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Background: With the development of ultrasonic diagnostic techniques in recent years, ultrasound-
guided placement of inferior vena cava (IVC) filters has been widely used in clinics, and satisfactory results 
have been achieved. Our study aims to observe the accuracy of hand-carried ultrasound-guided retrievable 
vena cava filter placement, evaluate the feasibility and safety of this new method, and provide a scientific 
and effective interventional method and clinical data to prevent acute pulmonary embolism (PE) after battle 
injury of limbs. 
Methods: Two hundred patients with post-traumatic thrombosis of the extremities were enrolled. The 
renal vein was located under the guidance of hand-carried ultrasound. The retrievable filter was fixed  
1–2 cm below the opening of the renal vein. The self-expanding filter was used after the filter’s position was 
confirmed by injecting the contrast agent under the digital subtraction angiography (DSA) fluoroscopy. 
Results: All the 200 patients underwent the operation successfully. The position of the hand-carried 
ultrasound localizer was consistent with the DSA localizer. All the filters were expanded smoothly. No 
complications related to the operation occurred. 
Conclusions: The study concluded that the hand-carried ultrasound-guided retrievable vena cava filter 
placement has a high success rate and can prevent acute PE after limbs’ battle injury.

Keywords: Portable ultrasound; digital subtraction angiography (DSA); retrievable inferior vena cava filter

Submitted Feb 22, 2021. Accepted for publication Apr 13, 2021.

doi: 10.21037/atm-21-1290

View this article at: http://dx.doi.org/10.21037/atm-21-1290

Introduction

Catastrophic earthquakes, highway accidents, and modern 
wars can produce many casualties in a short period and have 
a very high mortality rate, of which limb injury is the most 
common cause of death (1,2). Trauma is a high-risk factor 
for thrombosis in the lower extremities, and studies have 

shown that traumatic thrombosis occurs in 2.5% to 55% (3). 
Pulmonary embolism (PE) is a common complication of 
thrombosis (4) and is the leading cause of death among the 
many injured (5). PE was found in 72% to 82% of patients 
with lower limb thrombosis, and PE was found in 34% to 
58% (6) of patients with lower limb thrombosis. Inferior 
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vena cava (IVC) is medical device that has been widely used 
an effective measure to prevent PE in the clinic in recent 
years. It has been proved to greatly reduce the morbidity 
and mortality of PE (7). For most patients with Limb 
Trauma, the risk of handling is significantly increased, 
says Stearley (8). Complications, including vital sign 
disorders and cardiac arrest, may occur during transport 
in 15.5% of patients (8). At present, we usually place 
IVC filters under the X-ray location, but because of the 
huge equipment, expensive, and cannot meet the patients 
who cannot move the limbs of the need for diagnosis and 
treatment. With the development of ultrasonic diagnostic 
techniques, ultrasound-guided placement of IVC filters has 
been widely used in clinics, and satisfactory results have 
been achieved (9,10). The appearance of a hand-carried 
ultrasonic diagnostic instrument provides the possibility to 
solve the limitation of the vena cava filter used in battlefield 
first aid, earthquake, and disaster rescue. In this study, we 
evaluated the safety and efficacy of a novel, hand-carried 
ultrasound diagnostic instrument, which was more portable 
and had higher resolutions compared to previous models, 
in retrievable vena cava filter placement. A total of 200 
patients were admitted to our hospital and treated with a 
hand-carried ultrasound-guided retrievable vena cava filter 
after thrombosis injury. To explore the safety and feasibility 
of hand-carried ultrasound-guided retrievable vena cava 
filter placement to prevent acute PE after battle trauma of 
limbs.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-21-1290).

Methods

Study subjects

From June 2018 to June 2020, 200 patients who were 
admitted to our hospital and the medical conjoined hospital, 
and underwent IVC filter implantation were enrolled. All 
patients were diagnosed with lower limb thrombosis (DVT) 
by ultrasonography, including 108 males and 92 females, 
aged 24 to 56, with an average age of 41±3.24. There were 
68 cases of the left lower limb and 132 cases of the right 
lower limb.

