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limb pain, and intermittent claudication.2,4 Sev‑
eral surgical techniques have emerged that have 
been widely used, including transforaminal lum‑
bar interbody fusion (TLIF), posterior lumbar 
interbody fusion, as well as microscopic and en‑
doscopic unilateral laminectomy with bilater‑
al decompression (ULBD).5-8 However, the opti‑
mal treatment remains not clearly established, 
and difficulty in mastering various surgical tech‑
niques varies.

INTRODUCTION  Spinal stenosis is one of 
the most common degenerative spinal disor‑
ders.1-3 Characteristic lesions include hypertro‑
phy of the ligamentum flavum, hypertrophy of 
the articular synovial joints, and herniated in‑
tervertebral disc.2 Decreased spinal canal vol‑
ume and narrowing of the foramina or lateral 
recesses caused by the abovementioned lesions 
can compress nerve roots or the dural sac, lead‑
ing to symptoms such as lower back pain, lower 
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ABSTRACT

INTRODUCTION  The unilateral biportal endoscopic (UBE) technique has been widely adopted for treat‑
ment of lumbar disc herniation and lumbar spinal stenosis. Understanding its learning curve, as well as 
the factors that influence perioperative complications, is crucial for mastering and effectively learning 
this technique.
AIM  Our aim was to analyze the learning curve of UBE‑unilateral laminectomy bilateral decompression 
(ULBD) and risk factors associated with perioperative complications.
MATERIALS AND METHODS  Consecutive patients who underwent UBE from June 2021 to December 2023 
at the Department of Orthopedics, Beijing Friendship Hospital, were retrospectively analyzed. Baseline 
information, perioperative data, and preoperative and postoperative subjective scores were recorded for 
all patients. The learning curve and identified risk factors for complications were analyzed.
RESULTS  A total of 122 consecutive patients who underwent single‑segment UBE‑ULBD were included 
in this study. The surgical time curve fitting indicated that the surgeon nearly mastered the technique 
by the 38th case. Consequently, the cohort was divided into 2 distinct phases: a learning phase (cases 
1–38) and a mastery phase (cases 39–122). Operative time, estimated blood loss, and drainage volume 
were higher in the learning phase group than in the mastery phase group, although hidden blood loss 
in the learning phase group was lower than in the mastery phase group. The visual analogue scale and 
Oswestry Disability Index scores at the last follow‑up showed significant improvement in both groups as 
compared with the preoperative period (P <0.05). Complication rate was 7.9% in the learning phase and 
3.6% in the mastery phase. Univariate analysis showed that age, body mass index, alcohol consumption, 
and estimated blood loss were significantly associated with complication rate.
CONCLUSIONS  UBE is an effective minimally‑invasive spinal endoscopic technique for treating lumbar 
spinal stenosis, offering short time to achieving surgical mastery and a low complication rate.
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3) severe instability or scoliosis of the lumbar 
spine; 4) lumbar decompression surgery or lum‑
bar interbody fusion surgery at the same level; 
5) spinal infection, tumor, or tuberculosis.

Surgical technique  The patients were placed prone 
on a spine bed under general anesthesia. Under 
C‑arm fluoroscopy, the surface projections of 
the midline, intervertebral space level, and pedi‑
cles were determined, and the surgical table was 
adjusted, making the target intervertebral space 
as perpendicular to the floor as possible. Two 
2‑cm incisions were made 1.5 cm superior and in‑
ferior to the intervertebral space level in the me‑
dial line of the ipsilateral pedicle (FIGURE 1). The left 
incision was used as an observation channel and 
the right incision was used as a working chan‑
nel. The deep fascia was incised perpendicular to 
the skin incision. The bilateral channels were di‑
lated using a graduated dilatation cannula, with 
both dilatation cannulas accessible to and meet‑
ing at the vertebral plate and intervertebral space. 
The surgeon held the spinal endoscope in the left 
hand and the instrumentation in the right hand. 
Through both channels, the endoscopic lens and 
instrumentation met in the aqueous medium. 
The saline height was adjusted to be at approxi‑
mately 70–100 cm from the incision.

