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Scientists led by University College London (UCL) and the Eu-
ropean Synchrotron (ESRF) have, for the first time, imaged 
two whole human adult hearts, one healthy and one dis-
eased, down to the cellular level in 3D.[1] They used a new 
X-ray technique called hierarchical phase-contrast tomogra-
phy (HiP-CT), and this new atlas of the heart could potential-
ly lead to medical applications. 

To study the human heart, researchers typically use clinical 
imaging techniques such as ultrasound, computed tomogra-
phy (CT), and magnetic resonance imaging (MRI). While these 
methods are effective for diagnosing cardiovascular disease, 
they do not reveal detailed structural changes across the dif-
ferent scales within the heart. For higher resolution, histolo-
gy is required, which involves slicing donor organs into sec-
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tions to view under the microscope. Although this method 
offers more detailed information, it only shows features on 
the cut surface, so things may be missed.

A new synchrotron X-ray imaging technique, called HiP-CT, 
overcomes these limitations by providing a detailed 3D view 
of the entire adult human heart.

Multidimensional Analysis of the human heart in health and disease 
using hierarchical phase-contrast tomography (HiP-CT).
Video from Ref. [1] 

The research team imaged two entire adult hearts, one 
healthy and one diseased, using the HiP-CT imaging tech-
nique on beamline BM18 at the ESRF. “BM18 is currently the 
only place in the world where complete human organs can 
be imaged with such a high level of contrast, and we are still 
quite far from the limits of the beamline capabilities. The 
main limiting factor is the processing of the very large data 
produced by HiP-CT”, explains Paul Tafforeau, ESRF scientist.

Joseph Brunet, researcher at UCL and Hector Dejea I Velardo, junior 
scientist member of the Human Organ Atlas project, during the 
experiments at beamline BM18 at the ESRF. 
© ESRF/Stef Cande

One of the major advantages of this technique is that it 
achieves a full 3D view of the heart at a resolution of 20 
microns, which is around 20 times better resolution than a 
clinical CT scanner. For comparison, the width of a human 
hair is on the scale of around 100 microns.[2] In addition, it 
can then zoom in to cellular level at 2 microns (200 times 
better), allowing scientists to see structures at the cellu-
lar level without cutting the sample. This technique images 
whole organs, revealing details and connections that were 
previously unknown.

Whilst there have been synchrotron studies on whole fetus 
and small animal hearts before, these have always been at a 
tiny scale, 1 or 2 cm in diameter. In this new research, scien-
tists have successfully imaged adult hearts of 14 cm in diam-
eter for the first time.

Phase-contrast imaging differs from conventional X-ray im-
aging, which relies on X-ray absorption, by using the refrac-
tion of specific types of X-rays passing through tissues, rath-
er than relying solely on X-ray absorption. It results in images 
with dramatically higher contrast and resolution, which is 
particularly beneficial for visualizing soft tissues and fine 
structures, as found in the heart, without the need for stain-
ing with a contrast agent.

Using an advanced synchrotron technique called HiP-CT, scientists 
have imaged, for the first time, two whole human hearts at 20-mi-
cron resolution, zooming in to 2-micron details in 3D. 
Image from Ref. [1] 
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The images revealed detail of the myocardium (muscle cells), 
valves, coronary arteries, and the cardiac conduction system 
(the electrical wiring that triggers heart contraction). “The 
first time you see the heart with HiP-CT, it is quite surprising, 
as it clearly shows soft tissue not typically visible with con-
ventional X-ray imaging”, says Joseph Brunet, researcher at 
UCL  and corresponding author of the publication.

Towards new arrhythmia treatments
A significant feat of the study is the detailed imaging of the 
cardiac conduction system, which generates and transmits 
the electrical signals that drive the heart muscle’s pumping 
action. The virtual sectioning of the conduction system pro-
vided scientists with information on fatty infiltration, vas-
cular supply, and pathways between the cardiac nodes and 
adjacent structures. This level of detail on the entire adult 
heart conduction system was previously impossible. 

“There is an enormous potential to inspire new treatments 
using this technique”, explains Professor Perry Elliot, Director 
of the Institute of Cardiovascular Science, UCL. An example 
of this is arrhythmia (irregular rhythm): “With today’s tech-
nology, having an accurate interpretation of the anatomy 
underlying arrhythmia is very difficult”, adds Professor An-
drew Cook, heart anatomist at UCL and second author on the 
paper. “We believe that our findings will help researchers 
understand the onset of cardiac rhythm abnormalities and 
also the effectiveness of surgical ablation strategies to cure 
them”, he says. In particular, the results have shown that sci-

entists can determine differences in the thickness tissue and 
fat layers located between the outer surface of the heart and 
the protective sac surrounding the heart. This information 
could be relevant when treating arrhythmia. 

In addition to arrhythmia, HiP-CT could also shed light on 
other cardiovascular diseases. Anatomical studies using HiP-
CT are currently underway to investigate congenital heart de-
fects such as single ventricle disease. For the team, the next 
step is to increase the number of samples and to continue 
exploring the structural architecture of the heart in health 
as well as in disease, with the aim of developing innovative 
diagnostic and treatment strategies.

This work contributes to the Human Organ Atlas project, 
which aims to establish an open science image database of 
all human organs in health and disease. To explore this data 
yourself visit  human-organ-atlas.esrf.eu, or for more infor-
mation on the Human Organ Atlas project see mecheng.ucl.
ac.uk/HOAHub/ and videos at bit.ly/HiP-CT-Heart.�

3D cinematic renderings of the control (A) and diseased (B) heart. Epicardial fat has been removed digitally to show 
course of the major coronary arteries plus detail of smaller arteries penetrating into the myocardium, which are not 
typically seen on clinical CT. 
Image adapted from Ref. [1] 
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“We believe that our findings will help 
researchers understand the onset of  
cardiac rhythm abnormalities and also  
the effectiveness of surgical ablation 
strategies to cure them.” 
Professor Perry Elliot
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The ESRF is the world’s brightest synchrotron light source. 
Every year, 9000 scientists from 20 partner countries 
and from around the world travel to Grenoble to use its 
extremely brilliant X-rays for leading-edge research. This 
fundamental and applied research contributes to ad-
dressing the complex global challenges that our society 
faces, such as health, energy, and the environment. It also 
contributes to the development of new technologies for 
industry and to preserving humanity’s cultural heritage, 
lighting the way to a sustainable and peaceful future.

The strength of the ESRF is its capacity to innovate, 
pushing the limits and seeking ever-higher performance 
for the benefit of the global scientific community. In 2020, 
the ESRF launched a brand-new generation of high-en-
ergy synchrotron, the ESRF’s Extremely Brilliant Source 
(EBS). With the support of the ESRF’s 20 partner countries, 
EBS provides scientists with new opportunities to unveil 
the structure of materials and the mechanisms of life, 
down to atomic resolution. 
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