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Objective: Full-endoscopic lumbar discectomy has evolved to be an alternative for the treat-
ment of lumbar disc herniation. Regarding the techniques, the transforaminal approach remains 
the primary access. The indications of transforaminal endoscopic lumbar discectomy (TELD) have 
expanded following the evolution of the techniques, especially TELD with foraminoplasty. This 
study is to evaluate the efficacy of the TELD with foraminoplasty for downward migrated lum-
bar disc herniation. 
Methods: The authors conducted a retrospective study with prospectively collected data in a 
single center. The study enrolled patients with downward migrated lumbar disc herniation un-
dergoing TELD with foraminoplasty from May 2009 to June 2018. All procedures were per-
formed under local anesthesia. Patients’ demographics, clinical outcomes, and satisfaction with 
surgery were recorded. 
Results: There were 126 patients included in the current study. The mean age was 50.7±17.4 
years old. The leg pain and functional outcome scores significantly improved after the operation. 
There was no neurological deficit or iatrogenic instability requiring fusion surgery. The operation 
time was within 2 hours in most cases (92%). Thirteen patients reported minor complications, 
but symptoms were self-limited or responded to conservative treatment. The operation satisfied 
94.4% of patients. Seven cases underwent revision surgery within six months due to recurrence. 
Conclusion: TELD with foraminoplasty under local anesthesia can be an alternative for down-
ward migrated lumbar disc herniation. Nerve root irritation can be detected without intraopera-
tive neurophysiological monitoring when the patient is awake during the procedures. The clini-
cal outcomes were favorable and the risk of complication was low with the current technique. 
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INTRODUCTION 

Transforaminal endoscopic lumbar discectomy (TELD) has 

been an alternative for minimally invasive surgery of the soft 

lumbar disc herniation [1-6]. TELD is usually conducted under 

local anesthesia with or without conscious sedation to decrease 

exiting nerve root injury during the procedures. Comparing 

with open discectomy, TELD is superior in minimizing injury 

to collateral soft tissue [7], which benefits postoperative pain, 

shorter hospital stay, and early return to daily life or work [8-11]. 

With the evolution of surgical instruments and techniques, 

the indications of TELD have been expanded to treat migrated 

disc or combined lumbar foraminal stenosis [12,13]. The core 

procedure to expand the application of TELD is foraminoplas-

ty, which can widen the narrow foramen to allow the working 

cannula to pass through easily [14,15]. Foraminoplasty can 

increase the safe working zone by resecting the ventrolateral 

aspect of the superior articular process (SAP) to avoid injury 

to the exiting nerve root [16]. However, patients might experi-

ence severe pain and cannot cooperate with the surgery during 

complicated procedures if the local anesthesia is inadequate. 

The previous studies mainly focused on different modifica-

tions of transforaminal endoscopic techniques. Some authors 

have described the endoscopic foraminoplasty technique by 

using a drill or reamer in performing TELD [14,15,17]. Never-

theless, there is a lack of study describing the stepwise anes-

thetic techniques. Adequate local anesthesia is the first step 

of the operation and is essential to patients’ satisfaction. The 

standard anesthetic technique of TELD is epidural block before 

puncturing through annulus and discography. The target and 

procedures of TELD with foraminoplasty are different from the 

standard TELD. Therefore, the authors will report their modi-

fied technique and patient-reported outcomes in the study. 

MATERIALS AND METHODS 

The Institutional Review Board approved the study (IRB No. 

190905), and all patients had informed consent. The retrospec-

tive study enrolled patients with downward migrated lumbar 

disc herniation undergoing TELD with foraminoplasty in a 

single institute. Patients having a previous lumbar operation 

or spondylolisthesis were excluded. The demographics and 

patient-reported outcomes were recorded prospectively. The 

operations were done by a single surgeon (corresponding au-

thor). The surgical technique was modified from TESSYS with 

a single endoscopic spine system (VANTAGE BIOTECH CO., 

LTD., Taoyuan, Taiwan). The clinical outcomes were assessed 

with the visual analogue scale (VAS) and Oswestry Disability 

Index (ODI). The patients’ satisfaction with the surgery was 

evaluated on postoperative day 1. The patient satisfaction was 

categorized as “excellent”, “good”, “fair”, and “poor”. 

