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Abstract
Background: The major challenge of applying Resuscitative Endovascular Balloon Occlusion of the Aorta (REBOA) in
the pre-hospital setting is to accurately place the balloon in. To evaluate the effects of applying portable ultrasound to
guide REBOA for iliac artery hemostasis.

Methods: We �rst established a swine model of hemorrhage by percutaneously puncture the right iliac artery under the
guidance of portable ultrasound. Then we randomly divided the swine into two groups. We recorded systolic pressure
(SP), diastolic pressure (DP), heart rate (HR), and the maximum depth of the ascites at baseline (T1), free bleeding for
the 30s (T2), bleeding for 10min (T3), and bleeding for 30min (T4). Immediately after T2, we performed REBOA under
the guidance of portable ultrasound in the intervention group and manual extracorporeal compression by dry gauze in
the control group. We collected total blood loss at T4.

Results: There were 11 swine included in the analysis (intervention group=6, control group=5). The characteristics of
the two groups were similar at T1. After punctured the right iliac artery, hemorrhagic shock appeared in both groups at
T2 - BP and DP fell, HR elevated, and the maximum depth of the ascites increased. After performing REBOA, SP(in
mmHg) in the intervention group signi�cantly increased to 97.17±11.92 at T3 and remained stable throughout T4;
while SP in the control group kept decreasing and reached 62.40±3.44 at T4. A similar trend was found in DP. HR(in
bpm) in the intervention group increased from 101.50±5.39 in T2 to 111.83±7.39 in T3 and stabilized at 113.83±5.49
in T4; in the control group, it kept increasing from 103.20±3.70 in T2 to 132.40±3.98 in T4. The maximum depth of the
ascites increased between T2 and T4 in both groups, but signi�cantly slower in the intervention group (at T4
3.50±0.36cm vs 5.14±0.35cm, P<0.05). The total blood loss was signi�cantly less in the intervention group
(1245.23±190.07g) than in the control group (2605.63±291.67g).

Conclusions: Performing REBOA under the guidance of portable ultrasound can improve the effectiveness of iliac
artery hemostasis and have great potential to save lives in pre-hospital settings.

1 Introduction
Junctional hemorrhage belongs to non-compressible torso hemorrhage (NCTH), which is de�ned as hemorrhage that
occurs at the junction of an extremity with the torso of the body at an anatomic location, including the base of the
neck[1]. There are areas where preclude the effectiveness of using an extremity tourniquet to control the bleeding,
which contributes to a high risk of death from junctional hemorrhage[2]. A study on U.S. combat fatalities showed that
between 2001 and 2011, 17.5% (171/976) of the preventable prehospital combat deaths were caused by junctional
hemorrhage[3]. Another study showed a mortality rate of 45% among the patients with junctional hemorrhage at
prehospital times less than 30 minutes and remained substantial throughout subsequent prehospital time intervals[4].

In recent years, several cases reported applying new hemostatic devices, such as AAJTTM CRoCTM JETTTM SAM-JTTM,
among patients with junctional hemorrhage in the prehospital settings [5-8]. However, the effectiveness was only at 24
48%[9] in the pre-hospital and the transport process. Resuscitative Endovascular Balloon Occlusion of the Aorta
(REBOA) is an emerging strategy for junctional hemostasis and has been applied in the pre-hospital settings. In a
retrospective study on trauma management, it showed that using REBOA was signi�cantly associated with lower
mortality (adjusted odds ratio of survival, 7.430; 95%CI, 1.081–51.062)[10]. However, the usage of REBOA was largely
limited by the ability to accurately place the balloon in. In the current application, REBOA is usually carried out in the
pre-hospital setting without the aid of imaging equipment or guided by X-rays. A study showed that six of the 19
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REBOA attempts (32%) in trauma patients with exsanguinating pelvic hemorrhage were unsuccessful in the pre-
hospital setting, mainly due to the inaccuracy to locate the bleeding sites or to place the ballon in[11].