Inclusion criteria: (I) there were contraindications to 
anticoagulant therapy or severe bleeding complications after 
anticoagulant therapy; (II) PE still occurs after anticoagulant 
therapy; (III) venous thrombectomy includes direct catheter 

thrombolysis and thrombolysis of the dorsalis pedis vein 
and via arterial route before thrombectomy; (IV) residual 
thrombosis after the first PE; (V) free and suspended 
massive thrombus were found in the deep venous system 
of the lower extremity; (VI) patients with or likely to have 
unilateral lower extremity thrombosis, including fractures 
of the lower extremities and severe trauma to the pelvis.

Exclusion criteria: (I) severely obese persons without 
access to renal vein openings and blood flow detected 
by portable ultrasound; (II) patients with severe renal 
dysfunction whose glomerular filtration rate ≤15 mL/min 
or severe allergy cannot be treated with iodinated contrast 
medium; (III) X-ray intolerance in pregnant women.

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
ethics committee of Chinese PLA General Hospital and 
informed consent was taken from all the patients.

Instruments and operation

Instruments
GE VSCAN 2.0 Dual Probe portable color doppler 
ultrasound was used for ultrasound guidance. According 
to various parts of the body, the Probe frequency was 3–5 
and 6–12 MHz. Digital subtraction angiography (DSA) was 
used for Siemens Angiostar digital subtraction angiography. 
Advanced Technology Aegisy VENA CAVA filter and 
delivery system, filter components are bracket, umbrella, 
connecting rod, and hook-shaped part.

Operation
IVC filter implantation in patients with lower extremity 
venous thrombosis: the patient was placed in a supine 
position on a catheter bed. The renal veins were examined 
by portable ultrasound to determine the left and right renal 
veins’ position. The IVC diameter was measured (Figure 1) 
and was marked on the surface of the body.

The popliteal vein, femoral vein, ILIAC vein, bilateral 
renal vein, and IVC bifurcation were observed. After 
successful local anesthesia, the sendinger technique was 
used to insert the guidewire into the IVC via the femoral 
vein under portable ultrasound monitoring. The guidewire 
was fed into a conveyor (Figure 2). The guidewire was sent 
to the vena cava segment between the renal vein and the 
IVC, which confirmed the guidewire was in the IVC.

After the guidewire was fed into the 6F sheath tube, 
the transmissible filter’s tip was implanted into the renal 
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vein’s beginning under ultrasound guidance. The filter’s 
location was determined by the development of the portable 
ultrasound filter (Figure 3). The filter was fixed 1–2 cm 
below the renal vein opening.

The renal vein opening, and filter implantation were 
reconfirmed by injection of contrast medium under 
the fluoroscope of DSA. If the filter is not placed in 
the predetermined position, the filter will be adjusted 
under the X-ray to re-adjust to the distal end of 1–2 cm 
below the renal vein’s opening. After the filter position is 
determined again, the sheath tube is pushed back, and the 
filter is expanded by itself (Figure 4). Withdrawal of the 
sheath and delivery catheter and press the puncture point 
for 5–10 min.

Statistical analysis

Statistical method
All data were entered into the EPIDATA database by 
an expert. The statistical software SPSS 17.0 was used 
for statistical analysis. The mean ± standard deviation 
expresses the measurement data (x±s). A paired sample 
t-test conducted the comparison within the group. 
An independent sample t-test was used for intergroup 
comparison. P<0.05 was statistically significant.

Sample size calculation
The research group conducted basic research and pre-
clinical research results, sample size calculation. At α=0.05 
level, to achieve 80% efficacy, 132 patients need to be 
enrolled in the study group. In this study, 200 eligible cases 
were included, and the corresponding efficacy was 95%.

Figure 1 Ultrasound localization of the inferior vena cava and 
renal vein. IVC, inferior vena cava; RRV, right renal vein; LRV, left 
renal vein. RK, right kidney; LI, liver.

Figure 4 Release after DSA determines the filter position. DSA, 
digital subtraction angiography.

Figure 2 Ultrasound-guided wire development. IVC, inferior vena 
cava; F, filter.

