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Purpose: This study aimed to explore the effectiveness and safety of digital subtractionangiography (DSA)-guided percutaneous
kyphoplasty (PKP) in treating multi-segmental osteoporotic vertebral compression fracture (OVCF).

Methods: We retrospectively reviewed 68 patients with multi-segmental OVCF who had unilateral PKP surgeries using DSA and
C arm guiding at our hospital between October 2016 and June 2020 and were followed for at least two years. All patients were divided
into two groups: DSA guidance (n = 31) and C-arm guidance (n=37). In addition, we collected the clinical and radiological evaluation
results during postoperative and last follow-up periods.

Results: Our findings revealed that the DSA guidance group required lesser time for channel establishment and surgery than the C-arm
guidance group at P < 0.05. The incidences of bone cement leakage, fluoroscopy times, and radiation dose of the DSA guidance group
were significantly lesser than the C-arm guidance group (P < 0.05). Compared to the C-arm guidance group, the deviation of puncture in
the DSA guidance group was significantly lower, the puncture angle in the DSA guidance group was significantly larger, and better bone
cement distribution was obtained (P < 0.05). Compared to preoperative data, the VAS score, median vertebral height, and Cobb angle
were significantly improved one day after surgery and the final follow-up in both groups (P < 0.05). However, the VAS score, the median
vertebral height, average length of stay, and Cobb angle were not significantly different between the two groups (P > 0.05).
Conclusion: DSA-guided PKP in treating multi-segmental OVCF can shorten the operation time, improve puncture accuracy, reduce
the times and dose of fluoroscopy, reduce the leakage of bone cement, and achieve better cement distribution.
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Introduction

With the advent of an aging society, the incidence of osteoporotic fractures is gradually increasing. OVCF is a common
disease among the elderly, accounting for about 40% of all osteoporotic fractures." OVCF often causes significant pain,
dysfunction, and many complications such as hypostatic pneumonia, spinal deformities, and venous thrombosis of lower
limbs, which seriously affects the daily life of the elderly and even leads to death.? Traditional open surgery carries a high
risk of complications and is only suitable for patients with severe neurological dysfunction.® Presently, percutaneous
vertebroplasty (PVP) or PKP combined with anti-osteoporosis is the most effective treatment for OVCEF, with less
trauma, faster recovery, and fewer complications.* Compared to PVP, PKP can restore vertebral height and correct
kyphosis and obtain better long-term efficacy for vertebral fractures with compression of more than 1/3. However, PKP
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treatment still has problems such as pedicle cortical perforation, uneven distribution of bone cement, leakage of bone
cement, and multiple fluoroscopy times.””’

With the aging population in the contemporary world, the incidence of multi-segmental OVCF increases yearly, and
about 20% of the patients previously diagnosed with compression fractures will develop into multi-segmental OVCF.®
The traditional C-arm-guided PKP has many disadvantages, such as long operation time, multiple fluoroscopy times, and
high fluoroscopic dose.” Multiple osteoporotic vertebral compression fractures frequently combine with a spinal defor-
mity or thoracic fracture. The traditional C-arm fluoroscopy imaging is unclear, resulting in a high risk of surgical
puncture, high bone cement leakage rate, and high incidence of complications.'® Therefore, one-stage or staged treatment
for multi-vertebral fractures is still controversial. Because of the high risk and complications associated with traditional
perspective-guided PKP or PVP treatment for multiple vertebral fractures, some researchers believe that conservative
treatment for multiple vertebral fractures can also yield good clinical results.'' However, the number of included cases is
small, and the results lack credibility. With the development of modern medical equipment and various new technologies,
surgical methods and indications have also undergone tremendous changes by assisting various equipment. Using
modern medical equipment, science, and technology to reduce the risk and complications of PKP surgery in treating
multiple vertebral fractures is now a research hotspot.

Recently, the application of DSA in surgery has gradually increased, and it is widely used in interventional surgery
such as vascular surgery, neuro-surgery, and hepatobiliary surgery.'> Research depicts that DSA assisted surgery can
achieve accurate positioning, three-dimensional scanning, and fast and clear imaging, to improve puncture accuracy,
reduce the number of fluoroscopies, and shorten the operation time.'> However, to our knowledge, no studies on the
safety and efficacy of DSA-assisted PKP in the treatment of multi-segment thoracolumbar OVCF have been reported to
date.The aim of our study was to demonstrate that DSA - assisted PKP in the treatment of multi-segment thoracolumbar
OVCF is safe and effective and can improve the effectiveness and safety of minimally invasive surgery for multi-
segment thoracolumbar OVCF.Since 2016, our hospital has used DSA assisted PKP to treat patients with multi-segment
thoracolumbar OVCF. The clinical data of patients were retrospectively analyzed and compared with patients undergoing
traditional fluoroscopy. In addition, the safety and effectiveness of DSA-guided PKP were analyzed.

