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Post-traumatic lesions of the aortic isthmus

Lesions of the isthmus are the most frequent among post-traumatic lesions of the thoracic aorta (LTA): almost always
secondary to closed thoracic traumas (road accidents, falls, crushing, and explosions), they are rarely iatrogenic (operato-
ry catheterisms) or caused by penetrating wounds. In the review of the literature concerned in the report, from the analy-
sis of 89 bibliographic sources, we note that the etiopathogenesis and the pathophysiology of the LTA still entail a very
high immediate mortality, but we also note that, in recent years, remarkable improvements have been made not only in
prevention, first-aid, diagnostic definition and in the understanding of the development of the LTA, but above all in
therapeutic results. The correct use of the conservative approach, particularly in the immediately post-traumatic phases,
the increasingly wide-spread use of endovascular exclusion (T-EVAR), even if not without numerous technical difficulties,
and the further improvement of open surgery, currently make it possible to guarantee the individual patient the treat-
ment that can offer the best probabilities of success, at least immediately. Final development, and a more complete and
rigorous assessment of the medium and long term results of TEVAR will allow the formulation of therapeutic strategies
that are even better defined and increasingly simple to implement, on the basis of algorithms, such as the one proposed

by the Authors.
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Lesions of the isthmus are most often the result of trau-
mas of the thoracic aorta: almost always secondary to
closed thoracic traumas (road accidents, falls, crushing,
and explosions), they are rarely caused by penetrating
wounds (knife and fire arm wounds) or are iatrogenic
(operatory catheterisms). Suffering from a high, often
immediate mortality rate, they are difficult to treat even
in the minority of patients who remain alive until they
are hospitalised. In these cases, endovascular aortic exclu-
sion (T-EVAR) is today a further therapeutic option com-
pared with the, by now, classic alternative between at
least initially conservative treatment, based mainly on
controlled hypotension, and thoracotomic aortic replace-
ment which, in emergency or urgency, in any case has
a high mortality rate, also due to the associated lesions
that are very frequent in these almost always multi-trau-
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matised patients, and by specific morbidity — particu-
larly serious in terms of the risk of cerebral haemorrhage

and paraplegia.

Incidence

In 1557 Andrea Vesalio described the first case of death
from post traumatic thoracic aorta lesion (LTA) in a man
who had fallen from his horse !. If we exclude direct
lesions, moreover almost always fatal, the LTA is caused
by a sudden deceleration of the thorax due to impact
with a fixed obstacle: for this reason the incidence of
immediately lethal cases, once modest, grew initially in
a way that is directly proportional to the increase in the
spread of high speed vehicles, to then decrease in an
equally significant manner with the spread of modern
car safety systems, introduced and subjected to on-going
development on the basis of the definition of phys-
iopathological LTA mechanisms, obtained from autoptic
studies, data obtained from experimental animal models
and finally from increasingly sophisticated computerised
simulations. .
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In the USA, the incidence of fatal LTAs grew rapidly
from the 0.73% found in 1947, in 7000 autopsies on
road accident victims, to an incidence of between 10
and 17% in various study groups at the end of the
Sixties, to reach a peak of 26% in the review of the
causes of road accident death carried out in 1988, when
few vehicles were fitted with safety belts and even fewer
drivers used them and, above all, airbag technology had
not yet been introduced. The introduction of such pro-
tections, their progressive improvement (side and de-poten-
tiated airbags, triple-anchored belts, side reinforcements)
and the obligation to have them installed and to use them,
have resulted in a significant decrease in mortality from
LTA, up to 5.8% registered in 403 autopsies carried out
during the period 1997-2002 7-!!. Moreover, in 2003 2
Richens and coll. estimated that around 20% of road acci-
dent deaths was associated to LTA. It shouldn’t be for-
gotten that, at least in Italy, ITAs are often secondary to
the use of motor-bikes, obviously not equipped with such
safety systems, and finally that the second cause of LTA
are traumas caused by falling (often from workplace acci-
dents). In all, Fattori and coll. in 2007 '3 assumed, on
the contrary, that the incidence of patients with LTA who
reached the hospital alive can be destined to increase,
thanks also to the improvement in first-aid services.

Anatomy, Pathophysiology and Types of LTAs

A short reference to the anatomy of the thoracic aorta is
essential in order to be able to understand the localisa-
tion of LTAs, which only in 25-30% of cases occur at
the level of the ascendant aorta and the arch (in these
cases, patients who do not die immediately, or immedi-
ately after arriving at the hospital, are very rare), while
the remaining 65-70% are observed at the level of the
isthmus or at the origin of the descending aorta (and
nearly all patients who at least initially survive the trau-
ma are among these).

