AO

Review Article SPINE

Global Spine Journal
2022, Vol. 12(7) 1546—1560

Outcome of Anterior and Posterior O, The Auhort) 2021
Endoscopic Procedures for Cervical Do 1o | 177 so8esaa 1037376

journals.sagepub.com/home/gsj

Radiculopathy Due to Degenerative Disk ©SAGE
Disease: A Systematic Review
and Meta-Analysis

Soha A. Alomar, MD', Yazid Maghrabi, MBBS',
Saleh S. Baeesa, MD'®, and Oscar L. Alves, MD?

Abstract
Study design: Systematic review and meta-analysis.

Objectives: Cervical spine endoscopic discectomy and decompression have gained popularity in the last decade. This review
aimed to shed light on the current outcomes of cervical spine endoscopic procedures for degenerative disc disease (DDD) and to
calculate a pooled estimate of various outcome measures.

Methods: We retrieved articles published in English related to endoscopic cervical spine procedures from 3 central databases
from inception until September 2020. A subgroup analysis based on the anterior versus the posterior approach was performed.

Results: Thirty-one articles fulfilled the eligibility criteria and included 1,410 patients. A successful outcome was observed in
91.3% (88.6-93.4%, P = 0.000). This percentage was lower for the anterior approach (89.6% [85.8-92.5%], P = 0.000) than for the
posterior approach (94.2% [90.4-96.5%], P = 0.000). A higher percentage of poor outcomes was reported for the anterior
approach (5.7% [3.2-10.1%], P = 0.000 vs. 2.3% [1-5.5%], P = 0.000 for the posterior approach). The overall complication rate was
7.2% (5.2-9.8%, P = 0.000). There was a slightly higher complication rate for the anterior approach (7.9% [4.5-13.3%], P = 0.000)
than for the posterior approach (6.7% [4.4-10%], P = 0.000). The revision rate was 4.2% (2.6-6.8%, P = 0.000); and 4.2% (1.8-9.7%,
P = 0.000) for the anterior approach and 4.00% (2.2-7.4%, P = 0.000) for the posterior approach.

Conclusions: There is a higher success rate and lower complication rate with the posterior approach than with the anterior
approach. However, high-quality randomized controlled trials are vital to evaluate the efficacy of these procedures.
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Abbreviations

ACDF, anterior cervical decompression and fusion; DDD, degenerative disk disease; EBL, estimated blood loss; MIS, minimally
invasive surgery; NDI, neck disability index; PECF + D, Posterior endoscopic cervical foraminotomy with or without dis-
cectomy; VAS, visual analog score.
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Degenerative disc disease (DDD) includes isolated neck pain, 2 Centro Hospitalar De Gaia, Hospital Lusiadas Porto, Porto, Portugal

radiculopathy, myelopathy, or a combination of these condi-

tions.! Neck pain due to DDD can affect up to 67% of people ~Corresponding Author:
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aged 50 years or older.” However, radiculopathy has a lower University, P.O. Box 80215, Jeddah 21589, Saudi Arabia.

incidence than isolated neck pain." It has been reported that the  gmai. sbacesa@kau.edu.sa
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point prevalence of radiculopathy is 3.5/1000, with an annual
incidence of 83/100,000.1 Moreover, Radhakrishnan et al
reported the incidence of radiculopathy as 107.3/100000 in
men and 63.5/100,000 in women, with the peak occurring in
the fifth decade of life.® In addition, the incidence of hospita-
lization due to degenerative cervical myelopathy has been esti-
mated to be 4.04/100,000. This is lower than the incidence of
radiculopathy.*

Most cases of isolated neck pain and radiculopathy improve
with conservative measures, such as oral medications, physical
therapy, and interventional pain management.'-> Surgical inter-
vention is usually reserved for cases of cervical myelopathy or
failed conservative treatment.'>® Surgical options include
anterior cervical decompression with or without fusion or
arthroplasty (ACDF/A) and posterior foraminotomy.'>*®
Although ACDF/A provides a good outcome, potential com-
plications include injury to the recurrent laryngeal nerve, post-
operative dysphagia, adjacent level disease, perforation of the
esophagus, hardware failure, and pseudoarthrosis.’ Posterior
foraminotomy may be an excellent option to prevent the afore-
mentioned potential complications and reduce cost, as no
implants are used. However, it carries a risk of kyphosis or loss
of lordosis.® Therefore, the use of cervical endoscopic proce-
dures to treat cervical radiculopathy secondary to DDD has
become increasingly utilized in an attempt to achieve similar
outcomes as open decompression while avoiding the complica-
tions associated with open surgery.’

We aimed to perform a comprehensive review of all the
available literature on cervical endoscopy for DDD and provide
a quantitative summary estimate of the success rate and com-
plications based on the type of approach. This analysis could
provide guidance for spine surgeons when considering the
adoption of this minimally invasive technique.

Materials and Methods

This study was performed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines.®

Eligibility Criteria

The eligibility criteria included articles published in English
concerning endoscopic procedures for the treatment of degen-
erative cervical pathologies, such as endoscopic discectomy
and foraminotomy limited to the cervical spine. Articles pub-
lished from 2003 (date of the first publication meeting the
inclusion criteria) until September 2020 that had full text avail-
able for further analysis were included. In addition, a manual
search and check of cross-references from the included articles
were performed. Published studies dealing with standard open
procedures (anterior cervical discectomy, corpectomy, fusion,
and cervical arthroplasty), other minimally invasive procedures
(minimally invasive instrumentation and laser ablation), other
spine pathologies (tumor, infection, and trauma), and case
reports were excluded.

