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Magnetic Surgery

Results From First Prospective Clinical Trial in 50 Patients
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Objective: To evaluate a new magnetic surgical system during reduced-port
laparoscopic cholecystectomy in a prospective, multicenter clinical trial.
Background: Laparoscopic instrumentation coupled by magnetic fields may
enhance surgeon performance by allowing for shaft-less retraction and
mobilization. The movements can be performed under direct visualization,
generating different angles of traction and reducing the number of trocars to
perform the procedure. This may reduce well-known associated compli-
cations of trocars, including incisional pain, scarring, infection, bowel, and
vascular injuries, among others.

Methods: A prospective, multicenter, single-arm, open-label study was
performed to assess the safety and performance of a magnetic surgical system
(Levita Magnetics’ Surgical System). The investigational device was used
during a 3-port laparoscopic technique. The primary endpoints evaluated were
safety and feasibility of the device to adequately mobilize the gallbladder to
achieve effective exposure of the targeted surgical site. Patients were followed
for 30 days postprocedure.

Results: Between January 2014 and March 2015, 50 patients presenting with
benign gallbladder disease were recruited. Forty-five women and 5 men with
an average age of 39 years (18—59), average body mass index of 27 kg/m?
(20.4-34.1) and an average abdominal wall thickness of 2.6 cm (1.8—4.6).
The procedures were successfully performed in all 50 patients. No device-
related serious adverse events were reported. Surgeons rated as “excellent”
(90%) or ““sufficient” (10%) the exposure of the surgical site.
Conclusions: This clinical trial shows that this new magnetic surgical system
is safe and effective in reduced-port laparoscopic cholecystectomy.
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O pen cholecystectomy was the standard treatment for sympto-
matic cholelithiasis until the early 1990s, when 4-port laparo-
scopic cholecystectomy began its rapid adoption.'> Laparoscopic
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cholecystectomy resulted in a significant decrease in surgical trauma
and improvement of patient outcomes, including less pain, an overall
decrease in rate of complications, shorter hospitalizations, improved
cosmetic results, better patient acceptance, and faster recovery
periods.>? Perhaps more importantly, this has resulted in a better
quality of life for patients and also in substantial savings for health
care systems, with added benefits to society.*>

Even after the wide adoption of laparoscopic surgery and its
benefits, access techniques continued to evolve in the search for
technologies that allow us to perform even less invasive procedures,
and thus minimizing surgical damage to the patient.®” Efforts have
taken place to reduce the size and number of all surgical instruments
required for a given operation to reduce the number and size of
incisions (broadly described as reduced-port techniques). Although
reducing the number of ports might seem very appealing, this can
represent demanding technical challenges, as this increases the
difficulty of performing any surgery.®” The capability of triangu-
lation is usually compromised; especially on reduced-port techniques
and internal and external instrument clashing impairs the technical
capability of any surgeon.® In general, limited instrumentation may
lead to inadequate visualization and poor organ mobilization, which
may increase the risk for iatrogenic injury, the difficulty of the
procedure, and prolong operating times, among other problems that
result in poor outcomes.*'°

There have been significant efforts to solve such challenges,
such as needle-sized instruments, percutaneous sutures, and even
internal retractors.'!=1# Most of these solutions are, however, cum-
bersome, fragile and are static solutions in a dynamic environment
that requires simple and reliable mobility. Moreover, such instru-
mentation may lead to organ perforation, with another subset of
potential and severe complications.!> This combination of factors
results in important constraints and limitations for reduced-port
surgery.

The present study evaluates an innovative solution to this
challenge through the use of magnetic devices that are coupled and
mobilized by external magnetic fields through the abdominal wall.
Previously, the potential of magnetic instrumentation was pro-
posed in preliminary studies using different types of proto-
types.!6~1% In general, this type of technology might offer great
advantages including restoring of triangulation, improved tissue
and organ mobilization, and a decreased need for trocars due to the
nature of the magnetic coupling across the abdominal wall.
Although performing a conventional laparoscopy using a reduced
number of trocars would face important constraints, the use of
magnetically coupled instrumentation can elegantly overcome
these challenges. The Magnetic Surgical System is intended to
facilitate tissue grasping, retraction, and mobilization during
laparoscopic surgery.

