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ABSTRACT
Background  This study aimed to evaluate the efficacy 
of subtraction computed tomography arteriography 
(s-CTA) during preoperative embolization in spinal 
tumors.
Methods The study analyzed 17 vertebrae in 13 pa-
tients who underwent preoperative embolization before 
spinal fixation surgery  for malignant  spinal  tumors  to 
decrease blood loss at our hospital from 2019 to 2021. 
Their ages ranged from 56 to 88 years (average, 73.5 
years). Metastatic bone tumors were most common, 
including five cases originating as lung carcinomas 
and three as renal cancers. After digital subtraction 
angiography of selected tumor-feeding arteries and non-
subtraction CTA (ns-CTA) were performed, s-CTA was 
conducted using data obtained from both procedures. 
A clarity score of the boundary between the normal 
bone and tumor was derived for each patient, which was 
then classified  into  four grades  (good, 3 points;  fair, 2 
points; faint, 1 point; poor, 0 points) by two experienced 
radiologists, followed by a comparison between the s-
CTA and ns-CTA groups using  the Wilcoxon signed-
rank test.
Results Clarity scores were significantly higher in 
the s-CTA group than in the ns-CTA group (P < 0.001). 
The agreement of Cohen’s coefficients between the two 
radiologists was κ = 0.724 in s-CTA scoring and κ = 0.622 
in ns-CTA scoring, which were moderately matched. 
Seven arteries were not embolized due to insufficient 
tumor contrast enhancement and their poor relation 
to the surgical invasion zone. No complications were 
observed during or after embolization.
Conclusion S-CTA successfully distinguished 
between tumor and normal bone and may help avoid 
unnecessary embolization.
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Spinal metastasis can cause serious problems, includ-
ing paralysis, pain, and fractures in patients with 
cancer. It is often managed through decompression and 

immobilization surgeries. Preoperative transcatheter 
arterial embolization (preoperative embolization) 
has emerged as an effective procedure for reducing 
intraoperative blood loss.1–6 Furthermore, several meta-
analyses have indicated that preoperative embolization 
of hypervascular metastatic tumors, such as renal cell 
carcinomas and thyroid cancers, can reduce intraopera-
tive blood loss.7–9 Additionally, there are several reports 
on the efficacy of cone-beam computed tomography ar-
teriography (CTA) in preoperative embolization, which 
produced an excellent  three-dimensional configuration 
of  tumor-feeding blood vessels and  required  relatively 
few digital subtraction angiography (DSA) runs.10, 11 
Chatani et al. reported that CTA could identify the 
radiculomedullary artery (RMA), which supplies the 
spinal cord in the preoperative embolization of spinal 
tumors12;  further,  subtraction CTA (s-CTA) has been 
used to visualize intracranial vessels during neuroin-
tervention procedures.13 There have been studies on the 
utility of non-subtraction CTA (ns-CTA) for preopera-
tive embolization; however, the usefulness of s-CTA for 
spinal tumors remains unclear. Ns-CTA may not distin-
guish among tumor enhancement, sclerotic metastasis, 
and osteoarthritis since they all present high density 
on CT scans. Contrastingly, s-CTA may differentiate 
among these conditions and reduce the influence of 
osteoarthritis on the evaluation of tumor enhancement. 
Therefore, this study aimed to evaluate the usefulness 
of s-CTA during preoperative embolization of spinal 
tumors.

MATERIALS AND METHODS
Patient background
This ret rospect ive study was approved by the 
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institutional review board of our hospital (approval 
number 21A143). A total of 17 vertebrae were examined 
from 13 consecutive patients who  requested emboliza-
tion prior to spinal surgery, performed by orthopedic 
surgeons at our hospital between July 2019 and October 
2021. The indications for embolization included poten-
tially hypervascular tumors (e.g., renal cancer and thy-
roid cancer),14 and cases with spinal cord compression.

