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Abstract The major limitation im- 
plicit in the endovascular procedures 
for aortic prosthetic substitution is 
that they cannot be used in those 
tracts of the aorta where important 
collateral branches originate (aortic 
arch, thoraco-abdominal tract, upper 
abdominal), that would be occluded 
by the prosthesis_ In order to over- 
come this limitation we hypothesized 
the endovascular positioning of a 
prosthesis in the form of a wide 
mesh network that would be gradu- 
ally and spontaneously covered by 
new intima and included in the aortic 
wall. The fabric framework linked to 
the aortic wall would then condition 
its significant, regular and uniform 
mechanical strengthening that frac- 
tionates and partially absorbs the 
centrifuge pulsatile stress of the 
bloodstream. The purpose of this 
paper is to report the results of the 
insertion of a braided Prolene net 
prosthesis in the first 7 cm of the de- 
scending aorta of ten swine. The ani- 

reals were killed after 6 weeks, the 
substituted segment removed and 
aortic wall compliance measured 
under standardized conditions. The 
prosthesis was found entirely cov- 
ered by new intima, well embodied 
in the aortic wall. The intercostal 
collateral included in the substituted 
segment was patent, as proved by 
bubble formation during underwater 
insufflation. Compliance of the pros- 
thesis segment was significantly 
lower than that of the adjacent de- 
scending aorta. Histology showed a 
regular net prosthesis inclusion deep 
in the neo-intima layer. Present re- 
sults indicate the technical feasibility 
of the procedure, achieving signifi- 
cant aortic wall strengthening with- 
out affecting the collateral (intercos- 
tal) circulation. [Eur J Cardio-thorac 
Surg (1996) 10:264-272] 
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Introduction 

Prosthetic substitution of thoracic and abdominal aortic an- 
eurysms has recently been successfully accomplished by 
endovascular techniques, avoiding thoracotomy or lapa- 
rotomy [4, 11, 12, 14] (Fig. 1). These techniques are still 
at an experimental phase and significant improvements in 
the devices are probably required before they can gain wide 
acceptance. However, the maj or limitation implicit in these 
procedures is that they cannot be used in those tracts of the 
aorta where important collateral branches originate (aor- 

tic arch, thoraco-abdominal tract, upper abdominal), since 
these would be occluded by the prosthesis. On the other 
hand it is the prosthetic substitution of these very aortic 
segments that is associated with the highest risk of com- 
phcation. 

In the pathogenesis of aneurysm, acquired or congeni- 
tal diseases induce modifications of the vascular wall, of- 
ten resulting in depauperation of elastic fibers [20] that 
cause its gradual inability to withstand the blood pressure, 
so that dilatation slowly occurs and gradually progresses 
to the point of eventual rupture or dissection [16]. The rel- 
ative slowness of aneurysm formation and progression to 
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rupture indicates that the decrease in the strength of the ar- 
terial wall  under  the aneurysm formation threshold may be 
very gradual and limited; consequent ly  one can imagine  
that measures to increase, even moderately,  the mechani-  
cal strength of the arterial wall should be successful in ar- 
resting aneurysm progression and prevent ing rupture. 

As a possible means of real izing such arterial wall 
s trengthening,  we hypothesized the percutaneous insert ion 
into the aortic lumen of a prosthesis formed out of a net of 
braided Prolene, fitted with a co-axial stainless steel thin 
coil to provide stable contact with the vascular wall. The 
rationale is that the net prosthesis main ta ined  in contact 

Fig. 1 The major limitation of 
the endovascular procedures for 
aortic prosthetic substitution 
[4, 12, 14] is that they cannot 
be used in those tracts of the 
aorta where important collateral 
branches originate (aortic arch, 
thoraco-abdominal tract, upper 
abdominal), since these would 
be occluded by the prosthesis. 
On the other hand, it is the 
prosthetic substitution of these 
very aortic segments that is as- 
sociated with the highest risk of 
complications (modified from 
14) 

