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Expandable device type III for easy and reliable approximation
of dissection layers in sutureless aortic anastomosis. Ex vivo
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Abstract

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.
� 2010 Published by European Association for Cardio-Thoracic Surgery. All rights reserved.
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1. Introduction

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
refinements (Fig. 1, upper left squares), as well as exten-1

sive 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 substi-
tuted 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-

� Conflict of interest disclosure: The author is entitled to patents concern-
ing the devices reported in this paper.

1See video at url: http:yywww.fondazionecarrel.orgyejctsynd.html.
*Corresponding author. Tel.: q39-02-90785316.
E-mail address: stefano.nazari@fastwebnet.it (S. Nazari).

mosis line and to achieve reliable, stable and sealed
approximation of the dissection layers in this complex
surgical setting.

2. Materials and methods

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 thick-
ness 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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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 wire-
frame. 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 main-
taining 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 sat-
isfactorily, the nitinol wires are permanently blocked by crushing the pre-
disposed 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).

Video 1. Video illustrates the device activation and its positioning in ascend-
ing 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 ascend-
ing 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).

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

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 pres-
sures below 10 mmHg (Fig. 3c) (Video 2).
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Video 2. Video illustrates the device air-tight sealing test.

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.

4. Discussion

The ex vivo experiments demonstrated that the device
complies optimally with aortic anatomy, allowing an air-
tight 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 stan-
dardized, 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 anas-
tomosis 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 cir-
cumferential 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 anasto-
mosis device (intima to intima facing, absorbable magne-
sium 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 anasto-
moses by careful refinements of the needles, threads and
techniques for their use w6, 7x, thus establishing the stan-
dard 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 diges-
tive tract circular anastomosis, despite extensive research
w8, 9x, including our own w10x, the stapling principle has2

See video at url: http:yywww.fondazionecarrel.orgyejctsystapler.html.2

so far failed to be of significant use for vascular anasto-
mosis, 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 disap-
peared. 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, essen-
tially, be considered mechanically and biologically substan-
tially equivalent to the various aortic endovascular
prosthetic devices currently in use, being of similar (or
even lesser) consistency . The now quite significant medi-3

um- 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 exten-
sion, occupying only a few millimeters at the site of the
anastomosis and, more importantly, unlike with endovas-
cular 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

In contrast with endovascular device, however, expandable prosthesis can3

support external ligature tied-up to achieve hemostasis without significant
reduction of the lumen, due to circular orientation of the nitinol loops.
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anastomosis line. The 1970–1980s intraluminal ringed pros-
thesis 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 prin-
ciple is currently exploited in many other fields of tech-
nology 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 partic-
ular cases however (acute dissection, cystic medial necro-
sis, 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 compli- 
cations of descending aorta pros- 
thetic substitution seem mainly to be 
related directly (ischemia to distal 
organs, i.e. liver, kidney, spinal cord) 
or indirectly (extracorporeal circula- 
tion or shunts and systemic heparin- 
ization complications) to the dura- 
tion 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 tho- 
racic aorta, with a very short cross- 
clamping 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 prosthe- 
sis varies its diameter, while main- 
taining a regular cylindrical shape. 
The device was prepared in two dif- 
ferent configurations, one for long 
segments (expandable prosthesis 
end) and the other to be used for 
very short segments or as an anasto- 
motic ring between prosthetic or vas- 
cular stumps (quick anastomotic 
ring). The expandable prosthesis end 
was tested in swine experiments by 
performing the prosthetic substitu- 
tion 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 cross- 
clamping time. The quick anasto- 
motic ring was used to anastomose 
two prosthesis ends, at the middle of 
the prosthetic segment used for de- 
scending aorta substitution (two 
swine), to perform the distal anas- 
tomosis in the same model of de- 
scending 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, sim- 
ple and quick anastomosis. Its ad- 
vantage over an intraluminal ringed 
prosthesis is much easier insertion of 
the retracted wired end into the vas- 
cular stumps, thus allowing for a 
prosthetic diameter appropriate to 
the substituted vessel. 
Conclusions. The reduced cross- 
clamping 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 Cardio- 
thorac Surg (1996) 10: 1003-1009] 

Key words Descending aorta • Aor- 
tic 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 cir- 
culation (ECC)) or shunts and systemic heparinization 
complications) to blood flow interruption. 

