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Abstract
AIM:To perform a systematic review of literature on 

use of cardiovascular imaging in assessment of donor 
hearts.

METHODS: A systematic search of current literature 
from January 1965 to August 2015 was performed 
using PubMed and Google Scholar to investigate the 
different imaging modalities used to assess donor 
hearts.

RESULTS: Recent literature still estimates only 
a 32% utilization of available donor hearts in the 
United States. Most common imaging modality used 
is transthoracic echocardiography. Use of advanced 
imaging modalities such as 3D echocardiography, 
cardiac computer tomography and cardiac magnetic 
resonance to evaluate donor hearts is not reported in 
literature. This review attempts to highlight the relevant 
imaging modalities that can be used to assess cardiac 
function in a time-efficient manner. The algorithm 
suggested in this review would hopefully pave the way 
to standardized protocols that can be adopted by organ 
procuring organizations to increase the donor pool.

CONCLUSION: Use of advanced imaging techniques 
for a thorough assessment of organs will likely increase 
the donor pool.

Key words: Donor heart utilization; Echocardiography; 
Cardiovascular imaging; Cardiac magnetic resonance; 
Donor heart selection; Cardiac computed tomography
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Core tip: The increase in the number of patients on 
the cardiac transplant waiting list unfortunately has 
not been accompanied by a concomitant increase in 
the number of donor organs. In the present era of 
advanced imaging techniques it is imperative to use 
them for a thorough assessment of organs before 
they are deemed unfit for use. Three-dimensional 
echocardiography and cardiac magnetic resonance 
imaging are powerful techniques that could be used for 
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assessing hearts that do not pass the standard tests. 
This review highlights potential imaging techniques that 
can be used to assess donor hearts for better utilization 
of organs.
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INTRODUCTION
Increasing numbers of advanced heart failure patients 
on the transplant waiting list and the dwindling availa­
bility of the donor pool should prompt methods of 
improving donor heart selection so that the “marginal 
hearts” can be assessed and utilized effectively. This 
review addresses the role of advanced cardiovascular 
imaging in donor heart selection. With the advent of 
more powerful imaging techniques such as real time 
3D echocardiography and cardiac magnetic resonance 
imaging organ screening should become more efficient 
if these techniques are used in a systematic fashion. In 
a recent retrospective analysis of the United Network 
of Organ Sharing database Khush et al[1] showed that 
the percentage of donor hearts accepted for transplant 
decreased from 44% in 1995 to 29% in 2006 with an 
increase to 32% in 2010. Though increase in rejection 
rate of donor hearts has been based on age and co 
morbidities there are no evidence - based guidelines 
to support this. Hence efforts in this direction would be 
helpful[1]. In another retrospective investigation only 
two statistically relevant causes such as death and 
history of diabetes have been implicated in prolonged 
post-operative hospital stay and increased mortality 
respectively[2]. 

Echocardiography has been used in selection of 
donor hearts since the last three decades[3]. In a recent 
study 25% to 50% of hearts have been reported to 
be rejected due to echocardiographic abnormalities. 
Statistically significant variation in interpretation 
of echocardiographic data [left ventricular internal 
dimension at diastole (LVIDd), left ventricular internal 
dimension at systole (LVIDs) and left ventricular 
ejection fraction (LVEF)] was noted in a retrospective 
study[4]. Difficulty in obtaining adequate imaging adds 
to the problem. Contrast echocardiography has been 
suggested to improve imaging[5]. However present day 
advanced imaging modalities are far less utilized in 
the donor selection process. It is therefore relevant to 
assess use of new modalities of cardiovascular imaging 
in donor heart selection to avoid discarding hearts that 
have been inadequately imaged due to technique or 
patient characteristics. Such an approach may increase 
utilization of the presently discarded organ pool.

MATERIALS AND METHODS
Searches were conducted from January 1965 to August 
2015 in the PubMed and Google Scholar databases 
using the terms “selection of donor hearts” retrieved 
1002 articles. Using the term “imaging in donor hearts” 
showed 311 articles and further narrowing the search 
to “imaging in selection of donor hearts” retrieved 9 
articles. This review was planned to be a qualitative 
overview hence no statistical analyses were performed.

RESULTS
The results from the searches conducted are summa­
rized in this section highlighting the use of various 
cardiovascular imaging techniques to assess selection of 
donor hearts. 

