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Abstract
Background The purposes of this retrospective study were to determine the efficacy of interventional methods in 
control of intraoperative blood losses and investigate the perioperative complications.

Methods The cases of 44 patients in whom a giant upper extremity tumor had been operated between 2008 and 
2022 were analyzed retrospectively. Of these, 29 patients were treated with interventional methods (Group A) and 
15 were treated without (Group B). Group A was further divided based on the intervention methodss: Group C 
(combination of balloon occlusion and transarterial embolization [TAE], n = 11) and Group D (single TAE, n = 18). Within 
Group D, patients were categorized based on the timing of TAE relative to surgery into Group E (TAE on the same day 
as surgery) and Group F (TAE performed days before surgery). We compared demographic features, blood loss, ICU 
admission rates, and use of vasopressors during surgery.

Results We collected clinical records from 44 patients diagnosed with a giant upper extremity tumor who 
underwent surgery. Group sizes were as follows: A (29), B (15), C (11), D (18), E (7), and F (11). Tumor volumes in 
the interventional and non-interventional groups were similar (704.19 ± 812.77 cm³ vs. 1224.53 ± 1414.01 cm³, 
P = 0.127). Blood plasma transfusion was significantly higher in Group B compared to Group A (425.33 ± 476.20 ml vs. 
155.90 ± 269.67 ml, P = 0.021). Although overall blood loss did not significantly differ between Group A and Group 
B (467.93 ± 302.08 ml vs. 1150 ± 1424.15 ml, P = 0.087), the rate of massive bleeding (defined as blood loss over 
1000 ml) was lower in Group A (6.9% vs. 46.47%, P = 0.004). The proportion of minors (patients aged less than 18) in 
Group C was significantly higher than in Group D (27.7% vs. 0.00%, P = 0.045). The amount of RBC transfusion was 
also significantly higher in Group C compared to Group D (458.18 ± 292.22 ml vs. 164.44 ± 224.03 ml, P = 0.021). No 
significant perioperative complications were observed.

Conclusions Interventional techniques have been shown to reduce both blood loss and the necessity for blood 
transfusions in patients with large upper extremity tumors. Furthermore, no significant perioperative complications 
have been observed.
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Background
Since the first reported cases in the 1970s, transarterial 
embolization (TAE) has gradually become an accepted 
treatment for primary and metastatic bone tumors. Pre-
operative embolization is known to effectively reduce 
intraoperative bleeding and minimize complications, 
particularly in tumors with a rich blood supply [1]. In 
lower extremity surgeries, especially for pelvic and sacral 
tumors, arterial embolization combined with abdomi-
nal aortic balloon occlusion has been widely adopted to 
reduce perioperative bleeding and related complications 
[2–4].

Similarly, when it comes to the giant upper extremity 
bone tumors, we might face the resembling problems, 
such as bleeding, limb preservation and rapid periop-
erative rehabilitation. Previous cases have been reported 
that preoperative arterial embolization is an effective 
neoadjuvant treatment for surgery for upper extrem-
ity bone tumors, especially for large tumors with joint 
involvement [5].For hypervascular bone tumors, TAE 
could be considered as preoperative measures to reduce 
the blood loss during the upper extremity tumor resec-
tion [6].

Additionally, subclavian artery balloon occlusion has 
been reported to reduce perioperative bleeding and 

complications in traumatic settings [7]. However, this 
technique carries potential risks, including subclavian 
artery stenosis, stroke, limb ischemia, and spinal cord 
ischemia. Some reports suggest that infraclavicular bal-
loon placement may reduce the risk of perioperative 
stroke [8].

However, the impact of the interventional methods on 
the hemodynamics and the occurrence of perioperative 
complications for upper extremity tumor is still unclear.
Our study aims to explore the effects of interventional 
methods on hemodynamic and perioperative complica-
tions during surgery for giant bone tumors of the upper 
extremity.

