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General surgery has seen the most 
rapid increase in laser uti l ization 
over the last several years, wi th 
many more procedures being carried 
out with the laser as the surgical tool, 
replacing the knife and electrocautery.1 

Although the carbon dioxide laser 
was i n i t i a l l y used, the contact 
N d : Y A G has significantly expanded 

the use of lasers in the traditional areas of incision, 
excision, vaporization, and coagulation. 2 Other laser 
wavelengths include the KTP and holmium. 

The laser has been used in the excision or vaporization 
of metastases, to resect the liver, and in performing 
pancreatectomies and other vascular organ work. The ben
efits include improved intra-operative hemostasis, less tis
sue damage, and more rapid post-operative recovery with 
fewer complications. 

The laser sterilizes as it vaporizes, so it is useful for 
debridement of external ulcers. It is also used in burn 
debridement to achieve sterility and hemostasis and in the 
treatment of pilonidal cysts. 

Contact Nd:YAG laser surgery dramatically increased 
the use of lasers in general surgery and is being applied in 
breast surgery, gall bladder, hernia repair, thyroidectomy, 
and hemorrhoid operations. Advantages appear to be less 
bleeding and post-operative pain with earlier mobilization. 

Laparoscopic procedures have rapidly advanced, in
cluding laparoscopic cholecystectomy, hernia repair, appen
dectomy, vagotomy, lymph node dissection, and biopsy of 
malignancies. Although the benefits of the laser over 
electrocautery include lack of interference with monitoring 
equipment and pacemakers, and avoidance of burns and 
"spark" injuries, the cost of the laser and education are 
causing some confusion as to which modality is best. Obvi
ously, the laparoscopic "key hole" surgery is the reason for 
the successful outpatient to one-day stay procedure. 

L A P A R O S C O P I C R E V O L U T I O N 

In the U.S., approximately 1.5 million general surgical pro
cedures are performed per annum. Until 1990, these were all 
conventional non-endoscopic open procedures and laser use 
was estimated at 0.1%-0.5%. This means only 1,500-7,500 

procedures were performed in nearly 7,000 hospitals in a 12-
month period. Furthermore, procedures tended to be minor 
surgical operations in which marginal to no benefit could be 
demonstrated using the laser. 

In 1990, a laparoscopic (endoscopic) procedure revolu
tion began following the introduction of what was consid
ered an "experimental" surgical procedure. Initially limited 
to removal of the gall bladder (cholecystectomy), it expanded 
to other laparoscopic applications. The possible use of lasers 
for nearly 600,000 cholecystectomies per annum in the U.S. 
spurred a vigorous training and sales campaign by the laser 
companies—primarily represented by Nd:YAG and KTP la
ser manufacturers. Sales revenues and profits of the laser 
companies escalated initially and then tumbled as surgeons— 
neither used to the technology nor wanting to increase the 
cost of a procedure already high due to disposable trocars, 
cannulas, and staples—switched from lasers to 
electrocautery. 

R E Q U I R E M E N T S F O R T H E F U T U R E 
The perspective for the 1990s requires a re-examination. 
Lasers in general surgery have a future in replacing both the 
cold steel scalpel and electrocautery due to the many actual 
and potential clinical advantages of laser surgery. But the 
switch wi l l only occur if: 
• Clinical studies published in peer review journals show 
the advantages of the laser vs. electrocautery in open and 
endoscopic procedures. 
• Laser hardware costs are reduced. To bring out new mod
els—even with reduced power requirements (220 to 110 
volts) and reduced power to tissue (60, 40, and 25 watt)— 
still costing $55-85,000 is totally unacceptable in today's 
marketplace, where lasers compete with electrocautery at 
25%-75% of the price. More "bells and whistles" is not the 
way to go. Simplicity in design and low cost is crucial to 
increased utilization. 
• The cost of laser accessories (including handpieces, fibers, 
contact probes, and sculpted fibers) must drop by 50 - 75% to 
compete with electrocautery. 
• Marketing hype to the public and physicians is avoided. 
• Physicians, nurses, and hospital administrators receive 
intensive education about the benefits of laser surgery in 
comparison to other modalities. 
• The focus is on tissue interaction, and the marketplace is 
not confused with new and multiple wavelengths without 
backup support of biological effects. 
• Laser companies stop competing with each other with 
claims—often false—and really focus on the more major 
competition to the industry, which is electrocautery. Only 
then can we hope to see laser utilization in general surgery 
move from its current 1% utilization to reach its true poten
tial in over 50% of all general surgical procedures. 
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Measuring and 
Imaging in 
Tissue Using 
Near-IR Light 

