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The device was tested in ex vivo experimental models
using fresh swine aorta samples in two different settings,
i.e. orthogonal application on ascending aorta (model 1:
aortic anastomosis outer diameter 24"3 mm, wall thickness 2"0.3 mm; 5 experiments) and elliptical, asymmetric
‘oblique’ application on distal ascending aorta extended to
the hemi-arch concavity (model 2: aortic ellipse outer
diameters minimum 24"3 mm, maximum 30"3 mm, angle
between arch concavity and ascending aorta ;309; 5
experiments).
In addition to assessing the time required for positioning
the device and its handiness, we also evaluated the quality
of the device-aortic stump seal achieved in these two sites
of application using the model illustrated in Fig. 2, which
allows the air-tightness of the anastomosis to be tested at
increasing endovascular pressures. For this purpose, the
outer surface of the inner sleeve was wrapped by a latex
cuff (Fig. 2, top squares) in order to overcome the problem
of the porosity of the dacron graft and the requirement for
the connection of the tubular graft to the proximal end of
the inner sleeve as in its final clinical use.
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A number of years ago, we developed an expandable
device for aortic sutureless anastomosis in two versions
(type I and II), which underwent many modifications and
refinements1 (Fig. 1, upper left squares), as well as extensive testing in ex vivo and in vivo animal experiments w1,
2x. A few clinical cases were also successfully treated with
this device w3, 4x.
The purpose of this report is to describe a version of the
device (type III), in which the external ligature is substituted by an expandable sleeve, which is based essentially
on the same working principle as the inner sleeve, but
activated contrariwise (Fig. 1, upper square). Thus, the
vascular stump is compressed between two sleeves (Fig. 1,
lower square), with variable and controllable diameters,
which provide full control of the pressure (amount and
surface of its application) applied to the vascular stump
(Video 1). The primary aim of this new version of the
device is to extend its use to acute ascending aorta and
arch dissection in order to simplify the technique, to reduce
the ischemic time, to improve hemostasis of the anasto-

mosis line and to achieve reliable, stable and sealed
approximation of the dissection layers in this complex
surgical setting.
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In past years, we developed expandable devices (type I and II) for sutureless aortic anastomosis. We have now further modified the
device (type III) incorporating a second expandable ring, external to the main one, which can be operated contrariwise in such a way that
the aortic wall (i.e. the dissection layers) is compressed between the two expandable rings, providing full control on both the layers
compression pressure and the anastomosis final diameter. The device was evaluated in ex vivo experimental models of swine aortic arch
fresh samples; air-tight sealing at increasing endovascular pressures was also evaluated and compared with sealing achieved by standard
suturing. Ex vivo data suggest that the present version of the device can be used easily and quickly also in elliptical, asymmetric ‘oblique’
anastomosis as when concavity arch is involved. Perfect air-tight sealing of the anastomosis was verified at endovascular pressures up to
150 mmHg, while standard suture cannot withstand even minimal endovascular air pressure. Compared to the previous versions, the present
device is less bulky and softer, can be used also for concavity arch resection and provides full and standardizable control on dissection
layers stable and sealed approximation.
䊚 2010 Published by European Association for Cardio-Thoracic Surgery. All rights reserved.
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Fig. 1. Upper square: The most recent versions of the type I and II devices
(see video at url: http:yywww.fondazionecarrel.orgyejctsynd.html) can be
now activated by a single guide, further simplifying their use. The side
sketches outline the different shape and orientation of the nitinol wireframe. The type III device incorporates an external sleeve that substitutes
the external ligature, thus allowing standardization of the pressure applied
to the vascular stump wall. The wire-frame of the device is quite soft and
compliant, and can be easily compressed and widely deformed while maintaining perfect reciprocal alignment of the internal and external sleeves (top
right squares) (Video 1). Lower square: Acting only on the activating guide
of the inner sleeve, the retracted inner sleeve becomes fully visible (a) and
can be inserted into the vascular stump (a9) and then expanded as much as
the vascular wall can be distended (b) by acting contrariwise on the same
guide. At this point, the outer sleeve is only slightly retracted towards the
aortic wall (c) using its own guide. The device complies easily with different
orientations of the aortic wall (c, white and red bars), allowing elliptical,
asymmetric ‘oblique’ anastomosis. When the device has been positioned satisfactorily, the nitinol wires are permanently blocked by crushing the predisposed little titanium sleeve (c, blue arrows) and the guide is cut away.
(Video 1).