The soft tissues on the surface of the interver‑
tebral space were handled under radiofrequency 
probes (BONSS, Jiangsu, China), gradually ex‑
posing the inferior margin of the superior lam‑
ina, the base of the spinous processes, the ar‑
ticular process joints, and the superior margin 
of the inferior lamina. The bone (including part 
of the inferior margin of the lamina, the supe‑
rior margin of the lamina and the articular pro‑
cess) was partially removed by using a grinder, 
a bone cutter, and a vertebral plate biting forceps. 
The ipsilateral ligamentum flavum was resected 
after exposing its beginning, and the decompres‑
sion range was up to the inner wall of the pedi‑
cle. Part of the base of the spinous process was 
then removed with a grinding drill. The contralat‑
eral ligamentum flavum was decompressed using 
the contralateral pedicle wall as a reference. Fi‑
nally, complete resection of the bilateral ligamen‑
tum flavum was accomplished. After confirming 
complete decompression, radiofrequency probes 
were used for hemostasis. The incision was then 
closed, and a drain was placed.

Data collection and analysis  General informa‑
tion collected about all patients included age, 
sex, height, weight, underlying medical condi‑
tions, surgical segmentation, smoking and alcohol 
consumption, medication use, and American So‑
ciety of Anesthesiologists classification.18 The op‑
erative time, estimated blood loss (EBL), hidden 
blood loss (HBL), volume of drainage, complica‑
tions, and preoperative and postoperative sub‑
jective scores, including the Oswestry Disability 
Index (ODI) and the visual analogue scale (VAS) 
for back and leg, were recorded. Surgical time was 

In recent years, unilateral biportal endoscopy 
(UBE) techniques have been widely used in treat‑
ment of lumbar disc herniation and lumbar spi‑
nal stenosis.9,10 Several studies have reported rel‑
atively satisfactory clinical outcomes for UBE, as 
compared with other techniques.11-14 In compar‑
ison with open surgery, endoscopic ULBD is less 
stripping and invasive to the paravertebral mus‑
cles, and provides a clearer and wider field of view 
with the assistance of an aqueous medium.15 In 
addition, the UBE technique allows a surgeon to 
have a wider field of view and maneuvering space 
than uniportal endoscopy.

As an emerging technique, the details of its 
manipulation and difficulty of mastery have re‑
ceived widespread attention. Spine surgeons are 
motivated to master the endoscopy technique, 
but there are still few studies related to the learn‑
ing curve of the UBE or UBE‑ULBD.16,17 As endo‑
scopic spine surgery has been on the rise in re‑
cent years, we intended to provide a reference for 
the implementation of such surgical modalities 
by analyzing the learning curve of a single spine 
surgeon at a spine center. While the experience 
of a single center or a surgeon may not be fully 
representative, the results of this study may be 
valuable to surgeons seeking to incorporate UBE 
or UBE‑ULBD into their regular surgical practice 
while ensuring patient safety.

AIM  The aim of this study was to analyze the sur‑
gical data of patients undergoing UBE‑ULBD 
at our hospital, and to analyze both the learning 
curve and the risk factors associated with peri‑
operative complications.

MATERIALS AND METHODS  Patient selec-
tion  Consecutive patients who underwent UBE 
from June 2021 to December 2023 at the Depart‑
ment of Orthopedics, Beijing Friendship Hospi‑
tal, were retrospectively analyzed. The surgical 
approach included unilateral laminectomy with 
bilateral decompression (UBE‑ULBD). All proce‑
dures were performed by the same surgeon, who 
was experienced in open‑spine surgery but had 
never performed UBE. The surgeon was a senior 
orthopedic (spine surgery subspecialty) surgeon 
who had independently performed more than 800 
open lumbar decompression surgeries and com‑
pleted 6 months of UBE‑related training at sev‑
eral spine centers prior to performing these op‑
erations. The first assistants were 1 of 2 qualified 
spine surgeons.