The purpose of the present study was to evaluate the safety and
feasibility of this novel Magnetic Surgical System within a prospec-
tive clinical trial using reduced-port laparoscopic cholecystectomy
procedures.
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FIGURE 1. Magnetic Surgical System compose by the detach-
able magnetic grasper and the external magnet. Copyright
Levita Magnetics.

METHODS

From January 2014 until March 2015, a prospective, multi-
center, single-arm, open-label study was conducted to assess the
safety and feasibility of the Magnetic Surgical System during
laparoscopic cholecystectomies. The Magnetic Surgical System
developed by Levita Magnetics Corp. (San Mateo, CA) has received
the CE Mark and has been cleared for commercialization by the Food
and Drug Administration.

The system comprises an external magnet and a grasper with a
detachable grasper tip and handle (Fig. 1). The external magnet is a
cylinder that has a diameter of 8 cm and the detachable grasper tip is
6.5 cm long with a diameter of 1 cm. The Magnetic Grasper Device is
compatible with a >10 mm laparoscopic port. The magnetic grasper
assembly delivers and applies the detachable grasper tip to the
gallbladder. Gently squeezing the handle, the internal mechanism
releases the detachable tip. The handle is then removed, leaving the
introduction port available for use by another procedural instrument.
With the detachable grasper tip secured to the organ, the external
magnet is placed over the abdominal wall and a magnetic attraction is
achieved with the detachable tip (Fig. 2). The external magnet can
then be freely moved, facilitating unconstrained shaftless tissue
retraction and mobilization. Under direct visualization, the desired
retraction of the gallbladder can be obtained by mobilizing the
external magnet. The usual position of the external magnet is on
top of the right upper quadrant. At the end of the procedure, the
detachable grasper tip is decoupled from the external magnet,
reconnected to the handle and removed from the patient.

Patients presenting with benign gallbladder disease and who
were eligible for laparoscopic cholecystectomy were potential can-
didates for the present study. The exclusion criteria can be summar-
ized in: presence of metallic implants, biliary diseases other than
gallstones or polyps, severe comorbid diseases, and contraindication
to laparoscopic surgery. (Detailed table of inclusion and exclusion
criteria in Appendix 1, http://links.lww.com/SLA/B125). Three

FIGURE 2. Representation of the system use during surgery.
Left: External magnet on the patient right hypocomdrium.
Right: Internal grasper attached to gallbladder and coupled
with external magnet performing retraction. Copyright Levita
Magnetics.

© 2016 The Author(s). Published by Wolters Kluwer Health, Inc.

different hospitals in Santiago, Chile, were part of the present study.
Principles of Good Clinical Practice and the International Ethical
Guidelines for Biomedical Research Involving Human Subjects were
strictly followed. The present study was registered on clinicaltrials.-
gov in January 2014, before the enrollment of patients
(NCT02049983). The study was approved by the associated local
Ethics Committees and written informed consent was obtained from
all participants before enrollment. All participants were expected to
undergo postoperative pain evaluation and rate their overall satis-
faction with the procedure. The magnetic surgical system was used
on study patients during a laparoscopic cholecystectomy procedure
with a 3-port laparoscopic technique. The primary endpoints eval-
uated were safety and feasibility outcomes.

Safety was defined as (1) there is no evidence of a Device
Failure defined as device breakage or other malfunction requiring
additional surgical intervention, including reoperation and/or device
removal and (2) there is no serious adverse event probably or
definitely related to the device resulting in: (a) revision/removal
of the device, (b) permanent damage to the organ (ie, perforation of
the surrounding organs), and/or (c) death of the study subject.
Feasibility was defined as the ability of the device to adequately
mobilize the gallbladder to achieve effective exposure of the targeted
surgical site. The ability to adequately mobilize the gallbladder was
defined as the retraction needed to achieve an effective exposure of
the cystohepatic triangle (triangle of Calot). In addition, feasibility
would be considered a “failure” if during the procedure it was
necessary to use another trocar to insert another instrument to
mobilize the gallbladder. Patients were followed for 30 days post-
procedure, with follow-up visits at hospital discharge and at 7 and 30
days postprocedure.

