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PURPOSE
Our purpose is to clarify the optimal timing of surgery after transarterial embolization (TAE) for
renal cell carcinoma (RCC) bone metastases.
METHODS
This retrospective study included 41 patients with RCC bone metastases embolized between
2013 and 2019. Different-sized particulate and/or liquid embolic agents were used for TAE. Embolizations were categorized into groups 1–3 according to the interval between TAE and surgery
(group 1: <1 day, group 2: 1–3 days, group 3: >3 days). Degree of embolization after TAE was
graded visually based on angiographic images (<50%, 50%–75%, 75%–90%, >90%). The relationship between the TAE–surgery interval and intraoperative blood loss (IBL) and the correlation
between IBL and embolization grade were examined. Lesion sizes and the relationships among
lesion localizations and contrast media usage, intervention time, and IBL were also analyzed.
RESULTS
Forty-six pre-operative TAEs (single lesion at each session) were performed in this study (26 in
group 1, 13 in group 2, 7 in group 3). Lesion sizes and distributions were similar between groups
(p = 0.897); >75% devascularization was achieved in 40 (TAEs 86.96%), but the IBL showed no
correlation with the embolization rate (r=0.032, p = 0.831). The TAE–surgery interval was 1–7
days. The median IBL in group 1 (750 mL; range, 150–3000 mL) was significantly lower than those
in the other groups (p = 0.002). Contrast media usage (p = 0.482) and intervention times (p =
0.261) were similar for metastases at different localizations. IBL values after TAE were lower for
extremity metastases (p = 0.003).
CONCLUSION
Bone metastases of RCC are well-vascularized, and to achieve lowest IBL values, surgery should
preferably be performed <1 day after TAE.
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enal cell carcinomas (RCCs) are one of the leading causes of cancer-related death
worldwide (1). About one-third of RCCs are metastatic at initial diagnosis, and skeletal metastases are the second most frequent type of RCC metastases following lung
metastases (43%) (2, 3). Surgical intervention is an option for the treatment of skeletal metastases of RCCs. Although local ablative therapies like thermal ablation may be preferred
for tumors <3 cm, systemic chemotherapy and radiotherapy are other options for suitable
patients (4). However, RCCs are usually chemo/radio-resistant (50%), and these treatment
options are usually favored for palliative intent (3–5).
The 5-year overall survival of patients with RCC bone metastases increases when surgical
metastasectomy is performed (4). However, since RCC metastases in the skeletal system
are usually hypervascular, the operative blood loss could be as high as 18500 mL, which
could threaten patients’ lives (6). Transarterial embolization (TAE) of bone tumors was first
described in 1975 (7). The operative blood loss can be reduced by adequate devascularization after TAE of the bone metastases (8–11), and a blood loss of less than 3000 mL was
defined as clinical success for spinal tumor surgeries (12). Selective TAE of bone metastases
can be performed pre-operatively in a single session. Successful embolization can clarify
the tumor margins from the surrounding tissue planes, simplifying surgical manipulation
of the tumors. Thus, recurrence rates may be lower in patients undergoing this treatment
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Figure 1. Demonstrative images of the devascularization after transarterial embolization (TAE); reduction of tumor blush was visually estimated and
graded by the operator according to the reduction of tumoral blush visualized in angiographic images. Grade 1, >90% devascularization; Grade 2,
75%–90% devascularization; Grade 3, 50%–75% devascularization; Grade 4, <50% devascularization.

combination (13, 14). Different types of permanent and temporary embolic agents can
be selected for TAE of bone metastases. The
rationale behind TAE is occlusion of the capillary bed of the tumors; therefore, proximal
occlusion should not be preferred due to
the presence of numerous collateral capillary vessels (5, 8, 15).
This study aimed to clarify the optimal
interval between TAE and surgery for RCC
bone metastasis to minimize blood loss at
the time of surgery.

Methods
This retrospective study was approved
by our university’s local ethics committee (İ6-383-20) and informed consent was
obtained from all patients. We included
patients with single bone metastases who
underwent embolization before the surgical operation and had proven RCC bone
metastases diagnosed histopathologically
after the surgical operation. The exclusion
criteria were the presence of secondary tumors and insufficient visualization of pathologic vascularity in angiographic images.
The study was conducted with 41 patients
(26 males, 15 females). The patients’ mean

Main points

•

Renal cell carcinoma (RCC) bone metastases
present as hypervascular lesions at angiographic images.

