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Fig. 1. Illustration of the principle of photoacoustic pump-

probe imaging.
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Fig. 2. Based on pump-probe technique, in vitro quantitative detection system for tissue oxygen content: (a) Schematic diagram of

photoacoustic pump-probe imaging system; (b) diagram of solution circulation device; (c) illustration of pulse sequence waveform.
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Fig. 3. Ground-state and excited-state absorption spectra of methylene blue: (a) The absorption spectrum of the ground state;

(b) the energy-corrected absorption spectrum of the T state.
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Fig. 4. Photoacoustic signals obtained through photoacoustic pump-probe imaging: (a) Schematic representation of the normalized

photoacoustic signal of MB; (b) normalized distribution of TTD amplitude (normalized to the mean).
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Fig. 5. Analysis of TTD signal variability: (a) TTD standard deviation with different concentrations of bovine hemoglobin; (b) TTD

standard deviation with different concentrations of methylene blue solution.
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of the relationship between T state lifetime and oxygen partial pressure; (f) illustration of T state lifetime fluctuation with oxygen
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Quantitative analysis of oxygen partial pressure measure-
ments based on photoacoustic pump-probe imaging”

He Xiao!? Xiao Xiao-Zhou! He Bin?  Xue Ping?  Xiao Jia-Ying DT
1) (Department of Biomedical Engineering, School of Basic Medical Science, Central South University, Changsha 410083, China)

2) (State Key Laboratory of Low-Dimensional Quantum Physics, Department of Physics, Tsinghua University, Beijing 100084, China)

( Received 26 June 2023; revised manuscript received 21 July 2023 )

Abstract

Pump-probe-based photoacoustic imaging is an innovative technique for high-specificity molecular imaging
in deep tissues. Compared with conventional photoacoustic imaging, this method effectively eliminates the
interference from blood signal and other background signal, enabling the detection of subtle target molecules.
Additionally, the manipulating of the time delay between the pump laser and probe laser can facilitate non-
invasive mapping of oxygen partial pressure distribution within tissues. To quantify the photoacoustic pump-
probe imaging, we use methylene blue as the molecular probe to monitor changes in oxygen partial pressure
within a hemoglobin solution. Utilizing a Gaussian noise model, we investigate the relationship between the
stability of the triplet-state difference signal and the average number, and also evaluate the error associated
with measuring oxygen partial pressure. The results demonstrate that the detection accuracy of the system is
better than 33 mmHg (1 mmHg = 133 Pa) in the oxygen partial pressure range of about 300 to 550 mmHg after
200 times of averaging. This research will play a significant role in guiding the further advancement and

application of pump-probe-based photoacoustic imaging technology.

Keywords: pump-probe-based photoacoustic imaging, oxygen partial pressure, transient triplet-differential

method, quantitative analysis
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