Portable ultrasound is currently the only visual instrument that can be applied in the prehospital setting of trauma.
With visual ultrasound images, pre-hospital rescuers would be able to accurately locate the bleeding sites and place
the ballon at the proximal end of the injured vessel under the portable ultrasound guidance. However, the effectiveness
of applying portable ultrasound in REBOA in the pre-hospital setting has not been assessed. In this study, we will
establish a swine model of iliac artery hemorrhage with portable ultrasound – we will a 16-gauge core needle biopsy
to percutaneously puncture the right iliac artery, which is expected to provide an ideal animal model for hemostasis
study at the junction. After establishing the model, we applied REBOA under the guidance of portable ultrasound in the
intervention group and manual extracorporeal compression by dry gauze in the control group. We compared a series
of indicators, including systolic pressure, diastolic pressure, heart rate, the maximum depth of the ascites, total blood
loss, etc., between the two groups.

2 Materials And Methods
2.1 Experimental apparatus and instrument

The portable ultrasound equipment we used in this study was PHILIPS CX50 portable Color Doppler Ultrasonic
Diagnosis Apparatus (Philips Healthcare, Andover, MA, USA), which has an L9-3 linear probe with a frequency of 7-12
MHz. We monitored invasive blood pressure through the TranStarR Single Monitoring Kit (Smiths Med ical ASD, Inc.
Dublln, USA) and TranStarR Pressure Monitoring System. To establish the hemorrhage model, all swine underwent
core needle biopsy (Bard Biopsy Systems, Franklin Lakes, NJ, USA; type: MC1616, gauge size: 16 g, length of sample
notch: 1.9 cm) (Fig. 1). The balloon was the Armada 35 / Armada 35 LL PTA Catheter (Abbott Molecular, De Plaines,
IL, USA) (Fig. 2).

2.2 Animal preparation

Fig. 3 shows the timeline of the study schema. Twelve Wuzhishan swine were provided by the Institute of Animal
Science, Hainan provincial Academy of Agricultural Sciences. All the animals were male, with an average body mass
of 14.0±1.1 kg, ranging from 12.5 to 16.0 kg. They adapted to the experimental environment for 3 days and fasted for
12 hours before the experiment. The procedures for the care and use of animals were approved by the Ethics
Committee of the PLA general hospital. All applicable institutional and governmental regulations concerning the
ethical use of animals were followed.

A mixture of the Zoletil®50 (Virbac, Carros, France) and Sumianxin  (Military Veterinary Institute, China) in a ratio of
1:2 was injected intramuscularly into the hind leg of the swine at 0.1ml/kg body mass. We placed the animals in the
supine position and attached their limbs to the laboratory bench. The hairs were removed from the cervical region,
belly, and groin of the swine. Under the guidance of portable ultrasound, we inserted a central venous catheter
percutaneously into the right internal jugular vein for follow-up anesthesia. Sequential intravenous administration of
1/3 of the initial dose was given according to the animal's conscious state. The anesthesia was successful with blood
pressure, respiration, and heart rate stable and the shallow sensation of the animal disappear. To simulate a severe
pre-hospital setting, �uid resuscitation was limited. We cannulated the left common carotid artery with a catheter
under the guidance of ultrasound for arterial pressure monitoring and then connected with TranStarR Single
Monitoring Kit. Continuous monitoring and recording of vital signs were achieved through the TranStarR Pressure
Monitoring System.
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2.3 Experimental procedure

We wrapped the ultrasonic probe in sterile plastic wrap. After applying an appropriate amount of acoustic coupling
agent to the abdomen and both sides of the inguinal area of the swine, we selected a high-frequency linear probe for
an ultrasound examination. Before established the swine bleeding model from the iliac artery, we measured the
internal diameters of the abdominal aorta, and both iliac arteries as well as the ascites which was represented by the
maximum depth of anechoic zone by using portable ultrasound. We observed the morphology and hemodynamic
changes of the iliac artery via two-dimensional ultrasound and color Doppler ultrasound.

We selected the right iliac artery as the injury target. To establish the bleeding model, the appropriate puncture route
was determined under portable ultrasound guidance and the puncture procedure was done by using freehand
ultrasound guidance. The needle tip of the disposable puncture biopsy device was advanced under ultrasound
guidance until it was positioned in the anterior lateral wall of the iliac artery after passing through the skin and muscle
layer. Then we initiated the trigger to puncture the iliac artery with a 60-80 angle(video1). We observed the internal
diameter and hemodynamics of the iliac artery by ultrasound. A period of free bleed lasting for 30 seconds should be
maintained after puncturing the iliac artery[12]. According to the manifestations of arterial hemorrhage, a simple
standard of the successful model was as follows. We observed a decrease in blood pressure, as well as tachycardia.
Two-dimensional ultrasound showed that the iliac artery collapsed with a narrowed internal diameter and the
intraperitoneal anechoic zone was gradually expanding.

