
Background: The new surgical procedure of full-endoscopic interlaminar lumbar discectomy (FILD) 
has achieved favorable effects in the treatment of lumbar disc herniation (LDH). Along with the 
wide range of applications of FILD, a series of complications related to the operation has gradually 
emerged.

Objective: To describe the types, incidences, and characteristics of complications following FILD 
and to explore preventative and treatment measures.

Study Design: Retrospective, observational study.

Setting: A spine center affiliated with a large general hospital.

Method: In total, 479 patients with LDH underwent FILDs that were performed by a single 
experienced spine surgeon between January 2010 and April 2013. Data concerning the complications 
were recorded.

Results: All 479 cases successfully underwent the procedure. A total of 482 procedures were 
completed. The mean follow-up time was 44.3 months with a range of 24 to 60 months. The 
average patient age was 47.8 years with a range of 16 to 76 years. Twenty-nine (6.0%) related 
complications emerged, including 3 cases (0.6%) of incomplete decompression in which the 
symptoms gradually decreased following 3 – 6 weeks of conservative treatment, 2 cases (0.4%) of 
nerve root injury in which the patients recovered well following 1 – 3 months of neurotrophic drug 
and functional exercise treatment, 15 cases (3.1%) of paresthesia that gradually improved following 
1 – 8 weeks of rehabilitation exercises and treatment with mecobalamin and pregabalin, and 9 cases 
of recurrent herniation (1.9%). The latter condition was controlled in 4 cases with a conservative 
method, and 5 of these cases underwent reoperations that included 3 traditional open surgeries 
and 2 FILDs. Furthermore, the complication rate for the first 100 cases was 18%. This rate decreased 
to 2.9% for cases 101 – 479. The incidence of L4-5 herniation (8.2%) was significantly greater than 
that of L5-S1 (4.5%).

Limitations: This is a retrospective study, and some bias exists due to the single-center study 
design.

Conclusion: FILD is a surgical approach that has a low complication rate. Incomplete decompression, 
nerve root injury, paresthesia, and recurrent herniation were observed in our study. Some effective 
measures can prevent and reduce the incidence of the complications including strict indications for 
surgery, a thorough action plan, and a high level of surgical skill.
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Due to further exploration of the concept 
of minimally invasive surgery and the 
rapid development of surgical instruments, 

minimally invasive techniques have come to be widely 
used in various surgical fields. Full-endoscopic lumbar 
discectomy (FLD) is currently a hot field in research on 
minimally invasive surgeries of the spine. The initial 
underlying principle is complete decompression by 
the removal of the nucleus pulposus via the Kambin’s 
triangle into the intradiscal area (1). Full-endoscopic 
interlaminar lumbar discectomy (FILD) is a new 
surgical approach that was proposed by Ruetten 
et al (2). This approach achieves decompression 
through an interlaminar window that is used to enter 
the corresponding area (2). This technology has a 
unique advantage, particularly in cases of L5-S1 disc 
herniation. A series of anatomical factors that block 
the working cannula from entering the designated 
area can be resolved. These anatomical factors include 
a high iliac crest, a small intervertebral foramen, and 
hypertrophy and hyperplasia of the transverse and 
articular processes, which are challenging issues for 
full-endoscopic transforaminal lumbar discectomy 
(FTLD). The majority of spine surgeons are increasingly 
interested in FILD, because it provides a similar surgical 
path and a familiar anatomy with respect to traditional 
open surgery (3-9). Due to the popularity of FILD and 
its steep learning curve, a series of surgery-related 
complications has gradually emerged (1,10-14). Thus, 
an accurate understanding of the related complications 
and the identification of some appropriate measures to 
prevent these complications will significantly influence 
the development of FILD.

Methods 
This study aimed to discuss the complications re-

lated to FILD and sought to identify countermeasures. 
This study was approved by the Sichuan University In-
stitutional Review Board and retrospectively analyzed 
a consecutive cohort of 479 patients with lumbar disc 
herniations (LDHs) who underwent FILD performed by 
a single trained spine surgeon between January 2010 
and April 2013 at the West China Hospital. All patients 
underwent preoperative imaging of the lumbar spine 
with x-rays, magnetic resonance imaging (MRI), and 
computed tomography (CT).

