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Total aortic replacement including aortic valve was performed
successfully in the two patients in whom this method of treatment
was utilized to correct a chronic dissecting aortic aneurysm.
Both patients had moderately severe aortic insufficiency pro-
ducing increasing heart strain and progressive enlargement of
the false lumen of aortic dissection involving the entire aorta
despite ideal blood pressure control. In addition, one patient
had Marfan's syndrome. The surgical treatment for both patients
was performed in two stages. At the first operation, cardiopul-
monary bypass, profound hypothermia, and circulatory arrest
were employed while the aortic valve and the ascending and
transverse aortic arch were replaced and the coronary and bra-
chiocephalic vessels were reattached to the composite valve-
graft used for replacement. At the second operation, the entire
descending thoracic and abdominal aortic segments were replaced
with a graft and the intercostal, lumbar, and visceral arteries
reattached thereto. Left vocal cord paralysis occurred in both
patients and transient mild paraparesis occurred in only one.
Both patients are alive and well, one at 13 months and one at
6 weeks. This experience suggests an additional treatment mo-
dality for selected patients with complications of chronic aortic
dissection.

THE SURVIVAL RATE of patients with acute aortic dis-
section in a collected series of 963 patients is 10%

at 3 months and none at 3 years.' The survival rate of
the 93% ofthe 527 patients in our collective departmental
series of surgically treated patients with both acute and
chronic disease from which updated follow-up was ob-
tained for the period 1981 to 1982 was 57%, 32%, and
5% at 5, 10, and 20 years, respectively.2 This long-term
follow-up study revealed that the most common cause
of late death is the rupture of fusiform aneurysms of
segments of dissected aorta that were not removed at the
operation performed at the time of and/or subsequent to
the acute dissection. This fatal complication accounted
for 29% of all late deaths. The incidence oflate aneurysmal
formation in these cases varied with the location, origin,
and extent of dissection as well as the degree of control
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of hypertension. The incidence of late aneurysmal for-
mation in Type I and IIlIb was 30% and 38%, respectively,
whereas in Type II it was 14% and in Type Illa it was
16%. Regardless of location or extent of dissection, late
aneurysms developed in 46% ofpatients with uncontrolled
hypertension and in 17% of those in whom hypertension
was controlled.

Thus, this study emphasizes the need for an annual or
even more frequent follow-up of the patient in order to
control the hypertension and detect the presence of late
development of aneurysm. Detection of the latter is sig-
nificant because these lesions can be surgically corrected
by aortic reconstructive operation with survival in the
majority of cases.2-9 The usual approach to correct this
problem consists of traditional segmental graft replace-
ment ofthe particular segment ofthe aorta involved when
such segment is located within the ascending aorta, the
descending thoracic aorta, and/or the thoracoabdominal
aortic segment.2 Graft replacement of the transverse
aortic arch for chronic dissecting aortic aneurysm rarely
has been reported because such operations have not been
safe until recently and therefore were not often performed.
Recent developments in surgical techniques have now
made it possible to safely replace aneurysms of the trans-
verse aortic arch in over 90% of patients regardless of
etiology.5 6 Advances in technique of treatment of aneu-
rysms involving the entire thoracic and abdominal aorta
now permit treatment oflesions involving these segments
at one operation with survival in nearly 90% of patients
treated electively.3'4 Combining these techniques in stages,
the first on October 27, 1980 and the last on December
29, 1981, we first successfully replaced the entire aorta
in a patient with mega-aorta resulting from medial de-
generative disease.6-9 This operation was performed sub-
sequently in seven other patients with this disease and
all eight patients survived without significant complica-
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FIG. 1. Illustrations of a patient with chronic Type I aortic dissection complicated by aortic valvular insufficiency and fusiform aneurysm involving
the entire aorta. A. Drawing and aortogram made before operation showing massive aneurysmal dilatation of false lumen throughout the aorta
extending along the greater curvature of the ascending and transverse arch and the left posterolateral wall of descending and abdominal aorta,
compressing the true lumen on the right (the route of dissection in 90% of cases). B. Drawing showing method of graft replacement used to replace
aortic valve, ascending, and transverse aortic arch in the first operation and C. drawing and aortogram made after second operation showing total
replacement of the aorta with preservation of intercostal, visceral, and lumbar circulation.