Statistical analysis was conducted using IBM SPSS Statistics 

(Version 22.0). Continuous variables were expressed as the 

mean ± standard deviation. A paired t-test was used to compare 

preoperative and postoperative results. A p-value <0.05 was 

considered statistically significant. 

1. TELD with Foraminoplasty Protocol 

1) Preparation 
A standardized patient education sheet and video clips were 

provided to patients in the neurosurgical clinic before surgery. 

Information about the surgery, expectations, and support ser-

vices was available on the education sheet. The education was 

reinforced at the preoperative service.  

The patient is in the prone position with hips and knees 

flexion on the Jackson table. C-arm fluoroscopy was used to 

verify the herniated segment. The entry point on the skin was 

determined according to the TESSYS technique proposed by 

Schubert and Hoogland [17]. 

2) Stepwise Anesthesia and Docking the Working Cannula 
After planning the entry point and trajectory, the patient is 

given local anesthesia with 3 to 5 mL 1% lidocaine at the sub-

cutaneous and fascia layer. Then, a stab incision by 8 mm is 

made through the skin and fascia with a blade. The cannulated 

needle is inserted from the entry point. During inserting the 

needle to the lateral SAP, about 5 to 10 mL 1% lidocaine was in-

filtrated in the muscle layer (Figure 1). The target of the needle 

placement is at the junction of the SAP and pedicle, which are 

away from the exiting root and identified by fluoroscopic guid-

ance easily (Figure 2). Thus, epidurogram and discogram can 

be omitted. Then, the needle was withdrawn slightly and then 

inserted at a higher inclination angle through the ventral SAP 

(Figure 3). After confirming the needle position by fluoroscopy, 

about 5 to 10 mL 0.5% lidocaine is given to infiltrate and block 

the ventral facet. Although the diluted lidocaine may fail to in-

filtrate the epidural space adequately, the pain from irritation 

to the annulus is minimal with the current technique. Then, a 

guidewire is inserted through the cannulated needle and fol-

lowed by sequential dilators to create the track for a working 

cannula. Patients were awake during the whole procedure and 

could report their discomfort immediately. The working chan-

nel is placed through the dilator and docked on the ventrolater-
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Figure 1. (A) The cannulated needle was inserted from skin through muscle to lateral SAP under C-arm fluoroscopy guidance. (B) Local 
anesthetics were infiltrated along the way from subcutaneous to lateral SAP.

Figure 2. The intraoperative fluoroscopy showed cannulated nee-
dle landing on the lateral SAP.

al aspect of the SAP base. 

3) Endoscopic Foraminoplasty 
The endoscope of the working channel by 4.3 mm was used 

in operation. The radiofrequency coagulator (VANTAGE BIO-

TECH CO., LTD., Taoyuan, Taiwan) and grasping forceps are 

utilized to dissect soft tissue and then define the SAP under 

direct endoscopic visualization. The author used a high-speed 

diamond burr (VANTAGE BIOTECH CO., LTD., Taoyuan, Tai-

wan) to drill the ventral portion of the SAP base for widening 

the working space in the foramen. The foraminal ligament is 

then removed with forceps. Sometimes, a bulging disc in the fo-

raminal area can be found and removed partially with forceps 

or shrank with a bipolar coagulator to maintain the endoscopic 

A B

vision. After foraminoplasty, the working cannula can be in-

serted into the lateral recess of the spinal canal easily. 

4) Endoscopic Discectomy 
The migrated fragment was accessible and able to be pulled 

out from the canal. After partial discectomy, the annular defect 

was identified. Annuloplasty and epidural hemostasis are con-

ducted with a bipolar probe. Adequate neural decompression 

is defined as the grossly free margin of the nerve roots with 

good pulsation. 

5) Monitoring During Operation 
The patient undergoing TELD was awake during the whole 

procedure. We didn’t use the intraoperative neurophysiological 

monitor. The surgeon should communicate with the patient at 

each phase and be aware of the patient’s response. If the pa-

tient reports leg dysesthesia during the procedure, the surgeon 

should halt and adjust the endoscopic or working instruments. 