Materials and Methods
Study Population Selection

We performed a retrospective case-control study on 68 patients (including 23 men and 45 women; age range: 57-90
years; mean: 74.7+8.6 years) with multi-segment thoracolumbar OVCF at our hospital between October 2016 and
June 2020. All patients received PKP surgery by unilateral puncture approach, with 37 cases receiving DSA (Siemens,
US) guided PKP (DSA-guided group, DSA group) and 31 receiving traditional C-arm (Siemens, US) guided (Traditional
fluoroscopy group, TRF group). The procedures were performed in the hybrid operating room. Table 1 summarizes the
detailed general information of the patients in the two comparable groups (P > 0.05). All patients enrolled in this study
met the following inclusion criteria: (1) T3 ~ L5 OVCEF, 3 ~ 4 segments fractures; (2) Posterior margin of the vertebral
body was intact without symptoms of the spinal cord and nerve root compression; (3) Dual-energy X-ray absorptiometry
displayed decreased bone mass or osteoporosis. The patients who met the following exclusion criteria were excluded: (1)
Other pathological fractures, such as metastatic tumors, myeloma, hemangioma, etc.; (2) Patients with incomplete
clinical data or difficulty cooperating with surgery; (3) Patients suffering from severe coagulopathy. The function of
cardiopulmonary was so weak that it could not tolerate surgery. This study was performed in conformity with the
Declaration of Helsinki and approved by the ethics committee of the Third Hospital of Mianyang (2022, Reviewed,
No.12). Due to the retrospective design of this work, there was no need to obtain informed consent from patients. All
data were collected and analyzed anonymously.

Surgical Management
The same senior surgeon performed all the surgeries. The patients who received general anesthesia were laid in a prone
position on the radiolucent operating table, and a radiometer was placed on their waist to record the radiation exposure.
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Table | Patient Demographics of the Two Groups

Variables Total (68 Cases) | DSA Group (37 Cases) | TRF Group (31 Cases) | t/y” value | P-value
Age (years)® 74.7+8.6 74.1+8.5 75.5+8.8 0.682 0.497
Sex®

Male 23(33.8%) 13 10 0.062 0.083
Female 45(66.2%) 24 21

BMI (kg/m2)? 20.3+2.2 20.2+2.2 20.5+2.2 0.388 0.699
BMD (T-score)® -3.3£0.3 —3.2+0.3 -3.320.3 0.878 0.383
Duration of disease (days)® | 6.5%4.5 6.7+4.6 6.3+4.5 0.344 0.732

; b
Operative levels

T5-T9 52(23.9%) 28 24 0.220 0.896
TI10-LI 137(62.8%) 74 63
L2-L5 29(13.3%) 17 12

Underlying diseases®

Hypertension 47(69.1%) 25 22 0.341 0.843
Cardiopathy 55(80.8%) 27 28
Lung disease 42(61.8%) 23 19
Follow-up (months)* 15.8+3.6 15.6+3.5 16.1£3.7 0.542 0.590

Notes: “Independent two-sample t-test; bChi-square test.
Abbreviations: BMD, bone mineral density; BMI, body mass index; DSA, digital subtraction angiography; TRF, traditional fluoroscopy.

All cases involved unilateral transpedicular puncture, using the vertebral body shaper and balloon of Suzhou Aid-e
Medical Technology Co., Ltd (China) and Heracus Medical Company (Germany) bone cement.

Traditional fluoroscopy group: The responsible vertebral pedicle was marked using a C-arm X-ray machine. The puncture
was performed under C-arm fluoroscopy. The inner core of the working sleeve was used to enter the responsible vertebrae
from the outside and above the vertebral arch. The inner core was pulled out when entering about 1/3 of the vertebral body. The
bone tunnel was prepared by bone drill, and the balloon was placed into the responsible vertebra. The contrast agent was used
to dilate the balloon. After the vertebral height was recovered satisfactorily, the balloon was taken out. Next, a push rod
injected the bone cement in the drawing stage into the responsible vertebral body. The amount of bone cement injected into
each vertebral body was 2—6 mL, with an average of 3.5 mL. The operation ended after the bone cement hardening.