The inclusion criteria were as follows: 1) pa‑
tients presenting with low back pain with or with‑
out intermittent claudication; 2) magnetic reso‑
nance imaging showing stenosis of the central 
spinal canal, lateral recess, or intervertebral fo‑
ramen; 3) failure to relieve symptoms after more 
than 3 months of standardized and systematic 
conservative treatment; and 4) surgery performed 
by the same surgeon. We used the following ex‑
clusion criteria: 1) simple lumbar disc resection 
by UBE; 2) operations on more than 2 segments; 
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the highest R2 was considered the best‑fitting one. 
The fitted curve was first derived, and the peak 
value of the fitted curve was determined accord‑
ing to the value of the slope of the curve to clas‑
sify the learning stage accordingly. Previous sim‑
ilar studies have used the change in surgical time 
to delineate phases of learning, and by fitting 
the surgical time curve, the slope of the curve 
changed from positive to negative at some point 
in time. Therefore, the cutoff points for achiev‑
ing UBE proficiency in surgical technique is usu‑
ally set at that point.

Statistical analysis  R studio 4.4.0 software (R 
Foundation for Statistical Computing, Vienna, 
Austria) was used for statistical analysis. The t test 
or the Mann–Whitney test was used for com‑
parison of continuous variables. The χ2 test or 
the Fisher exact test was used to compare cate‑
gorical variables. Continuous variables are report‑
ed as mean with SD or median with interquartile 
range. Proportions are reported as frequencies 
and percentages of the total cohort. P values be‑
low 0.05 were considered significant.

Ethics statement  The experimental protocol was 
reviewed and approved by the Ethics Committee 

calculated from the start of anesthesia to the in‑
cision closure. The VAS was used to assess the de‑
gree of back and leg pain, and the ODI was used 
to assess limb function. The data were recorded 
preoperatively, 3 days postoperatively, and at the 
last follow‑up.

Cumulative sum (CUSUM) is a statistical meth‑
od of sequential analysis that has been widely 
used in health care in recent years.19 The learn‑
ing curve was based on operative time, blood 
loss, and hidden blood loss, and calculated us‑
ing the CUSUM analysis. The following formula 
was used: CUSUM =​ (Xi–U). Using operative time 
as an example, Xi represents the operative time 
of each case, U represents the average operative 
time of all cases, and n represents the consecu‑
tive case number organized chronologically from 
the earliest to the latest operation date. The learn‑
ing curves were considered complete when the in‑
flection points appeared in the CUSUM plot. Scat‑
ter plots of the results of the CUSUM analyses 
were plotted using Microsoft Excel 2019 (Red‑
mond, Washington, United States), and the func‑
tion formulas were obtained through curve fit‑
ting. The degree of curve fitting was judged by 
the coefficient R2, the closer R2 was to 1, the high‑
er the degree of curve fitting. The model with 
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FIGURE 1�  Incision design and instrument placement; 
A, B – subcutaneous localization and channel 
establishment; C – schematic course of unilateral biportal 
endoscopic surgery
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blood loss than the mastery phase group, but less 
hidden blood loss than the mastery phase group. 
There was more drainage in the learning phase 
group than in the mastery phase group (P <0.05). 
The VAS and ODI scores at the last follow‑up im‑
proved in both groups, as compared with the pre‑
operative period (P <0.05) (TABLE 2). The compli‑
cation rates in the learning and mastery phases 
were 7.9% and 3.6%, respectively. In addition, we 
plotted fitted curves based on the CUSUM values 
for blood loss and HBL. In terms of the change in 
blood loss, when the cumulative number of sur‑
gical cases of the operator reached 63, the blood 
loss was significantly limited. In terms of reduc‑
tion in HBL, 2 significant thresholds occurred, 
when the number of surgical cases reached 16 
and 83, respectively.

A total of 6 postoperative complications oc‑
curred in all patients (4.9%). Therefore, we di‑
vided the cohort into the complication and non‑
complication groups. We analyzed the factors 
associated with the complications in univariate 
and multivariate analyses. The results suggest‑
ed that age, BMI, alcohol consumption, and EBL 
were associated with the occurrence of compli‑
cations (TABLE 3).