Fig. 2A, B The experimental hypothesis is based on the fact that 
the net prosthesis together with the steel coil, positioned with endo- 
vascular techniques and maintained in contact with the aortic walls 
(A) is gradually covered by the neo-intima (B) and invaded by fibro- 
blasts, and thus stably associated to the aortic wall. If the net mesh 
is properly dimensioned, it may be expected that the blood flow 
through the collateral branches is not affected (arrows) 

Fig. 3 The aortic wall-linked fabric framework would condition a 
significant, regular and uniform mechanical strengthening that frac- 
tionates and partially absorbs the centrifugal pulsatile stress of the 
bloodstream, thus preventing dilatation and intimal tear, which is the 
first, necessary pathogenic event of dissections as well as, at least in 
most cases, of rupture. From the strictly mechanical point of view, 
the effectiveness of this modality of structural strengthening is wit- 
nessed by its wide application in current use items (i.e. gardening 
rubber tubes, tires etc.), where a tubular elastic material (i.e. rubber) 
is reinforced by means of a more rigid material framework (i.e. fab- 
ric, steel wire, etc.). The structural properties of the aortic wall as- 
sociated to the intraluminal net prosthesis should result from the com- 
binations of three factors: I the structural properties of the net pros- 
thesis, 2 the structural properties of the aortic wall, 3 the strength of 
the bonds between the aortic wall and the net prosthesis 
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with the int imal  wall (Fig. 2 A) would be gradually cov- 
ered by new intima, invaded by fibroblasts and then stably 
associated to the aortic wall (Fig. 2B).  The fabric frame- 
work l inked to the aortic wall would then provide a signif- 
icant, regular  and uni form mechanica l  s t rengthening that 
fractionates and partially absorbs the centr ifuge pulsati le 
stress of the bloodstream (Fig. 3). 

From the strictly mechanica l  point  of view, this modal-  
ity of structural s t rengthening is s imilar  to that largely em- 
ployed in currently used items (i.e. gardening rubber  tubes, 
tires etc.), where a tubular  elastic material  (i.e. rubber) is 
reinforced by means of a more rigid material  f ramework 
(i.e. fabric, steel wires, etc.). Of course the only reason to 
prefer arterial wall  net  prosthesis s t rengthening versus 
standard prosthetic condui t  subst i tut ion is that the former 
may be expected not to interfere with the blood flow 
through the collateral branches.  This could then extend the 
very s ignif icant  advantages of the endovascular  techniques 
to the entire aorta, inc luding the aortic arch. 

The purpose of the study is to demonstrate  the experi- 
mental  hypothesis  that s ignif icant  s t rengthening of the aor- 
tic wall, theoretically capable of arresting aneurysm pro- 
gression and prevent ing  rupture, can be achieved by a net 
prosthesis that can be posi t ioned with an endovascular  
technique without  interferring with blood perfusion of the 
collateral branches_ 

Measurements and analysis 

At animal sacrifice the descending aorta with the net prosthesis was 
sampled together with the confining distal aortic segment of equal 
length. To verify the patency of the collateral branch 2 in the net pros- 
thesis segment, this was inflated at low pressure (<40 mmHg) and 
examined underwater looking for bubble formation. 

To evaluate the effects of the steel-and-polypropylene net pros- 
thesis on dilatation of the aorta, under standardized conditions the 
circumferences of the prosthesis segment at two pressures (40 and 
100 mmHg) were compared with those recorded in the aortic seg- 
ment immediately distal; from these values the compliance of the re- 
spective unitary vascular cylinder can also be calculated. A stress 
test of the bonds between the prosthesis and the aortic wall was car- 
ried out by generating 300 mmHg pressure for 10 rain in the net pros- 
thesis aortic segment. That was then longitudinally opened and care- 
fully examined for maeroscopical evidence of detachment area of the 
prosthesis from the vascular wall. 

Histology of the prosthetic segment was carried out. 