Among the 13 patients, there were 5 (38%) male 
and 8 (62%) female patients, with a mean age of 73.5 
(56–88) years. One tumor was located in the cervical 
spine (8%), while the remaining tumors were observed 
in the thoracic spine (12 [92%]). Eleven tumors were 
classified as metastatic  (85%) and  two as multiple my-
elomas (15%). The primary sites of metastases included 
five lung cancers (38%), three renal cell carcinomas 
(23%), one hepatocellular carcinoma (8%), one breast 
cancer (8%), and one rectal cancer (8%). Patient back-
grounds details are shown in Table 1.

Imaging method
Prior to the procedure, contrast-enhanced CT and mag-
netic resonance imaging were performed to determine 
the vertebrae to be embolized. During the procedure, 
the 4-F sheath introducer (Super Sheath Medikit, Tokyo, 
Japan), 4-F Mikaelson catheter (Seiya, Medikit, Tokyo, 
Japan),  and 1.9-F microcatheter  (ASAHI Tellus, Asahi 
Intecc, Aichi,  Japan; or Carnelian SI, Tokai Medical 
Products, Aichi  Japan) were used  to  select  the  spinal 
segmental arteries. Spinal segmental angiography was 
performed before the embolization using the hybrid CT/
angiography system (Infinix Aquilion PRIME 80-detec-
tor row, Toshiba Medical Systems, Japan). The DSA and 
CTA images of the upper and lower spinal segmental 
arteries as well as spinal segmental tumor-feeding 

arteries were obtained. Subsequently,  the unenhanced 
CT images were treated with 4–10 mL of iopamidol 
(iopamirone 300 mg/mL, Bayer Healthcare, Osaka, 
Japan) using an automatic power  injector at  a  rate of 
0.4–0.8 mL/s under CT scanning  (tube voltage, 120 
kV; slice thickness, 0.5 mm; rotation time, 0.5 s) with a 
5–10 s delay from the initiation of contrast injection in 
each session. S-CTA was created from the data of unen-
hanced CT and ns-CTA in a workstation (Ziostation 2 
ver 2.1, Ziosoft, Tokyo, Japan) for further evaluation of 
the tumor staining and other feeders of the spinal cord 
(Fig. 1). The spinal cord blood supply was determined 
based on the depiction of RMAs connecting the anterior 
and posterior spinal arteries. All diagnostic angiography 
and embolization procedures were conducted within 24 
h before surgery.

Embolization method
Following DSA and s-CTA, the observed enhanced 
areas were evaluated to determine the necessity for em-
bolization. Embolization was not performed under the 
following conditions:  the RMA was clearly visualized, 
only a small area of the tumor was enhanced, or only 
normal bone and soft tissue were enhanced. If emboli-
zation was considered necessary, normal branches distal 
to the feeding artery were first embolized by microcoils. 
Next, embolization was performed using hand-cut 
gelatin sponge particles (Spongel, LTL Pharma, Tokyo, 
Japan) and/or microspheres  (Embosphere, φ300–500 
µm, MERIT Medical  Japan, Tokyo,  Japan)  from  the 
spinal segmental artery proximal to the feeding arteries. 
The tumor-feeding arteries were embolized only if it 
was necessary to resect part of the tumor for spinal cord 
decompression or a massive hemorrhage was expected. 
We focused our embolization zone on tumor parts that 

Table 1. Clinical characteristics of the patients

Variables Total (n = 13)
Average age in years (range) 73.5 (56–88)
Sex Male 5 (38%)

Female 8 (62%)
Tumor location Cervical spine 1 (8%)

Thoracic spine 12 (92%)
Tumor subtype Metastasis Lung cancer 5 (38%)

Renal cell carcinoma 3 (23%)
Hepatocellular carcinoma 1 (8%)
Breast cancer 1 (8%)
Rectal cancer 1 (8%)