Potential use of advanced echocardiographic imaging 
in characterization of cardiac structure and function in 
“marginal” donor hearts
Pharmacological stress echocardiography: Phar­
macological stress echocardiography appears to be 
an attractive option to test the suitability of donor 
hearts which would not meet standard criteria. Low 
dose dobutamine was shown to be useful in assessing 
hearts from brain dead donors over a decade ago[6]. 
In a more recent series of papers from Europe stress 
echocardiographic screening appears to be useful in 
increasing the marginal donor pool and also have a 
reasonable outcome in the post-transplant patients[7-11]. 
Stress echo studies can efficiently differentiate hearts 
that have subclinical coronary artery disease or car­
diomyopathy[7-12]. Besides, in patients with normal 
valve function, stress echo coupled with tissue doppler 
imaging can be used to assess diastolic dysfunction[13]. 
Another advantage of using stress echo is that it 
can detect cardiomyopathy and global ventricular 
dysfunction secondary to causes other than epicardial 
coronary artery disease. In older populations of donors, 
diabetes and/hypertension may coexist and contribute 
to subclinical disease[13]. Therefore, a complete 
assessment of systolic and diastolic function can be 
obtained non-invasively in a time effective manner. 

Current reports in literature support successful use 
of stress echocardiography in populations of donors with 
reversible left ventricular (LV) dysfunction as well as 
those with stunned hearts that improve with hormonal 
treatment. As part of the Adonhers (aged donor heart 
rescue by stress echo) project 43 recipients who 
received “marginal” hearts and were older than 55 years 
of age or had concomitant risk factors were followed 
for 3 years. The outcomes in these recipients were 
unremarkable with a 1 year survival of 93% suggesting 
a role for stress echo screening of donor hearts to 
increase the donor pool[11] . 

One of the limitations of this approach is that long 
term outcomes have not been studied yet[11]. The 
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pharmacological agents used currently are dipyridamole 
and dobutamine with the latter being less preferred 
due to high heart rates in the resting state in the donor 
hearts secondary to the high catecholamine state[11]. 

Strain rate imaging: The principle of strain and 
strain rate imaging based on myocardial deformation 
is an emerging technique which can be useful in donor 
heart evaluations. It has been shown to be effective in 
distinguishing ischemic from stunned myocardium and 
also in the early detection of cardiomyopathies in the 
setting of a normal ejection fraction[14-17]. Myocardial 
deformation imaging can be achieved by tissue doppler 
imaging as well as speckle tracking. The use of strain 
and strain rate imaging by speckle tracking is better than 
velocity/displacement measurements because speckle 
tracking can distinguish active vs passive myocardial 
tissue movements. Strain and strain rate imaging 
(SRI) can be directly obtained using pulsed wave tissue 
Doppler (PW-TDI) or reconstructed from color tissue 
Doppler imaging (c-TDI). These methods are currently 
well accepted as tools to investigate regional and global 
cardiac function[16-18]. Non-Doppler 2D-strain imaging 
using speckle tracking analyzes motion by tracking 
speckles from frame to frame. The change in speckle 
position is used to determine its velocity. Since tracking 
is done in 2 dimensions it is angle independent. Speckle 
tracking is also time efficient as compared to TDI-
strain imaging but needs high image quality which may 
present a problem in patients who are technically difficult 
to image. However, good correlation exists between the 
SRI done with TDI as well as non-doppler 2-dimensional 
imaging[14,19,20]. The concept of SRI is attractive and 
can be more powerful if used in the 3D format though 
this needs further investigation. SRI has been used in a 
wide variety of clinical applications including detection 
of cardiac allograft rejection[21-23]. SRI has the potential 
to become an important tool that can be added to the 
regimen of non-invasive techniques used to assess 
donor hearts because myocardial dysfunction can be 
detected even in the setting of normal ejection fraction. 
Such studies will also open avenues for further research 
to develop robust imaging protocols for rapid screening 
of donor hearts.

Contrast enhanced 2D and 3D echocardiography: 
Contrast echocardiography can be used to better define 
the endocardium in patients whose ejection fraction 
is ambiguous due to this particular reason. In recent 
studies including a systematic review and meta-analysis 
3D echocardiography (3DE) was found to underestimate 
LV volumes and LVEF and was also useful only in 
patients with good acoustic windows and normal sized 
ventricles. Large variations in determinations were noted 
in populations with poor images and enlarged ventricles. 
With acceptable image quality 3DE is more accurate and 
precise in measuring EF and LV volumes than 2DE. As 
compared to cardiac magnetic resonance imaging (MRI), 
3DE is inferior in spatial and temporal resolution[24]. In 

another retrospective review of literature both contrast 
2DE and non-contrast 3DE had similar agreement with 
cardiac MRI. Contrast 3DE needs further evaluation 
because non-contrast 3DE is useful only in patients with 
optimal images[25]. A prospective study by Jenkins et 
al[26] in 2009  in 60 patients with a history of myocardial 
infarction showed that when compared with cardiac MRI, 
contrast 2DE and non - contrast 3DE were similar. The 
best agreements with cardiac MRI were obtained in this 
population of patients with contrast 3DE. Contrast 3DE 
may be useful in patients with poor imaging windows 
but needs further research studies in cardiomyopathies 
of different etiologies. This technique could also be 
useful in assessing donor heart which is otherwise poorly 
visualized.