After the completion of animal models, they were randomly divided into two groups (n = 6) in all the models. In the
intervention group, we performed REBOA by portable ultrasound guidance to achieve aortic occlusion completely.
Under ultrasound guidance, the balloon was placed at the lower abdominal aorta via the Seldinger technique and by
in�ating the balloon catheter to 4ATM pressure. (Fig. 4). Once the balloon was in�ated, the Doppler spectra con�rmed
a total occlusion of the arterial. In the control group, we performed extracorporeal compression by gauze locally.
Especially, the operator was the same person, and the similar degree of force the operator uses to press the gauze.

2.4 Data collection

We collected the physiologic parameters in real-time by using the TranStarR Pressure Monitoring System. Parameters
measured included systolic pressure (SP), diastolic pressure (DP), and heart rate (HR). And we obtained the maximum
depth of anechoic zone in the abdominal cavity by ultrasound at baseline (T1), free bleeding for the 30s (T2), bleeding
for 10min (T3), bleeding for 30min (T4). To con�rm the effect of gross pathology, the swine were sacri�ced by deep
anesthesia and air embolism after T4. We opened the abdominal and retroperitoneum to identify the rupture and
bleeding of the iliac artery. The bleeding mass was measured by the weight of the hemostatic gauze. We took the
muscle tissue in the same part of the right lower limb for pathological samples by using a 16-gauge core needle
biopsy in T1 and T4. These tissues were soaked in 10% normal buffered formalin immediately for one week, and then
dehydrated with ethanol and embedded in para�n. The 4-μm-thick muscle sections were stained with HE and the
pathological changes of muscle tissue were observed under the light microscope.

2.5 Statistical Analysis

We assessed all data for normality and presented as means ± standard error of the mean. Statistical analysis was
performed using SPSS19.0 (SPSS, Chicago, IL, USA) and graphs were generated using the GraphPad Prism 8
(GraphPad Software, San Diego, CA, USA). P < 0.05 was considered statistically signi�cant. The homogeneity of the
baseline values of swine and the total blood loss between the two groups were checked via independent t-tests.
Besides, to determine the statistical signi�cance of differences in a series of indicators (SP, DP, HR, maximum depth of
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anechoic zone) between REBOA and gauze, we adopted a repeated-measures ANOVA (RMANOVA) for analysis, with
time as the within-group factor and treatment as the between-group factor. And to protect against Type I errors of the
RMANOVA, the degrees of freedom were corrected using the Greenhouse-Geisser method when sphericity assumptions
were not upheld. If there was a signi�cant group*time interaction, indicating that the groups in the analysis
demonstrated signi�cantly different time courses, post-hoc analyses were performed using one-way ANOVAs at each
time point in the within-group.

3 Results
3.1 Baseline Data

We recruited 12 swine for this study while one swine in the control groups was excluded because major bleeding
occurred during puncture due to carotid artery tortuosity. Eventually, eleven swine were included in the �nal sample. All
the general physiological conditions were statistically similar between the two groups in T1, including weight
(14.08±1.28kg VS 14.10±0.10kg, P=0.541), SP (121.17±11.51mmHg VS 118.40±12.34mmHg, P=0.710), DP
(91.50±12.05mmHg VS 87.80±15.55mmHg, P=0.712), HR (80.83±6.11bpm VS 82.40±4.28bpm, P=0.642), abdominal
aortic diameter (0.69±0.05cm VS 0.65±0.06cm, P=0.475), and the maximum depth of the anechoic zone in the
abdominal cavity (0.07±0.08cm VS 0.12±0.13cm, P=0.230). Detailed statistics are reported in Table 1.

Table 1. Sample characteristics at baseline (Mean±SD).