Fig. 2. Experimental model for underwater testing air-tight sealing at
increasing intravascular pressures. The inner sleeve was wrapped by a latex
cuff to overcome the problem of the porosity of the dacron graft and the
requirement for the connection of the tubular graft to the proximal end of
the inner sleeve (upper squares) (Video 2).

parts of the aortic wall stump may be required, but these
are quickly carried out. In all experiments the device was
positioned in -2 min.
The device fully and easily complied with aortic anatomy,
perfectly adapting to the elliptic, asymmetric ‘oblique’
stump resulting from inclusion of the arch concavity in the
anastomosis.
Full and persistent air-tight sealing of the deviceyaortic
wall coupling was verified at endovascular pressures of up
to 150 mmHg in all experiments, including those involving
an elliptic, ‘oblique’ anastomosis (Fig. 3a, b). As expected,
standard vascular sutures were not air-tight even at pressures below 10 mmHg (Fig. 3c) (Video 2).

The air-tightness of this device was also compared with
that achieved by standard suturing (4–0 prolene running
suture) of an approximately 3 cm incision of the aortic
wall, just proximal to the site of application of the device.
3. Results
The ex vivo models allowed us to verify both the very
easy and quick positioning of the device, which, requiring
simply insertion and expansion, can be accomplished in a
matter of seconds. A few adjustments with forceps of some

Video 1. Video illustrates the device activation and its positioning in ascending aorta-hemiarch concavity.

Fig. 3. (a) The air-tightness of the connection was verified at endovascular
pressures of up to 150 mmHg in the normal cylindrical anastomosis of ascending aorta (white bars). (b) The same was verified when the anastomosis is
irregularly oriented, such as when involves the arch concavity (Video 2). (c)
As easily predictable, a standard suture (4–0 prolene) of an approximately
3 cm incision of the aortic wall cannot be proved airtight even at minor
endovascular pressure (Video 2).
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Video 2. Video illustrates the device air-tight sealing test.
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In contrast with endovascular device, however, expandable prosthesis can
support external ligature tied-up to achieve hemostasis without significant
reduction of the lumen, due to circular orientation of the nitinol loops.

Proposal for Bailout Procedure

See video at url: http:yywww.fondazionecarrel.orgyejctsystapler.html.