Details of all patients with complications are 
shown in TABLE 4. A total of 3 patients had intraop‑
erative dural tears due to severe adhesions, all of 
which were repaired intraoperatively with absorb‑
able dural patches, and no massive cerebrospinal 
fluid leaks, pseudomeningeal cysts, or meningitis 
were detected postoperatively. One patient from 

of Beijing Friendship Hospital (2022KY087). Our 
study was conducted in accordance with the ex‑
perimental protocol and the Declaration of Hel‑
sinki, and informed consent was obtained from all 
participants. Apart from routine treatment during 
hospitalization, there were no other treatments 
relevant to this study and no additional risks.

RESULTS  A total of 122 consecutive patients 
who underwent single‑segment UBE‑ULBD were 
included in this study. Mean (SD) follow‑up was 
11.6 (2.9) months (range, 8–20 months). There 
were 45 men and 77 women, at a mean (SD) 
age of 66.6 (1) years (range, 21–92 years), and 
a mean (SD) body mass index of 26.1 (3.8) kg/m2. 
The operated segments included L2/L3 (n = 3), 
L3/L4 (n = 14), L4/L5 (n = 90), and L5/S1 (n = 15) 
(TABLE 1).

The CUSUM values for surgical time, EBL, and 
HBL were used to create scatter plots and to fit 
the curves (FIGURE 2). The results of the curve fit‑
ted for the operative time showed that the slope 
of the curve changed from positive to negative 
when the number of surgical cases reached 38 
cases. For the comparison of data, we divided 
the learning curve of 122 UBE cases into 2 phas‑
es: the learning phase (case 1–38) and the mas‑
tery phase (cases 39–122). Comparison of patient 
characteristics and perioperative variables be‑
tween the phases is shown in TABLE 2. The operative 
time was longer in the learning phase group than 
in the mastery phase group (153.3 min vs 129.2 
min; P < 0.05). The learning phase group had more 

TABLE 1  Summary of demographic characteristics

Characteristic Learning phase (n = 38) Mastery phase (n = 84) P value

Age, y, mean (SD) 68.4 (11.9) 65.8 (9) 0.17

Sex Men 12 (31.6) 33 (39.3) 0.41

Women 26 (68.4) 51 (60.7)

BMI, kg/m2, mean (SD) 25.3 (4.2) 26.4 (3.4) 0.14

Hypertension No 13 (34.2) 31 (36.9) 0.77

Yes 25 (65.8) 53 (63.1)

Diabetes No 28 (73.7) 67 (79.8) 0.45

Yes 10 (26.3) 17 (20.2)

Coronary artery disease No 32 (84.2) 75 (89.3) 0.43

Yes 6 (15.8) 9 (10.7)

Smoking No 34 (89.5) 69 (82.1) 0.3

Yes 4 (10.5) 15 (17.9)

Alcohol consumption No 37 (97.4) 75 (89.3) 0.16

Yes 1 (2.6) 9 (10.7)

ASA classifications I–II 28 (73.7) 61 (72.6) 0.99

≥III 10 (26.3) 23 (27.4)

Operated segment L2–L3 1 (2.6) 2 (2.4) 0.9

L3–L4 5 (13.2) 9 (10.7)

L4–L5 27 (71.1) 63 (75)

L5–S1 5 (13.2) 10 (11.9)

Data are presented as number and percentage unless indicated otherwise.