Information Sources and Search Strategy

PubMed, Google Scholar, and Embase were used as informa-
tion sources to retrieve all related articles. Search terms such as
cervical spine, minimally invasive, discectomy, foraminotomy,
and endoscopic procedures were used to perform the search.
Titles and abstracts were screened to meet the eligibility cri-
teria (Figure 1).

Level of Evidence

The quality of the studies was evaluated by 2 independent
reviewers using the Oxford Center of Evidence-Based Medi-
cine (OCEBM) level of evidence scale.” Any disagreement was
resolved by discussion.

Data Collection and Data Iltems

Data was recorded on an Excel spreadsheet using the following
items to guide the collection process: journal, date of publica-
tion, sample size, study design, level of evidence, number of
citations, and country. The perioperative variables included the
type of procedure (diskectomy, foraminotomy, fusion), consis-
tency of disc material (soft vs. hard), type of approach (anterior
vs. posterior), means of estimated blood loss (EBL), operative
time, hospital stay, postoperative analgesia use, rate of reopera-
tion, and radiation exposure. The outcome variables were
divided into clinical and radiological variables. The clinical
variables included the pre- and postoperative visual analog
scale (VAS) scores of the neck and arm and the pre- and post-
operative neck disability index (NDI). The outcome-based
modified Macnab, Hillebrand, or Odom criteria divided
patients into excellent (no complaints, able to carry daily activ-
ity without complaint), good (intermittent discomfort, not sig-
nificantly interfering with work), fair (subjective improvement;
however, physical activity is limited considerably), and poor
outcomes (no improvement or worse than preoperatively).'%'?
A successful outcome was defined as the total number of
patients with an excellent or good outcome. Complication and
revision rates also were recorded.

Radiological data was extracted when available. When mul-
tiple points of outcome were reported, we used the score at the
last follow-up. Cervical curvature measures such as the cervi-
cal angle (CA) are calculated using the tangential method
between C2 and C7 in a neutral position.® The segmental angle
(SA) was calculated using Cobb’s method in the operated seg-
ments.® The CA during flexion (CAF) and the CA during
extension (CAE) were also included as radiologic outcome
measures and were calculated the same as the CA. However,
the position differed.® The cervical spine range of motion was
also included. It was calculated by subtracting the CAE from
CAF.° Likewise, the segmental range of motion was calculated
by subtracting the segmental angle during extension (SAE)
from the segmental angle during flexion (SAF).® To assess the
cervical alignment, the C2 sagittal vertical axes (C2 SVA) and
the T1 slope angle (T1S CA) were used.® The C2 SVA is the
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Figure 1. PRISMA flowchart of the search strategy illustrating the number of articles excluded at various stages.

extent between the C2 plumb line and the posterior corner of
the C7 vertebra. The T1 S CA is the angle formed by a line
drawn along the superior endplate of the T1 and a horizontal
reference line.'?

Statistical Analysis

IMB SPSS version 23 was used for descriptive statistics to
calculate the mean and frequency. Comprehensive meta-
analysis software version 3 (CMA) was used for the weighted
summary statistics for various outcome measures. We con-
ducted a quantitative analysis by calculating the pooled mean
difference for pre- and post-operative scores in the mean VAS
neck, VAS arm, and NDI scores. None of the studies mentioned

the correlation coeffect, so we used the Rosenthal conservative
estimate of 0.7 to calculate the pooled estimates. A weighted
percentage for the point estimates was used to calculate the
95% confidence interval for other outcomes. A P-value of
< 0.05 was considered statistically significant for all measured
outcomes.

Our pre-set hypothesis of heterogeneity mainly includes the
type of approach (anterior or posterior). We used a random-
effects model to account for heterogeneity among the studies.
Further, we conducted a subgroup analysis based on the
approach to account for some of the heterogeneity factors.

Heterogeneity among the studies was calculated using I
statistics. We conducted a sensitivity analysis using the one-
study-removed method to evaluate the stability of the results.
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Results

Of the 1,829 articles identified through the database search,
only 31 fulfilled the eligibility criteria (Table 1); a total of
1,410 patients were included. Not all studies mentioned all
outcome measures of interest. Of the included studies, 76%
(n = 22) were classified as having level III, 2 (6.5%) level II,
and 7 (19.4%) level IV evidence. The predominant study
designs of the included articles were a retrospective cohort
comprising 71% (n = 22). Most of the studies were published
between 2017-2019 (20 studies). However, the earliest publi-
cation on this topic was published in 2003.'* More than 2/3 of
the studies were published in the last 5 years (77.42%). A
significant number of publications originated from China
(41.93%, n = 13), followed by South Korea (25.8%, n = 8)
and Germany (16.13%, n = 5). Table 1 summarizes the
included studies.

Demographics

The mean age of the patients enrolled in the selected studies
was 48.39 + 5.72 years (38-63 years), and the mean follow-up
time was 22 + 13.63 months (6-60 months). Although symp-
tom duration was not reported in a substantial proportion of the
included articles, the summative result was 6.07 + 6.06 months
(1-16.5 months).

