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Abstract
Endovascular therapy has been the first option for many vascular diseases. Due to the increasing development of endovascular
devices and techniques in recent decades, endovascular procedures could be applied in treating those cases with complex
anatomy. Two or three vascular access routes are required to establish through-and-through access in endovascular therapy for
arterial occlusive disease and complex aortic aneurysm. Guidewire snaring with a snare kit is essential but sometimes time-
consuming in the establishment of through-and-through access. To simplify the procedure, we design the magnetic kissing
guidewire (MKG) with a magnetic tip that attracts each other to establish a guidewire route that meets the needs of clinical
practice.We conducted the in vitro test to evaluate its magnetic force and the in vivo test to assess its performance in the arteries of
twelve sheep. The results revealed that this novel guidewire significantly simplified the establishment of through-and-through
access.
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Abbreviations
AAA Abdominal aortic aneurysm
CTO Chronic total occlusion
F (size) French
MKG Kissing guidewire
N-pole North-pole
N (unit) Newton
PTFE Polytetrafluoroethylene
PAD Peripheral arterial disease
SAFARI Antegrade-retrograde intervention
S-pole South-pole

Introduction

Endovascular techniques are increasingly used in challenging
and complex anatomical situations [1, 2]. Multiple access
routes, a variety of guidewires, or hybrid techniques are in-
volved in these procedures [3]. Although intraluminal cross-
ing is the best approach for endovascular revascularization in
patients with chronic total occlusion (CTO) of the iliofemoral
artery, subintimal crossing partially and guidewire crossing
through two different arterial accesses are alternative ways
in some cases with challenging anatomic characteristics [4].
Besides, establishing a guidewire route through the left bra-
chial artery access and the femoral artery access for gate can-
nulation is required in some cases with severe tortuous ab-
dominal aortic aneurysm (AAA) before placement of iliac
limb in the procedure of endovascular repair of the aneurysm
[5]. In the situations mentioned above, through-and-through
access is created via loop snare over the guidewire and retriev-
al from the arterial sheaths, which sometimes can be time-
consuming.

In recent years, magnetic materials have been used in many
operations [6, 7]. Therefore, we envisaged the creation of the
guidewire with a magnetic tip that can quickly and efficiently
establish a guidewire route through two arterial accesses by
the mutual attraction of the two guidewires. In this article, we
introduced and tested the safety and feasibility of this
guidewire.
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Materials and Methods

Design of a Magnetic Guidewire

Since these guidewires quickly establish a safe working route
through a mechanism of magnetic tip attraction to each other,
we define this device as magnetic kiss guidewire (MKG). The
structure of the guidewire mainly includes the main body of
the guidewire, a magnetic tip, and the bonding material, as
shown in Fig. 1. The main body is a superhard 0.038-in.
guidewire that contains a core wire made of SUS304 stainless
steel. The radiopaque part is made of platinum-nickel alloy
and coated with polytetrafluoroethylene (PTFE). The magnet-
ic tip is composed of a piece of cylindrical NdFeB N50 ma-
terial with a diameter of 1.4 mm and a length of 4.2 mm,
which is suitable for a 6-F or larger catheter. The polarity of
the tip determines the pole of the guidewire. As a result, each
guidewire kit consists of one wire with a North-pole (N-pole)
tip and one with a South-pole (S-pole) tip. The magnetic tip is
tightly connected to the head end of the guidewire body by
Loctite M-31CL, a medical epoxy resin AB glue.

In Vitro Study

Professional testing institutions determined the specific phys-
ical, chemical, and biological properties of the guidewire, and
the in vitro test we performed here was mainly to evaluate
those parameters related to the effects of the device during
the endovascular procedure. The kissing distance is a thresh-
old that two different magnetic tips attract and finally connect-
ed without additional assistance. The separation force refers to
the minimum strength that can successfully separate the con-
nected guidewires. The kissing distance and the separation
force were measured several times using a scale and digital
dynamometer. The average kissing distance and separation
force were obtained. Additionally, we tested whether the
kissing force could tolerate the resistance generated by the
hemostatic valve of the sheath. The whole in vitro test was
manually performed on the smooth surface of the desk.

In Vivo Study

Animals and Anesthesia

The safety and feasibility tests of the MKGwere performed in
sheep models. We chose a group of adult sheep of similar

varieties containing both genders. The sheep had an average
age and weighed 50–60 kg. Twelve sheep were randomly
divided into groups A and B, and then general anesthesia
was performed. After anesthesia was induced with Rompun
(2.2mg/kg) and zoletil (6mg/kg), oral endotracheal intubation
was performed. The maintenance of anesthesia was continued
using ketaminol (4 g/1000 ml) and fentanyl (0.5 mg/1000 ml)
at a rate of 8 ml/kg/h [8]. Blood pressure and heart rate were
monitored in real time during the operation. The left brachial
artery and one side of the femoral artery were prepared in
group A, and the bilateral femoral artery was prepared in
group B. Systemic heparinization was administered and the
activated clotting time was controlled between 250 and 300 s.
At the termination of the procedure, during anesthesia, the
animals were sacrificed by an intravenously injected potassi-
um chloride. The animal arteries, including the distal abdom-
inal aorta and bilateral common iliac artery, were obtained for
pathological examination and to evaluate the injury extent of
the arterial wall.