All adverse events were reported and the principal investigator
determined the adverse event severity and the relation of each
adverse event to the device. An independent and external Medical
Monitor reviewed all adverse events. All surgeries were digitally
recorded for postprocedure analysis if needed.

Other measured variables were abdominal wall thickness
using ultrasound; preoperative body mass index; operation time
(time from the first incision to the last suture’s placement); device
use times (time between grasper introduction and correct position
and release, time between correct position and coupling with the
external magnet, and total time of coupling between the internal
grasper and the external magnet); damage or breakage of the
detachable grasper; inner evaluation of the abdominal wall observed
at 15-minute intervals throughout the procedure; time spent in the
postanesthesia care unit; length of stay (time from postanesthesia
care unit admission until discharge); perioperative pain as measured
on a scale of 0 to 10 (preoperative baseline), 3, 6, and 24 hours
postoperatively and at 7 and 30 days postoperatively; pain medi-
cation until hospital discharge; need of additional port (3-port to 4-
port); operative blood loss; umbilical incisional length; rate of port
site hernia; patient satisfaction (evaluated with a patient survey at the
30-day follow-up visit); and time to return to work. Lastly, ease of
device use was measured by a surgeon’s assessment during the
immediate postoperative period. All data were analyzed on a per
the protocol basis.

RESULTS

Fifty patients with benign gallbladder disease (cholelithiasis
or gallbladder polyps) were recruited to be part of the present study.
Twenty-five subjects were enrolled at Hospital Del Salvador, twenty
one subjects at Hospital Tisne, and four subjects at Hospital Padre
Hurtado. All subjects provided written informed consent before their
study enrollment.
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TABLE 1. Baseline Patient Characteristics

TABLE 2. Intraoperative and Immediate Postoperative Results

Attribute Result Attribute Outcome
Sex Umbilical incision size (mm)—average 10.1
Female 45 Grasper application times (sec)
Male 5 Time between grasper introduction and correct 23 (19)
Age (years) position and release—average (SD)
Average (SD) 39 (12.4) Time between correct position and coupling 50 (60)
Minimum 18 with external magnet—average (SD)
Maximum 59 Procedure times (min)
BMI (kg/mz) Overall procedure time—average (SD) 63 (19)
Average (SD) 27.0 (3.6) Grasper times (min)
Minimum 20.4 Time magnetic grasper in abdomen—average 36 (0:12)
Maximum 34.1 (SD)
Indication for surgery Time magnetic grasper coupled with magnetic 34 (0:12)
Gallbladder Stones 43 controller—average (SD)
Gallbladder Polyps 7 Device ease of use
Ultrasound assessments Yes 50
Gallbladder thickness (mm)—average, SD 1.8 (0.5) No 0
Abdominal wall thickness (cm) Quality of exposure
Average (SD) 2.6 (0.6) Excellent 45
Minimum 1.8 Sufficient 5
Maximum 4.6 Insufficient 0
BMI indicates body mass index; SD, standard deviation. De;;CSe malfunctions 0
No 50
Conversions (%)

Forty-five patients were women and the average body mass Open surgery 0
index was 27.0 kg/m?, with a range of 20.4 to 34.1 kg/m?. Forty-three ~ Four (4)-port surgery "
subjects had a cholecystectomy procedure due to the presence of Estimated blood loss (mL)
gallbladder stones and 7 subjects were indicated for surgery due to Number of subjects with blood loss 32

Average within all subjects (SD), n = 50 7 (11)

gallbladder polyps. Preprocedure ultrasound assessments showed an Avera i . .

