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Cardiac Allograft Vasculopathy

Finn Gustafsson

21.1  Definition

Cardiac allograft vasculopathy (CAV)  – formerly termed 
chronic rejection – was described already in 1969, 2 years 
after the first heart transplant [1]. Soon after the phenomenon 
was described in details on cadaveric hearts as an obliterative 
intimal proliferation of the coronary arteries [2]. It became 
clear that CAV is a disease of the coronary circulation of 
transplanted hearts distinct from conventional arteriosclero-
sis. It is a very important complication after heart transplan-
tation as it affects 30–40% of recipients after 5  years and 
since it is the dominating cause of graft failure and a com-
mon cause of death late after transplant [3]. CAV involves 
not only epicardial arteries but also intramyocardial small 
arteries and arterioles as well as the cardiac venous vessels 
(Fig.  21.1). Rapidly, the diagnosis moved from being 
pathologic- anatomic to become radiologic as coronary angi-
ography was introduced as a routine examination in heart 
transplant recipients. Typically CAV presents on angiogra-
phy as diffuse coronary disease with distal arterial oblitera-
tion and often also significant proximal stenosis (Fig. 21.2). 
Further insight to the natural history of CAV was obtained 
from intravascular ultrasound (IVUS) studies, which have 
been used primarily for research. Recent developments 
include use of optical coherence tomography, MRI and CT 
angiography.

21.2  Incidence and Prognostic Importance

CAV can be very aggressive and be present already 1 year 
after transplantation. In the ISHLT registry the overall 
prevalence of CAV diagnosed by angiography in survivors 

at 1, 5, and 10 years after transplantation was 8%, 30%, 
and 50%, respectively. Higher prevalence is found if the 
diagnosis is made by IVUS. Prognosis in patients with 
CAV appears to be improved slightly over time, however, 
almost one third of the patients dying more than 5 years 
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Fig. 21.1 Intramyocardial remodeled small artery with significant init-
mal proliferation as a result of CAV

Fig. 21.2 Coronary angiogram of patient 6 years post transplantation 
showing diffuse narrowing of the branches of the left coronary artery 
and occlusion of the right coronary artery (ISHLT CAV 2)
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post transplantation die from CAV [3]. The prognosis 
clearly also depends on the severity of CAV. Indeed, 5 year 
mortality in patients with severe CAV occurred has been 
reported to be >50% [4].

21.3  Risk Factors

Several risk factors for CAV, both relating to the donor and 
the recipient, have been identified [5] (Table  21.1). 
Recipient factors may be immunological or non-immuno-
logical. Recurrent rejection, especially humoral rejection 
and the development of donor specific HLA antibodies, 
appears to accelerate CAV [6]. Rejection, however, is not 
sufficient to induce CAV, as it is well described that a cal-
cineurin inhibitor free, proliferation signal inhibitor based 
immunosuppressive regimen, which is associated with 
increased rates of acute rejection episodes, results in a 
slower progression of CAV early after transplantation [7]. 
Infection has been proposed to play a role in development 
of CAV, in particular CMV [8]. Indeed, CMV D+/R- recip-
ients have an increased risk of CAV and CMV infection 
has been shown to predispose to CAV.  In observational 
studies, aggressive CMV prophylaxis, resulting in lower 
rates of CMV infection was associated with lower rates 
of CAV [9].

Classical risk factors for development of arteriosclerosis 
such as diabetes, hyperlipidemia and hypertension are very 
common among heart transplant recipients [10]. It has been 
clearly shown that these factors significantly accelerate CAV 
development and that intervention against hyperlipidemia 
(statins) lower the risk of development of vascular disease 
[11]. Smoking, although a contraindication to transplanta-
tion, is resumed in some patients and is a potent risk factor 
for CAV [12].

21.4  Pathophysiology

CAV is characterized by concentric intimal hyperplasia of the 
coronary arteries and severe medial hypertrophy of coronary 
resistance vessels [2]. The processes are confined to the ves-
sels of the transplanted heart and not part of a generalized 
vascular disease. The endothelial cells of the coronary circu-
lation appear to play a significant role in initiating the process 
and several circulating and locally derived factors appear to 
be implicated, such as platelet derived growth factor, vascular 
endothelial growth factor, TGF-beta and endothelin-1. T-cell 
derived cytokines upregulate endothelial factors promoting 
growth and microthrombosis such ICAM-1 and VCAM −1 as 
well a P-selectin. As CAV progresses it leads to myocardial 
ischemia or infarction, arrhythmia and graft failure.