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index
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DISCUSSION  Surgery is an  effective treat‑
ment modality for lumbar spinal stenosis whose 
symptoms persist after conservative treatment. 
The primary purpose of surgery is to relieve nerve 
compression and enlarge the capacity of the spinal 
canal. There are several surgical procedures used 
to treat lumbar spinal stenosis, including open 
surgery, microsurgery, and percutaneous endo‑
scopic surgery. The use of the UBE technique in 
spinal disorders has become more widespread in 
recent years. According to the results of a recent 
meta‑analysis involving 528 patients who under‑
went UBE, both VAS and ODI scores demonstrat‑
ed significant improvement following UBE sur‑
gery when compared with preoperative values. 
These findings underscore the favorable clini‑
cal outcomes associated with UBE.20 The main 
features of this technique include a direct cre‑
ation of a channel through the skin, thus provid‑
ing a wide range of instrumentation movement, 
complete decompression, and less bone resec‑
tion. Some studies have reported that the ipsi‑
lateral and contralateral facet joint preservation 
rate of UBE‑ULBD is 78% and 85%, respectively.21 
Therefore, the UBE technique also has a smaller 
impact on lumbar spine stability. As an emerging 
technique, UBE requires a certain period to mas‑
ter it. The learning curve reflects the rate at which 
this technique is mastered over a given period of 
time, and is indicative of the number of surgical 
cases required to achieve proficiency. Although 
the learning curve is affected by certain subjec‑
tive variables, it serves to summarize the expe‑
rience and provide a reference.

The CUSUM analysis is a statistical metric for 
quantitatively evaluating learning curves, and it 
can provide physicians with timely graphical feed‑
back.22 The CUSUM graph accurately represents 
the temporal relationship between the number of 
surgical cases in chronological order and the sur‑
geon’s ability to perform a specific surgical task. 
This graphical representation is a powerful for‑
mative assessment for both physicians and pro‑
ficiency throughout the training process. In this 
study, we used the CUSUM analysis to determine 
the learning curve in terms of operative time, 
blood loss, and HBL. Although there is some vari‑
ation between the 3 charts, we can conclude that 
for a surgeon experienced in open and minimally
‑invasive spine surgery, up to 40 surgical cases 
may be sufficient to master the technique.

Many studies have reported the learning curve 
for other spinal surgeries. Nandyala et al23 stud‑
ied the learning curve for the minimally‑invasive 
TLIF procedure and found that after 33 cases, 
the operative time gradually stabilized, prov‑
ing that the surgical technique had been mas‑
tered. Xu et al17conducted a preliminary study 
of the  learning curve of UBE surgery, and 
found that the operative time gradually stabi‑
lized and began to decrease from the 54th case. 
Choi et al24 reported that the operative time re‑
mained stable after the 36th UBE procedure. 
Kim et al25 considered that at least 34 procedures 

each of the learning (26th) and mastery phas‑
es (86th) presented with residual postoperative 
symptoms resulting from inadequate decompres‑
sion. The patient 26 experienced a moderate im‑
provement of symptoms after taking conserva‑
tive treatment, while the other one (86th) im‑
proved after posterior lumbar interbody fusion 
surgery 3 months postoperatively. A patient with 
epidural hematoma (34th) presented with wors‑
ening radiating pain in the right lower extremity 
on the second postoperative day, and the symp‑
toms relieved within 2 months after conservative 
treatment (FIGURE 3).

FIGURE 2�  Cumulative sum graph of the operative time (A), blood loss (B), and hidden 
blood loss (C)
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All these factors may lead to intraoperative ad‑
verse events and postoperative complications. 
We did not perform a multivariable regression 
analysis of risk factors for individual complica‑
tions, due to a limited number of the complica‑
tions, but such an analysis should be performed 
in future studies.

Several previous studies have discussed 
the characteristics of the learning curve for full 
spinal endoscopy and the cutoff point required 
to achieve technical proficiency. A systematic 
review including 6 studies that applied inter‑
laminar approaches for spinal endoscopic pro‑
cedures indicated that the mean (SD) value of 
the cutoff point for the learning curve was 22.17 
(12.4) cases (range, 10–43 cases).27 These learn‑
ing curves were determined primarily based on 
the operative time, which was shorter in the pa‑
tients operated later than those operated earlier 
(P <0.05). Also, no significant differences were 
found in pain scale, functional outcome, oper‑
ative failure, or complication rates in the pa‑
tients before and after the cutoff point. A com‑
parative study of learning curves for percutane‑
ous endoscopic transforaminal discectomy per‑
formed by surgeons with different levels of pro‑
fessional experience found that the reoperation 
rate within 1 year was higher in the group of ju‑
nior surgeons than senior ones.28 The results of 
these studies suggest that the level of mastery 
is not only manifested by significantly shorter 
operative time, but more so in terms of opera‑
tive efficacy and reoperation rate. In our study, 
no patient showed short‑term recurrence dur‑
ing follow‑up. Longer follow‑up for these pa‑
tients is essential.