Materials and methods
The study protocol was approved by the Ethics Com-
mittee of Peking University People’s Hospital (Approval 
No.2022PHB084-001).And the research adhered to the 
tenets of the Declaration of Helsinki.As shown in Fig. 1, 
we retrospectively analyzed the history data of 44 patients 
with retinoblastoma who were admitted to our hospital 
during 1st March 2008 and 1st March 2022 by search-
ing our electronic medical record database using the key 
word “giant upper extremity tumor”. The inclusion crite-
ria were as follows: (1) giant upper extremity tumor ready 

Fig. 1 Patient flow diagram for this analysis
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for surgery(> 10 cm in diameter) [9, 10]; (2) all the infor-
mation related to the patients’features are available for 
analysis. The patients with missing clinical data and the 
cases without operation were excluded from our study. 
The demographic and clinical information were recorded 
from the electronic anesthetic documentation system. 
Based on the foregoing criteria, 44 patients were included 
into statistical analysis. According to the acceptance of 
interventional methods, the patients were divided into 
an interventional group (Group A; n = 29) and an un-
interventional group (Group B; n = 15).The demographic 
data was collected including age, BMI (body mass index), 
American Society of Anesthesiologists (ASA) physical 
status, the size of the tumor(calculated by the maximum 
diameter of the tumor).

The procedure for the management of transarterial 
embolization (TAE) and subclavian artery balloon occlu-
sion was as follows: On the day of surgery or some days 
prior, patients were transferred to the interventional 
operating room for TAE. After identifying the tumor with 
an abundant blood supply, gelfoam or microspring rings 
were applied to occlude the tumor’s blood supply. On the 
day of surgery, the subclavian artery balloon was inserted 
under fluoroscopic guidance. Interventional physicians 
performed the procedure by inserting catheters via the 

femoral arteries under local anesthesia and placing the 
tips into the subclavian artery. The balloon was briefly 
inflated, and contrast was injected to confirm occlusion. 
After catheter placement, the patient was transferred to 
the operating room.

Based on the intervention methods, Group A was 
divided into Group C, receiving a combination of balloon 
occlusion and TAE (n = 11), and Group D, receiving TAE 
only (n = 18). Group D was further subdivided based on 
the timing of TAE, into Group E, where TAE was per-
formed on the same day as surgery, and Group F, where 
TAE was performed more than one day before surgery. 
Clinical data collected included operation time, anes-
thesia time, estimated blood loss, transfusion require-
ments (red blood cells and plasma), vasopressor use, ICU 
admission, and postoperative hospital stay. Perioperative 
complications such as stroke, limb ischemia, and spinal 
function disturbances were also recorded, along with the 
timing of TAE and balloon occlusion.

Statistical analysis
SPSS 21.0 statistical software was used for data descrip-
tion and analysis. The Shapiro-Wilk test was applied to 
the data from all the patients, revealing a normal distri-
bution for variables. Continuous variables were expressed 
as mean ± standard deviation if they follow a normal dis-
tribution. The independent sample t test was employed 
for measurement data, and Chi-square or Fisher’s exact 
tests were used for categorical data. A value of P < 0.05 
was considered significant.

Results
The utilization rate of interventional techniques was 
65.91% (29/44) among patients diagnosed with giant 
upper extremity tumors. Among these interventional 
patients, 37.93% (11/29) underwent subclavian bal-
loon occlusion, with an average balloon occlusion time 
of 22.73 min (as shown in Table 1). Based on the use of 
interventional methods, the patients were divided into 
two groups: an interventional group (Group A; n = 29) 
and a non-interventional group (Group B; n = 15). Group 
A was further subdivided into Group C, which included 
patients who received both balloon occlusion and TAE 
(n = 11), and Group D, consisting of patients who under-
went only TAE (n = 18). Additionally, Group D was split 
into Group E, in which TAE was performed on the same 
day as surgery, and Group F, where TAE was performed 
several days before surgery (as illustrated in Fig. 1).

Perioperative hemodynamic control, clinical outcomes, 
and complications were closely monitored. The tumor 
volumes between the interventional group (Group A) and 
the non-interventional group (Group B) were comparable 
(704.19 ± 812.77 cm³ vs. 1224.53 ± 1414.01 cm³, p = 0.127). 
However, the amount of blood plasma transfused in 

Table 1 Demographic characteristics of patients with different 
kind of interventional methods

Group C(n = 11) Group 
D(N = 18)

P

Age(years old) 33.81 ± 20.47 57.89 ± 19.49 0.004*
Height(cm) 170.55 ± 8.25 163.33 ± 9.04 0.041*
Weight(kg) 63.18 ± 16.14 58.33 ± 12.14 0.365
BMI(kg/m2) 21.54 ± 3.91 22.39 ± 3.08 0.519
The tumor volume(cm3) 849.27 ± 990.69 615.53 ± 699.11 0.462
The operation time(min) 151.82 ± 54.14 144.17 ± 92.31 0.249
The anesthesia time(min) 183.64 ± 52.21 144.17 ± 92.31 0.805
Balloon occlusion 
time(min)