Operative Technique

One study included both anterior and posterior approaches
(3.2%)'5, 20 studies reported a posterior approach
(64.5%),%7193% and 10 studies reported an anterior approach
(32.3%).'***** All studies involved foraminotomy or discect-
omy by removing a disk fragment. Only one study reported
fusion with an anterior approach using an intervertebral cage
and iliac crest graft.*> Two studies documented anterior trans-
corporeal discectomy.>”*"*?> The majority of the studies
described the endoscopic procedure with general anesthesia.
Only one study reported using local anesthesia for the posterior
approach.?’

Three studies used local anesthesia or conscious sedation for
the anterior approach.’”*®** Tzaan used both local and general
anesthesia for a cohort of 86 patients who underwent an
anterior approach.’® Not all studies used intraoperative
neuromonitoring.

Perioperative Parameters

The mean EBL, operation time, and hospital stay were 5.6 +
5.11mL (0-10mL), 69.35 + 26.49min (27-125min), and
3.02 + 1.37 days (1-5.43 days), respectively.

Postoperative analgesia use was reported only in one study,
in which mean analgesic use was 9.14 days. No study reported
the mean radiation exposure time. Only 5 studies reported the
consistency of the resected disc material: soft in 4 studies
(14%) and hard in one study (3.4%).

Outcome Assessment

VAS and NDI scores. Sixteen studies reported complete data on
neck VAS scores. The difference in the mean neck VAS
score was 4.38 (3.13-5.74, P = 0.000, I* = 99.62). This
indicated a high degree of heterogeneity. The mean reduction
in VAS neck scores was 4.21 (1.60-6.81, P = 0.002) vs. 4.46
(2.73-6.19, P = 0.000) for the anterior vs. posterior approach.
Fourteen studies reported complete data for the arm VAS
score. This showed a higher degree of change compared to
the neck VAS score. The mean difference was 5.80 (5.34-
6.27, P = 0.000, I> = 89.34) with a slightly better score for
the anterior vs. posterior approach (6.13 [5.12-7.13], P =
0.000 vs. 5.69 [5.06-6.32], P = 0.000). Fourteen studies
reported complete NDI score data. The mean difference in
the score postoperatively compared to preoperatively was
24.14 (20.31-27.97, P = 0.000, I = 98.43). There was a
higher mean score reduction with the anterior approach than
with the posterior approach (27.14 [18.47-35.82] P = 0.000
vs. 23.32 [18.68-27.96], P = 0.000). Based on these data, it
appears that there is a higher degree of reduction in the arm
VAS scores compared to the neck VAS scores. This reduc-
tion was slightly better with the anterior approach. Neck
disability scores improved more often with the anterior
approach.

Clinical success. A successful outcome was defined as the total
number of patients with excellent or good outcomes. This was
reported in 14 studies. The summary estimate was 91.3%
(88.6-93.4%, P = 0.000, I? = 0.000). This percentage
was lower for the anterior approach (89.6% [85.8-92.5%],
P = 0.000 vs. the posterior approach (94.2% [90.4-96.5%],
P = 0.000) (Figure 2).

Excellent outcomes were achieved in 72.5% (60.7-81.9%, P
= 0.000, I = 85.17). There was a lower rate of excellent
outcome for the anterior approach than for the posterior
approach (61.1% [44.9-75.2%], P = 0.177, vs. 79.9%
[67.8-88.3%], P = 0.000) (Figure 3).

A good outcome was seen in 21.4% (13.7-31.8%, P = 0.000,
I> = 83.21) of cases (anterior: 30.5% [18.4-46.1%], P = 0.016
vs. posterior: 15.3% [8.5%-26%], P = 0.000) (Figure 4). A fair
outcome was seen in 5.8% (4.00-8.2%, P = 0.000, 2= 0.00) of
cases (anterior: 5.7% [3.6-9%], P = 0.000 vs. posterior: 5.8%
[3.3-10%], P = 0.000) (Figure 5). Only 3.4% (1.9-6.2%,
P = 0.000, I> = 28.2) had poor outcomes. A higher percentage
of poor outcomes was reported for the anterior approach (5.7%
[3.2-10.1%], P = 0.000) than for the posterior approach (2.3%
[1-5.5%], P = 0.000) (Figure 6).

Complication and revision rate. Twenty-nine studies reported
complication rates. The overall complication rate was 7.2%
(5.2-9.8%, P = 0.000, I* = 49.4). There was a slightly higher
complication rate for the anterior approach compared to the
posterior approach (7.9% [4.5-13.3%)] P = 0.000 vs. 6.7%
[4.4-10%], P = 0.000) (Figure 7).
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Group by Study name Statistics for each study Event rate and 95% Cl
Approach Event Lower Upper

rate limit limit p-Value
Anterior Oh HS 2017 0.861 0.779 0.916 0.000 |
Anterior Saringer WF 2003 0.971 0.664 0.998 0.015 E—
Anterior Yang JS (A) 2014 0974 0.839 0.996 0.000 —
Anterior Du Q 2019 0.900 0.326 0994 0.140
Anterior Ahn'Y 2020 0.882 0.762 0.946  0.000 —=
Anterior Ruetten S 2009 0941 0.833 0.981 0.000 —=
Anterior Tzaan 2011 0.907 0.825 0.953  0.000 . |
Anterior | 0.896 0.858 0.925 0.000] ¢
Posterior Ye ZY 2017 0.950 0.525 0.997 0.042 —_—
Posterior Ruetten S 2008 0.966 0.901 0.989 0.000 j
Posterior Yang JS (P) 2014 0974 0.839 0.996 0.000
Posterior Kim CH 2009 0.875 0.266 0993 0.198
Posterior Guo C 2019 0.895 0.663 0.974 0.004 —=
Posterior Liao C 2018 0955 0.836 0.989 0.000 J
Posterior Wan Q 2018 0960 0.765 0.994 0.002
Posterior Zhang C 2018 0.905 0.772 0.964 0.000 -
Posterior [ 0942 0904 0965 0.000| ¢

-1.00 -0.50 0.00 0.50 1.00

Figure 2. Forest plot showing rate of successful outcomes grouped by approach. The summary estimate was 91.3% (88.6-93.4%, P = 0.000,
I> = 0.000). This percentage was lower for the anterior approach (89.6% [85.8-92.5%], P = 0.000) compared to the posterior approach (94.2%
[90.4-96.5%], P = 0.000).

