high
(5%-22%). 42122

Interlaminar endoscopic lumbar discectomy (IELD) is
similar to conventional open discectomy and can expand
the scope of endoscopic approaches through limited
removal of the lamina. The objective of this study was to
evaluate the efficacy and safety of IELD compared to
IMLD for the treatment of far-migrated LDH.

Materials and Methods

Patient Population
This retrospective study included 53 consecutive patients
with symptomatic far-migrated LDH who underwent
[ELD or IMLD from December 2016 to November 2018.
Patients’ data were retrieved from an electronic medical
records system for analysis. A single surgeon with experi-
ence in minimally invasive spine surgery performed IELD
(n=33) and IMLD (n=20). Ease of performance or feasi-
bility did not play a role in the selection of the surgical
approach. All participants provided written, informed con-
sent to participate in the study. The study protocol was
approved by the Ethics Committee of the Hospital of
Chengdu University of Traditional Chinese Medicine and
was in accordance with the Declaration of Helsinki.

The inclusion criteria were as follows: (1) patients with
typical radiculopathy, radiating pain in the lower limbs,

sensory changes, motor weakness, and abnormal pain
radiation; (2) magnetic resonance imaging (MRI) and
computed tomography (CT) findings corresponding to
symptoms and signs; (3) failure of conservative treatment
for at least 4 weeks; and (4) preoperative MRI showing
far-upward or -downward migrated DH,'%*"** defined as
extending beyond 3 mm below the inferior margin of the
upper pedicle and beyond the center of the lower pedicle,
respectively (Figure 1).21’24 Exclusion criteria were as
follows: (1) central stenosis confirmed by MRI and CT;
(2) extreme lateral DH; (3) previous surgical treatment at
the same disc level; (4) confirmed flexion/extension seg-
mental instability; and (5) other diseases or injuries affect-
ing the spine such as infections, tumors, or fractures.

Surgical Methods

IMLD

After general anesthesia, the patient lay prone on the
C-arm fluororadiolucent table in a flexed hip position.
Taking the lesion segment as the center, a standard median
incision about 3 c¢cm in length was made to cut through the
lumbodorsal fascia while avoiding damage to the supras-
pinous and interspinous ligaments. Medial subperiosteal
dissection of paravertebral muscles was performed along
the spinous process to expose the interlaminar space and
facet process. The laminar retractor was placed on the
outer edge of the facet process and the microscope was
placed in an appropriate position. According to the loca-
tion of the migrated disc, part of the lamina, medial facet
joints, and ligamentum flavum were resected using
a Kerrison rongeur to enter the epidural space. The nerve
root, dural sac, and migrated disc were identified and the
disc was completely removed. The annulus fibrosus
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Figure | Definition of far-migrated LDH used in this study.
Note: Data adapted from Lee et al®' and Ahn et al.**
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perforation was located and loose fragments were removed
using discectomy forceps. Once decompression was com-
pleted and hemostasis was confirmed, the fascia and skin
were sutured layer by layer without drainage.

IELD

IELD was performed with patients under general anesthe-
sia and laying in the prone position over a Wilson frame
with appropriate flexion to widen the interlaminar window.
All surgical segments were selected for the interlaminar
window at the same level as the herniated disc, and the
skin entry point was confirmed using anteroposterior
radiographs. After making an incision about 8 mm long
beside the spinous process, a series of dilators was
advanced to the surface of the ligamentum flavum and
the operative sheath was introduced along the dilators.
The endoscope (Joimax, Karlsruhe, Germany; model
FX63422080, 30°, 6.3 mm) was then inserted and the
operation was performed under continuous saline irriga-
tion. According to the position of the migrated disc, the
cranial or caudal portion of the lamina was resected with
a drill and rongeur, with removal of the medial facet joint
in some cases. After exposing the interlaminar window,
part of the ligamentum flavum was removed using scissors
to enter the epidural space. By adjusting the angle of the
endoscope, the dural sac, nerve root, and distal margin of
the migrated disc were fully exposed on the monitor. After
removing the migrated disc, loose fragments inside the
annulus were removed through the annular defect. Once
decompression was achieved, hemostasis was confirmed,
and the skin was sutured without drainage.

