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ABSTRACT

Background: This paper aimed to assess the clinical effects of abdominal aortic
balloon occlusion (AABO) under color Doppler ultrasound guidance in treating pelvic
tumors. Materials and Methods: Various databases, which contained China National
Knowledge Infrastructure, Wanfang Data, Chinese Biomedical Literature Database,
PubMed, Excerpta Medica Database (Embase), and Cochrane Library, were used for
searching randomized controlled studies published from 2010 to present. The quality
of the literature was assessed using the Newcastle-Ottawa Scale (NOS). Outcome
measurements included intraoperative blood loss, transfusion volume, operative time,
hospital stay, recurrence, and postoperative complications. Results: Six reference
articles were obtained, including 223 patients who underwent AABO and 300 patients
who did not. The NOS score was greater than 7 points in both groups. Meta-analysis
showed that the intraoperative blood loss, transfusion volume, and surgery duration
of patients undergoing pelvic tumor resection with AABO were all reduced (95%
confidence interval (Cl): -1504.53~-762.10, P<0.00001; 95% Cl: -902.22~-575.45,
P<0.00001; 95% Cl: -80.20~-26.54, P<0.0001). No difference was discovered in the
occurrence of postoperative complications, including nerve injury (95% Cl: 0.30~1.34,
P=0.23) and urethral injury (95% Cl: 0.19~1.97, P=0.41) between both groups. The
incidence of wound infection was relatively low (95% CI: 0.22~0.81, P=0.010).
Additionally, no difference was discovered in hospital stay (95% Cl: -6.85~0.79, P=0.12)
and recurrence (95% Cl: 0.45~1.53, P=0.12) between both groups (P>0.05).
Conclusion: AABO under color Doppler ultrasound guidance can reduce intraoperative
blood loss, transfusion volume, and operative time during pelvic tumor resection and
can also reduce the incidence of some postoperative complications.

tissues, thereby increasing the risk of intraoperative
complications (). Therefore, intraoperative bleeding,

Pelvic tumors are primary bone tumors that are
deep and large in size, and the main manifestation is
a pelvic mass. According to the organization and
embryogenesis, pelvic tumors are divided into four
basic types, including mesenchymal tissue-derived
tumors, urogenital tumors, neurogenic tumors and
tumors of germ cell origin, and about 10% of tumors
could not be classified (). During the process of
excision, there is a high risk of damaging nerves and
blood vessels, making the procedure risky ().

Studies have shown that intraoperative bleeding
is a significant factor affecting the excision of pelvic
tumors. Increased bleeding during surgery requires
large amounts of blood transfusions, which can lead
to complications and even death for the patient 3.4,
Additionally, excessive bleeding during surgery can
cause blurry vision, longer surgical times, and affect
the identification of tumor tissue and surrounding

blood transfusion volume, as well as the incidence of
complications are crucial factors that influence the
prognosis of patients with pelvic tumors undergoing
excision surgery.

Abdominal aortic balloon occlusion (AABO) is an
effective method to control intraoperative bleeding
and blood transfusion volume by directly blocking
arterial blood supply (6.7, and under the guidance of
color Doppler ultrasound, it has become an effective
treatment for pelvic tumors (8). Therefore, this study
evaluated the therapeutic effect of AABO under the
guidance of color Doppler ultrasound on pelvic
tumors. Our study demonstrated that AABO under
color Doppler ultrasound guidance can reduce
intraoperative blood loss, transfusion volume, and
operative time during pelvic tumor resection and can
also reduce the incidence of some postoperative
complications.
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MATERIALS AND METHODS

Retrieval methods

Using computer retrieval of databases which
contained China National Knowledge Infrastructure
(CNKI), Wanfang, Chinese biomedical literature,
PubMed, Excerpta Medica Database (Embase), as well
as Cochrane, the retrieval time was specified as 2010
to the present. The keywords were “Balloon occlusion
of abdominal aorta,” “pelvic tumor,” and “color
doppler ultrasound,” and the search were done both
in English and Chinese.

