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amplifier. Line-shaped light was delivered to the human cervical
trachea at horizontal plane, and the ultrasound transducer was set
exactly at the same horizontal plane to obtain the PAT signal. DAQ:

data acquisition.
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Fig.2 Schematic of endogenous tissue chromophores in
human cervical trachea
(a) Distribution of endogenous tissue chromophores in tracheal wall.
(b) The corresponding pathological schematic of tracheal wall in the
blue box. W1: mucous; W2: submucosa; W3: tracheal cartilage; W4:
tracheal muscle;Purple: collagen and elastin; Red: hemoglobin; Brown:

lipid.
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Fig. 3 Comparison between PAT in vivo and anatomical specimens of cervical trachea on the inter—cartilage plane

(a, b) PAT images of cervical trachea and its surrounding organs at 910 nm wavelength from volunteer 1; (c) anatomical specimen of cervical trachea

on the same plane. T: tracheal cavity; Green circle: mucous; Red circle: submucosa; White circle: tracheal muscle; L-THY: left thyroid lobe; R-THY:

right thyroid lobe; LCCA: left common carotid artery.

Fig. 4 Comparison between PAT in vivo and anatomical specimens of cervical trachea on the cartilage rings plane

(a, b) PAT images of cervical trachea and its surrounding organs at 910 nm wavelength from volunteer 1; (c) anatomical specimens of cervical trachea

on the same plane. T: tracheal cavity; Green circle: mucous; Red circle: submucosa; Blue circle: tracheal cartilage; White circle: tracheal muscle;

L-THY: left thyroid lobe; R-THY: right thyroid lobe; RCCA: right common carotid artery; RIJV: right internal jugular vein.
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Table 1 Multi-wavelength PAT parameters of the cervical trachea (x+s)
A/nm Transverse diameter/mm Sagittal diameter/mm Cross-sectional area/mm?>
910 17.143.1 16.9+2.9 229.6+68.4
840 17.343.0 17.1£3.0 235.1+70.5
760 17.3£2.9 16.8+3.1 233.9+69.4

Fig. 5 PAT images of cervical trachea at different phases of a respiratory cycle

(a) At the end of forced exhalation, the tracheal cross-sectional area is the smallest of a respiratory cycle. (b) As the inhalation begins, the trachea

cross-sectional area begins to increase. (c) In the inhalation, the cross-sectional area of the trachea increases further. (d) At the end of forced

inhalation, the trachea had the largest cross-sectional area of a respiratory cycle. (a), (b), (¢) and (d) images are all from volunteer 2.

1.5

1.0

Fig. 6 Multi-wavelength PAT images of cervical trachea

Different layers of tracheal wall are more clearly delineated at 910 nm wavelength (a) than that at 840 nm (b) and 760 nm (c) wavelength from

volunteer 4 (Arrows show different layers of tracheal wall at 910 nm wavelength).
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Fig.7 Multi-wavelength PAT images of trachea from a Hashimoto’s thyroiditis volunteer

Different layers of tracheal wall are more clearly delineated at 910 nm wavelength (a) than that at 840 nm (b) and 760 nm (c) wavelengthfrom a

Hashimoto s thyroiditis volunteer (volunteer 5). (b) shows high intensity photoacoustic signal in the thyroid isthmus in front of the trachea, while the

tracheal tissue is poor imaged at 840 nm wavelength.
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Multiple Wavelength Photoacoustic Tomography of Human Cervical Trachea’

WEN Yan-Ting"”, WU Dan", ZHANG Jing”, GUO Dan”, XIONG Chun-Yan”, CHI Zi-Hui",
CHEN Yi", LI Lun", JIANG Hua-Bei””"

(VCollege of Computer Science and Technology, Chongqing University of Posts and Telecommunications, Chongqing 400065, China;
DUltrasonic Department, The Fifth People’ s Hospital of Chengdu, Chengdu 611130, China;
3)D(epartment of Medical Engineering, University of South Florida, Tampa 33620, USA)

Abstract Objective This study opens a new direction for photoacoustic tomography (PAT) to image human
cervical trachea. Methods A multi-wavelength PAT experiment was performed on the cervical trachea of seven
volunteers. The characteristics of high resolution (up to 150 um) images of the respiratory cycle and different
layers of tracheal wall were studied by PAT, and the imaging advantages and defects of this technique were
evaluated. Results Our study demonstrated the ability of PAT to image human cervical trachea, and delineate
the structural characteristics of it and its surrounding tissues. Variation of tracheal lumen at different phases of a
respiratory cycle by PAT indicated its high time resolution. Collagen, as an endogenous contrast of PAT, was
abundant in tracheal cartilage, which has a wavelength of absorption coefficient ranging from 900 nm to 1 300 nm.
This study shows that the wavelength of 910 nm is best for tracheal cartilage imaging. Conclusion It can be
considered as a non-invasive, convenient and non-ionizing radiation imaging method for real-time evaluation of
human trachea. Given the high spatial resolution and real-time capabilities, PAT has the potential to become a
useful tool for non-invasive airway imaging in future. We believe this study sets the ground work for the analysis

of the human trachea using PAT in vivo.
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