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Abstract

Transforaminal full-endoscopic lumbar discectomy (TELD) can be performed under local anes-
thesia. However, there have been no reports on risk factors for a change in vital signs or the need 
for additional medications to maintain adequate analgesia during this procedure. The purpose of 
this study was to identify risk factors for additional intravenous medication during TELD under 
local anesthesia. The following factors were retrospectively evaluated in 113 consecutive patients 
who underwent TELD under local anesthesia at our institution: demographic characteristics, 
radiological features at the intervertebral disc level, distance between the superior articular 
process and the exiting nerve root, height of the intervertebral disc, height of the bulging disc, 
height of the intervertebral foramen, and distance from the insertion site to the spinous process on 
magnetic resonance imaging (MRI) and computed tomography (CT) scans of the lumbar spine. 
Logistic regression analysis was performed to determine factors associated with the need for addi-
tional drugs. In all, 23 cases (20.4%) required additional intraoperative medications because of 
hypertension, hypotension, bradycardia, or pain. Logistic regression analysis revealed that age 
(partial regression coefficient 0.05, p = 0.02) and bulging disc height (partial regression coefficient 
−0.7, p = 0.003) influenced the need for additional drugs. There were significant associations of 
need for additional intravenous medication with older age (>62 years) and a smaller bulging disc 
height (<8.2 mm). Patients with these factors require close monitoring for changes in vital signs or 
increasing pain when performing TELD under local anesthesia and may need additional intrave-
nous medication.
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Introduction

Surgical treatment of lumbar disc herniation (LDH) 
has been steadily advancing. In 1989, Hijikata 
described percutaneous nucleotomy, which was a 
minimally invasive procedure performed under local 

anesthesia for LDH.1) More recently, posterolateral 
full-endoscopic lumbar discectomy has been devel-
oped for LDH.2–6) Transforaminal full-endoscopic 
lumbar discectomy (TELD) through Kambin’s safety 
triangle is a posterolateral approach that can be 
performed with an 8-mm skin incision and minimal 
disruption of spinal structures including ligaments 
and muscles. According to a meta-analysis that 
compared TELD with standard discectomy for LDH, 
although the visual analog scale score, MacNab 
score, complications, recurrence rate, and incidence 
of reoperation were equivalent between the two 
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groups, the clinical outcomes after TELD were 
superior to those after standard discectomy in terms 
of blood loss, operating time, hospital stay, and 
mean duration of disability.7)

However, a complication of TELD is exiting nerve 
root injury with postoperative dysesthesia and motor 
weakness. Exiting nerve root injury has a reported 
frequency of 1.0%–8.9% and is known to reduce 
physical function and overall patient satisfaction 
after TELD.8,9) To avoid this complication, patients 
require intraoperative monitoring for symptoms such 
as leg pain or numbness; therefore, it is recom-
mended that TELD be performed under local anes-
thesia. Although there have been some reports of 
TELD being performed under epidural or general 
anesthesia because of difficulty in the management 
of local anesthesia,10,11) symptoms of intraoperative 
exiting nerve root “irritation,” such as leg pain or 
numbness, can only be confirmed under local anes-
thesia. At our institution, TELD is performed under 
local anesthesia in all cases.

In general, patients require careful monitoring for 
anaphylaxis and cardiovascular toxicity associated 
with local anesthetics during surgery. Although severe 
cases are very rare, it is important to assess the 
patient’s general condition, including their vital signs, 
and manage them. We also need to avoid any pain 
related to the procedure. There have been no reports 
on risk factors for a change in vital signs or the need 
for additional medication during TELD under local 
anesthesia.

Materials and Methods

The study was approved by the institutional review 
board at our institution (approval number #2788-1). 
We retrospectively reviewed the medical charts and 
anesthesia records from 121 consecutive cases of 
herniated nucleus pulposus (HNP) in 113 patients 
who underwent TELD under local anesthesia at our 
institution from May 2014 to December 2016. The 
same surgeon performed all the surgical procedures 
and was responsible for the intraoperative anesthetic 
management, including monitoring of vital signs 
and ordering additional intravenous medication 
during surgery when necessary.