The isthmus, between the lower limit of the ostium of
the left proximal subclavian and the origin of the third
pairs of distal intercostals (the first two pairs of inter-
costals are branches of the thyrobicervicoscapular trunk of
the subclavian), is the most mobile portion of the tho-
racic aorta since it is only in relation with the inferome-
dial pulmonary artery through the arterial ligament
(residue of Botallos foetal arterial duct). Instead the
ascending aorta and the arch, on the whole travelling from
the bottom towards the top and then transversally, from
right to left and from the anterior to the posterior medi-
astinal and finally again downwards, are relatively fixed
structures, thanks to the pericardio-heart unit on the bot-
tom and the epicortic vessels at the top, just as the
descending aorta is securely anchored to the costal and
vertebral levels in giving origin not only to the bronchial,
mediastinic and aesophageal arteries but also to the last
eight pairs of intercostal arteries.
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We assume that closed trauma of the thorax causes the
sudden increase of aortic endoluminal pressure, both due
to the sudden squeezing of the endocardiac blood and
due to acute obstruction of the aorta at the diaphragmatic
hiatus (caused by angulation of the vessel caused at this
level by a sudden deceleration) up to values of from 350
to 600 mmHg within 50-100 msec. of impact 2. These
pressing values, in themselves insufficient to cause rupture
of the vessel, are, however, enough to cause its acute relax-
ation: the ascending aorta and the proximal arch, and the
descending distal aorta, would change into a rigid and
relatively fixed pipe which, acting as a fulcrum on the
epiaortic vessels and particularly on the left subclavian
securely anchored to the first rib, would create pressure
waves which, with both an ascending and descending path,
and associated to the partial dislocation of the heart and
arch upwards, would in turn cause stretching, rotation and
acute translation of the isthmus around its only rigid
point, composed of the arterial ligament 2¢. The latter is
therefore the most frequent point of initial laceration, with
a circumferential path, or transversal and with antero-lat-
eral propagation, while the posterior wall may remain
intact, or tamponed — at least temporarily — by the medi-
astinic tissue which surrounds the aorta itself starting from
the third pair of intercostal arteries.

The conditions and extent of the trauma determine the
various types of L'TA, coded by Parmley and coll. 1958
14, on the basis of the autoptic examination of 296 ear-

ly LTAs:

1 Intimal haemorrhage;

2 Intimal laceration with haemorrhage;

3 Laceration of the median;

4 Complete laceration of the aorta (complete transection
of the aorta);

5 Pseudoaneurysm;

6 Complete laceration with periaortic haemorrhage.

As well as the intimal always involved (probably due to
its greater rigidity compared with that of the median and
the avventitia) with immediate subintimal haemorrhage,
the initial lesion nearly always also extends to the middle
tunica, and it is calculated that in 80-90% of cases, after
a free interval lasting from a few seconds to several years,
parietal laceration of the whole thickness occurs, with a
very high risk of immediate death caused by a massive
haemorrhage.

Survival is usually established only by the intact condi-
tion of the avventitia and by the padding provided by
the periaortic tissue °. Immediately after the trauma, a
thrombus composed of fibrin and an emulsion of ery-
throcytes is created, followed by fibroblastic proliferation
and with this the neovascularisation of the wall: in 2-3
weeks the thrombus organises itself and finally neoen-
dothelization of the lesion begins !°. In addition to the
rare restitutio ad integrum on one hand, only possible in
the slightest cases, and to complete rupture of the aor-
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ta on the other, a possible short term development is
the pseudocoartation syndrome, arising in around 10%
of cases by the invagination, in the lumen, of a medio-
intimal flap which, reducing the haematic flow in the
descending aorta, can cause distal and spinal ischemias
serious enough to require emergency surgery. The other
typical developments are sacciform pseudoaneurysm in
the case of transversal lesion, and fusiform pseudoa-
neurysm in the case of circumferential lesion: in late
diagnosis, in these cases parietal calcification involving
the periaortic tissue, is frequent with possible formation
of strong adhesions with the pulmonary parenchyma and
the pleura 1°.

Prognosis

More than 85% of trauma patients with LTA die before
they reach hospital. Without adequate treatment, patients
who reach the hospital have a mortality rate of 30%, in
the first 6 hours and of 50% in the first 24 hours after
hospitalisation, but this worst prognosis is often in direct
relation to the associated serious lesions almost always
present, with a high incidence of cranial-encephalic trau-
mas and abdominal parenchymas. If we exclude level 1
LTAs that often allow possible restitutio ad integrum, as
we have already said, we believe that the evolution, with
variable and unpredictable interval between trauma and
final event, is almost always towards pseudocoartation or,
more frequently, towards rupture, in general through the

formation of pseudoaneurysms and almost always imme-
diately lethal #12.

