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Thoracolumbar osteoporotic vertebral compression 
fractures (OVCFs) have become one of the most 
common fragility fractures in the elderly.[1] It can 
cause severe back pain and spinal deformity, 
affecting patients' quality of life.[2] However, in most 
cases, it can be treated safely and effectively using 
conservative or surgical treatment. Percutaneous 
vertebroplasty (PVP) is a minimally invasive 
procedure which has become increasingly popular 
in the treatment of OVCFs in recent years, mainly 
due to its advantages in providing short-term pain 
relief and improving physical function.[2,3]

In clinical practice, we have noticed a very 
common phenomenon that a significant proportion 
of patients develop anemia postoperatively, despite 
the short duration of PVP and the low amount of 
intraoperative visible bleeding. We speculate that 
perioperative hidden blood loss (HBL) may explain 
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this phenomenon. The concept of HBL was first 
proposed by Sehat et al.[4] and refers to blood loss 
due to spreading of blood into tissues, residual 
dead space or hemolysis. It is often overlooked by 
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most spine surgeons due to “zero” intraoperative 
blood loss. However, numerous studies have shown 
that HBL is an important component of total 
blood loss (TBL) in orthopedic surgery, whether 
minimally invasive or open spine surgery.[5-8] 
Therefore, clarifying HBL can more accurately 
estimate perioperative TBL, which can also help to 
improve clinical assessment and ensure patients’ 
safety in the perioperative period.

For thoracic OVCFs, the approach for 
injecting polymethylmethacrylate (PMMA) 
has evolved from bilateral transpedicular-
to-unilateral transpedicular to unilateral-to-
extrapedicular approaches.[9,10] Compared to the 
unilateral transpedicular approach, the unilateral 
extrapedicular approach has the advantages 
of shorter operation duration, uniform cement 
distribution, and lower cement leakage rate.[11,12] 
In recent years, several studies have reported the 
use of unilateral extrapedicular approaches for 
the treatment of lumbar OVCFs.[13-15] However, it is 
still unclear whether the unilateral extrapedicular 
approach is totally safe and more advantageous 
in reducing the incidence of HBL and anemia. 
In the present study, we, therefore, aimed to 
evaluate the amount of HBL in patients undergoing 
PVP surgery and to compare HBL in patients 
treated with unilateral extrapedicular approach 
and transpedicular approach.

PATIENTS AND METHODS

This single-center, retrospective study was 
conducted at the Third People’s Hospital of 
Chengdu, Department of Orthopaedics between 
February 2022 and February 2023. Initially, patients 
with thoracolumbar OVCFs treated with PVP were 
screened. Inclusion criteria were as follows: age 
over 55 years old; fresh thoracolumbar OVCFs 
clearly identified by magnetic resonance imaging 
(MRI), and all of them were one level vertebral 
fracture; obvious pain in the thoracolumbar back 
and obvious localized percussion pain in the 
responsible vertebrae; and bone mineral density 
(BMD) in accordance with the diagnostic criteria 
of osteoporosis (BMD <80 mg/cm3). Quantitative 
computed tomography (CT) was used to measure 
BMD in our unit.[16] Exclusion criteria were as follows: 
the presence of serious underlying diseases, such as 
severe heart, lung, liver and kidney dysfunction; 
serious systemic infectious diseases or local infection 
in the operation area; abnormal coagulation function 
or serious bleeding tendency; severe spinal stenosis 
at the corresponding level of fracture, or the fracture 

of the posterior wall of the vertebral body moved 
back to cause intradural occupancy and with the 
symptoms of nerve root, spinal cord compression; 
Pathological fracture caused by tumor, tuberculosis; 
and multiple injuries. Finally, a total of 136 patients 
(49 males, 87 females; mean age: 76.4±9.5 years; 
range, 55 to 100 years) who met the inclusion criteria 
were recruited. A written informed consent was 
obtained from each patient. The study protocol was 
approved by the Third People’s Hospital of Chengdu 
Ethics Committee (date: 23.01.2022, no: 2022-S-09). 
The study was conducted in accordance with the 
principles of the Declaration of Helsinki.

