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Percutaneous endoscopic lumbar discectomy ABSTRACT
(PELD)isone of the most complex surgical procedures
for the treatment of lumbar disc herniation (LDH).["2
As a minimally invasive spinal surgery, PELD is
increasingly recognized for its minimal trauma,
rapid recovery, short hospital stay, and satisfactory

Objectives: The study aimed to evaluate the hidden blood loss
(HBL) and its possible risk factors in patients with lumbar
disc herniation undergoing percutaneous endoscopic lumbar
discectomy (PELD) via posterolateral approach.

Patients and methods: The clinical data of 170 lumbar

clinical outcomes. There are three different surgical disc herniation patients (101 males, 69 females;
approaches for PELD: interlaminar, transforaminal, mean age: 57.7+18.0 years; range, 19 to 87 years) treated with
and posterolateral.®! Of these, the posterolateral PELD via posterolateral approach between January 2021 and
approach (PLA) is best suited for both foraminal and January 2023 were retrospectively analyzed. Demographic

characteristics, laboratory data, and surgery-related clinical
data of the patients were collected, including age, sex, height,
weight, body mass index, albumin, blood glucose, hemoglobin

extraforaminal LDH. Furthermore, the operative
area of the PLA is Kambin's triangle, making this

approach the safest.”! Foraminal and extraforaminal (Hb), hematocrit (Hct), American Society of Anesthesiologists
LDH often occur simultaneously. In addition, (ASA) score, surgical time, number of puncture, and the need
extraforaminal LDH is sometimes combined with for foramenoplasty. Hidden blood loss was calculated, and

multiple linear regression analysis was performed to identify

intracanal LDH, which in turn develops into two !
risk factors.

Results: The mean Hb in patients with preoperative
anemia was 115.8+8.6 g/L. The mean postoperative Hb
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associated with HBL (p<0.001). Multiple linear regression
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for HBL after PELD via posterolateral approach. Therefore,
HBL should not be ignored in patients with these risk factors to
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types of radiculopathy.” Percutaneous endoscopic
lumbar discectomy via PLA has potential advantages
in these complex cases.[>

Blood management has always been a crucial
aspect of the accelerated recovery surgical concept,
as perioperative anemia is strongly associated with
surgical complications, including rebleeding, impaired
wound healing, and motor deficits.”? In addition,
postoperative anemia may lead to longer hospital stays
and medical complications.®! However, in clinical
practice, the focus of many surgeons is usually on
visible blood loss, such as intraoperative hemorrhage
and postoperative drainage, and the presence of
hidden blood loss (HBL) is often overlooked. Studies
have confirmed that the amount of blood loss due to
infiltration in potential compartments or hemolysis
is considerable,’” even in minimally invasive
endoscopic spine surgery.'”! This is despite the fact
that technological innovations and the introduction
of new instruments have facilitated the development
of microsurgery,™ offering the possibility of treating
patients with poor general condition who require
surgery. For spine surgeons, ignoring the presence
of HBL may lead to an incorrect estimation of blood
loss, particularly in minimally invasive surgery,
which may hamper the treatment of anemia-related
complications." Therefore, focusing on HBL can help
ensure patient safety throughout the perioperative
period.

The concept of HBL was first proposed by Sehat
et al.™ in 2000. In recent years, HBL has received
increasing attention from surgeons. Numerous
studies have shown that HBL accounts for a
significant portion of total blood loss (TBL) in both
open and minimally invasive surgery."" Therefore,
the study of HBL is of great significance. To the
best of our knowledge, there are few reports of HBL
after PELD via PLA in the literature."®”! Previous
studies have found that HBL in spinal surgery
is associated with demographic characteristics
(age, L weight sex,?d diabetes mellitus,’ and
degreeofdiscdegeneration®?),laboratory data (patient
blood volume, TBL, postoperative hematocrit (Hct),
loss of Hct, fibrinogen levels, preoperative platelet
levels, and preoperative hemoglobin (Hb),[020:23-:25]
and surgery-related clinical data (surgical time).l'”2!
Therefore, this study aimed to evaluate patients with
LDH who underwent PELD via PLA and analyze
the HBL of these patients. Furthermore, we further
explored the risk factors that may affect the HBL
of the patients by taking into account the relevant
factors reported in the literature.