Postoperative Care

Both groups of patients received intravenous injection of
nonsteroidal anti-inflammatory analgesics postoperatively
and were asked to perform straight leg raises while in the
bed. All patients were given a lumbar brace to get out of
the bed after the operation, which they were required to
wear for 8 weeks.

Clinical Evaluation and Follow-Up

We reviewed pre- and postoperative clinical data for each
patient including age, sex, lesion location, direction of disc
migration, operative time, and length of hospital stay. The
visual analog scale (VAS)* and Oswestry disability index
(ODI)?*® were recorded before and 1 day and 3, 12, and 24
months after the operation to evaluate clinical efficacy.
The modified MacNab criteria®” were used to assess

patients’ satisfaction at the last follow-up. All patients
underwent MRI on the second day after surgery to deter-

mine whether the migrated disc was completely removed.

Statistical Analysis

All statistical analyses were performed with SPSS v20.0
software (SPSS Inc, Chicago, IL, USA). Distributions of
measurement data were assessed with the Kolmogorov—
Smirnov test or Shapiro—Wilk test to assess the normality
assumption, and intergroup differences were evaluated
with the ¢ test or Mann—Whitney U-test. Data are
expressed as meantSD or median (interquartile range).
Continuous measurement data were analyzed by 2-way
repeated measures analysis of variance. Count data were
analyzed with the chi-squared test or Fisher’s exact test,
and Ridit analysis was used for ranked data. The test level
was a=0.05, and p<0.05 was the threshold for statistical
significance.

Results
Characteristics of the Study Population

As 3 patients were lost to follow-up, the analysis included
31 patients treated by IELD and 19 treated by IMLD.
There were no significant differences in baseline demo-
graphic and clinical characteristics including age, sex,
body mass index, lesion location, or direction of disc
migration between the 2 groups (Table 1).

Table | Baseline and Clinical Characteristics of the Study
Population

Variable IELD Group IMLD Group P
Age, years 51.32+12.08 48.47+12.12 0.42
Sex 0.64
Female 20 (57.6) 11 (64.3)
Male Il (35.5) 8 (35.7)
BMI 24.61+2.84 24.47+2.54 0.86
Lesion location 0.87
L3/4 3(97) 1 (5.3)
L4/5 18 (58.1) 13 (68.4)
L5/S1 10 (32.3) 5(26.3)
Migrated direction 0.74
Inferior 21 (67.6) 12 (63.2)
Superior 10 (32.3) 7 (36.8)

Notes: Data are expressed as mean£SD or n (%).
Abbreviations: BMI, body mass index; IELD, interlaminar endoscopic lumbar
discectomy; IMLD, interlaminar microscopic lumbar discectomy.

Journal of Pain Research 2021:14

1595

Dove:


https://www.dovepress.com
https://www.dovepress.com

Yang et al

Dove

Table 2 Clinical Outcomes of IELD and IMLD for Far-Migrated

LDH
Parameter IELD Group IMLD Group P
Preoperative VAS LBP 3.87£1.23 4.11£1.20 0.512
score
Postoperative VAS LBP
score
| Day 3.39£1.41 437x1.12%
3 Months 2.321.28%* 2.47+1.22%* 0.681
12 Months 245+ .3%* 2.89+1.29 0.249
24 Months 2.71£1.49* 3.68%1.42% 0.027
Preoperative VAS leg 7.00+1.24 7.16x1.17 0.66
score
Postoperative VAS leg
score
| Day 2.81+].38%* 2.47%1.07*%* 0.37
3 Months 1.77£1.31% 1.68%1.25%* 0.8l
12 Months 1.58%1.12% 1.42£1.12%% 0.63
24 Months 1.35%1.14% 1.59%1.17%* 0.51
Preoperative ODI 70.71£4.99 71.68+4.53 0.49
Postoperative ODI
| Day 36.52+3.86%F 38.00+4.16%* 0.21
3 Months 25.55+4.64** 26.53+7.80** 0.58
12 Months 21.23+4.12%* 22.745.5%* 0.27
24 Months 21.87+4.90** 25.05+5.09++* 0.03
Modified MacNab criteria | 90.4% 78.9% 0.55
Excellent 18 10
Good 10 5
Fair 3
Poor 0 |
Operative time, min 70 (67, 77) 65 (63, 68) <0.01
Time to ambulation, h 8(7,9) 17 (16, 20) <0.01
Hospital stay 43,4 7 (6, 8) <0.01
Complications 5 (16.1%) 2 (10.5%) 0.70

