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Surgical management of aortic disease usually is
followed by high rates of morbidity/mortality. The
patient who is elderly and debilitated and often with
changes in various organs and systems caused by
the acute disease itself presents the most serious
challenge. Conventional surgery requires complex
coadjuvant technigues such as prolonged car-
diopulmonary bypass (CPB), deep hypothermia, to-
tal circulatory arrest with prolonged aortic cross-
clamping time. In 1988, in an attempt to reduce the
surgical aggression on a feeble patient, we devel-
oped an intraluminal ring.»2 The intraluminal ring
we developed resulted in a marked decrease in
operative time, CPB time, and aortic clamping. It of-
ten eliminated the need for deep hypothermia re-
sulting in easy, rapid, safe, and hemostatic anasto-
mosis. From March 1988 to March 2001, 706
patients underwent surgical treatment of dissec-
tions or aneurysms of the aorta at our institute. The
intraluminal ring with anastomosis was used in 378
patients. Five hundred sixty rings were used. Dis-
eases included type A acute aortic dissection (149),
type B acute aortic dissection (38), ascending
aortic aneurysms (90), aortic arch aneurysms (10),
descending aortic aneurysms (31), thoracoabdomi-
nal aneurysms (19), and abdominal infra-renal
aneurysms (41). Overall, mortality was 11.11%.
Outpatient follow-up ranged from 13 years to 90
days. The actuarial survival curve in 13 years was
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57.3%. We did not observe any complications de-
scribed in the literature such as embolism, forma-
tion of pseudoaneurysms, ruptures, or steonsis. At
our institute, the use of the intraluminal ring sim-
plifies surgery, shortens the time necessary for
anastomosis, and reduces bleeding. There was a
reduction in mortality and better survival over the
long term.

The concept of intraluminal prosthesis was in-
troduced by Carrel,® in 1912, suggesting aneu-
rysm correction with glass tubes and metal. Later,
Hufnagel,# and Blakemore et al.,® described the
technigue in animals. In 1978, Dureau et al.6 and
Ablaza et al.” published their experience with in-
traluminal prosthesis without suture. The initial
experience with the intraluminal prosthesis pre-
sented such complications as: thrombosis and
embolism, stenosis, ruptures, and formation of
pseudoaneurysms in addition to migration of the
prosthesis. As a result the technique was virtually
abandoned. In 1982, Lemole et al.8 published a
series of 14 patients reporting excellent results.
In 1988, we developed our model of the intralu-
minal ring, designing a device that eliminated the
complications described in the literature and which
could be used in any type of vascular prosthesis
at a low cost. After the experimental studies, we
observed that the intraluminal prosthesis pro-
vided fast, easy, and safe anastomosis. In animal
studies, we did not observe any complication as
described in the literature. We started to use the
intraluminal prosthesis for surgical treatment of
aortic diseases in 1988. The objective of this arti-
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cle is to present our 13-year experience with the
technigue and to evaluate the results.

CASUISTRY AND METHODS
The intraluminal ring

The ring has the capability to transform a com-
mon vascular prosthesis of any size, diameter,
material, or form into an intraluminal prosthesis.
The ring is 25 mm long, which facilitates its ma-
nipulation and positioning in the true lumen of the
aorta. The groove is 10 mm wide and 2.5 mm
deep, which provides easy localization and safety
for suturing on the groove, even when the aortic
tissue is thick, avoiding migrations or bleeding.

Casuistry

From March 1988 to March, 2001, 706 patients
were admitted for surgical treatment of aortic dis-
ease in our institute. In 378 patients we used the
intraluminal ring as the anastomosis technique. A
total of 560 rings were used. The average age was
68.3 years (18 to 93 years). There were 237 male
patients. Patients included: 149 carriers of type A
acute aortic dissection, 38 of type B acute aortic
dissection, 90 patients were carriers of ascending
aortic aneurysm, 10 were carriers of aortic arch an-
eurysm, 31 were carriers of descending aortic an-
eurysm, 19 of thoracoabdominal aneurysm, and 41
were carriers of abdominal infrarenal aneurysm.

Intraluminal prosthesis preparation

The prosthesis is prepared during surgery. Af-
ter the opening of the diseased aorta, we care-
fully measure the true lumen of the aorta and
choose the appropriate ring size for the aorta. We
then pass the prosthesis by the inner side of the
lumen of the ring and inverted over the groove,
transforming a common vascular prosthesis into
intraluminal prosthesis.