Results 

The prosthesis posi t ioning was very simple with a very 
short c lamping time (5 min);  all animals  survived the pro- 
cedure without detectable neurological  deficit. 

Three out o f t e n  animals  died on the 3rd, 17th and 32nd 
postoperative day, respectively. Left hemithorax empyema 
was the cause of the third death; in the other two thrombo- 

Materials and methods 

Experimental model 

A preliminary simulation model was assessed with PVC transparent 
tubing to evaluate wall adherence of the various mesh net shapes and 
types in water flow, both in straight and in fusiform conduits. In these 
preliminary experiments we found that adhesion of the net to the tube 
wall relying only on the effect of the water flow was far from con- 
stant and regular, even with modified fluid-dynamic shapes of the 
net mesh. After a few endeavors, the problem was perfectly solved 
by a thin stainless steel coil co-axial to the net prosthesis. The coil 
allowed a constant and stable contact of the prosthesis net with the 
wall, also in fusiform conduits. Moreover, the mechanical properties 
of the coil added further strength to the aortic wall and also served 
to collapse the prosthesis during insertion. The net prosthesis used 
has a roughly rhomboid mesh (approximately 1 x 1 mm wide) of 
braided Prolenel; it was prepared as a cylindric conduit, fitted with 
the stainless steel coil (wire diameter 0.3 ram, AISI 304), immedi- 
ately before implant, in a diameter only slightly exceeding that of 
the first tract of descending aorta of the animal. 

The steel-and-polypropylene net prosthesis was positioned in the 
first 7 cm of the descending aorta of ten swine (25-40 kg); the con- 
tracted coil and the prosthesis were quickly inserted through a brief 
transverse aortotomy at the proximal end of the clamped descending 
aorta, without bypass or extracorporeal circulation. A single low dose 
heparin (100 UI/kg, i.v.) was given during the operation. No anti-ag- 
gregant and/or anticoagulant medications were given in the post- 
operative period. The animals were killed after 6 weeks. 

1 Ethicon, Somerville, NJ 08876-0151, USA 

Fig. 4 The prosthesis consists of a close-mesh net of braided Pro- 
lene fitted with a co-axial thin stainless steel coil to enhance regular 
and uniform contact with the vascular wall (left). To simplify this re- 
search phase the prosthesis was positioned with open technique, al- 
though it is devised to be positioned through a peripheral vessel 
(transfemoral) as an entirely endovascular procedure. After 6 weeks 
the net prosthesis was found to be entirely covered by the new inti- 
ma and well attached to the aortic wall. In the right side of the pros- 
thesis segment (middle) the net is no longer visible; presumably with 
more time this smooth intimal surface would extend to the whole in- 
ner vascular surface (middle the aortic wall was sectioned with the 
coil in place, right the metallic coil was pulled out) 

Fig. 5 To test patency of the thin collateral branch, before opening 
the aortic segment was inflated with air at 40 mmHg and examined 
underwater. Bubble formation confirms the patency of the intercos- 
tal branch in the net prosthesis segment (left, arrows). The net pros- 
thesis was then detached from the aortic wall and examined by 
transillumination. The newly formed intimal cylinder is clearly vis- 
ible filling the mesh net framework throughout the prosthesis. The 
absence of the new intima to fill the net mesh in correspondence with 
the collateral branch was also clearly evidenced (right, arrows). The 
long-term patency of this thin collateral branch may he prevented by 
further neo-intimal regeneration, suggesting a more wide-mesh net 
prosthesis configuration 

Fig. 6 A, B Histology shows a very thick neo-intima layer com- 
pletely including the net prosthesis which lies in contact with the me- 
dia. The square area shows the enlarged polypropylene mesh net pat- 
tern 

2 The swine strain provided to our lab (Large White) has a constant 
unique collateral branch in the first tract of the descending aorta, sup- 
plying the bronchial systemic circulation [ 13] 
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Table I Aortic wail compliance 

