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spite its minimally invasive nature, complications of PECF are possible, including hemorrhage,
infection, injury to neural tissue, damage to the facet joint and musculature, loss of cervical lor-
dosis, and subsequent progression to cervical kyphosis. We examined complications following
PECF and reviewed the relevant literature.

Methods: We retrospectively reviewed 101 patients who underwent PECF for either disc herni-
ation (DH, 59 patients) or foraminal stenosis (FS, 42 patients). After surgery, the patients were
encouraged to ambulate and were discharged 2-3 days later without the use of a neck collar.
Events occurring during hospitalization were documented in the hospital information system.
Patients were followed-up for a mean period of 2126 months (range, 1-110 months).

Results: Clinical parameters improved from 1 month postoperatively and were maintained
throughout the follow-up period, with no significant differences between the DH and FS groups
(p>0.05). Complications occurred in 14 patients (14%) with no significant difference between
the DH (8 of 59, 14%) and FS (6 of 42, 14%) groups (p>0.05). The most common complication
was dural tear, followed by motor weakness, sensory changes, hematoma collection, incomplete
decompression, reoperation, and wrong-level surgery. Two patients underwent reoperation due
to symptomatic hematoma collection and symptom recurrence 3 years postoperatively.
Conclusion: The incidence of complications following PECF was 14%. Although most were
transient, an understanding of both reported and unreported complications, along with thor-
ough preparation, could reduce the occurrence of PECF-associated complications.
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cervical radiculopathy and cervical central stenosis when non-

INTRODUCTION

surgical treatment is ineffective [1-4]. Current surgical options

Cervical spinal surgery is recommended for patients with  include anterior cervical discectomy fusion (ACDF), artificial
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disc replacement, posterior microforaminotomy, biportal
endoscopic posterior foraminotomy, and posterior full-en-
doscopic cervical foraminotomy/discectomy (PECF) [4-11].
PECF is a full-endoscopic cervical spinal surgery technique
[12]. While clinical outcomes do not differ significantly among
these procedures, each has inherent advantages and limita-
tions [13]. PECF offers several potential benefits, including
minimal injury to posterior spinal structures, a lower incidence
of adjacent segment disease relative to ACDE and the ability to
achieve similar clinical outcomes at lower medical costs than
with ACDF [14,15]. The preservation of cervical motion without
instrumentation may be another advantage of PECF [13,16].
However, like all surgical techniques, PECF carries a risk of
complications. The most common concern is the disruption
of spinal kinematics and subsequent reoperation due to injury
to the facet joint [17,18]. Nevertheless, a systematic review by
Zhang et al. [19] helped alleviate this concern by demonstrating
that the reoperation rate was statistically similar between PECF
and ACDF (1% and 3.9%, respectively). Recent studies have
shown that cervical kinematics are not as heavily disrupted by
PECF as they are by open foraminotomy [20-24]. Despite the
minimally invasive nature of PECE complications are possible,
including suboptimal outcomes, hemorrhage, infection, injury
to neural structures, loss of cervical lordosis, and subsequent
progression to cervical kyphosis [16,17,25]. Therefore, this
study was designed to analyze the complications following
PECEF at a single center and to present an up-to-date review of
publications describing PECF complications.

MATERIALS AND METHODS
1. Patients

This study was approved by Seoul National University College
of Medicine/Seoul National University Hospital of the Institu-
tional Review Board (IRB No. 2101-080-1187). After receiving
IRB approval, we conducted a retrospective review of patients
who underwent PECF at a single institution between June 2010
and September 2022. The requirement for informed consent
was waived by IRB for this retrospective study, as it posed no
more than minimal risk and would not negatively impact the
rights and welfare of the participants. This study included pa-
tients with (1) single- or dual-level unilateral radiculopathy due
to cervical disc herniation (DH) or foraminal stenosis (FS), (2) a
positive Spurling test, (3) disc space narrowing of no more than
50% [26], (4) complete preoperative clinical and radiological
data, and (5) postoperative follow-up for more than 1 month
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[10]. Patients were excluded if they had (1) prior cervical spinal
surgery; (2) malignancy, inflammatory joint disease, trauma,
psychiatric disease, or neuromuscular disease; or (3) ossifica-
tion of the posterior longitudinal ligament [10,21,25,27]. For
DH cases, foraminal soft DH was confirmed using computed
tomography (CT) and magnetic resonance imaging in the ab-
sence of evidence of bony FS. All patients with bony FS, as con-
firmed by CT and magnetic resonance imaging, were classified
as having FS. In total, 101 patients (59 with DH and 42 with FS)
were included in this study.