Surgical process

All surgeries were performed under local 
anesthesia by two surgeons from the same surgical 
team who have similar years of work and experience. 
Both surgeons were familiar with the two surgical 
approaches of PVP. We divided the patients with 
PVP treated by unilateral transpedicular approach 
into Group A (n=62, Figure 1a) and the patients with 
PVP treated by unilateral extrapedicular approach 
into Group B (n=74, Figure 1b). The choice of surgical 
approach was related to the size of the pedicle, the 
characteristics of the fracture, and the preference of 
the surgeons.

In Group A, in the prone position, the C-arm 
machine was used to determine the injured vertebrae 
under fluoroscopic guidance and to determine the 
projection point for the puncture of the injured 
vertebrae. The left pedicle projection at 10 points 
and the right pedicle projection at two points were 
selected as the anchoring points of the puncture 
needle on the bone surface, which were moved 
outward about 5 mm as the entry points for skin 
puncture and marked well. Routine disinfection 
and local anesthesia were applied. The needle 
was inserted from the marked point of the skin 
puncture, and the angle of the needle's abduction 
increased gradually from the thoracic to the lumbar 
vertebrae, from the upper to the lower. When the 
tip of the puncture needle touched the anchoring 
point of the bone surface to the middle and root 
of the pedicle, and when the puncture entered the 
vertebral body for about 0.5 cm, fluoroscopy with 
a C-arm machine was used to confirm that the tip 
of the needle was located in the pedicle, and that it 
did not break through the inner wall of the pedicle, 
respectively. As the needle continued to enter, 
fluoroscopy was used to confirm that the needle 
had reached the vertebral body's midline in the 
anteroposterior position, and that the needle was 
close to the anterior edge of the vertebral body in 
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the lateral position. Subsequently, the core of the 
puncture needle was withdrawn, and the cement 
was injected under fluoroscopy until the cement 
dispersed approximately 5 mm from the posterior 
wall of the vertebral body. If the cement leaked out 
of the vertebral body during the injection process, 
the injection was stopped, waiting for 3 to 5 min 
until the cement was initially solidified. Finally, the 
pusher and the working trocar were withdrawn, and 
the incision was locally pressed to stop bleeding for 
3 min.

In Group B, in the prone position, the junction 
between the upper edge of the pedicle projection 
and the outer edge of the vertebral body was 
selected as the anchoring point of the puncture 
needle under fluoroscopy of the C-arm machine. 
The entry point of skin puncture was marked 
by a lateral translation of about 5 mm. Routine 
disinfection and local anesthesia were applied. 
The needle was inserted from the marked skin 
puncture point, and the puncture needle arrived 
at the anchoring point and was further confirmed 
by fluoroscopy with a C-arm machine. The tip of 
the puncture needle was located at the junction 

between the outer edge of the root of the pedicle 
and the vertebral body in the anteroposterior 
position, and the tip of the puncture needle was 
located at the upper edge of the pedicle in the 
lateral position. The puncture needle penetrated 
the posterior lateral wall of the vertebral body 
and was continued, until it entered the vertebral 
body about 1.5 cm and then stopped. Fluoroscopy 
confirmed that the puncture needle was at or 
near the midline of the vertebral body in the 
anteroposterior position and near its anterior 
margin in the lateral position. The core of the 
puncture needle was withdrawn and the probe 
was placed to touch and confirm that the cortex 
of the anterior wall of the vertebral body was not 
breached. The subsequent operations were carried 
out according to the routine steps of PVP.

The patients' vital signs were closely monitored 
for 24 h. After 24 h, they were discharged from 
bed under the protection of a waist cuff to avoid 
excessive spinal movement. All patients were 
treated with regular anti-osteoporosis medication. 
Patients in both groups were followed for more than 
12 months.

(a) (b)

FIGURE 1. Anatomical landmarks of the two surgical approaches of PVP. (a, b) Red circles 
indicated the anchoring points of the puncture needle on the bone surface for the transpedicular 
approach and the extrapedicular approach, respectively; (b) compared to the transpedicular 
approach, the extrapedicular approach carried a risk of segmental arterial injury.
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Data collection

Preoperative variables were assessed and 
recorded, including age, sex, height, weight, body 
mass index (BMI), BMD, underlying comorbidity, 
fracture segment, time from injury to surgery, 
and Visual Analog Scale (VAS) score. Intra- and 
postoperative data included the American Society 
of Anesthesiologists (ASA) classification, operation 
duration, number of fluoroscopy, amount of 
cement injected, cement leakage, length of stay 
and follow-up time. In addition, laboratory data 
(hemoglobin [Hb], albumin [ALB], and hematocrit 
[Hct]) were documented. The above parameters 
could be obtained from the patients' routine blood 
and liver function tests on the first preoperative 
day and the third postoperative day. None of the 
patients received preoperative blood transfusion.