Circumference (mm) 

P=40 P= 120 zXC AV 
(mmHg) (mmHg) (mm) (ram 3) 

Animal n ° 3 
Segment with prosthesis 55 55 0 0 
Segment without prosthesis 56 67 11 107.7 

Animal n ° 5 
Segment with prosthesis 59 60 1 9,5 
Segment without prosthesis 52 57 5 43.5 

Animal n ° 8 
Segment with prosthesis 54 55 1 8.7 
Segment without prosthesis 52 60 8 71.4 

sis occurred at the proximal end of the prosthesis, where 
an additional tract of the net, not supported by the metal- 
lic coil, was found partially invaginated and lying across 
the aortic lumen. The other seven animals survived the 
scheduled period without problems. In these animals, aor- 
tic wall circular compliance was significantly lower in the 
net prosthesis segment than in the confining distal aorta; 
measurements recorded in experiment #3, #5 and #8 are 
reported in Table I. The prosthesis was found to be firmly 
fixed to the vascular wall and entirely covered by new in- 
tima (Fig. 4). The collateral branch included in the substi- 
tuted segment was patent, as proved by bubble forming 
during under-water inflation (Fig. 5). Transillumination of 
the net prosthesis detached from the vascular wall clearly 
showed, in correspondence with the collateral branch, the 
continuity solution of the new intima layer, filling each 
mesh of the net throughout the rest of the prosthesis 
(Fig. 5). 

Histology confirmed the neo-intima formation, which 
had increased its thickness several times, completely cov- 
ering the prosthesis (Fig. 6). The latter was sited deep in 
the intimal layer, in contact with the media, without any 
microscopical sign of detachment after the stress test 
(10 min at 300 mmHg). 

Discussion 

Recently not only abdominal but even descending thoracic 
aortic aneurysms [4, 12] have been successfully treated 
with endovascular techniques in small and selected groups 
of patients. The most obvious advantage of these proce- 
dures lies in the fact that laparotomy and thoracotomy is 
no longer required. However, a theoretically even more im- 
portant advantage, at least in thoracic aorta prosthetic sub- 
stitution, is that the endovascular techniques avoid the 
blood flow interruption phase, which may be considered 

the most important cause of complications, direct or indi- 
rect, of the standard, open technique. In fact, directly pro- 
portional to the duration of cross-clamping is the risk of 
ischemic lesions to distal organs (liver and kidney) as well 
as that of paraplegia from spinal cord injury [3]. Indirect 
complications of blood flow interruption are those related 
to the use of bypass, shunts, extracorporeal circulation, spi- 
nal cord drainage, nitroprusside and other maneuvers [1, 
7, 10, 18] often established to provide distal perfusion 
and/or to compensate the upper body area for hemody- 
namic changes induced by clamping; the complications of 
systemic heparinization, usually required by these tech- 
niques, are thus also indirectly dependent on blood flow 
interruption. 

As emphasized before, standard prosthetic conduit po- 
sitioning by endovascular techniques is possible only in 
those aortic segments without important collateral 
branches (upper descending thoracic and infrarenal ab- 
dominal aorta). The design of the prosthesis as a wide-mesh 
net is then intended to extend the significant advantage of 
the endovascular techniques to all the aortic segments. In 
this regard, the final question to be answered to validate 
the possible clinical use of the net prosthesis, of course, 
concerns the entity of structural strengthening provided to 
the diseased aortic wall by these means. 

The final structural properties of the aortic wall asso- 
ciated to the intraluminal net prosthesis may be complex 
to analyze in detail but, theoretically, should result from 
the combination of three factors (Fig. 3): 

1. the structural properties of the net prosthesis, 
2. the structural properties of the aortic wall, 
3. the strength of the bonds between the aortic wall and 

the net prosthesis. 

From a practical point of view, however, the clinical use 
of such a prosthesis could be justified if each of these fac- 
tors were proved individually to be able to withstand the 
forces occurring physiopathologically within the vascular 
lumen. 