Inclusion criteria: (1) Published literature. (2)
Literature research type is randomized controlled
trial. (3) Patients diagnosed with pelvic tumors. (4)
Observation group underwent AABO, and control
group not.

Exclusion criteria: (1) Review, reports. (2)
Literature with incomplete data. (3) Literature on
repetitive research. (4) Literature in languages other
than Chinese or English.

Selection

Two researchers independently extracted and
screened literature data, excluded literature that did
not in line with the inclusion criteria, and conducted a
full-text reading of the included literature. On the
grounds of the inclusion as well as exclusion criteria,
the literature was determined, and data were
extracted from the included literature, including
general information about the authors and outcome
indicator data (including intraoperative blood loss,
intraoperative transfusion volume, surgery duration,
length of hospital stay, and incidence of
complications).

Quality evaluation

The Newcastle-Ottawa Scale (NOS), developed by
the University of Newcastle (Canada) and the
University of Ottawa (Australia), was used for quality
assessment. A lower score indicated poorer quality of
the literature, which was not conducive to
meta-analysis.

Statistical analysis

Review Manager (RevMan, Cochrane, UK) 5.3 was
used for statistical analysis. All the literatures were
measured for heterogeneity using the 12 test with
degrees of freedom correction. The random-effects
model was implemented if heterogeneity existed
(I2>50%). Fixed-effects model was adopted for when
heterogeneity did not (12<50%). P<0.05 was regarded
as statistical significance. Publication bias of the
included literature was identified using a funnel plot.
Sensitivity analysis was implemented by sequentially
excluding each included literature and then
combining the effect size, to explore the degree of
influence of the study on the combined effect. Each
meta-analysis was performed using different
statistical models. If the change in 95% confidence

interval (CI) and combined effect size was small after
using different statistical models, the results were
considered stable. Quantitative data such as
intraoperative bleeding volume, intraoperative
transfusion volume, operative time, and length of
hospital stay were exhibited as standardized mean
differences (SMD) with their corresponding 95% CI.
Count data such as postoperative complication rate
and recurrence were exhibited as odds ratios (OR)
with their corresponding 95% CI.

RESULTS

Screening process

A total of 346 relevant literature and manual
retrieval literature were retrieved in this study.
Through eliminating 31 duplicate literatures, 187
irrelevant or incomplete original data and the
documents that do not in line with the inclusion crite-
ria, 6 pieces of literature were finally chosen, and the
screening procedure was shown in figure 1.

Retrieval literature and manual retrieval
literature (n=348)

Eliminate duplicate literature (n=31)

Reading title and abstract (n=315»

Eliminate irrelevant or incomplete original data
(n=187)

hor

Reading the whole passage (n=128

Eliminate the documents that do not meet the
inclusion criteria (n=122)

Meta analysis literature was included (n=6)

Figure 1. Flow chart of the literature search and study
selection. Six studies were conatined in this meta-analysis.
N: Number.

Basic characteristics

Six articles included in this paper were all
randomized controlled studies, involving 523
patients who underwent pelvic tumor resection.
Among them, 223 patients underwent AABO were
divided into the observation group and 300 patients
did not undergo this procedure were considered as
the control group. The basic characteristics of the 6
articles contained in this study were detailed in table
1. The NOS scoring criteria were used for evaluation,
and the NOS scores were all greater than or equal to
7, indicating that the quality of the included literature
was high and the meta-analysis was applicative.

Comparison of intraoperative blood loss
Intraoperative blood loss was analyzed in 6
included articles (control: observation = 300:223).
The heterogeneity determined in intraoperative
blood loss between groups was [2=76%, thus the
random effects model was implemented for analysis.
The findings presented a significant decrease in
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intraoperative blood loss in the observation group
relative to the control (mean difference (MD) =-
1133.31, 95% CI: -1504.53~-762.10, P<0.00001), as
displayed in figure 2.