2. Surgical Techniques

The surgical techniques for PECF were consistent with those
previously reported [10,20-23,25,28-30]. PECF was performed
with the patient in the prone position under general anesthe-
sia (Figure 1). The surgical level was identified using C-arm
fluoroscopy, and an 8-mm skin incision was made above the
“V-point,” which is formed by the lamina, descending facet,
and ascending facet [10,20-23,25,29,30]. A dilator (6.9-mm
outer diameter), working channel (8.0-mm outer diameter),
and endoscope (Vertebris, 4.1-mm working channel; Richard
Wolf GmbH, Knittlingen, Germany) were sequentially intro-
duced through the skin incision (Figure 2) [10,20-23,25,29,30].
Laminectomy and facetectomy were performed using an
endoscopic drill under direct visualization. The size of bone
drilling depended on the size and location of the herniated disc
material and the extent of stenosis, typically within a radius of
3-4 mm around the V-point for soft DHs and 5-6 mm for FS
[20-23,25]. Decompression and free movement of the nerve

root were confirmed at the level of the shoulder/axilla and the

Figure 1. Patient positioning. Surgery is performed with the
patient in the prone position under general anesthesia. Gard-
ner-Well tong skeletal fixation is utilized to facilitate the pro-
cedure. Careful attention is paid to ensure that the abdomen
can freely sag, as this is important to reduce epidural venous
congestion and bleeding.
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Figure 2. Surgeon’s working position. After introducing the
spinal endoscope through an 8-mm skin incision, the surgeon
holds the endoscopic system. The grip posture is discretionary,
but to minimize fatigue during surgery, the arm should not be
raised above the shoulder.

superolateral/inferolateral corner of the nerve root (Figure
3) [10,20,22,25,29,30]. A closed-suction drain was inserted
through the working tube, and the skin was closed (Figure 4).
Patients were encouraged to walk on the day of surgery without
a neck brace and were discharged the following day without

limitations on neck motion [21,25].

3. Clinical Evaluations

Any events that occurred during hospitalization were docu-
mented in the hospital information system. Patient-reported
outcome measures included the Neck Disability Index (scored
out of 50) [31] as well as numerical rating scores for neck pain
(NRS-N, out of 10) and arm pain (NRS-A, out of 10). These

measures were evaluated before surgery and during outpatient

https://doi.org/10.21182/jmisst.2023.00892

Figure 3. Nerve root decompression. Intraoperative photo
demonstrates a decompressed C6 nerve root. Decompression
and unimpeded motility of the nerve root are confirmed at the
level of the shoulder/axilla (indicated by the yellow/white ar-
row) and the superolateralf/inferolateral corner (marked by the
red arrow) of the nerve root.

clinic visits at 1, 3, 6, and 12 months postoperatively, as well as
yearly thereafter. Patients were followed-up for an average of
21+26 months (range, 1-110 months).

4. Statistical Analysis

The patients were divided into 2 groups: DH (n=59) and FS
(n=42), with variables summarized as either mean (standard
deviation) or frequency (proportion). The presence of any
complications was assessed. Clinical outcomes were compared
between the groups using the t-test at each time point. All anal-
yses were performed using IBM SPSS Statistics ver. 26.0 (IBM
Co., Armonk, NY, USA). A 2-tailed p-value of less than 0.05 was
considered to indicate statistical significance.

RESULTS

The most common surgical level was C6-7, followed by C5-6
(Table 1). In 99 patients, the procedure was single-level, while
in 2 patients, it was 2-level. Clinical parameters demonstrated
immediate improvement from 1 month postoperatively, and
these improvements were sustained throughout the follow-up
period (Table 2, Figure 5). No significant difference in clinical
improvement was observed between the DH and FS groups
(p>0.05). Complications arose in 14 patients (14%), with no
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Figure 4. Closed-suction drain placement. A silastic drain is inserted through the working channel of the endoscopic system and

is typically removed on postoperative day 1.