Concerning the first factor, structural analysis showed 
that an ideal polypropylene net prosthesis with squared 
mesh 5 x5 mm with a thread diameter of 0.5 mm sustain- 
ing a pressure of 300 mmHg (0.04 Nmm -2) is charged at 
50% of its failure tension (Fig. 7), thus guaranteeing the 
linear elastic behavior of the polypropylene. This compu- 
tation was carried out considering only the transverse 
threads, assuming they entirely support the circumferen- 
tial stress, ignoring the mechanical contribution of the lon- 
gitudinal threads and that of the steel wire; it is then obvi- 
ous that this theoretical prosthesis, which is much weaker 
and with wider meshes than that used in this experimental 
series, is certainly able to support forces largely exceed- 
ing those occurring within the vessels, even in pathologi- 
cal conditions, 

Concerning the second factor, i.e. the aortic wall struc- 
tural properties, it is obvious that they are impaired by the 
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Fig. 7 A, B The simplified mechanical model represented here is 
set up under the hypothesis of membrane behavior for thin cylindri- 
cal pipes [21] and regular geometric conditions. The average value 
of the stress in the net prosthesis and inside the artery wall is evalu- 
ated assuming a square mesh of the net made of threads arranged 
along the longitudinal and transverse directions of the blood vessel_ 
The entire load produced by blood pressure in the vessel is assumed 
to be carried by the transverse threads only, ignoring the mechani- 
cal contribution of the longitudinal threads (A). The quantity ~-, 
named "admissible stress" in the thread, refers to the nominal val- 
ues of the stress that guarantees a linear-elastic behavior of the ma- 
terial for a given suitable safety factor. Assuming now a value of one 
half of the failure tension of the polypropylene thread (at, 
= 15Nmm 2) for the admissible stress, the value l=5.26 mm is o~- 
tained for the spacing of adjacent transverse threads with a diameter 
of 0.5 mm. The stress level in the artery wall can now be examined 
considering the cylindrical part of length l included between two con- 
tiguous transverse threads as indicated in B. This part can be easily 
idealized as undergoing both the circumferential stress c~ 0, and the 
longitudinal stress (Yx- Consistently with the previous hypothesis, the 
entire load can be attributed to the transverse theads only, ignoring 
the stiffening effect of the circumferential stress. The whole carry- 
ing capacity of the single strip is ascribed to the presence of the lon- 
gitudinal stress cy~. Therefore the strip of blood vessel between two 
adjacent transverse threads is idealized as a plane membrane of in- 
definite length and width l, supported along the edges as shown in 
B. Considering now the values of the elastic moduli of the two ma- 
terials [5, 6, 22, see below], polypropylene and aorta wall, the ratio 
Ef/Ei, i= 1, 2, 3 is always greater than 2500. That leads to the obser- 
vation that the threads can be considered inextensible when com- 
pared to the flexibility of the wall of the blood vessel. In the described 
situation the average value of the stress in the aorta wall is 

2 a a = 0_0421 N mm . This stress can be compared to the average stress 
obtained in the normal condition of the aorta, without any reinforce- 
ment. Applying the relation eras =pr, often named law of Laplace, 
where s=2_5 mm is the thickness of the vessel wall and o'~ is now 
the average stress in the thickness of the aorta wall, the internal stress 
of the aorta without reinforcement is cra=0.224 Nmm -2, approxi- 
mately 5 times greater than the value obtained for the case of rein- 
forced wall. Formulas: P = 2 prl (artery pressure resultant), F= aa¢~ z 
and F = P / 2 = p r l  (force carried by each thread). Symbols: p (artery 
pressure) = 300 mmHg = 0.04 MPa; r (equivalent radius of the blood 
vessel)=14; I (transverse thread distance); @f (thread diame- 
ter) = 5 mm; o). (admissible stress in the thread); Af (cross-section of 
the thread). Elastic moduli o f  the materials: Polypropylene: 
Ef= 1200 MPa; Aorta, intima-media layer, pig. E 1 =447.5 KPa (as- 
cending aorta), E2 = 43.25 KPa (thoracic aorta), E 3 = 247.8 KPa (de- 
scending aorta) 