Group by Study name Statistics for each study Event rate and 95% Cl
Approach Event Lower Upper
rate  limit limit p-Value

Anterior Oh HS 2017 0.644 0.546 0731 0.004 : 3 |
Anterior Saringer WF 2003 0.971 0.664 0.998  0.015
Anterior Yang JS (A) 2014 0795 0.640 0.894  0.001 —
Anterior Du Q 2019 0.750 0238 0966  0.341 —
Anterior Ahn 'Y 2020 0314 0202 0452 0.009 .
Anterior Ruetten $2009 0725 0.588 0.830  0.002 -
Anterior Tzaan 2011 0.337 0.245 0.443  0.003 .
Anterior | 0611 0449 0752  0.77] o
Posterior Ye ZY 2017 0.778 0421 0944 0.118 -
Posterior Ruetten S 2008 0.888 0.804 0.938 0.000 |
Posterior Yang JS (P) 2014 0769 0.613 0.875 0.002 —
Posterior Kim CH 2009 0.875 0266 0993 0.198 —
Posterior Guo C 2019 0.789 0554 0919  0.019 —u-
Posterior Liao C 2018 0.773 0.627 0873  0.001 -
Posterior Wan Q 2018 0.880 0.687 0.961 0.001 —u
Posterior Zhang C 2018 0.643 0.489 0772 0.068 -
Posterior [ 0799 0.678 0.883 0.000 | <

-1.00  -050 000 050 1.00

Figure 3. Forest plot showing rate of excellent outcomes grouped by approach. Excellent outcomes were achieved in 72.5% (60.7-81.9%,
P = 0.000, 1> = 85.17) of cases. There was a lower success rate for the anterior approach compared to the posterior approach (61.1%
[44.9-75.2%], P = 0.177 vs. 79.9% [67.8-88.3], P = 0.000).
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Group by Study name Statistics for each study Event rate and 95% Cl
Approach Event Lower Upper

rate limit limit p-Value
Anterior Oh HS 2017 0.218 0.148 0.309 0.000 | B
Anterior Saringer WF 2003 0.029 0.002 0.336 0.015
Anterior Yang JS (A) 2014  0.179 0.088 0.331  0.000 S
Anterior Du Q 2019 0.250 0.034 0.762 0.341 —=
Anterior Ahn'Y 2020 0.569 0.431 0.696 0.329
Anterior Ruetten S 2009 0.216 0.124 0.349 0.000 .
Anterior Tzaan 2011 0.570 0.464 0.670 _ 0.197
Anterior 0305 0184 0461  0.016] <o
Posterior Ye ZY 2017 0.222 0.056 0.579 0.118 ——
Posterior Ruetten S 2008 0.079 0.038 0.156 0.000 [ §
Posterior Yang JS (P) 2014  0.205 0.106 0.360  0.001 S o
Posterior Kim CH 2009 0.125 0.007 0.734 0.198 ——
Posterior Guo C 2019 0.105 0.026 0.337 0.004 44—
Posterior Liao C 2018 0.182 0.094 0323 0.000 . o
Posterior Wan Q 2018 0.080 0.020 0.269  0.001 -
Posterior Zhang C 2018 0262 0.151 0.414  0.003 -
Posterior [0.153 0.085 0.260 0.000 | 2

-1.00 -0.50 0.00 0.50 1.00

Figure 4. Forest plot showing rate of good outcomes grouped by the approach. Good outcomes were seen in 21.4% (13.7-31.8%, P = 0.000,
I> = 83.21) of cases, with 30.5% (18.4-46.1%, P = 0.016) in the anterior approach vs. 15.3% (8.5-26%, P = 0.000) in the posterior approach.

Group by Study name Statistics for each study
Approach Event Lower Upper

rate  limit limit p-Value
Anterior Oh HS 2017 0.020 0.005 0.076 0.000
Anterior Saringer WF 2003 0.029 0.002 0.336 0.015
Anterior Yang JS (A) 2014  0.026 0.004 0.161 0.000
Anterior Du Q 2019 0.100 0.006 0.674 0.140
Anterior Ahn'Y 2020 0.098 0.041 0.215 0.000
Anterior Ruetten S 2009 0.039 0.010 0.144 0.000
Anterior Tzaan 2011 0.070 0.032 0.147 0.000
Anterior [0.057 0.036 0.090 0.000]
Posterior Ye ZY 2017 0.050 0.003 0.475 0.042
Posterior Ruetten S 2008 0.011 0.002 0.075 0.000
Posterior Yang JS (P) 2014  0.026 0.004 0.161 0.000
Posterior Kim CH 2009 0.125 0.007 0.734 0.198
Posterior Guo C 2019 0.105 0.026 0.337 0.004
Posterior Liao C 2018 0.045 0.011 0.164 0.000
Posterior Wan Q 2018 0.040 0.006 0.235 0.002
Posterior Zhang C 2018 0.095 0.036_0.228  0.000
Posterior 0.058 0.033 0.100 _ 0.000