Primary tumor Multiple myeloma 2 (15%)
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Fig. 1. Renal cell carcinoma in a 70-year-old woman. Spinal metastasis was found in the eighth thoracic vertebra. Images of DSA (a, e, i), 
unenhanced CT (b, f, j), ns-CTA (c, g, k), and s-CTA (d, h, l) after selection of intercostal arteries (a–d: left 7th, e–h: right 8th, i–l: right 
9th) are shown. Tumor enhancement is identified in DSA (arrows in a, e, and i). Enhancement of a part of the surgical invasion zone in 
the tumor is more clearly identified by s-CTA (arrowheads in d and h) than by ns-CTA (c and g) prior to embolization. Contrastingly, it 
is more clearly identified by s-CTA (arrowhead in l) when enhancement does not include the surgical invasion zone than by ns-CTA (k). 
Therefore, embolization was not adopted. CT, computed tomography; DSA, digital subtraction angiography; ns-CTA, non-subtraction 
computed tomography arteriography; s-CTA, subtraction computed tomography arteriography.
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compressed the spinal cord rather than the entire tumor. 
Further, the orthopedic surgeons considered the emboli-
zation zone when performing the tumor resection. This 
selective embolization area was defined as the surgical 
invasion zone. Angiography and embolization were 
repeated until the contrast agent stagnated.

Surgical procedures
Orthopedic surgeons calculated the spinal instability 
neoplastic score (SINS) as well as the new Katagiri 
score and/or revised Tokuhashi score before the surgery. 
The indications for metastatic spine surgery at our 
hospital are as  follows: patients with metastatic  spinal 
tumors without metastasis to other organs (in this case, 
total en bloc spondylectomy is indicated and emboliza-
tion  is not performed  [not  included  in  this  study]); 
patients with metastatic spinal tumors that have invaded 
the  spinal canal,  leading  to  spinal cord disorders;  and 
patients with metastatic  spinal  tumors with extensive 
bone destruction that require spinal stabilization.

All patients underwent palliative decompression 
and posterior stabilization. First, pedicle screws were 
placed across two or three levels above and below the 
affected areas. Second, laminectomy was performed one 
segment above and one segment below the vertebra with 
the tumor, with the tumor compressing the spinal cord 
being extensively  resected. Subsequently,  stabilization 
was performed using pedicle screws and rods across 
two or three levels above and below the affected areas. 
Estimated intraoperative blood loss and the transfusion 
volume were obtained from operation records for all 
patients.

Evaluation method
Images and medical records were evaluated by two ex-
perienced radiologists (with 15 and 7 years of radiologi-
cal diagnostic experience), who assessed and scored the 
clarity of the boundary between the normal bone and 
tumor depicted by s-CTA or ns-CTA. The clarity score, 
which was based on a scoring system for arterial inva-
sion of pancreatic body and tail cancer,15 was divided 
into four grades: good (all boundaries between normal 
bone and tumor could be traced, 3 points), fair (more 
than half of the boundaries between normal bone and 
tumor could be traced, 2 points), faint (less than half of 
the boundaries between normal bone and tumor could 
be traced, 1 point), and poor (none of the boundaries be-
tween normal bone and tumor could be traced, 0 points) 
(Fig. 2).

Statistical analysis
Between-group comparisons of  the clarity  scores of  s-
CTA and ns-CTA were performed using the Wilcoxon 
signed-rank test. The difference in the clarity score be-
tween the two radiologists was compared using Cohen’s 
coefficient of agreement (κ < 0.20, poor; κ = 0.21–0.40, 
fair; κ = 0.41–0.60, moderate; κ = 0.61–0.80, good; κ = 
0.81–0.90, very good; κ > 0.90, excellent agreement). 
Further, neurological complications during and after 
embolization as well as postoperative complications 
were assessed. Statistical analyses were performed us-
ing the statistical software EZR version 1.54 (Division 
of Hematology, Saitama Medical Center, Jichi Medical 
University,  Japan).16 A probability (P) value of < 0.05 
was considered statistically significant.

Fig. 2.  Examples of clarity scores. Left, non-subtraction com-
puted  tomography arteriography;  right,  subtraction computed 
tomography arteriography. Good, fair, and faint boundaries are 
located in the upper, middle, and bottom rows, respectively.