Premedication protocol and local anesthesia
Hydroxyzine hydrochloride (25–50 mg) and 

pentazocine hydrochloride (7.5–15 mg) were admin-
istered intravenously for premedication followed 
by local anesthesia. About 7–9 mL of 1% lidocaine 
was injected subcutaneously, including 2 mL at the 
facet joint and 2 mL just below the surface of the 
annulus fibrosus (Fig. 1).

TELD and intraoperative medication protocol
In all cases, a duckbill cannula was inserted after 

carefully performing cylinder dilation. If the patient 
felt severe low back or leg pain, or developed 
hypertension, hypotension, tachycardia, or brady-
cardia during the operation, appropriate additional 
medication (pentazocine hydrochloride 7.5 mg for 
pain, nicardipine hydrochloride 0.5–1.0 mg for 
hypertension, or atropine sulfate 0.25 mg for brady-
cardia) was administered intravenously (Fig. 1). If 
a patient had symptoms associated with exiting 
nerve root irritation when the “inside-out” technique 
was being performed, we switched to a procedure 
to avoid exiting nerve root injury, such as the 
“outside-in” technique with foraminoplasty12–15) or 
the “two incision” method. The inside-out technique 
is the procedure in which the cannula is placed 
into the disc to remove the HNP. The outside-in 
technique is the procedure whereby the cannula is 
placed in the intervertebral foramen to remove the 
HNP from the outside of the disc; this technique 
is performed with foraminoplasty using a high-speed 
drill to widen Kambin’s safety triangle and get closer 
to the HNP. The “two incision” method involves 
changing the insertion site of the initial needle 
medially to avoid exiting nerve root irritation.

Patient characteristics, intraoperative information, 
and radiological measurements

The following factors were examined: sex, age, 
body mass index, intervertebral disc level, and 
intraoperative variables, such as operating time per 
disc, total amount of local anesthetic used, and 
approach point (distance from the insertion site to 
the spinous process). The distance between the 
superior articular process and the exiting nerve 
root was assessed by magnetic resonance imaging 
(MRI) using axial T2-weighted images (Figs. 2A 
and 2B).9,16,17) We used the Aquarius NET Server 
(TeraRecon, Inc., San Mateo, CA, USA) to recon-
struct computed tomography (CT) images. First, the 
facet joint was identified on the axial slice (Fig. 3A) 
through the center of the disc space. We then recon-
structed a sagittal slice through the center of the 
facet joint on the axial slice (Fig. 3A) and parallel 
to the pedicle on the coronal slice (Fig. 3B). The 
heights of the intervertebral disc (Fig. 3C-1), bulging 
disc (Fig. 3C-2), and intervertebral foramen (Fig. 3C-3) 
were measured on the reconstructed sagittal view. 
Bulging disc height is different from intervertebral 
disc height and indicates the distance between the 
upper vertebral endplate and the lower pedicle.16,18) 
The distance from the insertion site to the spinous 
process and the frequency of administration of 
additional intraoperative intravenous medication 
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(pentazocine hydrochloride 7.5 mg for pain, nicardipine 
hydrochloride 0.5–1.0 mg for hypertension, or atro-
pine sulfate 0.25 mg for bradycardia) were recorded.

Statistical analysis
Multivariate regression analysis was performed to 

identify factors associated with the need for addi-
tional intravenous medication due to pain or 

development of hypertension, hypotension, tachy-
cardia, or bradycardia during the operation. The 
primary objective was the frequency of administra-
tion of additional intravenous medication during 
TELD. The explanatory variables were sex, age, body 
mass index, intervertebral disc level, distance between 
the superior articular process and the exiting nerve 
root (measured on axial MRI), height of the 

Fig. 1  Hydroxyzine hydrochloride and pentazocine hydrochloride were administered intravenously for premed-
ication. Thereafter, 1% lidocaine was injected into the subcutaneous tissue, the facet joint, and just below the 
surface of the annulus fibrosus. Appropriate additional intravenous medication was administered if the patient 
reported pain or developed hypertension, hypotension, tachycardia, or bradycardia due to triggering of the vaso-
vagal reflex during the operation. 