Inclusion Criteria
•	 Disc herniation located at L4-5 and/or L5-S1 as con-

firmed by MRI 

•	 The main symptoms were radicular, and the symp-
toms and signs were consistent with the imaging 
results. 

Exclusion Criteria 
•	 Higher segment or extraforaminal LDH
•	 Recurrent LDH
•	 Combined lumbar segmental instability

Surgical Procedures
The procedures were performed under general an-

esthesia. The patients were placed in the prone position 
on a radiolucent table. The operating table was adjust-
ed to reduce the front arch of the lumbar spine and to 
broaden the interlaminar window. Using anterior-pos-
terior fluoroscopy, the index segment was identified, 
and the posterior midline was marked at the tips of the 
spinous processes. A puncture needle was inserted 2 cm 
lateral to the posterior median line of the symptomatic 
side to confirm the correct disc level and also because 
a puncture 2 cm lateral to the midline avoids injury to 
the dural sac and nerve root. The puncture extended to 
the surface of the facet joint as confirmed with C-arm 
fluoroscopy. According to the position of the punc-
ture needle, a 0.7-cm incision was made using a sharp 
scalpel at 0.5 cm lateral to the posterior median line 
of the index segment so that the working tube could 
easily reach the interlaminar space and have sufficient 
mobility during the procedure. A dilator was inserted 
into the lateral edge of the interlaminar space until the 
facet joint or the ligamentum flavum (LF) was reached. 
A working cannula was rotated along the dilator, and 
C-arm fluoroscopy was used to re-confirm the location. 
Next, the endoscope (Spinendos GmbH, Germany) was 
placed. The soft tissue on the surface of the LF was 
removed using a bipolar radiofrequency electrode (Ell-
man Trigger-flex probe, Ellman International, Hewitt, 
NY). A small break was created in the median part of 
the LF using punch scissors. Water, with a pressure of 
80 cm, was then sent through the hole, which pushed 
the dural sac and nerve root away from the ligamen-
tum. The LF was then cut outwards until the shoulder 
of the nerve root was reached. The working cannula 
was rotated into the canal along the LF under direct 
visual control (a part of the bone of the inner edge of 
the superior articular process was removed with a burr 
and/or rongeur). The extruded core and degenerated 
tissues were exposed by rotating the external working 
sheath to medially retract the neural structures. Then, 
the region was removed with grasping forceps after a 
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total of 29 (6.0%) patients with related complications. 
These patients exhibited incomplete decompression, 
nerve root injury, paresthesia, and recurrent hernia-
tion. Moreover, we observed that among the first 100 
patients who underwent FILD, 18 (18%) suffered from 
related complications, and this rate subsequently de-
creased to 3.4% for cases 101 – 479. The incidence of 
L4-5 herniation (8.2%) was significantly greater than 
that for L5-S1 (4.5%). This distribution is provided in 
Table 2. 

Three patients presented with residual radicular 
symptoms without a pain-free interval, and these 
symptoms were found to be due to incomplete de-
compression based on MRI. These findings revealed 
that a small volume of the residual nucleus pulposus 
continued to squeeze the nerve root. The symptoms 
gradually decreased after 3 – 6 weeks of conservative 
treatment that included medication (analgesics and 
neurotrophic) and lower back muscle exercises. Two 
patients, both with L4-5 disc herniations with lateral 
recess stenosis, experienced nerve root injury during 
the surgery. These patients presented with ipsilateral 
aggravating leg pain and weakened myodynamia, and 
one of these patients presented with merger saddle-
area dysesthesia. These patients recovered after 1 – 3 
months of neurotrophic drug and functional exercise 

lateral-medial shift of the working sheath. Sufficient 
space was released by the above operation. Next, the 
working cannula was adjusted upward and downward 
to explore the remaining extruding core for its removal. 
The axilla of the nerve root was then examined by medi-
ally retracting the operation sheath (when the patient 
had an axillary LDH, these steps were performed in the 
reverse order). An annuloplasty was performed using a 
bipolar radiofrequency electrode after the nerve was 
sufficiently decompressed, which indicated a favorable 
mobility of the nerve root and a favorable pulse of the 
dural sac. Forty milligrams of Sou-Medrol were then 
injected into the surgical field to prevent inflammation 
before the end of the operation.