Figure 3 Filter placement. IVC, inferior vena cava.
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Results

Comparison of general clinical data

A total of 400 patients were studied, including 164 males 
(41.0%) and 236 females (59.0%). Average age: 62.05±14.29. 
The average BMI was 21.43±1.45 kg/m2. In the observation 
group, there were 200 patients, 80 men (40.0%), the 
average age was 61.42±14.28 years old. The control group 
consisted of 200 patients (84 males, 42.0%), with an average 
age of 62.68±14.82. There were no significant differences in 
sex, age, BMI, course of the disease, and Aptt between the 
two groups (P>0.05, Table 1).

Comparison of operation conditions between two groups

The results showed that the control group’s operation time 

was significantly longer than that in the control group 
(t=−18.961, P<0.001), and there is no X-ray radiation and 
contrast medium injections in the observation group. There 
was no significant difference in puncture times and puncture 
site hematoma between the two groups (P>0.05). The 
results showed no significant difference in the postoperative 
complications between the two groups (χ2=0.080, P=0.778). 
The incidence of liver and kidney function damage in the 
control group was significantly greater than that in the 
Observation Group (χ2=11.311, P=0.001, Table 2).

Comparing the filter condition, blood vessel patency, and 
limb circumference difference between two groups at 1, 4, 
and 14 d after the operation

The results showed that: 1, 4, 14 days after the operation, 

Table 1 Comparison of general clinical data [n (%)]

Characteristic Observation group Control group t/χ2 P

Male, n (%) 80 (40.0) 84 (42.0) 0.165 0.684

Age (yeas) 61.42±14.28 62.68±14.82 −0.869 0.385

BMI (kg/m2) 21.40±1.95 21.46±1.87 −0.314 0.754

Course of disease (d) 1.96±0.13 2.17±0.15 −1.563 0.119

APTT (s) 30.55±1.94 30.52±1.93 0.155 0.877

APTT, activated partial thromboplastin time.

Table 2 Comparison of operation conditions between two groups [n (%)]

Operation conditions Observation group Control group t/χ2 P

Hematoma at puncture site, n (%) 0.841 0.359

Yes 4 (2.0) 7 (3.5)

No 120 (60.0) 116 (58.0)

X-ray radiation, n (%) 400 <0.001

Yes 0 200 (100.0)

No 200 (100.0) 0

Contrast medium, n (%) 400 <0.001

Yes 0 200 (100.0)

No 200 (100.0) 0

Number of punctures 1.09±0.45 1.20±0.76 −1.689 0.092

Length of operation (min) 29.14±2.19 40.04±7.63 −18.961 <0.001

Pulmonary embolism, n (%) 6 (3.0) 7 (3.5) 0.080 0.778

Impairment of liver and kidney function, n (%) 0 11 (5.5) 11.311 0.001
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the filter condition, the degree of vascular patency, and 
the difference of peripheral diameter of venous embolism 
were compared between the two groups, and there were 
no significant differences between the two groups in 
the scores of venous patency, the proportion of vena 
cava thrombosis, the difference of limb circumferential 
diameter and the condition of filter (P>0.05). In each 
group, with time, the venous patency scores and the 
difference of limb circumference of venous embolism 
decrease difference was statistically significant (P<0.05). 

There was no significant difference in the proportion of 
thrombus in vena cava and the filter condition between the 
two groups (P>0.05, Figures 5,6).

Comparison of Vascular Patency at 1, 2, 3, and 6 m after 
operation between two groups

The vascular patency of 1, 2, 3, and 6 m after the operation 
was compared between the two groups. The results showed 
that there was no significant difference between the two 

Figure 5 Comparison of various parameters at different time points. (A) Venous patency score; (B) thigh circumference difference; (C) crus 
circumference difference and (D) upper limb circumference difference.

Figure 6 Comparison of the incidence of postoperative conditions at different time points. (A) Vena cava thrombosis, (B) underposition of 
filters, (C) filter shift and (D) filter inclination.
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groups (P>0.05). The pulse patency score of each group 
decreased with time. There were significant differences 
between the two groups except for 3 and 6 m (P<0.05). 
There was no significant difference in the proportion of 
thrombus formation and the filter size between the two 
groups over time (P>0.05, Figures 7,8).

