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Abstract: Vascular thrombosis is a major component leading to acute cardiovascular events. Rapid and efficient thrombolysis is critical for quick relief of symptoms and prevention of organ damage. This article describes of excimer laser ablation of thrombus and effect on blood components, by-products of excimer laser ablation and hemoglobin release into the medium. In conclusion, this background data could help the operator select catheter sizes and laser energy protocols depending on the needs of a particular case. If a situation consisted of a thrombus in an artery with poor distal run off then a smaller catheter with lower energies may be selected. On the other hand a large vessel with a large thrombus load and good distal run off may be approached with a larger catheter and higher energies. These types of decisions can be based on the basic data and implemented in a clinical situation. However, the choice of how to proceed in a case would always depend on the judgment of the operator and the presented data are meant to serve only as broad guidelines. [The Journal of American Science. 2005;1(3):80-91]. 
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1. Introduction
Vascular thrombosis is a major component leading to acute cardiovascular events (1). Rapid and efficient thrombolysis is critical for quick relief of symptoms and prevention of organ damage. Many patients are not candidates for phamacological thrombolysis and could greatly from mechanical thrombolysis. Excimer laser has the potential for such an application based on preliminary data suggesting that pulsed photo energy could disrupt the thrombus fabric as well as promote endogenous thrombolysis (2). Given these observations laser interaction with thrombus and blood components were conducted to determine the potential of excimer laser thrombolysis as well as the laser parameters that can be used to optimize this effect as necessary.

The exact mechanism of excimer laser thrombolysis is a complex process with multiple effects that can be used for removal of thrombus. This white paper will attempt to incorporate these in an organized fashion to provide a guide for the end user for thrombus removal.

Experiments on whole blood and thrombus will be used as examples of the laser-blood and laser-thrombus interaction. These will also be put into perspectives of basic science studies that have been done to analyze the laser effects on tissues.

2. Mechanism of Excimer Laser Ablation of Thrombus and Effect on Blood Components
(1) Mechanical effects of shock wave trauma on soft tissues:  

Much work has already been performed to evaluate ablation by pulsed excimer laser at 308 nm. These are primarily related to generation of bubbles and volumetric expansion when the catheter is engaged in the tissue. Thus, bond breaking as a means of surface etching is perhaps less of the mechanism in a complex tissue environment (3). In arterial tissues, bubbles can result in dissection of the arterial wall as has been demonstrated (4). However, slower pace of tissue removal or using saline flushes results in the dissipation of the gas bubbles allowing for a smother ablation process with less tissue dissection (5,6). Another approach accomplishes a similar outcome by lasing and withdrawing the catheter to allow the gas bubbles trapped between the catheter tip and the tissue to dissipate (7,8). How do these mechanisms affect thrombus removal? Several elements can affect this including the age of the thrombus (i.e. how solid or soft it is) or more specifically its water content. More water will buffer the energy from creating tissue disruption thus resulting a lesser cutting effect. Softer tissue may act more of a large absorptive medium resulting in more gas generation with expansion and thrombus break up. Interaction with the blood in direct contact with the catheter tip results in dispersion of the blood film as shown by a parting of the water type of an effect that Isner termed the “Moses” effect. Subsequent pulses would then engage the tissue or other surfaces below the initial blood film (9). 

(2) Effect of Excimer Laser on Platelet Function:

Platelet function has been reported to be altered in a dose dependent fashion following exposure to excimer laser irradiation. This effect on reduced platelet aggregation to ADP and collagen was performed in vitro using human blood from normal patient volunteers (10). Further studies were performed in a model using continuous monitoring of platelet aggregation by a laser-light scattering technique previously reported (11,12). Using this method it is possible to monitor platelet aggregates as well as then test the effects of ADP and the reversal time of ADP aggregation. The lasing system is shown in Figuer 1. 
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Preliminary data were obtained using platelet rich plasma (PRP) circulating in the model while applying various laser energies and catheters sizes (Figure 2). Laser parameters used at 308 nm were 45 mJ/mm2; 25 Hz and catheter diameter sizes ranging from 0.7 to 2.0 mm at a corresponding energy of 2.3 to 32 mJ respectively.  The amount of PRP circulated was 30 ml in each of the dual circuits of the chamber using a roller pump. The platelet aggregate volume were determined by a laser light scattering technique using the ratio of the angle of He-Ne light scattering at 1º/5º on the detector surface of a multichannel analyzer.  Particles were also evaluated using a Coulter counter. 
The results of PRP lasing demonstrated that at the lower laser energy there was no significant platelet aggregation while at higher energies there was a significant increase in platelet aggregation. However, these aggregates were few in number and large in volume. Thus, these particles were not detected by the particle size range of the Coulter counter. However, these particles were readily picked up by the laser light scattering technique.