so far failed to be of significant use for vascular anastomosis, which remains substantially the only basic surgical
task still to be automatized.
In the 1970–1980s, a simplified Payr’s concept was revived
with the introduction of intraluminal ringed prostheses,
whose use in aortic substitution was quite extensively
reported w10–13x, although they eventually totally disappeared. The reasons for their clinical failure and the
differences from the expandable device have been analyzed
in detail elsewhere w1, 2x. One of the most important
difference, however, is that the expandable sleeve is very
thin, being formed substantially by a double layer of
standard vascular dacron fabric, and can, therefore, be
wholly and quickly colonized by fibroblasts and integrated
with the aortic wall; the nitinolypolypropylene wire-frame
forms a very thin and wide mesh net that accounts in fact
for a very small proportion of the device’s volume and that
offers no significant barrier to fibroblastic invasion of the
dacron fabric and thus to stable biological integration of
the device. In this regard expandable devices can, essentially, be considered mechanically and biologically substantially equivalent to the various aortic endovascular
prosthetic devices currently in use, being of similar (or
even lesser) consistency3. The now quite significant medium- to long-term clinical experience with endovascular
devices has shown that late defective integration with
fistulization is rare, albeit not unknown w14, 15x. In any
case, expandable devices are much more limited in extension, occupying only a few millimeters at the site of the
anastomosis and, more importantly, unlike with endovascular devices, a layer of dacron fabric prevents the nitinol
wire-frame from coming into direct contact with the intimal
aortic wall.
Expandable devices make performing an anastomosis a
very simple task, which can be carried out in a few minutes,
if not seconds. This then allows appreciation of the second
main aim of the different principle of anastomosis (vascular
stump compression between two rigid structures, i.e. an
inner rigid ring and external ligatureyouter rigid ring),
which is to achieve easy and reliable hemostasis at the
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Fig. 4. With type I and II devices the vascular stump encirclement can be
avoided and substituted by endovascular (full or partial) purse-string suture
at the site of expandable device positioning.
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The ex vivo experiments demonstrated that the device
complies optimally with aortic anatomy, allowing an airtight anastomosis even when its shape was not a regular
cylinder, as occurs when the arch concavity is included.
The substitution of the external ligature with an outer
sleeve allowed also a significant reduction in the length of
the inner sleeve, the final situation being then roughly
comparable to that of double dacron strips buttressed at
the anastomosis site for stable approximation of the layers
in these cases (Fig. 1, lower squares).
The working principle of the type III device enables the
amount of pressure and the surface of its application on
the vascular wall stump to be accurately dosed and standardized, which may be important when the aortic wall is
critically weakened, as in acute dissection.
Obviously, the type III device can also be used for anastomosis at any other aortic segment, although it does,
however, involve complete trans-section of the aorta at
the anastomosis site and stump isolation for 1–1.5 cm all
around, while the type I and II devices can be simply
slipped into the longitudinally opened vessel, whose circumferential preparation is limited to encirclement with
the external ligature. Indeed, with type I and II devices
external encircling can even be avoided and effectively
substituted by an endovascular purse-string suture (Fig. 4),
obviously at the price of a slight prolongation of the
ischemic time.
The working principle of the expandable device, i.e.
fixation of the vascular stumps by external ligature against
a rigid annular structure, is not new, being at the basis of
the apparently first published idea of a vascular anastomosis device (intima to intima facing, absorbable magnesium ring) (Payr, 1900) w5x. However, in those years, Alexis
Carrel was focusing his attention on suture techniques,
already in use in the gastrointestinal tract, and was able
to realize blood-tight, low thrombogenic, vascular anastomoses by careful refinements of the needles, threads and
techniques for their use w6, 7x, thus establishing the standard technique of vascular surgery. Technological evolution
of substantially the same coupling principle (full thickness
wall stump stitching) gave origin, around the middle of the
past century, to stapling devices for automatization of
anastomoses. However, while stapling devices have long
since allowed standardization and simplification of digestive tract circular anastomosis, despite extensive research
w8, 9x, including our own2 w10x, the stapling principle has
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anastomosis line. The 1970–1980s intraluminal ringed prosthesis in fact could not prove their clinical reliability in
providing better blood-tight anastomoses than the suturing
technique because they failed at an earlier phase, i.e.
because the vascular stump-rigid tube coupling was neither
easy nor stable.
The ability to achieve even air-tight anastomoses indicates
the ‘mechanical’ superiority of this technique over the
standard suture in this regard (Fig. 3c); indeed, this principle is currently exploited in many other fields of technology when connectors of stumps of fluid-conducting
floppy tubes are required.
Of course, clinical experience over more than a century
has shown that the standard suturing technique does not
need to provide an air-tight anastomosis to ensure perfect
hemostasis in virtually all clinical circumstances. In particular cases however (acute dissection, cystic medial necrosis, etc.), structural impairments of the aortic wall may
necessitate additional maneuvers including buttressing
graft strips, gluing and a variety of accessory techniques,
whose efficacy at achieving hemostasis are not always fully
predictable and that obviously further significantly prolong
the period of ischemia in this most critical area. The
coupling provided by compression of the stumps’ vascular
wall between two rigid structures (i.e. inner and outer
expandable rigid sleeves) may be then particularly useful
in these cases, not only because of its ease and quickness,
but also because it offers the best mechanical chance of
blood-tightness; the expected advantages with regards to
approximation of the dissecting layers and false lumen
sealing relies on the same concept.
In conclusion, the device type III offers, for the first time,
the unique features of easily and quickly allowing air-tight
aortic anastomosis, which is obviously more efficient than
standard suture in providing hemostasis as well as stable
and sealed dissected layers approximation, and of perfectly
complying with the irregularly elliptical and ‘oblique’ shape
of the aortic anastomosis involving the distal ascending
aorta and the arch concavity. Obviously controlled clinical
studies are required to conclusively prove the long-term
efficacy and safety of the type III device, as well as the
type I and II devices; however, extensive experience in
animal models, the results of a few clinical cases and,
more important, the now quite wide and favorable clinical
experience with the many, biologically equivalent, endo-