•

Pre-operative embolization could be used to
lower intraoperative blood loss at RCC bone
metastases.

•

Surgery should be scheduled <1 day after
transarterial embolization.

age was 62.24±9.36 years (range, 43–91
years). Between 2013 and 2019, a total of
46 TAEs were performed at our institution
at different intervals (single lesion at each
session) before 46 surgical procedures. All
patients in this cohort had single metastases before surgical procedures and 46 TAEs
were performed to the patients at different
sessions because some of the patients had
recurrent metastases in their follow-up thus
they needed another surgical operation
and another pre-operative TAEs. Therefore
there is a number discrepancy between
patient numbers and TAE. Indications for
the surgical procedures were palliation to
prevent fractures, repair of pathologic fractures, prevention of neurological deficit,
and enhancement of patient survival. Embolization procedures were performed with
coaxial catheters to achieve superselective
embolization. Patients were embolized
with different-sized trisacryl gelatin microspheres, N-butyl cyanoacrylate (NBCA),
and/or Onyx. Patients in this cohort were
categorized and analyzed according to the
interval between TAE and the surgical operation and the embolization grades of the
metastases.
Patients in this cohort were operated between 1 and 7 days after TAE and were divided into three groups according to the interval between TAE and the surgical operation:
group 1 consisted of patients operated <1
day after TAE; group 2 included patients
operated between 1 and 3 days after TAE;
and group 3 included patients operated >3
days after TAE. Since embolization process
and grading of the embolization rate after
TAE is a very subjective process, we have
tried to propose an objective grading sys-

tem for TAE procedures. Lesion devascularization after TAEs was graded and classified
by the operators based on the estimation
of reduction in tumoral blush visualized
in angiographic images (Fig. 1). Embolization rates were classified as grade 1 >90%
devascularization, grade 2 75%–90% devascularization, grade 3 50%–75% devascularization, and grade 4 <50% devascularization, with visual estimations as described
in the previous literature (16–18). Data on
this cohort were also evaluated according
to metastasis sizes and localizations. Since
pelvic and spinal (PS) metastases more often needed complex surgical approaches
and have higher bleeding potential than
upper and lower extremity (UL) metastases,
PS and UL metastases were examined and
analyzed separately (17, 19).
The intraoperative blood loss volume
(IBL), contrast media volume used during
angiography, TAE procedure time, and
complications related to the TAE were also
recorded and analyzed. IBL was calculated
on the basis of operative reports including
transfusion requirements and peri-operative laboratory findings, as described previously (11, 18). An IBL lower than 1500 mL
was considered to be satisfactory for the
entire cohort in our institutional protocol.
Angiography and pre-operative TAE
technique
All embolization procedures were performed with Siemens Artis Zee system (Siemens Healthcare) under local anesthesia.
Right femoral artery access with a 5 F or 6 F
sheath was the preferred mode of access in
most cases. A manual pulse-palpation technique was used for femoral artery catheter-
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Table 1. Localizations of bony metastases
Localizations of the RCC bone
metastases

2500
(n)