All of the patients were treated for 1 – 3 days with 
drugs (mecobalamin and a non-steroidal anti-inflam-
matory drug). The patients were instructed to perform 
back muscle exercise and to walk with the protection 
of a waist brace, which was used to maintain a fixed 
position for a long duration and to prevent dramatic 
waist rotary motion.

The patients were followed-up postoperatively in 
outpatient clinics or via telephone or e-mails at one 
month, 3 months, 6 months, one year, and 2 years. All 
electronic medical records and preoperative and post-
operative imaging data of the patients were collected 
and analyzed.   

Statistics
 All data management and statistical analysis were 

performed with SPSS version 18.0 software (SPSS Inc., 
Chicago, Il, USA). When a Levene’s test for the com-
parison of variances did not result in the rejection of the 
hypothesis of equal variance between groups, the mean 
values were compared using ANOVA with Bonferroni 
corrections. Kruskal–Wallis tests were applied to non-
normally distributed data. The analyses were performed 
with significance level of α = .05 (two-sided).

Results

A total of 483 patients with LDH underwent FILD 
treatment. We lost contact with 4 of the patients dur-
ing follow-up. The remaining 479 patients received a 
total of 482 procedures. There were 252 men (52.6%) 
and 227 women (47.4%). The mean age was 47.8 years 
with a range of 16 to 76 years. The mean history was 
3.3 years with a range of 3 months to 20 years. The gen-
eral information and clinical data for the patients are 
provided in Table 1. The mean follow-up time was 38 
months with a range of 24 to 60 months. We observed a 

Table 1. Patient descriptions. 

Mean N (%)

Population - 479 (100%)

Age (year) 47.8 -

History (year) 3.3 -

Gender

Male - 252 (52.6%)

Female - 227 (47.4%)

Disc number - 482 (100%)

Lesion segment

L4-5 - 193 (40.3%)

L5-S1 - 283 (59.1%)

L4-5 + L5-S1 - 3 (0.6%)

Type of herniation

Central - 41 (8.5%)

Paracentral - 293 (60.8%)

Foraminal - 148 (30.7%)

Combine situation

Calcification - 46 (9.5%)

Lateral recess stenosis - 15 (3.1%)
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treatment. Postoperative paresthesia was present in 15 
individuals. The clinical manifestations were pain and 
numbness with different extents and natures. All of 
these cases were confirmed to be free of nerve com-
pression by MRI. Following 1 – 8 weeks of rehabilitation 
therapy combined with mecobalamin and pregabalin, 
the symptoms gradually improved. During the follow-
up visits, 9 cases of recurrent herniation were recorded. 
There were 6 patients with an L4-5 LDH and 3 patients 
with an L5-S1 LDH including 7 cases of recurrent hernia-
tion in the original location and 2 cases of contralateral 
herniation. All of these patients presented with ipsi-
lateral or contralateral symptoms that were similar to 
the preoperative conditions. In 4 of these patients, the 
conditions were controlled following the application 
of some conservative methods, and 5 cases underwent 
reoperations that included 3 traditional open surgeries 
and 2 FILDs.

Discussion

Due to its high level of effectiveness, economy, 
and minimally invasive nature, FILD has become 
increasingly popular with both spine surgeons and 
patients with LDH. This procedure for treating LDH, 
particularly L5-S1 LDH, has achieved widespread vali-
dation, and it has also produced favorable effects in 
cases of lumbar spinal stenosis (4,6,7,9,15). Although 
several investigations of FILD have been reported, 
there are few reports about the complications of this 
procedure. Ruetten et al (16) treated LDH with full en-
doscopic (FILD and FTLD) or microsurgical techniques. 
The results demonstrated that the complication rate 
of the full-endoscopic group (10.9%) was significantly 
lower than that of the microsurgical group (19.5%). 
There were no significant differences in the compli-
cation rates between FILD and FTLD. Choi et al (15) 
reported that the rate of complications of FILD was 
18.5%. However, previous studies have provided no 
detailed analyses of the causes of and response mea-
sures for complications. Our study described the types, 
incidences, and characteristics of the complications 

Table 2. The complications distribution.

