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a, Representative sketch of the 3D-PACT platform with a close-up view of the
imaging aperture. b, Experimental setup for the rat heart imaging. The rat was
mounted in a prone position, and the expanded light beam was directed towards
the rat's chest from the bottom. c, Example of the signal synchronization
between the 3D-PACT (top) and ECG (bottom) measurements. The 3D-PACT
signal was collected from one transducer element on one array at multiple
scanning positions (i.e., on the same latitude). In the photoacoustic signal
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diagram, the horizontal axis represents the scanning steps (i.e., time), and the
vertical axis stands for the time-of-flight signal (data acquisition sampling at 20
MHz). The P, R, and T waves in the ECG signals correspond to atrial
contraction, ventricular contraction, and ventricular relaxation, respectively.
Credit: Li Lin, Xin Tong, Susana Cavallero, Yide Zhang, Shuai Na, Rui Cao,
Tzung K. Hsiai, and Lihong V. Wang

Cardiovascular disease is the leading cause of morbidity, and preclinical
investigations of animal models are critical for better understanding its
mechanisms. Over the last several decades, non-invasive imaging of
small animal models has provided in vivo insights into the structural and
functional phenotypes with physiological and clinical relevance.

Photoacoustic computed tomography (PACT) is an emerging cardiac
imaging technique that combines functional optical contrast from light
illumination and high spatial resolution from acoustic detection.
However, the majority of the published PACT prototypes have not been
demonstrated for non-invasive cardiac imaging of detailed anatomical or
functional phenotypes due to suboptimal illumination and detection
schemes.

In a new paper published in Light Science & Applications, a team of
scientists, led by Professor Lihong V. Wang from the Caltech Optical
Imaging Laboratory, Andrew and Peggy Cherng Department of Medical
Engineering, Department of Electrical Engineering, California Institute
of Technology, USA, and Professor Tzung K. Hsiai from the
Department of Bioengineering and the Division of Cardiology,
Department of Medicine, UCLA, and co-workers have presented the
three-dimensional rat whole beating heart in vivo using a recently
developed three-dimensional PACT (3-D-PACT) platform.
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With regulated illumination and detection schemes, 3-D-PACT scanned
the rat heart in 10 seconds and reconstructed a series of cardiac images
based on a time-gating strategy. The 3-D-PACT significantly enhances
the image clarity and captures the dynamic changes in the cardiac
structure between obese and control rats; namely, chamber size,
myocardial wall thickness, and intracardiac flow. Moreover, the 3-D-
PACT is capable of recording the distinct blood flow in various sizes of
the vascular system from healthy, obese, and hypertensive rats, including
the aortas, pulmonary arteries, and left and right coronary arteries.

To address acoustic distortion from the chest ribs and lung air sacs that
encompass the heart, the authors demonstrated a large acoustic detection
aperture to collect photoacoustic signals from numerous view angles.
Moreover, one of the most exciting (and challenging) goals in volumetric
cardiac imaging is the heartbeat, which contains rich hemodynamic
information but blurs the images. The authors applied time-gated
reconstruction guided by the synchronized electrocardiogram (ECG)
measurement to correct the motion artifacts. The 3-D-PACT, along with
the ECG-aided synchronization, largely resolves the challenges from the
previous PACT approaches and reveals the whole rat heart anatomy and
hemodynamics non-invasively.
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a, Front view of the heart within a cardiac cycle. The heart is identified by a
magenta circle at 4/11 T. BA, brachiocephalic artery; ITV, internal thoracic
vessels; IV, intercostal vessels. b, Cross-sectional images of the heart on the
sagittal plane. Each image is a maximum amplitude projection (MAP) of a slice
marked by the green dashed lines in a (Time 0). c, Cross-sectional images of the
heart on the coronal plane. Each image is an MAP of a slice marked by the
yellow dashed lines in b (Time 0). LA, left atrium; LV, left ventricle; PuA,
pulmonary artery; RA, right atrium; RV, right ventricle; SVC, superior vena
cava. d, The same data (at Time 0) shown with color-encoded depths. Shallower
structures were peeled away in the lower images to show the posterior anatomy.
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Credit: Li Lin, Xin Tong, Susana Cavallero, Yide Zhang, Shuai Na, Rui Cao,
Tzung K. Hsiai, and Lihong V. Wang

The scientists summarize the advantages of their imaging setup: "To
reveal the cardiac anatomy, 3-D-PACT employs a hemispherical
acoustic detection aperture with large view angles to mitigate the
influences induced by ribs and lungs; The 1064-nm light and uniform
illumination also facilitate deep penetration of the entire heart; The
periodic heartbeat allows the ECG-guided time-gating method to reduce
motion-induced artifacts during a 10-second scan."

Successful imaging of the anatomical details further enables cardiac
function and dynamics measurements. "The optical imaging contrast in
3-D-PACT depicts the distribution of myoglobin in the myocardium and
hemoglobin in the blood, revealing cardiac anatomy and function with
physiological relevance," they added.

"3-D-PACT is an open imaging platform for preclinical research and
clinical translation by simultaneously providing cardiac anatomy and
function. Compared with established imaging modalities, PACT of the
heart offers additional physiology-related information with high imaging
speed and resolution, yet without the need for ionizing radiation or
invasiveness, making PACT a promising tool for cardiac imaging of
human neonates," the scientists forecast.

  More information: Li Lin et al, Non-invasive photoacoustic computed
tomography of rat heart anatomy and function, Light: Science &
Applications (2023). DOI: 10.1038/s41377-022-01053-7
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