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BACKGROUND: The treatment of complex aortic diseases has known in the last years an 

extraordinary improvement, thanks to the development of new devices and techniques, especially 

concerning endovascular surgery. In this field, technological evolution has enabled vascular 

surgeons to overcome anatomical concerns and impairments that in the past made endovascular 

treatment unfeasible in many cases. However, the full exploitation of the devices offered by medical 

industry requires more and more powerful and accurate tools for case-by-case analysis and pre-

operative planning. Beside traditional imaging techniques, such as computed tomographic 

angiography (CTA), and virtual 3D reconstructions, an increasing interest towards 3D printing has 

been reported in the latest years. The purpose of this paper is to assess the actual value of this 

technology by reporting its use in 25 cases of complex aortic surgery. 

METHODS: For each patient, we have 3D printed a pre-operative life-sized model of the vascular 

aortic lumen, deciding and planning the most suitable procedure by its direct examination. After the 

intervention, we have examined the corresponding model printed derived from post-operative CTA 

to check the outcome and discuss possible further corrections, if needed.  

RESULTS: all the cases for which a surgical or endovascular procedure was decided were treated 

successfully, in absence of major complications or intra-operative mortality 

CONCLUSIONS: Optimal resolution of anatomical details and immediate comprehension of the 

most important technical aspects were reported by examining the models. 3D printing has proved a 

valuable tool in dealing with complex aortic diseases. 

 

 

Keywords: 3d printing, complex aortic surgery, thoraco-abdominal aneurysms, type B aortic 

dissection, juxta-renal abdominal aneurysms 
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Introduction 

Since 3D printing (3DP), or rapid prototyping (RP), was invented in 1986 by Chuck Hull, its 

techniques and uses went through a huge development, especially in the medical and surgical field. 

Such a technology has been reported to be of extreme usefulness in creating life-sized models for 

visual support, in producing prostheses, implantable materials, and other medical devices. Maxillo-

facial and orthopedic surgery are, so far, the fields in which 3DP technologies have been used the 

most, but in the last 10 years almost all surgical disciplines have relied on these techniques to 

manage complex cases.1  

Concerning vascular surgery, many experiences with 3D printed models are reported since 2008, 

when Sulaiman et al. tested a stent graft for endovascular repair of an aortic arch aneurysm on a 

flexible 3D printed patient-specific model.2  Several authors have been further described other cases 

managed with the support of RP, as shown by the constant increasing number of contributions in 

the very last years (2013-2017).3-11 Overall, between 2009 and 2016, 15 anecdotal experiences of 

complex vascular surgery managed with the aid of this tool have been reported in literature.12  All 

the authors have so far reported a good feedback on their experience, and they describe RP as a 

valuable tool in managing complex cases of vascular pathology, especially visceral aneurysms, 

diseases of the aortic arch, juxtarenal abdominal aortic aneurisms (AAAs), thoraco-abdominal 

aortic aneurysms (TAAAs), and thoracic aortic aneurysms (TAAs) with complex neck anatomy. 

In this paper, we report the experience of 25 cases of complex aortic surgery managed with the 

support of 3D printed models between 2016 and 2017. 

 

Methods: 

In the following, we report the steps performed to obtain life-sized three-dimensional printed 

models of the structures of interest of the selected patients. 
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Starting from CTA images in the DICOM format (Digital Imaging and Communication in 

Medicine), we perform a segmentation process thanks to the open-source software ITK-Snap.13 All 

the datasets must fulfill quality requirements, especially concerning slice thickness (up to 500µm) 

and contrast medium enhancement, that must ensure a good visibility of all the structures of 

interest.  

ITK-Snap allows for a semi-automatic segmentation process of the images: first, a region of interest 

(ROI) is manually selected to spatially reduce the amount of data to be processed, then a feature 

image is  created  using  a  thresholding  procedure  based  on  the  pixels’  Hounsfield  Unit  value,  limiting  

as much as possible the ROI dataset only to the pixels belonging to the structure of interest. 