Test Procedure

Due to the incompatibility of the guidewire’s main body with
the 6-F catheter used in the experiment, there was blood leak-
age, and we, therefore, assembled a kissing guidewire kit. The
kit includes a 6-F guiding catheter, a Y-shaped hemostasis
valve, a tee valve, and a piece of magnetic guidewire. This
kit was used to assist in the kissing process of the magnetic
tips and to reduce blood leakage around the guidewire.

The right femoral artery and left brachial artery were sur-
gically exposed and were punctured retrogradely with modi-
fied Seldinger technique in group A. The bilateral femoral
arteries were exposed and punctured in group B. 7-F short
sheaths were placed subsequently to establish the vascular
accesses. In group A, we advanced a 5-F pigtail catheter over
guidewire from the femoral access to perform angiography to
evaluate the anatomy of the abdominal aorta. The S-pole mag-
netic guidewire inserted through the brachial access was
attempted to attract the N-pole guidewire inserted through
the femoral access at the level of the renal artery. After the
kissing of the tips was achieved, the connected guidewires
were withdrawn into the anterograde or retrograde catheter,
externalizing the guidewires from the sheaths to establish
through-and-through access. In group B, a pigtail catheter
was inserted from any side of the femoral access to perform
angiography to evaluate the anatomy of the distal abdominal

Fig. 1 Structure of the magnetic kissing guidewire
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aorta and iliac arteries. The guidewire kits were then advanced
from the two femoral accesses and were attempted to attract at
the level of one side of the common iliac artery. Following
successful kissing, the guidewires were drawn into one cath-
eter and were pulled out to establish through-and-through ac-
cess. The performance of the kissing guidewire and its com-
patibility with the 6-F guiding catheter were evaluated in the
experiment and the operation time was recorded. At the end of
the procedure, we performed angiography to determine
whether there were complications, such as arterial rupture,
dissection, and thrombosis.

Measurement of Kissing Distance and Force

During the procedure, we measured the kissing distance
based on dynamic digital subtraction angiography images.
Once the guidewires had kissed successfully, we connect-
ed a digital dynamometer to one side of the guidewire to
obtain the separation force value. Additionally, we per-
formed another procedure of withdrawing the kissed wires
through the 7-F sheath to observe whether the attractive
force could withstand the resistance of the 7-F sheath
hemostasis valve.

Results

In Vitro Test of MKG

We successfully constructed the MKG, as shown in Fig. 2.
After ten times of tests, the average kissing distance of the
guidewire was determined to be 0.65 cm. When the distance
between the two tips was less than 0.65 cm, they kissed each
other automatically. The average force required to separate the
connected guidewires was 0.7 Newton (N). The resistance
generated by the hemostatic valve of the short sheath was
0.5 N, and the attractive force between the guidewires effec-
tively withstood this resistance.

In Vivo Test of MKG

The guidewire kit allowed excellent operability and no blood
leakage (Fig. 3). The guidewire traveled well in blood vessels,
and the magnetic tip and the guidewire’s main body were
firmly connected and encountered no separation. In group A,
five sheep had normal abdominal aorta in which the
guidewires kissed quickly (Fig. 4). Due to aortic tortuosity,
several attempts were made in one sheep before the
guidewires kissed and were successfully pulled out of the
vascular access. The average operation time was 15 s
(Table 1). The average kissing distance was 0.64 cm, and the
average separation force of the guidewire was 0.7 N. No
procedure-related arterial dissection, filling defect, or contrast
agent extravasation were observed, and the abdominal aorta
pathology was normal. In group B, the guidewires kissed and
were pulled out smoothly in five sheep with normal iliac ar-
teries (Fig. 5). In addition, the magnetic guidewires success-
fully kissed after several attempts in one sheep with a severely
twisted iliac artery. The average operation time was 12 s
(Table 1). The average kissing distance was 0.65 cm, and the
average separation force of the guidewire heads was 0.7 N.
There was no procedure-related complication in angiography
or pathology. After the guiding catheter was removed, the
kissed MKG effectively withstood the resistance of the vas-
cular sheath hemostasis valve.

Fig. 2 The physical photo of one N-pole and one S-pole guidewire
Fig. 3 The guidewire kit including a 6-F guiding catheter, a Y-shaped
hemostasis valve, a tee valve, and a piece of magnetic guidewire
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Discussion

In the present study, we developed a novel magnetic
guidewire by bonding a NdFeB permanent magnet to the head
end of a superhard guidewire. The MKG exhibited reasonably
good performance via in vitro and in vivo experiments.