There are some limitations to our study. First, 
the surgeon performed the UBE‑ULBD proce‑
dure after initial attempts of the UBE technique 
in some simple cases, and therefore, the cutoff 

were needed to sufficiently master UBE lum‑
bar interbody fusion. The CUSUM analysis of 
the operative time in our study showed that 
the cutoff point for mastery of the UBE‑ULBD 
technique was 38 cases. The mean (SD) oper‑
ative time in the mastery phase was approxi‑
mately half an hour shorter than in the learning 
phase (153.3 [44] min vs 129.2 [34.5] min). Also, 
the mean blood loss and drainage volume were 
lower in the mastery phase than in the learning 
phase. Usually, operative time is a critical indi‑
cator for evaluating a surgeon’s ability to mas‑
ter this technique, but theoretically the learning 
curve should be evaluated in terms of the proce‑
dure safety and health benefits to the patient, 
rather than solely in terms of the level of sur‑
gical proficiency. Therefore, when determining 
the learning curve, it is important to consider 
not only operative time but also the occurrence 
of complications. In our study, there was no sig‑
nificant difference in the complication rate be‑
tween the learning and mastery phases (7.9% 
vs 3.6%).

We identified age, BMI, alcohol consumption, 
and EBL as factors impacting the onset of com‑
plications. Several studies have yielded similar 
conclusions. For example, Kim et al26 found that 
female sex, advanced age (over 70 years), pre‑
operative anticoagulant medication use, and in‑
traoperative hydration pump use were indepen‑
dent risk factors for postoperative epidural he‑
matomas. We suggested that advanced age and 
obesity may have some implications for surgi‑
cal maneuvers. For example, elderly patients of‑
ten have a history of severe adhesions between 
the ligamentum flavum and the epidural and 
more calcification of the intervertebral discs, 
which can severely affect intraoperative maneu‑
vers. Obesity can also impede the endoscopic ma‑
neuvers due to a thick layer of subcutaneous fat. 

TABLE 2  Surgical variables and clinical outcome

Characteristic Learning phase (n = 38) Mastery phase (n = 84) P value

Surgical time, min 153.3 (44) 129.2 (34.5) 0.003

Estimated blood loss, ml 62.4 (42.3) 53.1 (31.5) 0.18

Hidden blood loss, ml 182.4 (121.8–256.1) 197.8 (123.7–286.9) 0.86

Drainage volume, ml 18 (9–37) 50 (35–90) 0.001

Total complication rate, n (%) 3 (7.9) 3 (3.6) 0.66

Preoperative ODI 45.1 (2.1) 45.4 (1.3) 0.44

Early ODI 25.3 (1.3) 24.9 (2.2) 0.25

Late ODI 22.3 (1.4) 22 (2.1) 0.43

Preoperative VAS back 6.6 (1) 7.2 (1.1) 0.007

Early VAS back 3.1 (0.6) 3.3 (3.2) 0.12

Late VAS back 2.2 (1.2) 2.7 (3.5) 0.07

Preoperative VAS leg 6.3 (1) 7.2 (1.1) 0.001

Early VAS leg 3.1 (0.8) 3.4 (0.8) 0.03

Late VAS leg 3.2 (0.7) 3.6 (0.9) 0.02

Data are presented as mean (SD) or median (interquartile range) unless indicated otherwise.