under ly ing  d isease  to the extent  that aneurysmat ic  d i la ta-  
t ion has a l ready occurred.  Never the less ,  it can be assumed  
that the f rac t ionat ion  in sectors opera ted  by  the net  pros-  
thesis f r amework  on the aort ic wal l  a l lows for a s ignif icant  
increase  in its abi l i ty  to wi ths tand the same in t ravascular  

pressure ,  in each of  these sectors,  with reduced  di la tat ion.  
Structural  computa t ion  indicates  that, with the net f ract ion-  
at ion p rov ided  by  the theore t ica l ly  ideal  pros thes is  (see 
above) ,  the wal l  stress is 5 t imes lower  in these sectors than 
in the aort ic wal l  wi thout  the prosthes is  (Fig. 7). Thus it 
can be reasonab ly  expec ted  that this s ignif icant  s trength-  
ening would  be suff icient  to compensa te  the pa tho log ica l  
changes  induced  by  the under l in ing  p r imary  d isease  and, 
consequent ly ,  to prevent  further di la t ion at the sectors of  
the wal l  de l imi ted  by  the meshes  threads.  

As  the pros thes is  is pos i t ioned  in t ra luminal ly ,  the crit-  
ical  poin t  of  this mode l  could  be the strength of  the bonds  
be tween  the prosthes is  and the aort ic  wall ,  es tab l i shed  es- 
sent ia l ly  by  neo- in t ima  coverage  and f ibroblas t ic  invas ion  
of  the prosthes is  fabric.  A pressure  of  300 m m H g  for 
10 min was unable  to cause any macroscop ica l  and micro-  
scopica l  ev idence  of  the break ing  of  these bonds  and de- 
t achment  of  the pros thes is  f rom the in t imal  layer. Al though  
this resul t  could  not  be au tomat ica l ly  ex tended  to pros the-  
ses with other conf igurat ions ,  for example  with wider  
meshes ,  nonetheless  it speaks in favor  of  the abi l i ty  of  these 
bonds  to wi ths tand the forces  present  within the vascular  
lumen,  even in pa tho log ica l  condi t ions .  

The expec ted  mechan ica l  effects of  the net pros thes is  
at the in t ima level  deserve  specia l  considera t ion.  The per-  
manence  of  the prosthes is  in contact  with the vascular  wal l  
in fact  s t imulates  neo- in t ima  format ion  that doubles  its 
thickness ,  several  t imes,  thus making  a new int imal  cyl in-  
der  that, with the mesh size used in this exper imenta l  se- 
ries,  is cont inuous,  ent i re ly  inc luding  and cover ing  the 
pros thes is  (Fig. 4, 5). This newly  fo rmed  in t imal  cyl inder ,  
s t rengthened by  the pros thes is  f r amework  in the ideal  po-  
si t ion at this level ,  a l lows for a par t i cu la r ly  effect ive  ac- 
t ion in prevent ing  the fo rmat ion  and extens ion of  in t imal  
tears_ Since in t imal  tear is the first  and necessary  patho-  
genic  event  of  aort ic d issec t ion  of  all types  [2] it is easy to 
ant ic ipate  an impor tan t  c l in ica l  impac t  in the prevent ion  of  
this compl ica t ion  of  aneurysm.  On the other hand, this se- 
lect ive  in t imal  s t rengthening should  also have a c l in ical  
impac t  on full  th ickness  aneurysm rupture / f i ssura t ion  
mechan i sm by provid ing ,  with the neo- in t ima  cy l inder  and 
s t ee l - and-po lyp ropy lene  pros thes is  f ramework ,  the first  
and most  act ive barrier.  In other words  the final goal  of  this 
net prosthesis ,  i.e. p revent ion  o f  aneurysm rupture  and/or  
dissect ion,  may  be  the result ,  on the one hand,  of  the sta- 
b i l iza t ion  of  the aneurysm d iameter  [16] and, on the other, 
of  the increased  res is tance to lacera t ions  of  the in t imal  
layer,  s igni f icant ly  s t rengthened by  its increased  thickness  
and by  the pros thes is  network.  