Table 1. Characteristics of patients

Characteristic Total DH FS
Age (yr) 502+104  47.7+11.0 53.7+83
Sex, male:female 68:33 34:25 34:8
Level
C3-4 1 1 0
C4-5 5 3 2
C4-6" 2 1 1
C5-6 33 19 14
C5-7* 1 0 1
Ce-7 49 28 21
Ce-T1* 1 1 0
C7-T1 9 6 3
NDI (/50) 22.6%8.1 232186 219174
NRS-N 61123 6.312.1 58%25
NRS-A 71118 72120 6915
Complication
Dura tear 4 2 2
Sensoryt 2 2 0
Motort 3' 2" 1
Hematoma 2" 1t 1 (no reoperation)
Incomplete 2 1 1
Wrong level 1 1 0
Reoperation 2" 1* (hematoma) 1 (recurrent symptom)

Values are presented as meantstandard deviation or number.

DH, disc herniation; FS, foraminal stenosis; NDI, neck disability index;
NRS-N, Numerical Rating Scale for neck pain; NRS-A, Numerical Rating
Scale for arm pain.

Age: p=0.004 (There was a statistically significant age difference between
patients who suffered from disc herniation and those that suffered from
foraminal stenosis).

*Two-level surgery. A sensory complication refers to subjective deterio-
ration of paresthesia/hypoesthesia after surgery. A motor complication
refers to subjective and clinical deterioration of motor power, assessed
with the Manual Muscle Testing grade scale. *Counted for each event in
one patient.
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significant difference in the complication rate between the DH
group (8 of 59 patients, 14%) and the FS group (6 of 42 patients,
14%) (p>0.05) (Table 1). The most common complication was
dural tear, followed by motor weakness, sensory changes, he-
matoma collection, incomplete decompression, reoperation,
and wrong-level surgery (Table 1). Reoperation was performed
in 2 patients due to symptomatic hematoma collection and
symptom recurrence 3 years after surgery. Asymptomatic
postoperative hematomas were closely monitored without
sequelae. Although intraoperative dural tear occurred in 4 pa-
tients, the tears were minimal, and the arachnoid membrane
remained intact. Consequently, the surgical wounds were
closed without repairing the dura or applying an artificial du-
ral patch. One patient experienced severe C6 nerve root palsy
(Manual Muscle Testing grade 2 after surgery), likely due to an
intraoperative bed hematoma. The hematoma was evacuated
at the operative site, but motor weakness did not immediately
resolve, and full recovery took 12 months. The other case of
transient weakness (Manual Muscle Testing grade 4+ or 5) re-
solved within 1 month.

DISCUSSION

The aim of this study was to examine complications follow-
ing PECF and review the current literature on its complications.
Our findings revealed a complication rate of 14%, with no
significant difference between the DH and FS groups. These

https://doi.org/10.21182/jmisst.2023.00892
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Table 2. Clinical outcomes

Variable Pre 1 Month 3 Months 6 Months 12 Months 24 Months
NDI
Total 22.6%8.1 9.0+57 7053 72154 6.117.1 39+64
DH 23.2%86 8.7t59 5848 6.5+52 42%50 2846
FS 21974 9.7+53 83157 84158 9.7%£9.0 7.1195
NRS-N
Total 6.1+£23 2117 1417 1.5+1.7 1316 0915
DH 63121 2117 1213 12114 1217 0713
FS 5825 19+1.7 1.7£20 2.0+20 1515 1.5+£20
NRS-A
Total 71118 2518 1.8+£1.6 1.7£14 1.7£20 1.1£15
DH 72120 23+17 15+14 1.6+x14 14£18 1217
FS 69115 3.0%20 23%19 1815 24123 09%1.1

Values are presented as meantstandard deviation.

DH, disc herniation; FS, foraminal stenosis; NDI, neck disability index; NRS-N, numerical rating scale for neck pain; NRS-A, numerical rating scale for

arm pain.

results suggest that the risk associated with the surgical proce-
dure is similar across different pathologies.