Diagnosis

The very high incidence of LTAs caused by road acci-
dents or by falls or crushing calls for the study of the
thoracic aorta, and in particular the isthmus to be con-
sidered as obligatory and routine in multi-traumatised
patients. The current level of definition of multi-slice
CT Angiography methods and the associated “volume
rendering” techniques in 3-D (since 2002-2003, thanks
to the implementation of the number of detectors com-
pared with the old instruments) in these cases used in
any case compulsorily at “total body” extension, allows
the acquisition of images in just a few seconds and
extremely accurate identification of various types of the
above-mentioned LTAs. Therefore it doesn't appear to be
appropriate or useful to discuss any further the radio-
logic semeiotics of tests which were once the only ones
available (e.g.: more or less accentuated changes in the
mediastinic profile of the standard x-ray of the thorax
7, but also the data provided by CTs of the first gen-
erations, and finally the same angiography findings, con-
sidered “gold standard” until about the end of the
Nineties). Given the availability of adequate equipment,

we can state that, for this pathology also, the current
diagnostic capacity is fundamentally operator-dependent,
requiring a specific experience in the interpretation of
vascular imaging which for these lesions, is, itself,
absolutely accurate but, above all, in the forms at least
initially less serious, at times not simple to recognise 1%
2. It should also be pointed out that most patients who
reach hospital alive do not have active bleeding in the
location of the aortic lesion, and that possible haemo-
dynamic instability is more often caused not by the LTA,
but by parenchymal laceration (mainly the liver and the
spleen) or by frequent and widespread haemorrhage cen-
tres at the bone fracture; in any case, prompt CT-
Angiography recognition of the direct or indirect signs
of LTA (Table I), of the so-called signs of impending
rupture (increase in dimensions or morphological wors-
ening of the parietal lesion, increase in the mediastinic
haematoma, haemothorax relapse) and of the already
described pseudocoartation syndrome 3 is fundamental.
In addition to the multi-slice CT Angiography, and not
for the first diagnosis but only as a monitoring method
in cases that are addressed at least initially to a conser-
vative treatment, the trans-oesophageal echo-cardiograph
(TEE) may be taken into consideration, but with extreme
caution: the fact that it allows the non- signiﬁcant reduc-
tion of radiation to which the patient is exposed due to
repeated CT-Angiography during any observation period

TaBLE 1 — Radiological Imaging of LTAs (modified from Mirvis, et al. *')

PRIMARY FINDINGS

— Pseudoaneurysm

Mediastinal hemorrhage (active or stable)
Hemotorax (active or stable; left / right / bilateral)
Intimal Flaps and/or Pseudocoartation

— Intramural Thrombosis

— Endoluminal Thrombosis (also if partial)

— Abnormalities of the parietal aortic contour

— Localized Variants of the aortic size

SECONDARY FINDINGS

— Mass effect with displacement of the oesophagus or nasogastric
tube or trachea to the right

ATYPICAL LOCATION

— Aortic arch

— Ascending aorta

— Paradiaphrammatic aorta

— Congenital anatomic variants (lusoria subclavian artery, aortic
coartation, etc.)

IMPENDING RUPTURE FINDINGS

— Size and/or morphology variants of LTAs or hematoma

— FALSE DIAGNOSIS BECAUSE OTHER HEMORRHAGES
— Hemorrage from periaortic mediastinal vessels

— Hemorrage from branch vessels

FALSE DIAGNOSIS BECAUSE CONGENITAL VARIANTS

— Patent ductus arteriosus

— Aortic diverticulum

Isthmic malformation

Branch vessels infindibula
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must be considered as positive, but the potential risk of
any further direct damage to the already damaged aor-
tic wall — as far as further evident rupture, particularly
in the case of plugged pseudoaneurysm — caused by
inserting the instrument into the aesophageal lumen adja-
cent to the aortic isthmus, must not be ignored.

In Centres equipped with the latest generation of equip-
ment, and above all operators with a high level of spe-
cific experience, dynamic Angio-MR is certainly an excel-
lent alternative to the more invasive multi-slice CT-
Angiography and TEE, since it can provide a morpho-
logical and haemodynamic definition of the LTA that
theoretically can make it the gold standard of the years
2000 26. Moreover, even in logistically favourable situa-
tions, the costs and, above all, the length of the test
make its use more suitable for subsequent checks than
for the first diagnosis ¥/.

Therapeutic strategies

There are three therapeutic options for LTAs: conserva-
tive medical treatments; open surgery correction; correc-

tion via T-EVAR.

1) CONSERVATIVE TREATMENT

In any case to be started as soon as possible where there
is the suspicion of a possible LTA even only on the basis
of trauma procedures and pending diagnostic investiga-
tions, this is based on hypotensive intensive therapy
through beta blockers and nitrates, under constant mon-
itoring (PAS ideally maintained around 100 mmHg) 2
7. The premise for this conservative treatment consists
in the fact that at least the avventitia and the periaor-
tic mediastinic tissue of most patients who reach the
hospital alive must be undamaged, making a massive
haemorrhage unlikely. It is however fundamental to car-
ry out seriated instrumental checks — at least every two
days initially and then at increasing intervals later — to
check for the absence of those radiological imaging find-
ings, mentioned above — that predict impending rupture
13,28

Even when a surgical or endovascular decision has been
reached, the time interval obtained in this way before
carrying out the operation may make it possible to sta-
bilise the patient and to take other therapeutic measures
often necessary in these cases that are almost always com-
plicated by often serious lesions, even in other areas
(mainly cranio-encephalic, hepatic and splenic), that
make emergency surgery, and in particular immediate
open surgery, very high-risk.