A two- fo ld  mechan i sm leading  to aortic d issec t ion  and 
rupture  has recen t ly  been emphas ized  by  Rob icsek  and 
Thubr ikar  [16]. They  hypo thes ized  that in Mar fan ' s  dis-  
ease the aort ic en la rgement  combined  with the decrease  in 
wal l  th ickness  causes,  according  to the Lap lace  law, the 
stress to increase  approx ima te ly  as a square o f  the radius,  
and this is then the leading  cause of  rupture.  In hyper ten-  
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Fig. 8 Variation of the circumferential stress through the arterial 
wall thickness. For a thick cylinder (thickness > 8% of the radius (R)) 
such as the aorta, the stress is not uniform throughout the wall; it is 
maximal on the inner wall, it decreases through the thickness of the 
wall and is minimal on the outer wall. This may explain the patho- 
genic mechanism of dissection, where only the inner wall tears; more- 
over it adds arguments to the rationale of intraluminal positioning of 
the net prosthesis in order to achieve the structural strengthening just 
where this is most needed, i.e. where the circumferential stress is 
maximal. This allows for the required strengthening with the lowest 
amount of prosthetic material (thinner threads) (modified according 
to Robicsek and Thubrikar, Ann Thorac Surg 1994; 58:1247-1253) 

sive patients, on the other hand, an increase in pressure 
causes a linear increase in the stress that may also cause 
an intimal tear. Moreover, the same authors [16, 19] and 
other researchers [9] have emphasized that, because of the 
relevant thickness of the aortic wall in comparison with the 
radius (>8%), the circumferential stress is not uniform 
throughout the wall as in the theoretical "soap bubble" 
model; on the contrary, the stress is maximal at the intimal 
layer and decreases significantly to reach minimal values 
in the outer wall (Fig. 8). This both explains the mecha- 
nism of dissection and adds further arguments to the ratio- 
nale of the intraluminal positioning of the net prosthesis to 
achieve a selective reinforcement exactly where the cir- 
cumferential stress is maximal_ Theoretically this allows 
for the required structural support with the lowest amount 
of prosthetic material (thinner threads of the meshes)_ 

The results of this preliminary study clearly indicate the 
technical feasibility of the procedure without affecting the 
collateral (intercostal) circulation. The increase of me- 
chanical resistance of the aortic wall fitted with the steel- 
and-polypropylene prosthesis is very important and, in ac- 
cordance with the structural analysis, largely exceeds that 
required to hypothesize a real clinical meaningfulness. Ob- 
viously further tests under many different experimental 
conditions are required to assess other factors involved in 
this new therapeutic hypothesis. 

One of the most important factors concerns the possible 
unfavorable effects of debris, thrombus, calcifications, ar- 
teriosclerosis and necrotic material on the net prosthesis 

~/ t~ ~ 

Fig. 9A, B These schematic sketches represent examples of the 
possible net prosthesis-steel coil configuration in place, in two of the 
highest risk clinical conditions, i.e. aortic arch (A) and descending 
aorta aneurysm (B), where cross-clamping substitution must face the 
very low tolerance to normothermic ischemia of the nervous tissue. 
Spinal cord (paraplegia) and brain damage are the dreadful compli- 
cations of open procedure repair, largely unpredictable even in the 
presence of sophisticated protective maneuvers. Aortic wall strength- 
ening provided by the newly formed intimal cylinder and the poly- 
propylene meshes and steel coil framework, as shown in the figures, 
should be theoretically able to withstand forces largely exceeding 
those usually present in the vascular lumen, even in pathological con- 
ditions without impairing the collateral circulation 