vascular devices allows to hypothesize an equally favorable
clinical outcome with no device-related adverse effects nor
significant complications.
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Abstract Objective. Most complications of descending aorta prosthetic substitution seem mainly to be
related directly (ischemia to distal
organs, i.e. liver, kidney, spinal cord)
or indirectly (extracorporeal circulation or shunts and systemic heparinization complications) to the duration of blood flow interruption. The
purpose of this study is to report the
results of animal experimentation of
a new device for sutureless prosthetic
substitution of the descending thoracic aorta, with a very short crossclamping phase.
Methods. The device consists of
expandable loops of stainless steel
wires, sewn to the proximal end of a
Dacron prosthesis. The stainless
steel wire loops can be expanded and
tightened by activating a removable
guide in such a way that the prosthesis varies its diameter, while maintaining a regular cylindrical shape.
The device was prepared in two different configurations, one for long
segments (expandable prosthesis
end) and the other to be used for
very short segments or as an anastomotic ring between prosthetic or vascular stumps (quick anastomotic
ring). The expandable prosthesis end
was tested in swine experiments by
performing the prosthetic substitution of the first 10 cm of descending
cross-clamped aorta, the prosthesis
being fixed with the device both at
the proximal and the distal ends (six
experiments). All animals survived
the procedure, that was accom-

plished with a very short crossclamping time. The quick anastomotic ring was used to anastomose
two prosthesis ends, at the middle of
the prosthetic segment used for descending aorta substitution (two
swine), to perform the distal anastomosis in the same model of descending aorta substitution (one
swine) and simply to re-anastomose
a subtotally transected descending
aorta (one swine).
Results. The present experience
proved the reliability of the device to
carry out a sutureless, accurate, simple and quick anastomosis. Its advantage over an intraluminal ringed
prosthesis is much easier insertion of
the retracted wired end into the vascular stumps, thus allowing for a
prosthetic diameter appropriate to
the substituted vessel.
Conclusions. The reduced crossclamping feature of the device would
suggest its use mainly in thoracic
aorta prosthetic substitution for the
prevention of ischemic damage to
distal organs; it can also be used to
advantage wherever an end-to-end
vascular or prosthetic anastomosis is
indicated, providing an accurate,
stented anastomosis. [Eur J Cardiothorac Surg (1996) 10: 1003-1009]
Key words Descending aorta • Aortic aneurysm • Spinal cord ischemia •
Paraplegia
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Introduction
Most complications of aorta prosthetic substitution seem
mainly to be related directly (ischemia to distal organs, i.e.
liver, kidney, spinal cord) or indirectly (extracorporeal circulation (ECC)) or shunts and systemic heparinization
complications) to blood flow interruption.
Spinal cord ischemic injury is the most dreaded complication of prosthetic substitution of the descending aorta.
Although many techniques (shunts, E C C techniques, spinal fluid decompression, deep hypothermia etc. [5, 8, 11,
17]) have been tested, not one of them is still accepted in
clinical practice as being able to completely prevent this
complication, whose incidence remains significant [6, 7].
There is, however, general agreement that the incidence of
spinal cord injury is directly proportional to the duration
of the aortic cross-clamping phase. Accordingly, it can be
Fig. 1 Working principle. The working principle of the device relies
on a number of metallic wires, sewn to a vascular prosthesis (Albograft, Sorin Biomedica Cardio, Spa, Strada per Crescentino, 13040,
Saluggia, Vercelli (It)) arranged in several circular loops. Traction
on the wires by an activating guide allows the loops to be expanded
and tightened in such a way that the prosthesis varies its diameter,
while maintaining a regular cylindrical shape. The prosthesis end
then becomes a rigid cylindrical ring with variable and controllable
diameter. Although the expandable segment lumen remains regularly cylindrical from its maximal to minimal aperture, the increasing
thickness of its wall due to the fabric folding, significantly narrows
the opening range in terms of clinical use. The wall thickness/diameter ratio seems to be acceptable for clinical use when the final aperture is not less than 70% of the maximal diameter, an aperture slightly smaller than that represented in the second square from left