tions.6-9 These cases form the basis of another report
regarding the unique pathologic features of mega-aorta,
its clinical manifestations, and special requirements for
its management.
The experience gained from the performance of this

operation in the treatment ofthese eight patients suggested
its application in the treatment of certain patients with
aortic dissections. Total aortic replacement was therefore
employed in the treatment of two patients with chronic
Type I aortic dissection complicated by aortic valvular
insufficiency and fusiform aneurysm involving the entire
aorta, one of whom was briefly mentioned in a previous
communication.8 This report, however, is primarily con-

cerned with a detailed presentation of these two cases

and a discussion of the role that total aortic replacement
may have in the future management of patients with
aortic dissection.

Case Reports

Case I
This 51-year-old hypertensive salesman developed acute Type I aortic

dissection on February 15, 1981. He was successfully treated medically

at this time according to the principles originally described by Wheat.'0
Despite careful and frequent follow-up and ideal control ofblood pressure,

the patient developed aortic insufficiency and progressive enlargement
of the entire aorta, which was evident by plain roentgenograms of the
chest, abdominal palpation, and computerized tomography (CT) scans.

The patient's activities became increasingly limited because ofshortness
ofbreath and pain in both the chest and low back. He developed recurrent
severe substernal and back pain on April 6, 1982 despite blood pressure

maintenance at 120/80 mmHg level. Myocardial infarction was excluded
by appropriate studies, causing his physicians to conclude that the pain
represented progression of his aortic disease and therefore he was referred
for surgical treatment on April 7, 1982.
At the time of admission, the patient was essentially asymptomatic

with the exception of moderate to severe aortic valvular insufficiency
and diffuse dilatation ofthe false lumen ofa chronic dissection involving
the entire aorta (Fig. IA). On April 12, 1982, employing cardiopulmonary
bypass, profound hypothermia (116C, rectal), and circulatory arrest, the
ascending and transverse aortic arch were replaced with a composite
valve graft and the coronary and brachiocephalic arteries reattached
directly to openings miade in the graft using the inclusion technique
described elsewhere in detail (Fig. IB).5'9 The patient did well and was

discharged in excellent condition on April 27, 1982.
After a complete recovery, the patient was readmitted and the re-

maining aorta was replaced on July 12, 1982 with a graft utilizing a

thoracoabdominal incision and the inclusion technique as previously
described (Fig. IC).3'4 Two intercostal arteries were reattached to the
graft at midthoracic level and three intercostal arteries were reattached
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FIG. 2. Illustration of patient with Marfan's syndrome who had chronic Type I aortic dissection superimposed on fusiform aneurysm ofthe ascending
aorta complicated by aortic insufficiency and fusiform aneurysm involving the entire aorta. A. Drawing and aortogram made before operation
showing aortic valvular insufficiency and massive dilatation of the false lumen of dissection extending throughout the aorta on the right in the
lower thoracic and abdominal aorta compressing the true lumen located in the left side of aorta (the route of dissection in 10% of cases). B. Drawing
and aortogram made after the second operation showing replacement of the aortic valve and aorta with preservation of intercostal, visceral, and
lumbar circulation.

just above the diaphragm. The last set of lumbar arteries were spared
by the technique shown at the bottom of Figure IC. The patient did
well following the operation with the exception of left recurrent nerve

paralysis, weakness of the right hip flexors and adductors, and an neu-

rogenic bladder. These problems improved with physical therapy and
at the time of discharge on August 23, 1982, the patient was walking
with a walker and voiding by self catheterization. Subsequent follow-
up indicated that by January 1983, normal bladder function returned
and the patient could walk unaided. At the last follow-up on August 8,
1983, the patient had completely recovered with the exception of left
vocal cord paralysis that did not impair satisfactory phonation.