. . ge within subjects with blood loss (SD), 11 (11)
average gallbladder thickness of 1.8 mm and an average abdominal n—32
wall thickness of 2.6 cm, with a range of 1.8 to 4.6 cm. (Table 1) Estimated bile spilled (mL)
Average preprocedure pain was 0.2 on a scale of 0 to 10, where Number of subjects with bile spilled 6
0= “no pain.” Three subjects required prescription medication for Average within all subjects (SD), n = 50 5(18)
pain control before the procedure. Average within subjects with bile spilled (SD), 39 (41)

The intraoperative and immediate postoperative results are n==6 )

summarized in Table 2. All 3 trocars were placed at the start of the ll; ACU Time (min)—average (SD) 137 (58)
: ses spet . almn scores

procedure in the usual .posmon, omltpng the right upper quadrant 0 Hours postprocedure—average (min, max), 1.0 0. 6)

lateral port. The magnetic grasper was introduced through the 10 mm n— 48

trocar port pursuant to the device instructions and always under direct 3 Hours postprocedure—average (min, max), 1.8 (0, 8)

visualization. In all 50 cases, the cholecystectomy procedure was n =50

performed using 3 ports instead of the conventional 4-port technique. 6 Hours postprocedure—average (min, max), n 1.5 (0, 6)

In 1 procedure, an additional trocar was placed at the end of the =50

procedure after successful use and final retrieval of the magnetic At discharge—average (min, max), n = 50 1.3 (0, 4)

grasper device. In this patient, extraction of the gallbladder through ~ External abdominal wall evaluation (at 6 hours postop)

the umbilical port resulted in internal spilling of gallstones into the Normal 50

abdominal cavity, requiring this additional 10 mm trocar port to assist ged.n?“ 8

in retrieval of the stones. This trocar was placed after use of the Oiﬁgrmg 0

Magnetic Surgical System was complete and was removed from the
abdomen. No procedures required conversion to an open surgical
approach.

The total procedure time averaged 63 minutes. The total time
that the detachable grasper tip was in the abdomen averaged 36
minutes. The total time that the grasper tip was coupled with the
external magnet averaged 34 minutes. No damage or breakage of
the detachable grasper was observed in any of the 50 cases. No device
malfunctions were reported. The surgeons reported that the device
was easy to use in all cases and rated the quality of exposure as
“excellent” in 45 cases and “‘sufficient” in 5 cases. Figure 3 shows a
typical exposure obtained with the device. Estimated blood loss was
reported in 32 cases with an average estimated blood loss of 11 mL.
Bile spillage was reported in 6 cases with an average estimated
volume of 39 mL, none of the cases related to the device. Subjects
remained in the hospital postprocedure for an average of 22 hours.

90 | www.annalsofsurgery.com

“Converted after the use of device was complete.
PACU indicates postanesthesia care unit; SD, standard deviation.

The average pain score decreased as the postprocedure time
increased from 3 hours to discharge. The abdominal wall was
qualitatively evaluated before discharge. A qualitatively ‘“‘normal”
appearance of the abdominal wall directly in contact with the
external magnet was reported in all cases at 6 hours after the surgery.

No major complications related to the device were reported. In
19 patients (38%), very mild internal petechiae, presumed to be
related to the device, was observed during the procedure. In only 1
patient a mild external petechiae presumed related to the device at the
end of the procedure was observed. In all cases, the petechiae
appeared to resolve, because there was a normal external appearance

© 2016 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 3. Typical exposure obtained using the Magnetic
Surgical System. Copyright Levita Magnetics.

of the abdominal wall and lack of pain present at those affected sites
during follow-up physical examination. Three serious adverse events
were reported in 2 subjects. None were deemed to be device-related
by the Principal Investigator or the independent external Medical
Monitor who reviewed the cases. These events included a subcap-
sular hematoma, subcutaneous emphysema, and an extrahepatic
biloma (these 2 last events in the same patient). The subject with
the subcapsular hematoma received medical treatment, required no
further intervention, and was discharged in good condition. The
subject with the biloma required external drainage under ultrasound
guidance with subsequent endoscopic retrograde cholangiopancrea-
tography. The subcutaneous emphysema resolved spontaneously.
Both subjects did well without further problems at follow-up.

The results from the follow-up visits are summarized in
Table 3. During the first follow-up visit at 7 days postprocedure,
subjects reported negligible pain with an average pain score of 0.6.
When asked whether the patient would have the same treatment for
the same outcome, 48 subjects noted that they definitely would, 1
subject definitely would not, and 1 subject stated that they were not
sure. Only 2 subjects noted the current use of pain medication during
the first follow-up visit.