On the feature image, spherical surfaces called bubbles are applied, from which the segmentation 

process, based on a region-growing algorithm, will start. The segmentation process includes into a 

label all the pixels with a certain degree of similarity: the process can be repeated for all the 

structures of interest. At the end of the process, the segmentation labels can be rendered in a virtual 

3D model and exported as Surface Triangulation Language (STL) files, which describe the surface 

through oriented triangles. Afterwards, the STL files must undergo a post-processing phase, 

performed using the software Netfabb, aimed at making the model fit for printing: this include 

smoothing and mesh correctness assessment. Finally, the STL files are printed using a binder jetting 

machine (Projet460 Plus – 3D Systems): the selected printer is able to feature high chromatic 

resolution (up to 2.8 million colors) and fine details reproduction (100µm of thickness resolution). 

The software 3DEdit enable the color assignment and the hollowing of the structures, to reduce the 

amount of material to be used.  

The created 3D printed models are replicas of the vascular lumen, with the purpose of visualizing 

the anatomical details and having a tactile perception of the aorta and its visceral branches. The 

choice of printing rigid replicas of the lumen over flexible models of the walls was based on most of 

the experiences in literature, which described as unnecessary the performing of endovascular 

simulations and were satisfied with the support offered by rigid models.3,4,7 
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In fact, offering visual and tactile support for pre-operative planning is, so far, the major use of 3D 

printing in vascular surgery as reported by literature, although other anecdotal applications are 

described as well, namely guiding fenestration of endografts and simulating complex endovascular 

procedures.14,15 

 

Results:  

Between January 2016 and June 2017, on 49 cases of complex vascular pathologies we dealt with in 

our Unit, 25 (51%) were managed with this new method. We consider complex cases: 

- Thoracic and abdominal aneurysms with difficult neck, 

- Unclear anatomy or difficult anatomic variants, 

- Aneurysms involving visceral or epi-aortic vessels, 

- Complex aortic dissections. 

Since the time required to produce the models does not allow its use in urgency or emergency, we 

limited this new method to cases in election only. 

On 25 cases of complex aortic disease, we included 5 abdominal aortic aneurysms (AAAs), 6 

thoraco-abdominal aortic aneurysms (TAAAs), 6 type B aortic dissections and 8 aneurysms of the 

aortic arch. The main clinical characteristics of the patients and the morphological aspects of the 

aortic diseases influencing the therapeutic choice are summarized in Table 1 and 2 respectively.  

For each patient, we had a life-sized model of the interested structures printed in the pre-operative 

phase, we studied it and discussed the possible treatment options based on our visual and tactile 

feedback. The models were also used to measure the relevant dimensions (size and length of the 

aneurysm, necks, angles, etc.) and they were compared with measurements conducted upon the 3D 

CTA, with no difference between the two methods. However, the superiority of 3D printed models 

on the CTA does not lie with the accuracy of measurements, but with the clarity and immediateness 

of representation of the anatomical details and the possibility of handling: 3D CTA, in fact, as 
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precise as it can be, is still displayed on a two-dimensional screen, whereas haptic perception 

remains a crucial need for the surgeon. This provided us with an optimal resolution of all the 

anatomical details and enabled us to carefully plan most complex treatments considering all the 

difficulties we could have met in the operating theater. But RP was employed with great benefit, not 

only in the pre-operative phase, but also to check the post-operative outcomes 1 month after the 

treatment and discuss the need of any possible further treatment. 

Almost all the cases were treated by endovascular procedures, but for one para-renal abdominal 

aneurysm which underwent open surgical reconstruction; in this case, beside the chalk model of the 

lumen (figg.1,2), a hollow latex model made through a combination of 3D printing and dipping 

techniques (fig.3) was produced to pre-operatively test the perfusion catheter for both renal arteries, 

which had to be selectively perfused during the supra-renal clamping. The rest of AAAs were 

infrarenal, but with difficult necks or complex aortic morphologies, and they were treated by 

endovascular aortic repair (EVAR). Examining the 3D printed models, in these cases, was 

particularly helpful in identifying the landing zones for the stent grafts in patients with sharp-angled 

aortic necks or kinking or tortuosity of the aorta. All the cases were treated without any intra- or 

early post-operative complications, such as myocardial infarction or cardiac arrhythmia, acute 

kidney failure (AKI), spinal or mesenteric ischemia. Technical success was achieved in all the 

cases, in absence of endoleaks at the post-operative CTA. 

