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The success of heart transplantation is
directly associated with the status of the
cardiac microvasculature and with the development of a transplant-associated vasculopathy known as transplant coronary
artery disease (CAD)1. The development
of transplant CAD is a serious complication and a major threat to the survival of
the cardiac allograft because the disease
affects not only the major epicardial arteries but also the intramyocardial arteries1-3.
Most importantly, the disease not only
compromises the arterial tree but also the
capillary network and the venous system,
indicating that this is a diffuse panvascular
disease1-3.
In recent years, contributions have been
made to understanding the pathogenetic
mechanisms involved in the development
of the disease1-10. The early identification
of allografts prone to developing transplant
CAD is one of the major tasks in heart
transplantation research. This is particularly important because the disease develops
within the first year following transplantation in a significant number of recipients,
and in these recipients the survival of the
allografts is significantly shortened4,11.
During the past several years, we were
able to identify within the cardiac microvasculature risk factors for subsequent
transplant CAD and cardiac allograft failure1-10. All these microvascular changes are
associated with a lack of thromboresistance
and development of a prothrombogenic microvasculature (Fig. 1) and can be identified within the first week(s) of the transplant procedure1-10. Indeed, the identification of fibrin deposits within the cardiac
microvasculature during the first week(s)
following transplantation is directly associated with the long-term outcome of the al26S

lografts5,7. The presence of fibrin within the
cardiac microvasculature in the first
week(s) after transplantation is associated
with the subsequent development of transplant CAD and cardiac allograft failure5,7.
The significance of these findings is even
more important when we consider that the
presence of microvascular fibrin is frequently associated with myocardial cell
damage and cell death mirrored in circulation by the detection of increasing levels of
serum cardiac troponin I7.
Although the mechanism(s) involved in
the deposition of microvascular fibrin
is(are) not known, several possibilities have
been suggested. One such possibility is that
these changes are the consequence of ischemia and reperfusion1-3. Indeed, ischemia and reperfusion can promote the
development of a prothrombogenic microvasculature. Fibrin can be deposited
within the cardiac allograft microvasculature as a consequence of a) endothelial activation which promotes expression of tissue factor on endothelial plasma membranes4,6; b) depletion of microvascular tissue plasminogen activator, which disallows
the activation of the fibrinolytic pathway
and the subsequent removal of deposited
fibrin9; and/or c) lack of microvascular antithrombin, which disallows the impediment of further microvascular fibrin deposition8. All these microvascular changes are
associated with the presence of a prothrombogenic microvasculature. Each of these
changes – and not the presence of cellular
rejection episodes – is an independent risk
factor for subsequent transplant CAD
(Table I). Although each prothrombogenic
risk factor is important individually, the importance of their cumulative effect and
their interrelatedness is demonstrated by
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Figure 1. Immunohistochemical findings of a prothrombogenic microvasculature. A thromboresistant microvasculature is characterized by a) antithrombin
in arterial smooth muscle cells and intima (arrow) and venous endothelium (open arrow); d) presence of tissue plasminogen activator in arteriolar smooth
muscle cells (arrow); f) absence of intercellular adhesion molecule-1 and human leukocyte antigen (HLA)-DR on arterial and arteriolar endothelium (arrow); and h) absence of fibrin. A prothrombogenic microvasculature is characterized by b) absence of vascular antithrombin; e) depletion of arteriolar tissue plasminogen activator from arteriolar smooth muscle cells (arrow); g) presence of arterial and arteriolar endothelial intercellular adhesion molecule1 and HLA-DR (arrow); and i) presence of fibrin within microvasculature (open arrow) and myocardial cells (arrow). Allografts that are initially prothrombogenic and regain thromboresistance recover arterial (arrow in c) and venous (open arrow in c) vascular antithrombin and develop unusual capillary antithrombin reactivity (arrowhead in c). Panels f and g show a triple-antibody technique with monoclonal antibodies to HLA-DR (red), smooth muscle-specific -actin (green), and von Willebrand factor (blue) to localize arterial and arteriolar endothelial reactivity. Original magnification  400.

Table I. Relationship between early risk factors and risk of subsequent coronary artery disease in cardiac allografts.
Variables

Hazard ratio*

95% CI

p

6.9
1.8
4.9
6.1
2.7

3.6-13.0
1.1-2.9
2.7-8.8
3.2-11.5
1.3-5.6

< 0.0001
0.02
< 0.0001
< 0.0001
0.009

2.6
2.0

1.4-4.7
1.2-3.4

0.004
0.007

1.3
1.2

0.8-2.1
0.6-2.2

0.25
0.65

Myocardial fibrin
Detectable serum cardiac troponin I
Depleted arteriolar tissue plasminogen activator
Arterial endothelial ICAM-1/HLA-DR
Elevated serum soluble ICAM-1
Vascular antithrombin
Negative antithrombin
Capillary antithrombin
Cellular rejection episodes
Grades 1 and 2
Grades 3 and 4

CI = confidence interval; HLA-DR = human leukocyte antigen-DR; ICAM-1 = intercellular adhesion molecule-1. * hazard ratios and
95% CI from Cox proportional hazard regression.

the increased risk for CAD and allograft failure as the
number of early risk factors increases1 (Fig. 2). The association between prothrombogenic factors within the
cardiac allograft microvasculature and subsequent
transplant CAD and allograft failure, and the lack of association between cellular rejection and subsequent
transplant CAD and failure, suggests that therapies
must target mainly the allograft microvasculature and
not just the recipients’ immune cells in order to preserve thromboresistance. Whatever the therapy(ies)
used to reduce the incidence of transplant CAD or failure in cardiac transplantation, they must be introduced
during the peritransplant period because risk factors associated with the development of the disease and subsequent failure appear immediately after the transplant
procedure.

Figure 2. Nonimmunologic risk factors and coronary artery disease and
failure. An increasing number of nonimmunologic risk factors within an
allograft in the first week(s) after transplantation is associated with increased risk for developing coronary artery disease and graft failure.
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