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Dear Editor,

We read with great interest the article by Pugliese et al. enti-
tled “The clinical use of 3D printing in surgery” recently
published by Updates in Surgery [1].

In the past years, 3D printing has seen an almost exponen-
tial growth in several fields, including medicine and surgery,
as testified by the increasing number of published articles.
This success was fostered by technological progresses on
manufacturing processes allowing to build layer by layer 3D
objects at higher resolution.

In surgery, knowledge of patient anatomy has tradition-
ally been based on analysis of 2D radiological images. The
advent of computer-assisted surgery has improved the under-
standing of patients’ anatomy in the preoperative phase,
including complex cases, enabling reconstruction of virtual
3D models starting from radiological datasets, which can
be viewed on computer screens. 3D printing pushes further
comprehension of anatomy allowing surgeons to touch and
feel a physical model, complementing visual with tactile
feedback. The authors present the role of 3D printing for pre-
operative planning and intraoperative navigation in several
surgical specialties, particularly in general and transplanta-
tion surgery, neurosurgery, and maxillofacial surgery [1].
Authors also comment how the most recent advances in the
manufacturing process enable 3D printing of deformable and
hollow structures such as vessels, allowing physical simu-
lation of vessels clamping, stapling, and anastomosis, thus
extending the use of this technology to vascular surgery. In
this regard, we think that this technology could have a great
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impact in (endo)vascular surgeons’ training for two main
reasons. First, 3D printing could be particularly important
for endovascular procedures which represent a radically
new way to operate for vascular surgeons, in comparison
with the open air or laparoscopic approach. Indeed, during
endovascular procedures, e.g., endovascular aneurysm repair
(EVAR), the surgeon deals with a closed abdomen, with
limited information of vascular anatomy obtained by preop-
erative angiogram imaging (CTA) and intraoperative angio-
graphic images visualized on the monitors [2]. Thus, the
surgeon has no direct contact with the aorta, its branches, the
aneurysm, and surrounding structures. Therefore, for these
procedures the capacity to mentally reconstruct the vascular
anatomy starting from CTA images is of paramount impor-
tance. In this scenario, the use of 3D models could lead to a
revolution for planning, and probably, above all, for training
young surgeons approaching endovascular procedures. In
fact, thanks to the physical reproduction of a patient-spe-
cific model, it is possible to better understand the patient’s
anatomy in the preoperative stage; to accurately identify the
location of key elements, such as the aortic landing zones
and the side of a penetrating ulcer or intimal tear; and to
define type, length, and oversizing of the endograft, thus
reducing the risk of periprocedural complications [3]. Last
but not least, the surgeon can rehearse the endovascular pro-
cedure before performing it on real patient to reduce the time
of the procedure and the use of radiopaque contrast, thus
decreasing the renal function insult, especially in patients
with kidney failure; and the use of radiation, shortening the
exposure of patient and staff to its hazardous effect [3].
However, because of the exponential adoption of the
endovascular surgery, we are concerned that young vascu-
lar surgeons may become less familiar with treatment of
open aortic aneurysm repair. This might eventually lead to
the paradox that in the future only the most complex cases
of aneurysm repair, such as ruptured aneurysms or those
including multi-visceral vessels origins, may be treated with
open surgery by non-experienced surgeons [4]. For these
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reasons, we think that the second benefit of 3D printed mod-
els in vascular surgery may be training of young vascular
surgeons in open surgical repair of complex aneurysms.

Overall, 3D printing has the potential to enable devel-
opment of low-cost physical simulators for both vascular
and open procedures. In this scenario, the 3D printed mod-
els represent an interesting solution to complement virtual
simulators [5]. The challenge is how to integrate in surgical
curricula 3D printed models. The answer is contingent on
development of an objective assessment of skills acquired
during training with 3D printed models and evidence dem-
onstrating robustness.

In conclusion, the field of 3D printing is rapidly evolv-
ing by virtue of continuous progresses by manufacturers.
At the same time, surgery is changing quickly, particularly
vascular surgery where new skills are continuously required
to treat patients at a safe and competent level using the latest
devices.
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