B Y D A V I D A . B E N A R O N 

Near-infrared spectroscopy (NIRS) is an 
emerging technique for continuous, 
noninvasive bedside monitoring of tis
sue structure, oxygenation, and blood 
flow. It relies upon the relationships 
that variations in the concentration of 
light-absorbing oxygen-carrying pig
ments produce proportional changes 
in the way these proteins absorb light, 

and that variations in concentration and tissue structure 
affect the path of light through tissue. M R S has already been 
shown to be a nonionizing, relatively safe form of radiation 
that functions well as a medical probe, 1 - 1 2 with red and near-
infrared light passing easily through structures such as the 
skull,2 , 3 penetrating deeply into many tissues,4-6 and well 
tolerated in large doses.7 Thus, variations in light absor
bance and scattering at different wavelengths can be used to 
deduce concentration of physiologic intermediates of deep 
tissues such as the brain, provided that the distance light has 
traveled through the tissue between emission and detection 
is known, and to deduce tissue structure, provided that the 
path of the light through the tissue is known or calculable. 

Recent advances in the ability to produce and measure 
near-infrared (MR) light passing through tissue has led to 
an explosion in the number of such medical M R applica
tions under development. This report reviews several active 
areas of such research. Quantitation (measurement of con

centration) and imaging (detection and localization) are ex
amined separately, though a combination of imaging and 
quantitation approach will ultimately work synergistically 
by allowing regional problems to be identified spatially. 

Q U A N T I T A T I O N 

Basis for Measurement 
As with all forms of optical oximetry, quantitative measure
ment of pigments such as hemoglobin in vitro using M R S is 
based upon the principle that changes in the absorbance of 
light (ΔA) are related to changes in concentration (ΔC) by 
Beer's Law (A = εCL), where L is the distance light has 
traveled through the medium (called the optical path length) 
and e is a constant called the extinction coefficient.8,12,13 In 
vivo, however, Beer's Law is inaccurate due to additional 
light losses caused by light scattering, though in some cases 
it serves as a starting point. Temporal variations in absor
bance, caused by changes in the optical spectrum of certain 
proteins as the partial pressure of oxygen varies,14 have been 
used to estimate changes in oxygenation in the extremi
ties1 1 , 1 2 , 1 5 and brain, 1 , 1 6 , 1 7 as well as to measure local blood 
volume and flow.18 Estimates can be quantitative when the 
distance light travels through the tissue is known. 9 , 1 9 , 2 0 

Oxygen-sensitive M R S differs from pulse oximetry in 
that M R S can be used to independently measure oxygen
ation in the arteries, veins, and small blood vessels via he
moglobin spectroscopy, or to measure oxygen sufficiency 
within the cell via cytosolic or mitochondrial cytochrome 

Measured 
Parameter 

Effective 
Range 

Resolution 
Required 

Δ [HbO2], Δ [Hb] 10-150 μM ± 3% 
Δ [aa3] 0-15 μM ± 10% 
CBF 0-40ml/100g/min ± 10% 
CBV 0-15ml/100g ± 10% 

SaO2 30-100% ± 5% 

SvO2 
10-85% ± 5% 

Bilirubin 0-500 μM ± 10% 
Δ (cyto. oxidase) 0-5 μM ± 20% 

Accuracy to be maintained under the following condi
tions; head diameter 10-15 cm, μa = 0.01-0.06/cm and μ's 
= 5-15/cm with spatial resolution of 36 pixels/head ( 6 X 6 ) . 

CBF - cerebral blood flow; CBV - cerebral blood volume. 
Bilirubin and cytochrome oxidase measurements are op
tional components of this oximeter. 

T A B L E 1 . N I H W O R K S H O P G O A L S F O R N I R S 

Q U A N T I T A T I O N . 
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