All cases The first 100 Case 101-479 L4-5 (196) L5-S1 (286)

Total 29 (6.0%) 18 (18%) 11 (2.9%) 16 (8.2%) 13 (4.5%)

Incomplete decompression 3 (0.6%) 3 (3.0%) 0 2 (1.0%) 1 (0.3%)

Never root injury 2 (0.4%) 2 (2.0%) 0 2 (1.0%) 0

Paresthesia 15 (3.1%) 9 (9.0%) 6 (1.6%) 6 (3.1%) 9 (3.2%)

Recurrent herniation 9 (1.9%) 6 (6.0%) 5 (1.3%) 6 (3.1%) 3 (1.0%)

following FILD in detail, and we also explored preven-
tative and treatment measures. 

Incomplete decompression always results in per-
sistent radicular pain without a pain-free interval after 
surgery (3). Lee et al (17) indicated that herniations with 
high-canal compromise and high-grade migration that 
are treated with FLD are associated with a high rate of 
incomplete decompression. The scope of the manipula-
tion of the working cannula in FILD is considerably larg-
er than that in FTLD; thus, we propose that FILD has an 
advantage in the treatment of migratory herniations. 
Two cases in our study involved high-canal compromise 
(< 50%), and another one occurred in the initial stage 
(Fig. 1). It is difficult to accurately ensure the end-point 
of the procedure, which may result in the inability to 
remove the nucleus pulposus in its entirety. Overall, we 
propose that the end-point is particularly important 
for the prevention of incomplete decompression. An 
important sign of complete decompression is the free 
mobilization of the neural tissues (when the nerve was 
sufficiently decompressed, the spontaneous pulsations 
of dura can be observed under constant hydraulic pres-
sure, H2O, with a pressure of 80 cm and a favorable 
mobility of the nerve root could also be observed by 
adjusting the hydraulic pressure by repeatedly opening 
and closing the hydrovalve of the endoscope), in addi-
tion to the performance of preoperative MRI analysis 
to confirm that the size of the nucleus pulposus that is 
intraoperatively removed is consistent with the preop-
erative MRI (3). Moreover, it is important to examine 
the residual fragments in the shoulder, axillary areas, 
and track of the nerve root carefully before the end-
point is reached.

Compared with other methods, operations under 
direct vision can better distinguish the relationship of 
the nerve root with other tissues. Even so, nerve root 
injury is still a common complication of FLD (16,18,19). 
Two cases in our study involved L4-5 herniations com-
bined with recess stenosis and calcification. During the 
surgeries, we found that the nerve root was pushed to 
the rear by the nucleus pulposus and attached to the 
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ligamentum flavum 
despite some adhe-
sion and inflam-
matory vasculature 
wrapped round the 
nerve root. One such 
instance occurred 
when the ligament 
flavum was cut (Fig. 
2), and another oc-
curred when the 
nucleus pulposus 
was moved. Overall, 
we observed the fol-
lowing points. First, 
space is a consider-
ation. When faced 
with a smaller lami-
nar window, which 
is a challenge to the 
implantation and 
mobilization of the 
working cannula, 
a larger window 
should first be made 
using a high-speed 
burr and rongeur. 
Additionally, when 
lumbar spinal canal 
stenosis caused by 
facet joint hyper-
plasia, ligamentum 
flavum pachismus, 

sis with the radiofrequency electrode and the control of 
blood pressure are very necessary. Furthermore, gentle 
and accurate manipulation in a step-by-step manner 
without anxiousness or roughness is required.

Paresthesia had the highest incidence (15 cases, 
3.1%) among all complications in our observations. 
Moreover, there is no uniform interpretation for its 
occurrence. Some studies have observed that intraop-
erative spinal ganglion or nerve root irritation may 
cause postoperative paresthesia (16,20). An analysis 
of our cases revealed that neuropathic pain (NP) was 
another important factor. In 8 of the 15 patients who 
exhibited paresthesia, the paresthesia was transient 
and disappeared within one week without any drug 
therapy. However, the other 7 patients exhibited persis-
tent postoperative dysesthesia, hyperalgesia, or aggra-
vated numbness that lasted for more than one week. 