Notes: Data are expressed as mean+SD or median (interquartile range) unless
otherwise indicated. ¥p<0.05, **p<0.01, comparison within groups; *p<0.05, com-

parison between groups.

Abbreviations: |ELD, interlaminar endoscopic lumbar discectomy; IMLD, interla-
minar microscopic lumbar discectomy; LBP, lower back pain; LDH, lumbar disc

herniation; ODI, Oswestry disability index; VAS, visual analog scale.

Clinical Outcomes with IELD and IMLD

Perioperative data are shown in Table 2. The mean VAS
score (xSD) for lower back pain (LBP) improved from
3.87+1.23 to 2.71+1.49 in the IELD group (p=0.03) and
from 4.11+1.20 to 3.63£1.34 in the IMLD group (p>0.05;
Figure 2A). Compared to before the operation, there was
no difference in VAS LBP score 1 day after surgery in the
IELD group, but significant differences were observed at 3

months (p<0.001), 12 months (p=0.002), and 24 months
(p=0.03) post surgery. In the IMLD group, a significant
difference in VAS LBP score was observed at 3 months
after surgery (p=0.003) but not at 1 day, 12 months, or 24
months (all p>0.05). There were no significant differences
in LBP scores between the 2 groups at 3 and 12 months
after surgery (p=0.68 and 0.25, respectively); however,
intergroup differences in LBP score were significant at
1 day and 24 months post surgery (p=0.01 and 0.03,
respectively).

The mean VAS leg pain score improved from 7.00£1.24
to 1.35+1.14 in the IELD group (p<0.001) and from 7.16
+1.17 to 1.5941.17 in the IMLD group (p<0.001) (Figure
2B). Intergroup differences in leg VAS score over the 24-
month follow-up were nonsignificant (p<0.05). Mean ODI
improved from 70.71+4.99 to 21.87+4.90 in the IELD
group (p<0.001) and from 71.684+4.53 to 25.05+5.09 in
the IMLD group (p<0.001) (Figure 2C). Intergroup differ-
ences in mean ODI were significant at 24 months after
surgery (p=0.04). According to the modified MacNab cri-
teria, a surgical satisfaction was excellent or good for 90.4%
of patients in the IELD group and 78.9%of those in the
IMLD group at the 24-month review (p=0.55). In the IELD
group, 18 patients were excellent, 10 patients were good,
and 3 patients were fair; and in the IMLD group, 10 patients
were excellent, 5 patients were good, 3 patients were fair,
and 1 patient was poor. At the 24-month follow-up, there
was recurrence in 2 cases (6%, 1 case per group).

Time to ambulation and length of hospital stay were
shorter in the IELD group than in the IMLD group.
However, the mean operative time was shorter for IMLD
than for IELD (65 vs 70 min, p<0.01). Although the incidence
of complications was higher with IELD than with IMLD
(16.13% vs 10.53%; p=0.695), the difference was nonsignifi-
cant and no major complications such as nerve injury and
infection occurred. In the IMLD group, there was 1 case of
a dural tear that was repaired during surgery, with no cere-
brospinal fluid leakage or infection occurring after surgery.
Five cases in the IELD group and 1 case in the IMLD group
had postoperative paresthesia, but the symptom disappeared
within 4 weeks after treatment with oral mecobalamin.

