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ABSTRACT

Minimally invasive fetal interventions, such as those used for therapy of twin-to-twin transfusion syndrome (TTTS),
require accurate image guidance to optimise patient outcomes. Currently, TTTS can be treated fetoscopically by
identifying anastomosing vessels on the chorionic (fetal) placental surface, and then performing photocoagulation.
Incomplete photocoagulation increases the risk of procedure failure. Photoacoustic imaging can provide contrast for both
haemoglobin concentration and oxygenation, and in this study, it was hypothesised that it can resolve chorionic placental
vessels. We imaged a term human placenta that was collected after caesarean section delivery using a
photoacoustic/ultrasound system (AcousticX) that included light emitting diode (LED) arrays for excitation light and a
linear-array ultrasound imaging probe. Two-dimensional (2D) co-registered photoacoustic and B-mode pulse-echo
ultrasound images were acquired and displayed in real-time. Translation of the imaging probe enabled 3D imaging. This
feasibility study demonstrated that photoacoustic imaging can be used to visualise chorionic placental vasculature, and
that it has strong potential to guide minimally invasive fetal interventions.
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1. INTRODUCTION

Minimally invasive fetal interventions, such as those used for treatment of twin-to-twin transfusion syndrome (TTTS),
require accurate image guidance to optimise patient outcomes'. TTTS occurs from an imbalance of blood flow across
inter-twin vascular connections (anastomoses) in the placenta, and it is associated with high morbidity and mortality
risks if left untreated®. Currently, TTTS can be treated by identifying anastomosing vessels on the chorionic (fetal)
placental surface using a fetoscope, and then performing laser photocoagulation using an optical fibre inserted through
the working channel®*. Incomplete photocoagulation due to inadequate visualisation of vessels increases the risk of
procedure failure and perinatal death’. In current clinical practice for TTTS procedures, in vivo imaging of the placenta is
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performed using white light fetoscopy and external B-mode ultrasound (US) imaging. Both of these modalities can
provide insufficient contrast to visualise small anastomosing vessels beneath the chorionic placental surface®.
Photoacoustic imaging (PA) can provide rich optical absorption contrast for haemoglobin concentration and
oxygenation””. Previous studies demonstrated that PA signals from placental vasculature can be detected with an
external clinical ultrasound probe'®'". In this study, a post-partum term human placenta was imaged with a PA/US
imaging system that included PA excitation light by light emitting diode (LED) arrays.

2. MATERIALS AND METHODS

A real-time PA/US system'? (AcousticX, PreXion Corporation, Tokyo, Japan), which comprised LED arrays for
excitation light delivery and a clinical linear-array ultrasound imaging probe (9 MHz central frequency, 128-element,
300 pm pitch, PreXion Corporation) for ultrasound reception, was used to image placental vasculature. Excitation light
at 850 nm (200 pJ nominal pulse energy per array; 4 KHz pulse repetition frequency) was provided using two LED
arrays mounted in each side of the ultrasound probe, over an illumination area of 50 mm x 7 mm on the surface of the
placenta. Raw acoustic signals from 128 channels were recorded and digitised simultaneously at 40 MS/s; real time 2D
co-registered photoacoustic and B-mode pulse-echo ultrasound images were reconstructed and displayed at a frame rate
of 6.25 Hz, with signal averaging performed over 384 signal acquisitions. Translation of the imaging probe with a linear
motorised stage supplied with the system (OSMS20-85(X), OptoSigma Corporation, California, USA) enabled 3D
imaging. The translated distance during a 3D image volume acquisition was 40 mm. Offline reconstruction of the
recordeﬁl3 PA signals was performed using a frequency-domain algorithm implemented with the k-Wave Matlab
toolbox .

To investigate the feasibility of the system to visualise superficial and subsurface placental vessels on the fetal
chorionic placenta, a normal term placenta was collected with written informed consent after a caesarean section delivery
at University College London Hospital. Our local committees on the Ethics of Human Research approved the study
(14/L0/0863). The umbilical cord was clamped immediately after the delivery to preserve the blood inside the vessels.
The placenta was initially placed in a plastic container and subsequently it was coated with ultrasound gel for acoustic
coupling and covered with cling film. The container was filled with water at room temperature for acoustic coupling and
for free translation of the imaging probe (Figure 1). Several highly vascularised locations on the surface of the chorionic
fetal side were imaged (Figures 2 and 3).
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Figure 1. Experimental setup to image a human placenta. A clamp was used to mount the ultrasound probe with the light
emitting diode (LED) arrays to the linear motorised stage. The placenta was coated with ultrasound gel, covered with cling
film, and placed inside a water-filled container.
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3. RESULTS

Individual PA and US images of a term human chorionic placental vasculature that were acquired in real-time are
presented in Figure 2. With PA imaging, superficial blood vessels and a subsurface structure were visible to a depth of
approximately 5 mm from the placental chorionic fetal surface. Some of these vascular structures were not apparent in
US images. With US imaging, a large blood vessel located at a depth of approximately 7 mm could be identified, but this
vessel was not apparent with PA imaging. Figure 3 shows a photograph of the area that was imaged and the
corresponding top and side maximum intensity projections (MIPs) of the reconstructed 3D photoacoustic signals. Several
superficial branching vessels were clearly resolved. In the top view MIP PA image, high intensity PA signals appeared to
originate from vascular structures that were not visible in the photograph.
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Figure 2. Single frames of ultrasound (US), photoacoustic (PA), and merged US and PA images acquired from a human
placenta, at one location (a — c¢). A large blood vessel (yellow arrow) that is visible in the US image was not visible in the
PA image. A subsurface structure was visible with PA imaging (white arrow). All the images are displayed on logarithmic

scales.
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Figure 3. Photograph (a) and photoacoustic (PA) images (b,c) of a portion of the human placenta. Superficial branching
blood vessels are apparent in both the photograph and the PA images. High intensity PA signals (dashed squared box) that
are not visible in the photograph might be attributable to subsurface vascular structures. The PA images are displayed on a
logarithmic scale as maximum intensity projections (MIPs) of the reconstructed 3D photoacoustic image volume.

4. DISCUSSION AND CONCLUSIONS

This preliminary study demonstrated the feasibility of real-time LED-based PA/US imaging of the human placenta. LED
arrays adjacent to the probe for delivering excitation light allowed for a compact console, and with their high repetition

Proc. of SPIE Vol. 10494 104940Y-3

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 2/21/2018 Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



rate, averaging across consecutive PA image frames could be performed whilst maintaining a real-time display. The
depth range of anastamosing vessels in TTTS is not known; however, it may well be larger than the PA imaging depth of
the system used in this study. To increase PA imaging depths, next-generation systems could include the use of coded
excitation to increase the signal-to-noise ratio of the generated PA signals'* or more powerful LED sources'”.

For clinical translation of PA imaging to guide TTTS, it will likely be necessary to develop miniature probes that
have sufficiently small lateral dimensions to allow for delivery through the working channel of a fetoscope. These probes
would likely deliver excitation light at the distal end; ultrasound reception could either also be at the distal end or it could
be performed by an US imaging probe external to the mother'®'"'*'®, Multispectral PA could be used to obtain
information about oxygen saturation in vessels, providing insights into the pathogenesis of TTTS. Post-partum
vasoconstriction may have limited contrast for deep vessels with both US and PA imaging. Therefore, imaging of a
perfused placenta could potentially improve visualisation of vessels at larger depths. By visualising superficial and
subsurface chorionic vascular structures in the placenta, PA imaging may be useful to confirm successful laser ablation
of anastamosing vessels during TTTS fetoscopic therapy and thereby to improve treatment outcomes.
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