Fig. 1. A: preoperative MRI; B: day 1 postoperatively, the residual nucleus remains extruded in the 
spinal canal and the left S1 nerve root was continuously extruded.

or herniation with calcification is present, there is not 
sufficient space to operate. Moreover, due to the above 
factors, the nerve root may be far from its normal ana-
tomical position. A larger space should be made after 
part of the extruded core is removed. Thus, at a later 
period, we summed up our experience. When faced the 
recess stenosis, calcification, and other situations that 
limit the working space, some bone resection is usually 
required so that a larger working space can be cre-
ated. Second, cleaning is an important consideration. 
Inflammatory vascular hyperplasia is observed in most 
patients, particularly those with long histories. Addi-
tionally, inflammatory bleeding caused by an increase 
in blood pressure during the irritation of freeing the 
nerve root and inflammatory vasculature may blur the 
surgical field and affect the fluency and accuracy of the 
operation. Thus, the achievement of effective hemosta-
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The ID pain scores were 3.29 ± 0.76 on postoperative 
day one and 3.71 ± 0.76 at one week postoperative (21). 
After treatment with pregabalin, the scores signifi-
cantly decreased to 2.29 ± 0.49 at postoperative week 
2, 1.571 ± 0.789 at postoperative week 4, and 0.43 ± 
0.54 at postoperative week 8. No significant differences 
were observed between postoperative day one and 
postoperative week one (P > 0.05). There were signifi-
cant differences between postoperative week one and 
postoperative  week 2 (P < 0.001), between postopera-
tive week one and postoperative  week 4 (P < 0.001), 
and between postoperative week one and postopera-
tive  week 8 (P < 0.001). Therefore, we believe that the 
symptoms were due to NP (22). Additionally, we found 
that the incidence of postoperative paresthesia among 
the patients with lateral recess stenosis (4 cases, 27%) 
was significantly greater than that among the patients 
without lateral recess stenosis (11 cases, 2.4%). We 
proposed that lateral recess stenosis resulted in the 
nerve root being squeezed, which caused preoperative 
irritation. Thus, it is necessary to reduce the number of 
unnecessary operations to reduce the irritation of the 
nerve root. Moreover, pregabalin was demonstrated to 
have favorable effects in the treatment of NP in our 
patients.

Fig. 2. Endoscopic view of  FILD: nerve root and ligamentum 
flavum adhesion. When cutting off  the ligamentum flavum, 
the neurilemma can be carved and the nerve fiber exposed.

 nerve root;  nerve fiber;  neurilemma;  nucleus pulposus

Recurrent lumbar disc herniations (RLDHs) occur 
following various operations of lumbar discectomy 
(23-26). Suk et al (27) defined RLDH as disc herniation 
at the same level with a pain-free interval longer than 
6 months after surgery regardless of whether the her-
niation is ipsilateral or contralateral. The risk factors 
include smoking, gender, BMI, and diabetes (28). The 
primary cause is continual degeneration of the oper-
ated segments. We used the definition proposed by 
Suk et al (27) and found 9 cases with confirmed RLDH 
according to MRI (Fig. 3). These patients ranged in age 
from 26 to 50 years old with an average of 36.3 years. 
The range of recurrence was 8 to 40 months with an 
average of 18.6 months after surgery. These patients 
included 7 ipsilateral recurrences and 2 contralateral 
cases, and there were 6 men (4 smokers) and 3 women. 
Furthermore, 6 of these patients (67%) had histories of 
trauma, heavy lifting, or acute and substantial changes 
in waist posture. Thus, we propose that exogenic ac-
tion may be a precipitating cause of RLDH. Kim and 
Park (19) divided recurrence into early recurrence (≤ 6 
months) and late recurrence (> 6 months). The study 
groups were treated with FILD using annular sealing, 
and the control groups were treated without annular 
sealing. The recurrence rate of the study group (5.5%, 
early 2.2% and late 3.3%) was significantly lower than 
that of the control group (13.5%, early 9.8% and late 
3.8%). Taken together, these results suggest that annu-
lar sealing can effectively reduce recurrence, particular-
ly during the early stage. We did not seal the annulus, 
but we did perform annuloplasties (i.e., processing of 
the crevasse of the annulus by RF) (Fig. 4). Additionally, 
both the extruded parts and basal parts (some loose 
fragments of the inner crevasse) were removed in our 
operations. In addition to this technical tip, some factors 
unrelated to the procedure were equally important for 
preventing recurrence, and we believe that some fixed 
factors (i.e., height, age, and gender) can be ignored. 
Moreover, some health education should be provided 
to the patients, such as the need for increased exercise, 
weight reduction, and the avoidance of smoking and 
drugs. Furthermore, doctors should guide patients to 
perform back muscle exercises and suggest to their 
patients that they walk with the protection of a waist 
brace within the month following surgery. Moreover, 
patients should be advised to avoid heavy lifting and 
maintaining a fixed position for a long time and to 
induce little waist rotary motion.