Calculation of hidden blood loss

We used the complete blood count on the third 
postoperative day as a reference, mainly because 
by this time, the patient's hemodynamics were 

stabilized and any fluid transfer was largely 
complete.[4]

Firstly, the Nadler formula was used to calculate 
patient blood volume (PBV):[17] PBV (L) = k1 ¥ height 
(m)3+ k2 ¥ weight (kg) + k3; where k1 = 0.3669, 
k2 = 0.03219, and k3 = 0.6041 for males and k1 = 
0.3561, k2 = 0.03308, and k3 = 0.1833 for females.

Secondly, the Gross formula was used to calculate 
the TBL:[18] TBL (L) = PBV (L) ¥ (Hctpre - Hctpost)/ 
Hctave; where Hctpre was the preoperative Hct, 
Hctpost was the Hct on the third postoperative day, 
and Hctave was the average of Hctpre and Hctpost.

Thirdly, based on the Sehat formula,[4] HBL was 
calculated: HBL=TBL - Visible blood loss (VBL). 
The HBL and TBL were roughly equal due to the 
negligible amount of VBL. The HBL was finally 
calculated as follows: HBL=TBL.

Statistical analysis

Statistical analysis was performed using the IBM 
SPSS version 26.0 software (IBM Corp., Armonk, 

TABLE I
Characteristics of the patients

Group A Group B

Variables n Mean±SD n Mean±SD p

Age (year) 76.1±9.3 76.7±9.7 0.719

Sex

Male

Female

23

39

26

48

Height (m) 1.61±0.06 1.61±0.07 0.445

Weight (kg) 52.0±5.7 53.6±6.4 0.121

BMI (kg/m2) 20.2±1.7 20.6±2.2 0.204

BMD (mg/cm3) 42.6±15.2 44.4±15.7 0.494

Comorbidity

Hypertension

Diabetes mellitus

Coronary heart disease

9

20

8

8

21

7

Fracture segment

Thoracic vertebrae (T7-T12)

Lumbar vertebra (L1-L5)

30

32

46

28

Time from injury to surgery (days) 5.1±2.0 5.0±2.0 0.657

Visual Analog Scale 6.5±1.1 6.6±0.9 0.712

ASA classification

I

II

III

5

45

12

11

52

11

Total 62 74

SD: Standard deviation; BMI: Body mass index; BMD: Bone mineral density.
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NY, USA). Descriptive data were expressed in 
mean ± standard deviation (SD), median (min-max) 
or number and frequency, where applicable. The 
independent t-test was used to compare the groups. 
The chi-square test was used to analyze categorical 
data. A p value of <0.05 was considered statistically 
significant.

RESULTS

Of a total of 136 patients, the majority (76) of 
the fractures were thoracic spine fractures. There 
was no significant difference in the demographic 
and baseline characteristics of the two groups 
(Table I).

The mean operation duration was 31.7±9.9 min 
in Group A and 29.1±11.1 in Group B, indicating 
no statistically significant difference between 
the groups (p=0.159). The mean volume of bone 
cement instilled was 4.4±0.4 mL in Group A and 
4.7±0.6 mL in Group B. The volume of cement 
injected in Group A was less than that of Group B 
(p=0.001). Fourteen patients (22.6%) in Group A had 
cement leakage. Patients with cement leakage in 
both groups did not experience complications and 
related symptoms such as spinal cord and nerve 
root compression, and the difference in cement 
leakage rate between the two groups was not 
statistically significant (p=0.957). There was no 
significant difference between the two groups in 

TABLE II
Comparison of intraoperative and postoperative parameters between the two groups

Group A Group B

Variables n Mean±SD n Mean±SD p

Surgical time (min) 31.7±9.9 29.1±11.1 0.159

Number of fluoroscopy 6.8±1.3 6.9±1.2 0.695

Amount of cement injected (mL) 4.4±0.4 4.7±0.6 0.001

Cement leakage

Yes

No

14

48

17

57

Length of stay (day) 5.1±1.3 5.1±1.1 0.730

Follow-up time (month) 15.3±2.3 15.8±2.8 0.284

Total 62 74

SD: Standard deviation; ASA: American Society of Anesthesiologists.