Spinal cord ischemic injury is the most  dreaded com- 
plication of  prosthetic substitution of  the descending aorta. 
Although many techniques (shunts, ECC techniques, spi- 
nal 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 proport ional  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 (Albo- 
graft, 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 regular- 
ly 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/diam- 
eter ratio seems to be acceptable for clinical use when the final aper- 
ture is not less than 70% of the maximal diameter, an aperture slight- 
ly 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  ner- 
vous 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 exper- 
imentation of  a new device for sutureless vascular anas- 
tomosis 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 tight- 
ened in such a way that the prosthesis varies its diameter, while main- 
taining 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 (expand- 
able prosthesis end) (Fig. 2) and the other to be used for prosthetic 
substitution of very short vascular segments (length <2 x vessel di- 
ameter) 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 as- 
sociated 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 

Range of use 
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Fig. 2 Expandable prosthesis end. The de- 
vice is realized in different sizes and is fit- 
ted 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 prosthe- 
sis segment required for substitution is cut 
at the appropriate length and sutured inside 
the expandable segment (b) before cross- 
clamping. The metallic wires of the ex- 
pandable prosthesis end provide a rigid 
ring, approximately 1/2 its maximum diam- 
eter in length. When the blood flow is rees- 
tablished, the guide is cut as close as pos- 
sible 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 prosthe- 
sis 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 di- 
ameter ratio, while still keeping an extra- 
aperture reserve in case of size mismatch 
(see note at the end of the paper) 

b 

Fig. 3 Quick anastomotic .... !:~ 
ring. The device (upper cir- 
cle a: the ring in the tight- ~ I  
ened position; lower circle ~ i l  
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 opti- 
mal 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. Mid- 
dle, 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 hemo- 
stasis and prosthetic stabilization 
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I 

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 ex- 
ternal 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) 

II 
Lib 

II Procedure for segments 
shorter than 10 cm: Two pros- 
theses are prepared with the ex- 
pandable 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 us- 
ing the quick anastomotic ring. 
For this purpose a single stitch 
is passed connecting the prosth- 
esis stumps at their rear wall 
(b); the quick anastomotic ring 
is then put in place and activat- 
ed, the front walls being ap- 
proximated by an extra single 
stitch (e-d). An umbilical tape 
is then tied around each ex- 
pandable segment (e) before 
clamp removal (see also Fig. 3) 

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 ex- 
pandable segment after it has sequeezed and kinked the sliding me- 
tallic 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 prosthe- 
sis is practical when the segment to be substituted is 10 cm or long- 
er (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 posi- 
tion 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 con- 
trols the expansion of the two ends simultaneously. During the in- 
sertion 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 de- 
scending 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 longitudi- 
nal aortotomy was prepared; the distal and proximal ends of the pros- 
thesis 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 expand- 
able prosthesis end. The clamps were removed and, after the blood 
flow had been re-established, the activating guide was disconnect- 
ed. No bypass or any other spinal cord protection measure was used. 
A single dose of heparin 100 UI/kg IV was given just before cross- 
clamping; no other medications were given thereafter or in the post- 
operative 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 sub- 
stitution (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 de- 
scending aorta (one swine) (Exp. Mod. 4), a model very similar to 
the isthmic traumatic rupture repair. 

Results 

The procedure was very simple to carry out and the pros- 
thesis was positioned very quickly both in the expandable 
prosthesis end and in the quick anastomotic ring experi- 
mental models. After a learning curve both for the tech- 
nique and for prototype realization, the prosthetic substi- 
tution 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 com- 
pleted the procedure with the expandable prosthesis end 
stabilization using an umbilical tape ligature. All animals 
survived the procedure without detectable neurologic def- 

aorlic wall thickness 
approx. ~ 8-15% 

of diameter 

perfused /,oo.o "gT'  
[ ~ clamped i I i 

~ free space required 
~ y  ring insertion 

\ ~ INTRALUMINAL 0 
~ RINGED PROSTHESIS EXPANDABLE 

Fig. 5 Relationships between the aortic diameter and the intralumi- 
nal ringed prosthesis. The problems of the use of ringed intralumi- 
nal prostheses derive from the fact that their introduction into the 
vascular stump is not easy. In fact, when the aorta is clamped its di- 
ameter narrows considerably 1 [16]; that and the thickness of the aor- 
tic 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 fric- 
tion would prevent a quick positioning. In practice, to position an 
intraluminal ringed prosthesis more quickly than to perform a man- 
ual 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 pre- 
sumably 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 pres- 
sure passes from 120 to 40 mmHg the measured external diameter 
reduction was within 6.5-13.4% [14] 

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 diam- 
eter being 10-14 ram. These devices are quite over-dimen- 
sioned in comparison with the sizes of the aortae of these 
swine and to some extent hampered the procedure. 