Moreover, consolidation of the LTA in itself, and the
already described process of re-absorption of the intraper-
ital haematoma almost always above and below the lesion
and the periaortic haematoma, secondary not to the LTA
but to the simultaneous laceration of small mediastinic
vessels, make it possible to tackle the surgical correction
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with greater chances of success, when the aortic wall has
reacquired greater solidity, generally within 15-20 days,
and if the even modest periaortic haemorrhages under-
way have stopped.

Finally, LTAs, which at initial radiological imagining can
be attributed to those of Level 1-2 sec. Parmley, if of
an extremely limited extension, can evolve spontaneous-
ly until they even reach restitutio ad integrum, which
does not exclude the need for long term instrumental
follow up to check for the absence of late degenerations
which may be possible, such as pseudocoartation and
pseudoaneurysm.

Various experiences show that the risk of complete rup-
ture is limited and therefore acceptable if the patient is
haemodynamically stable, and especially in cases where
the lesion is not circumferential 3%7. The length of con-
servative treatment is extremely variable, to be modulat-
ed according to the patients conditions, morphological
characteristics and any changes in the imaging checks of
the individual case, also taking into account the techni-
cal considerations discussed before. After the first indi-
cation of Akins and coll. > who, at the beginning of
the Seventies, before proceeding with surgical correction,
began a hypotensive treatment, without finding any case
of acute evolution of LTAs, the experience of Pate and
coll. 3 who in 1995 referred that in none of the 41
pseudoaneurysms kept at pressure values lower than 140
mmHg did they find rupture before the surgical opera-
tion, carried out between 12 hours and 24 weeks of the
trauma, appears to be very important. Since then, most
surgeons have adopted this approach, with very signifi-
cant experiences also in Italy, such as the one published
in 2000 by Pierangeli and coll. , discussed in detail lat-
er.

This decision must, in any case, be well assessed in rela-
tion to various risks 3841

— Sudden death, from acute and uncontrollable evolu-
tion of the LTA during medical treatment: even in appar-
ently stable situations, various Authors have recorded the
death of 2-5% of patients, within the first week of the
trauma, even if such data must be assessed critically in
relation to the implementation methods of the necessary
radiological monitoring mentioned above;

— Gradual dilation of the aortic sector involved by the
LTA, until compressive phenomena on the trachea and
the main left bronchus;

— Fibro-calcific organisation of the aortic wall that can
make any future endovascular treatment difficult;

— Cerebral hypoperfusion induced by the hypotensive
treatment itself, in patients who frequently present cran-
ic traumas associated to the LTA.

2) OPEN SURGERY

Generally carried out via left thoracotomy and unilater-
al right ventilation, CEC and relative heparinization
(only partially reducible although using current hepari-
nated circuits), also in Centres with greater cardiosurgi-
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cal and vascular experience — not always easily reachable
from the place of the traumatic event — open emergency
surgery for LTA has a mortality rate of from 15 to 30%,
and central neurological morbidity (cerebral haemor-
rhage, especially in frequent cases of patients with asso-
ciated cranic trauma) and peripheral neurological mor-
bidity (paraplegia) that have a 15% influence on cases
4243 Therefore, currently this procedure must be con-
sidered in emergency cases, when an endovascular pro-
cedure is logistically or anatomically impossible, and
above all only after having ascertained that conservative
treatment is impossible.

In fact, for the reasons already mentioned, this last
option makes it possible to carry out replacement, in
open surgery, of the aortic section where the LTA is
located with a lower rate of complications, below 5%
including mortality plus neurological morbidities 2
37.3940 Therefore, unlike in emergency cases, thoraco-
tomic surgery of the LTA carried out electively, or even
in deferred urgency, is still to be considered an initial
possible choice for final treatment of the LTA, and is
still probably the gold standard for the correction of its
late complications.

Therefore the synthesis of Mattox and Wall who, in 2000
16, identified three clinical situations with regard to open
surgery of LTAS, is still valid:

1: Patients with massive and exanguinatio LTAs, for
whom every surgical attempt is, in any case, pointless;
2: Haemodynamically unstable and only temporarily
compensable patients: there may be time to carry out
diagnostic tests and proceed with the surgical attempt,
but mortality, in any case, remains very high;

3: Stable haemodynamic patients with LTA and tam-
poned haematoma, often with diagnosis deriving from
diagnostic investigations prescribed only on the recent
anamnestic trauma data, capable of causing an aortic
lesion caused by deceleration. These patients usually do
not require emergency treatment, and it rarely results in
LTA-correlated death.

After the absolute emergency phase, both the length of
deferment of the surgical correction and the surgical tech-
nique to be adopted are still the object of discussion.