TAAAs were all managed by endovascular procedures with parallel graft techniques: in one case a 

sandwich procedure on coeliac trunk (CT) and a periscope technique on the superior mesenteric 

artery (SMA) were performed (figg.4,5), while the other cases were treated by chimney techniques 

on the CT and SMA. RP turned out to be helpful especially in deciding how to manage the main 

visceral branches and in identifying the most suitable landing zones for endografts. Often, the 

planning which was at first conceived by examining 3D-CTA was changed after the solid model 

was obtained, especially when chimney and/or snorkel techniques were required.16 In many of those 

cases, we also found that the pre-operative models helped the patients in understanding the concerns 
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related to their particular disease and anatomy, making them more aware of the risks and 

difficulties, and obtaining their informed consent to treatment. All the cases were successful, with 

no 30 days mortality. No major procedure-related complications such as cardiovascular adverse 

events, AKI, spinal cord ischemia or mesenteric ischemia, arose. No early type I or III endoleaks 

were reported at the post-operative control, nor were they visible by examining the post-operative 

3D-printed models. 

Aortic dissections were corrected with endovascular treatment as well, and in two cases the 

necessity of sacrificing the left subclavian artery (after assessing the communication between right 

and left subclavian artery through the posterior circle) emerged from examining the models. They 

were all type B acute dissections complicated by pain unresponsive to anti-hypertensive drugs and 

peripheral symptoms of malperfusion (namely lower limbs ischemia and paraplegia). One case was 

repaired by TEVAR associated with candy plug technique to induce thrombosis of the false lumen 

(fig.6), as described by Marone et al..17 In this case the 3D printed model was used to evaluate the 

false lumen evolution during follow-up. In all the cases, the entry tears of the dissections were 

successfully excluded. In one case of acute type B aortic dissection in a patient with unknown AAA 

we performed a simultaneous endovascular treatment of both diseases (fig.7). No peri- or early 

post-operative mortality was reported among those patients, nor other early systemic complications 

of the procedure, such as spinal cord ischemia, mesenteric ischemia, stroke and cardiovascular 

adverse events were observed. 

The aneurysms involving the aortic arch underwent endovascular treatment, and the epi-aortic 

branches were preserved either with CHIMPS techniques on the epi-aortic vessels, especially the 

carotid arteries, or, in case of aneurysms of the distal arch, with carotid-to-subclavian bypass. When 

epi-aortic vessels are involved, precision and accuracy in the procedure planning are determinant 

elements for the success of the procedure, and we used the 3D models as a reference to decide the 

exact landing zone of the endograft, in order to grant the patency of the epi-aortic branches. Among 

the cases of aneurysms of the aortic arch, we also considered two cases of epi-aortic aneurysms, 
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whose origin was unclear from the CTA. By looking at the models, one turned out to be originating 

from the innominate artery, while the second one was a dissected aneurysm in Loeys-Dietz 

syndrome involving both the innominate artery and the right subclavian artery. In both cases, 

endovascular treatment was successfully performed, without any relevant clinical outcome affecting 

the perfusion of the brain or right upper limb.  

No peri-operative complications were recorded. One patient died within 30 days since the procedure 

of complications of the superior vena cava syndrome developed due to the compression exerted by 

the aneurysm. No type I or III endoleak, nor other minor or major complications were observed at 

the post-operative CTA.  

 

Discussion: 

The combination of 3D vision with tactile inputs, that is the possibility of exploring with hands a 

physical  3D  printed  reconstruction  of  patient’s  anatomy,  is  extremely  valuable  in  aiding  an  effective  

anatomical comprehension.18 As reported by Marconi et al., the visual and tactile inspection of 3D 

models, in comparison with MDCT scan images and digital 3D reconstructions, allow the best 

anatomical understanding, with faster and clearer comprehension of the surgical anatomy.19 

Moreover, the assessment of anatomical information using 3D printed models is shorter than the 

one performed with the corresponding virtual 3D reconstruction or conventional MDCT scan. The 

less experienced a clinician is the highest benefit he/she can perceive, since the ability in building a 

mental image of the anatomy starting from MDCT images is a complex task usually acquired only 

after several years of practice. Thus, the 3D printed model can be particularly useful as a didactic 

instrument to aid the comprehension for young surgeons. 