Abbreviations: ODI, Oswestry Disability Index; VAS, Visual Analogue Scale
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surgeon were included in this study, and no com‑
parison was made between the learning curves of 
surgeons at different levels. When performing 
UBE procedures, the seniority of the surgeon and 
their endoscopic experience affect the learning 
cycle. Fourth, the small number of patients who 
experienced complications may affect the statis‑
tical power of the analysis of risk factors related 
to the complications. However, this appears to 
be a common limitation in many similar studies. 
The primary reason is that the UBE technique is 
still in its early stages of adoption in China, and 
is performed less frequently in most medical in‑
stitutions. Additionally, minimally‑invasive lum‑
bar spine surgery techniques, such as UBE, are 

point of the learning curve may have been affect‑
ed. This problem exists in many similar studies, 
for example, in the early stage of the application 
of a certain technique, the surgeons tend to se‑
lect cases with typical unilateral symptoms, clear 
indications for surgery, and a relatively minor de‑
gree of complexity, and then gradually conduct 
more challenging operations after the technique 
has been mastered. Second, due to heterogeneity 
of clinical cases, different obstacles are encoun‑
tered when performing surgery. For example, cas‑
es with severe adhesions may be more challenging 
and may need a prolonged operative time. These 
problems are; however, typical of all such studies. 
Third, only the patients operated on by a single 

TABLE 4  Details of complications

Complication type Number of complications Procedure number

Dural tear 3 18, 78, 102

Symptomatic residue 2 26, 86

Postoperative hematoma 1 34

TABLE 3  Univariate analysis of postoperative complications

Characteristic Without complication 
(n = 116)

Complications 
(n = 6)

P value

Sex Men 44 (37.9) 1 (16.7) 0.31

Women 72 (62.1) 5 (83.3)

Age, y, mean (SD) 66.3 (0) 77.2 (4.8) 0.007

BMI, kg/m2, mean (SD) 26.1 (3.8) 29.7 (2.8) 0.03

Hypertension No 42 (36.2) 1 (16.7) 0.35

Yes 74 (63.8) 5 (83.3)

Diabetes No 91 (78.4) 3 (50) 0.13

Yes 25 (21.6) 3 (50)

Coronary artery disease No 102 (87.9) 4 (66.7) 0.16

Yes 14 (12.1) 2 (33.3)

Anemia No 107 (92.2) 6 (100) 0.99

Yes 9 (7.8) 0 (0)

Smoking No 97 (83.6) 4 (66.7) 0.3

Yes 19 (16.4) 2 (33.3)

Alcohol consumption No 106 (91.4) 3 (50) 0.007

Yes 10 (8.6) 3 (50)

History of anticoagulation medication No 112 (96.6) 5 (83.3) 0.15

Yes 4 (3.4) 1 (16.7)

ASA classifications I–II 84 (72.4) 3 (50) 0.47

≥III 32 (27.6) 3 (50)

Operated segment L2–L3 3 (2.6) 0 0.48

L3–L4 13 (11.2) 1 (16.7)

L4–L5 85 (73.3) 5 (83.3)

L5–S1 15 (12.9) 0

Tranexamic acid No 56 (48.3) 3 (50) 0.93

Yes 60 (51.7) 3 (50)

Surgical time, min, mean (SD) 136.5 (39) 170 (45.9) 0.056

Estimated blood loss, ml, mean (SD) 56 (35.9) 100 (31.6) 0.01

Data are presented as number and percentage unless indicated otherwise. 

Abbreviations: see TABLE 1
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the treatment of lumbar spinal stenosis, the UBE 
procedure requires approximately 38 cases to 
overcome the learning curve. When the learn‑
ing curve is successfully overcome, the tech‑
nique offers the  advantages of minimally
‑invasive nature, flexible and efficient maneu‑
vers, and rapid postoperative recovery. We eval‑
uated the learning curve of the same surgeon 

associated with a relatively low complication rate, 
as compared with traditional open surgery. De‑
spite these limitations, we believe the results of 
this study can serve as a valuable reference for 
early implementation of this technique.

CONCLUSIONS  As an  effective minimally
‑invasive spinal endoscopic technique for 

FIGURE 3�  A case of epidural hematoma after unilateral biportal endoscopy (UBE)–unilateral laminectomy bilateral 
decompression. An elderly woman underwent UBE for lumbar spinal stenosis (A, B). On the second postoperative day, 
she suddenly developed radiating pain in the right lower extremity with a visual analog score of 9. Magnetic resonance 
imaging showed formation of an epidural hematoma (C, D; white arrow). The patient did not undergo further hematoma 
debridement owing to her poor physical condition. After 2 months of conservative treatment, the symptoms were 
significantly relieved.

