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ABSTRACT

Laser-generated fenestration is an alternative option for the intraoperative and selective modification of a endovascular
endograft, especially in cases where patients are unsuitable for a standard endovascular aneurysms repair. Recently,
diode laser approach has been proposed as a substitution of mechanical fenestration. In fact, using a near infrared
wavelength (810 nm), the stent graft fabric can be successfully perforated. In this work we report an ex-vivo study
providing the harmlessness of laser irradiation effects on biological tissue surrounding the endograft wall. 225 samples
of human aortic tissue were irradiated varying energy and pulse duration of an 810 nm diode laser. Irradiated tissues
were analyzed under histological examination. Thermal damage was evidenced in the 7.5% of the irradiated samples,
typically in the contact area between the laser fiber tip and the aortic wall. These experiments suggest that the diode laser
can be safely used for the proposed surgical application.
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Short abstract: In situ laser fenestration of endovascular graft enables a safe patient’s tailored graft, with minimal side
effects and provides a simple and cost-effective way to obtain fenestrated stent grafts.

1. INTRODUCTION

The minimally invasive endovascular aneurysm repair (EVAR) is a catheter-based surgical technique consisting of the
deployment of an endograft within the aneurismal sac. A bi-dimensional imaging modality based on X-ray exposure
(fluoroscopy) is currently used to visualize and guide endovascular instruments within patient’s vasculature.

Despite progresses in EVAR, exclusion of aneurysms involving renal, visceral, and/or supra-aortic branches remains a
challenge in case of certain anatomical configuration of the aneurysm. Indeed, the proper deployment of a standard
endoprosthesis can require prolonged surgical time and enhanced amount of X-ray radiation dose for positioning the
stent graft without blocking the passage of blood flow through branched vessels. For this reason, patient specific
fenestrated grafting have been developed in order to maintain patency to collateral arteries. However they are technically
challenging since the customized holes should be perfectly aligned with the branched vessel origins in order to preserve
blood flow. Moreover, customized fenestrated grafts are expensive and require significant pre-planning. These aspects
make such devices not immediately available for acute syndromes and for emergency situations.

In situ mechanical perforation of the endograft after its deployment has been proposed'™, in order to perform a tailored
surgery on patient’s anatomy and to improve the patients eligibility criteria for this surgical approach’.
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However, the limit of mechanical fenestration is its reliability in avoiding injuries if the applied force to create the hole,
i.e. pushing a needle through the graft fabric, is excessive and thus a damage in aortic tissues can occur. In addition,
mechanical fenestration approach is not selective and if the targeting of the fenestration site is not accurate there is a risk
of damaging the aortic wall too. For this reason, in recent years, physical methods employing the transferred energy,
such as a laser system, have been considered'”"”. The nature of laser-tissue interaction varies depending on the type of
laser energy being absorbed and the material absorbing the energy'. We recently proposed an ad hoc build endovascular
laser tool emitting in the near infrared wavelength (810 nm) to fenestrate the graft material without damaging the blood
tissue'> '°, and a computer-assisted method to precisely guide this fenestration tool to the target'” '*.

According to literature, there are several studies regarding different laser systems to create fenestrations, and most of
them have focused on the feasibility of the new intraoperative procedure'’ and on the evaluation of mechanical integrity
of the fenestrated fabric®®. Whereas the absorption of biological tissues to radiation emitted in the near-infrared range is
minimized but not zero, there is no work regarding the effects of diode laser on biological tissue that demonstrates the
safeness of this new technique for blood vessels.

In this work we present the results of an ex vivo laser fenestration tests on samples of human aortic tissue in order to
demonstrate that the diode laser operative conditions, which ensure the fabric fenestration, are safe for the patient's
vasculature surrounding the endograft. Our hypothesis is that the diode laser is harmless even in the worst case of direct
irradiation of the aorta wall due to an incorrect targeting of the fenestration site.

2. MATERIALS AND METHODS
2.1 Sample collection and preparation

Anonymized human aortic samples were collected from 7 consenting patients with aortic abdominal aneurysm and 9
cadaveric donors. The study was approved by the Cisanello University Hospital (Azienda Ospedaliero-Universitaria
Pisana, A.O.U.P., Pisa, Italy) ethical committee.