Fluoroscopy is sometimes necessary to confirm the orientation 

of the surgical field. The operator can ask the patient to cough 

or wriggle the waist during operation to check if there is poten-

tially herniated nucleus pulposus. 

RESULTS 

From May 2009 to June 2018, there were 126 patients under-

going TELD with foraminoplasty. The demographics are pre-

sented in Table 1. The mean age of the patients was 50.7±17.4 

years (range from 14 to 82 years old). The mean follow-up time 

was 56.1 months (range from 17 to 130 months). At the one-
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Table 1. Patient characteristics

Characteristics Values
Gender
 Male 93 (71.4%)
 Female 33 (28.6%)
Age (yr)
 Mean 50.7±17.4
 <65 90 (71.4%)
 ≥65 36 (28.6%)
Surgical level
 L2/3 5 (4.0%)
 L3/4 18 (14.3%)
 L4/5 94 (74.6%)
 L5/S1 8 (6.3%)
 L3/4 and L4/5 1 (0.8%)
BMI
 <30 81 (64.3%)
 ≥30 45 (35.7%)

Values are n (%) or mean±SD.

Table 2. Surgical outcomes

Values p-value
ODI <0.001
 Pre-op 26.1±6.9
 Post-op 2.8±4.0
VAS <0.001
 Pre-op 7.4±1.7
 Post-op 0.3±0.9
Operative time (hr) NA
 <1 62 (49.2%)
 1–2 54 (42.9%)
 >2 10 (7.9%)
Complications NA
 Soreness 2 (1.6%)
 Numbness 8 (6.3%)
 Severe wound pain (VAS>4) 3 (2.3%)
 Recurrence 7 (6.3%)

VAS: Visual Analogue Scale, ODI: Oswestry Disability Index.

Figure 3. (A) The needle was then withdrawn slightly and inserted by a higher inclination angle into foramen. (B) The intraoperative flu-
oroscopy showed cannulated needle placed into foramen underneath the ventral surface of SAP.

year follow-up, the VAS scores for leg pain significantly de-

creased from 7.4±1.7 preoperatively to 0.3±0.9 postoperatively 

(p<0.05). The ODI score significantly improved from 26.1±6.9 

to 2.8±4.0 (p<0.05) (Table 2). The operation time was within 2 

hours in most cases (92%). There was no conversion to open 

surgery. Minor adverse events included 13 patients reporting 

minor complications, including back soreness by two patients, 

ipsilateral leg numbness by eight patients, and significant 

wound pain. The minor complications were self-limited with 

conservative treatment. There was no neural injury, epidural 

hematoma, or iatrogenic instability requiring revision surgery 

in the current series. Patient satisfaction to surgery was excel-

lent in 106 patients (84.1%) and good in 13 patients (10.3%) 

(Figure 4). Seven patients had recurrence within six months 

postoperatively. Two patients underwent repeated TELD suc-

cessfully, and the other five patients underwent fusion surgery. 

DISCUSSION 

The indication of endoscopic spine surgery has been ex-

panded in recent years [18,19]. As for lumbar disc herniation, 

the TELD without foraminoplasty might be limited in patients 

with a migrated fragment [20]. According to the anatomy of 
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plasty. Besides, the patient may take less anesthetic risk when 

undergoing TELD, especially for the elderly or patients with 

multiple comorbidities. Post-anesthetic care is simple without 

endotracheal intubation or urinary catheterization. The periop-

erative and postoperative complications rates were lower with 

the protocol. The cost-effectiveness study also showed that 

TELD was more cost-effective than microdiscectomy by saving 

an additional net of $8,064 per quality-adjusted life year [23]. 

There are some advantages to keeping patients awake during 

TELD. Iatrogenic neurological deficit is a critical issue of spi-

nal operation. The rates of deficits after lumbar spine surgery 

ranged from 0.46% to 17% [24]. The utility of neurophysiologi-

cal monitoring has shown the benefit of decreasing the risk of 

iatrogenic root injury [25,26]. While doing TELD under local 

anesthesia, patient’s feedback during the operation can ef-

fectively replace the neurophysiological monitor. The diluted 

lidocaine can block the painful feeling but spare the tactile sen-

sation during operation. Patients will report feeling like electric 

shock at the ipsilateral leg when the nerve root is irritated. 