Extremity metastases
13

Humerus

12

Scapula

2

Pelvic metastases
Iliac crest

5

Ischium

2

Acetabulum

5

Spine metastases
Thoracic spine

1

Lumbar spine

5

Cervical spine

1

Total metastases

46

ization for most of the cohort; thus, ultrasound guidance was needed in some cases
because of an insufficient arterial pulse, antegrade catheterization, or scar tissue in the
femoral region. Long sheaths were used
whenever needed and in cases with an unfavorable anatomy during contralateral access for pelvic region embolizations or extremity embolizations. TAE procedures were
performed with a coaxial technique for all
patients with combinations of different
microcatheters (2.4 F, 2.7 F) and microguidewires (0.014-inch, 0.016-inch, 0.018inch, and 0.021-inch). A non-ionic contrast
media was used (350 mg/mL) for all procedures, and the total contrast media doses
were recorded in milliliters. Trisacryl gelatin microspheres (300–500 μm to 700–900
μm) were preferred as particulate embolic
agents in this study. Onyx 18 (EV3) was the
preferred viscosity and used for the spinal
metastases. N-butyl cyanoacrylate (NBCA)
was prepared in a 3:1 lipiodol-to-NBCA ratio
and sandwiched with dextrose 5% solution.
Nonselective angiography was performed
with a flush catheter to determine the vascular pattern of metastases and potential
feeders whenever needed. After nonselective imaging, selective angiography was
performed from the potential feeders according to the initial angiographic or other
imaging findings.
A lidocaine provocative test was performed for some patients with spinal metastases whenever needed or preferred by
the operator. The time required to complete
TAE was calculated by determining the in-
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Figure 2. Median intraoperative blood loss (IBL) values of 46 TAEs based on three different operative
time groups (p = 0.002).

terval between the time at which the first
image was recorded after femoral sheath
insertion and the time at which the last
angiographic image was recorded after
TAE. Unless antegrade femoral access was
preferred, the puncture site was closed
with a vascular closure device in most of
the patients. Manual compression of the
access artery was preferred for hemostasis,
unless a vascular closure device was used.
Complications related to the angiographic
procedure were recorded and categorized
according to the Society of Interventional
Radiology quality improvement guidelines
for transcatheter embolization and adverse
event classification (20, 21).
Statistical analysis
IBM-SPSS 20.0 (IBM Corp) was used to
conduct statistical analysis. Continuous
data were presented as mean ± standard
deviation or median and range, while categorical data were presented as numbers
and percentages. Independent t-test was
used to compare the mean ages of different
groups categorized by sex. The relationships between categorical variables were
analyzed using Pearson chi-squared test.
The compliance of the data to normal distribution was tested with Shapiro Wilk test for
comparison of continuous data in patients
undergoing TAE. Kruskal–Wallis test was
used for comparisons involving more than
two groups. Spearman correlation coefficient was used for the correlation analysis.
Statistical significance was considered at p
< 0.05.
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Results
The study population consisted of 26
male (63.41%) and 15 female (36.59%) patients. A total of 46 RCC bone metastases
were embolized preoperatively in these 41
patients. In each embolization session, TAE
was performed for a single lesion. Forty
metastases (86.96%) were embolized with
particulate embolic agents and six (13.04%)
were embolized with liquid embolic agents.
Nineteen (41.30%) of the metastases were
localized at the pelvis or spine, while 27
(58.70%) were localized at the extremities
(Table 1). The mean maximum diameter of
the metastases was 6.22±2.13 cm, and the
size distribution of the metastases was similar for all groups (p = 0.897).
A total of 26 metastases (56.52%) were
operated <1 day after TAE (group 1); 13 metastases (28.26%) were operated between
1 and 3 days (group 2) after TAE, and seven metastases (15.22%) were operated >3
days after TAE (group 3). There was one
(2.17%) grade 4 (<50%) devascularization,
five (10.87%) grade 3 (50%–75%) devascularization, 20 (43.48%) grade 2 (75%–90%)
devascularization, and 20 (43.48%) grade 1
(>90%) devascularization. There was no correlation between the IBL and embolization
grades (r=0.032, p = 0.831) (Table 2).
The relationship between operative
timing and IBL values was analyzed. The
median IBL was 750 mL (150–3000 mL) in
group 1, 1500 mL (550–2500 mL) in group
2, and 2000 mL (600–2500 mL) in group 3.
The differences between groups 1 and 2
Çelebioğlu et al.

(p = 0.021) and groups 1 and 3 (p = 0.008 )
reached significance. Although the IBL values in group 2 were less than those in group
3, the difference did not reach statistical significance (p = 1.000) (Fig. 2). The median IBL
was 1431.58±709.50 mL for PS metastases
and 959.26±642.27 mL for UL metastases.
These differences were statistically significant (p = 0.014).
A subgroup analysis was also performed
for the PS and UL lesions according to the
operation timing after TAE. The median IBL
values of patients with PS metastases were
as follows: group 1: 975 mL (250–3000 mL),
group 2: 1575 mL (550–1750 mL), and group
3: 2000 mL (2000–2500 mL). In contrast, the
mean IBL values of patients with UL metastases were as follows: group 1: 575 mL (150–
1200 mL), group 2: 1500 mL (550–2500 mL),
group 3: 1375 mL (600–2500 mL). Although
the differences did not reach statistical significance, the mean IBL values were slightly lower for patients with PS metastases
when they were operated <1 day after TAE
(p = 0.074). On the other hand, the IBL could
be reduced significantly for patients with
UL metastases if they were operated <1 day
(group 1) after TAE (p = 0.003) (Table 3).