Other common complications that have been re-
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Fig. 3. A: before the initial FILD; B: 3 months after the initial FILD, the left S1 nerve root was not extruded; C: 12 months after 
the initial FILD, the left S1 nerve root was extruded again; D: one day after the second FILD. The left S1 nerve root was never 
extruded.

Fig. 4. A: before the annuloplasty; B: during the annuloplasty; C: after the annuloplasty.

ported in the literature include dural tears, which are a 
well-known and serious complication of lumbar spinal 
surgery (29). Patients with less extensive tearing may 
have no obvious symptoms and may only require supine 
rest with a pressure dressing. However, patients with 
serious tearing, which can cause intractable radicular 
pain, uncontrolled cerebrospinal fluid (CSF) leakage, 

and even the formation of a nerve root herniation, 
will always need secondary open repair surgery (30-
33). No dural tears were detected in our study. Because 
FILD uses the posterior approach, similar to traditional 
open surgery, it provides some benefits, such as re-
duced damage to the bone and soft tissue. Theoreti-
cally, the risk of dural tears may be relatively low. We 
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propose that the initial insertion point and control of 
the intraoperative direction of the working sheath are 
important. With regard to axillary herniations, the LF 
should be cut off close to the upper edge of the lower 
lamina. After exposure of the nerve root and dural sac 
and following the removal of the epidural fat tissue, 
the working sheath should be adjusted slightly out-
ward and upward to reach the axilla, and the sheath 
should be rotated to place the nerve tissue outside. 
Regarding non-axillary herniations, the initial insertion 
point is the lateral edge of the interlaminar space, and 
the insertion should be extended until the facet joint 
is reached. Next, a lateral-medial shift of the working 
sheath should be performed to protect the nerve tis-
sue. Moreover, there were no cases of infection in the 
present study. We did not use prophylactic antibiotics in 
the operations, although some studies have indicated 
that the prophylactic use of antibiotics in FLD (includ-
ing FILD and FTLD) is necessary (6,34). First, FILD should 
be considered an aseptic operation. The infrequent use 
of fluoroscopy and a shorter operation time can reduce 
the probability of infection in an open operation. Fur-
thermore, the inflammatory chemicals could be washed 
away persistently during the operation with a sufficient 
amount of normal saline. By combining these advan-
tages with strict aseptic manipulation, we propose that 
infection may be prevented.

Analysis of our observations revealed that the 
complication rate of the first 100 patients was 18.0%, 
and these complications included fragment omission 
(3.0%), root injury (2.0%), paresthesia (9.0%), and 
recurrence (6.0%). The rates of these complications in 
the first 100 patients were significantly greater than 

those among the total population. These findings are 
consistent with  the notion that FILD has a long and 
steep learning curve. Furthermore, the complication 
rate for the L4-5 herniations (8.2%) was greater than 
that for the L5-S1 herniations (4.5%). We believe the 
main reason for this finding is that the laminar window 
of L4-5 is smaller than that of L5-S1. The smaller win-
dow increases the difficulty and risk of the entry of the 
working cannula into the canal and extension of the 
working cannula to the shoulder of nerve root for L4-5 
herniations, particularly when combined with stenosis 
and/or facet hypertrophy. Therefore, many previous 
studies have proposed that FILD is more suitable for 
L5-SI herniations (4,7,15). We treated 196 cases of L4-5 
herniations with FILD and achieved satisfactory results. 
Furthermore, the complication rate declined from 
12.0% (the first 100 L4-5 cases) to 4.2% (L4-5 cases 100 
to 196). Thus, we propose that as the surgeon becomes 
more skillful and experienced, FILD can be equally ef-
ficacious in the treatment of L4-5 and L5-S1 herniations.

Conclusion 
FILD is a new technology that has a low incidence 

of complications. These complications are mostly as-
sociated with improper operative procedures. To re-
duce the complication rate, we provide the following 
recommends: specify the precise surgical procedure 
and employ a combination of superb surgical skills and 
targeted perioperative management.
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