Comparison of intraoperative transfusion volume

Intraoperative blood transfusion volume of the
included 4 articles was analyzed (control:
observation = 234:141). There was no heterogeneity
detected in intraoperative transfusion volume
between groups (12=0%), thus the fixed effects model
was chosen. The findings presented a significant
decrease in intraoperative transfusion volume in the
observation group relative to the control (MD=-
738.83, 95% CI: -902.22~-575.45, P<0.00001). These
findings were presented in figure 3.

Comparison of surgery duration

Operation time was analyzed in the six included
articles (control: observation = 300:223). The
heterogeneity was determined in surgery duration
between groups (12=78%), thus the random effects
model was chosen. The findings presented a
significant decrease in surgery duration in the
observation group relative to the control (MD=-53.37,
95% CI: -80.20~-26.54, P<0.0001). These findings
were presented in figure 4.
Comparison of hospital stay

Hospital stay was analyzed in the 3 included
articles (control: observation = 208:111). The
heterogeneity was determined in hospital stay
between groups (12=77%), thus the random effects
model was chosen. The findings revealed no
significance in hospital stay between both groups
(MD=-3.03, 95% CI: -6.85~0.79, P=0.12). These
findings were presented in figure 5.

Comparison of recurrence

Recurrence was analyzed in the 3 included
articles (control: observation = 208:111). The
heterogeneity was determined in recurrence between

groups (12=66%), thus the random effects model was
chosen. The outcomes displayed relatively similar
recurrence rate in the 2 groups, without differences
(MD=0.83, 95% CI: 0.45~1.53, P=0.12). These
outcomes were presented in figure 6.

Comparison of recurrence

Recurrence was analyzed in the 3 included
articles (control: observation = 208:111). The
heterogeneity was determined in recurrence between
groups (12=66%), thus the random effects model was
chosen. The outcomes displayed relatively similar
recurrence rate in the 2 groups, without differences
(MD=0.83, 95% CI: 0.45~1.53, P=0.12). These
outcomes were presented in figure 6.

Comparison of complications

Nerve injury was analyzed in 4 included articles
(control: observation = 242:145). There was no
heterogeneity detected in nerve injury between
groups (12=0%), thus the fixed effects model was
chosen. The findings exhibited no significance in
nerve injury between both groups (MD=0.63, 95% CI:
0.30~1.34, P=0.23). These findings were presented in
figure 7A.

Urethral injury was analyzed in 4 included articles
(control: observation = 242: 145). There was no
heterogeneity detected in urethral injury between
groups (12=0%), thus the fixed effects model was
chosen. The findings exhibited no significance in ure-
thral injury between both groups (MD=0.61, 95% CI:
0.19~1.97, P=0.41). These findings were presented in
figure 7B.

Wound infection was analyzed in 4 included arti-
cles (control: observation = 242:145). There was no
heterogeneity detected in wound infection between
groups (12=0%), thus the fixed effects model was cho-
sen. The findings exhibited a significant decrease in
wound infection in the observation group relative to
the control (MD=0.42, 95% CI: 0.22~0.81, P=0.010).
These findings were presented in figure 7C.

Table 1. Basic characteristics of the 6 included articles

N
Author |Year Observation|Control Outcome measures NOS score
Zhang Y 5018 30 2% Intraoperative blood loss, !ntraopera‘uve tran§fu§|on volume, surgery duration, 3
incidence of complications
Ratto N 92020 15 11 Intraoperative blood |os§, |ntraoper§hve transfuaoq vol_ume, surgery duration, 3
hospital stay, incidence of complications
Lo Y |2013 45 92 Intraoperative blo_od loss, |ntraoperat|ye transfusmn volun_we, surgery duration, 9
hospital stay, recurrence, incidence of complications
Tang X "7 {2010 48 32 Intraoperative blood loss, surgery duration 7
LuoY® |2014 51 105 Intraoperative blood |os§, |ntraoper§hve transfuaoq vol_ume, surgery duration, 3
hospital stay, incidence of complications
Wei L™ 2018 34 34 Intraoperative blood loss, surgery duration, recurrence, Complications 7

Note: N: Number. NOS: Newcastle-Ottawa Scale.
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Experimental Control Mean Difference Mean Difference