Grade 1 devascularization rate was
36.84% (7 metastases) and 48.15% (13 metastases) for PS and UL metastases, respectively. This difference did not reach statistical significance (p = 0.446). Contrast media
usage during TAE tended to be higher for PS
metastases, although this difference did not
reach statistical significance (96.32±38.11
mL vs. 89.07±31.04 mL; p = 0.482). The procedure times were similar for TAEs at different locations (p = 0.261).
No major complications were recorded
after TAE procedures. Ten patients presented with postembolization syndrome and
4 patients had a mild groin hematoma (<3
cm). One patient presented with a pseudoaneurysm in the common femoral artery.

Discussion
Most RCCs are metastatic to the bone on
initial diagnosis. Surgical metastatectomy is
one of the best treatment options, particularly for oligometastatic RCCs; aggressive
surgery can prolong patient survival (22).
Despite some conflicting data in the literature, most previous reports (17, 18, 23–27)
demonstrated that TAE has a positive influence in terms of lower IBL, operative time,

Table 2. Patient distributions, operation timing, embolization grades and relation with intraoperative blood loss (r=0.032, p = 0.831)
n (%)

p

Median IBL (mL) (min–max)

Embolization grade
Grade 4 (<50%)

1 (2.17)

1200

NA

Grade 3 (50%–75%)

5 (10.87)

1000 (250–3000)

0.746

Grade 2 (75%–90%)

20 (43.48)

900 (150–2500)

0.746

Grade 1 (>90%)

20 (43.48)

800 (400–1650)

0.746

TAE to operation time
Group 1 (<1 day)

26 (56.52)

750 (150–3000)

0.002

Group 2 (1–3 day)

13 (28.26)

1500 (550–2500)

0.002

Group 3 (>3 day)

7 (15.22)

2000 (600–2500)

0.002

IBL, intraoperative blood loss; NA, non-applicable.
Group 1- Group 2 (median IBL): p = 0.021; Group1- Group 3 (median IBL): p = 0.008; Group 2- Group 3 (median IBL):
p = 1.000.
p < 0.05 is considered significant.

and recurrence rates and improved resectability and tumor margin recognition (13,
14, 26).
In a recent review, IBL was demonstrated
to be independent from the embolization
grade (17, 18). The IBL values of the patients
in this study after preoperative TAE were
similar to those reported in literature and
showed no correlation with the devascularization grade. However, IBL was related
to the interval between TAE and surgery.
Group 1 had the least mean and median IBL,
followed by groups 2 and 3. The results of
this study demonstrate that a longer interval between TAE and surgery increases the
IBL. These differences reached significance
in the comparisons between groups 1 and
2 and between groups 1 and 3. If a median
IBL lower than 1500 mL is considered to be
sufficient, then patients in groups 1 and 2
have met this goal. Moreover, we showed
that the least IBL could be achieved with a
shorter waiting period between TAE and
surgery (Group 1). These results are similar
to the findings reported in the literature (10).
Tumor size is another important factor
related to IBL and is moderately correlated with IBL (18). However, since the mean
maximal diameters of the metastases in our
cohort were similar across all groups, the relationship between IBL and metastasis size
was not assessed in this study.
Although the results did not reach statistical significance, PS metastases had slightly
lower IBL when operated <1 day after TAE.
In contrast, the IBL for UL metastases was
significantly lower if they were operated <1
day after TAE (Table 3). These results may
guide surgeons and interventional radiologists to further understand the potential
benefits of early operation after TAE (operation time < 1 day), particularly for tumors located at the extremities. Complications related to TAE of spinal metastases have been
reported in the literature, and surgical operations shortly after TAE have been questioned (23). Our results suggest that a waiting period of 6–12 h within a 24 h window