Case lllustration

A 49-year-old female patient presented with LBP and
severe radiating pain in the right leg that had lasted for 1
month. Hypoesthesia was reported on the right L5 derma-
tome. Right great-toe dorsiflexion was grade III in
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Figure 2 Clinical status and outcomes. VAS for lower back pain (A) and leg pain (B) and Oswestry disability index (C) were evaluated preoperatively (Pre-op) and at | day

(ID), 3 months (3M), 12 months (12M), and 24 months (24M) postoperatively.

a manual muscle test; right straight leg raise was positive
at 30°; VAS LBP score was 3; VAS leg score was 8; and
ODI was 76%. The pain did not improve with conservative
treatments such as acupuncture and medicines. The MRI
showed far down-migrated disc material from L4/L5 to the
lower edge of L5 (Figure 3A and B). By limited resection
of the lamina and ligamentum flavum, a working channel
was created under the pedicle of L5 (Figure 3C and D).
Decompression was achieved after removing the migrated
disc and loose fragments inside of the annulus (Figure 3E
and F). The postoperative MRI showed that the migrated

disc fragments were completely removed (Figure 3G and
H). Although the patient’s great-toe dorsiflexor strength
was grade IV at the 2-year follow-up, there was clinical
improvement overall (VAS LBP score=2, VAS leg
and ODI=16%). The case
obtained the patient’s informed consent, and her case

score=1, illustration has

details and accompanying pictures can be published.
Discussion

Although far-migrated LDH was previously considered
difficult to treat by PELD,'>*'% in the present 24-month

Figure 3 Pre- and postoperative images of far-migrated LDH. T2-weighted axial MR images of the L4-L5 disk level showing disc extrusion (A) and far down-migrated disc
material from the L4-L5 disc level to the L5 lower end plate (B). Intraoperative radiograph showing the placement of the working channel placed between the pedicle and
the spinous process (C) and under the pedicle of L5 through limited resection of the lamina and ligamentum flavum (D). Endoscopic view showing complete decompression
of L5 nerve root above shoulder and axilla (E). The nucleus pulposus between the dural sac and L5 nerve root was completely removed (F). Postoperative axial magnetic

resonance images of the L4-L5 level (G) and T2-weighted sagittal (H).
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retrospective study, we found no difference in efficacy
between IELD and IMLD for the treatment of sciatica.
However, the intensity of LBP was lower while the rate of
functional recovery was higher with IELD. Although the
incidence of complications was higher with the latter, no
major complications occurred.

Modified PELD techniques have been used to treat far-

results;20,22,29733

migrated LDH, with good clinical
However, these methods have various shortcomings and
limitations. Several studies have reported good clinical
results in more than 90% of patients with far-migrated DH
treated by PETLD, but it is difficult to directly view the distal
free nucleus pulposus due to obstruction of the facet joint and
pedicle, especially as the far-migrated disc is often separated
into many fragments.*?**** In a study of 53 patients who
underwent foraminoplasty for far down-migrated disc, the
remnant disc material rate was 13% and the same proportion
of patients complained of transient postoperative
dysesthesia.”> In order to ensure complete decompression,
the herniated disc must be removed under visual control.
Therefore, some surgeons use a transpedicular or translami-
nar approach by creating a hole in the pedicle or lamina to
treat far-migrated LDH.**'*? It should be noted that the
target location, limited possibility of endoscopic adjustment,
and risks of dural tears and incomplete removal of the her-
niated disc may limit the application of these methods.?*'-*
Two-level PELD techniques such as the transforaminal
approach alone or in combination with an interlaminar
approach reduce the incidence of postoperative nucleus pul-
posus residue,*>? but these procedures are cumbersome,
have a long operative time, and cannot be used for L5-S1 far-
migrated LDH.?** The results of our study show that scia-
tica in both the IELD and IMLD groups significantly
improved and remained satisfactory at the 24-month follow-
up, indicating that adequate decompression was achieved,
which is in accordance with other published reports.'>'3737
An interlaminar approach was used in the IELD group as the
anatomic structure was easier to identify under endoscopy;
this is in line with the operating habits of most spine sur-
geons. With the aid of 30° optics and endoscopic tilt, the
surgeon can directly view far-migrated fragments in the
spinal canal with limited removal of lamina or facet
joints.” In this study, the far-migrated discs were removed
under direct visualization in the IELD group, which was
critical for ensuring complete decompression.