Surgical technique

To perform an anastomosis with an intralumi-
nal prosthesis, we examined the aorta externally
and chose the probable points, proximal and dis-
tal, where we would accomplish the anastomo-
sis. Then, with minimum dissection and manipu-
lation, the aorta was outlined with thick caliber
threads {Ethibond 5) in the places chosen for the
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anastomosis. After heparinizing and clamping the
aorta, we accomplished an aortotomy carefully so
we did not get too close to the aortic clamping.
We removed the thrombus and measured the
true lumen of the aorta or the collum of the an-
eurysm, always choosing a ring that would pene-
trate smoothly in the aortic lumen. We then pre-
pared the intraluminal prosthesis. To position the
ring inside the lumen of the aorta, we clamped
the lateral borders of the aneurysm close to the
anastomosis point. The assistant promoted a
contrary traction and soon after we positioned the
intraluminal prosthesis. We proceeded with the
circumferential extravascular ligature over the
groove of the ring, which is easily found as it is
wide and deep.

RESULTS

The global mortality in the immediate postoper-
ative period was 11.11%. The cause of death in
the 42 patients that died was not directly related
to the use of the intraluminal ring. The most fre-
quent cause of death was failure of multiple or-
gans. In the patients with type A acute aortic dis-
section, using two rings in the proximal and distal
anastomosis (Figs. 1 and 2), the mean time of CPB
was 26 minutes and the mean time of aortic cross-
clamping was 15 minutes. In patients that pre-
sented with intimal rupture very close to the coro-
narian ostium, we used the plasty of the aortic
root with double “patch” and resuspension of the
valve, using the ring for the distal anastomosis. In
these cases, the mean time of CPB was 54 min-
utes and the mean time of aortic cross-clamping
was 34 minutes. We replaced the aortic valve us-

Figure 1. Surgical treatment of type A acute aortic dis-
section. Preparation of the intraluminal prosthesis with
two rings.
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Figure 2. Surgical aspect of the intraluminal ring anas-
tornosed proximally above the coronary ostium. Distal
ring prepared to implant.

ing composite graft and Bentall-DeBonno tech-
niques (1 patient developed definitive BAVT) or
Cabrol in only 12.5% of patients. The average of re-
placement of blood was 710 ml/patient. Only 2.5%
of the patients came back to the surgical center for
hemostasis review. The mean time of mechanic
ventilation was 11.7 hours and permanence in CTI
was 4.4 days. The 31 patients admitted for de-
scending aortic aneurysmectomy had a mean aor-
tic cross-clamp time of 8 minutes. There was one
(3.2%) case of paraplegia. In the 19 patients with
thoracoabdominal aneurysm treatment, we used
the ring in the proximal anastomosis when possi-
ble and always in the distal anastomosis, reducing
aortic cross-clamp time and visceral and medular
ischemia. There was one (5.3%) case of parapare-
sis, with total recovery on day 5. Long-term follow-
up of these patients varied from 13 years to 90
days. We did not observe any complication related
to the use of the intraluminal ring. Two patients
submitted to treatment in the acute phase of type
A acute aortic dissection, using two rings, devel-
oped postoperative aortic valvar insufficiency for
dilatation of the aorta in the long term postopera-
tive. One patient developed endocarditis of the
composite graft and two patients developed pros-
thesis infection and died. The actuarial survival
curve of the patients’ with intraluminal prosthesis
shows a survival of 57.3% in 13 years.

COMMENTS

The intraluminal prosthesis without suture was
introduced for anastomosis in aortic surgery 20
years ago,%7 claiming to be the best technical al-
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ternative to accomplish a fast and safe operation.
But during the initial phase of the experience,
there were complications, including migration,
formation of pseudoaneurysm, hemolysis, and
stenosis at the leve! of the anastomosis.® In our
opinion, these complications are related to the
type of ring used in the first anastomoses.

These rings were short and did not have very
deep grooves, which made positioning difficult. In
addition suturing under the thick tissue of the aorta
was difficult, leading to inefficient closure and,
consequently, migration and rupture. Lemole’s
group'%1? indicated that the major problem of the
intraluminal prostheses results from the prosthetic
material used. The intraluminal ring we use can be
used with any prosthesis type and prepared during
the operation. The design of the ring allows an
easy anastomosis, and the migration of the pros-
thesis is impossible after the suturing.

In a patient with type A acute aortic dissection,
we seek a fast and precise diagnosis, immediate
surgical treatment, and a less aggressive ap-
proach that will provide the best result.2 All pa-
tients are operated with CPB in normothermia.
After the aorta clamping we use cold cardioplegia
direct in the coronary ostium. We then do a brief
circulatory arrest {in normothermia) and observe
the aortic arch. We only approach the aortic arch
when there is rupture or laceration of the initima.
fn that case we used hypothermia at 18° C {only
in 10.5% of the cases). :