DSA-guided group: The surface marker of the responsible vertebral pedicle was guided by DSA. Multi-vertebral
sequential puncture positioning was DSA-guided (Figure 1). After DSA scanning and imaging, the position of the
puncture needle (Figure 1) was accurately adjusted. After the position and depth of the puncture needle were appropriate,
the needle core was pulled out, the casing was fixed, and the working channel was established. Next, the fine drill was
inserted through the working channel, the medulla was expanded, and the balloon was inserted. The balloon was slowly
rotated and expanded. After the successful vertebroplasty, the balloon was removed, and bone cement was injected. The
amount of bone cement injected into each vertebral body was 2—6 mL, with an average of 3.5 mL. The operation was
ended after bone cement hardening (Figures 2 and 3).

Evaluation Criteria
Three independent authors collected clinical data for this study, including clinical and radiological evaluation results
before the operation, on postoperative day 1, and at the last follow-up. All patients were followed up for more than
one year after surgery.

Clinical evaluation index: (1) Channel establishment time: the establishment time of injured vertebra passage was started
when the skin was cut through the puncture point and ended when the working sleeve reached an appropriate position. (2)
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A

Figure | Multivertebral sequence puncture, DSA scan reconstruction after precise adjustment of puncture needle position for PKP imaging. (A) Multi-vertebral sequence
puncture DSA scanning lateral position. (B) DSA scanning reconstruction of sagittal position. (C) Reconstruction of thoracic vertebral cross-section by DSA.(D) DSA
scanning of the lumbar cross-section.

A B ‘ D

Figure 2 An 85-year-old male patient who suffered from TI 1, L2, L3, and L4 OVCF caused by minor trauma, and DSA-guided unilateral approach PKP was performed |7
days after the injury. (A) Preoperative MRI T2 displayed T11, L2, L3, and L4 OVCEF. (B) Preoperative MRI T| showed T11, L2, L3, and L4 OVCEF. (C) Postoperative DR
examination revealed a good distribution of bone cement; (D) Postoperative DR examination demonstrated vertebral height recovery and kyphosis correction.

Intraoperative fluoroscopy times and fluoroscopy dose were recorded in the two groups (fluoroscopy dose was directly
recorded by X-ray dose detector); (3) The VAS score was used to evaluate the degree of pain before the operation, one day
after the operation, and the last follow-up. We also recorded the operation time and length of stay in the hospital.

Imaging evaluation indicators: (1) Degree of puncture deviation: CT was reviewed within one day after the operation.
According to the Gertzbein-Robbins classification standard,'? the degree of puncture deviation was divided into four grades:
grade A without deviation, grade B deviation <2 mm, grade C deviation 2—4 mm, and grade D deviation >4 mm. (2) Bone
cement distribution was based on the bone cement dispersion standard proposed by Lin et al.” Within one day of the operation,
the maximum cross-section of bone cement was selected for analysis of CT images. The distribution of bone cement was
divided into four levels: A: bone cement does not cross the middle line of the vertebral body and is not filled unilateral
distribution. B: the main body of bone cement reaches the middle line of the vertebral body but does not exceed the maximum
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Figure 3 An 70-year-old female patient who suffered from LI, L2, and L4 OVCF caused by minor trauma, and DSA-guided unilateral approach PKP was performed 3 days
after the injury. (A) Preoperative MRI T2 displayed LI, L2, and L4 OVCF. (B) Preoperative MRI T| showed L1, L2, and L4 OVCEF. (C) Postoperative DR examination revealed
a good distribution of bone cement; (D) Postoperative DR examination demonstrated vertebral height recovery and kyphosis correction.

cross-sectional width of 10% filling unilateral distribution. C: bone cement beyond the maximum cross-sectional width of
10%, but the filling area does not exceed the maximum cross-sectional area of 3/5 of the non-filling bilateral distribution. D:
Bone cement across the midline of the vertebral body and filling area reached the maximum cross-sectional area of 3/5 filling
bilateral distribution. (3) Leakage of bone cement: CT imaging was used to determine whether bone cement had leaked into
the surrounding tissue within one day of the operation. (4) Puncture angle: The angle between the midline of the vertebral body
on the cross-section and the puncture route was observed by three-dimensional reconstruction of CT one day after the
operation. (5) The midline height and Cobb angle of the vertebral body were measured on lateral X-ray films before the
operation, one day after the operation, and during the last follow-up.

