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Objective : The method of approach during transforaminal endoscopic lumbar discectomy (TELD) has been the subject of
repeated study. However, the ideal entry point during TELD has not been studied in detail. Therefore, this study investigated the
ideal entry point for avoiding complications using computed tomography (CT) scans obtained from patients in the prone position.

Methods : Using CT scans obtained from patients in the prone position, we checked for retroperitoneal or visceral violations and
measured the angles of approach with five conventional approach lines drawn on axial CT scans at each disc space level (L2-3, L34,
and L4-5). We also determined the ideal entry point distance and approach angles for avoiding retroperitoneal or visceral violations.
Correlation analysis was performed to identify the patient characteristics related to the ideal entry point properties.

Results : We found that the far lateral approach at the L2-3 level resulted in high rates of visceral violation. However, rates of
visceral violation at the L3-4 and L4-5 levels were remarkably low or absent. The ideal angles of approach decreased moving
caudally along the spine, and the ideal entry point distances increased moving caudally along the spine. Weight, body mass index
(BMI), and the depth of the posterior vertebral line from the skin were positively associated with the distance of the ideal entry point
from the midline.

Conclusion : We reviewed the risk of the extreme lateral approach by analyzing rates of retroperitoneal and visceral violations
during well-known methods of approach. We suggested an ideal entry point at each level of the lumbar spine and found a positive
correlation between the distance of the entry point to the midline and patient characteristics such as BMI, weight, and the depth of
the posterior vertebral line from the skin.
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INTRODUCTION niation requiring surgical treatment. Kambin et al.” intro-
duced the concept of the “triangular working zone” on the
Transforaminal endoscopic lumbar discectomy (TELD) is posterolateral corner of the intervertebral disc between the

considered to be an alternative treatment for lumbar disc her- existing root and the traverse root. Since access to the ventral
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epidural space is necessary for adequate decompression, hori-
zontal methods of approach have been developed by various
investigators"'>'**”. Ruetten et al.”” introduced the extreme
lateral access approach for transforaminal endoscopic surgery.
However, an increased horizontal angle may increase the risk
of penetrating injury to the abdominal cavity and the retro-
peritoneal organs. Sometimes these injuries may cause com-
plications such as retroperitoneal hematoma, bowel, or kidney
injury. Therefore, it is important to determine the appropriate
entry point and angle of approach for successful operations.

Some authors have recommended a pre-operative abdominal
computed tomography (CT) scan to determine the entry point
and the angle of approach'*”. However, the locations of the
retroperitoneal organs and the body cavity change depending
on the patient’s body position. Most CT scans are obtained
with the patients in the supine position, while most surgeries
are performed with the patient in the prone position. The prone
position may result in a downward shift of organ locations rela-
tive to the supine position. This downward shift makes a more
horizontal surgical approach possible. We hypothesized that if
CT scans were obtained from patients in the prone position,
similar to surgical positioning, the location of the retroperito-
neal space could be determined more accurately.

The purpose of this study was to determine the ideal entry
point for transforaminal endoscopic surgery. We verified the
safety of conventional methods and examined the ideal entry

points and angles of approach at each lumbar spine level using
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CT scans obtained from patients in the prone position. We
also evaluated the patient characteristics related to the ideal

entry point.

MATERIALS AND METHODS

This study was approved by Institutional Review Board of
Daegu Catholic University Medical Center (IRB No. CR-20-
013). The study was performed using CT scans obtained from
patients who visited our clinic for a lumbar spine evaluation
between January and December 2018. Thirty-five CT scans
from 20 males and 15 females were used for the image analy-
sis. Patients had an average age of 61 years (range, 23—82). Pa-
tients who had previous lumbar spine surgery, a gross defor-
mity, or a lumbar vertebral body fracture below the L2 level
were excluded.

Images were acquired using a single CT scanner (SO-
MATOM Definition Flash/WCT-800-140; Siemens AG,
Muenchen, Germany). Patients were placed on an operating
frame (Wilson’s frame) with their abdomens relaxed. Abdom-
inal CT images including lumbar spine, intra-abdominal or-
gans, and skin were then obtained. Axial CT images were re-
constructed parallel to each disc space (1.2-3, L3—4, and L.4-5)
at 2 mm intervals (Fig. 1).