reasonably hypothesized that if the cross-clamping time is
maintained under the limit o f the is chemic tolerance of nervous tissue ( 3 - 5 min in normothermia, 3 0 - 4 0 rain in deep
hypothermia), damage can be virtually prevented, at least
if critical tributaries to the spinal cord are not included in
the substituted segment.
The purpose of this paper is to report the animal experimentation of a new device for sutureless vascular anastomosis particularly useful in aorta prosthetic substitution,
which substantially reduces the cross-clamping time.

Material and methods
Device
The device consists of expandable loops of stainless steel wire, sewn
to the proximal end of a Dacron prosthesis. An activating removable
guide allows the stainless steel wire loops to be expanded and tightened in such a way that the prosthesis varies its diameter, while maintaining a regular cylindrical shape. The prosthesis end then becomes
a rigid cylindrical ring, approximately 1/2 the maximal diameter,
with a variable and controllable diameter (Fig. 1). The device was
prepared in two versions, one for long vascular segments (expandable prosthesis end) (Fig. 2) and the other to be used for prosthetic
substitution of very short vascular segments (length <2 x vessel diameter) or as a device for quick end-to-end anastomosis between
prosthetic or vascular stumps (quick anastomotic ring) (Fig. 3).
In the version for long segments, the expandable stainless steel
wire loops were prepared on a separate prosthetic segment to be associated with each prosthesis end at the time of use; the prosthesis
segment required for substitution is cut to the appropriate length and
sutured to this expandable segment before cross-clamping (Fig. 2b).
In this way it is possible to prepare expandable segments of differ-

J
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Fig. 2 Expandable prosthesis end. The device is realized in different sizes and is fitted with a flexible guide with its activating
handle. The appropriate opening can be
temporarily fixed by turning a knob sited at
the guide handle (arrow) (a). The prosthesis segment required for substitution is cut
at the appropriate length and sutured inside
the expandable segment (b) before crossclamping. The metallic wires of the expandable prosthesis end provide a rigid
ring, approximately 1/2 its maximum diameter in length. When the blood flow is reestablished, the guide is cut as close as possible to the expandable end after having
squeezed and kinked the sliding metallic
rings, fitted along each of its branches
(arrow) (c). The device allows the prosthesis end diameter to be reduced by up to
20-40% of its maximal diameter (d). The
optimal opening of the device when in site
is probably 90% of its maximal aperture;
this offers a good wall thickness lumen diameter ratio, while still keeping an extraaperture reserve in case of size mismatch
(see note at the end of the paper)