In our experience, we analyzed 25 cases of complex aortic disease treated between 2016 and 2017, 

and for each patient a 3D printed life-sized model was obtained, pre- and post-operatively: from our 

experience we found great advantages, both in decision making and pre-operative planning, which 

allowed us to achieve therapeutic success in all cases, and in post-operative control, guiding 
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discussion about treatment outcome and the possibility of further therapeutic strategies. The highest 

benefits were experienced in endovascular surgery, which lacks the possibility of tactile 

exploration, unlike open surgery, but the case of the para-renal aneurysm treated by open repair 

demonstrated the usefulness of 3D printing also in open surgery.  Both during open and 

endovascular operations, the feedback reported by the vascular surgeons in the operating theater 

was optimal, concerning the overview on the patient-specific details; moreover, after having 

examined the models, a higher confidence in the intra-operative phase and, in the most difficult 

cases, a significant reduction of the expected intra-operative times was observed by the operating 

surgeons. In a number of cases, the models were determinant in the evaluating indication to 

treatment or, in endovascular procedures, the most suitable access, preventing surgeons from 

mistakes, such as fruitless attempt to engage visceral arteries from the wrong access, that could 

impair technical success.  

Theoretically, evaluation of anatomic features by 3D print examination could be even deeper in 

models with higher resolution including for example lumbar arteries and other small collateral 

vessels; lumbar arteries and, more in general, all the small vessels of interest, can be included in the 

3D printed model according to virtual reconstruction limitations. In order to build a 3D virtual 

model of small vessels, the resolution of the CTA images should be appropriated, namely at least 

featuring 1mm of slice thickness. 

The inclusion of small vessels in the 3D printed model, should take into account also the material 

employed for 3D printing. Gypsum-like materials, for example, are very brittle, leading to a 

possible model damaging, while photopolymers can bear higher mechanical stresses.  

We also found that 3D printed models can have an important role in informing patients and making 

them aware of the details of the procedures, with the related risks and difficulties (patient 

counseling). 
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RP appears to offer a powerful tool which is still largely underexploited: from our case series, we 

report enormous advantages in evaluating the anatomic features of the structures of interest with an 

optimal resolution, which has a clear superiority over the traditional imaging and also over 3D 

virtual reconstructions: in many of these cases, important aspects that were unclear from the CTA, 

or that were object of discussion became of immediate comprehension when the models were 

examined.  

A possible flaw in this work is the partly subjective nature of the benefits experienced, which 

cannot be outlined as crude measures, since the forming of a control group was unfeasible: in fact, 

many elements determine the therapeutic choice in these patients and the variability of those 

elements make each complex case unique: to identify a parallel group of patient with the same 

diseases, the same degree of anatomic complexity and the same comorbidities and clinical 

conditions was indeed impossible. 

However, we think that the 100% rate of both technical and disease-related clinical success are 

significant data even without comparisons with a control group, especially considering the 

complexity degree of the diseases under treatment, pointing to the promising potential of this tool.  

The world of 3D printing is wide and offers many options and possibilities: there are six different 

techniques currently employed in the biomedical and surgical field, each with its pros and cons: 

stereolithography (SLA), selective laser sintering (SLS), direct metal laser sintering (DMLS), fused 

deposition modeling (FDM), binder jetting modeling and polyjet printing.12 SLA, the first method 

ever developed, uses photopolymers which are synthesized layer by layer by a laser beam; its 

resolution is high (layer thickness up to few µm), but it can work only with one material at a time. 

SLS consists of the fusion of powders with a CO2 laser: this method is applicable to a wide range of 

materials (including ceramic and metals) with a thickness of few µm, but it is expensive and 

undesired porosity of the products is sometimes reported. DMLS uses metal powders cured using an 

electron beam while deposited: this technology is extremely expensive and feature a low resolution. 

In FDM, thermoplastic polymers such as polylactic acid or polycarbonate are heated and then 
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deposited layer by layer. Its drawbacks concern especially the low resolution (common layer 

thickness around 100-50 µm). Binder jetting consists of spraying a liquid binder on a layer of 

powder, which is thus solidified: its resolution is variable, depending on the printer, but it is rapid 

and relatively cheap. Moreover, it has a good level of accuracy, which is even more important than 

resolution for our purpose: the use of the uncured powder as support material enable the printing of 

very complex structures, without the need of supports removal. Polyjet printing is an evolution of 

SLA technology, which can use more materials at one time, but both machines and materials are 

very expensive, and the process is very slow. Considering that our models were used essentially as a 

tool to visualize the anatomy of the aorta, we chose the binder jetting technique, which offered the 

best compromise between accuracy and the necessity of limiting expense in terms of time and 

money: in fact, this method is relatively fast (requires about 8 hours for the printing of an entire 

aorta and about 1 more hour for the post-processing) and has limited costs, as compared to other 

techniques.20 Moreover, this was also the choice of the majority of the authors reporting experience 

with RP in vascular surgery in the latest years. 