Aortic valvar insufficiency (moderate/serious)
was present in 57 % of our patients. We were un-
able to conserve the valve through plasty of the
aorta or resuspension returning the support lost
by the suturing of the ring proximal in only 12.5%
of these patients. The mean time of cardiopul-
monary bypass and aortic cross-clamp was low
due to the easiness and simplicity of anastomosis
with the intraluminal ring. With this unaggressive
approach, we reduced the mortality rate to 11.5%.
To the patient carriers of type B acute aortic dis-
section, we only indicate surgery when the pa-
tient presents with serious complications. When
the patient does not present with rupture of the
aorta, we prefer to avoid the manipulation of the
sick and friable aortic tissue, using the “elephant
trunk” technique described by Borst et al.’3
adapted by Buffolo and Palma, 4 and modified by
us with the use of the intraluminal ring (Fig 3).15

We operated on these patients in mild hy-
pothermia, 25°C. Brief circulatory arrest allows
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Figure 3. “Elephant trunk” technique modified by the
use of the intraluminal ring.

enough time for opening the aortic arch and posi-
tioning the prosthesis with the proximal ring. The
mean time of circulatory arrest was 5 minutes.
We operated on 22 patients. There were compli-
cations with the positioning of the prosthesis in
the descending aorta in four of these patients.
Three patients died and one patient was suc-
cessfully reoperated for thoracotomy. Only one
of the patients submitted to operation with the
“elephant trunk” technigue maintained the flow
in the false lumen with dilatation being used as an
adjunct to thoracotomy. The 16 remaining pa-
tients were operated by direct approach of the
descending aorta. There were four deaths. Two
patients with type B acute aortic dissection oper-
ated on due to paraplegia had total recovery of
movement postoperatively (Figs 4 and 5). In pa-
tients with ascending aortic aneurysms, we used
the ring in the distal anastomosis to reduce bleed-
ing and aortic cross-clamp time.
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Figure 4. Long-term tomographic control of a patient
with correction of type B acute aortic dissection. Note
the intraluminal ring after the origin of the left subcla-
vian artery.

In patients with aortic arch aneurysm we used
the ring in the proximal and distal anastomosis us-
ing the conventional anastomosis of the base
vessels, decreasing the time of total circulatory
arrest. In all patients who had aneurysm treat-
ment or dissection of the descending thoracic
aorta, thoracoabdominal and abdominal, medullar
protection was not used and we had a paraplegia
rate of 1.3%. This perhaps is due to the reduced
time of medullar ischemia. One of the most in-
teresting applications of the intraluminal ring is
the treatment of the ruptured thoracoabdominal
aneurysm (Figs. 6-8), approaching only the aorta
ruptured segment.’®

Anastomosis with an intraluminal ring in the
aneurysmatic tissue is easy and safe. This method
offers the patient a less aggressive treatment,
avoiding thoracofrenolaparotomy, a longer time of
visceral ischemia and bleeding during the acute
phase, leaving the definitive treatment of the rest
of the aneurysmatic aorta for another time, with the
patient stable, a good clinical condition. Another in-
teresting application of the intraluminal prosthesis
was described by Sadahiro et al.'7 in aneurysm cor-
rection with calcified aorta. In long-term follow-up
(13 years to 90 days, average: 71 months), we did
not observe any complication regarding the use of
the intraluminal ring for the short and long term.
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Figure 5. Long-term tomographic control of a patient
with correction of type B acute aortic dissection by the
“elephant trunk " technique. Observe regression of the
false lumen and total recanalization of the distal aorta.

Three patients developed prosthesis infection
and died. Two patients treated for type A acute dis-
section of the aorta developed aortic valvar insuffi-
ciency for dilatation of the aorta. During reopera-
tion, we found the rings completely incorporated
onto the aorta, with accentuated fibrosis on the su-
turing point. In these two cases, we substituted
the aortic valve and beginning of the aorta, using a
composite graft, anastomosing it in the old intralu-

Figure 6. Surgical treatment of the thorocoabdominal

aneurysm opening only the ruptured segment of the
aneurysm.
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Figure 7. Anastomosis with the intraluminal ring in
aneurysmatic aortic tissue.

minal prosthesis, maintaining the previous intralu-
minal distal anastomosis. One of the patients with
correction of type B acute aortic dissection main-
tained the false lumen with dilatation, and it was
reoperated 3 years later. It was done via a left tho-
racotomy approach and we only anastomosed the
distal extremity of the “elephant trunk” using a 24-
mm ring in its distal portion.

CONCLUSION

The use of the intraluminal ring provides a he-
mostatic anastomosis that is easy, fast, and safe,
and can be accomplished even in centers with
few resources. Anastomosis with intraluminal pros-
thesis proved to be an efficient, less aggressive

Figure 8. Long-term arteriographic control of the pa-
tient in Figure 7, treated only the thoracic portion of the
ruptured thorocoabdominal aneurysm.
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technique, reducing surgical time; providing tech-
nical easiness, reduction of the mortality, and
good long-term survival. It should therefore be
part of all cardiovascular surgeons’ therapeutic ar-
senal for use in selected cases.
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