Table 3. Mean intraoperative blood loss values for metastases at different localizations
Group 1 (<1 day)

Group 2 (1–3day)

Group 3 (>3 day)

Median IBL (mL) (min–max)

Median IBL (mL) (min–max)

Median IBL (mL) (min–max)

p

PS

975 (250–3000)

1575 (550–1750)

2000 (2000–2500)

0.074

UL

575 (150–1200)

1500 (550–2500)

1375 (600–2500)

0.003

Localization

IBL, intraoperative blood loss; PS, pelvic and spinal; UL, upper or lower extremity.
p < 0.05 is considered significant.
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after TAE is a prudent option for planning
the surgical operation. This option could
exclude neurologic and/or other complications that may be related to TAE and ensure
the best operative results regarding the IBL.
The mean IBL for UL metastases was lower than that for PS metastases. This difference could be attributed to the complexity
of the anatomy, operative techniques, and
the rich capillary vascularity of PS metastases in contrast to UL metastases. However,
the median procedure times for TAE of PS
and UL metastases were similar, despite
slight nonsignificant differences related to
devascularization grades and contrast media usage. Grade 1 devascularization rates
were lower for the PS metastases than for
UL metastases (36.84% vs. 48.15%). We hypothesize that these differences in embolization grades were due to the complex
vascularity and the risk of potential complications related to tumor localizations.
The contrast media volumes used for PS
metastases (96.32±38.11 mL) were also
higher than those used for UL metastases
(89.07±31.04 mL), but these differences
were not significant. This slight difference
may be due to the usage of flush catheters,
especially for tumors located in the spine.
Complications related to pre-operative
TAE have been reported in the literature (28,
29). We used the Society of Interventional
Radiology guidelines in this study to understand the importance of complications
related to the angiography procedure (20,
21). Our cohort showed no complications
greater than category B. The patient who
showed a pseudoaneurysm underwent surveillance with weekly Doppler ultrasound
examination, and the pseudoaneurysm was
thrombosed spontaneously three weeks after the intervention. Postembolization syndrome is a common adverse effect of TAE
procedures, and systemic antiinflammatory
drugs were used for these patients. Four hematomas related to the angiographic procedures also dissolved spontaneously on
surveillance after a couple of weeks. Vascular closure devices were used in most cases
in our cohort, except in cases that required
an antegrade approach. Moreover, for spinal tumors above the diaphragmatic level, we used a provocative testing method
whenever needed to avoid any unexpected
complications. These measures may have
enhanced patient safety in our cohort.
The limitations of this study include its
retrospective nature and the low number of

patients in different groups. No correlation
was demonstrated between embolization
grade and IBL during the current study,
though, IBL could be affected by different
embolic agents, particle sizes and embolization techniques such as using a microcatheter or not. Most TAEs achieved an
embolization grade >75% in current study.
Although no difference in IBL could be
found between grade 1 (>90%) and grade
2 (75%–90%) devascularizations, one could
speculate that an embolization grade >75%
could be the critical TAE threshold for RCC
metastases. More studies will be needed to
have an absolute conclusion. Also particulate agent sizes used during TAEs in current
study ranged from 300–500 μm to 700–900
μm, which could be a limitation. As another
limitation; IBL can be affected by the surgical technique and surgeon performing
surgery. In our institution, the oncologic
orthopedic surgery team consists of 2 senior and 1 junior surgeons. All major surgeries, including all cases presented here,
were performed by this team. Therefore
surgeon-dependent errors can be neglected in this study. However, uniformity of
surgical techniques could not be achieved.
Wide or radical resection was performed in
some cases, while intralesional intervention
had to be performed in others. Correction
for this factor can be achieved in future
studies with higher patient numbers. These
factors precluded analysis of IBL values according to different surgical techniques.
Nevertheless, our results were consistent
with the findings of previous reports in the
literature, and the findings suggested that
pre-operative embolization of RCC metastases is a valuable option for hypervascular
tumors, particularly when the operation is
performed <1 day after TAE.
In conclusion, no correlation was found
between devascularization grade after TAE
and IBL in patients with RCC bone metastases. However, TAE still had a positive influence in reducing the IBL, if the surgical
operation was scheduled <1 day after TAE.
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