Table 1 summarizes the data comparing aggregates and energy in several experiments using multiple data collections from each study. Figure 2 illustrates that higher energies also had larger aggregates while Figure 3 shows that total platelet numbers are not significantly altered by laser irradiation perfuse. 
The addition of ADP to the lased platelets resulted in a slower aggregation and disaggregation. These functions were also correlated to the energy used (i.e. more delay at higher energy exposure). Figure 4 demonstrates this phenomenon.
Figure 1. Dual Organ Chamber Experiment Set Up. The He-Ne laser beam was split by a beam chopper to enter the cuvettes and displayed the laser light scattering on the diode array at 1o/5o. 
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Figure 2. Peak Platelet Volume with Varying Laser Energy. PRP was circulated and platelet volume was measured with laser light scattering (m3). Greater energy resulted in higher platelet volumes.

 * to **:  p<0.04; * to * and ** to **: P=ns. 
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Figure 3. Platelet Number in PRP after lasing with 2.0 mm fiber at 45 mJ/mm2, 25 Hz, for 5 min. Platelet number was measured by Coulter counter and does not show as significant drop in platelet number. 

Table 1. Platelet Aggregation Based on Excimer Laser Energy
	Platelet Lasing
	Control

(n=9)
	2.3 mJ

(n=3)
	5.9 mJ

(n=2)
	13.1 mJ

(n=2)
	32 mJ

(n=2)

	Light Scattering (1o/5o)
	1.06(0.09*


	1.11(0.12*


	1.04(0.09*


	2.00(0.70**


	2.17(0.83**



	CoulterCounter†m3
	21.5(1.2
	21.9(1.5
	22.4(1.5
	21.7(1.5
	22.4(1.5


* to **:  p<0.04; * to *, ** to **, †: p=ns
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Figure 4. Typical Example of Platelet Aggregation by Laser Light Scattering in Circulating PRP. 0.4 M and 3.6 M ADP were added after 10 and 40 min of circulation respectively. PRP was circulated through rabbit carotid arteries and laser light scattering was used to measure platelet aggregates. PRP was lased using a  2.0 mm diameter excimer laser catheter. 
3. By-Products of Excimer Laser Ablation
Previous studies of laser effects on blood elements and thrombus have been reported using both continuous and pulsed laser wavelengths (13, 14). Reports have demonstrated that lasers can break up thrombus. The excimer laser has been shown to ablate thrombus occluding coronary arteries in acute cardiovascular events (7). Also, similar findings have been reported in the peripheral circulation (15). In vitro studies using excimer laser have demonstrated that energy levels, repetition rate, and catheter size all influence thrombolysis. Catheter size affects both ablation efficiency and mass removal rate while fluence and repetition rate mainly affect the mass removal rate (16). The particulate debris generated by excimer laser ablation has been reported to be mostly less than 10 to 25 microns. In order to better define the particulate materials and sizes generated by excimer laser, we pursued another approach in evaluating the products generation using gross and electron microscopic definition of particulates as well as amount of particulates generated as related to energy and speed of ablation. These data should help the clinician using the devices to gauge their procedure to obtain optimal efficiency of ablation with the least amount of debris generation.

(1) Effects of aspirin on platelets during laser procedure.