A B

C D
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ence. J Neurosurg Spine. 2024; 40: 351-358. 

15  He BL, Zhu ZC, Lin LQ, et al. Comparison of biportal endoscopic tech‑
nique and uniportal endoscopic technique in Unilateral Laminectomy for Bi‑
lateral Decomprssion (ULBD) for lumbar spinal stenosis. Asian J Surg. 2024; 
47: 112-117. 

16  Guo W, Ye J, Li T, et al. Evaluation of the learning curve and complica‑
tions in unilateral biportal endoscopic transforaminal lumbar interbody fu‑
sion: cumulative sum analysis and risk‑adjusted cumulative sum analysis. J 
Orthop Surg Res. 2024; 19: 194. 

17  Xu J, Wang D, Liu J, et al. Learning curve and complications of unilat‑
eral biportal endoscopy: cumulative sum and risk‑adjusted cumulative sum 
analysis. Neurospine. 2022; 19: 792-804. 

18  Horvath B, Kloesel B, Todd MM, et al. The evolution, current value, and 
future of the American Society of Anesthesiologists Physical Status Classi‑
fication System. Anesthesiology. 2021; 135: 904-919. 

19  Novoa NM, Varela G. Monitoring surgical quality: the cumulative sum 
(CUSUM) approach. Mediastinum. 2020; 4: 4. 

20  Xie X, Zhang G, Liu N. Clinical effect of unilateral biportal endoscopy in 
the treatment of lumbar diseases: a systematic review and meta‑analysis. 
Wideochir Inne Tech Maloinwazyjne. 2022; 17: 61-68. 

21  Ito Z, Shibayama M, Nakamura S, et al. Clinical comparison of unilat‑
eral biportal endoscopic laminectomy versus microendoscopic laminectomy 
for single‑level laminectomy: a single‑center, retrospective analysis. World 
Neurosurg. 2021; 148: e581‑e588. 

22  Hu Y, Jolissaint JS, Ramirez A, et al. Cumulative sum: a proficiency 
metric for basic endoscopic training. J Surg Res. 2014; 192: 62-67. 

23  Nandyala SV, Fineberg SJ, Pelton M, et al. Minimally invasive trans‑
foraminal lumbar interbody fusion: one surgeon’s learning curve. Spine J. 
2014; 14: 1460-1465. 

24  Choi DJ, Choi CM, Jung JT, et al. Learning curve associated with com‑
plications in biportal endoscopic spinal surgery: challenges and strategies. 
Asian Spine J. 2016; 10: 624-629. 

25  Kim JE, Yoo HS, Choi DJ, et al. Learning curve and clinical outcome of 
biportal endoscopic‑assisted lumbar interbody fusion. Biomed Res Int. 2020; 
2 020: 8815432. 

26  Kim JE, Choi DJ, Kim MC, et al. Risk factors of postoperative spinal epi‑
dural hematoma after biportal endoscopic spinal surgery. World Neurosurg. 
2019; 129: e324‑e329. 

27  Ahn Y, Lee S, Son S, et al. Learning curve for interlaminar endoscopic lum‑
bar discectomy: a systematic review. World Neurosurg. 2021; 150: 93-100. 

28  Gadjradj PS, Vreeling A, Depauw PR, et al. Surgeons learning curve of 
transforaminal endoscopic discectomy for sciatica. Neurospine. 2022; 19: 
594-602. 

using the UBE‑ULBD technique in lumbar spinal 
stenosis using the CUSUM cumulative analysis. 
The results showed that after 38 cases, the sur‑
geon could achieve a more proficient and stable 
manipulation level, and could significantly short‑
en the operation time and improve patient satis‑
faction. Moreover, we found that characteristics 
such as obesity, advanced age, and alcohol abuse 
were associated with the onset of complications, 
and these are suggestive for preoperative screen‑
ing of high‑risk patient populations.
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