1. Complications of PECF

Zhang et al. [19] conducted a systematic review indicating a
3% complication rate for PECF (95% confidence interval [CI],
1%-5%), which was lower than that of ACDF at 7.79% (95% CI,
5.54%-10.85%) (p<0.05). PECF has often been compared with

endoscopy-assisted spinal surgery, specifically microendo-
scopic foraminotomy (MEF). In a separate systematic review,
Wau et al. [32] revealed overall complication rates of 5.8% for
PECF and 3.5% for MEF (p=0.12). Although these overall rates
were similar between the procedures, transient root palsy was
the most common complication after PECF (80%), while dural
tear was the most common after MEF (42%) [32]. The rates
of complications such as dural tear (PECFE, 1.5%; MEF, 1.8%;
p=0.67) and superficial wound infection (PECF, 2.2%; MEF,
1.0%; p=0.11) were not significantly different between groups
[32].

2. Suboptimal Clinical Outcomes

A frequently expressed concern regarding PECF is the poten-
tial for insufficient decompression and suboptimal outcomes.
This concern may be valid, given the limited surgical view and
instruments available. As demonstrated in this study, insuffi-
cient decompression occurred in the early stages of PECF (in
the years 2015 and 2017) for 2 patients; however, reoperation
was not performed due to substantial symptom improvement.

https://doi.org/10.21182/jmisst.2023.00892

Recent advances in optics and surgical instruments have
helped to address this concern. As shown in Figure 3, com-
plete decompression of the nerve root is now achievable, as
recommended in standard surgical techniques [8,33,34]. The
present study revealed that clinical outcomes had significantly
improved by postoperative month 1 and were maintained for
2 years. Lv et al. [35] conducted a systematic review and found
that both PECF and MEF resulted in substantial improvements
in clinical outcomes, with no differences between the surgical
techniques. Zhang et al. [19] compared PECF and ACDF and
found no significant differences in the improvement of clinical
outcomes, such as pain and Neck Disability Index, between
procedures. Lee et al. [29] analyzed the recovery of preopera-
tive weakness following PECE In patients with mild weakness,
normalization rates were 48%, 81%, 90%, and 96% at postop-
erative months 1, 3, 6, and 12, respectively. In patients with
severe weakness, the improvement rates were 50%, 71%, 83%,
88%, and 92%, while the normalization rates were 8%, 38%,
58%, 58%, and 63% at postoperative months 1, 3, 6, 12, and 24,
respectively [29]. These findings support the possibility that
sufficient decompression can be achieved with PECE

3.Reoperation

Another concern was the higher reoperation rate after poste-
rior foraminotomy relative to that of ACDE. Lubelski et al. [36]
analyzed matched cohorts and reported a reoperation rate of
6.4% at the index level after posterior open cervical foramino-
tomy and 4.8% after ACDF during a 2-year postoperative fol-
low-up (p=0.07). A systematic review in 2019 showed similar
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Figure 5. Clinical outcomes. By 1 month postoperatively, significant improvements were demonstrated in the Neck Disability In-
dex (NDI, scored out of 50) (A), Numeric Rating Scale for neck pain (NRS-N) (B), and Numeric Rating Scale for arm pain (NRS-A)
(C), with these improvements sustained throughout the follow-up period. No significant difference was observed between the disc
herniation (DH) and foraminal stenosis (FS) groups. An asterisk (*) indicates statistical significance (p <0.05).
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reoperation rates (3.9% vs. 6.9%) and complication rates (7.8%
vs. 4%) between ACDF and minimally invasive posterior cervi-
cal foraminotomy [6]. Despite the lack of statistical significance,
the higher reoperation rate after posterior foraminotomy has
been a concern. The present study showed that secondary
surgery was necessary for one patient (1%) at the index level.
Zhang et al. [19] analyzed the reoperation rate after PECF in a
systematic review and found that it was not significantly differ-
ent between PECF (1%) and ACDF (3.9%). Although PECF is a
minimally invasive surgical technique, it is not a regenerative
treatment; thus, degeneration may naturally progress by 2 years
postoperatively, as shown in this study. However, the incidence
was significantly lower than that of ACDE suggesting the ben-
efit of a minimally invasive surgical technique [8,11,19,34,37].
Biportal endoscopic surgery has recently received attention
due to the comfortable transition from open surgery to this new
procedure. In the near future, the effect of minimally invasive
biportal cervical endoscopic surgery may be compared with
that of PECF in a prospective study [8,11,38-41].