Discussion 

The general biologically benign nature of aortic diseases 
implies a substantially normal life-expectancy when pros- 
thetic 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 preven- 
tion [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 preven- 
tion of neurologic complications, at least if critical tribu- 
taries to the nervous tissues are not included in the substi- 
tuted segment, or are revascularized within this time lapse. 
Since almost the whole cross-clamping time is spent on ac- 
complishing 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 con- 
tact 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 ex- 
periments 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 represent- 
ed 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 num- 
ber of surgeons [ 1, 6]. However  in spite of the ideal attrac- 
tiveness of the procedure, the intraluminal ringed prosthe- 
ses failed to replace standard manual sutures and, even 
though commerically available, they are used only occa- 
sionally 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 (ap- 
proximately 8 -20% of  the diameter) further reduces the vi- 
able prosthesis diameter, 3) due to the f loppy 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 ap- 
propriate must be used to keep the cross-clamping time 
shorter than that attainable with manual suturing. 

To overcome these adverse factors the prosthesis was 
made expandable, an approach attempted by others in a 
different way  [13], thus allowing an easier and quicker in- 
sertion into the vascular stumps. The possibility of  adjust- 
ing the prosthesis opening means, theoretically, hemosta-  
sis can be obtained by over expanding the wired prosthe- 
sis end, pushed f rom 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 de- 
vices 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 20 -40% during the insertion 
phase. Even though the expandable segment lumen re- 
mains 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 es- 
t imated 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 composi te  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 reduc- 
ing 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. 

Acknowledgements We are grateful to the Officina Meccanica 
TRE RE, Castelletto di Branduzzo (PV), as well as to the many stu- 
dents of Dept. of Surgery (Tiziana Barbano, Federica Maestri, Feder- 
ica Baldini, Alessandro Aluffi, Antonio Deroberto, Giovanna Bari- 
son) and to the Casa Del Giovane San Giuseppe, Pavia, for their ded- 
icated cooperation in prototype realization. The work was partially 
supported by IRCCS San Matteo, Pavia, Italy. 

References 

1. Berger RL, Romero L, Chaudhry AG, 
Dobnik DB (1983) Graft replacement 
of the thoracic aorta with a sutureless 
technique. Ann Thorac Surg 
35:231-239 

2. Borst HG, Walterbusch G, Sharps D 
(1983) Extensive aortic replacement 
using "elephant trunk" prosthesis. Tho- 
rac Cadiovasc Surg 31:37-40 

3. Carrel A (1902) La technique op6ra- 
toire des anastomoses vasculaires et la 
transplantation des viscbres. Lyon M6d 
98:859 

4. Carrel A (1907) The surgery of blood 
vessels. Bull John Hopkins Hosp 
18:18-27 

5. Crawford ES, Rubio PA (1973) Reap- 
praisal of adjuncts to avoid ischemia in 
the treatment of aneurysm of descend- 
ing thoracic aorta. J Thorac Cardiovasc 
Surg 66:693-704 

6. Crawford ES, Crawford JL (1984) Dis- 
eases of the aorta. Williams and Wil- 
kins, Baltimore, pp 61-77 

7. Crawford ES, Crawford JL, Safi HJ, 
Coselli JS, Hess KR, Brooks B, 
Norton HJ, Glaeser DH (1986) Thora- 
coabdominal aortic aneurysms: preop- 
erative and intraoperative factors de- 
termining intermediate and long-term 
results in 605 patients. J Vasc Surg 
3:389-404 

8. Gott VL (1972) Heparinized shunts for 
thoracic vascular operations. Ann Tho- 
rac Surg 14:219-220 

9. Guagliano A, Rescigno G, Mourad Z, 
Jemos V, Fossati GS, Bonoldi AP, Prati 
U, Dionigi R Nazari S, Zonta A (1993) 
Prosthetic substitution of the aorta 
without blood flow interruption. Pre- 
liminary setting (abstract). Proceedings 
XXVIII Congr Eur Soc Surg Res May 
23-26, 1993, Turku, Finland, Eur Surg 
Res 25 (Suppl 1): p 51-52 