b

Fig. 3 Quick anastomotic
....!:~
ring. The device (upper circle a: the ring in the tight- ~
I
ened position; lower circle
~il
b: the ring in the expanded
position) is based on the
same working principle, the
activating guide entering the prosthetic segment at the middle
and controlling the expansion of both ends simultaneously. This
facilitates the use in very short prosthetic substitution, the optimal length-diameter ratio being _>1:<2. The device can also be
used for quick anastomosis between vascular and/or prosthesic
stumps. Up, left: just one stitch provides approximation of the stumps at the posterior wall. Middle, left: the device is inserted in the closed position. Middle, right: while the stumps' anterior
wails are approximated by forceps or, preferably, by an extra stitch, the device is opened until
a firm contact with the stump wall is achieved. Bottom, right: an umbilical tape secures hemostasis and prosthetic stabilization
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Fig. 4 Use of the expandable prosthesis. I Procedure for segments
longer than 10 cm: the prosthesis is tailored to the required length
and fitted with the appropriate diameter expandable segments at each
end before cross-clamping (square). Each segment is then inserted
into the vascular stumps, expanded and temporarily fixed by turning
the knob on the activating guide handle (a, curved arrows). An external ligature is then tied around the expandable segment (b). After
clamp removal the guide-sliding metallic rings are squeezed and
kinked as close as possible to the ends, the guide is cut and removed
(see note at the end of the paper)

I
II Procedure for segments
shorter than 10 cm: Two prostheses are prepared with the expandable segment at one end
only and fixed to the vascular
stumps separately (a). The
prostheses' opposite ends are
then anastomosed at the middle
of the vascular segment by using the quick anastomotic ring.
For this purpose a single stitch
is passed connecting the prosthesis stumps at their rear wall
(b); the quick anastomotic ring
is then put in place and activated, the front walls being approximated by an extra single
stitch (e-d). An umbilical tape
is then tied around each expandable segment (e) before
clamp removal (see also Fig. 3)

II
Lib
ent size at each end to fit with the different aortic diameters or to use
the device at one prosthesis end only (i.e. proximal anastomosis in
descending aorta prosthetic substitution). A handle is attached to the
device activating guide, fitted with a knob to temporarily stabilize
the prosthesis aperture immediately after positioning (Fig. 2a and
Fig, 4, I, a). When the blood flow through the prosthesis has been
established, the activating guide is cut as close as possible to the expandable segment after it has sequeezed and kinked the sliding metallic rings that provide permanent stabilization of the prosthetic
aperture (Fig. 2c) (see note at the end of the paper).
The use of the expandable segment at both ends of the prosthesis is practical when the segment to be substituted is 10 cm or longer (Fig. 4, I, a); for shorter segments the activating guide at each end
may hamper the prosthesis manipulation and the procedure may be
cumbersome as a result. In these cases it is more practical to position each expandable segment with part of the prosthesis separately
(Fig. 4, II, a). The prosthesis stumps can be anastomosed together
thereafter, using the quick anastomotic ring (Fig. 4, II, b-e). This
quick anastomotic ring is based on the same working principle, with
different positioning of the activating guide and the wire loops (Fig.
3). The activating guide is placed at the middle of the ring and controls the expansion of the two ends simultaneously. During the insertion phase the segment can be reduced by up to 40% its maximal
expanded diameter. Optimal ratios between the length and the
expanded diameter for the device in this situation are between 1
and 2.

Experimental models

Expandable prosthesis end
The device was positioned in the first segment (10 cm) of the descending thoracic aorta in six swine (20-45 kg) experiments (Exp.
Mod. 1); both the distal and the proximal ends of the prosthesis were
fitted with the expandable segments, thus both anastomoses were
carried out with the device. After cross-clamping, a wide longitudinal aortotomy was prepared; the distal and proximal ends of the prosthesis were positioned and stabilized there by over-extension of the
expandable segment against the inner aortic wall, by activating the
guide. An umbilical tape was tied externally around each expandable prosthesis end. The clamps were removed and, after the blood
flow had been re-established, the activating guide was disconnected. No bypass or any other spinal cord protection measure was used.
A single dose of heparin 100 UI/kg IV was given just before crossclamping; no other medications were given thereafter or in the postoperative period. The animals were killed 2 weeks later.