Statistical Analysis

All statistical data analyses were executed using SPSS software, version 23.0 (SPSS Inc, Chicago, IL, USA). Data are
expressed as mean+SD. In order to analyze the treatment outcomes, repeated measures multivariate analysis of variances
(MANOVA) will be used. Furthermore, an independent two-sample #-test was used to determine whether there was
a significant difference between the two groups, whereas the chi-squared test (Fisher’s exact test for small samples) was
used to analyze the categorical data in the two groups. P < 0.05 was considered statistically significant for all analyses.

Results

Overall, 68 patients were enrolled in this study, comprising 23 men and 45 women (age range: 57-90 years; mean: 74.7
+8.6 years). All patients were followed up for 12-25 months, averaging 15.843.6 months. We observed no significant
differences in age, sex, BMI, BMD, duration of disease, operative levels, the average length of stay, underlying diseases,
follow-up, and average length of stay between DSA-guided and traditional fluoroscopy groups (P > 0.05, Tables 1 and 2).
However, the channel establishment time of the DSA-guided group (3.8+0.7 min) was significantly shorter than that of
the traditional fluoroscopy group (10+1.4 min) at P < 0.05 (Table 2). In addition, the operation time of the DSA-guided
group (59.2+6.6 min) was significantly shorter than that of the traditional fluoroscopy group (95.948.0 min) at P < 0.05
(Table 2). Besides, the dose of fluoroscopy (192.7+38.7 ¢cGycm?2) and times of fluoroscopy frequency (13.9+2.8 times) of
the DSA-guided group was significantly lower than that of the traditional fluoroscopy group (607+£51.3 cGycm2, 32.1
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Table 2 Comparison of Perspective Indicators, Operation

Time and Complications Between the Two Groups

Time, Hospitalization

Variables DSA Group | TRF Group | t/y* value | P value
CET (minutes) 3.8+0.7 10+1.4 23.254 0.000*
Operation time (minutes) 59.2+6.6 95.9+8.0 20.673 0.000*
Dose of fluoroscopy (cGycm2) | 192.7+£38.7 607+51.3 38.000 0.000*
TFF (times) 13.9+2.8 32.1£5.9 17.310 0.000*
Bone Cement leakage 12 (10.1%) 23 (232) 6.932 0.010%
Average length of stay(days) 4.8+2.6 5.1£2.8 0.346 0.730

Note: *P < 0.05.
Abbreviations: DSA, digitalsubtractionangiography; TRF, traditional fluoroscopy; CET, channel establish-
ment time; TFF, times of fluoroscopy frequency.

+5.9 times), respectively (P < 0.05, Table 2). In the DSA-guided group, asymptomatic bone cement leakage occurred in
12 segments (10.1%, 12/119), leakage in the disc space in 8 segments, and paravertebral leakage in the other six
segments with no intraspinal and venous plexus leakage (Table 2). In the traditional fluoroscopy group, asymptomatic
bone cement leakage occurred in 23 segments (23.2%, 23/99), leakage in the disc space in 12 segments, paravertebral
leakage in 8 segments, venous plexus leakage in 1 segment, and intraspinal leakage in 2 segments (Table 2). Statistically
significant differences regarding cement penetration were observed between the groups (P < 0.05, Table 2).

Compared to the traditional fluoroscopy group, the degree of puncture deviation decreased markedly, the cement
distribution was better, and the puncture angle was significantly increased in the DSA-guided group. All the differences
were statistically significant (P < 0.05, Table 3).

Compared to preoperative data, the values of the VAS score, Cobb angle, and Mid- height of vertebrae fractured were
significantly improved one day after surgery and during the last follow-up in the two groups (P < 0.05, Table 4). Moreover,
there was no statistical difference between DSA guided and traditional fluoroscopy groups (P > 0.05, Table 4).

Discussion
The incidence of osteoporosis is increasing rapidly with the aging population.