Case 2

A 35-year-old social worker with Marfan's syndrome manifested by
occular, skeletal, and genetic manifestations developed acute Type I
aortic dissection in February 1980 complicated by acute aortic valvular
insufficiency. Within hours, he was submitted to operation in his home-
town where he was found to have a dissection superimposed upon a

fusiform aneurysm of the ascending aorta. He was treated by proximal
ascending aortic transection, resuspension of aortic valvular apparatus
by oversewing the inner and outer layers of dissection proximally and
primary end-to-end anastomosis to the similarly oversewn distal ascending
aortic segment. The dilated proximal ascending aorta was corsetted by

completely enclosing it within a DacronO wrap using Dacron fabric.
The patient recovered uneventfully and returned to his normal activity.
He was followed frequently after discharge and his blood pressure was

controlled at the 120/80 mmHg level and his pulse rate maintained at
60 bpm with appropriate medication. At the time of his January 4, 1983
visit to his doctor for evaluation, he was found to have aortic valvular
insufficiency and "heart strain," a significant increase in size of the
ascending aorta as shown by echocardiography, and a large palpable
abdominal aortic aneurysm.
He was referred and admitted on May 15, 1983 for consideration of

extensive aortic reconstruction. His doctor's findings were confirmed
and total aortography showed aortic valvular insufficiency and diffuse
dilatation of the false lumen of a chronic dissecting process involving
the entire aorta located on the greater curvature of the ascending aorta
and transverse aortic arch, the left posterolateral aspect ofthe descending
thoracic aorta, and the right posterolateral aspect ofthe abdominal aorta
extending into the right iliac artery (Fig. 2A). The aortic valve and the
ascending and transverse aortic arch were replaced on May 19, 1983
with a composite valve graft in the same manner described. After a

complete recovery at home, he was readmitted and on July 8, 1983,
the remaining aorta was replaced as in the previous case (Fig. 2B). Four
intercostal arteries were reattached to the graft in the upper chest, two
in the midchest, and two just above the diaphragm. Two lumbar arteries
were reattached at midabdominal level. The patient recovered unevent-
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fully without complications and was discharged July 20, 1983 and has
subsequently regained full activity.

Discussion

After having successfully replaced the ascending and
transverse aortic arch in 12 patients with both acute and
chronic aortic dissection and having replaced the entire
descending thoracic and abdominal aorta for diffuse
chronic aortic dissection in 58 other patients, ten ofwhom
also had prior ascending aortic replacement with survival
in 50 (86%), it was obvious that the first and second
procedures could be successfully performed in stages to
completely replace the aorta for dissecting aneurysms in-
volving the entire aorta. The two cases presented here
demonstrate the technical feasibility of this concept and
both cases suggest that multiple intercostal and lumbar
arterial reattachment minimizes the incidence and extent
of paraplegia. Thus, a new mode oftreatment is available
for patients with dissection diffusely involving the entire
aorta. This development raises a number ofconsiderations
including indications for its application, the incidence of
these indications, the effectiveness of the procedure in
prolonging useful life, and how the relationship of the
latter compares to other methods of treatment, some of
which include less extensive operation or medical treat-
ment. The answers to these questions are unavailable at
the present time due to limitations of experience in the
application of this approach and its long-term results.
Certain observations obtained from personal experience
in the treatment of 216 patients with aortic dissection
and a review of extensive pathologic and clinical studies
of the disease by DeBakey, Johns, Hirst, and Roberts
permit certain speculations that may or may not prove
erroneous with increasing experience and these are con-
sidered separately.2 "-13

Indications
Total aortic replacement or reconstruction is considered

only in patients with dissection involving the entire aorta
which is associated with chronic diffuse aneurysmal for-
mation of the outer wall of false lumen. We feel this is
justified at the present time based upon the fact that death
in the late follow-up period resulted from rupture ofthose
dilated segments, regardless of location, which remain
after one or more segmental replacements.2 It is empha-
sized, however, that prophylactic replacement ofundilated
segments is not recommended unless other complications
such as aortic valvular insufficiency and symptomatic
branch vessel obstruction are present because such seg-
ments may never dilate.

Total aortic replacement in the patient with acute dif-
fuse Type I dissection, although ideal in concept because

of its curative implications, would rarely be considered
in our hands. By definition, this would require total re-
placement of the aorta within the first 2 weeks of illness.
Such an operation performed either in one or two stages
at this time probably could not be tolerated because of
the severity of the disease and its complications, the in-
cidence of associated problems, and the magnitude of
operation. For example, of our 11 patients submitted to
extensive thoraco-abdominal aortic replacement for acute
dissection associated with aortic rupture, three (27%) de-
veloped paraparesis in part due to the fact that intercostal
and lumbar arteries could not be reattached and five (45%)
of these cases did not survive. Total replacement would
therefore be considered only in the patient with rare and
unusual manifestations.