The models are extremely accurate in reproducing the anatomy of the patient, as Ho et al. have 

demonstrated by comparing the transverse diameter of the aorta from two patients (one with an 

AAA and one with a type B aortic dissection) across the three stages of the processing of the 3D 

printed models (CTA, virtual reconstruction and the 3D printed model itself): the results of that 

study has pointed out the usefulness and reliability of 3D-printed models in aortic surgery, although 

they also acknowledge that further studies are required to explain some variances in measurements 

which can be due to technical bias.11 However, this last statement should not be deemed as 

undermining the faithfulness of the models, since measurements obtained by the CTA and post-

processing are not 100% reliable themselves, so they cannot be taken as standard references. In fact, 

a study on measurements accuracy, published by Koleilat et al. in 2016, used an aortic 3D-printed 

model as a standard reference to assess the confidence of CTA and post-processing software.21 

However, considering our practical purposes, both literature and our experience have confirmed that 
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3D printed models can provide as accurate information as needed to study the anatomy of the 

patient. 

To analyze patient-specific anatomical details is paramount in decision making and pre-operative 

planning of complex cases, especially in endovascular surgery, and the power of standard imaging 

(CTA, MRI) often is not enough to reach unanimous consensus. Post-processing 3D reconstruction 

software are certainly more effective, but they have limits in resolution (significant variances are 

reported depending on the software which is used) and in being displayed on a 2D computer screen, 

not allowing the tactile feedback that the surgeon may need.17,18 This is the reason why, in the latest 

years, 3D printing has been looked up to as a most helpful tool to solve any doubts in complex 

cases and our experience suggests that these expectations are justified. 

First, in cases of complex aortic disease with indication to treatment, we report that RP is useful to 

decide for an open or endovascular repair in the light of the anatomical features of aorta and 

collateral branches, and afterward to plan the details of the procedures. Concerning open surgery, 

we found that 3D printed models are helpful in identifying the correct position for the aortic clamp 

and assess the feasibility of renal protection by selective perfusion of the renal arteries; as for 

endovascular procedures, the major issues where RP showed its highest value were the 

identification of the landing zones, the management of the visceral vessels and the selection of the 

proper devices. Moreover, endovascular treatment lacks the tactile feedback, which surgeons are 

used to rely on in their job, and the support of a 3D life-sized model makes up for this, as reported 

by the experience of many other vascular surgeons and interventional radiologists.17  

Offering visual and tactile support for pre-operative planning is, so far, the major use of 3D printing 

in vascular surgery as reported by literature, although other anecdotal applications are described as 

well, namely guiding fenestration of endografts and simulating complex endovascular 

procedures.14,15 

However, this method still has some limits that prevent it to be as widespread as it could: first, costs 

and time. The cost of the 3D printed models used in the present study ranges between 100-150€  per  
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model, including the cost of the raw material and the post-processing agents. The Projet460 Plus 3D 

printer was chosen for the present study also for the lower cost per model with respect to 

photopolymer 3D printers, which obliges us to rely on it only in most complex, controversial cases. 

Moreover, even the fastest printing methods require at least 6-8 hours of work to produce the 

model, which makes this tool unsuitable for emergency and urgency surgery. Another critical issue 

is that 3D printed models do not have yet any legal validation as diagnostic tools. Hopefully, these 

aspects are expected to improve with time, and this should enable more and more centers to rely on 

this method.22  

 

In conclusion, our experience seems to confirm the encouraging results from anecdotal case reports 

already described in literature: 3D printing offers visual and tactile support in managing the most 

complex cases in vascular surgery, and the forthcoming decrease of costs and development of more 

and more precise printing methods is likely to make its use more widespread. The possible future 

applications of this technology to the vascular surgery are not limited to visual support, but include 

a more active role such as simulation of endovascular procedures and on-table modifying of grafts. 