Discussion

DVT is one of the most common diseases after limb trauma. 
The incidence of venous thrombosis in the lower extremities 
after an earthquake is 11% (11). Cheng et al. (12) reviewed 
352 cases of limb war wounds and 15 cases of death from 
1968 to 2002 in the People’s Liberation Army 303 hospital. 
The results showed that acute PE was the second cause of 
death after acute kidney failure, and 40–70% of PE occurred 
within 1 week after trauma (i.e., high-risk period of PE).

With the development of modernization and technology 
of weapons and equipment, severe limb battle injury is 
further increased. Acute PE, the most common DVT 
complication, has a high mortality rate (13,14). The current 
clinical prevention of acute venous thrombosis of the 
limbs caused by PE methods includes drug prevention and 

mechanical prevention. Anticoagulant and thrombolytic 
drugs are the main drugs for drug prevention, but most 
war wounds of limbs are complicated with open injury, 
bleeding injury, or crush injury. Instrumental prophylaxis 
involves using a vena cava filter to block blood clots 
from entering the pulmonary artery and causing a fatal 
PE. The vena cava filter can significantly reduce the 
incidence of a PE caused by thrombus detachment. 
Rosenthal et al. (15) studied 94 patients with lower 
extremity venous thrombosis after multiple traumas. 
Using retrievable IVC filters significantly reduced the 
incidence of complications during hospitalization in 
critically ill patients, and only 1 patient (1%) in the 
study had a complication of PE. Passman et al. (16)  
showed that the success rate of IVUS combined with 
transabdominal ultrasound was 97.7% (425/486 cases). 
Gilbert Aidinian et al. (17) have found that injuries to limbs 
from explosions and high-speed debris are common in the 
current war on terror. Lower limb thrombosis incidence 
after military trauma is significantly higher than the general 
population, and the condition is more complicated, often 
accompanied by complications including hemorrhagic 
shock, fracture, and kidney failure. All patients need 
repeated surgery and long-term rehabilitation treatment, 
seriously affecting the quality of life. For these patients, 
IVUS + ultrasound implantation’s safety and effectiveness in 
the vena cava filter are recognized from early transportation 
inconvenience. Ganguli et al. (18) retrospectively compared 
117 patients with IVUS filter implantation and 571 patients 
with X-ray filter implantation. The former’s incidence of 
adverse reactions was 4.3% (4 cases with filter dislocation 
and 1 case with filter tilt). The latter’s incidence was 
0.6% (1 case of malposition and 1 case of inclination). 
After 463 days of follow-up, there was no difference in 
the incidence of complications between the two groups, 
so the ultrasound-guided filter implantation is feasible. 
However, IVUS equipment is too expensive, has not been 
widely used in China, the corresponding technology has 
fewer doctors, does not meet China’s national conditions, 
and cannot be popularized in China. So, we try to use 
the portable ultrasound directly, under the guidance of 
ultrasound, to identify thrombus, renal vein, and IVC, 
implanted retrievable IVC filter, the same effect, and the 
cost is significantly reduced. Amankwah et al. (19) have 
studied the implantation of a biphasic ultrasound-guided 
filter through the abdomen, the success rate is higher, this 
large-scale ultrasound machine can guide the situation of 

Figure 7 Comparison of venous patency scores at different time 
points.

Figure 8 Comparison of the incidence of vena cava thrombosis at 
different time points.