With regard to the first aspect, Schumacher and coll. 43
opt for deferred urgency, maintaining that the best tim-
ing after initial stabilisation of the patient is within 72
hours of the trauma, before fibrosis of the mediastinic
haematoma has developed. Most Authors, on the other
hand, favour much longer intervals between trauma and
open surgery, and in any case, after having treated the
various comorbidities that are often the primary cause
of the very bad results of immediate open surgery (with
particular reference to the treatment of serious respira-
tory deficits caused by pulmonary contusion, and sta-
bilisation of cranic traumas): for example, Pierangeli e
coll. 3%, after observing a mortality of 19% in 21 patients
who underwent immediate surgery, paraplegia in 3 cas-

of the aortic isthmus

es and permanent dialysis in 1 of the survivors, in anoth-
er 29 patients, they carried out surgical correction at as
long as 8.6 months (on average) from the LTA, after
prolonged hypotensive treatment and treatment of the
pulmonary complications associated to the trauma, bring-
ing mortality and major complications to 0% .

With regard to the more purely technical aspects of the
open surgery of isthmic LTAs 4243, it should be remem-
bered that the methods used are mainly either simple
clamp and sew, or correction with aortic distal perfu-
sion, via Gott shunt or left atrio-femoral bypass or again
with total femoro-femoral CEC. In favour of distal pro-
tection, moreover without significant advantages in
Literature of one particular type of perfusion with
respect to the others 4, is discovery of a significant
reduction in paraplegia compared with the simple clamp
and sew (moreover, not always feasible), especially
thanks to the possibility of lengthening clamping times
in often complex situations, and reducing to the min-
imum the spinal insult from hypotension that can occur
if intraoperative bleeding becomes significant. Moreover,
spinal protection also becomes crucial in relation to the
frequent advisability of clamping the aorta in safe con-
ditions between the common carotid artery and the left
subclavian (thus further reducing spinal circulation
starting from the vertebral artery); this manoeuvre,
obligatory in the case of LTA at less than 1 c¢m from
the subclavian, is perhaps advisable in any case in order
to be able to proceed with extreme caution in the cir-
cumferential isolation of the aorta at the arch, in this
way reducing the risks of iatrogenic lesions of the
oesophagus, thoracic duct and recurrent nerve and,
above all, without dissecting the posterior wall of the
vessel, or penetrating the context of the perilesional
haematoma or the LTA itself, with massive and often
fatal intraoperative haemorrhage 4244,

3) ENDOVASCULAR THERAPY (T-EVAR)

In theory, endovascular exclusion of the aorta with LTA
solves most if not all the problems mentioned up to
here: the T-EVAR is positioned with mini-invasive access-
es and specifically does not expose the patient to the
risks of proximal aortic clamping, does not require
heparinization, rarely entails significant risks of paraple-
gia and, finally, can be completed within just a few dozen
minutes. For all of these reasons, it also makes it pos-
sible to avoid resorting to the stabilisation period and
the relevant risks of very evident delayed rupture, allow-
ing, rather, the treatment of associated lesions in one
surgical operation (the case of LTA associated to abdom-
inal haemorrhage caused by parenchymatose lesion is typ-
ical).

For the first time used as treatment of LTAs by Semba
and coll. in 1997 %, after more than a decade of con-
stant perfecting of materials and the various types of
endoprostheses, it has become perhaps the most com-
monly used technical option in these patients, and
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Literature at this point contains numerous experiences
with dozens of treated cases: all agree in underlining a
technical success of the stated procedure in around 95%
of treated cases, with very low LTA-correlated mortality
and paraplegia, almost always in total below 3% (Table
2 13,46—71).

Moreover, in the first systematic review and metanalysis
of works published on the comparison between T-EVAR
and open surgery, which appeared in the Journal of
Vascular Surgery in May 2008 and coordinated by Ouriel
K. 72, we read that in the case of LTA — unlike other
pathologies of the thoracic aorta even though also treat-
ed with T-EVAR — no statistically significant differences
emerge, neither of mortality nor of paraplegia (although
recording a certain reduction of the latter in patients
undergoing T-EVAR). Although not underestimating the
well-known bias inherent in this type of statistical analy-
sis, these findings are in any case proof of the need to
reduce probably excessive enthusiasm, which probably
may lead to tackling and treating through T-EVAR the
patient with LTA even without the support of special-
ists in cardio-surgery or vascular surgery, and perhaps
also to widening recommendations for the operations, as
we can imagine by observing a significant number of
LTAs recently treated in Centres which, previously, had
not indicated interest in this type of pathology.