To investigate the risk of retroperitoneal or visceral viola-

tions during conventional approach methods for transforami-

Fig. 1. Patients were positioned on an operating frame (Wilson’s Frame) with their abdomens relaxed. Computed tomography images were
reconstructed parallel to each disc space (L2-3, L3-4, and L4-5) at 2 mm intervals.
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nal endoscopic surgery, we identified five conventional ap-

5,13,15,18 o
18 and verified

proach methods based on previous articles
them with CT images obtained from patients in the prone po-
sition. Five lines of approach were drawn on the axial CT im-
age at each intervertebral disc space level (L2-3, L3—4, and
L4-5) using the picture archiving and communication system
(PACS).

Kambin and Gellman® suggested the entry point be located
8-12 cm away from the midline, while Mayer and Brock'”
suggested the entry point should be 9-11 cm away from the
midline. We investigated entry points 10, 11, and 12 cm away
from the midline. On the other hand, Ruetten et al.”” suggest-
ed that the inferior limitation of the entry point should be the
inferior articular process as observed using lateral X-ray. We
refer to this method as the “far lateral approach.” There was
too much variation in the approach angles and entry point
distances between the 12 ¢cm distance approach and the far
lateral approach. We thus decided to also include the “modi-
fied far lateral approach,” in which the inferior limitation of
the entry point was located at the midpoint between the tip of
the spinous process and the dorsal edge of the inferior articu-
lar process as observed using lateral X-ray. After determining
the entry point, a line was drawn to the intersection of the
medial pedicular line and the posterior vertebral line. When

this line was interrupted by the superior articular process, we

drew a tangential line to the ventrolateral border of the superi-
or articular process. The angles of approach were measured,
and for every line we screened for retroperitoneal or visceral
violations.

Subsequently, the ideal approach lines were drawn on the
axial CT image for each level of the intervertebral disc space
(L2-3, L3—4, and L4-5) using PACS (Fig. 2). The ideal ap-
proach lines were drawn using two methods. In the first
method, the starting point was marked on the intersection of
the posterior vertebral line and the medial pedicular line. A
tangential line was drawn from this point to the posterior
margin of the abdominal organs (kidney or bowel). This line
was close to horizontal and was used as the boundary line for
retroperitoneal organ violations. In the second method, the
starting point was marked on the intersection of the posterior
vertebral line and the medial pedicular line. A tangential line
was drawn from the starting point to the posterior margin of
the retroperitoneal membrane. This line was considered the
safest approach angle with the lowest risk of retroperitoneal
organ violation. The distances of the ideal entry points and
angles of approach from the midline and the depth of the pos-
terior vertebral line from the skin were then measured.

The lines above were drawn on both the left and right sides
in all 35 patients (70 lines total). All radiological measure-

ments were performed independently by a single experienced

Fig. 2. Five conventional lines of approach (A) and the ideal lines of approach for avoiding visceral or retroperitoneal violations (B). a : Another line is
horizontally extended line from the midpoint between the tip of the spinous process and the dorsal edge of the inferior articular process to the
intersection of the medial pedicular line and the posterior vertebral line. b : The line from the intersection of the skin and the line horizontally extended
from the dorsal edge of the inferior articular process to the intersection of the medial pedicular line and the posterior vertebral line. ¢ : The tangential
line from the intersection of the posterior vertebral line and the medial pedicular line to the posterior margin of the retroperitoneum. d : The tangential
line from the intersection of the posterior vertebral line and the medial pedicular line to the posterior margin of the abdominal organs. e : The depth of
the posterior vertebral line from the skin.
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radiologist who clearly understood the purpose of this study.
Statistical analysis was performed using SPSS Statistics ver-
sion 23 (IBM Corp., Armonk, NY, USA). Mean values and
standard deviations were calculated. The Pearson correlation
test was used to determine the correlations between the ideal
entry point location and patient factors such as age, weight,
height, body mass index (BMI), and the depth of the posterior

vertebral line from the skin.

RESULTS

Thirty-five patients were enrolled in this study. Eighteen
patients were diagnosed with lumbar disc herniation with ra-
diculopathy, six patients were diagnosed with lumbar stenosis,
and 11 patients underwent CT scans during regular follow-
ups for simple compression fracture of the thoracolumbar
(T11-L1) segment. Other patient characteristics are summa-
rized in Table 1.