10. Kirklin JW, Barratt-Boyes BG (1993) 
Hypothermia, circulatory arrest and 
cardiopulmonary bypass. In: Kirklin 
JW, Barratt-Boyes BG (eds) Cardiac 
Surgery. 2nd edn Churchill Living- 
stone, New York, pp 72-74 

11. Kouchoukos NT, Wareing TH, Izumo- 
to H, Klausing W, Abboud N (1990) 
Elective hypothermic cardiopulmonary 
bypass and circulatory arrest for spinal 
cord protection during operations on 
the thoracoabdominal aorta. J Thorac 
Cardiovasc Surg 99:659-664 

12. Lemole GM, Strong MD, Spagna PM, 
Karilomicz MD (1982) Improved re- 
sults for dissecting aneurysms: intralu- 
minal sutureless prosthesis. J Thorac 
Cardiovasc Surg 83:249-255 

 by on June 8, 2009 ejcts.ctsnetjournals.orgDownloaded from 

http://ejcts.ctsnetjournals.org


1009 

13. Matsumae M, Oz MC, Lemole GM 
(1990) A flexible sutureless intralumi- 
hal graft that becomes rigid after 
placement in the aorta. J Thorac Cardi- 
ovasc Surg 100:787-792 

14. Nazari S, Luzzana F, Carli F, Mourad 
Z, Guagliano A, Banff C, Cinquini C 
(1996) Aortic wall structural strength- 
ening by intraluminal net prosthesis to 
arrest aneurysm progression and to 
prevent dissection & rupture. Experi- 
mental assessment of a new therapeu- 
tic approach. Eur J Cardiothorac Surg. 
10:264-272 

15. Nazari S, Luzzana F, Mourad Z, Banff 
C, Gaspari A, Salvi S, Visconti E, 
Aluffi A (1996) Composite graft with 
expandable ends for total arch replace- 
ment. Proceedings of Aortic Surgery 
Symposium V, New York, April 
25-26, p 57 

16. Payr E (1900) Beitrage zur Technik der 
Blutgefass und Nervennaht nebst Mit- 
theilungen tiber die Verwendung eines 
resorbierbaren Metalles in der Chirur- 
gie. Arch Klin Chir 62:67-93 

17. Svensson LG, Crawford ES, Patel V, 
McLean TR, Jones JW, Debakey ME 
(1992) Spinal oxygenation, blood sup- 
ply localization, cooling and function 
with aortic clamping. Ann Thorac Surg 
54:74-79 

1996 

December  4 - 7 ,  1996 - Rio Mar, 
Puerto Rico 
8th Cardiac & General Thoracic Surgery: 
Update. 
Information: American College of Chest 
Physicians, 3300 Dundee Road, 
Northbrook, IL 60062, USA 
Tel. +1 84 74 98 14 00, 
Fax +1 84 74 98 54 60 

December  14, 1996 - Berlin,  Germany  
Symposium on "Organ Preservation in 
Heart Transplantation - Theory, Clinical 
Use and Legal Issues", Deutsches Herz- 
zentrum, Berlin 
Information: Dr. M. Loebe, Deutsches 
Herzzentrum, Berlin, Augustenburger 
Platz 1, D-13353 Berlin, Germany 
Tel. +49 30 45 93 20 00, 
Fax +49 3045 93 2100 

1997 

January  27-29 ,  1997 - San Diego, USA 
The 33rd Annual Meeting of The Society 
of Thoracic Surgeons 
Information: 401 N. Michigan Ave., 
Chicago, IL 60611-4267, USA 
Tel. +1 31 26 44 66 10, 
Fax +1 31 25 27 66 35 

February 13-15 ,  1997 - San Diego, 
California,  USA 
Pathophysiology & techniques of Cardio- 
pulmonary bypass: The 17th Annual 
San Diego Cardiothoracic Surgery Sympo- 
sium, San Diego Marriott Hotel & Marina, 
San Diego, CA, USA 
Information: C. R. E. E, EO. Box 23220, 
San Diego, CA 92193, USA, 
Fax 0 01 61 95 41-14 47, 
Email: 742241, 1523 @compuserve.corn 