The effect of aspirin was evaluated following laser irradiation in the model of circulating PRP as described above. Using the dual organ chamber, one side was treated with aspirin (0.2 mg/ml) and the other was used as control. Lasing was performed at 45 mJ/mm2; 25 Hz and catheter size of 2.0 mm for a total of 5 min. The results demonstrate a significant reduction in platelet aggregation by aspirin when measured by laser light scattering method (Figure 5). 
Since platelets are very small and can pass through even 5 µm mesh we used phase contrast microscopy to evaluate the particulate debris generated by lasing the PRP. These confirm the findings made by the aggregate detection using laser light scattering (Figure 6). 
Additional studies of the platelets using Coulter counter to measure the particle size distribution demonstrated that in the presence of aspirin, not only had fewer numbers of aggregates but that those aggregates were significantly smaller in size. Figure 7 shows the Coulter distribution of sizes of the aggregates.
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Figure 5. Platelet aggregates are shown with and without aspirin treatment after lasing. There is considerable reduction in aggregate formation with aspirin.
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Figure 6. Samples from three experiments demonstrate that lased samples of PRP in the dual chamber circuit had many aggregates while the lased PRP pretreated with aspirin had very small to no aggregate formed.
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Figure 7. Particle volume distribution by Coulter counter show that with aspirin aggregates are smaller.

(2) Type and amount of debris formed by laser ablation. 

The experimental set up used a fresh thrombus formed at the base of a 10 mm diameter tube. The laser catheter was placed in a perpendicular fashion at the surface of the thrombus. The catheter was advanced using a hand-operated micrometer and time measured while advancing in accordance to the ablation of the thrombus and energy delivery. The thrombi were prepared by taking whole blood (10 ml) in sodium citrate and placing 0.7 ml in each tube. Then fibrinogen (mg/ml), thrombin (0.3 ui/ml) and CaCl2 (1.5 mg/ml) were added to form the thrombus and this was allowed to consolidate over night at 4ºC. Figure 8 demonstrates the set up used. Saline was passed through the central channel of the catheter to force the ablated particulate materials to be ejected to the surface of the thrombus and then collected in the overflow of buffered solution placed in a beaker outside the tube containing the thrombus. After lasing the buffer with particulates was centrifuged and the debris dried and weighed. Also, the residual thrombus in the tube was dried and weighed.

In one group of experiments, the buffer was filtered with 53 m filters to separate the debris larger than 53 m. The dry weight of debris on the filter was measured by a highly sensitive balance (to 1 g).
Most of the debris generated (~70%) measured less than 53 m. Also, the amount of total debris generated compared to the amount removed demonstrates a variation that can be explained by the loss of water and possibly hemoglobin and other intracellular materials from the RBC core (Figure 9). The SEM demonstrates holes in the RBC membranes (see below) that could explain seepage of intra RBC content to the buffer solution. The results from this group of experiments demonstrated that at higher energies and catheter size resulted in greater amount of thrombus ablation and debris generation (Table 2) (Figure 10). 
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Figure 8. Set up demonstrating the technique used in irradiating thrombus and collecting the debris.
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Figure 9. Debris generated by more energy and larger catheters was significantly greater than lower energy and smaller catheters.

Table 2. Energy and Catheter Size Related to Thrombus Removal

	Energy (mJ/pulse)
	35
	28
	20
	0
	7
	5
	0

	Catheter Diameter
	2 mm
	2 mm
	2 mm
	2 mm
	0.9 mm
	0.9 mm
	0.9 mm

	Thrombus (g)
	0.2±0.03*
	0.18±0.04*
	0.18±0.02*
	0.12±0.04**
	0.15±0.03+
	0.16±0.02
	0.11±0.04++


P < 0.05 * vs **; + vs ++
[image: image15.png]Laser Catheter

Excimer Laser

Beaker





Figures 10.  Greater laser power results in higher rate of thrombus ablation.