Cardiac MRI: The use of cardiac MRI in mechanically 
ventilated patients has been demonstrated to be safe in a 
number of studies in the adult and pediatric populations. 
Children typically require sedation. Hence mechanical 
ventilation under general anesthesia eliminates motion 
artifacts and eliminates the need for breath holding. In a 
small study done in infants on high-frequency oscillatory 
ventilation showed no adverse effects as compared to 
controls[27]. The effect of positive pressure ventilation on 
the cardiac output and cardiac volumes have been found 
to be significant in agreement with the Frank-Starling 
law[28] and this must be taken into consideration while 
evaluating donor hearts by cardiac MRI. Considering 
the versatility of cardiac magnetic resonance imaging 
(CMRI) in assessing cardiac function and its feasibility in 
mechanically ventilated patients cardiac MRI protocols 
need to be instituted and actively used in evaluating 
donor hearts. This would help increase the donor pool 
and efficiently utilize organs for transplantation. Cardiac 
MRI would be invaluable in providing endocardial and 
structural definition in assessing donor hearts.

Determination of cardiac function by computed 
tomography: In the process of acquiring images for 
coronary angiography cardiac computed tomography 
(CT) can be used to determine structural information 
to compute ventricular volumes and ejection fraction. 
Electron beam CT with high temporal resolution can 
be used to determine chamber function. Multi detector 
CT with better spatial but lower temporal resolution is 
also another modality to assess ejection fraction and 
obtain structural data[29]. A newer protocol with low 
dose radiation using a 64 slice cardiac CT technology 
has been recently demonstrated to be successful in 
determining LV ejection fraction in a small study[30]. 
However the large amount of contrast dye used in these 
modalities and the lower heart rates required may be a 
limitation in donor evaluations.

Optimal assessment of LV and right ventricular 
function: The chamber quantification and derivation of 
LV ejection fraction should be obtained by the biplane 
method of disks (modified Simpson’s rule)[31]. In patients 

Nair N et al . Imaging of donor hearts



351 December 24, 2015|Volume 5|Issue 4|WJT|www.wjgnet.com

with good imaging windows 3DE should be used if the 
instrumentation is available on site[31]. Global longitudinal 
strain should be measured from three standard apical 
views and values used to arrive at the average[31].  A 
thorough assessment of right ventricular (RV) function 
should be performed especially in donors who happen 
to be victims of motor vehicle trauma. The complete 
assessment of valvular function is imperative to enable 
any repairs that may need to be performed before 
transplant. Such measures would help salvage “marginal” 
hearts. 

At present utilization of the donor pool of hearts 
is suboptimal. Increasing use of non - invasive car­
diovascular imaging modalities to risk stratify the use 
of marginal hearts could provide a solution to increase 
the donor pool and therefore decrease the shortage of 
donor organs. 2D echocardiography could continue to be 

the first line imaging modality but advanced techniques 
should be used before a decision is made to discard the 
donor heart. Use of advanced imaging could also help 
in identifying subclinical disease which could potentially 
destroy graft survival. Figure 1 of this review shows a 
suggested algorithm to improve donor heart utilization 
by incorporating currently available cardiovascular 
imaging techniques. Table 1 shows a suggested list of 
parameters to be evaluated to assess RV and LV function 
based on the latest guidelines on chamber quantification 
as well as assessment of left and right ventricular 
function[31,32]. Hospitals will have to collaborate with 
organ procuring organizations to optimize protocols for 
better utilization of the donor organ pool. This would 
be very important as all hospitals may not have the 
complete spectrum of advanced imaging techniques.

DISCUSSION
This review highlights the availability of an extensive 
array of cardiovascular imaging techniques which can 
be utilized to assess donor heart function so that more 
organs can be made available for cardiac transplan­
tation. With the advent of present day technologies it 
is imperative that we utilize all available techniques to 
assess the donor hearts before they are discarded. It 
should also be noted that any one technique may not 
be adequate for a complete definitive examination. 
Though advanced technologies such as cardiac magnetic 
resonance imaging may not be readily available in all 
hospitals efforts must be made by organ procuring 
organizations to coordinate with larger hospitals and 
institute protocols so that “marginal hearts” can be 
salvaged. In combination with coronary angiography 
and right heart catheterization an advanced imaging 
approach may open up the way for better utilization of 
the donor pool. 