-1.00

Event rate and 95% Cl
3
—
[ o
¢
o ——
-
-
’
-0.50 0.00 0.50

1.00

Figure 5. Forest plot showing rate of fair outcomes grouped by approach. A total of 5.8% (4.00-8.2%, P = 0.000, I* = 0.00) of cases had fair
outcomes (5.7% [3.6-9%], P = 0.000 in anterior approach vs. 5.8% [3.3-10%], P = 0.000 in posterior approach).
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Group by Study name Statistics for each study Event rate and 95% Cl
Approach Event Lower Upper

rate  limit limit p-Value
Anterior Oh HS 2017 0.119 0.069 0.198 0.000 [
Anterior Saringer WF 2003 0.029 0.002 0.336 0.015
Anterior Yang JS (A) 2014  0.013 0.001 0.171  0.002 —
Anterior Du Q 2019 0100 0.006 0.674 0.140
Anterior Ahn'Y 2020 0.020 0.003 0.126 0.000
Anterior Ruetten S 2009 0.020 0.003 0.126  0.000 E
Anterior Tzaan 2011 0.023 0.006 0.088 0.000
Anterior 0.057 0.032 0.101 0.000 ¢
Posterior Ye ZY 2017 0.050 0.003 0475 0.042
Posterior Ruetten S 2008 0.022 0.006 0.085 0.000 E
Posterior Yang JS (P) 2014  0.013 0.001 0.171  0.002
Posterior Kim CH 2009 0125 0.007 0.734  0.198 —
Posterior Guo C 2019 0.025 0.002 0.298  0.011
Posterior Liao C 2018 0.011 0.001 0.154 0.002
Posterior Wan Q 2018 0.019 0.001 0.244 0.006
Posterior Zhang C 2018 0.012 _0.001 _0.16 0.002
Posterior

-1.00 -0.50 0.00 0.50 1.00

Figure 6. Forest plot showing rate of poor outcomes grouped by approach. Only 3.4% of cases had poor outcomes (1.9-6.2, P = 0.000, I* = 28.2).
A higher percentage of poor outcomes of 5.7% (3.2-10.1%, P = 0.000) was reported for the anterior approach compared to 2.3% (1-5.5%,

P = 0.000) for the posterior approach.

Twenty-three studies reported complete data regarding revi-
sion rates. The revision rate was 4.2% (2.6-6.8%, P = 000,
> = 57.04). This indicated moderate heterogeneity. Almost a
similar revision rate among the anterior vs. posterior approach
was observed (4.2% [1.8-9.7%], P = 0.000 vs. 4.00%
[2.2-7.4%], P = 0.000) (Figure 8).

We conducted a sensitivity analysis using the one-study-
removed method for all outcome measures of interest and
found no difference in the calculated outcomes. This indicated
the strength of the findings.

Radiological Outcome

Only 10 studies reported radiological outcomes. The most com-
monly used parameters were CA, SA, and disk height. How-
ever, there was significant variation in reporting methods, and
missing data made creating a pooled estimate unfeasible. Five
studies reported changes in disk height, and 4 of these showed a
reduction in disk height postoperatively. Only one study
showed an increased disk height after the anterior approach.
In this approach, patients underwent fusion in addition to
discectomy.”

Discussion

This meta-analysis included 1,140 patients. Most of the publi-
cations were reported in the past 5 years, which indicates an

increased interest in minimally invasive spinal procedures. Our
analysis aimed to summarize the current evidence, both quali-
tatively and quantitatively, for full endoscopic cervical forami-
notomies or discectomies. Moreover, we performed a subgroup
analysis concerning the anterior versus posterior approach to
address certain heterogeneity factors.

We found that the length of stay was 3.02 + 1.37 days
(1-5.43 days), the means of the EBL was 5.6 + 5.11mL
(0-10mL), and the operative time was 69.35 + 26.49 min
(27-125). Ahn et al compared percutaneous cervical discect-
omy vs. ACDF. The endoscopy group showed statistically sig-
nificantly shorter mean operative times, hospital stays, and
return to work times (55.2 + 18min vs. 124.53 + 35.68 min,
2.18 + 1.16 days vs. 5.23 + 2.93 days, and 3.14 + 1.08 weeks
vs. 10.84 + 3.12 weeks) respectively.*?

Various techniques have been reported in the literature
regarding minimally invasive cervical spine disease. In gen-
eral, these approaches can be divided into anterior and posterior
approaches. The anterior approach can be performed as fully
endoscopic or as a hybrid (micro-endoscopic) technique. It can
also be performed as a discectomy and fusion or as a transcor-
poreal approach to maintain the disk space integrity. A poster-
ior approach could also be performed: as microscopic, full
endoscopic, or microendoscopic. Both foraminotomy and dis-
cectomy could be achieved through this route. These proce-
dures can be performed under local anesthesia or conscious
sedation. Five studies selected this type of anesthesia.
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Group by Study name Statistics for each study Event rate and 95% CI
Approach
Event Lower Upper