The percentages of retroperitoneal and visceral violations
according to the five lines of approach at each level are sum-
marized in Fig. 3. At the L2-3 level, the rates of retroperitoneal
violation were high for the 12 cm distance approach (75%), the
modified far lateral approach (58.3%), and the far lateral ap-
proach (91.7%). The rate of visceral violation in the far lateral
approach was also high (33.3%), but relatively low (4.2%) for
the 12 cm distance approach at the L2-3 level. For the 1.3—4
and the 14-5 levels, rates of retroperitoneal violations were
relatively high for the 12 cm distance approach (L3—4, 37%;
L4-5, 38% respectively), the modified far lateral approach

Table 1. Patient characteristics

Value
Sex, male : female 20:15
Age (years) 60.8+16.2
Height (cm) 163.4+78
Weight (kg) 66.3+13.1
BMI (kg/m’) 247+43
[2-3 DPVS (mm) 57.8+6.9
[3-4 DPVS (mm) 604+7.3
14-5 DPVS (mm) 60.9£8.0

Values are presented as mean+standard deviation unless otherwise
indicated. BMI : body mass index, DPVS : depth of the posterior vertebral
line from the skin
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(L3—4, 44.3%; L4-5, 29.2%), and the far lateral approach (L3—
4, 68.6%; L4-5, 58.3%). However, these rates were much lower
than those at the L2-3 level. At the L3—4 level, visceral viola-
tions were observed relatively infrequently (7.1%) for the far
lateral approach. The rates of visceral violations for the 12 cm
distance and modified far lateral approaches at the 1.3—4 level
were not determined. At the L.4-5 level, we observed no vis-

ceral violations for any of the approaches.
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Fig. 3. The percentages of retroperitoneal and visceral violations according
to the five lines of approach at each level of the lumbar spine. RP-V :
retroperitoneal violation, V-V : visceral violation, 10DA : 10 cm distance
approach, 11DA : 11 cm distance approach, 12DA : 12 cm distance approach,
mFLA : modified far lateral approach, FLA : far lateral approach.
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Table 2. Angles of approach in five methods of approach included in
this study

Table 4. The ideal angles of approach for avoiding retroperitoneal or
visceral violations at each level

L2-3 L3-4 L4-5 IA RPV IAVV
10DA () 25.3+76 26.6+74 278+7.3 Right (°)
11DA () 21.0+75 21.7+7.8 229479 L2-3 (n=15) 21.8+49 8.3+6.2
12DA (°) 16.6+74 172479 18.3£79 L3-4 (n=6) 21.7+6.6 9.0+2.0
mFLA (°) 17.8+4.6 17.244.2 17.04£3.6 [4-5 (n=1) 14 4
FLA(°) 10.542.3 10.3£3.8 87+1.8 Left (°)
Values are presented as mean+standard deviation. 10DA : 10 cm L2-3 (h=14) 214+6.2 99+5.7
distance approach, 11DA : 11 ¢cm distance approach, 12DA : 12 cm 13-4 (n=4) 21,8471 11.2459
distance approach, mFLA : modified far lateral approach, FLA : far lateral 14-5 (=1} " .

approach

Table 3. The distances from the midline for ideal entry points and the
ideal angles of approach for avoiding retroperitoneal violation at each
level

Distance (mm)  Angle (°)
[2-3 Ideal entry point without RPV 121414 177476
L3-4 Ideal entry point without RPV 13.242.0 15.6+74
L4-5 Ideal entry point without RPV 139419 12.046.1

Values are presented as meanzstandard deviation. RPV : retroperitoneal
violation

The angles of approach for the five methods are summa-
rized in Table 2. Angles of approach for the 10 cm distance ap-
proach were much higher than those for the other methods.
In contrast, angles of approach for the far lateral approach
were only around 10°. The angles of approach for the 10, 11,
and 12 cm distance approaches increased moving caudally
along the spine, while the angles of approach for the modified
far lateral and the far lateral approaches decreased moving
caudally along the spine.

The distances of the ideal entry points to the midline and
the ideal angles of approach for avoiding retroperitoneal viola-
tion for each level are summarized in Table 3. Ideal entry point
tended to be far from the midline, and ideal angles of ap-
proach tended to become more horizontal as one moved from
the upper levels of the lumbar spine to the lower ones.