IELD combines the advantages of conventional fenestra-
tion discectomy and an endoscopic technique that preserves

the paraspinal muscles and causes less damage to bone

structure, which is important for the stability of the motion
segment. At the last follow-up, the VAS LBP score and ODI
were less in the IELD group than in the IMLD group.
Although both groups showed significant improvement in
sciatica, the difference between pre- and postoperative VAS
LBP score was greater with IMLD than with IELD. This may
be attributable to the fact that there was less tissue trauma
with the former approach, which was reported in several
studies.'®***” As with conventional fenestration discectomy,
IMLD often requires dissection of more paravertebral mus-
cles, ligaments, laminae, and facets for far-migrated LDH,
which could aggravate segmental instability and cause
LBP***° A study of 111 patients who underwent single-
level discectomy for radiculopathy found that 23% had mod-
erate back pain and 9% had severe back pain that required
subsequent fusion surgery at the site of the primary
discectomy.*® Another study conducted over a 10-year per-
iod found that clinical outcomes tended to deteriorate over
time after standard open discectomy for LDH; additionally,
increased LBP worsened clinical outcomes and was asso-
ciated with radiologic degeneration.*' A recent study found
that 22.2% of patients with highly migrated intracanal DH
treated by conventional microdiscectomy had severe LBP,
and surgical satisfaction ratings of excellent and good
declined over time.'® This may be related to the fact that
the ODI was higher with IELD at the last follow-up.

Postoperative dysesthesia is one of the most common
complications after PELD, with an incidence ranging from
0% to 17.88%.**** The rate in our study was within this
range, and was higher with IELD (5 cases,16.12%) than
with IMLD (1 case, 5.26%). Postoperative paresthesia may
be related to irritation of the spinal ganglion or nerve root
during surgery.’”**% Additionally, repeated hemostasis
by bipolar coagulation and compression of the working
channel may contribute to postoperative dysesthesia. In
our study population, postoperative dysesthesia disap-
peared within 4 weeks with conservative treatment and
did not affect the daily life of patients.

There were several limitations to the current study. Firstly,
this was a single-center retrospective analysis of a small sam-
ple size, as far-migrated LDH is relatively rare. Secondly,
because the lamina and isthmus of the upper lumbar spine
are narrow, IMLD or IELD is difficult to perform for migrated
upper LDH; in the past, we have used PETLD to treat this
condition. Thirdly, we did not perform a correlation analysis
between and LBP.
A comprehensive assessment of the efficacy of IELD and

postoperative  flexion/extension

IMLD will require prospective, randomized studies.
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Conclusion

Both endoscopic and microscopic interlaminar discectomy
have achieved favorable clinical results in the treatment of
far-migrated DH, with only minor complications.
Compared to IMLD, IELD—which has the advantages of
less trauma and reduced LBP—showed better clinical out-
comes at the 2-year follow-up.

Abbreviations

CT, computed tomography; DH, disc herniation; IELD,
interlaminar endoscopic lumbar discectomy; IMLD, inter-
laminar microscopic lumbar discectomy; LBP, lower back
pain; LDH, lumbar disc herniation; MRI, magnetic reso-
nance imaging; ODI, Oswestry disability index; PELD,
percutaneous endoscopic lumbar discectomy; PETLD, per-
cutaneous endoscopic transforaminal lumbar discectomy;
VAS, visual analog scale.
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