
 

 

In vivo monitoring laser tissue interaction using high resolution 
Fourier-domain optical coherence tomography 

 
Hang Chan Joa, Dong Jun Shina, Jin-Chul Ahnb, Phil-Sang chungb and DaeYu Kimb, c  

 
a  Medical Laser, Dankook University, 119 Dandae-ro, Dongnam-gu, Cheonan-si, Chungnam 31116, Republic of Korea  
b Beckman Laser Institute Korea, Dankook University, 119 Dandae-ro, Dongnam-gu, Cheonan-si, Chungnam 31116, 
Republic of Korea 
c Biomedical Engineering, College of Medicine, Dankook University, 119 Dandae-ro, Dongnam-gu, Cheonan-si, 
Chungnam 31116, Republic of Korea 

ABSTRACT  

Laser-induced therapies include laser ablation to remove or cut target tissue by irradiating high-power focused laser 
beam. These laser treatments are widely used tools for minimally invasive surgery and retinal surgical procedures in 
clinical settings. In this study, we demonstrate laser tissue interaction images of various sample tissues using high 
resolution Fourier-domain optical coherence tomography (Fd-OCT). We use a Q-switch diode-pumped Nd:YVO4 
nanosecond laser (532nm central wavelength) with a 4W maximum output power at a 20 kHz repetition rate to ablate in 
vitro and in vivo samples including chicken breast and mouse ear tissues. The Fd-OCT system acquires time-series B-
scan images at the same location during the tissue ablation experiments with 532nm laser irradiation. The real-time 
series of OCT cross-sectional (B-scan) images compare structural changes of 532nm laser ablation using same and 
different laser output powers. Laser tissue ablation is demonstrated by the width and the depth of the tissue ablation from 
the B-scan images.  

Keywords: Laser tissue interaction, 532nm laser ablation, ablation efficiency enhancement, in-vivo ablation, OCT real-
time monitoring  

  

1. INTRODUCTION  
Tissue ablation by medical lasers is widely used in current clinical settings for laser surgery and skin treatment due to 
precise control of irradiation powers, exposure times as well as other laser parameters. Laser energy is absorbed in target 
tissue during the treatment and photo-thermal effects by laser-tissue interactions generate removing or cutting tissue 
structures. Although laser-irradiation therapies are relatively convenient, laser ablation has some risks owing to using 
high power focused beam. For instance, the high power focused beam could cause collateral tissue damage on the laser 
exposed region. Several studies of laser tissue ablation have been conducted for minimizing the thermal damage zone 
and enhancing ablation efficiency for the given laser energy. [1], [2] The pulsed CO2 laser (10.6μm) tissue ablation study 
by Walsh et al. demonstrated longer laser pulse exposure created larger thermal damage zones so that short laser pulses 
resulted in minimal thermal damage in laser ablation. In addition, darker staining areas in skin were damaged more 
intense by the pulsed CO2 laser than normal color skin areas. These results were examined by photomicrograph using a 
conventional light microscope acquired from punch biopsy of laser irradiated sites. 

In this research, we use a 532nm (commonly used wavelength for laser treatment) laser to ablate in vitro and in vivo 
tissue samples. Moreover, Fourier-domain optical coherence tomography (Fd-OCT) acquires cross-sectional images for 
monitoring laser tissue interactions during irradiation. We design the 532nm laser and OCT system having a same focal 
plane using a dichroic mirror and object lens for real-time monitoring of laser ablation. Throughout the experiment, 
ablation differences by pulse duration are examined as well as laser ablation changes by tissue color types are 
investigated using qualitative OCT images.  
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4. DISCUSSION AND CONCLUSIONS 
High resolution Fd-OCT provides cross-sectional images of laser tissue interactions with the Nd:YVO4 nanosecond 
532nm laser . In order to observe ablation differences by pulse duration, we compare OCT B-scan images from control 
tissue and thermally-damaged-tissue by the pulse modulated laser (repeat 1 sec irradiation and 1 sec break as well as 4 
sec irradiation and 4 sec break for total 16 sec). These experiments demonstrate long pulse irradiation generates more 
thermal damages and deeper craters than short pulse irradiation. In addition to investigating ablation differences by skin 
colors, ablation images of four colored samples (red, green, blue, and black) are used. Although the laser irradiation on 
the non-colored samples is not enough to ablate non-colored tissues, the colored samples cause thermal damages and 
craters on the ablated areas.  
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