The samples were saline solution rinsed to remove excess blood residue. All collected samples were preserved at +4°C
until laser irradiation test, conducted within 48 hours of sampling. Circular segments 4 mm in diameter were cut from
each sample using a biopsy punch. One segment from each sample was preserved and used as a control for histological
analysis. A multi-well plate was used to collect segments from each sample (Figure 1).
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Figure 1. Collection and preparation of aneurysm and aorta samples: the laser conditions were tested 3 times on 3 different

segments from the same sample. Due to smaller size, on patient aneurysm samples (on the left), only the three worst
irradiation conditions were tested.
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2.2 Laser irradiation test

Irradiation tests were performed with 0.22 Numerical Aperture (NA), high power multimode fiber from Thorlabs, Inc.
(Newton, New Jersey, USA) 200 um in diameter, connected to a diode laser system (SMARTY A800, DEKA, Italy)
with a 810 nm wavelength and a maximum power of 10 W. The laser fiber was secured to the holder of a 3 axis micro-
positioner to precisely move the laser tip in perpendicular contact with the surface of the segment. Each segment was
completely covered with 2 ml of human whole blood obtained by venipuncture from a hematologically healthy adult
(Figure 2).
The following irradiation conditions, which ensure the perforation of the endograft fabric
- 250 ms irradiation time, power 3.5 and 4 W;
- 500 ms irradiation time, power ranging from 2.5 to 4 W at a step interval of 0.5 W.
Each irradiation condition was used 3 times on the same sample: i.e. an irradiation condition was tested on 3 segments
from the same sample. After laser irradiation, segments were rinsed with physiologic solution for subsequent analysis.
- g '

15,16
7 were tested:

Figure 2. Laser irradiation test: experimental set up (A) and segments preparation (B) for further analysis under microscope.

2.3 Irradiated samples analysis

All irradiated segments were evaluated under a stereomicroscope (Nikon SMZ1500, Japan) at a magnification of 10x.
H&E staining technique was used for the analysis under optical microscope (Leica DMS500, Leica Microsystems,
Buccinasco, Italy), to evidence and observe the entity of any eventual thermal damage. This was determined by
comparing the morphological structure of the irradiated segment to the corresponding untreated segment (control) from
the same tissue sample.

3. RESULTS

Out of 225 irradiated human aortic segments, 17 showed a thermal damage identified by microscope analysis. No
damages were observed in trials with an irradiation time of 250 ms neither in those with a laser power of 2.5 W,
indicating that these laser operative parameters can be considered safe for the biological tissue. For all the other
irradiation conditions at least one segment from the same sample was damaged. However, most of the segments were not
injured by laser irradiation and no irradiation condition has caused tissue damage all three times it was tested.

The histological analysis showed that the damages do not extend beyond the contact point between the fiber tip and the
segment surface, thus the tested laser irradiations are harmless for the biological tissue.
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Figure 3. Histological images of: undamaged (A and B) and damaged (C and D) samples of aorta and aneurysm tissues,
respectively.

4. CONCLUSIONS

The in situ laser generated fenestration of a standard stent graft is an alternative option to avoid custom fabrication of
endoprosthesis and represent an immediate, simple and cost-effective way to obtain fenestrated stent grafts, preserving
blood flow to essential visceral arteries, for the treatment of patients unsuitable for a standard EVAR.

This study provides an evaluation of the diode laser technology for the innovative procedure, demonstrating that the
same operative irradiation conditions which ensure the fabric fenestration are safe on aortic tissue surrounding the
endoprosthesis. Obtained results show that a direct exposure to laser radiation, which represents the worst scenario of
accidental contact between laser tip and aortic wall, can generate damage which does not extend beyond the contact
point, thus the diode laser irradiation is harmless for the biological tissue.

Currently, the reliability of the in situ fenestration technique is principally limited by difficulties in targeting the proper
fenestration site under fluoroscopic control.

Future works will be focused on performing the in situ diode laser fenestration procedure with a 3D navigation system”"
2 to precisely guide the fenestration tool to the target site. Deformable and rigid phantoms™* will be used for the testing
session. Moreover, intraoperative data’®*® and predictive arterial deformation models”>' could be considered for
updating the virtual model of patient’s anatomy, which is currently static, in order to compensate the heartbeat and
breathing movements.
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