Group Number  Weight     
(kg)

Abdominal
Aortic
Diameter    
(cm)

Systolic
Pressure     
(mmHg)

Diastolic
Pressure  
(mmHg)

Heart
Rate       
(bpm)

Maximum
Depth of
Anechoic
Zone      
(cm)

Intervention
group

6 14.08±1.28 0.69±0.05 121.17±11.51 91.50±12.05 80.83±6.11 0.07±0.08

Control
group

5 14.10±0.10 0.65±0.06 118.40±12.34 87.80±15.55 82.40±4.28 0.12±0.13

T values   0.024 1.144 0.384 0.381 0.481 0.830

P values  0.541 0.475 0.710 0.712 0.642 0.230

3.2 Analyzing the factors in the intervention group

During the process to establish the model, hemorrhagic shock appeared in the intervention group after puncturing the
right iliac artery. Including BP fell from 121.17±11.51mmHg at T1 to 83.00±16.64mmHg at T2 (P =0.000), DP fell from
91.50±12.05mmHg at T1 to 60.17±16.76mmHg at T2 (P =0.000), HR increased from 80.83±6.11bpm at T1 to
101.50±5.39bpm at T2 (P =0.000), and the maximum depth of anechoic zone in the abdominal cavity increased from
0.07±0.09cm at T1 to 2.32±0.25cm at T2 (P =0.000). After measurement was done at T2, we performed REBOA under
portable ultrasound guidance. SP and DP increased to 97.17±11.92 mmHg (T2 vs T3, P =0.040) and
66.67±12.34mmHg ( T2 vs T3, P=0.214) at T3 respectively. HR and the maximum depth of the anechoic zone
increased to 111.83±7.39bpm (T2 vs T3, P =0.001) and 3.10±0.41cm (T2 vs T3, P =0.001) at T3. Then, SP, DP, and HR
became stable in T4 at 97.50±9.29mmHg (T3 vs T4, P =0.846), 67.67±10.78mmHg (T3 vs T4, P =0.518), and
113.83±5.49bpm (T3 vs T4, P =0.352), respectively. Yet the maximum depth of the anechoic zone in the abdominal
cavity slightly increased to 3.50±0.36cm at T4 (T3 vs T4, P =0.000). Detailed statistics are reported in Tables 2 and 3.
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3.3 Analyzing the factors in the control group

Hemorrhagic shock also appeared in the control group after establishing the model. BP fell from 118.40±12.34mmHg
at T1 to 85.40±13.65mmHg at T2 (P =0.000), DP fell from 87.80±15.55mmHg at T1 to 56.20±7.40mmHg at T2 (P
=0.004), HR increased from 82.40±4.28bpm at T1 to 103.20±3.70bpm at T2 (P =0.000), and the maximum depth of
anechoic zone in the abdominal cavity increased from 0.12±0.13cm at T1 to 2.46±0.25cm at T2 (P =0.000). After
performing extracorporeal compression by gauze locally, SP kept falling to 71.20±6.18mmHg at T3 (T2 vs T3, P
=0.016), and then to 62.40±3.44 mmHg at T4 (T3 vs T4, P =0.003). Similarly, DP decreased to 43.80±5.63mmHg at T3
(T2 vs T3, P =0.000), and further to 35.00±3.39mmHg at T4 (T3 vs T4, P =0.001). HR increased signi�cantly to
122.00±4.53bpm at T3 (T2 vs T3, P =0.000) and then to 132.40±3.98 bpm at T4 (T3 vs T4, P =0.000). The maximum
depth of the anechoic zone kept increasing to 4.12±0.24cm at T3 (T2 vs T3, P =0.000) and further to 5.14±0.35cm at
T4 (T3 vs T4, P =0.000). Detailed statistics are reported in Tables 2 and 3.

3.4 Analyzing the factors between groups

The RMANOVA of SP revealed a main effect of group (F = 5.732, P = 0.040), a main effect of test time (F = 145.103, P
= 0.000), and a signi�cant group * test time interaction (F = 34.081, P = 0.000). For DP, it indicated a main effect of
group (F = 6.547, P = 0.031), a main effect of test time (F =89.259, P = 0.000), and a signi�cant group * test time
interaction (F = 16.121, P = 0.000). For HR, it indicated a main effect of group (F =7.419, P = 0.023), a main effect of
test time (F =549.658, P = 0.000), and a signi�cant group * test time interaction (F = 26.597, P = 0.000). And for the
maximum depth of the anechoic zone, it also indicated a main effect of group (F =27.742, P = 0.000), a main effect of
test time (F =976.212, P = 0.000), and a signi�cant group * test time interaction (F = 40.568, P = 0.000). Detailed
statistics are reported in Tables 2 and Fig. 5.