During the second follow-up visit at 30 days postoperatively,
subjects reported an average pain score of 0. When asked if the
patient would have the same treatment for the same outcome, 47
subjects noted that they definitely would, 1 noted that they probably
would, 1 noted that they were not sure, and 1 noted that they
definitely would not. No port-site hernias were reported in any
subject at either follow-up period. No subjects reported the current
use of pain medication at the 30-day follow-up visit. Of the 33
patients who were working at the time of the study, the average time
to return to work was 5.0 days.

The results met the prospectively outlined criteria for the
primary safety endpoint for the present study. Specifically, there was
no evidence of device failure at all, including device failure requiring
additional surgical intervention, including reoperation and/or device
removal, and there were no serious adverse events related to
the device.

The device performance results met the prospectively outlined
criteria for the primary performance endpoint for the present study.
Specifically, this endpoint was met as in all cases the device was able
to adequately mobilize the gallbladder to achieve an effective
exposure of the target tissue. In addition, no additional trocars were
placed to insert another instrument to mobilize the gallbladder.

It is important to describe that the device was used in a
standard operating room with conventional electrosurgical equip-
ment and no device malfunctions or equipment interference were
reported.

DISCUSSION

The results of this prospective clinical trial describe the safety
and effectiveness of the Levita Magnetic Surgical System. The

© 2016 The Author(s). Published by Wolters Kluwer Health, Inc.

TABLE 3. Follow-up Results
Attribute

7 Days Postop 30 Days Postop

Pain scores
Average (Min, Max)
Incisional hernia
Absent 50 50
Subject satisfaction

0.6 (0, 5) 0.0 (0, 2)

Definitely Yes 48 (96%) 47 (94%)
Probably Yes 0 1 (2%)
Not Sure 1 (2%) 1 (2%)
Probably Not 0 0
Definitely Not 1 2%) 1 (2%)
Pain medications
Yes 2 0
No 48 50

results show that this new system can be used in laparoscopic
cholecystectomy procedures in a safe and effective manner. The
system can be used to facilitate reduced-port cholecystectomy
procedures in an approach that provides adequate exposure and
mobilization of the target tissue.

The results of the present work showed that magnetic surgery
is potentially a solution to a central challenge that prevents the
advance of modern endoscopic surgery: maintaining effective tri-
angulation while reducing the number of ports. The objective is to
improve patient outcomes, reduce complications, speed recovery,
increase quality of life, and use resources efficiently. In this context,
it is accepted that the incisions in the abdominal wall for the entry
ports are a major factor in the patient’s injury from the surgical
procedure and the direct cause of multiple potential complications.
Incisions and port placements are the source of vascular punctures,
organ perforation, pain, inflammation, infections, hernias, and
inadequate cosmetic results (scars) among other nondesired
results.2°

Trocar-related injuries are the most common source of mal-
practice injury claims associated with laparoscopic procedures.
Those associated with mortality are usually the result of puncturing
of major vascular structures or organ perforation.>’ More frequently,
and with much less morbidity, are punctures of the abdominal wall
that result in trocar-related unintentional small vessel bleeding.
Although the latter infrequently represent a cause of major compli-
cation, they usually become a cause of unintended interruptions
during surgery, resulting in prolonged operating times and increased
postoperative pain.

The only device-related complication identified in the present
study was that 38% of patients had mild internal petechiae present at
the coupling site. Moreover, in preliminary preclinical studies, we
have searched for any microscopic tissue changes at the same
coupling areas along the abdominal wall and found the changes
were almost nil, especially when compared with the macroscopic and
microscopic tissue changes at the abdominal wall trocar entry
site, which mainly include extensive necrosis, inflammation, and
fibrosis.?!

It is well accepted that postoperative pain is mainly generated
in the surgical incisional site where there is an activation of periph-
eral neuroreceptors and liberation of pain mediators.>>? Incisional
pain is also associated with the need for analgesic drugs and all the
complications associated with the use of these compounds. Pain is a
determining factor in the time that a patient would resume normal
activities after surgery; therefore, less incisional trauma results in less
pain, better quality of life, and a faster recovery. In the present study,
the use of this new technology resulted in low postoperative pain
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scores, high patient satisfaction (94%—-96%), which aligned well
with a short period of time to return to work.?>?* Further clinical
trials are warranted to evaluate these parameters in more detail.