(3) 
Gross and SEM images demonstrated size, shape and structure of debris (Figure 11). 
The gross images of collected debris on 53 m filter pore filter demonstrated similar results to those reported by the weight measurements. Also, the SEM images demonstrate fewest amount of debris at lower energies (Figures 12, Figures 13).
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Figure 11. Debris on 53 m filter with various laser energy. The first filter on the left top shows no debris in the non-lased thrombus. Only mechanical passage was made with minimal debris. The greatest amount of debris is shown in the right upper corner at the greater laser energy (20 to 35 mJ). 
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Figure 12. 45 mJ per mm sq – 2 mm f-3: At lower laser energies small amount of thrombus debris is generated and collected on the 53 μm mesh.
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Figure 13. 60 mJ per mm sq – 2 mm f: With higher energy there is more thrombus debris by SEM on the 53 μm mesh.
4. Hemoglobin Release into the Medium
In the whole blood samples treated with laser had greater amount of hemoglobin release as measured by optical density (OD). However, the cell count in the laser treated vs. non-treated thrombus were not different. These results imply that the red cells were not disrupted by the laser, but the hemoglobin in the red cell was released into the buffer (Table 3) (Figures 14, Figures 15). We irradiated 1 ml whole blood with UV laser and 2.0 mm fiber at 35 mJ/pulse, and 10 Hz for 1 min. The particle number and the buffer OD at 413 nm were measured with and without laser treatment. The particle number did not change significantly. However, the OD at 413 nm changed significantly with the laser treatment. About 25% hemoglobin was released into the buffer by laser treatment. 

Table 3. Red Blood Cell Count and Hemoglobin Measurement

	
	Cell count
	OD 413 nm

	No Lasing
	5.0 x 109
	0

	With Lasing
	5.3 x 109
	200

	With total hemolysis
	All cells lysed
	760
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Figure 14. 45 mJ per mm sq – 09 mm f-3: Hole in RBCs were made and presumably released hemoglobin and other cell content into the bathing solution.
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Figure 15. 60 mJ per mm sq – 2 mm f-4: Fibrin materials holding the fibers together can be seen in the thrombotic debris generated.
5. Summary and Conclusions
The data obtained by the current studies as well as the data generated by earlier work provide a broad investigation of the interaction between excimer laser and thrombus. The observations are consistent with respect to the fact that pulsed excimer laser will break up thrombus into smaller particulate debris. At higher energy and larger catheters debris generated is greater in size and number. Also, this associated with faster ablation of the thrombus. Previous work has shown that conducting laser angioplasty in the coronary circulation as treating the usual obstructions is not ideal and special attention should be made to alter lasing parameters in the presence of thrombus (17, 18).

 At a cellular level perforation of the cell membranes by the laser beam allows intracellular content to leak out into the bathing solution. Also, irradiation of platelets alters their function with respect to aggregation and disaggregation and this is also related to the laser energy applied.  Higher energies and larger catheters result in greater platelet aggregation. 

From a clinical standpoint, the effect of aspirin in markedly reducing both the number and size of platelet aggregates is of significant relevance to patients undergoing laser procedures. Given these data, it would be highly recommended that patients be on aspirin when having laser procedures to reduce the number and size of particulate debris formation. 

In conclusion, this background data could help the operator select catheter sizes and laser energy protocols depending on the needs of a particular case. If a situation consisted of a thrombus in an artery with poor distal run off then a smaller catheter with lower energies may be selected. On the other hand a large vessel with a large thrombus load and good distal run off may be approached with a larger catheter and higher energies. These type of decisions can be based on the basic data and implemented in a clinical situation. However, the choice of how to proceed in a case would always depend on the judgment of the operator and the presented data are meant to serve only as broad guidelines.
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Chart4

		2mm 35mj		0.1770194517

		2mm 28mj		0.414135215

		2mm 20mj		0.0965864579

		0.9mm 7mj		0.0274207555

		0.9mm 5mj		0.0134101546



laser blast speed mg/sec-real

Thrombus Ablation Rate (mg/sec)

1.6431006913

0.9195662855

0.2857641854

0.1281398521

0.1008619294



Sheet1

		

								lost wet bl

						lost wet		speed

						blood		mg/sec				average		average

		2.0mm,35mj				0.1619566802		0.672101857		1.5838676445

		2.0mm,35mj				0.1921079025		0.8673535547		1.9878411638		0.1991604737		0.6162198091		1.6431006913				**				lost blood wet

		2.0mm,35mj				0.1805609115		0.5223835799		1.472333456		0.0324786411		0.1530495162		0.1770194517						2mm 35mj		0.1991604737		0.0324786411

		2.0mm,35mj				0.1828813871		0.6725239533		1.6008991871												2mm 28mj		0.1844314243		0.0458088115

		2.0mm,35mj				0.2317164886		0.4451208277		1.5874465846												2mm 20mj		0.1809444924		0.0162694177