The patient’s feedback in real-time is straightforward without 

interpretation of neurophysiological electrography. The risk 

of injury to the neural structure is minimized and neurophysi-

ological monitoring is unnecessary. Moreover, the patient can 

report the immediate improvement after decompression of the 

nerve root. When patients undergo TELD in lateral decubitus 

position, the surgeon can do a straight leg raising test during 

operation to confirm the effectiveness. 

The extent of discectomy is a critical issue for the recurrence 

of the lumbar disc. The previous studies revealed that limit-

ed discectomy was related to a higher risk of recurrence than 

subtotal discectomy [27,28]. However, an aggressive discecto-

my may cause more postoperative back pain [27,29]. There is 

no standard to determine the adequate extent of discectomy 

during the operation. The authors proposed an easy way to de-

termine the endpoint during the awake operation. While ask-

ing the patient to cough or wriggle the waist, the surgeon can 

identify the loose disc fragment during operation. It is difficult 

to do similar tests when patient is under general anesthesia. 

Therefore, discectomy during awake surgery might balance the 

disc preservation and recurrent risk during lumbar discectomy. 

There are limitations in the current report. It is a retrospective 

study, and there is a lack of comparative group and prospective 

data to evaluate differences between anesthetic techniques. 

Though this technique might be suitable for all TELD, the 

foraminoplasty is an advanced technique, and the learning 

curve remains steep for beginners to achieve favorable out-

comes steadily. Different surgical techniques and technologies 

the intervertebral foramen, the SAP is the main obstacle in 

transforaminal endoscopic access to the epidural space in the 

spinal canal. Therefore, techniques of foraminoplasty were 

proposed to reach the migrated disc by widening the foramen 

during TELD. After the undercutting of the ventral part of the 

SAP, the safe working zone can be enlarged. So, the endoscop-

ic trajectory can directly target the migrated fragment at the 

ventral epidural space [21]. This strategy can avoid exiting root 

irritation or injury due to increased cranio-caudal inclination 

for reaching migrated disc. The current study demonstrated the 

high success rate and safety in treating downward migration 

of lumbar disc herniation by TELD with foraminoplasty under 

local anesthesia. Patients could be satisfied with the painless 

endoscopic procedures, rapid recovery, and free from endotra-

cheal intubation or urinary catheterization. 

The first and most crucial step for any awake surgery is the 

techniques of anesthesia. The patient’s cooperation is essential 

during the operation. Lumbar spine surgery could be one of the 

most painful procedures. Patients with lumbar disc herniation 

might be sensitive and irritable to painful sensations. Therefore, 

adequate analgesia is the core to make the patient cooperate 

during the surgery. Though TELD under epidural anesthesia 

is feasible, the intraoperative neurophysiological monitor is 

necessary to decrease the risk of neural injury [22]. Besides, it 

would not be cost-effective because of longer preparing time, 

higher cost of anesthesia and intraoperative monitor. Patients 

undergoing TELD might feel pain while skin incision, passing 

dilator through fascia, puncture into the annulus, and foramino-

plasty with endoscopic burr or trephine. Therefore, local an-

esthesia with stepwise injection from the skin to the epidural 

space is enough to relieve pain during surgery. According to the 

current study, patients would be satisfied with the local anes-

thesia even undergoing complicated procedures like foramino-
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may affect the outcomes and patient satisfaction. The current 

study emphasized short-term results regarding the anesthetic 

technique but omitted the discussion of long-term outcomes. 

CONCLUSION 

Ambulatory surgery is the trend of minimally invasive spine 

surgery. With skilled anesthesia in awake surgery, the surgeon 

can widen the intervertebral foramen during transforaminal 

endoscopic spine surgery to reach the migrated fragment. 

Intraoperative feedback from patients during awake surgery 

assures safety by avoiding neural injury. Though TELD has 

advanced and varied with the expanding indications, the tech-

nique of foraminoplasty remains the primary and core skill in 

the developing field. 
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