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A Rare Opportunity to Assess Heredity Versus
Biological Environment
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ABSTRACT

Three patients developed severe ascending aortic aneurysm requiring surgical resection after heart transplantation. In all
3 cases, the donor aorta of the transplant remained normal in caliber, despite the development of a large aneurysm in
the native upper ascending aorta. The aneurysmal disease did not cross the suture line. (Level of Difficulty:
Advanced.) (J Am Coll Cardiol Case Rep 2021;3:1685-1689) © 2021 The Authors. Published by Elsevier on behalf
of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

fter heart transplantation, two segments of
ascending aorta—donor and recipient—of
different genetic origins—are exposed to the e To become familiar with the problem of

LEARNING OBJECTIVES

same physiologic milieu (the patient). This juxtaposi- ascending aortic aneurysm in the upper

tion provides a unique opportunity to evaluate the remaining native aorta after heart

role of genetics versus physiologic milieu in deter- transplantation.

mining the fate of both donor and recipient aortic e To be aware of the importance of following

the ascending aorta as cephalad as possible
during routine post-transplantation
echocardiography.

e To be alert to the fact that some donor
hearts may come from patients predisposed

segments.

We report 3 cases of large ascending aneurysm
developing only in the recipient aorta, all of which
were operated safely for aneurysm resection. We

review the scant pertinent literature and explore to post-transplantation aneurysm formation
insights offered by these rare cases. This investiga- in the donor segment of aorta.

tion was approved by the Human Investigation e To recognize that the underlying genetics of
Committee of the Yale University School of the disparate aortic segments determine the
Medicine. aneurysmal fate, not the biologic milieu.
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ABBREVIATIONS
AND ACRONYMS

TGF = transforming growth

factor

CASES

PATIENT 1. This child was born with hypo-
plastic left heart syndrome. He underwent
heart transplantation as an infant.
He was seen by our aortic team at the age of 14
years. He was 5 feet/5 inches tall and very thin. He
was maintained only on tacrolimus for his trans-
planted heart.

Over the years, he had developed severe aortic
enlargement of the native distal ascending aorta,
aortic arch, and innominate artery. The aorta grew
from 4.5 cm to 6.8 cm over 4 years. The transplanted
(proximal) aorta remained normal in size. There was
an abrupt transition between the normal donor aorta
and the patient’s own diseased aorta, consistent with
an inborn native connective tissue disorder (Figure 1).
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We performed redo cardiac surgery, replacing the
ascending aorta from the top of the donor aorta to the
aortic arch to the descending aorta under hypother-
mic circulatory arrest.

The native aorta showed “elastic wall artery with
medial myxoid degeneration.”

In this case, the anatomic transition was abrupt
between the normal proximal donor aorta and the
aneurysmal distal native aorta. The transplanted
aorta did not develop aneurysmal dilation despite 14
years of exposure to the patient’s aneurysmal milieu.

PATIENT 2. This patient underwent heart trans-
plantation (for cardiomyopathy after long-standing
bicuspid valve disease) at the age of 42 years, 17
years before his aortic presentation. The native aorta
was noted to be enlarged and thin-walled at that
time. Ultimately, he developed a large (5.6 cm) aortic
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(A) Artist's rendition of pre- and postoperative anatomy of patient 1, based on the surgeon's intra-operative sketches. (Left) Preoperative.
Note abrupt transition at transplant suture line. (Right) Postoperative. (B) Three-dimensional reconstruction of chest computed tomography
scan of patient 2, showing abrupt enlargement at suture line of donor aorta, with enlargement extending into aortic arch. Note also the
aneurysmal base of the bovine innominate artery. (C) Axial images of patient 3, showing (left) large upper ascending aneurysm (native aorta)
and (right) normal-sized proximal aorta (donor). Drawing by Alexandra Webber of DNA Illustrations.
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TABLE 1 Literature Cases of Ascending Aortic Aneurysm or Dissection After Heart Transplantation (13-20)

Age at Age at Aneurysm Post-Transplantation
First Author Dilated Native or Transplantation, Surgery, Aortic Exposure,
Patient (Study Year) Donor Aorta? y y Sex Size, cm y Comments
This paper
1 Anis (2021) Native 1 14 M 6.8 13 CMN
2 Anis (2021) Native 42 59 M 17 Arch replacement
3 Anis (2021) Native 36 44 M 6 8 4th open heart surgery;
bicuspid AS originally
Literature review
4 d'Addese (2019) Native 6 wk 17 (aortic F 7.5 17 CMD; mutation in MYBPC3
dissection) (infantile CMP)
5 Pozzi (2018) Transplant 42 58 (aortic M 9 16 CMD; macrophages in
dissection) adventitia
Fukuhara (2016) Native 54 73 M 55 19
7 Fukuhara (2016) Native 54 67 F 5.2 13
Korkut (2003) Transplant 68 (aortic M 7 Intimal fibrosis, medial
dissection) atrophy; donor died of
cerebral bleed
9 Chen (2008) Transplant 64 67 M 7.0 3 CMD; marfanoid changes;
donor tall, thin; donor
aorta slightly dilated at
transplant (3.5 cm)
10 Stephens (2017) Transplant 48 60 F 4.8 12 Donor BAV
n Vigano (1999) Native 57 59 M 10 2
12 Bojko (2019) Native 72 50 M 7.2 22 Prior AVR for BAV; true

aneurysm entirely in
native tissue, not at
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suture line.