Quick anastomotic ring
The device was used to anastomose two prosthesis ends (Fig. 3), at
the middle of the prosthetic segment used for descending aorta substitution (two swine) (Exp. Mod. 2, Fig. 4 II), to perform the distal
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anastomosis between the prosthesis end and the distal aortic stump
in the same model of descending aorta substitution (one swine) (Exp.
Mod. 3) and simply to re-anastomose a subtotally transected descending aorta (one swine) (Exp. Mod. 4), a model very similar to
the isthmic traumatic rupture repair.

icits and the prosthesis was found to be normally patent at
sacrifice. The maximal outer diameter of the devices used
in these experiments measured 16-18 ram, the inner diameter being 10-14 ram. These devices are quite over-dimensioned in comparison with the sizes of the aortae of these
swine and to some extent hampered the procedure.

Results
The procedure was very simple to carry out and the prosthesis was positioned very quickly both in the expandable
prosthesis end and in the quick anastomotic ring experimental models. After a learning curve both for the technique and for prototype realization, the prosthetic substitution was achieved with decreasing cross-clamping time,
the shortest being 6 min for descending aorta substitution
(Exp. Mod 1). Hemostasis was not constantly and reliably
achieved without external ligature; thus we always completed the procedure with the expandable prosthesis end
stabilization using an umbilical tape ligature. All animals
survived the procedure without detectable neurologic def-
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Fig. 5 Relationships between the aortic diameter and the intraluminal ringed prosthesis. The problems of the use of ringed intraluminal prostheses derive from the fact that their introduction into the
vascular stump is not easy. In fact, when the aorta is clamped its diameter narrows considerably 1 [16]; that and the thickness of the aortic wall itself, which is approximately 8-20% of its outer diameter,
reduce the suitable diameter of the ringed prosthesis that can be
placed into the stump. Moreover, since the aortic wall has a floppy
consistency, a significant gap must be left between the inner clamped
aortic wall and the outer ring prosthesis diameters; otherwise friction would prevent a quick positioning. In practice, to position an
intraluminal ringed prosthesis more quickly than to perform a manual suture, a prosthesis diameter substantially smaller than that which
would be appropriate must often be used. It is easy to see how the
expandable prosthesis overcomes all these disadvantages, that presumably prevented the large clinical application of Lemole's device
1 Previous experience in the descending aorta of normal swine
(Large White, 20-45 kg) showed that when the intravascular pressure passes from 120 to 40 mmHg the measured external diameter
reduction was within 6.5-13.4% [14]