4. Neurological Injury

Zhang et al. [19] conducted a systematic review and found
that transient paresthesia was the most common complication
after PECF (9 of 486, 1.8%), but it resolved over time. In the
present study, sensory changes occurred in 2 patients after
surgery, but these symptoms were managed with pregabalin
for 1 month. The causes of paresthesia were multifactorial,
potentially resulting from surgical trauma, thermal injury, or
secondary changes after decompression. Motor weakness after
posterior foraminotomy was not an uncommon complication
and also occurred after PECE In a systematic review, motor
weakness was observed in 7 of 486 patients (1.4%), while in
the present study, it occurred in 2% of patients [19]. Zhang et
al. [19] reported that minor motor weakness (found in 3 pa-
tients) recovered after 3 months, while severe motor weakness
was found in 4 patients and improved after 12 months. Motor
weakness typically occurred due to excessive retraction of the
nerve root [42]. Additionally, although it was not emphasized, a
dual nerve root was detected in 20% of patients during surgery
(Figure 6) [23,43]. The relative location of the nerve root over
the disc space (the axilla of the nerve root in the lower cervical
spine and the shoulder of the nerve root in the upper cervical
spine) and the presence of dual roots should be considered to
minimize nerve root injury [42]. A systematic review stated that
dural injury occurred in 2 of 486 patients (0.4%), even though
it was not a major focus of the study [19]. Uncertainty exists re-

https://doi.org/10.21182/jmisst.2023.00892

garding whether repairing a torn dura is necessary during PECE
given the limited surgical instruments available for dural repair.
In the current study, dural tear was the most common com-
plication, but no patient required a second operation due to
problems associated with cerebrospinal fluid leakage. Although
the evidence is not robust, during PECF surgery, muscle is not
resected but rather is split. After the removal of the working
channel at the end of surgery, the muscles close by themselves
[44]. This self-closure of the muscles may prevent cerebrospi-
nal fluid leakage through the surgical wound. Another issue is
intracranial hypotension, but this did not occur in the present
study, possibly due to the space being too small to cause intra-
cranial hypotension. However, a small amount of hematoma
collection may cause neurological injury, as demonstrated in
this study. Zhang et al. [19] showed that hematoma collection
occurred in 2 of 486 (0.4%) patients after PECF in a systematic
review. Therefore, closed-suction drainage may be helpful in
preventing the collection of symptomatic hematoma at the sur-
gical site (Figure 4), if necessary. To prevent neurological injury,
careful manipulation of neural tissue, judicious use of surgical
instruments and coagulators around neural tissue, and the in-
sertion of closed suction, if necessary, are required [45].

S. Intraoperative Seizure

Although increased intracranial pressure was not empha-
sized in a systematic review or the previous literature, unno-
ticed elevated epidural pressure may have catastrophic conse-
quences [46]. While not reported during PECF, including in the

Figure 6. Dual nerve root. The ventral motor root is visible af-
ter retraction of the dorsal sensory root.
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present study, seizures have been reported in 3 of 816 patients
(0.34%) during fully endoscopic lumbar surgery [46]. PECF
is performed in water to create a surgical space and to wash
out blood and surgical debris. These factors contribute to the
advantages of PECF in minimizing soft tissue injury and post-
operative infection, but the issue of water pressure remains.
Increased epidural pressure may directly or indirectly damage
the spinal cord or cause intracranial hypertension [46,47]. Joh
et al. [48] demonstrated that indirectly transmitted increased
epidural pressure from the lumbar spine to the cervical spine
elicited neck pain, with the pressure at the neck averaging
53 mmHg (721 mmH,0). Although the exact mechanism of
seizures during fully endoscopic spine surgery is still undeter-
mined, factors such as infusion fluid containing cefazolin, infu-
sion rate, prolonged operative time, dural tear, and sevoflurane
anesthesia may increase the risk of seizures [46]. Symptoms
and signs, such as headache, neck pain, seizures, elevated
blood pressure, or bradycardia, should be carefully monitored
in patients [49,50]. Lin et al. [46] reported the cases of seizures
during full-endoscopic lumbar surgery and found that a so-
called red flag sign—characterized by uncontrollable hyperten-
sion combined with a decreasing pulse rate— occurred in all 3
patients who experienced a seizure. Although not definitively
established, this phenomenon bears similarity to the Cushing
reflex, a cardiovascular response to compensate for increased