The major concern about those applications is the availability of the suitable materials, since 

reproducing the exact consistency and flexibility of the aortic wall through 3D printing is 

technically challenging. Good results have been achieved using a combination of 3D printing and 

molding or dipping techniques enabling the production of latex or silicone models with the desired 

compliance or deformability, even if the ultimate goal would be the direct 3D printing of such 

models. However, the use of RP in vascular surgery is only at the beginnings, and it is likely that 

new technologies will enable its expansion to a point that is now hard to foresee: its final stage 

could be, as it has been for other medical disciplines, the printing of customized endografts, directly 

designed by the vascular surgeon. This is still something very distant from our clinical reality, 

because of materials and sterilization concerns.  
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These aspects are worth of attention and will require further investigation in the future as new 

technologies emerge.19  
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Figure legend: 

Fig. 1: preoperative model of a iuxta-renal AAA (aortic lumen) 

Fig. 2: post-operative model of the same patient (lumen) 

Fig.3: preoperative hollow silicon model of the same patient as above 

Fig.4: preoperative 3D rendering of a complex TAAA involving renal arteries, CT and SMA, in a 

patient already treated with previous TEVAR 

Fig.5: post-operative model of the case above, treated with sandwich technique on the CT and 

periscope in the SMA 

Fig.6: postoperative model of type B aortic dissection with rupture of the false lumen treated by 

candy plug technique 

Fig.7: postoperative model of an acute type B aortic dissection associated with an AAA, treated by 

endovascular repair 
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Tab.1: Distribution of clinical comorbidities and risk factors among the patients  

Male gender 21 84% 

Mean age 70.9 years - 

Hypertension 21 84% 

Smoke 18 72% 

Previous stroke 4 16% 

CAD 6 24% 

CKF 6 24% 

COPD 4 16% 

Dislipidemia/DM 6 24% 

ASA III-V 14 56% 

CAD: coronary artery disease (acute in the previous 30 days or chronic), CKF: chronic kidney 
failure in hemodialytic treatment, COPD: chronic obstructive pulmonary disease, DM: diabetes 
mellitus, ASA: American Society of Anesthesiology risk stratification. 

 
 

Tab.2: Anatomic and clinical characteristics of the complex pathologies 

Pathology Mean length Mean maximum 
diameter 

Distal neck 
length< 1cm 

and/or proximal 
neck 

length<1.5cm, 
or >2 visceral 

vessels involved 

Neck angulation 
<150° or epi-
aortic vessels 

involved 

AAA 11cm 7.80cm 3/5 (60%) 3/5 (60%) 

TAAA 6.7cm 6.25cm 5/6 (83%) 4/6 (66%) 

Aneurysms of the 
arch 

7.2cm 6.22cm - LSA: 5/8 (62%) 
InA: 3/8 (37.5%) 

Pathology Epi-aortic vessel 
involvement 

>2 Visceral 
vessels 

involvement 

Iliac arteries 
involvement 

Symptoms 

Acute type B 
dissections 

6/6 (100%) 6/6 (100%) 3/6 (50%) 6/6 (100%) 

AAA: abdominal aortic aneurysms, TAAA: thoraco-abdominal aortic aneurysms, LSA: left 
subclavian artery, InA: innominate artery 

 

 

 
COPYRIGHT© EDIZIONI MINERVA MEDICA 

 

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one 
copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute 
the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or any 
part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not 
permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to 
frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.  

 



 

 
COPYRIGHT© EDIZIONI MINERVA MEDICA 

 

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one 
copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute 
the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or any 
part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not 
permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to 
frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.  

 



 

 
COPYRIGHT© EDIZIONI MINERVA MEDICA 

 

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one 
copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute 
the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or any 
part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not 
permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to 
frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.  

 



 

 
COPYRIGHT© EDIZIONI MINERVA MEDICA 

 

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one 
copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute 
the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or any 
part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not 
permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to 
frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.  

 



 

 
COPYRIGHT© EDIZIONI MINERVA MEDICA 

 

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one 
copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute 
the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or any 
part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not 
permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to 
frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.  

 



 

 
COPYRIGHT© EDIZIONI MINERVA MEDICA 

 

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one 
copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute 
the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or any 
part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not 
permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to 
frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.  

 



 

 
COPYRIGHT© EDIZIONI MINERVA MEDICA 

 

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one 
copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute 
the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or any 
part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not 
permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to 
frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.  

 



 

 
COPYRIGHT© EDIZIONI MINERVA MEDICA 

 

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one 
copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute 
the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or any 
part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not 
permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to 
frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.  

 