Mean D _Total 0 Total Weigh IV, Random, 95% C_Year IV, Random, 95% CI
Xiaodong Tang 2010 29626 146282 48 43331 293212 32 83% -1374.50}2471.46,-277.54] 2010
YILUO M D 2013 67822 60257 45 161935 116761 92 250%  -941.13[1240.94,-641.32 2013 *
LU0 2014 74686 72273 51 158257 1,303 105 252%  -83571[1129.11,-542.31] 2014 *
Lu 2018 1036 315 34 2498 424 34 280% -1462.00 163955128445 2018
YidanZhangMD 2018 2000 1600 30 2650 2,100 26 96%  -B50.00[1639.63,33963 2018 * *
Nicola Ratio 2020 2800 1520 15 5400 2660 11  39% -2600.00 }4350.04,-849.96] 2020 *
Total (95% C1) 223 300 100.0% -1133.31[-1504.53,.762.10]
Heterogeneity. Tai® = 119909.54; Chi*= 20.79, df = 5 (P = 0.0009); = 76% T = 5 r 100

Test for overall effect Z=598 (P = 0.00001)

Favours [sxperimental] Favours [control]
Figure 2. Forest plots for meta-analysis of intraoperative blood loss in the 2 groups. SD: standard deviation. Cl: confidence interval.
IV:inverse variance.

Exu-ettnenta Control Mean Difference Mean Difference
ubar ou Me ta Mean D _Tota f IV, Fixed, 95% C|
':1LUOH02013 351.11 513?3 45 110652 97865 92 42, T% -755.41 I-IJJDSI-‘S ~505 37 2013 M
LU0 2014 41176 61373 51 10819 93714 105 441%  -67014[91611,-42417) 2014 1
Yidan Zhang M D 2018 1,600 1,000 30 2300 1,900 26 40% -700.00 F1513.28,113.28) 2018 * g
Nicola Ratto 2020 610 317 15 1620 873 11 91% -1010.00 (1550.27,-469.73) 2020 *
Total (95% CI) M 234 100.0%  -738.83 [-902.22, -575.45] 1
Heterogeneity: Chi*= 128, df= 3 (P=0.73); "= 0% Hoo =0 5 100

Test for overall effect Z=8.86 (P < 0.00001)

Favours [expermeantal] Favours [contral]
Figure 3. Forest plots for meta-analysis of intraoperative transfusion volume in the 2 groups. SD: standard deviation. Cl: confidence
interval. IV: inverse variance.

Mean Difference

a al __Mean 1 2 i IV, Random, 95% C|
Xiaodong Tang 2010 1?3 61.06 48 2135 6677 32 201% -3550[64 37,-6.63] 2010 —
YILUO M D 2013 17122 689 45 22815 11327 02 106% -56.93[87.61,-2625) 2013 —
LUO 2014 171.96 6516 51 2231 11154 105 205% -51.14(-78.98,-23.30] 2014 e
Yidan Zhang M D 2018 215 105 30 225 110 26 121%  -10.00 [-66.56,46.56] 2018
Lu2018 138 18 34 225 20 34 255% -87.00[96.04,-77.06] 2018 —=—
Nicola Ratto 2020 437 197 15 492 242 11 22% -5500[229.33,119.33) 2020 * >
Total (95% CI) 223 300 100.0% -53.37[-80.20,-26.54] ~—
Heterogeneity: Tau®= 713.12; Chi*= 23.04, df= 5 (P = 0.0003); F= 78% Hoo = : 5 100

Test for overall eflect. Z= 3.0 (F < 0.0001) Favours [experimental] Favours [control]

Figure 4. Forest plots for meta-analysis of surgery duration in the 2 groups. SD: standard deviation. Cl: confidence interval. IV:
inverse variance.