Table 2. The changes in hemodynamic and physiological parameters in the intervention group and control group at
different times.
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Group/time Systolic
Pressure     
(mmHg)

Diastolic
Pressure  
(mmHg)

Heart
Rate       
(bpm)

Maximum Depth of
Anechoic Zone       (cm)

Intervention group        

T1 121.17±11.51 91.50±12.05 80.83±6.11 0.07±0.09

T2 83.00±16.64 60.17±16.76 101.50±5.39 2.32±0.25

T3 97.17±11.92 66.67±12.34 111.83±7.39 3.10±0.41

T4 97.50±9.29 67.67±10.78 113.83±5.49 3.50±0.36

Control group        

T1 118.40±12.34 87.80±15.55 82.40±4.28 0.12±0.13

T2 85.40±13.65 56.20±7.40 103.20±3.70 2.46±0.25

T3 71.20±6.18 43.80±5.63 122.00±4.53 4.12±0.24

T4 62.40±3.44 35.00±3.39 132.40±3.98 5.14±0.35

Time (P values)             
[Time (F values )]

0.000*

[145.103]

0.000* 
[89.259]

0.000*

[549.658]

0.000*

[976.212]

Group (P values)               
[Group (F values)]

0.040*

[5.732]

0.031*

[6.547]

0.023*

[7.419]

0.000*

[27.742]

Time * Group (P values)

[Time * Group (F values)]

0.000*

[34.081]

0.000*

[16.121]

0.000*

[26.597]

0.000*

[40.568]

The asterisk (*) represents signi�cant differences at p < 0.05.

T1: at baseline, T2: free bleeding for the 30s, T3: bleeding for 10min, T4: bleeding for 30min.

 

Table 3. Compared with the previous time point in the within-group by using one-way ANOVAs.
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Group/P
values

Systolic Pressure     
(mmHg)

Diastolic Pressure  
(mmHg)

Heart Rate       
(bpm)

Maximum Depth of Anechoic
Zone       (cm)

Intervention
group

       

P (T1 vs T2) 0.000* 0.000* 0.000* 0.000*

P (T2 vs T3) 0.040* 0.214 0.001* 0.001*

P (T3 vs T4) 0.846 0.518 0.352 0.000*

Control
group

       

P (T1 vs T2) 0.000* 0.004* 0.000* 0.000*

P (T2 vs T3) 0.016* 0.000* 0.000* 0.000*

P (T3 vs T4) 0.003* 0.001* 0.000* 0.001*

The asterisk(*) represents signi�cant differences at p < 0.05.

T1: at baseline, T2: free bleeding for the 30s, T3: bleeding for 10min, T4: bleeding for 30min.

3.5 Ultrasound Manifestation

During the process to establish the model, the artery rapidly collapsed with less blood �ow and the inner diameter of
the artery decreased in the ultrasound image after the puncture of the iliac artery. Color Doppler ultrasound showed
that the iliac vein was compressed and there was no blood �ow signal (Fig. 6).

In the intervention group, we placed the balloon catheter from the left iliac artery to the lower abdominal aorta under
ultrasound guidance. Once the balloon was in�ated Video2 , the blood �ow in the distal abdominal aorta and iliac
artery were signi�cantly reduced or disappeared by color Doppler ultrasound. (Video3, Fig. 7). Via the Doppler
spectrum, we veri�ed that the aorta had occluded with the balloon completely. As the balloon in�ated, the ultrasound
images clearly showed that the maximum depth of the anechoic zone in the abdominal cavity increased slower in the
intervention group than in the control group (Fig. 8).

3.6 Pathologic �nding

After the animals were sacri�ced and the abdominal was opened, huge blood clots in the abdominal and
retroperitoneum were visible. The gross pathological �nding con�rmed the rupture of the right iliac artery (Fig. 9). We
measured total blood loss by quantifying blood clots and blood absorbed by the gauze. The total blood loss of the
intervention group and the control group was 1245.23±190.07g and 2605.63±291.67g respectively. The difference
between the two groups was statistically signi�cant (T=6.768, P=0.002). However, on pathologic assessment, there
was not a signi�cant difference in the muscle tissue of both the intervention group and the control group in T1 and T4
(Fig. 10).