TABLE III
Laboratory and HBL-related parameters

Group A Group B

Variables n Mean±SD n Mean±SD p

Preoperative ALB (g/L) 34.5±3.9 34.3±4.1 0.834

Preoperative Hct (%) 0.37±0.04 0.36±0.04 0.289

Postoperative Hct (%) 0.35±0.04 0.34±0.04 0.137

Hct loss (%) 0.02±0.01 0.03±0.01 0.113

Preoperative Hb (g/L) 118.6±16.1 119.3±17.2 0.815

Postoperative Hb (g/L) 113.2±16.8 113.5±17.7 0.927

Hb loss (g/L) 5.9±2.1 7.6±3.3 0.001

PBV (L) 3.5±0.5 3.6±0.5 0.406

HBL (mL) 230.7±82.2 263.2±97.8 0.040

Mean HBL (mL) 248.4±92.2 248.4±92.2 -

Total 62 74

HBL: Hidden blood loss; SD: Standard deviation; ALB: Albumin; Hct: Hematocrit; Hb: Hemoglobin; PBV: Patient blood volume; Hct loss referred to 
preoperative Hct minus postoperative Hct; Hb loss referred to preoperative Hb minus postoperative Hb.
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terms of ASA classification, operation duration, 
number of fluoroscopy, length of stay, and follow-up 
time (p>0.05) (Table II).

Perioperative parameters regarding HBL are 
shown in Table III. In our study, the mean HBL of 
PVP was 248.4±92.2 mL, a value that was higher 
than we expected and could not be ignored. Group 
A was significantly lower than Group B in terms 
of Hb loss and HBL, indicating a statistically 
significant difference between the groups (p=0.001 
and p=0.040, respectively).

DISCUSSION

In recent years, PVP has become the treatment of 
choice for thoracolumbar OVCFs not only as it can 
partially correct the collapse of fractured vertebral 
body, but also as it provides rapid relief of low 
back pain postoperatively and it is a minimally 
invasive procedure which can be performed as a 
day-surgery.[19] Precisely, since it is a minimally 
invasive operation with minimal VBL, many spine 
surgeons tend to ignore the effects of HBL. In 
addition, thoracolumbar OVCFs are mostly seen 
in the elderly population, which is often comorbid 
with some medical conditions. In our study, 
there were many elderly patients with comorbid 
hypertension, diabetes mellitus, and coronary heart 
disease. Therefore, enhancing perioperative blood 
management in elderly patients can help to reduce 
anemia-related complications and promote rapid 
recovery. In a retrospective study examining risk 
factors for HBL, HBL was statistically significantly 
higher than VBL.[6] In our study, the mean 
perioperative HBL and Hb loss were 248.4±92.2 mL 
and 6.8±2.9 g/L, respectively. These figures were 
much greater than that can be attributed to VBL. In 
contrast to the study by Cai et al.,[6] we disregarded 
intraoperative VBL, which may have resulted in 
an underestimation of HBL. Nonetheless, our 
study reinforced the spine surgeons' knowledge 
of HBL and also compared HBL between the 
two surgical approaches, providing guidance for 
the formulation of surgical strategies. In elderly 
patients with OVCFs, significant blood loss is 
secondary to the initial injury. Additional HBL in 
the perioperative period would have a significant 
impact on these patients, particularly those with 
underlying comorbidities. It would also increase 
postoperative mortality and morbidity.[20] Due to 
the potential adverse effects of anemia, patients 
must be closely monitored after surgery.

Over the past few years, the unilateral 
extrapedicular approach has become popular in 

the treatment of thoracic OVCFs.[21] Numerous 
studies have demonstrated that the extrapedicular 
approach and the transpedicular approach are 
equally effective and safe for pain relief in patients 
undergoing thoracic kyphoplasty.[22,23] In recent 
years, some attempts have been made to perform 
lumbar OVCFs for posterior kyphoplasty using a 
unilateral extrapedicular approach.[15] The choice 
of surgical approach is related to many factors. 
When the diameter of the pedicle is small, the 
fracture involves the pedicle, or the puncture via 
the transpedicular approach fails or the location of 
the puncture is unsatisfactory, the extrapedicular 
approach is usually considered. If the fracture is 
amenable to any of the approaches, the decision 
on the choice of surgical approach is made by a 
discussion among the surgeons. Compared to the 
unilateral transpedicular approach, the unilateral 
extrapedicular approach can provide good pain 
relief, adequate cement infusion, shorter operation 
duration, and less fluoroscopy exposure.[24] However, 
to the best of our knowledge, there are no studies 
comparing the extrapedicular approach with the 
transpedicular approach for HBL in unilateral PVP 
for thoracolumbar OVCFs.