22.73 ± 34.67

The blood loss(ml) 513.64 ± 357.14 440.00 ± 270.36 0.534
The transfusion of RBC(ml) 458.18 ± 292.22 164.44 ± 224.03 0.005*
The transfusion of blood 
plasma(ml)

216.36 ± 324.57 120.56 ± 232.64 0.363

The POD(days) 6.73 ± 2.28 10.94 ± 8.89 0.070
ASA classification 0.216
I 4 2
II 7 15
III 0 1
Massive bleeding(percent) 1/11(9.09%) 1/17(5.88%) 1.000
The application of 
vasopressor(percent)

4/11(36.36%) 5/18(27.78%) 0.512

The admission of 
ICU(percent)

0/11(0) 2/18(11.11%) 0.512

The minors(patient’s age 
less than 18)(percent)

3/11(27.27%) 0/18(0.00%) 0.045*
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Group B was significantly higher than in Group A 
(425.33 ± 476.20  ml vs. 153.45 ± 165.76  ml, p = 0.021). 
While overall blood loss did not show a significant differ-
ence between Group A and Group B (467.93 ± 302.08 ml 
vs. 1150 ± 1424.15 ml, p = 0.087), defining massive bleed-
ing as blood loss exceeding 1000  ml revealed a sig-
nificantly lower rate of massive bleeding in Group A 
compared to Group B (6.9% vs. 46.47%, p = 0.004) (as 
shown in Table 2).

Group A was further divided based on the interven-
tion methods into Group C, which received both balloon 
occlusion and TAE (n = 11), and Group D, which under-
went only TAE (n = 18). The average balloon occlusion 
time was 22.73  min. Patients in Group C were signifi-
cantly younger than those in Group D (33.81 ± 20.47 vs. 
57.89 ± 19.49 years, p = 0.004). Additionally, the propor-
tion of minors (patients under 18 years old) was higher 
in Group C compared to Group D (27.7% vs. 0.00%, 
p = 0.045). The volume of red blood cell (RBC) trans-
fusion was also significantly greater in Group C than 
in Group D (458.18 ± 292.22  ml vs. 164.44 ± 224.03  ml, 
p = 0.021). However, there was no significant difference in 
blood loss between the two groups (513.64 ± 357.14 ml vs. 
440.00 ± 270.36 ml, p = 0.534) (as shown in Table 1).

Based on the timing of pre-operative embolization, 
Group D was further divided into Group E (TAE per-
formed on the same day as surgery) and Group F (TAE 
performed more than one day before surgery). The blood 
loss between these two groups did not show a signifi-
cant difference (357.14 ± 229.91 ml vs. 492.73 ± 291.00 ml, 
p = 0.314). Similarly, there was no significant differ-
ence in operation time between Group E and Group F 
(128.57 ± 28.97  min vs. 154.09 ± 117.06  min, p = 0.583). 
Additionally, there were no significant differences in 
postoperative ICU admission or the use of vasopressors 
between the two groups (as shown in Table 3).

Discussion
Interventional methods have been employed both for 
tumor therapy and perioperative management in surgical 
procedures. In cases of visceral tumors, such as hepatic 
and renal tumors, interventional techniques help reduce 
tumor size, minimize blood loss, preserve organ function, 
and are associated with minimal complications [11, 12]. 
Similarly, in bone tumors, these methods have proven 
feasible and safe, particularly for tumors with abundant 
vascular supply, as they significantly reduce intraop-
erative blood loss and facilitate tumor resection [13, 14]. 
While previous studies have explored the use of inter-
ventional techniques in upper extremity tumors, these 
reports were limited by very small sample sizes [15]. To 
our knowledge, this is the first comprehensive study eval-
uating blood loss control during the resection of giant 
upper extremity tumors using interventional methods.