4 Discussions
There are two major contributions to this study. First, we established a swine model of iliac artery hemorrhage using a
16-gauge core needle biopsy to percutaneously puncture the right iliac artery under portable ultrasound guidance. This
method was simple and feasible with a high success rate. Second, we demonstrated the effectiveness of using
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portable ultrasound to guide REBOA for iliac artery hemorrhage. Compared with the traditional method of gauze
compression, portable ultrasound guidance allows real-time visualization of balloon implantation, improving accuracy
and safety. Between T3 and T4, blood pressure and heart rate became stable in the group using portable ultrasound to
guide REBOA; while in the group using gauze compression, blood pressure and heart rate kept deteriorating. Although
there was still a small increase in the maximum depth of the ascites in the abdominal cavity, it may be related to the
simultaneous injury of the iliac vein or surrounding small vessels during the modeling, and the blood �ow in the distal
iliac artery could still �ow out from the incision. REBOA mainly reduces bleeding at the site of iliac artery injury by
blocking the �ow of the abdominal aorta, which has limitations for veins and distal arteries.

REBOA is a minimally invasive procedure that introduces a balloon occlusion catheter via a percutaneous groin
puncture or cutdown of the femoral artery into the aorta to obtain endovascular aortic occlusion[13, 14]. REBOA has
been used clinically for the treatment of abdominal aortic aneurysm and related obstetric diseases[15, 16], but now it
has been widely used for the hemostatic treatment of bleeding at NCTH. In a retrospective cohort study that examined
the association between the treatment of REBOA and mortality in a group of patients with penetrating trauma to the
torso, the odds of death in REBOA group was 78% lower than that in the non-REBOA group (odds ratio [OR] 0.20, 95%CI
0.05–0.77)[17]. But imaging instruments, intra-arterial placement of REBOA is challenging in the pre-hospital settings.
Viktor A et al. placed six sedated male sheep into a low capacity Eurocopter AS-350, and every animal underwent blind
(left side) and ultrasound-guided (US) (right side) vascular access (VA) to the femoral artery followed by REBOA.
Among six blind punctures, one was successful, 2/6 went into the vein, 3/6 completely failed, and switched to US-
punctures (making the total number of US-punctures nine). Eight out of nine US punctures were successful[18].

Our study showed the effectiveness of using portable ultrasound to guide REBOA, which was consistent with previous
kinds of literature. Brede JR et al. [19] performed pre-hospital resuscitation balloon occlusion of an aortic lumen in 10
patients with non-traumatic cardiac arrest guided by ultrasound on a helicopter. The success rate of the �rst
intubation of REBOA was as high as 80%. With the development of portable ultrasound, it has been such an important
imaging instrument in the pre-hospital setting and appeared to have a high sensitivity and speci�city. In the study of
756 patients with severe pre-hospital trauma, pulmonary ultrasound in the pre-hospital setting was found to have
higher diagnostic accuracy for hemothorax and pneumothorax than chest X-ray, and the sensitivity and speci�city of
abdominal ultrasound in detecting peritoneal effusion were 70% and 96% respectively[20]. Portable ultrasound is not
only an effective method to examine intra-abdominal traumatic hemorrhage, also can be used to guide timely
hemostasis by injecting hemostatic agents. Through animal experiments, Li W et al[21] proved that percutaneous
injection of hemocoagulase and α-cyanoacylatee under the guidance of contrast-enhanced ultrasound could achieve
immediate hemostasis for severe closed hepatosplenic rupture hemorrhage with remarkable effect. In the medical
management of heavy casualties and disasters, the injuries of casualties are classi�ed through pre-hospital
ultrasound in hopes of fully utilizing medical resources e�ciently, which realize the rational distribution of medical
resources and save more people[22]. Although using portable ultrasound to guide REBOA for NCTH in the pre-hospital
has been widely recognized to have great potentials, there are not many previous studies that have revealed its
effects. This is a study showing that portable ultrasound is a feasible and effective method to be combined with
REBOA in the pre-hospital setting for iliac artery hemostasis.

This study has several limitations: First, when REBOA is occluded for more than 80 minutes, it can cause severe
vascular paralysis, systemic in�ammation, and lactic acidosis, leading to potentially fatal ischemia of the trunk,
viscera, and spinal cord[11, 23]. However, in this study the intervention was only implemented within 30min after the
swine model of iliac artery hemorrhage was established, and there were no signi�cant changes in histopathology. The
relationship between occlusion time and adverse complications could be further studied in subsequent experiments.