In the present study, HBL was significantly 
less in Group A than in Group B. One explanation 
for this was that the extrapedicular approach had 
a longer puncture path than the transpedicular 
approach, with consequent heavier soft tissue 
damage. Secondly, the extrapedicular approach was 
more likely to access the center of the fractured 
vertebrae, providing a more symmetrical cement 
filling. As a result, a larger amount of cement was 
injected in Group A than in Group B. This larger 
dose of cement injected may cause greater damage 
to an otherwise fractured vertebra. In addition, 
the risk of segmental arterial injury was higher 
with the extrapedicular approach compared to the 
transpedicular approach. Thus, injuries to segmental 
artery or its branches that we did not identify may 
also contribute to increased HBL. Therefore, for 
patients using the extrapedicular approach, the 
operator needs to be concerned about the patients' 
HBL and the occurrence of postoperative anemia.

Cement infiltration in unilateral extrapedicular 
approach has more advantages than transpedicular 
approach. In the present study, more cement was 
injected into the fractured vertebrae in Group B 
compared to Group A. We believe that achieving 
this satisfactory cement infusion was highly 
correlated with a favorable puncture position and 
angle. In previous studies, several extrapedicular 
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approaches have been proposed. Ryu et al.[25] 
proposed a far-lateral extrapedicular approach. 
Cho et al.[26] described an individualized approach 
with preoperative measurements, where the 
puncture was advanced to the superior edge of 
the transverse process. Wang et al.[27] suggested 
performing a puncture through the Kambin’s 
triangle. Previous studies have found that the 
extrapedicular approach demonstrates a lower rate 
of cement leakage compared to the transpedicular 
approach.[11,12] However, in our study, there was no 
significant difference in the incidence of cement 
leakage, although the average amount of cement 
injected differed significantly between the two 
groups. Our report contradicted the results of other 
studies, and we believe that there may be several 
reasons for this: (i) This is a single-center report with 
the small sample size; (ii) the injection of a large 
amount of cement by the extrapedicular approach 
may increase the risk of cement leakage; and (iii) 
other unpredictable factors existed. The overall bone 
cement leakage rate was 22.8% (31/136), which is 
consistent with the results of previous studies.[24,28]

The most common problem with the 
extrapedicular approach is the segmental arterial 
injury. Xu et al.[29] performed spinal CT angiography 
and found that segmental arteries mainly pass 
below the midline of the pedicle. Therefore, the 
injury of segmental arteries can be avoided, when 
an extrapedicular approach was used and the 
puncture site was located on the superior-lateral 
aspect of the vertebral pedicle. In patients with 
hypovolemic shock and progressive Hb loss after 
the extrapedicular approach, the retroperitoneal 
hematoma can be confirmed by abdominal CT 
scanning.[10,29]

Nonetheless, our study has several limitations. 
First, as a single-center, retrospective study, the 
relatively small sample size may have affected 
statistical validity. Second, the difference in the 
proportions of thoracic and lumbar fracture sites 
between the two groups may cause selection bias. 
Third, we assessed HBL on the third postoperative 
day based on Hct, which may have led to an 
underestimation of HBL. In addition, postoperative 
rehydration may dilute the blood and lead to bias 
in HBL. Finally, as the choice of surgical approach 
is related to many factors, this may result in data 
bias in grouping. Further multi-center, large-scale 
prospective studies are needed to confirm our 
findings.

In conclusion, in the PVP treatment of 
thoracolumbar OVCFs, perioperative HBL should 

not be ignored. Compared to the unilateral 
transpedicular approach, we should pay more 
attention to the amount of Hb loss and the anemia 
status of patients after the unilateral extrapedicular 
approach, and formulate countermeasures in 
time to avoid a series of complications caused by 
postoperative anemia.
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