intracranial pressure. This reflex sometimes occurs during en-
doscopic brain surgery, wherein the working space inside the
brain is maintained with infused water pressure [49,50]. Previ-
ously, when a dural tear occurred during fully endoscopic spine
surgery, 3 of 15 patients experienced seizures, and 1 of the 3
patients exhibited intracranial air on a postoperative CT scan
[50]. Thus, strict control of epidural pressure is required when
a dural tear occurs during surgery. The water pressure through
the endoscopic system should be kept below 70 cmH,O by
irrigating with saline using gravity or via careful use of a water
irrigation pump to prevent increased intracranial pressure and
unexpected intraoperative seizures [48,49].

6. Vertebral Artery Injury

Due to the proximity of the vertebral artery to the neural
foramen, the artery may be injured during surgery. While no
research is available on this specific complication, the authors
have observed several cases of vertebral artery injury and sub-
sequent infarction in the cerebellum and/or medulla oblongata
at academic conferences. During the surgical procedure, a flex-
ible coagulator may inadvertently enter the vertebral foramen
(Figure 7), and an unnoticed injury caused by compression, co-
agulation, or vascular spasm may result in a vascular accident.

b AN
Flexible tip of coagulqto;'

Figure 7. Potential risk of vertebral artery injury. Passage of the flexible electrode through the foramen to reach the vertebral ar-
tery, situated between the vertebral foramina, can result in vertebral artery injury.
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7. Radiological Changes

Jagannathan et al. examined the segmental and cervical an-
gles following posterior open cervical foraminotomy, finding
a loss of cervical lordosis in 20% of patients (30 of 162), with
one-third of these patients experiencing symptoms [17]. De-
spite this limitation, posterior cervical foraminotomy has been
widely accepted as a valid surgical procedure for patients with
radiculopathy, demonstrating a similar reoperation rate to that
of anterior cervical discectomy and fusion [5,6,9,11,13,17,19,3
3,36,43,51,52]. PECF has recently emerged as an alternative to
microscopic surgery, displaying comparable clinical outcomes
in randomized controlled trials and systematic reviews [5,6,9,1
1,13,17,19,23,33,36,43,51,52]. The primary advantage of PECF
lies in its minimally invasive nature, which can be attributed to
the high magnification and illumination [25]. The resection of
the facet joint involved removal of less than 10% of the joint’s
original size (Figure 8) [25]. As a result, these benefits were
evident in the improved cervical lordosis observed after PECFE,
even in patients with cervical hypolordosis [20,21], as well as in
the preservation of cervical kinematics [10,22].

8. Limitations

While we attempted to address various reported and poten-

Figure 8. Postoperative computed tomography illustrates the typ-
ical extent of endoscopic foraminotomy. The facet joint resection
involves removing less than 10% of the joint's original size. Blue
arrow: site and extent of cervical endoscopic foraminotomy.

https://doi.org/10.21182/jmisst.2023.00892

tial complications of PECF in this study, we acknowledge its
limitations. First, the sample size was not large enough to estab-
lish a generalized consensus. The incidence of complications
depends on each surgeon’s surgical technique and expertise.
Second, this study was impacted by selection bias, as it did not
include patients with severe cervical degeneration. The unique
characteristics of severe degeneration, such as hypertrophied
facet joints and perineural adhesion, were not considered in
this study. These factors may have influenced the outcomes,
including complications. Third, although this study involved a
review of previous literature, it was not a systematic review. Fi-
nally, this study did not address long-term complications other
than reoperation. The long-term effects of PECF on cervical de-
generation and kinematics must be examined to improve surgi-
cal techniques. Despite these limitations, we have endeavored
to discuss all types of reported and unreported complications
of PECF in this manuscript. This information may be helpful in
reducing complications associated with PECE.

CONCLUSION

The incidence of complications following PECF was 14%. Al-
though the majority of these complications were transient, an
understanding of both reported and unreported complications,
along with thorough preparation, could help reduce the occur-
rence of complications associated with PECE
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