Mean Difference
of Subgrou | al_Meal ol al ] A ,95% Cl

YILUOMD2013 1693 536 45 1886 647 92 l?fi% 193;-393 012) 2013
LUO 2014 17 632 51 1887 659 105 48.3% -1.87 [3.80,0.06] 2014
Nicola Ratto 2020 295 141 15 59 283 11 41% -2950(-47.68,-11.32] 2020
Total (95% CI) 11 208 100.0% -3.03[-6.85,0.79]

’ = . = = = = I + T + {
Heterogeneity: Tau®= 6.89; ChP= 8.80, df= 2 (P=0.01): F=77% oo n 3 5 e

Test for overall effect Z=1.55 (P = 0.12) Favours [experimental] Favours [control]

Figure 5. Forest plots for meta-analysis of hospital stay in the 2 groups. SD: standard deviation. Cl: confidence interval. IV: inverse
variance.

Expetinarld Control 0Odds Ratio Odds Ratio
- M-H, Fixed, 95% CI

Lu 2018 4 34 1M1 34 431% uza 10.08,0.99]
YILUOM D 2013 7 45 17 92 419%  081[0.31,213
Yidan Zhang M D 2018 1 30 5 26 151%  2.43[0.71,8.28
Total (95% CI) 109 152 100.0%  0.83[0.45, 1.53)
Total events 22 33
0 : 1 [ 100

Heterogeneity. Chi*= 5.81, df= 2 (P = 0.05), F= 66%
Testfor oversll efloct =061 (F=0.54) Favours [experimental] Favours [control]
Figure 6. Forest plots for Meta-analysis of recurrence in the 2 groups. SD: standard deviation. Cl: confidence interval. IV: inverse

variance.
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Experimental Control 0Odds Ratio Odds Ratio
_Study or Subgroup  Events  Total Events Total Weight M-H, Fi % a54% Cl
YILUOMD 2013 3 45 10 92 339% 059015, 2.24] 2013 —
LUO 2014 4 51 11 105 367% 073[022,241] 2014 —a—
Lu 2018 3 34 4 34 202% 0.73[015,352 2018 S E—
Micola Ratto 2020 0 15 1 11 92% 0.23(0.01,6.09] 2020 *
Total (95% CI) 145 242 100.0%  0.63[0.30, 1.34) *
Total events 10 26
Heterogeneity. Chi*= 0.47, df=3 (P = 0.93); F= 0% t y t i
o : 0.01 0.1 10 100
Test for overall effect Z=1.19 (P = 0.23) Favours [experimental] Favours [control]
B
Experimental Control Odds Ratio 0Odds Ratio
Stud b o 5 tal ital gight M-H, Fixed, 9 . ed, 95% CI
YILUOMD 2013 1 45 0 92 43% 6.24[0.25156.16] 2013 *
LUO 2014 1] 51 1 105 132% 068([003,1689] 2014
Lu 2018 0 34 1 34 200% 032[0.01,823 2018
Nicola Ratto 2020 3 15 5 11 624%  030[0.05,1.70] 2020 —a—
ot X , 1.
Total (95% CI) 145 242 100.0%  0.61]0.19, 1.97] *
Total events 4 7
Heterogeneity. Chi*= 2,80, df= 3 (P = 0.42), F= 0% ! t t |
28 ! 0.01 0.1 10 100
Test for overall effect Z= 0.83 (P = 0.41) Favours [experimental] Favours [control]
Experimental Control Odds Ratio Odds Ratio
i 95% Cl
YILUO M D 2013 3 45 16 92 31.4%  0.34[0.09,1.23 2013 —
LUD 2014 5 51 18 105 34.0% 053[0.18,1.51] 2014 —
Lu 2018 4 34 6 34 169% 062([0.16, 2.44] 2018
Nicola Ratto 2020 7 15 9 11 17.7%  019(0.03,1.22] 2020 —_—
Total (95% C1) 145 242 100.0%  0.42[0.22, 0.81] -
Total events 19 49
i = =3(P= P= I } + y
Heterogeneity: Chi*=1.27, df=3(P=0.74), F= 0% 001 01 ] 10 100

Testfor overall effect Z= 2.58 (P = 0.010)

Favours [experimental] Favours [control]

Figure 7. Forest plots for meta-analysis of nerve injury in the 2 groups (A). Forest plots for meta-analysis of urethral injury in the 2
groups (B). Forest plots for meta-analysis of wound infection in the 2 groups (C). SD: standard deviation. Cl: confidence interval. IV:
inverse variance.