Infectious aortic lesions, anastomotic pseudoaneurysms, and heterotopic heart transplant cases are excluded.
AS = aortic stenosis; AVR = aortic valve replacement; BAV = bicuspid aortic valve; CMD = cystic medial degeneration; CMN = cystic medial necrosis; CMP = cardiomyopathy.

arch aneurysm in the native aorta beyond the aortic
suture line (Figure 1).

Redo surgery was performed at the age of 59 years
under hypothermic circulatory arrest, with resection
of the aortic arch and the innominate artery and
surgical reimplantation of those vessels.

As in the patient 1, the transition was abrupt be-
tween the normal proximal donor aorta and the
aneurysmal distal native aorta. The transplanted
aorta did not develop aneurysmal dilation despite 17
years of exposure to the patient’s aneurysmal milieu.

This patient underwent heart trans-
plantation 8 years earlier for congenital bicuspid
aortic stenosis. He had had 2 previous aortic valve
replacements with eventual end-stage heart failure.

His remaining aorta above the transplant grew to
6 cm (Figure 1). As in the patients 1 and 2, the
ascending aortic aneurysm was located in the distal
native ascending aorta, above the aortic suture line.
The demarcation at the suture line was sharp and
dramatic. Of note, the aortic arch was of bovine
configuration.

At the patient’s age of 44 years, we performed re-
re-redo sternotomy and resection of the remnant
ascending aorta with deep hemiarch replacement.

The proximal transplant ascending aorta remained
mildly dilated at 4.3 cm over the remaining 7 years of
his life.

As in patients 1 and 2, the anatomic transition was
abrupt, with severe dilation confined to the native
aorta above the transplanted heart’s aorta.

Improved long-term survival after heart trans-
plantation has permitted later complications to
emerge.

Rupture of abdominal aortic aneurysms after heart
or other transplantation is well known (1,2). Here we
discuss the less commonly seen ascending aortic an-
eurysms after heart transplantation.

Our 3 cases (Table 1) demonstrated severe dilation
of the native upper ascending aorta (above the aortic
suture line), which had developed over the years after
heart transplantation, sharply demarcated at the
anastomotic line between the transplanted heart’s
aorta and the native recipient aorta.

After transplantation, the donor aorta is exposed to
the same biologic environment as the native aorta.
We know that a complex molecular interplay has been
implicated in thoracic aortic aneurysm development,



1688

Anis et al

Ascending Aneurysm After Heart Transplantation

including up-regulation of transforming growth fac-
tor (TGF)-f, abnormal mechanosensing/transduction,
and matrix metalloproteinase/tissue inhibitor of ma-
trix metalloproteinases dysregulation (3). It is also
clear that aortic aneurysm is part of a broader sys-
temic process, as in Marfan, Ehlers-Danlos, and
Loeys-Dietz diseases. Even nonsyndromic aneurysm
patients often show systemic skin, joint, and skeletal
irregularities. Serologic changes indicate systemic
alterations in these pathways throughout the body,
not just in the aorta (eg, altered RNA profiles [4]).
Thoracic aortic aneurysm patients often harbor renal
and hepatic cysts, with matrix metalloproteinases
“dissolving” organ substance and leaving lacunae in
their wake (5-9). After transplantation, the donor
aorta is exposed to the same abnormal aneurysm-
related systemic milieu as the native aorta, a milieu
that produced an aneurysm in the native aorta.

But in our cases, the donor aorta did not dilate,
despite exposure to the same “aneurysmogenic”
biologic environment. The aneurysm disease does not
cross the suture line to affect the transplanted heart,
even when the native aneurysm has progressed to a
high level of severity.

This suggests that the original genetics of aortic
tissue origin dominate, above and beyond any impact
of the abnormal biologic milieu. This interpretation is
supported by other published studies, most
describing single illustrative cases (Table 1). In those
literature cases also, the aneurysm does not cross the
suture line to affect the donor aorta.

Among the cases in the literature, there are several
in which the donor aorta goes on to develop an aortic
root pathology. In most of those cases, there are clues
suggesting donor predisposing factors for aneurysm
formation (eg, bicuspid aortic valve, cerebral bleed,
and marfanoid features). Once again, the aneurysm
disease does not cross the suture line, as the native
aortas remain normal in those cases. Again, the innate
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genetic background of the aorta, not its post-
transplantation milieu, appears to dominate.

This experience has implications for post-
transplantation echocardiographic follow-up of the
heart transplant patient. Because the lower (trans-
plant) ascending aorta is normal in those patients
with late dilation of the upper ascending (native)
aorta, these upper ascending aneurysms can easily
escape detection by echocardiography (10). In post-
transplantation cardiac echocardiography, the
echographer should make every effort to visualize the
aortic anastomosis and the remnant native aorta, if
possible. 3-dimensional imaging by
computed tomography or magnetic resonance imag-
ing should be considered as well.

Immunosuppressants may play a role in the
development of these post-transplantation aneu-
rysms. Many aortic surgeons feel that steroids are
injurious to the aortic wall (11,12). Also, some have

Occasional

postulated that discrepant mechanical properties
between recipient and donor aortas may engender
unbalanced mechanical forces at the suture line,
leading ultimately to aneurysmal degeneration (13).

The thrust of this report is that genes dominate
over biologic environment in aneurysm disease after
cardiac transplantation.
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