PATIENTS AND METHODS

One hundred seventy patients (101 males,
69 females; mean age: 57.7+18.0 years; range, 19 to 87
years) who underwent PELD via PLA for LDH at the
Third People's Hospital of Chengdu, Department of
Orthopaedics between January 2021 and January
2023 were included in this retrospective study.
Inclusion criteria were as follows: (i) diagnosed with
L4/5 or L5/S1 disc herniation; (ii) received PELD via
PLA; (iii) aged 18 years or older. The exclusion criteria
were as follows: (i) previous lumbar spine surgery;
(ii) hematological diseases, coagulation disorders,
long-term oral antiplatelet, or anticoagulant
medications; (iii) use of antifibrinolytic drugs
(tranexamic acid or aminocaproic acid) during the
procedure; (iv) incomplete medical information;
(vi) intolerance or refusal to undergo surgery.
The study protocol was approved by the Third
People's Hospital of Chengdu Ethics Committee
(date: December 9, 2020, no: 2020-5-13). All patients
provided written informed consent. The study was
conducted in accordance with the principles of the
Declaration of Helsinki.

Patient data were collected from the hospital's
electronic medical record system, including
demographic characteristics, laboratory data, and
surgery-related data. Demographic data included
age, sex, height, weight, body mass index, and
comorbidities. Laboratory data included Hb, Hct,
albumin, and blood glucose. Surgery-related data
were mainly extracted from surgical records,
including surgical time, number of punctures, the
need for foramenoplasty, and American Society of
Anesthesiologists (ASA) score. The Hb concentration
was used to define anemia (<120 g/L for females;
<130 g/L for males).2

All procedures were performed by the same
surgical team wunder nerve block anesthesia
according to standard procedures. The procedure
was as follows: the patient was placed in the prone
position. Under X-ray guidance, the location of
the puncture was confirmed and marked by the
surgeon, and then the spinal needle was inserted
into the target disc level. In the anteroposterior view,
the needle tip was located in the medial pedicle line.
In the lateral view, the same needle tip was located
in the posterior vertebral line. A guidewire was
inserted through the spinal needle and the needle
was removed. Next, an incision was made, and a
tapered cannulated obturator was inserted along
the guidewire. An obturator was inserted into the
disc with a hammer blow. Afterward, a working
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FIGURE 1. Lumbar disc herniation was treated by PELD via PLA (L5/S1 LDH as an example). (a, b) Position of the spinal needle.
(c, d) Removal of a portion of the superior articular process by circular sawing. (e, f) Establishment of a working cannula.
(9) Endoscopic image showing the relaxation of S1 nerve root after decompression. (h) On the left side of the image was a partial
removal of the superior articular process, and on the right side of the image was the removal of the nucleus pulpos.

PELD: Percutaneous endoscopic lumbar discectomy; PLA: Posterolateral approach; LDH: Lumbar disc herniation;

LDH (L4/5 or L5/S1)
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Demographic data Laboratory data Surgery-related data
(age, sex, height, weight, BMI, (Hb, Het, ALB, and blood glucose) (surgical time, number of punctures,
and comorbidities) the need for foramenoplasty and ASA)

FIGURE 2. Process of inclusion and exclusion of subjects.

LDH: Lumbar disc herniation; PELD: Percutaneous endoscopic lumbar discectomy; PLA: Posterolateral approach; BMI: Body mass index; Hb: Hemoglobin;
Hct: Hematocrit; ALB: Albumin; ASA: American Society of Anesthesiologists.
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TABLE |
Patient demographics and related factors

Variables n Y% Mean+SD
Age (year) 57.7£18.0
Sex

Male 101 59.4

Female 69 40.6
Height (m) - 1.62+0.08
Weight (kg) = 53.945.7
BMI (kg/m?) - 20.6+2.4
Smoking 23 13.5
Comorbidities

Hypertension 25 14.7

Diabetes mellitus 57 335

CHD 17 10.0
Preoperative Hb (g/L) 124.4+10.5
Postoperative Hb (g/L) 117.4+£11.8
Hb loss (g/L) 7.0£4.5
Preoperative Hct (ratio) 0.36+0.04
Postoperative Hct (ratio) 0.34+0.04
Hct loss (ratio) 0.02+0.01
Preoperative ALB (g/L) 34.8+4.8
Preoperative blood glucose (mmol/L) 5.91+1.28
ASA classification

