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T HE POSSIBILITY of application of lasers as a sur-
gical instrument has intrigued surgeons since
the introduction of the first CO2 medical lasers

in 1967.' Laser surgery has been characterized by a great
amount of basic research and clinical application in
nearly every surgical specialty. Like most new instru-
ments, procedures, or medications, laser surgery has
gone through the usual cycle ofabundant optimism and
expansive claims, followed by complications and criti-
cisms, followed by a gradual transition into realistic ex-
pectations and utilization. Fortunately, much of media
hype and sensationalism regarding lasers in medicine
has subsided and been replaced by careful evaluation
and comparison with the established modalities and
techniques. In some situations, such as endoscopic laser
control of gastrointestinal (GI) bleeding, a reasonable
number of prospective controlled randomized trials
have been carried out. In many other instances, such as
endoscopic laser pancreatic cystogastrostomy, however,
the number ofcases in which lasers have been employed
are few and results almost anecdotal. Maturity in each
specialty of each procedure must be evaluated.
A discussion of laser applications in general surgery

must first approach the difficult task of defining general
surgery. For the purpose of this paper, the American
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Board of Surgery description, which includes "general
processes involving wound healing, hemostasis, neopla-
sia, and surgery of endocrine system, hernia, vascular
system, gastrointestinal tract, abdominal organs and en-
doscopic principles and applications," will be utilized.2
Lasers are employed relatively infrequently for limited
indications by the traditional surgeon using incisional
techniques. When one considers, however, the disease
processes being treated by endoscopic laser techniques
that would have formerly been managed by the general
surgeon, a great impact on this specialty is evident.

Laser Fundamentals and Instrumentation

The principles necessary for the formation ofthe con-
cept of lasers were noted as early as the 19th century
with the presentation of Bohr's theory of optical resona-
tors. In 1917 Einstein proposed the concept of stimu-
lated emission of light.3
An extensive discussion of subsequent developments

in laser physics is not consistent with this clinical review.
In general, however, an atom, molecule, or ion in its
resting energy state or ground state is excited to a higher
energy state by the absorption of thermal, electric, or

optical energy. After energy is absorbed, an atom, mole-
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FIG. 1. Outline of laser operation. Energy source produces excitation
process with excitation of lasing medium. Photons from lasing me-

dium reflect off mirrors and are released through partially transmitting
mirror (right).

cule, or ion spontaneously returns to a ground state and

thereby liberates absorbed energy as a photon. The en-

ergy so created emerges as light that is coherent, of one

FIG. 2. Compact, portable 30 watt CO2 laser with articulating arm for

general surgical use (Sharplan Model 1020).

wavelength, and in temporal and spatial phase (Fig. 1).
This allows the beam to be focused, made divergent, or

collimated (directed in parallel fashion, not focused or

divergent). Such coherent light then may be focused on

mirrors or flexible quartz rods (fiber) transmission.
As laser light impinges upon tissue it may be reflected,

absorbed, scattered, or transmitted.4 The amount of ab-
sorption is determined by substances called chromo-
phores. Two of the most common chromophores in tis-
sue are hemoglobin and water.

Lasers in common use are the C02, argon, and neo-

dymium YAG (Nd:YAG) lasers. Carbon dioxide laser
energy (10.6 gm) is ideal for cutting and vaporization
because it is heavily absorbed by water.5 Unfortunately,
CO2 energy transmission requires a series of mirrors and
an articulating arm for transmission. Although digital
control of handpieces and articulating arms is fairly
good, this method is still awkward in abdominal and
other applications. Because of absorption by water,
thermal injury from a given amount of energy from this
laser is relatively superficial, ranging from 50 to 100 ,m
in depth. Small portable laser devices are available
(Fig. 2).
Argon laser light (458-515 nm) is very heavily ab-

sorbed by hemoglobin and is especially useful in non-

bleeding vascular lesions when precision and minimal
depth of penetration (about 1 mm) are required.6 Al-
though heavily absorbed by blood, argon laser energy

can be transmitted readily through water, gastric fluid,
urine, etc.
The Nd:YAG laser (1.06 Mm) has less specific absorp-

tion by water and hemoglobin than the preceding two
lasers.7 This results in a depth of thermal injury of ap-

proximately 3 mm in most tissues, which is useful for
coagulation of large volumes of tissue such as in pallia-
tive coagulation of esophageal and colonic carcinomas.
While most laser applications are made using a non-

contact technique, there has been recent introduction of
a variety of sapphire or ceramic contact tips for hand-
held or endoscopic use, which allow for application of
pressure to bleeding vessels or highly focused laser en-

ergy on the tip of a laser scalpel to minimize diffusion
and laser tissue injury (Fig. 3).8

Unlike many surgical devices, the laser may harm
surgeons and operating personnel as well as patients.9
Goggles or appropriate eye wear with filters capable of
protecting against the wavelength in use must be worn at
all times. Access to the operating suite must be con-

trolled so that individuals without appropriate eye wear

do not enter. Surgical instruments in the field must be of

a nonreflective type. Operating room drapes must be
moistened or inflammable. Endotracheal tubes must be
either metal or wrapped with reflective tape to prevent
ignition or melting.'0
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FIG. 3. Variety of handheld
(left and endoscopic right)
sapphire tips for operative
and endoscopic use (Surgi-
cal Laser Technologies).