One prior study highlighted the feasibility of preopera-
tive and therapeutic embolization for bone and soft tissue 
tumors of the extremities. For instance, in a case of scap-
ular Ewing sarcoma, blood loss was recorded at 1800 ml, 

Table 2 Demographic characteristics of patients with giant 
upper extremity tumor

Group A(n = 29) Group B(N = 15) P
Age(years old) 48.76 ± 22.84 42.33 ± 15.64 0.279
Height(cm) 166.07 ± 9.31 167.60 ± 7.24 0.582
Weight(kg) 60.17 ± 13.72 65.20 ± 11.16 0.228
BMI(kg/m2) 22.07 ± 3.38 23.56 ± 3.06 0.157
The tumor 
volume(cm3)

704.19 ± 812.77 1224.53 ± 1414.01 0.127

The operation 
time(min)

147.07 ± 78.96 141.67 ± 58.12 0.816

The anesthesia 
time(min)

177.07 ± 78.84 171.00 ± 58.29 0.794

The blood loss(ml) 467.93 ± 302.08 1150 ± 1424.15 0.087
The transfusion of 
RBC(ml)

275.86 ± 286.37 466.67 ± 532.74 0.128

The transfusion of 
blood plasma(ml)

155.90 ± 269.67 425.33 ± 476.20 0.021*

The POD(days) 9.35 ± 7.36 10.47 ± 7.36 0.641
ASA classification 0.441
I 6 2
II 22 11
III 1 2
Massive 
bleeding(percent)

2/29(6.90%) 7/15(46.67%) 0.004*

The application of 
vasopressor(percent)

9/29(31.03%) 3/15(20.00%) 0.500

The admission of 
ICU(percent)

2/29(6.90%) 1/15(6.67%) 1.000

Table 3 Demographic characteristics of patients with different 
days of TAE

Group E(n = 7) Group F(N = 11) P
Age(years old) 52.86 ± 18.47 61.09 ± 20.30 0.399
Height(cm) 165.29 ± 8.40 162.09 ± 9.61 0.482
Weight(kg) 59.71 ± 11.29 57.45 ± 13.10 0.712
BMI(kg/m2) 21.25 ± 3.02 23.11 ± 3.03 0.221
The tumor volume(cm3) 489.14 ± 581.93 814.14 ± 863.20 0.352
The operation time(min) 128.57 ± 28.97 154.09 ± 117.06 0.583
The anesthesia time(min) 158.57 ± 28.97 182.27 ± 117.72 0.612
The blood loss(ml) 357.14 ± 229.91 492.73 ± 291.00 0.314
The transfusion of RBC(ml) 291.43 ± 234.91 83.64 ± 183.70 0.052
The transfusion of blood 
plasma(ml)

161.43 ± 276.43 94.55 ± 210.35 0.583

The POD(days) 12.14 ± 11.23 10.18 ± 7.56 0.662
Massive bleeding(percent) 0/7(0) 1/11(9.09%) 1.000
The application of 
vasopressor(percent)

3/7(42.86%) 2/9(22.22%) 0.326

The admission of 
ICU(percent)

0/7(0) 2/11(18.18%) 0.497

None of the patients experienced subclavian artery stenosis, stroke, limb 
ischemia, or spinal cord ischemia during the study
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with a devascularization rate of 70% [16]. In our study, 
we compared tumor volumes between groups and found 
no significant difference between the interventional 
and non-interventional groups (704.19 ± 812.77  cm³ vs. 
1224.53 ± 1414.01  cm³, p = 0.127). While overall blood 
loss between Group A (interventional) and Group B 
(non-interventional) was not significantly different 
(467.93 ± 302.08  ml vs. 1150 ± 1424.15  ml, p = 0.087), the 
incidence of massive bleeding was significantly lower in 
Group A (6.9%) compared to Group B (46.47%, p = 0.004). 
Additionally, plasma transfusion in Group B was signifi-
cantly higher than in Group A (425.33 ± 476.20  ml vs. 
153.45 ± 165.76 ml, p = 0.021). These findings suggest that 
preoperative embolization of primary or metastatic bone 
tumors effectively reduces the risk of massive blood loss.

Transarterial embolization (TAE) can provide effective 
control of blood loss during surgery, but some challenges 
remain. For instance, TAE might not offer long-term 
devascularization of the tumor, as revascularization may 
occur over time. Furthermore, not all tumors can achieve 
complete occlusion through TAE [14]. To enhance blood 
control, additional interventional techniques such as sub-
clavian artery balloon occlusion can be utilized. Subcla-
vian balloons have been employed successfully in cases 
of subclavian artery avulsion following blunt trauma, 
offering effective control of hemorrhage and enabling 
open surgical repair [17]. Similarly, in a case of subclavian 
artery laceration following clavicle fracture, an endovas-
cular balloon was used to control bleeding while clavicle 
fixation was completed [18].