rate limit limit p-Value
Anterior Oh HS 2017 0119 0.069 0.198  0.000 | -
Anterior Yao N 2011 0.006 0.000 0.095 0.000
Anterior Saringer WF 2003 0.375 0.1779 0.623 0.323 I
Anterior Yang JS (A) 2014 0.048 0.012 0.171  0.000 -—
Anterior Yu KX 2019 0.079 0.026 0.218 0.000 f—
Anterior Du Q 2019 0.100 0.006 0.674 0.140 -
Anterior Chu L 2018 0.083 0.005 0.622 0.105 =0
Anterior Ahn 'Y 2020 0.020 0.003 0.126  0.000 [l —
Anterior Nadkarni 2017 0.100 0.025 0.324 0.003 o
Anterior Ruetten S2009  0.074 0.028 0.181  0.000 = ——
Anterior Tzaan WC 2011 0.023 0.006 0.088 0.000 —
Anterior | 0.079 0.045 0.133 o.ooo| -
Posterior Ye ZY 2017 0.111  0.015 0.500 0.050 -
Posterior Park JH 2017 0.036 0.002 0.384 0.022
Posterior Won S 2017 0.028 0.007 0.106 0.000 e
Posterior Burkhardt BW 20160.244 0.141 0.390  0.001 e ]
Posterior Oertel JM 2016 0.023 0.003 0.147 0.000 —
Posterior Kim CH 2015 0.091 0.023 0.300 0.002 e ——
Posterior Ruetten S 2008 0.034 0.011 0.099 0.000 o
Posterior Youn MS 2017 0.182 0.070 0.396 0.007 O
Posterior Yang JS (P)2014 0.048 0.012 0.171 0.000 fl—
Posterior Xiao CM 2019 0.071 0.032 0.150 0.000 e fi—
Posterior Liu C 2019 0.083 0.012 0.413 0.022 =0
Posterior Zhang C 2018 0.048 0.012 0.171 0.000 —l—
Posterior Shu Wei 2019 0.028 0.004 0.173  0.000 o
Posterior Lee U 2018 0.094 0.052 0.167 0.000 fi—
Posterior Komp M 2018 0.034 0.011 0.102 0.000 —
Posterior Tonosu J 2018 0.071 0.023 0.199 0.000 e —
Posterior Guo C 2019 0.105 0.026 0.337 0.004 e ——
Posterior Liao C 2018 0.011 0.001 0.154 0.002
Posterior Wan Q 2018 0.019 0.001 0.244 0.006
Posterior [0.067 "0.044 0.101 " 0.000] o

-0.50 -0.25 0.00 0.25 0.50

Figure 7. Forest plot showing rate of complication grouped by approach. The overall complication rate was 7.2% (5.2-9.8%, P = 0.000,
I> = 49.4), with a slightly higher complication rate for the anterior approach compared to the posterior (7.9% [4.5-13.3%], P = 0.000 vs. 6.7%

[4.4%-10%], P = 0.000).

Posterior Endoscopic Cervical Foraminotomy With
or Without Discectomy (PECF + D)

In our review, one study included both anterior and posterior
approaches (3.2%). Most studies, 20 (64.5%), reported a pos-
terior approach. This procedure has been recommended due to
its beneficial outcome that preserves motion and provides post-
operative spinal stability.”* Furthermore, this type of procedure
decreases the amount of tissue trauma and its’ consequences
while achieving the outcome of standard procedures.'*** How-
ever, only one study reported this approach using local anesthe-
sia.?? This is most likely due to the patient’s discomfort and
difficulty maintaining a stable prone position without head
fixation.

Indications for this procedure included neck pain with cer-
vical radiculopathy in patients who failed at least 6 weeks of
conservative management.®* Moreover, the endoscopic pro-
cedure requirements include cervical radiculopathy due to
single-level affection with a laterally projecting disc that is

documented by imaging with no history of cervical spine sur-
gery at the index level.®*? In the examined articles, the authors
excluded cases with evident segmental instabilities or deformi-
ties, isolated neck pain that did not correlate with magnetic
resonance imaging findings, multilevel disc herniation, previ-
ous surgery at the same target segment, suspected infection,
and/or tumors.**?

It was interesting to observe a higher success rate and lower
complication rate in the posterior approach in comparison with
the anterior approach. However, the indications are different
for the anterior than for the posterior approach. This outcome
measure is more robust than the mean difference in VAS and
NDI scores in the pooled analysis. It showed only a slight
difference in favor of the anterior approach. The pooled success
rate for the posterior approach was 94.2% (90.4-96.5%,
P = 0.000) with complication rates of 6.7% (4.4-10%,
P =0.000) and a revision rate of 4.00% (2.2-7.4%, P = 0.000).

A randomized controlled study carried out by Ruetten et al
(to compare the full-endoscopic posterior foraminotomy
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Group by Study name Statistics for each study Event rate and 95% Cl
Approach
Event Lower Upper

