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ABSTRACT   

Local resection of early stage tumors in the large bowel via colonoscopy has been a widely accepted surgical modality for 
colon neoplasm treatment. The conventional electrocautery techniques used for the resection of neoplasia in the mucosal 
or submucosal layer of colon tissue has been shown to create obvious thermal necrosis to adjacent healthy tissues and lacks 
accuracy in resection. Ultrafast picosecond (ps) laser ablation using a wavelength of 1030 or 515 nm is a promising surgical 
tool to overcome the limitations seen with conventional surgical techniques.  

The purpose of this initial study is to analyze the depth of ablation or the extent of coagulation deployed by the laser as a 
function of pulse energy and fluence in an ex-vivo porcine model. Precise control of the depth of tissue removal is of 
paramount importance for bowel surgery where bowel perforation can lead to morbidity or mortality. Thus we investigate 
the regimes that are optimal for tissue resection and coagulation through plasma mediated ablation of healthy colon tissue. 
The ablated tissue samples were analyzed by standard histologic methods and a three dimensional optical profilometer 
technique. We demonstrate that ultrafast laser resection of colonic tissue can minimize the region of collateral thermal 
damage (<50 µm) with a controlled ablation depth. This surgical modality allows potentially easier removal of early stage 
lesions and has the capability to provide more control to the surgeon in comparison with a mechanical or electrocautery 
device.  
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1. INTRODUCTION  
Energy absorption and heat diffusion are the most important linear processes regulating long pulsed laser surgery 
procedures, which are prone to thermal damage to the adjacent healthy tissues in surgical zone [1]. However, this laser 
resection methodology has been shown to be better in comparison with the conventional electrocautery and radiofrequency 
based surgical techniques [2].  The introduction of ultrashort pulsed lasers into surgical applications can further minimize 
thermal damage and increase precision. The surgical procedure in Ophthalmology, Neurosurgery and endoluminal 
gastroenterology requires high precision and minimal heat affected zone. The goal of this study is to investigate the efficacy 
of ultrafast picosecond laser in colon surgery with high precision and minimal thermal necrosis. 

Soft tissue resection via ultrafast pulsed laser has attracted significant research attention over the last two decades because 
of the ability to excise the tissue with minimal thermal damage, hemostasis and potentially faster removal of tissue. The 
current surgical procedure for colonic polypectomy or early stage colon tumor resection uses conventional electrocautery 
techniques, which can damage the surrounding healthy tissue in the surgical zone. The application of ultrafast laser pulses 
in large bowel surgery ensures minimal bowel perforations because of its capability to produce a crater via a non-thermal, 
non-linear process called plasma mediated ablation [3-4]. The high peak intensity operation of the picosecond laser 
generates plasma in the surgical area. Once initiated, the laser induced plasma absorbs the remaining laser energy and 
effectively couples the energy to the tissue to create a crater with a precise size, shape, depth and with minimal thermal 
damage [5].  In this initial study, we used a picosecond laser operating at 1030 and 515 nm to investigate the regimes that 
are optimal for tissue resection and coagulation through plasma mediated ablation of healthy pig colon tissue.  
*sp29@hw.ac.uk; phone +44(0) 1314514148; www.aop.hw.ac.uk 

mailto:*sp29@hw.ac.uk


 
 

 
 

 
 

2. LASER SYSTEM FOR TISSUE ABLATION 
The tissue excision experiments were carried out using an Yb: YAG regenerative thin disk laser amplifier (Trumpf 
TruMicro 5X50) that produces laser pulses with a duration of 6 ps at wavelengths of 515 and 1030 nm (Figure 1). An 
electronically controlled beam switch is used to select 515 and 1030 nm with a maximum output power of 24.5 W and  
45 W respectively. The pulse repetition rate of this laser system is controlled by a computer based accousto-optic modulator 
(AOM) and the maximum pulse repetition rate is 400 kHz with a beam quality (M2) value of <1.3. The interaction of 
ultrashort pulse laser to the soft tissue and plasma mediated ablation of tissue is described in some recent research 
publications [6-7]. A galvanometer scan head is employed to focus the laser beam to the tissue surface for precise resection. 
The mirrors attached to the high speed galvanometer motors are used to scan the laser light in x and y directions. An 
appropriate flat field lens is employed in each case to focus the laser onto the surface of the sample, providing a focal spot 
diameter of 20 µm for 515 nm and 34 µm for 1030 nm. The speed of motor can be varied, (marking speed) which dictates 
total resection time.  