65

Efficacy of s-CTA during preoperative embolization

© 2024 Tottori University Medical Press

RESULTS
Clarity score
The clarity scores were significantly higher in the s-
CTA group than in the ns-CTA group (P < 0.001, Table 
2). Identical results were obtained by both radiologists, 
with Cohen’s coefficient of agreement of κ = 0.724 for s-
CTA scoring and κ = 0.622 for ns-CTA scoring.

Preoperative embolization
A total of 52 spinal segmental arteries were selected 
in all patients and tumor staining was visualized by 
DSA. Forty-two of these arteries were embolized with 
particles and microcoils after s-CTA confirmed suf-
ficient supply to the tumor. Embolized spinal segmental 
arteries comprised 38 intercostal arteries, three deep 
cervical arteries, and one bronchial artery. Three arter-
ies were not embolized due to detection of a connection 
to the RMA or Adamkiewicz artery on DSA, while 
seven arteries were  judged  to be poorly  related  to  the 
surgical invasion zone in the s-CTA. No neurological 

complications were documented during or after 
embolization.

Surgical procedures
The mean estimated intraoperative blood loss was 443.0 
mL (range: 125–1420 mL). Transfusion was performed 
in five patients (one with renal cell carcinoma, two 
with lung cancer, one with rectal cancer, and one with 
multiple myeloma), and the mean transfusion volume 
was 0.69 U (range: 0–3 U) (Table 2). No severe surgery-
related complications were recorded.

DISCUSSION
Our results indicate that s-CTA is superior to ns-CTA 
for clarifying spinal tumor enhancement. A primary 
explanation for this result lies in the better identification 
of tumor enhancement without the influence of sclerotic 
metastasis and osteosclerosis in the spines, which is 
present in ns-CTA. Accordingly, s-CTA appears more 
practical in the evaluation of preoperative embolization 

Table 2. Comparison of tumor subtype, intraoperative blood loss, transfusion volume for each patient, and clar-
ity scores (description of tumor enhancement) between s-CTA and ns-CTA by two radiologists as well as Cohen's 
coefficient of agreements for s-CTA and ns-CTA

Clarity score (Index: good, 3 points; fair, 2 points; faint, 1 point; poor, 0 points)
Patient Level of 

the spine
Radiologist A 

(s-CTA/ns-CTA)
Radiologist B 

(s-CTA/ns-CTA)
Tumor subtype Intraoperative 

blood loss (mL)
Transfusion 
volume (U)

Patient 1 Th2 Faint/Faint Faint/Faint Renal cell carcinoma 185 0
Th3 Good/Fair Good/Faint

Patient 2 Th8 Good/Faint Good/Faint Renal cell carcinoma 1420 3
Patient 3 Th9 Good/Fair Good/Fair Multiple myeloma 200 1
Patient 4 Th9 Fair/Faint Good/Faint Rectal cancer 50 1
Patient 5 Th10 Good/Good Good/Good Lung cancer 565 3
Patient 6 Th3 Fair/Faint Fair/Fair Lung cancer 440 0
Patient 7 Th8 Fair/Faint Good/Faint Lung cancer 700 1

Th9 Good/Faint Good/Faint
Patient 8 C7 Good/Fair Good/Fair Breast cancer 230 0
Patient 9 Th11 Good/Fair Good/Faint Lung cancer 315 0
Patient 10 Th3 Good/Fair Good/Fair Lung cancer 935 0

Th4 Good/Fair Good/Fair
Patient 11 Th9 Good/Good Good/Good Multiple myeloma 235 0
Patient 12 Th7 Good/Fair Good/Faint Hepatocellular carcinoma 360 0

Th8 Fair/Faint Good/Fair
Patient 13 Th8 Good/Fair Good/Faint Renal cell carcinoma 125 0