Fig. 2  Measurement of the distance (*) between the superior articular process and the exiting nerve root using 
the axial view through the center of the disc space of the sagittal view on T2-weighted MRI. (A) Sagittal view. 
(B) Axial view. MRI: magnetic resonance imaging. 
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intervertebral disc, height of the bulging disc, height 
of the intervertebral foramen (measured on CT 
images), and distance from the insertion site to the 
spinous process. JMP software version 11.0 (SAS 
Institute Inc., Cary, NC, USA) was used for the 
statistical analysis.

Results

Patient characteristics and intraoperative data
The subjects were 113 patients (70 men and 

43 women) with a mean age of 44 years and a mean 
body mass index of 23.7. Patient characteristics and 
intraoperative data are summarized in Table 1. The 
intervertebral disc levels treated were L2-L3 (n = 6 
discs), L3-L4 (n = 19), L4-L5 (n = 69), and L5-S1 
(n = 27). The mean operating time per intervertebral 
disc was 69 min, the total amount of local anesthetic 
(1% lidocaine) used was 13 mL, and the mean 
distance from the insertion site to the spinous 
process was 6.9 cm for L2-L3, 7.8 cm for L3-L4, 
8.7 cm for L4-L5, and 8.0 cm for L5-S1. There were 
no premedication-related complications, such as 
nausea, vomiting, or respiratory depression as a 
result of oversedation.

Preoperative MRI and CT measurements
Mean distance between the superior articular process 

and the exiting nerve root measured on the axial MRI 

scans was 6.8 mm. The mean heights of the inter-
vertebral disc, bulging disc, and intervertebral foramen 
measured on parasagittal CT slices were 6.0 mm, 
8.8 mm, and 18.0 mm, respectively (Table 2).

Risk factors of additional intraoperative medications
In all, 23 patients (20.4%) required additional 

intravenous medication (an analgesic in 5 cases, an 
antihypertensive agent in 13, and a vasopressor in 
8); 6 cases (5%) required medication due to sudden 
bradycardia or hypotension during surgery.

Logistic regression analysis revealed significant 
associations of age (partial regression coefficient 
0.05, p = 0.02) and bulging disc height (partial 
regression coefficient −0.7, p = 0.003) with the 
frequency of administering additional intravenous 
medication. Receiver-operating characteristic curve 
analysis identified the cutoff values of 62 years for 
age (p = 0.0003, area under the curve 0.73, sensi-
tivity 54%, specificity 86%) and 8.2 mm for bulging 
disc height (p <0.001, area under the curve 0.80, 
sensitivity 86%, specificity 72%).

Discussion

There have been few reports on intraoperative 
sedation, analgesia, and monitoring of vital signs 
during TELD under local anesthesia. Some studies 
have investigated the effectiveness and safety of 
continuous intravenous infusion of dexmedetomidine 

Fig. 3  Reconstructed axial (A), coronal (B), and sagittal (C) CT images of the lumbar spine. The heights of the 
intervertebral disc (C-1), the bulging disc (C-2), and the intervertebral foramen (C-3) were measured on a sagittal 
slice. CT: computed tomography. 
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for intraoperative sedation during TELD under local 
anesthesia.19) Unlike midazolam or propofol, dexme-
detomidine can be used for procedural sedation in 
the prone position without concern over respiratory 
depression. However, this agent has side effects 
that include bradycardia and hypotension; therefore, 
it should be used by only experienced doctors such 
as anesthesiologists who can manage the patient’s 
general status during a procedure.19,20) Our premed-
ication protocol routinely includes hydroxyzine 
hydrochloride and pentazocine hydrochloride, and 
we did not identify any cases of severe intraoper-
ative complications related to these premedication 
agents, such as respiratory depression due to 
oversedation.

Although we do not use additional intravenous 
medication during surgery other than the standard 
agents showed in Fig. 1, 23 of our patients (20.4%) 
required additional medication because of hyper-
tension, hypotension, bradycardia, or pain. Use of 
additional intravenous medication was significantly 

associated with older age (>62 years) and smaller 
bulging disc height (<8.2 mm). Patients with these 
factors require particularly careful monitoring to 
detect changes in vital signs and increasing intra-
operative pain when performing TELD under local 
anesthesia. Six patients (5%) developed sudden 
bradycardia or hypotension during surgery and 
required intravenous medication immediately. These 
events might have been due to triggering of the 
vasovagal reflex in response to pain.