		2.0mm,35mj				0.2457394725		0.5178350821		1.6262161116												2mm 0mj		0.1256996232		0.0402249912

		2.0mm,28mj				0.120345107		0.1016340602		1.2619314956												0.9mm 7mj		0.147153734		0.0312866266

		2.0mm,28mj				0.1793497119		0.2890007469		1.4881638544		0.1844314243		0.2602413768		0.9195662855						0.9mm 5mj		0.1640602998		0.0228257539

		2.0mm,28mj				0.1514317795		0.2535216342		0.3784437328		0.0458088115		0.1761804785		0.414135215						0.9mm 0mj		0.1094391916		0.0411388933

		2.0mm,28mj				0.2009021203		0.5917995331		0.5675623795

		2.0mm,28mj				0.2015203546		0.1520733835		0.9021830484

		2.0mm,28mj				0.2530394725		0.1734189027		0.9191132026

		2.0mm,20mj				0.1646031351		0.095722074		0.2057539189		0.1809444924		0.0619520403		0.2857641854

		2.0mm,20mj				0.1813683751		0.1037143325		0.2015204168		0.0162694177		0.0446104741		0.0965864579

		2.0mm,20mj				0.1747579261		0.0133874318		0.3455474989

		2.0mm,20mj				0.2030485333		0.034984323		0.390234907

		2.0mm,no laser				0.0880254759						0.1256996232												laser blast speed mg/sec-net

		2.0mm,no laser				0.1210091834						0.0402249912										2mm 35mj		0.6162198091		0.1530495162

		2.0mm,no laser				0.1680642102																2mm 28mj		0.2602413768		0.1761804785

																						2mm 20mj		0.0619520403		0.0446104741

		0.9mm,7mj				0.1674707385		0.0487102675		0.1329368388												0.9mm 7mj		0.0321438979		0.0369910225

		0.9mm,7mj				0.1633357348		0.047818806		0.180868331		0.147153734		0.0321438979		0.1281398521						0.9mm 5mj		0.032974214		0.0228946186

		0.9mm,7mj				0.0861430715		0.0171723078		0.1179371398		0.0312866266		0.0369910225		0.0274207555

		0.9mm,7mj				0.1470459531		0.0885984465		0.120099805

		0.9mm,7mj				0.1496080922		-0.0145323764		0.1113165126

		0.9mm,7mj				0.1693188138		0.0050959361		0.1056804853

		0.9mm,5mj				0.1466404615		0.0305938626		0.1256115649														laser blast speed mg/sec-real

		0.9mm,5mj				0.1537055797		0.0364496191		0.0878626823		0.1640602998		0.032974214		0.1008619294						2mm 35mj		1.6431006913		0.1770194517

		0.9mm,5mj				0.1758561909		0.0720291249		0.0928104187		0.0228257539		0.0228946186		0.0134101546						2mm 28mj		0.9195662855		0.414135215

		0.9mm,5mj				0.1332876891		0.0384128365		0.1011220919												2mm 20mj		0.2857641854		0.0965864579

		0.9mm,5mj				0.1902168208		0.0123070059		0.1036208075												0.9mm 7mj		0.1281398521		0.0274207555

		0.9mm,5mj				0.1846550567		0.0080528351		0.0941440111												0.9mm 5mj		0.1008619294		0.0134101546

		0.9mm no laser				0.0750154161						0.1094391916

		0.9mm no laser				0.0983021586						0.0411388933

		0.9mm no laser				0.155
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Chart3

		Control (n-9)		0.4292830189

		2.3 mj (n=3)		0.6957837838

		5.9 mj (n=2)		0.3897692308

		13.1 mj (n=2)		10.85

		32 mj (n=2)		13.6517788018
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		Light scattering (1o/5o)

				Control (n-9)		2.3 mj (n=3)		5.9 mj (n=2)		13.1 mj (n=2)		32 mj (n=2)