Page 10/19

The possibility and e�cacy of partial REBOA in the pre-hospital setting will also have to be evaluated in future
research[24]. Second, although this study limited the amount of �uid resuscitation supplement to simulate the pre-
hospital setting, its hemostatic effect can be further studied in a pre-hospital setting in subsequent experiments. Last,
in the process of balloon placement, the time required depends on the operator's experience and technology. The
hemostatic effect is also related to the time of balloon placement, so the training of the operator is also essential.

5 Conclusion
Compared with gauze compression for hemostasis, REBOA under portable ultrasound guidance can achieve rapid and
effective hemostasis in the event of injury and bleeding at the junction. As the only imaging instrument that can be
used for diagnosis and treatment in the pre-hospital setting, portable ultrasound could largely improve the accuracy
and effectiveness of REBOA in the hemostasis in the pre-hospital junction. Via ultrasound visualization, it can quickly
locate the bleeding site of the injury, and also help accurately place the balloon in for hemostasis treatment.

Abbreviations List

REBOA Resuscitative Endovascular Balloon Occlusion of The Aorta

CH Compressive Hemorrhage

NCTH Non-Compressive Torso Hemorrhage

HE Hematoxylin and Eosin staining     

SP Systolic Pressure

DP Diastolic Pressure

HR Heart Rate
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Figure 1

The core needle biopsy used in establishing the model. Type: MC1616, gauge size: 16 g, length of sample notch: 1.9
cm.

Figure 2

The balloon used for REBOA. A: The endovascular balloon of aorta occlusion and pressure pump. B: The length of the
balloon is about 60 mm; C: When the pressure inside the balloon is 4 ATM (standard atmospheric pressure), the
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diameter of the balloon is 10 mm.

Figure 3

Study schema.
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Figure 4

The iliac artery was punched and the balloon was placed under portable ultrasound guidance. A: Under ultrasound
guidance, an endovascular balloon was placed at the lower abdominal aorta via the Seldinger technique. The arrow
points to the needle tip. B: The guidewire is carried along the iliac artery. The arrow points to the wire.
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Figure 5

Comparison of SP, DP, HR, and the maximum depth of the anechoic zone over time between two groups. The
RMANOVA of SP, DP, HR, and the maximum depth of the anechoic zone revealed a main effect of group ( all P < 0.05),
a main effect of test time ( all P < 0.05), and a signi�cant group * test time interaction ( all P< 0.05). Compared with
the control group: *P <0.05. In the same group, compared with the previous point in time: #P <0.05.
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Figure 6

Color Doppler ultrasound was used to observe the changes in iliac artery blood �ow before and after modeling. A:
Before modeling, the internal diameter of the iliac artery was 0.31cm. Color Doppler ultrasound showed the blood �ow
of the iliac artery and iliac vein. B: After free bleeding for the 30s, color Doppler ultrasound showed that the artery
rapidly collapsed with less blood �ow and the inner diameter of the artery narrowed. The internal diameter of the iliac
artery was 0.20cm. And color Doppler ultrasound showed that the iliac vein was compressed and there was no blood
�ow signal.

Figure 7

Once the balloon was in�ated, the Doppler spectra con�rmed a total occlusion of the arterial. A: It was the normal
Doppler spectrum of the right iliac artery. B: With the balloon was in�ating, the Doppler spectrum of the right iliac
artery was changed. C: After the balloon in�ated, the Doppler spectra con�rmed a total occlusion of the arterial.
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Figure 8

Comparison of the maximum depth of the anechoic zone in the abdominal cavity between the two groups at T4. A:
The maximum depth of the anechoic zone in the abdominal cavity was 2.96cm, which was measured by portable
ultrasound. B: In the control group, the maximum depth of the anechoic zone in the abdominal cavity was 5.23cm.

Figure 9

The gross specimen of the common iliac artery and huge blood clots. A: The gross specimen of the abdominal aorta
and bilateral iliac artery. The arrow points to the rupture of the right iliac artery. B: After the animals were sacri�ced
and the abdominal was opened, huge blood clots in the abdominal cavity were visible. C: Huge blood clots in the
retroperitoneum were visible. D: One of the abdominal cavity blood clots.

Figure 10
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The muscle sections were stained with HE and the pathological changes of muscle tissue were observed under the
light microscope in T1 and T4. A: The histopathological image of the right lower limb muscle in T1(10x). B: In the
intervention group, no signi�cant changes were observed in the same part of the right lower limb in T4 (4x).
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