| 17 10.0

1] 127 74.7

1] 26 15.3
Hb of preoperative anemia (g/L) 115.8+8.6
Preoperative anemia

Yes 73 42.9

No 97 571
Hb of postoperative anemia (g/L) 110.5£10.0
Postoperative anemia

Yes 99 58.2

No 71 41.8
Number of puncture

1~3 99 58.2

>3 71 41.8
Foraminoplasty

Yes 94 55.3

No 76 44.7
Surgical time (min) 110.91£32.0
HBL (mL) 178.4£66.5
Blood transfusion

Yes 0 0

No 170 100
Follow-up duration (month) 6.9+2.2
Total 170 100

SD: Standard deviation; BMI: Body mass index; CHD: Coronary heart disease; Hb: Hemoglobin;
Hct: Hematocrit; ALB: Albumin; ASA: American Society of Anesthesiologists; HBL: Hidden blood loss;
Hb loss = Preoperative Hb - Postoperative Hb; Hct loss = Preoperative Hct - Postoperative Hct; Data are
presented as mean + SD.
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TABLE Il
Paired sample t-test for anemia

95% CI of the difference

Mean+SD Lower Upper t p
Hb loss 7.0+4.5 0.346 6.281 7.648 20.122 <0.001
Hct loss 0.017+0.007 0.001 0.016 0.018 33.273  <0.001
Anemiapre-anemiapost 0.153+0.361 0.028 0.098 0.208 5.524 <0.001

postoperative absence of anaemia was set as 2.

Cl: Confidence interval; SD: Standard deviation; SE: Standard error; Hb: Hemoglobin; Hct: Hematocrit; Hb loss = Preoperative Hb -
Postoperative Hb; Hct loss= Preoperative Hct - Postoperative Hct. Pre and postoperative presence of anaemia was set as 1 and pre and

cannula was inserted. Finally, an endoscope was
inserted through the working cannula, and the
herniated disc was removed with endoscopic forceps
and a radiofrequency probe (Figure 1). The need for
foraminoplasty was determined intraoperatively,
a procedure that was accomplished primarily by
removing a portion of the superior articular process
and surrounding soft tissues (Figures 1le, f, h).
Wound drainage was not performed in all patients.
No patients received blood transfusion during the
perioperative period. Since there was very little
visible blood loss during surgery, this portion
of blood loss was negligible; therefore, HBL was
approximately equal to TBL. All patients underwent
complete blood counts on the third day after surgery.
At this time, the patient's hemodynamics were
stable, and fluid shifts were essentially complete.?”

The patient's preoperative blood volume (PBV)
was first calculated using Nadler et al’s?! formula:
PBV (L)=k1 x height (m)*+ k2 x weight (kg) + k3.
For males, k1 was 0.3669, k2 was 0.03219, and k3
was 0.6041, while for females, k1 was 0.3561, k2 was
0.03308, and k3 was 0.1833. Total blood loss was then
calculated by multiplying the change in Hct by PBV
according to Gross'™®) formula:

TBL (L)=PBV (L) x (Hctpre-Hctpost)/Hctave, where
Hctpre was the initial preoperative Hct, Hctpost was
the Hct on the third postoperative day, and Hctave
was the mean of Hctpre and Hctpost.

Statistical analysis

All data were analyzed using IBM SPSS version
19.0 software (IBM Corp., Armonk, NY, USA).
Pearson correlation coefficient analysis (for normally
distributed data), Spearman correlation coefficient
analysis (for nonnormally distributed data), multiple
linear regression analysis, and analysis of variance
were performed to determine independent risk
factors associated with HBL. A p-value <0.05 was
considered statistically significant.

RESULTS

The flowchart of the study is demonstrated in
Figure 2. The mean body mass index was
20.6+2.4 kg/m2 About one-third (33.5%) of the
patients had comorbid diabetes. The mean follow-up
time was 6.9£2.2 months. Other demographic data
are summarized in Table I.

Hemoglobin decreased from 124.4+10.5 g/L
preoperatively to 117.4+11.8 g/L postoperatively,
with a mean Hb loss of 7.0+4.5 g/L. Hematocrit
decreased from 0.36+£0.04 preoperatively to

TABLE Il
Correlation analysis between related factors and HBL

Variables P Correlation
Age 0.972 0.003
Sex 0.455 0.058
Height 0.575 0.043
Weight 0.254 0.088
Body mass index 0.472 0.056
Smoking 0.801 0.019
Hypertension 0.482 -0.054
Diabetes mellitus 0.777 -0.022
Coronary heart disease 0.472 0.061
Preoperative Hb 0.177 -0.104
Preoperative Hct 0.140 -0.114
Preoperative albumin 0.982 -0.002
Preoperative blood glucose 0.122 -0.119
ASA classification 0.380 0.068
Preoperative anemia 0.360 -0.071
Surgical time <0.001 0.791
Number of puncture <0.001 0.577
Foraminoplasty <0.001 -0.764
HBL: Hidden blood loss; Hb: Hemoglobin; Het: Hematocrit; ASA: American
society of Anesthesiologists.
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TABLE IV
Multiple linear regression analysis of influencing factors on HBL following PELD via PLA