		1o/5o		1.06		1.11		1.04		2		2.17

		Std.Dev.		0.09		0.12		0.09		0.7		0.83

		n=		9		3		2		2		2

		Particle Size by Coulter Counter (mm3) before calibration

				Control (n-9)		2.3 mj (n=3)		5.9 mj (n=2)		13.1 mj (n=2)		32 mj (n=2)

		size		21.5		21.9		22.4		21.7		22.4

		Std.Dev.		1.2		1.5		1.5		1.5		1.5

		n=		9		3		2		2		2

		Particle Size by Laser Light Scattering (mm3)

				Control (n-9)		2.3 mj (n=3)		5.9 mj (n=2)		13.1 mj (n=2)		32 mj (n=2)

		size		5.056		6.436		4.504		31		35.692

		Std.Dev.		0.4292830189		0.6957837838		0.3897692308		10.85		13.6517788018

		n=		9		3		2		2		2

		Particle Size by Coulter Counter (mm3) after calibration

				Control (n-9)		2.3 mj (n=3)		5.9 mj (n=2)		13.1 mj (n=2)		32 mj (n=2)

		size		10.15705		10.46325		10.846		10.31015		10.846

		Std.Dev.		0.5669051163		0.7166609589		0.7262946429		0.7126831797		0.7262946429

		n=		9		3		2		2		2

		Table 1. The Relationship of Platelet Aggregation and Lasing Energy

		Platelet Lasing		Control		2.3 mJ		5.9 mJ		13.1 mJ		32 mJ

				N=9		n=3		n=2		n=2		n=2

		Light Scattering (1o/5o)		1.06±0.09*		1.11±0.12*		1.04±0.09*		2.00±0.70**		2.17±0.83**

		Coulter Counter†		21.5±1.2		21.9±1.5		22.4±1.5		21.7±1.5		22.4±1.5

		* to **:  p<0.04; * to *, ** to **, †: p=ns

		The Relationship of Platelet Aggregation and Lasing Energy

		Treatment		Control		2.3 mj		5.9 mj		13.1 mj		32 mj

		1o/5o (LLS)		1.06		1.11		1.02		2		2.17

		Std.Dev.		0.09		0.12		0.09		0.7		0.83

		Couter		21.5		21.9		22.4		21.7		22.4

		Std.Dev.		1.2		1.5		1.5		1.5		1.5

		n=		9		3		2		2		2

		The Relationship of Platelet Aggregation and Lasing Energy after calibration

		For laser light scattering: y=27.6x-24.2

		For Coulter counter: y=0.7655x-6.3012

		(unit: cubic micro-meter)

		Treatment		Control		2.3 mj		5.9 mj		13.1 mj		32 mj
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		5--3-04 rabbit platelet aggregation test ,control and aspirin,excimer laser, 37mj/pulse