Incidence

Pathologic studies (autopsy) indicate that the tear from
which dissection arises is located in the ascending aorta
in 68% and the transverse aortic arch in 10% of patients
dying from the disease." 3 Dissection in the majority of
these cases involved the entire aorta. The incidence of
this type of dissection in patients who survived to have
the diagnosis made and who were submitted to operative
treatment was 26.2% in our departmental series ofcases.2
The incidence of persistent or late aneurysmal formation
in this surgically treated group of patients was 30% re-
gardless of the number and extent of individual aortic
segments replaced and actual rupture of the aneurysm
accounted for 29% of late deaths.2 These observations
suggest a relatively frequent need for total aortic replace-
ment in stages either during one treatment period or dur-
ing the lifetime of the patient.

Results of Total Aortic Replacement

All patients submitted to total aortic replacement to
date by the authors have survived operation, eight with
medial degeneration and two with chronic dissection.
Paraplegia occurred in only one and it was relatively mild
and ultimately cleared. This experience is small and long-
term results are not yet available to compare with lesser
procedures or with medical treatment but are sufficiently
good to justify its continued application in selected cases.

References

1. Anagnostopoulos CE, Probhakar MJS, Kittle CF. Aortic dissection
and dissecting aneurysms. Am J Cardiol 1972; 30:263-273.

2. DeBakey ME, McCollum CH, Crawford ES, et al. Dissection and
dissecting aneurysms of the aorta: twenty-year follow-up of five
hundred twenty-seven patients treated surgically. Surgery 1982;
92:1118-1134.



362 CRAWFORD AND OTHERS Ann. Surg. * March 1984

3. Crawford ES. Thoraco-abdominal and abdominal aortic aneurysms
involving renal, superior mesenteric, and celiac arteries. Ann
Surg 1974; 179:763-772.

4. Crawford ES, Snyder DM, Cho GC, Roehm JOF Jr. Progress in
treatment of thoraco-abdominal and abdominal aortic aneurysms
involving celiac, superior mesenteric, and renal arteries. Ann
Surg 1978; 188:404-422.

5. Crawford ES, Saleh SA. Transverse aortic arch aneurysm: improved
results of treatment erniploying new modifications of aortic re-
construction and hypothermic cerebral circulatory arrest. Ann
Surg 1981; 194:180-188.

6. Crawford ES (discussion), Ergin MA, O'Connor J, et al. Experience
with profound hypothermia and circulatory arrest in the treatment
ofaneurysms of the aortic arch. J Thorac Cardiovasc Surg 1982;
84:649-655.

7. Crawford ES, Cohen ES. Aortic aneurysm: a multifocal disease.
Arch Surg 1982; 117:1393-1400.

8. Crawford ES. Marfan's syndrome: broad spectral treatment cardio-
vascular manifestations. Ann Surg 1983; 198:77-95.

9. Crawford ES, Snyder DM. Treatment of aneurysms of the aortic
arch: a progress report. J Thorac Cardiovasc Surg 1983; 85:237-
246.

10. Wheat MW Jr, Palmer RF, Bartly TV, Sulman RC. Treatment of
dissecting aneurysms ofthe aorta without surgery. J Thorac Car-
diovasc Surg 1965; 50:364-373.

11. Hirst AE Jr, Johns VJ Jr, Kimo SW Jr. Dissecting aneurysms of
the aorta. A review of 505 cases In Talbott JH, ed. Medicus.
Analytical Reviews ofGeneral Medicine, Neurology, Psychiatry,
Dermatology, and Pediatrics, Vol. 37. Baltimore: Williams &
Wilkins, 1958; 217-279.

12. Johns VJ, Hirst AE. In Bancii AL, Gordon BL, eds. Dissecting
Aneurysms of Aorta. Year Book Medical Publishers, Inc., 282-
308.

13. Roberts WC. Aortic dissection: anatomy, consequences, and causes.
Am Heart J 1981; 101:195.