The ideal angles of approach for avoiding retroperitoneal
and visceral violations at each level are summarized in Table 4.
When we measured the ideal angles of approach for avoiding
visceral violations, angles with negative values were not ana-
lyzed since such approaches are not practical. Only 29 (15
right and 14 left) lines had positive values at the L2-3 level, 10
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Values are presented as mean+standard deviation or mean. IA : ideal
angle, RPV : retroperitoneal violation, VV : visceral violation

lines (six right and four left) had positive values at the L3—4
level, and two lines (one right and one left) had positive values
at the L4-5 level.

The Pearson correlation test was used to determine the cor-
relations between the distance of the ideal entry points to the
midline, the ideal angles of approach, and patient characteris-
tics such as age, height, BMI, weight, and the depth of the pos-
terior vertebral line from the skin. BMI, weight, and the depth
of the posterior vertebral line from the skin were positively
and significantly correlated with the distance of the ideal en-
try points to the midline. We observed no other significant re-

lationships between these variables (Fig. 4).

DISCUSSION

As life expectancy has increased, the age of patients with
spinal diseases has also increased. Endoscopic surgery is ad-
vantageous in such patients, as it results in minimal muscle
and bone damage, less pain, quicker rehabilitation, and re-
duced duration of hospitalization. With the development of
surgical tools and techniques, endoscopic spinal surgery has
expanded to include other aspects of spinal diseases, resulting
in good clinical outcomes”. TELD belongs to the first genera-
tion of endoscopic spinal surgery techniques. There are nu-
merous articles about this technique, and recent studies report
that the clinical results of transforaminal endoscopy are simi-
lar to traditional open surgery™""*.

The goal of TELD is to remove the herniated disc with mini-

mal damage to the musculoskeletal structure. Success depends
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Fig. 4. Scatter graphs for the correlation between the distance of the entry p
vertebral line from the skin (DPVS) at the L2-3, the L3-4, and L4-5 levels.

on the proper placement of the endoscope at the posterior in-
tervertebral disc. However, endoscope placement involves sev-
eral obstacles such as the superior articular process of the facet
or narrow access to the “triangular working zone,” increasing
the risk of nerve root injury. TELD techniques have continu-
ously evolved, resulting in approaches such as the outside in
(Schubert and Hooglandm), the inside out (Yeung and
Yeung™”), and the mobile outside in techniques”.

On the other hand, a more horizontal approach would al-
low easier access to the “triangular working zone,” greater di-
rect visualization of the protruded disc and the epidural space,

and more convenient manipulation of surgical instruments.

oint and body mass index (BMI), weight, and the depth of the posterior

Because the tip of the endoscopic device is fixed to the “trian-
gular working zone,” a horizontal approach requires a more
distant entry point for adequate decompression. A more dis-
tant entry point may therefore enable a more horizontal ap-
proach.

Kambin and Gellman® suggested the appropriate angle of
approach could be 35-45° and the entry point could be locat-
ed 8-12 cm from the midline. Mayer and Brock'” suggested
the angle of approach could be 30—40° and the entry point
could be located 9-11 cm from the midline. Yeung" suggested
the appropriate angle of approach could be 25-30° and the av-
erage distance from the midline was 11 cm. Stiicker”’ suggest-
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ed the entry point distance should be less than 12 cm for pa-
tients shorter than 170 cm, more than 14 cm for patients taller
than 180 cm, and less than 12 ¢cm for extremely thin patients.
They also suggested that the angle of approach should be
above 20°. Several researchers have proposed a more horizon-
tal approach. For example, Ruetten et al.” introduced the ex-
treme lateral approach. Lee et al.'” reported that a true lateral
approach for TELD would be possible if the patient was in the
prone position, due to the ventral shift of the abdominal or-
gans. However, the far lateral approach may increase the risk
of retroperitoneal or visceral violations. Injury to the bowel or
the large vessels would be extremely rare but potentially disas-
trous complications. Immediate and aggressive management
of these complications is harder during endoscopic surgery
compared to open surgery. The risk of retroperitoneal and vis-
ceral violations has still not been evaluated adequately in pre-
vious studies, despite the increasing clinical use of increasingly
horizontal angles of approach.