In our study, Group A was divided into Group C (the 
combination of balloon occlusion and TAE, n = 11) and 
Group D (TAE alone, n = 18). Although there was no 
significant difference in blood loss between Group C 
and Group D (513.64 ± 357.14 ml vs. 440.00 ± 270.36 ml, 
p = 0.534), RBC transfusion in Group C was signifi-
cantly higher than in Group D (458.18 ± 292.22  ml vs. 
164.44 ± 224.03  ml, p = 0.005). This can be attributed to 
the higher proportion of minors (patients under 18 years 
old) in Group C (27.7% vs. 0%, p = 0.045), who are more 
vulnerable to blood loss and ischemia, necessitating more 
aggressive transfusion management.

Endovascular balloon procedures may be associated 
with complications at various stages, including posi-
tioning, inflation, occlusion, deflation, and removal of 
the sheath [19]. To minimize these risks, it is crucial to 
reduce the occlusion time and limit the duration the 
balloon remains in the body. In our study, we did not 
observe any balloon-related complications, such as sub-
clavian artery stenosis, stroke, limb ischemia, or spinal 
cord ischemia, in any of the patients. The balloons were 
inserted on the day of surgery, with an average occlu-
sion time of 22.73  min, and the sheaths were immedi-
ately removed following surgery. Additionally, patients in 

the balloon occlusion group were significantly younger 
than those in the non-balloon group (33.81 ± 20.47 vs. 
57.89 ± 19.49, p = 0.004). Special caution should be exer-
cised with elderly patients who may have preexisting 
vascular conditions, and effective communication with 
the anesthesia team is essential to ensure perioperative 
safety.

In cases of trauma, such as fractures, delayed hemor-
rhage can significantly increase perioperative mortal-
ity, while early embolization has been shown to improve 
patient outcomes [20, 21]. A shorter door-to-emboliza-
tion time (DTE) has been associated with better clinical 
results in patients with complex pelvic fractures [22]. 
Similarly, for bone tumor patients, the timing of emboli-
zation prior to surgery has drawn considerable attention. 
A previous study on renal cell carcinoma bone metasta-
ses indicated that performing surgery within one day of 
TAE may reduce intraoperative blood loss [23]. The opti-
mal time for embolization remains a subject of debate, 
with some researchers advocating for surgery as soon as 
possible to mitigate the risk of tumor revascularization 
[24–26].

In our study, Group D was divided based on the tim-
ing of TAE into Group E (TAE performed on the same 
day as surgery) and Group F (TAE performed more 
than one day before surgery). No significant difference 
in blood loss was observed between the two groups 
(357.14 ± 229.91  ml vs. 492.73 ± 291.00  ml, p = 0.314). 
Similarly, operation times between Group E and Group 
F did not differ significantly (128.57 ± 28.97  min vs. 
154.09 ± 117.06  min, p = 0.583). Postoperative outcomes, 
including ICU admissions and vasopressor use, were also 
comparable between these groups.

In conclusion, for patients with giant upper extrem-
ity tumors, both TAE (Transarterial Embolization) and 
intraoperative balloon occlusion are potential inter-
vention options. However, for elderly patients with 
pre-existing vascular issues, the use of endovascular bal-
loon insertion should be approached with caution. For 
patients at high risk of revascularization, such as those 
with renal cell carcinoma bone metastases, it is advisable 
to perform surgery within one day after TAE. For other 
types of upper extremity tumors, the timing of TAE does 
not necessarily need to align closely with the surgical 
opportunity.

Limitations
The main limitation of our study is its retrospective 
characteristics. Because subjects were not randomly 
allocated, selection bias may exist. The number of cases 
is also small in our study, and this study could not be 
adequately powered statistically. Potential biases in 
patient selection, along with the small sample size, may 
reduce the overall reliability and generalizability of the 
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conclusions. And the medical intervention (such as the 
choice of patients to receive TAE or balloon occlusion) 
cannot be made on a blinded base. As a result, a large 
multicenter and randomized controlled study is needed 
to verify the findings.

Conclusion
Interventional techniques have been shown to reduce 
both blood loss and the necessity for blood transfusions 
in patients with large upper extremity tumors. Further-
more, no significant perioperative complications have 
been observed.
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