On the other hand, numerous other Authors have already
emphasized that the T-EVAR, in this as in other appli-
cations, presents numerous problems that still have not
been solved 134351546070 T date, we are still a long
way from producing an ideal endoprosthesis for the tho-
racic aorta, as proved by the considerable structural dif-
ferences between the various types on sale today, and by
the constant changes made by all the manufacturers. The
structural heterogeneity that characterizes the different
and numerous endoprostheses on the market (material,
thickness, dimensions and disposition of the exo and
endoskeleton through stent; conformation of the ends
with or without the presence of uncovered stents or of
extraflexions flush with the tissue; any transparietal
anchorage systems, etc.) and the resulting difficulties in
assessing their different performance in the different
anatomical situations, has also been demonstrated recent-
ly by Canaud L. and coll., with their study published
in June 2008 in the Journal of Endovascular Therapy
73, In this experimental study, endoprostheses belonging
to the four different types, currently the most used, were
inserted into removed from cadavers normal-sized aor-
tas, without any lesions (moreover above all similar to
the aorta usually suffering from LTA) testing several over-
sizing sizes for each brand. Subjecting the aorta to
increasing angulations, the aorta-endoprosthesis system

TaBLE II: Recent Results of > 10 T-EVAR for LTAs from Uni-Center surveys.

No. cases % Early % Mortality % Paraplegia
technical succes within 30 days and/or stroke
Alric et all.,, 200246 10 100 10 0
Lachat et all., 200247 12 100 8 0
Kato et all., 200348 13 100 46 0
Karmy-Jones e coll., 2003% 11 81,1 27,3 0
Scheinert e coll., 2003°° 10 100 0 0
Amabile e coll., 2004°! 13 100 0 0
Dunham e coll., 20042 16 100 6,3 0
Meltnitchouk e coll., 200453 15 100 0 6,6
Morishita e coll., 20044 18 100 17 0
Neuhauser e coll., 2004 13 92 0 0
Doss e coll., 2005°¢ 18 100 0 0
Eggebrecth e coll., 20055 17 65 24,5 0
Michelet e coll., 20058 10 100 0 0
Peterson e coll., 20057 11 100 0 0
Rousseau e coll., 2005 29 96,5 0 0
Agostinelli e coll., 2006°! 15 100 13 0
Hoornweg e coll., 2006 28 100 0 0
Marcheix e coll., 20063 33 100 0 3
Pratesi e coll., 2006% 11 100 9,1 0
Reed e coll., 2006 13 100 23 0
Fattori e coll., 20073 27 100 0 3,8
Neschis e coll., 200766 20 100 0 0
Orend e coll., 2007¢ 34 100 8,8 0
Raupach e coll., 20079 10 100 10 10
Steingruber e coll, 2007%° 22 86,3 45 0
Buz e coll., 20087° 39 97,4 3,7 0
Canaud e coll., 20087! 27 100 3,7 0
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was then assessed with the emission of pulsatile flow:
the observed performances, relating both to the seal of
the graft to the aortic wall which on maintaining per-
viety showed obvious differences among the various
endoprostheses, also with photographic documentation,
to say the least, impressive, especially if imagined in a
living person, and curiously never in favour of the endo-
prosthesis used the most by the first Author 7.

Problems of the T-EVAR specific to LTAs

An initial series of technical problems derives from the
particular type of patients with LTA who, being gener-
ally victims of road accidents or accidents on the work-
place, are mostly young, with, moreover, an undam-
aged vascular system. This entails certain specific phys-
iopathological characteristics that are typical of these
patients compared with patients with degenerative aor-
tic pathologies. In particular ¢: a considerable pul-
satility and accentuated movements of the aorta in both
a longitudinal and transversal direction, with variation
in size between systoles and diasistoles of at least 15-
20%, and in any case generally over that of patients
with degenerative pathology; a normal vasal diameter
frequently not over 20-22 mm, sometimes between 16
and 20 mm, very different from the widely ectasic ves-
sels associated to aneurysms; an isthmus often located
at the tip of an extremely acute angle between the arch
and the descending thoracic aorta, this being a less fre-
quent condition in patients affected by atherosclerosis
which generally also results in lengthening of the ves-
sel and a less accentuated angulation of the arch.

In the case of LTA, therefore, and above all in the
young patient, any choice in favour of the T-EVAR
must therefore be made bearing well in mind the fol-
lowing summarised considerations:

— The greater range between systoles and diastoles
makes even more difficult pre-operatory radiologic plan-
ning that is indispensable in order to be able to choose
the endoprosthesis most suitable to the individual case:
imaging analysis is always difficult to carry out at aor-
tic arch level, due to the complex changes in path
already mentioned above, and therefore equipment of
the latest generation is required and, above all, opera-
tors with specific experience. One of the major diffi-
culties consists in the choice of the oversizing that is
in any case necessary to obtain an adequate anchorage
to the aortic wall, both for endoprostheses with uncov-
ered proximal stents, designed to stabilise the system
and to make its radial structure more effective and for
those also, or only, equipped with transparietal fixture
systems. There is a real risk 7483 of choosing either an
excessive oversizing (resulting incomplete aperture or at
least partial infolding of the endoprosthesis with type
I endoleak and also collapse of the endoprosthesis or,
again, excessive tension on the aorta, with secondary

of the aortic isthmus

dissecation or rupture of the vessel, often also involv-
ing the oesophagus and the pulmonary parenchyma) or
an insufficient oversizing (possible migration of the
endoprosthesis and type I repermeation of the LTA, or
even its accentuation from laceration secondary to the
migration itself);