Discussion
The general biologically benign nature of aortic diseases
implies a substantially normal life-expectancy when prosthetic substitution is successfully achieved; this makes the
devastating, if not fatal, neurologic complications of these
operations particularly striking and dreadful, especially as
they are still largely unpredictable and unavoidable in spite
of the sophisticated maneuvers attempted for their prevention [ 5 - 8 , 11, 17].
Ideally, if the cross-clamping time could be kept within
the ischemic tolerance of the nervous tissue ( 3 - 5 min in
normothermia, 30-40 min in deep hypothermia [10]), it
seems reasonable to expect a virtually complete prevention of neurologic complications, at least if critical tributaries to the nervous tissues are not included in the substituted segment, or are revascularized within this time lapse.
Since almost the whole cross-clamping time is spent on accomplishing the anastomoses, it seems reasonable to focus
research on devices for accelerating this procedure. One of
the working principles of the device developed [9] is the
connection of the vascular stump to the prosthesis by means
of a sutureless procedure, i.e. by external ligature of the
vascular stumps against a rigid annular structure in contact with the prosthesis ends. This principle, the idea of
which is very attractive, is not new, dating as far back as
the beginning of the century; in 1990, in fact, Payr reported
to the German Surgical Society [16] results on animal experiments of his device for sutureless anastomosis, which
is essentially based on this principle. It is curious to note
that this manner of performing vascular anastomosis even
precedes the Carrel's Nobel price (1912) granted reports
[3, 4] on the triangulation technique, that in fact represented the basis of the modern vascular surgery technique.
A few years ago intraluminal ringed prostheses were
used quite extensively [12] in aortic substitution by a number of surgeons [ 1, 6]. However in spite of the ideal attractiveness of the procedure, the intraluminal ringed prostheses failed to replace standard manual sutures and, even
though commerically available, they are used only occasionally at this point in time. The reason for this probably
lies in the fact that even though the anastomosis is very
quick (just the time for a ligature tie), the positioning of a
prosthesis of appropriate diameter into the vascular stump
is not. This is due to three factors at least (Fig. 5): 1) there
is a substantial reduction of the vascular lumen when the
aorta is clamped, an adverse condition already outlined in
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the Payr report [16], 2) the thickness of the aortic wall (approximately 8 - 2 0 % of the diameter) further reduces the viable prosthesis diameter, 3) due to the floppy consistency
of the vascular wall, a significant gap between the internal
aortic wall and the external ring diameter must be left to
allow the ring to be easily slipped into the vascular stump
without friction. Accordingly, a ringed prosthesis with a
diameter significantly smaller than would appear to be appropriate must be used to keep the cross-clamping time
shorter than that attainable with manual suturing.
To o v e r c o m e these adverse factors the prosthesis was
made expandable, an approach attempted by others in a
different w a y [13], thus allowing an easier and quicker insertion into the vascular stumps. The possibility of adjusting the prosthesis opening means, theoretically, hemostasis can be obtained by over expanding the wired prosthesis end, pushed from inside against the aortic wall. The
present experience was inconsistent in this regard, thus we
think that an external ligature is advisable both to assure
hemostasis and to prevent prosthesis dislocation.
After a learning curve, we are now able to realize devices in both versions in the entire size range between
42 m m and 12 m m (outer diameter) of maximal aperture,
that can be retracted up to 2 0 - 4 0 % during the insertion
phase. Even though the expandable segment lumen remains regularly cylindrical within a quite wide diameter
range, the increasing thickness of its wall as the diameter
is reduced significantly narrows the aperture, and no one
device should be considered as suitable for all aortic sizes;
the wall thickness diameter ratio seems to be acceptable
for clinical use when the final aperture is set at no less than

70% (Fig. 1). In practice, it is assumed that the optimal
aperture of each single expandable prosthesis end, defined
as 90% of its maximal opening, will fit the inner diameter
of the perfused aorta; the latter can be quite accurately estimated on angiographic contrast CT scan.
The device in the two configurations realized was tested
only in short-term survival experiments, and thus data on
the long-term incidence o f thrombosis or migration are not
yet available. The possible realization of a composite graft
with the expandable device fitted at each graft branch end
leads to the interesting consideration of its use in aortic
arch substitution where all the anastomoses (distal arch,
left carotid and anonymous artery and proximal arch) can
be quickly performed with this technique, greatly reducing the circulatory arrest time in this still dangerous area.
Preliminary experiments in swine with this model have
provided very promising results [15].
Note Since the manuscript submission further experience showed
that when the expandable prosthesis is wetted or enters in contact
with blood the wires loops become fixed and further variation of the
aperture is no longer possible. This makes the wires fixation by
squeezing the metallic rings not necessary to stabilize the aperture;
on the other end great attention should be paid to avoid prosthesis
wetting (avoid preclotting, bloodless and dry surgical field) during
positioning until the final aperture is reached.
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