Severe osteoporosis often leads to multiple vertebral compression fractures.'® It has been reported that simultaneous
puncture PKP is effective in treating multi-vertebral OVCF. Accurate puncture is the key to the success of PKP surgery.'”
Research demonstrates that PKP surgery assisted by computer navigation and an orthopedic robot system can shorten the
operation time, improve the puncture accuracy, reduce the times and dose of fluoroscopy, reduce bone cement leakage,
and achieve better cement distribution.”'® However, computer navigation and orthopedic robot systems are expensive,
making it difficult to popularize hospital technology at all levels. DSA-guided PKP can reduce the risk of puncture,
promote the uniform dispersion of bone cement, reduce the operation time and radiation exposure, and improve
operational efficiency. Since DSA can be used to assist surgery in different departments, the prevalence of equipment
is high.'? However, PKP treatment of multi-vertebral OVCF has not been reported for the DSA-guided unilateral lateral

Table 3 Comparison of Imaging Indexes Between Two Groups

Group n Deviation of Puncture | Distribution of Bone Cement | Puncture Angle (°)
A B C D |A B C D

DSA group | 119 | 109 | 8 2 0 2 10 I 96 23.5+3.8

TRF group | 99 | 69 18 |9 3 3 20 12 64 17.2£1.8

tly? value 18.611 8211 14.780

P-value 0.000* 0.042* 0.000*

Note: *P < 0.05.
Abbreviations: DSA, digitalsubtractionangiography; TRF, traditional fluoroscopy.
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Table 4 Comparison of Surgical Results Between Two Groups

Outcomes DSA Group | TRF Group | F value | P value
VAS score

Preoperative 7.6x1.1 7712 0.249 0.659

| day after surgery 2.0+0.8 2.3+0.9

Last follow-up 1.8+0.6 2.0+0.6

Mid- height of vertebrae fractured(%)

Preoperative 16.7+3.6 16.2+3.6 0.021 0.888
| day after surgery 25.612.8 25.2+2.8
Last follow-up 25.4+2.8 24.8+2.7

Cobb angle (°)

Preoperative 39.5+4.2 39.3+45 0.113 0.747
| day after surgery 12.2+2.6 13.5+2.7
Last follow-up 12.0£2.3 12.3+2.6

Abbreviations: DSA, digitalsubtractionangiography; TRF, traditional fluoroscopy; VAS, visual analogue scale.

pedicle approach. Study Suggests unilateral approach percutaneous vertebroplasty is an effective treatment for multiple
osteoporotic vertebral compression fractures.'® However, This procedure is time-consuming, high-risk and has high
surgical complications, etc.Therefore, our study used multi-vertebral sequence puncture and DSA scanning reconstruc-
tion after precise adjustment of puncture needle position for PKP treatment of multi-vertebral OVCF. The results
revealed that the puncture deviation of the DSA-guided group was significantly better than the traditional fluoroscopy
group. The DSA-guided PKP can significantly improve puncture accuracy and reduce the risk of puncture deviation.

In the traditional fluoroscopy-guided puncture, the puncture point and angle are often difficult to control, which easily
leads to the end of the working sleeve not reaching the ideal position, resulting in uneven bone cement distribution.'”
When designing the puncture path before the operation, the puncture angle can be appropriately increased, and the
puncture needle can be guided to penetrate the vertebral body one time by DSA three-dimensional scanning during
operation so that the end of the working channel is as close as possible to the middle line of the vertebral body.'® The
results demonstrated that the puncture angle of the DSA-guided group was significantly larger than that of the traditional
fluoroscopy group, which may be one of the reasons for the more uniform distribution of bone cement in DSA guided
group. Related studies have demonstrated that DSA-guided surgery can reduce intraoperative fluoroscopy times and
radiation injury.'*'® Furthermore, a recent study demonstrated that PKP guided by DSA could reduce the times and doses
of fluoroscopy.'® However, there is no report on the fluoroscopy dose of PKP guided by DSA in treating multi-vertebral
osteoporotic fractures. Therefore, this study observed that the times and doses of fluoroscopy in the DSA-guided group
were significantly lower than those in the traditional fluoroscopy group. This further indicated that DSA-guided PKP
could significantly reduce the times and doses of fluoroscopy in treating multi-segment OVCF.

Conclusion

In summary, this study reveals that the DSA-guided PKP in the treatment of multi-segmental OVCF can shorten the
operation time, improve puncture accuracy, reduce the times and doses of fluoroscopy, reduce bone cement leakage,
achieve better cement distribution, and has good clinical application prospects. However, this study was only
a retrospective study with limited data because of the small sample size. Therefore, a large, multicenter study is required

to confirm these promising results.
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