The findings of in vitro tests showed that the MKG well
adapted to a 6-F guiding catheter. If the distance between two
magnetic tips is less than the kissing distance (that is 0.65 cm),
they strongly attracted to each other without the assistance of
additional force and firmly connected in the end. Moreover,
the interconnected guidewire tips did not separate during ex-
traction from the sheath. It provided evidence that the mag-
netic force between the two guidewire tips can withstand the
resistance created by the hemostasis valve of the vascular
sheath. In fact, we do not need to withdraw the guide wires
through the short sheath in clinical practice but could directly
withdraw them through the 6-F guiding catheter. In animal
experiments, we found that the diameter of the 6-F catheter
was larger than that of the guidewire body, which caused
blood leakage from the catheter. Therefore, we connected
the catheter to a Y-shaped hemostatic valve and a tee valve.
The result of the in vivo test was similar to that of the in vitro
test. The kissing process of the MKG was easily completed
and through-and-through access was established quickly.
Arterial angiography did not show procedure-related compli-
cations, such as dissection, perforation, and thrombosis.
Besides, postoperative pathology did not show damage to
the arterial wall.

Guidewires play an essential role in endovascular proce-
dures and mediate intraluminal diagnosis and treatment.
Passing the guidewire over the lesion is essential for the

following therapeutic steps. However, it usually takes two or
three vascular accesses to treat a lesion with complex anatomy
[3]. It is sometimes difficult to thread a guidewire into the graft
with the retrograde approach to perform gate cannulation in
the procedure of endovascular repair of AAA for patients with
a large and distorted aneurysm sac [9, 10]. The most common
backup method involves accessing the gate from the contra-
lateral side with the use of an “up-and-over” catheter or from
the left brachial artery with an “up-and-down” approach. In
each method, the guidewire is snared and retrieved from ipsi-
lateral femoral access after the wire is passed down to the iliac
artery [5]. No matter in the “up-and-over” or “up-and-down”
approach, we simplified the establishment of the through-and-
through access with the assistance of MKG.

Similarly, MKG is helpful for the quick establishment of
through-and-through access in endovascular therapy for pe-
ripheral arterial disease (PAD). Subintimal crossing approach
is commonly used but is not always feasible for revasculari-
zation in patients with CTO lesions [11, 12]. Regarding
aortoiliac artery CTO lesions, the subintimal arterial flossing
with antegrade-retrograde intervention (SAFARI) technique
combined with “double-balloon technique” are alternative op-
tions for revascularization failure of single femoral access [13,
14]. One retrograde approaching MKG attracted and firmly
connected with one antegrade approaching MKG in the
subintimal space. The through-and-through access was ob-
tained by pulling out the kissed MKG from either femoral
access. The MKG is theoretically suitable for the establish-
ment of through-and-through access in the cases of
infrainguinal occlusive disease. The use of the MKG will sig-
nificantly reduce the operation time and radiation exposure.
Furthermore, the MKG has potential application prospects in

Fig. 4 a Angiography shows a
normal abdominal aorta. b
Entering the N-pole and the S-
pole guidewire from brachial and
femoral access respectively. c
Two guidewires successfully kiss
in abdominal aorta. d Kissed
guidewires are withdrawn into
one guiding catheter

Table 1 Procedure time of every
experimental subject Group PT*1 (s) PT*2 (s) PT*3 (s) PT*4 (s) PT*5 (s) PT*6 (s) Average PT* (s)

A 12 10 14 10 31 13 15

B 10 24 9 8 12 9 12

PT the procedure time; *Procedure time of each experimental subject
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the subclavian or carotid fenestration during the thoracic
endovascular aortic repair.

The use of magnetic materials is not uncommon in medical
fields. Since the development of magnetic resonance imaging
technology in the 1970s, magnetic materials have been used in
the fields of orthodontics and surgery [6]. Magnetic instru-
ments, such as vascular anastomats, intestinal staplers,
cholangioenterosal stents, and pancreaticointestinal staplers,
have been invented and examined in clinical trials and were
found to reduce operative time and complication rates signif-
icantly [15–17]. Magnetic navigation platforms and magnetic
capsule endoscopes developed based on magnetic anchoring
and guidance systems have also been used in clinical practice
[7, 18–20]. As the third-generation rare earth permanent mag-
netic material, NdFeB has the most powerful magnetic prop-
erties. NdFeB exerts only a tiny amount of cytotoxicity even
when directly contacting human tissue, and this ensures its
broad prospects for application in the field of magnetic sur-
gery [21].

This study has some limitations. The procedure is per-
formed in normal sheep rather than in sheep with AAA or
PAD, a situation that is significantly different from clinical
practice, and that may have led to bias in the results. The
guidewire has some shortcomings as well. First, the diameter
of the magnetic tip is too large to fit a 5-F catheter, which
makes it not suitable in the endovascular therapy for
infrainguinal occlusive disease. We will further refine the
magnetic tip to fit thinner catheters. Second, it is challenging
for theMKGs to kiss each other in extremely large or distorted
aneurysms because of the stiff property of the wire. Therefore,
we will further soften the guidewire so that the tips swing in
the arterial blood flow which increases the chance of kissing.

Conclusion

In summary, this safe and effective guidewire meets clinical
needs. The MKG displayed good performance in the

experiment. This novel guidewire significantly simplifies the
establishment of through-and-through access in endovascular
procedures for iliac artery lesions or abdominal aortic
aneurysms.
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