— The smallest endoprosthesis for the thoracic aorta
currently available measures 22 mm, supplied, howev-
er, by only three brands, but the 24 mm size can
already cause an excessive oversizing for patients with
LTA, with the relative risks of complications mentioned
above (with an endoprosthesis of 24 mm in an aorta
20 mm in diameter, there would be, for example, a
20% oversizing, about double that currently recom-
mended by the manufacturers for the T-EVAR of LTAs
in the healthy aorta);

— In order to continue to adhere to the aortic wall
inside a path with a particularly acute angle ¢78-83, the
endoprosthesis must, above all, have considerable con-
formability, indispensable both in order to progress
within such angulation at the time it is positioned (even
if facilitated in these cases by the use of extra-stiff
guides as well as the by now specific classical manoeu-
vres, such as the combined brachial or anonymous and
femoral approach, etc), and in order to adhere to the
aortic wall following its winding path, and without
causing an excessive straightening thrust on the vessel.
In these cases, in fact, the risk of a collapse of the aor-
tic wall with formation, starting from both ends of the
endoprosthesis, of an ante or retrograde dissecation, or
of a pseudoaneurysm caused by laceration of the aor-
tic wall, often involving the adjacent oesophagus and
pulmonary parenchyma 7477 becomes high, immediate
but also at short-medium term. At the same time, the
expansive radial force of the endoprosthesis, itself a con-
flicting characteristic with respect to conformability,
must be sufficient so that the prosthesis itself does not
stenosized (thus creating an iatrogenic pseudocoarta-
tion), and, thanks also to any transparietal anchorage
systems, does not tend to migrate, pushed both by
endoaortic pressure and by the same parietal motility
and by the already mentioned changes in diameter of
the native vessel during the systole-diastole cycle ¢77%
85, Above all in cases of an arch with an unsatisfacto-
ry angle, a possible solution is to widen the sector of
the healthy aorta covered by the endoprosthesis (land-
ing zone) to the proximal level, to increase the sealing
extension and therefore the efficacy, and also at distal
level, bringing the caudal limit of the endoprosthesis
to the rectilinear sector of the descending thoracic aor-
ta, so as to also further exploit columnary strength 84.
However, the result of these solutions may be that there
will be proximal interference with the ostium of the
left subclavian, with problems that will be discussed
later, and that, distally to the LTA, create greater over-
sizing, with the relevant possible complications, caused
by the physiology and gradual decrease in caudal sense
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of the diameter of the descending thoracic aorta 7'
Again distally, in this way there is coverage of a greater
number of intercostal arteries, with at least a theoreti-
cal increase in the risk of paraplegia, and of the
oesophageal and bronchial arteries, which, according to
some Authors, could, through ischemic damage, create
the premises for aorto-oesophageal and aorto-bronchial
lacerations and fistulizations that can also occur even
a long time after the implant 7477;

— The calibre of the supporting systems currently on
the market for endoprostheses for the thoracic aorta
(variable in relation to the sizes of the endoprosthesis
used, but also for smaller endoprostheses with a min-
imum size of 7-8 mm) may not be compatible with
the diameter of the common femoral artery and the
external iliac: but this aspect must be borne in mind,
when there is a risk of causing deep dissecation and
also laceration of such areas during release of the sys-
tem. The solution of the problem is to make an access
to the common iliac extraperitoneally which, even if
more invasive compared with the crural access, is, on
the other hand, generally quite easy (if made initially
and not only after such complications arise), so that it
is often selected by Authors 62:63:66.69,

T-EVAR and coverage of the left subclavian in TALSs

As for other cases discussed for open surgery, with the
T-EVAR there is also the problem of the involvement
or non-involvement of the left subclavian in the pro-
cedure 8486, The ostium of the vessel is often very close
to the istmic LTA, which makes accidental or neces-
sary coverage with the endoprosthesis frequent in order
to obtain a sector of the aorta proximal to the lesion
extensive enough to obtain a more secure sealing of the
endoprosthesis. Most Authors maintain that this does
not entail real risks for the patient, given the efficacy,
in almost all cases, of the collaterality of the arterial
circulation towards the arm, and having established the
absence of cerebellar complications from diversion or
interruption in the flow of the left vertebral artery.