rate limit limit p-Value
Anterior Oh HS 2017 019 0069 0.198 0.000 -
Anterior Yao N 201 0.015 0.002 0.098 0.000
Anterior Saringer WF 2003 0.029 0.002 0.336 0.015 ——
Anterior Yang JS (A) 2014 0.024 0.003 0.151 0.000
Anterior Ahn'Y 2020 0.039 0.010 0.144 0.000 4
Anterior Rutten S 2009 0074 0028 0.181 0.000 -
Anterior Tzaan WC 2011 0.012 0.002 0.078 0.000 -—
Anterior |_0042 0.018 0.097 0.000| o
Posterior Park JH 2017 0.036 0.002 0.384 0.022 [ —
Posterior Won S 2017 0.022 0.003 0.139 0.000 il
Posterior Oertel JM 2016 0.209 0113 0.356 0.000 ——
Posterior Burkhardt BW 2016 0.200 0.107 0.342 0.000 e
Posterior Kim CH 2015 0.045 0.006 0.261 0.003 =
Posterior Ruetten S 2008 0.067 0.031 0.142 0.000 e
Posterior Youn MS 2017 0.022 0.001 0.268 0.008 [i—
Posterior Yang JS (P) 2014 0.024 0.003 0.151 0.000 ili—
Posterior Liu C 2019 0.038 0.002 0.403 0.026 [ —
Posterior Zhang C 2018 0.012 0.001 0.160 0.002 t_—
Posterior Lee U 2018 0.009 0.001 0.064 0.000
Posterior Komp M 2018 0.034 0.01 0.102 0.000 o
Posterior Tonosu J 2018 0.012 0.001 0.160 0.002 r
Posterior Nakamura S 2017 0.005 0.000 0.07 0.000
Posterior Guo C 2019 0.025 0.002 0.298 0.011 —
Posterior Liao C 2019 0.011 0.001 0.154 0.002 [—
Posterior Wan Q 2018 0.019 0.001 0.244 0.006
Posterior L0040 0022 0.074 0.000| &
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Figure 8. Forest plot showing rate of revision surgery grouped by approach. The revision rate was 4.2% (2.6-6.8%, P = 000, I* = 57.04). This
indicated moderate heterogeneity. There was an approximately similar revision rate among the anterior vs. the posterior approach (4.2%

[1.8-9.7%], P = 0.000 vs. 4.00% [2.2-7.4%], P = 0.000).

technique with conventional ACDF in 100 patients) showed a
significant improvement in postoperative pain (P < 0.001) in
both groups.** In addition, they reported that the postoperative
work disability was 19 days for the full-endoscopic posterior
foraminotomy compared to 34 days for the ACDF group
(P < 0.01).** Thus, full-endoscopic posterior foraminotomy
has shown a reduced operating and postoperative rehabilitation
time compared to ACDF.** However, the authors did not pro-
vide objective statistical values and comparison groups to
examine this claim. Most authors of the included studies did
not comment on the consistency of disc material, whether hard
or soft, or if PECD would suffice for the treatment of herniated
disc disease.

Anterior Endoscopic Cervical Discectomy

One study included both anterior and posterior approaches
(3.2%), and only 10 studies (32.3%) reported an anterior
approach. This procedure was indicated for patients with

single-level myelopathy, radiculopathy, or myeloradiculopathy
that failed conservative management.'*3>% Patients with ossi-
fication of the posterior longitudinal ligament (OPLL) of a
solitary type were also treated with this procedure.'**>** How-
ever, patients with apparent instabilities or deformities are poor
candidates for the procedure, such as patients with infections or
tumors. Such patients generally require open surgery.'**>4>

Only one study reported a fusion through the anterior
approach, with the only complication being adjacent segment
disease.>® The remaining studies only documented foraminot-
omy or minimal removal of the herniated disk material. Two
studies chose the trancorporeal approach.’®#!43

The endoscopic variant is considered a motion-preserving
approach for the cervical spine. It protects the disc from surgi-
cal damage. It is better for lesions located behind the vertebral
body compared to the anterior transdiscal approach.'’

Surgical indications were consistent across the studies. They
included failed conservative therapy for at least 6 weeks,
single-level soft herniation, and/or neurological findings that
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correlated with findings on imaging studies.>**'** Several sur-
gical contraindications have been suggested, such as disc
migration, disc herniation with foraminal stenosis, calcified
herniated discs, obesity, previous surgery at the same level,
and myelopathy.>*#!4?

A successful outcome was obtained in 89.6% (85.8-92.5%,
P = 0.000) of cases using the anterior approach, which is less
than that seen with the posterior approach; additionally, ante-
rior approach carried slightly higher complication rate com-
pared to the posterior approach 7.9% (4.5-13.3%, P = 0.000).
A similar revision rate among the anterior vs. posterior
approach was 4.2% (1.8-9.7%, P = 0.000) vs. 4.00% (2.2-
7.4%, P = 0.000).

Won et al found that using minimally invasive techniques
would improve cervical curvature in patients with cervical lor-
dosis less than 10.° Similarly, an increase in SL values follow-
ing the posterior endoscopic approach indicated an
improvement in lordosis.’*** Although the mechanism is
unknown, they speculated that the preoperative presence of
hypo-lordosis or kyphosis in the selected patient population
was functional rather than a structural change in response to
radiculopathy. Thus, the alleviation of pain was the main rea-
son for lordosis restoration.® In their study, Kim et al demon-
strated that an SA of 1.45 (kyphotic SA) was a risk factor for a
poor outcome. '’

Yang et al compared anterior and posterior approaches and
found a mean height disk reduction of 1 mm with the anterior
approach compared to 0.5mm with the posterior approach
(P < 0.005). No patient developed kyphosis or instability.'®
Disk height and vertebral body height reduction were observed
by Yu et al at a follow-up of 2 years with no effect on the
degree of kyphosis or instability.*® Ruetters et al 2009 com-
pared ACDF with the anterior endoscopic approach. Four
patients in the ACDF group (8.35%) and 6 patients in the
endoscopic group (11.8%) had increased kyphosis postopera-
tively, with a significant reduction in disk height in both
groups.

Most of the included studies did not report radiographic
outcome measures. These are vital in evaluating the efficacy
of minimally invasive approaches.