In total, 105 of the 113 cases underwent TELD 
at a single disc level and 8 underwent TELD at 2 
levels during the same procedure. The total volume 
of 5% lidocaine administered was higher when 
TELD was performed at 2 levels than when it was 
performed at a single level. However, there was no 
significant difference in the need for additional 
intravenous medication according to a number of 
disc levels. Four cases underwent TELD as a revi-
sion surgery, which was not a risk factor for needing 
additional intravenous medication.

Table 1  Patient characteristics and intraoperative information

Sex (male/female) 70/43

Mean age (years old) 44 (15–86)

Body mass index 23.7

Disc level (discs) L2-L3: 6

L3-L4: 19

L4-L5: 69

L5-S1: 27

Mean (range)

Operative time per disc (min) 69 (28–110)

Total amount of local anesthetic use (mL) 13 (4–27)

Distance from the insertion site to the 
spinous process (cm)

L2-L3: 6.9

L3-L4: 7.8

L4-L5: 8.7

L5-S1: 8.0

(113 patients/121 discs)

Table 2  Radiological measurements using MRI and CT

Mean (range)

Distance between the superior articular process and the exiting nerve root (mm) 6.8 (1.1–11.6)

Height of the intervertebral disc (mm) 6.0 (1.4–10.4)

Height of the bulging disc (mm) 8.8 (1.8–3.9)

Height of the intervertebral foramen (mm) 18.0 (10.9–25.5)

(113 patients/121 discs )

CT: computed tomography, MRI: magnetic resonance imaging.
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The rationale for the recommendation that TELD 
be performed under local anesthesia is that surgeons 
can obtain feedback from awake patients during the 
procedure, which can help to avoid intraoperative 
nerve root injury.5,21) However, in the clinical setting, 
we sometimes encounter patients in whom the 
approach is difficult because the intervertebral 
foramen is narrow in relation to the size of the 
cannula. Ozer et al. evaluated anatomical variations 
in Kambin’s triangle by surgical views and cadaveric 
studies and alerted surgeons to the possibility of 
nerve damage during endoscopic lumbar surgery in 
patients with a small or no apparent triangle.22) 
Surgeons need to predict the size of Kambin’s 
triangle preoperatively; however, it cannot be 
measured accurately even on CT or MRI. Therefore, 
other indicators are needed to identify difficult cases 
before surgery. We evaluated disc space narrowing 
in 160 patients who underwent microendoscopic 
discectomy and found that disc space may be a 
useful predictor of the size of Kambin’s triangle 
before performing TELD.23) In our present study, 
bulging disc height was measured as the distance 
from the upper vertebral endplate to the lower 
pedicle and not the intervertebral disc height. In 
view of our results regarding the need for additional 
intravenous medication, bulging disc height may 
predict the area of safety for insertion of the cannula 
in TELD.

This study has some limitations, which stem 
mainly from its retrospective design. All the data 
analyzed were obtained by review of medical charts 
and anesthesia records. Although information on 
comorbidities such as diabetes mellitus, hyperten-
sion, hyperlipidemia, cardiovascular disease, and 
psychiatric disorders was recorded, we could not 
access the information on any oral medications 
prescribed for these conditions, which might have 
affected baseline vital signs during surgery. Further-
more, we had no data on preoperative symptoms, 
preoperative visual analog/numeric rating scale 
scores, or the interval between diagnosis and 
surgery. Therefore, we cannot definitively conclude 
whether or not changes in vital signs during TELD, 
such as bradycardia, hypertension, and hypotension, 
are due to inadequate pain control or nerve root 
irritation.

In conclusion, the use of additional intravenous 
medication during TELD was significantly asso-
ciated with older age and smaller bulging disc 
height. Patients with these features should be 
monitored carefully for changes in vital signs and 
increasing intraoperative pain during TELD under 
local anesthesia and may need additional intra-
venous medication.
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