February 27-28 ,  1977 - Marseil le,  
France 
3rd Live Tele Conference on "Valvular 
Autografts and Homografts Banking 
and Surgery", 140 chemin de l'Arm~e 
d'Afrique, Marseille, France 
Information: A.M.RC., "Le Sergeant 
Major", 140 chemin de FArm& d'Afrique, 
13010 Marseille, France. 
Tel. +33 04 91 42 18 18, 
Fax +33 04 91 42 54 37 

March 1 6 - 2 0 ,  1997 - Anaheim,  CA, USA 
American College of Cardiology 
Information: 9111 Old Georgetown Rd., 
Bethesda, MD 20814, USA 
Tel. +1 30 18 97 54 00, 
Fax +1 30 18 97 97 45 

April  1 0 - 1 1 ,  1997 - Glasgow, Scotland 
Course on "Hypoxia and Reoxygenation: 
from Basic Science to Paediatric Cardiac 
Surgery", HCI International Medical 
Centre, Glasgow, Scotland 
Information: Suzanne Small, CME 
Co-ordinator, IMC, Beardmore Street, 
Clydebank, G81 4HX, Scotland. 
Tel. +44 14 19 51 51 02, 
Fax No.: +44 14 19 51 57 62 

April  1 1 - 1 2 ,  1 9 9 7 -  Noordwijk,  
The Netherlands 
Stentless Bioprotheses Second Internatio- 
nal Symposium 
Information: Congress Office Tonne 
Verdonk 
St. Vicentiusstraat 11, 
NL-5664 GJ Geldrop, The Netherlands 
Tel. +3 14 02 85 22 12, 
Fax +3 14 02 85 19 66 

April  17-19,  1997 - Quebec,  Canada 
American Surgical Association 
Information: 13 Elm St., Manchester, 
MA 01944, USA 
Tel. +1 50 85 26 83 30, 
Fax +1 50 85 26 75 21 

May 4-7 ,  1997 - Washington,  DC, USA 
The 77th Annual Meeting of The American 
Association for Thoracic Surgery 
Information: 13 Elm St., Manchester, 
MA 01944, USA 
Tel. +1 50 85 26 83 30, 
Fax +1 50 85 26 75 21 

Ma y  1 1 - 1 5 ,  1997 - Honolulu,  Hawai i  
The Second World Congress of Pediatric 
Cardiology and Cardiac Surgery, Hilton 
Hawaiian Village, Honolulu, Hawaii 
Information: e/o International Communica- 
tions Specialists Inc., Kasho Building, 2F, 
2-14-9, Nihombashi, Chuo-ku, Tokyo 103, 
Japan. Fax. +8 13 32 73 24 45 

 by on June 8, 2009 ejcts.ctsnetjournals.orgDownloaded from 

http://ejcts.ctsnetjournals.org


 1996;10:1003-1009 Eur J Cardiothorac Surg
S Nazari, F Luzzana, C Banfi, Z Mourad, S Salvi, A Gaspari and F Nazari-Coerezza 

 substitution
Expandable prosthesis for sutureless anastomosis in thoracic aorta prosthetic

This information is current as of June 8, 2009 

 & Services
Updated Information

 http://ejcts.ctsnetjournals.org
including high-resolution figures, can be found at: 

 Citations
 http://ejcts.ctsnetjournals.org#otherarticles

This article has been cited by 2 HighWire-hosted articles: 

 Permissions & Licensing

 http://ejcts.ctsnetjournals.org/misc/Permissions.shtml
its entirety can be found online at: 
Information about reproducing this article in parts (figures, tables) or in

 Reprints
 http://ejcts.ctsnetjournals.org/misc/reprints.shtml

Information about ordering reprints can be found online: 

 by on June 8, 2009 ejcts.ctsnetjournals.orgDownloaded from 

http://ejcts.ctsnetjournals.org
http://ejcts.ctsnetjournals.org#otherarticles
http://ejcts.ctsnetjournals.org/misc/Permissions.shtml
http://ejcts.ctsnetjournals.org/misc/reprints.shtml
http://ejcts.ctsnetjournals.org

	ICVTS.pdf
	Expandable device type III for easy and reliable approximation of dissection layers in sutureless aortic anastomosis. Ex ...
	Introduction
	Materials and methods
	Results
	Discussion
	References