In 2015, McAnany et al conducted a meta-analysis compar-
ing open vs. minimally invasive (MIS) posterior cervical for-
aminotomy.*® They included 3 MIS studies and 6 open studies
and concluded that there was no significant difference in the
outcome measured by the Odom criteria. Only one of the
included studies was a fully endoscopic technique. A success-
ful outcome was reported in 92.7% of patients in the open
surgery group vs. 94.9% in the MIS group (P = 0.418). In our
meta-analysis, which included only the endoscopic approach,
we found similar findings. The clinical success rate was 91.3%
(88.6-93.4%, P = 0.000).>* This percentage was lower for the
anterior approach (89.6% [85.8 92.5%], P = 0.000) than for the
posterior approach (94.2% [90.4-96.5%], P = 0.000).

In this meta-analysis, the overall complication rate was
7.2% (5.2-9.8%, P = 0.000), with a slightly higher complica-
tion rate for the anterior approach (7.9% [4.5-13.3%],

P =0.000 vs. 6.7% [4.4%-10%], P = 0.000). This is a higher
value; however, it includes all minor and major complications.
Most of the reported complications were transient hypoesthesia
or weakness.

One study of the anterior approach reported a major com-
plication during exposure of the carotid artery resulting in
arterial injury, dissection, and stroke.*®

In 2019, Tacconi reported a meta-analysis of hybrid endo-
scopic anterior cervical discectomy and fusion. Access was
achieved microscopically to avoid access complications such
as vascular injuries.” The success rate was 88%, the recurrence
rate was 3%, and the revision rate was 5%. Access-related
complications were <0.3%. Four of these studies included laser
discectomy through anterior endoscopy. Thus, we did not
include these in our analysis.*’

In our meta-analysis, the revision rate was 4.2% (2.6-6.8%,
P = 0.00), with a similar rate for the anterior vs. posterior
approach (4.2% [1.8-9.7%], P = 0.000 vs. 4.00% [2.2-7.4%],
P = 0.000).

Overall, these data suggest that the minimally invasive
endoscopic approach is a safe and effective procedure with a
higher success rate for the posterior compared to the anterior
approach. This is true when the outcome is measured as a
clinical success based on the modified Macnab, Hilibrand, or
Odom criteria. Moreover, the revision rate is generally the
same regardless of the approach used. In our analysis, we also
calculated the pooled analysis for the mean difference in VAS
scores for arm and neck and neck disability scores. Our meta-
analysis revealed a high degree of heterogeneity for VAS and
NDI scores, even when grouped by approach. Both the anterior
and posterior approaches showed significant improvement in
VAS arm, VAS neck, and NDI scores, with the pooled analysis
showing a higher degree of reduction in arm scores than the
neck VAS scores. There was a slightly better reduction in
scores with the anterior approach. However, this is a less robust
outcome measure as it calculates the mean difference in scores
rather than calculating each patient’s outcome separately.

Anterior approach might worsen degenerative changes
because the approach violates healthy disk tissue, unlike the
posterior approach, where mostly foraminotomy is sufficient to
relieve the compression. One exception is using Transcorporeal
discectomy to avoid violating healthy disk material. In one
study that compared these 2 approaches, Yang et al observed
more reduction in disk height with the anterior approach,
contributing to the observed less favorable outcome with the
anterior endoscopic approach compared to the posterior
approach.'”

Limitations

The main limitation of this study is the level of evidece of the
included studies and the inherent heterogeneity among the
studies. There were differences in minor technical details (for-
aminotomy, discectomy, fusion, or no fusion), various centers
experiences, and a different method of reporting outcomes with
various follow-up points. Some follow-up points were only 6
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months. This limits the long-term data, particularly for the
recurrence and revision rates and late complications such as
adjacent level degeneration. However, this meta-analysis pro-
vides the best available evidence for the use of endoscopy for
treating cervical spine degenerative diseases. It includes a sub-
group analysis for the anterior vs. posterior approach. High-
quality randomized controlled trials are vital for evaluating this
evolving technique. There were various factors of heterogene-
ity among the included studies. These factors might be difficult
to offset even when conducting a subgroup analysis using a
random effect model and conforming to the stability of the
results with sensitivity analysis. Even though subgroup analysis
addressed some of the heterogeneity factors, the result should
be interpreted with caution as performing subgroup analysis
might lower the power of analysis, lead to confounding and
false-positive results.

Randomized controlled trials with an arm-to-arm compari-
son, rigorous selection criteria, long-term follow-up, unified
outcome assessment tools, and detailed radiological outcome
measures are essential to obtain an improved conclusion
regarding the safety and efficacy of spinal endoscopy.

Conclusions

There is an expanded use among spine surgeons of cervical
endoscopy for radicular pain due to herniated cervical disk.
There is a higher success rate and lower complication rate
associated with the posterior approach compared to the anterior
approach. Both approaches showed significant improvement in
the VAS arm, VAS neck, and NDI scores, and the revision rates
were similar between the 2 approaches. There was a minor but
significant reduction in disk height postoperatively. Whether
this translates to a higher possibility of recurrence, deformity,
and kyphosis is yet to be investigated. Our study is the first to
present a meta-analysis addressing the outcomes of endoscopic
techniques based on the type of approach. This meta-analysis
demonstrates the safety of both anterior and posterior cervical
endoscopy approaches for disk herniation. However, further
studies are needed to compare these 2 techniques prospectively
due to the heterogeneity and small sample size of the included
studies.
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