Bias analysis

Funnel plot was used to analyze publication bias.
As displayed in figure 8, the funnel plot showed a
partial symmetric distribution, implying that there
was significant publication bias in the included
studies.
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Figure 8. Funnel plot of publication bias. There was significant
publication bias in the included studies. X axis: MD. Y axis: SE
(MD). SE: standard error. MD: mean difference.

DISCUSSION

The occurrence of pelvic tumors is often
accompanied by changes in the pelvic wall and blood
vessels, which can easily cause adhesions of
surrounding tissues and result in a large amount of
bleeding and difficulty in hemostasis during surgery.
Therefore, effective control of intraoperative
bleeding is crucial for the success of the surgery and
greatly affects the patient's prognosis. With the
continuous development of medical technology, the
use of AABO has been developed for pelvic tumor
surgery. AABO can facilitate complete tumor
resection, shorten surgery time and reduce
intraoperative bleeding. Moreover, studies have
shown that AABO guided by color Doppler
ultrasound can significantly shorten the surgery
duration, reduce vascular damage, avoid
thromboembolism, provide direct observation of the
surgical effect, and have a clear view of renal artery
blood flow (13,14,

In our study, we implemented a meta-analysis of 6
randomized controlled studies, with a total of 223
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patients undergoing AABO, retrieved from domestic
and foreign literature. Random effect model was
implemented to conduct meta-analysis on the
intraoperative blood loss of the 6 articles. Our results
displayed that the intraoperative blood loss in the
observation group was significantly reduced relative
to that in the control group (MD=-1133.31, 95% CI:
-1504.53~-762.10, P<0.00001). This indicated that
AABO had a good hemostatic effect and could provide
a clear surgical view to ensure the success of the
surgery, which was in line with former literature (15),

Most studies have shown that an increase in
intraoperative blood transfusion can cause various
complications, prolong hospitalization, increase the
risk of infection, and cause thromboembolism (16-18),
In order to avoid excessive bleeding in patients
during pelvic tumor resection surgery, blood
transfusion is often performed during the surgery
and its volume could affect the incidence of
complications. In our study, the results displayed that
the intraoperative blood transfusion volume was
declined in the observation group, as relative to the
control (MD=-738.83, 95% CI: -902.22~-575.45,
P<0.00001), and the surgery duration in the
observation group was significantly lessened relative
to the control (MD=-53.37, 95% CI: -80.20~-26.54,
P<0.0001). All these results suggested that AABO
could reduce the volume of intraoperative blood
transfusion and shorten surgery time, which was
consistent with previous reports (19, 20),

Regarding postoperative complications, the
results of our study also revealed lower incidence of
wound infections in the observation group, as
relative to the control (MD=0.42, 95% CI: 0.22~0.81,
P=0.010). Similarly, in patients with placenta previa
accrete, no serious balloon catheter-related
complications occurred in the AABO group relative to
the control group (21). However, no difference was
discovered in nerve damage (MD=0.63, 95% CI:
0.30~1.34, P=0.23) or urethral damage (MD=0.61,
95% CI: 0.19~1.97, P=0.41) between the two groups.
Therefore, AABO is a safe and effective method for
pelvic tumor resection surgery, with a reduced risk of
postoperative complications.

Our research has some limitations. First, the
sample size of the evaluated study is relatively small,
and there is not enough information to evaluate the
exactness of our study. In addition, most research
started in a geographic area. Such location
restrictions could severely influence the genuineness
and plausibility of the results.

In conclusion, AABO wunder color Doppler
ultrasound guidance can reduce intraoperative blood
loss, transfusion volume, and operative time during
pelvic tumor resection and can also reduce the
incidence of some postoperative complications,
which is worthy for promotion.
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