Finally, scarring has been shown to have a direct link to the
patient’s physical and emotional health as related to their quality of
life.2#25 Patients prefer surgical techniques that leave less visible
scarring.?®?’ For many, the final appearance of the resulting scar
represents a very important determinant factor that correlates with
their overall satisfaction of the surgical experience.?® Even more,
there are studies that show that patients are willing to change
hospitals to receive the treatment and pay a higher financial contri-
bution to have a less scarring procedure.?’ This issue continues to
take more relevance as increasing attention to a satisfactory surgical
patient experience is being considered as centerpiece of an optimal
outcome.?*3°

With all the complications and benefits described above, why
are reduced-port techniques not massively adopted? Because of a
reduction in the number of entry ports, the reduced-port technique
poses several major technical challenges even in the hands of very
experienced surgeons. Namely, triangulation is reduced, range of
motion becomes restricted, there is a contraction in the surgical work
space, effective retraction and exposure are diminished, and the lack
of depth perception leads to instrument crowding, which is described
as the “‘chopstick effect.” Transparietal sutures and other external
retractions to suspend the gallbladder in an effort to improve
exposure have been tried. This contradicts the very idea of ““‘mobile”
exposure, not to mention that the anchoring of the gallbladder onto
the abdominal wall may prevent the surgeon from moving the
Hartmann’s pouch when attempting to expose the targeted tissue,
inadvertently increasing postoperative complications. In recent
years, robotic technology has been proposed in reduced-port tech-
niques; however, this has not lead to improved results for the patients.
In addition, robotic platforms have economical constraints that are
evident with the limited presence of units worldwide, preventing
universal adoption of these techniques.

Magnetic surgery technologies might overcome some of the
challenges inherent in reducing the number of ports while avoiding
the problems that current attempts might impose on the surgeons.
The Levita Magnetic Surgical System assessed in this work was able
to reduce the number of ports needed to adequately perform retrac-
tion, conserve triangulation, and generate an adequate surgical area
in a safe and efficient way. The system was evaluated as easy to use
and the time to grasp the organ and connect with the external magnet
was, on average, less than 30 and 60 seconds, respectively. These
features might affect in its clinical adoption, as easy-to-use devices
with a clear clinical benefit have a higher adoption rate.’! The
average overall procedure time was 63 minutes and the coupling
time between the magnetic controller and the detachable grasper was
34 minutes. These times are reasonable in comparison with described
times for conventional 4-port gallbladder removal. Future studies
should focus on evaluating the effect of magnetic technologies in
overall procedure time.

This technology represents a ‘“‘shaft-less’ device; therefore,
any potential clashing of instrument shafts would be less likely.
This could also improve visualization in procedures in which the
long shaft of instruments might interfere with the visual field of
the surgeon. Another potential benefit, besides the reduction of
invasiveness for the reduction of ports, is the potential increase in
mobility that this new technology can bring. Throughout the years,
either based on an anatomical location or based on a trial-and-
error experience in laparoscopic surgery, surgeons have learned
where to optimally place trocars for a given surgical procedure.
Some variations of trocar placement are prevalent, yet many of
them have standardized placements. Limited by its entry point, a
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poorly placed trocar may, however, have many inherent limitations
of access and ergonomics, even requiring a new placement. These
challenges are greatly avoided by this novel technology, as it is not
constrained by the fixed entry location. Furthermore, being able to
generate different and easily changeable angles of traction can be
very valuable in some clinical conditions. Nevertheless, all the
potential benefits mentioned would require future studies of the
cost/benefit ratio, to confirm that the adoption of this new tech-
nology is justified.

In summary, for the first time, in a prospective clinical trial,
the feasibility and safety of a magnetic surgical system has been
demonstrated. The potential benefits are a reduction in the invasive-
ness of the procedure, with a better capability of the surgeon to
achieve desired movements during the procedure. These expanded
surgical capabilities could result in better procedures with better
patient outcomes. This pivotal study opens the potential for the
development of a magnetic platform and a wide range of clinical
applications of this new technology. The present study provides a
foundation for the clinical beginning of Magnetic Surgery.
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