On the basis of equally significant personal case histo-
ries, other Authors, on the other hand, underline that
the risk of neurological complications after T-EVAR
with coverage of the subclavian is not unimportant,
both at cerebellar and spinal level, and not necessarily
in the immediate post-procedural period 138586 Tt is,
on the other hand, known from neurosurgical experi-
ences % that occlusion of the left vertebral, dominat-
ing with respect to the right one in about 55% of indi-
viduals, can be compensated by the collateral circula-
tion, but that, in about 5% of cases, can cause cere-
bellar infarcts with often serious functional deficits —
up to the vegetative state of the patient as recently
observed in a case by Fattori and coll. within the con-
solidated experience of the Bologna Centre 3. Still with
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regard to possible complications affecting the encephal-
ic area, it was pointed out that, if the prosthesis is
inserted near the subclavian, the fact that the endo-
prosthesis and the common left carotid are so close
(and also its direct involvement in the case of endo-
prostheses with uncovered proximal stents) may result
in an emboligenic source for supratentorial infarcts,
found even a long time after the implant. Finally, we
must not forget the importance of the vertebral circu-
lation in the descending collaterality essential for main-
taining spinal irroration, which in these operations is
always at risk due both to the obligatory coverage of
a variable number of intercostal arteries by the endo-
prosthesis and in relation to the frequent episodes of
systemic hypotension to which multi-traumatised
patients may be exposed for various reasons.

Very briefly, with regard to coverage of the origin of
the left subclavian, it is a matter of choosing among
the various strategies, all reliably supported in Literature
13,46-71,84-86,88.

— to limit their use as much as possible: some Authors
currently maintain that the need to cover the ostium
of the subclavian should arise less frequently than
thought since for prosthetic sealing, at least in young
patients with a healthy aortic wall, a landing zone prox-
imal to the LTA only 4-5mm long would be enough,
much shorter than that required for T-EVARs that must
interact with atherosclerotic aortas;

— to consider as the first choice, open surgery for all
patients in whom the subclavian coverage manoeuvre
would be indispensable;

— in all cases in which the need for subclavian cover-
age is predicted, carry out preliminarily a carotid-sub-
clavian revascularization, associated to the suture or sec-
tion or endo-occlusion of the subclavian moncone prox-
imal to the vertebral ostium to prevent type II endoleak;
— to believe that covering the subclavian ostium, par-
ticularly useful in severely angled arches, is without sub-
stantial risks, possibly carrying out a carotid-subclavian
revascularization only later, in rare cases where an
ischemic symptomatology in the brachial area or in the
subtentorial area arises due to vertebro-subclavian diver-
sion.

Finally, the fundamental grounds for which clear cau-
tion in using the T-EVAR in istmic LTAs still appears
appropriate consists in the almost total absence, unlike
what we can now state for thoracotomic replacement,
of consolidated medium-long term results, a detail that
should under no circumstances be neglected especially
in relation to the average age of these patients. Too
many cases appear lost at follow-up due to the lack of
compliance both of the patient himself and the imple-
menting Centre itself.

All the proposed endoprostheses have been modified
several times over just a few years, if not even com-
pletely redesigned, as, on the other hand, is logical and
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advisable for very recently conceived instruments for
clinical use. The result, precisely, is this “non-datum”,
obvious not only in retrospective studies, but also in
the more bulky multi-centre registers and in the
prospective studies themselves (the 25% of patients also
lost in the FDA Acceptance Trial in the United States
for one of the currently most used thoracic endo-
prothesis 8 is a glaring example of it). Unlike what
can be done today for the follow-up of abdominal
EVAR (less use of CT-Angiography in favour of ultra-
sound methods, associated or not, to the use of echo
contrast means), the problem of the costs and risks
connected to imaging, which for now is still based on
CT-Angiography, still remains for T-EVAR carrier
patients, and will continue for a long time, because no-
one is yet able to foresee the duration of the structural
seal of endoprostheses or the actual incidence of the
various complications that may occur in the whole mor-
pho-functional aorto-endoprosthetic complex: a typical
example consists of the increasingly indicated aorto-
aesophageal and aorto-bronchial fistulas, more as Case
Reports at Conferences than in Literature 7477.

In any case, the datum according to which, above all
in unstable patients and patients who are not candi-
dates for open surgery, T-EVAR is currently a life-sav-
ing method, unimaginable only ten years or so ago,
remains certain: we hope that it will soon be possible
to further simplify the technique and to dispose of
materials that have the same long-term reliability as that
currently recognised for open surgery, whose limit, as
already mentioned, is in the fact that it is difficult to
put into practice in emergencies.

Therapeutic algorhitm.

Conclusions

Patients who are still alive when they reach hospital are
still the minority of those suffering from LTA, but recent-
ly remarkable improvements have been made not only
in prevention, first aid, diagnostic definition and in the
understanding of the natural history of this event, but
also in therapeutic results. The correct use of the con-
servative approach, above all in the immediately post-
traumatic phases, the prudent use of the endovascular
exclusion technique and the further development of open
surgery, currently make it possible to guarantee the indi-
vidual patient the treatment that can offer the best prob-
abilities of success, at least immediately. Only the final
development of T-EVAR and a more complete and rig-
orous assessment of medium and long term results will
be able to allow the formulation, in coming years, of
increasingly better defined therapeutic strategies, in algo-
rithms that can modify the trends mainly followed today
(Fig. 1).
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