 

 
Figure 1. Schematic of the experimental setup 

 

3. ABLATION OF PORCINE COLON USING PICOSECOND LASER 

 
3.1 1030 nm laser ablation of porcine colon 

The pig colon specimens were harvested from a mature pig of 70 kg weight, within two hours of post-mortem. The 
dissected tissue samples were kept in a phosphate-buffered saline (PBS) solution until the laser resection. For laser 
processing, the tissue sample is placed on a computer controlled XYZ translational stage. The ‘Z’ axis movement of the 
micro-positioner is used to keep the tissue surface in the laser beam focus. The galvanometer scan head performs the raster 
scan pattern on the specimen. Plasma mediated ablation was achieved on the surface of the tissue as a result of the ultrafast 
laser machining with high peak power operation. The picosecond laser beam operating at 1030 nm and 1 kHz pulse 
repetition rate was demonstrated to successfully excise the tissue via plasma mediated ablation (Figure 2). The schematic 
structure of the pig colon tissue is shown in figure 3. The colon is shaped like a tube and the innermost tissue layer of colon 
is mucosa. The mucosa is surrounded by submucosa, muscularis externa and connective tissue layers.  
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     Figure 2. 1030 nm laser ablated tissue a) 3D profile of the ablated tissue. b) Histology image of the resected section of 

tissue with same laser parameters 

 

 
Figure 3. Schematic structure of colon tissue 

 

This study aims to correlate colon resection by plasma mediated ablation with the irradiation conditions such as laser pulse 
repetition rate, pulse energy, laser fluence and laser spot separation. In Figure 2a the surface profile of a laser ablated zone 
(1x1 mm) achieved using a raster scan pattern is shown. Figure 2b represents the corresponding histological image showing 
ablation of the mucosa and submucosa with minimal thermal necrosis and the thermally damaged region is observed to be 
less than 50 microns in size.                                                                                                                

This surgical modality has the capability to selectively excise the submucosal, mucosal and Muscularis externa layers of 
the colon tissue. Thus, we proved that this surgical technique is suitable for polypectomy and early stage colon cancer 
removal with precise resection and negligible thermal damage to the adjacent healthy tissue. The mean ablation depth 
when the laser is focused on the tissue surface is approximately similar when the laser focus is at 400 µm below the tissue 
surface. This experiment proves that a small change (<400 µm) in the laser focus towards the tissue has not making a 
significant change in the ablation depth.   

After laser resection, one set of colon tissue samples was placed in a cellstor pot filled with formaldehyde. These samples 
were used for the histological analysis of the laser resected part in order to measure the dimensions of the laser excision 
and width of coagulated necrosis. The other set of samples were stored in cellstor pot contains glutaraldehyde, later these 
samples were used for microscopic studies after the critical point drying of tissue.  

An Alicona Infinite Focus (IF) profilometer is used to analyze the laser ablation profile of tissue specimen providing high 
resolution analysis via an optical 3D micro co-ordinate measurement system. A 5× objective (max. lateral & vertical 
resolutions of 4.38 and 0.428 µm respectively) is applied to analyze the laser ablated, dehydrated colon tissue samples 
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with lateral and vertical resolutions of 5 µm and 2 µm respectively. A focus-variation technique is utilized in the Alicona 
IF device, which can characterize the depth and surface profile information of laser ablated parts of a tissue. The Alicona 
Infinite focus microscope captures a number of 2D images between the highest and lowest focal plane of the laser ablated 
zone of a tissue sample. The processing of these 2D images leads to the accurate reconstruction of the tissue surface profile 
in the form of a 3D image. 

 

3.2 515 nm laser ablation of porcine colon 

The second harmonic (515 nm) of the picosecond 1030 nm laser is used for the porcine colon resection. The raster scan 
patterns with different pulse energies and pulse repetition rates are performed on the tissue surface (Figure 4).  

  
          

Figure 4. a) 3D profile of the 515 nm laser ablated tissue at 1 kHz repetition rate. b) Histology image of the resected section 
of tissue using 1 kHz repetition rate c) Histology image of the resected section of tissue with higher pulse energy and 1 kHz 
repetition rate d) Histology image of the resected section of tissue using 10 kHz repetition rate. 

 

Figure 4a shows the laser ablated zone of a colon tissue. The mucosal excision with picosecond green laser has created 
minimal cellular damage and approximately homogeneous ablation in the bottom of the crater. Figure 4b represents the 
corresponding histology image of the laser ablated zone and the resection is limited to the mucosal layer, but in figure 4c 
the laser ablation is extended to the submucosal layer by increasing in pulse energy with same pulse repetition rate. Figure 
4d represents the histology image of the laser ablated zone using 10 kHz repetition rate. The 1 kHz repetition rate laser 
ablation of both 1030 and 515 nm wavelengths produce well defined crater and precise tissue ablation. The impact of 
different wavelengths in tissue ablation needs further research on laser tissue interaction with higher repetition rate and 
different pulse energy.   Deviations in the cavity shapes are caused by different factors such as inhomogeneity of the tissue, 
irregular shrinking effect during critical point drying and slight defocus because of the large crater depth.  

 

a b 

d c 



 
 

 
 

 
 

4. CONCLUSION 
Large bowel tissue resection experiments using near infrared picosecond laser pulses at 1030 nm and green picosecond 
laser pulses at 515 nm are presented. Histology and 3D profilometer evaluation revealed well defined margins with minimal 
thermal damage and the experiments establish a correlation between the ablation depth and pulse energy. These results 
indicate that the use of picosecond laser in colon surgery could significantly reduce the thermal damage and precisely 
control the resection.  
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