Independent variables B value SE B t p
Constant 112.538 21.104 = 5.333 <0.001
Number of puncture 20.583 6.397 0.153  3.218 0.002
Foraminoplasty —49.759 7.029 -0.373 -7.079 <0.001
Surgical time 0.980 0.115 0.471 8.498 <0.001
HBL: Hidden blood loss; PELD: Percutaneous endoscopic lumbar discectomy; PLA: Posterolateral approach; SE: Standard
deviation; R2= 0.737, adjusted R?=0.732, F=155.039, p<0.001; In the qualitative variables, puncture of 1~3 and foraminoplasty
were set as “1.” Puncture of >3 and nonforaminoplasty were set as “2.”

0.3410.04 postoperatively, with a mean Hct loss
of 0.02+£0.01%. Mean preoperative albumin was
34.8+4.8 g/L. More than 50% of patients underwent
foramenoplasty. The mean number of punctures
was 3.311.3, with 41.8% of patients having more
than three punctures (Table I).

The mean surgical time was 110.9432.0 min. The
mean HBL was 178.4466.5 mL. Twenty-six patients
without anemia preoperatively developed anemia
postoperatively (Table I). The difference between
preoperative and postoperative anemia showed
that HBL could significantly increase the number
of postoperative anemia patients (Table II). Despite
this, none of the patients required blood transfusion
during the perioperative period.

Pearson and Spearman correlation analysis
showed that surgical time, number of punctures,
and foramenoplasty were associated with HBL
(p<0.001; Table III). We used multiple linear regression
analysis to examine the relationship between HBL
and the risk factors. As shown in Table IV, surgical
time, number of punctures, and foramenoplasty
were positively correlated with HBL.

DISCUSSION

The PELD technique via PLA has developed rapidly
and gained recognition in recent years due to its
significant minimally invasive advantages. The
technique is minimally invasive, with a skin incision
of approximately 6 to 8 mm, and intraoperative
visible blood loss is low. Therefore, many spine
surgeons consider the blood loss in this procedure
to be negligible. A retrospective study found that
perioperative HBL for percutaneous endoscopic
transforaminal discectomy was 341.04+191.15 mL,
which was much higher than visible blood loss
(85.04+26.53 mL).?? Zhuang et al.® compared
the HBL of three lumbar endoscopic surgeries
for the treatment of single-segment LDH. They

found that the mean HBL was 381.87+218.01 mL
in the unilateral biportal endoscopic discectomy
(UBE) group, 252.05+118.44 mL in the percutaneous
endoscopic transforaminal discectomy group, and
229.63+143.9 mL in the percutaneous endoscopic
interlaminar discectomy group. Jiang et al.l
found that the HBL of PELD in the treatment of
single-segment LDH was 30.64+22.29 mL, which
accounted for nearly 70% of TBL (43.68+24.54 mL).
In addition, they found that the HBL of PELD was
much lower than that of UBE (332.10+190.17 mL).
In our study, the mean perioperative HBL and
Hb loss was 178.4 mL and 7.0 g/L, respectively.
Although the amount of HBL found in the studies
varied, they all illustrated that HBL accounted for a
considerable amount of TBL, sometimes exceeding
visible blood loss. The variation in HBL was related
to the surgical approach, surgical procedure, and
calculation method of HBL. In addition, we noted
that 26 patients with normal preoperative Hb
developed anemia postoperatively. These numbers
were much higher than the extremely small amount
of intraoperative visible blood loss. In elderly
patients, particularly if anemia is already present
preoperatively, additional HBL in the perioperative
period increases the incidence of adverse events.
Given the potential adverse effects of anemia, such
patients must be closely monitored after surgery.

Several studies have found that HBL occurs
due to intraoperative extravasation of blood into
tissues and hemolysis.'*"1 However, the risk factors
associated with the amount of HBL have not been
clarified. In this study, we used multiple linear
regression analysis to examine the associated
factors. This study suggests that the amount of
HBL was more in patients with a high number of
punctures, the need for foramenoplasty, and a long
surgical time.