Comparison of the incidence of vena cava thrombosis at different time points
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the blood vessel and filter more highly, but the ultrasound 
machine occupies a larger area, affected by the hospital 
ward environment. Many hospitals in the country cannot 
achieve this, and portable ultrasound can be a satisfactory 
solution. Killingsworth et al. (20) performed a prospective 
study on 104 critically ill patients. The filter was implanted 
into the IVC by bedside ultrasound and intravascular 
contrast-enhanced ultrasound. The results showed that 
3 patients had improper filter positioning, 2 patients 
had filtered inclination greater than 15, 1 patient had an 
arteriovenous fistula, and the 30-day mortality was 5.5%. 
A single-center, 5-year follow-up study by the American 
College of Vascular Surgeons (21) showed 398 patients 
underwent bedside ultrasound + IVUS guided vena cava 
filter implantation, 262 of those who had anticoagulant 
contraindications, and 12 of whom developed perioperative 
complications including arteriovenous fistula, secondary 
thrombosis, local hematoma, filter tilt, and so on. The first 
100 cases had 7% operative complications, and the last 100 
cases had only 2%. In this study, only 1 patient had a poor 
filter position, which was slightly adjusted under X-ray. 
The reduction of complications was considered, which 
was related to the operator’s skill and the complexity of 
the disease. In this study, only 1 patient with lower limb 
thrombosis was simple; no death occurred within 30 days, 
all patients were discharged. According to the randomized 
controlled trial, critical care patients have a 10% increased 
risk of thrombosis and PE even after routine anticoagulant 
therapy. The study of vena cava filter implantation is more 
important for critically ill patients, but ultrasound-guided 
filter implantation is still a blank in China.

X-ray is a conventional and classical method to guide 
an IVC filter (22,23). It has the advantages of accuracy and 
intuitionistic and is widely used in the clinic. However, 
this method has the following disadvantages: (I) the DSA 
machine’s body is large and fixed, so it cannot be moved 
according to the need to apply to the first-aid places; (II) 
DSA machines are expensive. Even though only a few of 
them are available in top hospitals, they cannot meet the 
needs of large-scale Mass Limb Warfare Trauma; (III) 
DSA requires a high-intensity continuous AC power 
supply, limited in the first-aid places. Most of the limb 
battle trauma is associated with crush injury or acute renal 
injury caused by insufficient perfusion of blood. The iodine 
contrast medium is contraindicated.

To sum up, portable ultrasound has the following 
advantages: (I) small volume, lightweight, flexible and 
convenient use can be operated in a single palm, according 

to the need to move its position in the first aid sites; (II) 
self-contained rechargeable battery, no external power 
supply, not affected by the power of advanced first-aid sites; 
(III) cheap, only 1/20 of the price of DSA machine; (IV) it 
should be wide range: ultrasound-guided vena cava filter 
implantation without contraindication can be applied to 
the patients with contraindication of X-ray guidance and 
unsuitable for X-ray guidance, including the patients with 
contrast agent allergy, renal insufficiency, and severe disease.

This study is the first to study the feasibility of portable 
ultrasound-guided retrievable vena cava filter implantation 
to prevent acute PE after limb trauma and the prevention 
of acute PE after limb trauma. It supplies a scientific and 
effective intervention method and clinical data to prevent 
PE under simple conditions, including the front-line first-
aid sites. The portable ultrasound-guided retrievable vena 
cava filter implantation can be used in battlefield first aid, 
earthquake, and disaster rescue, reducing the incidence of 
a PE caused by high energy injury and improving patients’ 
survival rate after limb trauma.

This study has some limitations; the sample size is limited, 
whether it can be extended in clinical need of a larger 
scale, more disease research. Secondly, the subjects selected 
in this study are non-obese people. A study by Qin (24)  
showed that the renal vein’s transabdominal ultrasound 
might be influenced by abdominal gas, obesity, vascular 
malformation, etc. However, studies by Liu et al. (25) have 
shown obesity has no significant effect on ultrasound-guided 
IVC implantation. There is a similar problem with portable 
ultrasound; whether the ultrasound-guided retrievable vena 
cava filter implantation in patients with flatulence, abdominal 
wall edema, obesity, and vascular malformation has a 
significant deviation from its position needs further study.

The success rate of portable ultrasound-guided 
retrievable vena cava filter implantation was like that of 
X-ray-guided implantation, but there was no significant 
difference. It is proved the portable ultrasound-guided 
retrievable Vena cava filter implantation is safe and feasible 
to prevent acute PE after battle injury of limbs.
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