Complete examination by 2D transthoracic
echocardiography

Normal biventricular
systolic/diastolic

function

Poor acoustic windows

Suboptimal
quality of images

Perform transesophageal
echocardiography

Accept donor heart/procced to organ retrieval

1Cardiac
MRI?

1Cardiac MRI?

Poor endocardial
definition

Perform contrast
2D echocardiography

Suboptimal
quality of images

Normal biventricular
systolic/diastolic function

Suboptimal quality of image
Perform contrast 3D 
echocardiography

Figure 1  Suggested algorithm for donor heart assessment. 1If abnormal by cardiac magnetic resonance imaging (MRI), discard organ.

Parameters assessed for RV and LV function

Left ventricle
   Ejection fraction
   Wall motion score index
   Assessment of aortic and mitral valves
   Assessment of disatolic function by tissue doppler
   Obtain Ea, E/A, E/Ea
   Assessment of pulmonary vein flows
   Assessment of longitudinal strain
Right ventricle
   Fractional area change
   Assessment of tricuspid and pulmonary valves
   Estimation of pulmonary hypertension
   Assessment of longitudinal strain
   Assessment of TAPSE

Table 1  Relevant echocardiographic parameters to be 
assessed prior to donor heart acceptance

RV: Right ventricular; LV: Left ventricular; TAPSE: Tricuspid annular 
plane systolic excursion.
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COMMENTS
Background
Advances in cardiovascular imaging in the last two decades have been 
exponential. Powerful non-invasive techniques are now becoming available 
to delineate cardiac structure and correlate with function very precisely. This 
review therefore highlights the potential utility of these technological advances 
in selection of donor hearts. In the United States only about one third of the 
donor heart pool is used for cardiac transplantation. Hence improvement in 
assessment modalities will refine the selection process and increase the use of 
donor organs. The primary aim of this review is to discuss the utility of present 
day cardiovascular imaging in selection of organs that do not pass the standard 
criteria and how this can affect better utilization of the available donor pool 
which is far less as compared to the need for donor hearts for patients actively 
waiting in the cardiac transplant waiting list.

Research frontiers
Since the first heart transplant in 1967 a number of advancements have 
occurred in the field of cardiac transplantation which has improved the survival 
of patients. The most notable ones include the discovery of cyclosporine 
for immunosuppression. Today cardiac transplantation still remains the gold 
standard for end stage heart failure. However the numbers of donor hearts 
that are used for transplantation are far less than the number of patients on 
the cardiac waiting list. One of the ways to improve increased utilization of 
donor hearts is to use all the different advanced imaging techniques currently 
available especially cardiac magnetic resonance as well as strain rate imaging 
and 3D echocardiography to assess structure and function prior to organ 
harvest. Hence an algorithm developed to utilize advanced techniques would be 
valuable for better use of the donor pool in the face of severe organ shortage.

Innovations and breakthroughs
The use of advanced imaging techniques to better utilize donor hearts would be 
an important area of investigation. In the authors’ review of the existing literature 
there are no investigations using cardiac magnetic resonance imaging (MRI) prior 
to harvesting of the donor heart. Cardiac MRI and other powerful non-invasive 
tests such as strain imaging, 3D echocardiography and cardiac computed 
tomography (CT) are not utilized to review hearts prior to harvesting. These 
techniques are used infrequently to study post transplant hearts. Therefore, 
systematic studies to prove the utility of these techniques in assessing the donor 
pool are warranted.

Applications
This review was undertaken to assess the extent of use of advanced cardiac 
imaging in the process of procuring hearts. From the current literature it is 
evident that these modalities are under - utilized. Hence an algorithm has been 
suggested in this review for use of echocardiography, cardiac MRI and other 
advanced modalities to increase the donor organ supply appropriately.

Terminology
All the current advanced cardiac imaging modalities such as echocardiography, 
cardiac MRI and cardiac CT have been adequately described in this review with 
reference to their suitability in selecting hearts for cardiac transplantation. Each 
technique has been described in detail to include the current advancements.

Peer-review
The review presented here attempts to address the use of advanced car
diovascular imaging techniques in improving utilization of the donor pool of 
hearts to reduce organ shortage and waiting times for the patients which is a 
major limiting factor in the field of cardiac transplantation.
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