A retrospective study found a positive correlation
between HBL and the number of puncture in
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percutaneous vertebroplasty for osteoporotic
vertebral compression fractures (p=0.002).""! Not
surprisingly, a greater number of punctures resulted
in more soft tissue damage and HBL. Our study
found HBL with more than three punctures was
significantly higher than HBL with less than three
punctures. Therefore, the location and puncture
point of the foramen were marked by fluoroscopy
on the body surface, and the route of the needle was
selected according to the position of the herniated
disc. Preoperatively, the patient's imaging data were
carefully read to roughly determine the depth of the
puncture. These preoperative plans help to reduce
excessive HBL from repeated punctures during
intraoperative puncture positioning of spinal needle.

Jiang et al.™ found that the HBL in the PELD
group was significantly lower than that in the UBE
group, mainly because PELD utilizes the existing
natural access to the intervertebral foramina
without the need to remove the lamina and
ligamentum flavum. However, in the UBE technique,
partial laminectomy may lead to hemorrhage
of cancellous bone. Similar conclusions were
found by Wang et al.®% who suggested that bone
surface bleeding is an influential factor in the
increase of HBL in the perioperative period of UBE.
Therefore, we hypothesized that foraminoplasty
caused partial damage to the superior articular
process and surrounding tissues, and the triggered
bleeding leaked into the tissue space. While
bleeding from soft tissues may be stopped by
radiofrequency electrodes, achieving hemostasis
for bleeding from bony surfaces is difficult with
this method. If there is more bleeding from the
bony surface, hemostasis can be achieved by
bone wax. For certain types of herniated discs,
such as extraforaminal or extreme lateral types,
foraminoplasty is not required. Therefore, an
appropriate preoperative surgical strategy needs to
be developed based on the patient's presentation in
conjunction with imaging evidence.

It is easy to determine that HBL is directly
related to surgical time."”8% Increased surgical time
markedly increases the amount of blood flowing
into the tissue spaces and dead space, leading to
increased HBL. Therefore, preoperative optimization
of the surgical procedure and anticipation of possible
risks and contingency plans are required. As we
mainly used nerve block anesthesia for the surgery,
some patients had a poor experience due to severe
intraoperative pain and could not cooperate well,
which ultimately led to prolonged surgery time. For
such cases, local anesthesia can be strengthened; for
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example, 0.5% ropivacaine can be used to complete
local infiltration anesthesia from shallow to deep
layers, up to the articular capsule of the articular
process. In addition, prolonged prone position can
affect the intra-abdominal pressure and increase
epidural vein bleeding.®! Therefore, the abdomen
should be kept empty intraoperatively to avoid
pressure.

Therefore, spinal orthopedic surgeons should
take a series of measures to reduce HBL. In
addition to some conventional means of hemostasis,
such as absorbable gelatin sponges and other
hemostatic materials,®>%! intraoperative electrode
prehemostasis is also crucial. Some studies have
also recommended the use of tranexamic acid,
which can effectively reduce HBL.®*% In addition
G-arm for fluoroscopic localization of the body
surface helps to reduce surgical time. It has also
been found that PELD produced less HBL in the
treatment of single-segment LDH compared to
UBE.!®¥ This may be another unique advantage
of PELD. However, the advantage of PELD in
reducing HBL over percutaneous endoscopic
interlaminar discectomy was not obvious.'s! Of
course, the mentioned studies are single-center
retrospective studies with small sample sizes,
and each endoscopic technique has its specific
indications. More extensive multicenter prospective
studies are needed in the future to investigate the
role of different endoscopic techniques in reducing
HBL.

This study had several limitations. The study
was retrospective in design, and the number of
patients included in the study was small. Hidden
blood loss assessment was based on Hct on the
third day after surgery, assuming that fluid shifts
would have been completed at this time. However,
if this was not the case, it could have resulted
in a low HBL. In addition, we ignored the very
small amount of intraoperative visible blood loss,
which may have led to an overestimation of HBL.
Future prospective studies with large samples and
multiple centers are needed to further validate our
findings.

In conclusion, the current study suggests that HBL
is much larger than previously considered in PELD
via PLA. Spine surgeons should pay close attention to
HBL, particularly in cases involving high number of
punctures, foraminoplasty, and a long surgical time,
to ensure patients’ safety.

Data Sharing Statement: The data that support the findings
of this study are available from the corresponding author upon
reasonable request.
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