				volume		volume

				percentige		percentige

		size um		control		aspirin

		0.777358984		0.147638703		0.2337220922

		0.8906079635		0.0711722221		0.1137972813

		1.0691259469		0.2075272263		0.3106576333

		1.2748098203		0.7627215411		1.6025156562

		1.4898594426		1.2950246863		2.0792247891

		1.7069085345		1.5378155575		2.4270516122

		1.9229141732		2.2256677303		4.3109042219

		2.1366248032		2.3301282529		4.0774038698

		2.3475643053		4.8122066863		9.0136393193

		2.5556055792		3.4161559137		5.2754347251

		2.7607813558		3.1200788979		4.5911860342

		2.963196142		3.5116763338		6.1013243346

		3.1629837843		2.0051394191		4.022132014

		3.3602866278		4.8085334926		8.3559878408

		3.555245307		1.6230699971		3.1460799738

		3.7479939193		3.0359296512		3.7218065019

		3.938657973		1.9358356786		4.1115333718

		4.1273537718		2.8513382451		2.6762515498

		4.3141885319		1.3228919896		2.728922377

		4.4992608558		3.0588139898		4.5192898663

		4.6826613619		2.0169430142		1.3958285251

		4.8644733612		0.656453059		0.7041639962

		5.0447735242		2.0338490165		1.3090013656

		5.0956022714		0.4191893598		1.079174393

		5.2378165347		1.9121582001		2.0511336508

		5.37816467		0.1971450879		0.8458942861

		5.5167386138		0.5319501124		0.6847346266

		5.6536228456		0.2290151294		0.2456599242

		5.7888952004		2.0897275202		3.8239207062

		5.9226275733		0.3949282547		0.5648421299

		6.0548865325		1.2659431843		0.6035341323

		6.1857338546		0.8998676095		1.9305397796

		6.3152269934		0.3191909508		0.1711948573

		6.3829897305		0.6042234081		1.2962765998

		6.6373600817		1.5440400811		1.4575094573

		6.8869938358		0.4829693235		0.5180714815

		7.1322220069		0.6130515154		0.4932060248

		7.3733374814		1.7780503517		0.8174052251

		7.6106009457		0.2793254653		0.4993780164

		7.8442456782		0.4077988311		0.5467970074

		8.0744814612		0.3335781562		0.238548387

		8.3014978018		0.2416750356		0

		8.5254666043		0.6544205083		0.140396744

		8.7465444048		0		0.3032089909

		8.9648742529		0.3043652217		0.1632432265

		9.180587305		0.4903035905		0.1753129341

		9.3938041826		0.3501764441		0

		9.6046361369		0.1871436837		0

		9.8131860516		0		0

		10.0195493105		0.8498396236		0.4558029377

		10.2238145531		0.4514413226		0

		10.4260643336		0		0
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		19.8400378483		3.2990576784		0

		20.1292768604		0		0

		20.4164486633		0		0
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		20.984818742		0		0

		21.2661243558		0		0

		21.5455777893		0		0

		21.8232267677		0		0

		22.0991169071		4.5591846075		2.4452728254

		22.3732918449		0		0
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						Laser scattering exp.

						10/28/03

								control						background						laser

						Time (min)		5 degree		1 degree		1o/ 5o		(no light number)				5 degree		1 degree		1o/ 5o

						0		233		215		0.8348623853		124		0		278		259		0.8766233766

						3		242		222		0.8305084746				0		314		393		1.4157894737

						5		236		221		0.8660714286				5		308		460		1.8260869565

						10		235		219		0.8558558559				10		302		581		2.5674157303

				After ADP-1

						1 min.		259		498		2.7703703704				15		298		576		2.5977011494

						3 min.		265		606		3.4184397163				20		300		601		2.7102272727

						5 min.		254		633		3.9153846154				15		295		597		2.7660818713

						10 min.		249		367		1.944				20		295		642		3.0292397661

						15 min.		249		275		1.208				15		291		648		3.1377245509

						20 min.		253		262		1.0697674419				20		296		602		2.7790697674

						25 min.		256		257		1.0075757576				15		302		537		2.3202247191

						30 min.		253		255		1.015503876				20		298		447		1.8563218391

				After ADP-2

						1min.		298		675		3.1666666667						331		618		2.38647343

						3min.		301		674		3.1073446328						336		749		2.9481132075

						5min.		287		673		3.3680981595						326		775		3.2227722772

						10min.		278		721		3.8766233766						321		819		3.5279187817

						15 min.		268		713		4.0902777778						313		779		3.4656084656

						20min.		262		678		4.0144927536						313		724		3.1746031746

						30min.		259		574		3.3333333333						308		562		2.3804347826

						40min.		253		390		2.0620155039						303		458		1.8659217877

						50min.		256		335		1.5984848485						303		410		1.5977653631

						60 min.		249		309		1.48						292		373		1.4821428571

														Laser/0 min		Control/0 min

						Time (min)		Laser-ratio		Control-ratio		Time (min)		laser		Control

						0		0.8766233766		0.8348623853		0		1		1

						3		1.4157894737		0.8305084746		3		1.6150487329		0.9947848761

						5		1.8260869565		0.8660714286		5		2.0830917874		1.0373822606

						10		2.5674157303		0.8558558559		10		2.928755722		1.0251460251

		After ADP-1				1 min.		2.5977011494		2.7703703704		11		2.9633035334		3.3183557184