21.5  Diagnosis and Surveillance

Unlike conventional coronary arteriosclerosis, CAV may 
cause uniform remodeling of the coronary vessels which 
may be difficult to detect by routine angiography (Fig. 21.3). 
In patients with angiographically normal corornary arteries, 
IVUS may uncover severe CAV by demonstrating significant 
intima thickening. Despite this shortcoming of angiography, 
the current definition of CAV is predominantly based on this 
technique. An angiographic definition has now been 
published by ISHLT (Table  21.2) and constitutes the 
nomenclature to be used for CAV [13].

Due to cardiac denervation, even patients with severe 
CAV rarely develop classical angina pectoris, but more 
often present with more unspecific symptoms of dyspnea, 
fluid retention, palpitations or syncope. Given the lack of 
specificity of these symptoms and the high prevalence of 
CAV, surveillance is recommended. ISHLT guidelines rec-
ommend annual or biannual angiography to screen for 
CAV.  In patients without early aggressive CAV (i.e. no 
angiographic evidence for vasculopathy after 3–5  years), 
non-invasive screening using dobutamine stress echocar-
diography or myocardial perfusion scintigraphy may be 
used in asymptomatic patients. These diagnostic modalities 
may also be preferred as screening tool in patients with sig-
nificant renal dysfunction in whom contrast use should be 
minimized [14].

21.6  Prevention and Treatment

At the current time preventive strategies based on statin ther-
apy and immunosuppression based on an mTOR inhibitor 
(sirolimus, everolimus) have proven effective. Treatment 

Table 21.1 Risk factors for development of cardiac allograft vascu-
lopathy (CAV)

Donor factors
  Age
  Male sex
  Smoking
  Hypertension
Recipient factors
  Acute rejection (cellular or humoral)
  CMV infection
  Hyperlipidemia
  Obesity
  Smoking
  Diabetes
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with pravastatin within 2  weeks from transplantation has 
been demonstrated to significantly lower the rate of CAV, 
documented both on angiography and IVUS [11]. A similar 
effect has been documented with simvastatin and both trials 
of pravastatin and simvastatin showed effect on survival 
despite the fact that they were moderately sized [15]. Caution 
must be paid to interaction between statins and immunosup-
pressants, but statins are recommended for all heart trans-
plant recipients (including children), irrespective of 
cholesterol levels based on these trials.

Use of sirolimus and everolimus in de novo heart trans-
plant recipients has been associated with lower rates of 
CAV.  Together with a calcineurin inhibitor, both sirolimus 
and everolimus, have in randomized trials been proven supe-
rior to azathioprine [16] and everolimus has also been associ-
ated with smaller increase in intimal thickness on IVUS 
compared with mycophenolate mofetil [17]. Finally, everoli-
mus together with mycophenolate has recently been shown 

to result in less intima thickness 1 year after transplantation 
compared with a conventional  regimen containing a calci-
neurin inhibitor and mycophenolate, indicating that the pres-
ence of the mTOR inhibitor rather than the absence of 
another immunosuppressant is the deciding factor for slow-
ing CAV early after transplantation [18].

Later after transplantation switch to an mTOR inhibitor 
based regimen may slow progression of CAV but the effect is 
much less pronounced and has not been documented in all 
studies [19, 20]. When CAV has developed, therapy concen-
trates on prevention of complications including aspirin for 
prophylaxis against coronary thrombosis and heart failure 
therapy if graft dysfunction occurs. Localized coronary steno-
sis in proximal vessels without obliterated periphery may be 
treated with percutaneous coronary intervention (PCI) and 
stenting or very occasionally by coronary artery bypass sur-
gery. The use of prophylactic defibrillators is highly contro-
versial in this setting, since overall prognosis in terms of 
non-arrhythmic death is difficult to predict in this population.

When advanced CAV develops, and especially when 
complicated by graft failure, re-transplantation should be 
considered. CAV is the most common indication for re-trans-
plantation which may yield acceptable results in selected 
patients [21, 22].
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Fig. 21.3 Intravascular 
ultrasound (IVUS) of anterior 
descending branch of the left 
coronary artery from a 
transplant recipient 1 year 
after transplantation with 
angiographically normal 
arteries

Table 21.2 ISHLT nomenclature for allograft vasculopathy

ISHLT CAV0 No detectable angiographic lesion
ISHLT CAV1 
(Mild)

Angiographic left main (LM) >50%, or primary 
vessel with maximum lesion of >70%, or any 
branch stenosis >70% (including diffuse 
narrowing) without allograft dysfunction

ISHLT CAV2 
(Moderate)

Angiographic LM >50%; a single primary vessel 
>70%, or isolated branch stenosis >70% in 
branches of 2 systems, without allograft 
dysfunction

ISHLT CAV3 
(Severe)

Angiographic LM >50%, or two or more primary 
vessels >70% stenosis, or isolated branch stenosis 
>70% in all 3 systems; or ISHLT CAV1 or CAV2 
with allograft dysfunction (defined as LVEF <45% 
or evidence of significant restrictive physiology)
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