***P < 0.001 ***P < 0.001 mean 443 0.69
Cohen’s coefficient of agreement in s-CTA: κ = 0.724 
Cohen’s coefficient of agreement in ns-CTA: κ = 0.622
Ns-CTA, non-subtraction computed tomography arteriography; S-CTA, subtraction computed tomography arteriography.
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of spinal metastasis. Moreover, s-CTA could facilitate 
identif ication of the tumor area, simplifying the 
judgment and discussion of whether embolization  is 
required. This could eliminate unnecessary emboliza-
tion of arteries that only perfused normal tissues and 
were not manipulated during surgery, thus potentially 
decreasing neurological complications. Although spinal 
embolization is considered relatively safe, several stud-
ies have reported complications.7, 17–24 Griessenauer et 
al. reported that the overall complication rate was 3.1% 
in preoperative embolization of spinal tumors, which 
included spinal ischemia and infarction.2

Several studies have demonstrated the beneficial 
effects of preoperative embolization in reducing intraop-
erative blood loss in patients with hypervascular meta-
static spinal tumors.7, 8, 23, 25 Since arteries run through 
the vertebrae from above and below forming a network, 
the embolization of the upper and lower segmental 
arteries can further reduce the blood flow to the spinal 
tumor.20, 26 Wilson et al. found that embolization with 
additional segments resulted in less bleeding, especially 
for  renal cell  carcinomas; however,  the difference was 
not significant.7 Our mean intraoperative blood loss 
was 443.0 mL, which was less than those reported in 
previous studies describing preoperative embolization 
(618–2,350 mL).7–9, 27, 28 This could be partly attributed 
to the inclusion of non-hypervascular tumors, including 
lung and breast cancer, but also be that s-CTA facilitates 
the  identification of  the  tumor boundary. This  resulted 
in successful embolization involving essential vessels 
only and reduced blood loss. Thus, the accurate descrip-
tion of the tumor boundary using s-CTA strongly aided 
the operation process with reduced intraoperative blood 
loss, compared to those reported in previous studies.

The boundaries between normal bone and tumor 
in  some patients were  judged as  faint or  fair by both 
radiologists. This could be attributed to several reasons, 
including the lack of contrast enhancement despite the 
metastasis of the hypervascular tumor (e.g. renal cell 
carcinoma and lung cancer), failure of s-CTA creation 
due to body movements during the procedure, and dif-
ficulty in viewing CT images due to artifacts caused by 
metal or other factors.

S-CTA may be beneficial not only for preoperative 
spinal embolization but also for other applications. For 
example, Dae et al.  reported  the usefulness of cone-
beam contrast-enhanced CT in preoperative emboliza-
tion of hypervascular tumors in the pelvic bone.11 In 
their study, vessel visibility was improved by digitally 
subtracting nearby bones and organs from three-
dimensionally reconstructed arteries. Alternatively, our 
study successfully adopted  the subtraction  technique 

to distinguish between contrasted metastasis, non-
contrasted osseous metastasis, and degeneration. 
Therefore, such subtraction techniques may be useful in 
distinguishing areas for embolization in metastasis of 
the pelvic bone as well as other bones.

There are some limitations to this study. First, 
the sample size was not large enough to draw several 
conclusions. For instance, fewer cases of hepatocellular 
and renal cell carcinoma were examined compared with 
other studies, which might have contributed to a reduc-
tion in the observed blood loss. Second, our κ value was 
not very high. This may be due to fluctuations resulting 
from one radiologist setting the boundary more strictly 
or leniently. Accordingly, there is a need to establish a 
systematic method of diagnosis, including the use of 
artificial intelligence. Finally, we did not consider the 
effects of  the  increased  radiation dose due  to  the non-
contrast CT performed before the contrast CT.

In conclusion, s-CTA successfully captured the 
distinction between tumor staining and normal bone, 
which  reduced unnecessary embolization. These find-
ings can reduce surgical complications and lead to safer 
preoperative embolization of  spinal  tumors; however, 
larger studies are warranted to further evaluate the ef-
ficacy of s-CTA.
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