						3 min.		2.7102272727		3.4184397163		13		3.0916666667		4.0946146053

						5 min.		2.7660818713		3.9153846154		15		3.1553822829		4.6898562975

						10 min.		3.0292397661		1.944		20		3.4555772146		2.3285274725

						15 min.		3.1377245509		1.208		25		3.5793302284		1.4469450549

						20 min.		2.7790697674		1.0697674419		30		3.1701981051		1.281369793

						25 min.		2.3202247191		1.0075757576		35		2.6467748648		1.2068764569

						30 min.		1.8563218391		1.015503876		40		2.1175819498		1.2163727745

		After ADP-2				1min.		2.38647343		3.1666666667		41		2.7223474682		3.793040293

						3min.		2.9481132075		3.1073446328		43		3.3630328442		3.7219842305

						5min.		3.2227722772		3.3680981595		45		3.6763476348		4.0343153779

						10min.		3.5279187817		3.8766233766		50		4.0244406843		4.6434280006

						15min.		3.4656084656		4.0902777778		55		3.9533607682		4.8993437118

						20min.		3.1746031746		4.0144927536		60		3.621399177		4.8085682434

						30min.		2.3804347826		3.3333333333		70		2.7154589372		3.9926739927

						40min.		1.8659217877		2.0620155039		80		2.1285330023		2.4698867024

						50min.		1.5977653631		1.5984848485		90		1.8226360439		1.9146686647

						60 min.		1.4821428571		1.48		100		1.6907407407		1.7727472527
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				Aspirin		Aspirin		Aspirin		Aspirin		Aspirin		Control		Control		Control		Control		Control				Average

				5--3-04		4--29-04		4--26-04		4--28-04		5--4-04		5--3-04		4--29-04		4--26-04		4--28-04		5--4-04		time		Aspirin		Control		stdev

				1		1		1		1		1		1		1		1		1		1		0		1		1		0		0

				1.0046463702		0.9795475492		1.7260233486		1.043331249		1.2495317874		1.5669363801		1.7832324743		2.5662116966		1.0710059172		1.8572628044		3		1.2006160609		1.7689298545		0.3124337869		0.5411942343

				0.9808718861		1.0135950654		2.2815576018		0.9746109746		1.700413158		1.9637681159		1.743605086		3.0200407609		1.0769230769		2.5177203065		5		1.3902097372		2.0644114693		0.5858424696		0.7427811572

				1.073041727		1.0449064298		2.9167930721		1.0485418033		2.412272782		3.0234100729		2.6839484102		3.3208818126		1.1612373392		3.4216363256		8		1.6991111628		2.7222227921		0.8992407895		0.9187527149

				1.1243502077		1.066805647		3.2087061397		1.0671842055		2.905581009		3.614268461		3.2954136126		3.3935727788		1.2576923077		3.9484702093		10		1.8745254418		3.1018834739		1.0851368276		1.0609930606

				1.062992126		1.07940212		3.2276657061		1.0692582346		3.893637227		4.604416438		4.0785202535		3.5124275973		1.4084314262		4.5283950617		15		2.0665910827		3.6264381554		1.3840716761		1.3140489207

				1.0607829181		1.1267526882		2.9667818853		1.0890035764		4.484191931		5.1031699869		4.3300299177		4.0723870869		1.4084314262		4.7023445464		20		2.1455025998		3.9232725928		1.539044006		1.4587000819

				1.0492843455		1.1862946818		2.6371301819		1.1308619133		4.8833746898		5.4872999698		3.9228749833		4.2790323877		1.4294410625		4.6312325993		25		2.1773891625		3.9499762005		1.6495323209		1.5239409835

				1.0224473036		1.2101569311		2.0174723355		1.1577217027		4.7868834143		5.426201373		2.4888284923		4.4432298137		1.2557760261		3.5980676329		35		2.0389363375		3.4424206676		1.5849557039		1.6318688395

				1.0352349296		1.2301045728		1.6505602656		1.1622536242		4.5499035015		5.0635115836		1.7652506097		4.1096254317		1.2513542795		2.5100259495		45		1.9256113788		2.9399535708		1.4850738416		1.6041947566

				1.0253164557		1.1923673541		1.5163351198		1.1733212927		2.9233511586		3.6764863307		1.4897541694		3.3879455122		1.2490087232		1.9427753934		55		1.5661382762		2.3491940258		0.77958407		1.1129836235

				1.0594352267		1.1438829787		1.5165418981		1.1447811448		2.320538258		2.615535982		1.3716035141		2.6956521739		1.242154957		1.6102564103		65		1.4370359013		1.9070406074		0.5246025558		0.6965487362
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