neo-intima coverage and fibroblastic invasion and thus, 
ultimately, on the prosthesis-aortic wall linkage. This 
event, which the present experience has shown to occur 
regularly in the normal aorta, is of course the condition 
necessary to produce the expected mechanical effects and 
thus any impairment to this linkage may have an impor- 
tant clinical impact. An essential requirement for realizing 
this linkage, experimentally already directly verified in our 
preliminary work, is the uniform and stable contact of the 
prosthesis with the aortic wall. In this regard the deforma- 
tion and irregularity of the aneurysmatic lumen shape may 
cause some problem. It may be noticed, however, that the 
often spontaneous thrombosis of the more peripheral area 
of the aneurysm provides a trend towards reduction and 
rectification of the aneurysmatic lumen, thus creating con- 
ditions more favorable to net prosthesis-vascular wall con- 
tact. 

The ideal dimensions of the mesh of the prosthesis, as 
well as of the fabric thread that provides the best structural 
vascular wall reinforcement with the lowest interference 
with the orifices of the collateral branches, is an other im- 
portant point which must be investigated in detail. The 
present experience has proved to us that the patency of the 
small intercostal branch can be achieved, at least for 
6 weeks, in spite of the quite close-mesh net, with vigor- 
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ous neo-int ima proliferation. This is due to the fact that 
neo-intima can fill the narrow space between the meshes 
of  the net only if there is firm contact  with the vascular 
wall, where the neo-int ima cells may subside in bridging 
f rom one thread to the adjacent one. This, of  course, can- 
not happen at the orifice of  a collateral branch and, thus, 
at that level the newly formed intimal cylinder must  have 
a continuity solution. Nonetheless,  even though not in con- 
tact with the wall, these threads undergo blood-stream-gen- 
erated circumferential  lining and increase their diameter, 
thus proport ional ly reducing the width of  the meshes. The 
long-term evolution of  these changes with patency of  the 
collateral branch and the possible role of  anti-aggregants 
and anticoagulants in preventing thrombus formation in 
this area is, of  course, of  interest and should be evaluated 
in long-term experiments. 

In conclusion, of  course the effectiveness of  the proce- 
dure in arresting the aneurysm progression and preventing 
rupture and dissection without affecting the blood flow in 
the collateral branches must  be proved clinically. However  
the theoretical considerations and the present experimen- 
tal results are strongly in favor of  the clinical potential of  
this technique. In particular, the reinforcement at the inti- 
mal layer provided by neo-int ima formation and by the net 
prosthesis f ramework can be expected, on a theoretical ba- 

sis [5, 6, 8, 9, 16, 17, 19, 22], to be extremely effective in 
preventing both dissection and rupture. 

After complet ion of  the experimental phase, early clin- 
ical trials may be encouraged by the extremely low inva- 
siveness of  the procedure,  that may potentially and hope- 
fully be used even for aortic arch substitution (Fig. 9). 
Moreover,  the low invasiveness and the possibility of  se- 
quential, repeated applications implicit with this tech- 
nique, may justify the prophylact ic  ascending aorta and 
arch reinforcement in Marfan 's  patients in the early stage 
of  their disease, which has recently been recommended us- 
ing standard open technique [16]. The substantial normal- 
ity of  the inner aorta of  these patients at an early age makes 
this experimental model  consistently similar to the target 
clinical condition, so that the same favorable results can 
reasonably be expected. Moreover  the conclusive under- 
standing that a disarrangement of  the elastin fibrils net- 
work is at the basis of  aneurysm formation in Marfan 
aortic disease [23], might  acknowledge the re-establish- 
ment  of  a uniform and regular network strengthening of  
the vascular wall with a net prosthesis as a logic, direct 
correction of  the primary defect. 
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