Despite the relatively high rates of retroperitoneal violation
during the conventional methods in our study, the likelihood
of complications such as retroperitoneal organ injury would
be extremely low. Various studies have described a variety of
complications caused by endoscopic lumbar surgery such as
dural tear, incomplete decompression, neural injury, and ret-
roperitoneal hemorrhage due to injury to the segmental lum-
bar arteries™>*"”. Matsumoto et al."” reported that out of 6239
spinal endoscopic surgeries, 133 had complications after en-
doscopic lumbar surgery, but none of these complications
were related to visceral violations. This finding may be ex-
plained by the significant differences we observed between the
ideal angle of approach for avoiding retroperitoneal violations
and the ideal angle of approach for avoiding visceral viola-
tions. In other words, the ideal line of approach for avoiding
visceral violations is relatively safe. However, when it comes to
absolute safety, the ideal line of approach for avoiding retro-
peritoneal violation is likely more suitable. Hence, the inci-
dence of retroperitoneal violations would be a great measure
of overall safety.

Our results suggest that the number of retroperitoneal vio-
lations was significantly lower at caudal locations relative to
rostral ones. A more horizontal approach may therefore be
safer at lower levels of the lumbar spine. However, at the L.2-3
level we observed high rates of visceral violation during hori-

zontal approaches. Ruetten et al.”” reported that a less lateral
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access point could be used at the L1-2 and the L2-3 levels due
to the enlargement of the intervertebral foramen toward the
cranial end. Ahn" also recommended a steeper approach for
the L1-2 and the L.2-3 levels due to a high risk of nerve root
injury during the horizontal approach. Therefore, we recom-
mend a less horizontal approach at the L.2-3 level. We also
suggest using an entry point located less than 10 cm from the
midline at the L2-3 level is extremely safe. However, Hurday
et al.” analyzed 100 magnetic resonance images and conclud-
ed that as foraminal width decreases caudally, the nerve root
at more caudal positions lies in a more ventral position to the
disc. Such a trajectory angle at more caudal locations would
thus be too narrow or steep”. A more horizontal approach is
therefore required at the L3—4 and the L4-5 levels. According
to our results, the ideal angles of approach for avoiding retro-
peritoneal violation were much lower than the expected val-
ues. These results may be helpful for surgeons who still hesi-
tate to use the extremely horizontal approach during TELD.
However, for an extremely safe approach at the L3—4 and the
L4-5 levels, we recommend marking the inferior entry point
limitation at the upper one-third portion between the tip of
the spinous process and the dorsal edge of the inferior articu-
lar process as observed using lateral X-ray. We base this rec-
ommendation on the high rates of retroperitoneal violation
we observed during the modified far lateral approach.

Various authors have suggested that obese patients might
require a more distant entry point from the midline™*""”. In
this study, we examined characteristics such as age, height,
weight, BMI, and the depth of the posterior vertebral line
from the skin. With correlation analysis, we observed that
both BMI and the depth of the posterior vertebral line from
the skin positively correlated with the ideal entry point dis-
tance from the midline. These results indicate that we should
consider the patient’s body shape while determining the entry
point for TELD.

At more caudal levels, the ideal entry point tended to be
more distant from the midline and the ideal angle of approach
was more horizontal relative to more rostral levels. This find-
ing may be related to the position of the patients. Since pa-
tients were on a Wilson frame, the L4-5 level was located at
the highest position. This positioning would cause increased
downward migration of the abdominal organs at the L4-5
level. The more caudal retroperitoneal organs also tend to be

under the posterior vertebral line. This finding is mainly re-



lated to the existence of the kidney at the 1L.2-3 level. However,
this trend could also be related to the positioning of patients.
One limitation of our study is that it does not differentiate be-
tween these possibilities, which would require comparisons
with supine CT images. Another limitation of this study is
that the results are inapplicable to surgeries performed on
other surgical frames such as the Jackson table, as such frames
may have a different effect on retroperitoneal organ and cavity
location compared to the Wilson’s frame. Moreover, the pre-
operative CT scans may not perfectly mimic surgical condi-
tions. In the future, intraoperative CT scanning and naviga-
tion systems may play an important role in determining the
ideal entry point and angle of approach during TELD.

CONCLUSION

Our study investigated the ideal entry point and angle of
approach during TELD. Based on CT images obtained from
patients in the prone position, we reviewed the risk of retro-
peritoneal and visceral violations during extreme lateral ap-
proach and other well-known methods of approach. Based on
our observations and previous results, we suggest an ideal en-
try point at each level of the lumbar spine. We also observed a
positive correlation between the entry point distance and pa-
tient characteristics such as BMI, weight, and the depth of the

posterior vertebral line from the skin.
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