Where lasers are to be widely utilized, it is necessary to

have a central organization to provide for laser safety,
scheduling, maintenance of laser devices, fiber prepara-

tion, credentialing of users, and in-service training of
personnel. The complexity of this organization depends
upon the number of lasers and frequency of usage. Such
units are usually managed by a part-time director and
laser safety officer, with an advisory committee made up
of representatives of the specialties using the laser.
Shared use of lasers can greatly reduce cost per patient.

Basic Surgical Processes

As compared with the scalpel, laser cutaneous inci-
sions demonstrate delayed epithelial migration, pro-

longed period of wound phagocytosis, and decreased
tensile strength up to 7-28 days.'2 This is probably due
to thermal damage from the laser. After that period
wound healing as measured by tensile strength is similar
with both laser and scalpel.13 The clinical significance of
these findings is obscure at this time. The most practical
recommendation is that cutaneous sutures remain in for
an additional 3-5 days in laser incisions to allow for the
more prolonged healing processes described.

Several authors suggested that low energy "soft or

cold" lasers may result in biostimulation with accelera-
tion of the rate of healing of wounds.'4'15 Mester and
Mester reported that phagocytosis by leukocytes in-
creases in response to helium-neon or argon laser at 0.5
J/cm2 and that an accelerated growth of fur on mice
occurs in response to exposure to low energy radiation.16
Kana irradiated skin wounds in rats with the helium-
neon laser at 45 mw/cm2 and reported a statistically

significant stimulating effect on collagen synthesis in the
wound as measured by rate of wound healing and hy-
droxyproline content.'7
The very considerable experience of the Mester's in

patients with cold laser stimulation of healing in indo-
lent leg and decubitus ulcers is interesting and merits
continued observation. The application of argon laser at
4 J/cm2 twice a week in over 1300 patients resulted in
healing in a variety of lesions that were resistant to con-
ventional treatment.'8 However, the problem of docu-
mentation in this area is great and statistical analysis
difficult. So little is known of this type of laser/tissue
interaction that one should be careful concerning pre-
mature acceptance or dismissal of biostimulatory ef-
fects. As is the case with many therapeutic agents, dos-
age may be critical with one energy dose being stimula-
tory and a slightly different one of the same wavelength
being inhibitory or destructive.

Laser energy, especially at wavelengths in the hemo-
globin absorption peaks, ruptures red blood cells, dam-
ages platelets, and activates clotting cascades with
thrombus formation.'9 Endothelial damage, protein de-
naturation, shrinkage, and perivascular edema likewise
contribute to vessel closure. Each laser, however, has
limitations as to the size ofvessels that can be controlled.
The defocused CO2 laser can coagulate vessels up to
approximately 0.5 mm; the argon laser up to 1 mm; and
the Nd:YAG laser up to 3 mm.20

Despite numerous anecdotal clinical references to de-
creased blood loss with laser surgery, statistical evidence
is not readily at hand. One controlled study on burn
excision in pigs showed a significant reduction in blood

357Vol. 207 * No. 4



Ann. Surg. * April 1988

FIGS. 4A and B. A. Lymphangioma oftongue with recurrent bleeding.
B. Three months following Nd:YAG laser therapy. Marginal 3 cm of
tongue treated by spot technique. Central portion oftongue untreated.

loss when experimental burns were excised with the
argon laser as compared with electrosurgery.2' There are

several reports of reduced blood loss in experimental
and clinical hepatic resections utilizing the CO2 or

Nd:YAG laser.22'23 On the other hand, a controlled
study using the Nd:YAG laser in canine experiments
failed to show a statistically significant reduction on

blood loss when the laser was employed for hepatic sur-

gery in a noncontact fashion.24 Decreased blood loss was
recorded in experimental partial splenectomy25 and
clinically in mastectomy.26

One important area of laser hemostasis involves
emergency surgery in patients with hemophilia, throm-
bocytopenia, or other coagulopathies. Due to vessel clo-
sure by thermal factors, it is reported that bleeding can

be controlled by lasers during urgent procedures in such
individuals. Kiefhaber stated that a platelet count of
25,000 is the minimum necessary for laser hemostasis in
the CI tract.105 A recent study involving the use of the
CO2 laser in surgery in hemophiliac patients undergoing
synovectomy of the knee noted a significant reduction
in blood loss, necessity for blood factors, time of opera-
tion, and duration of hospitalization compared with
conventional techniques.27

Early reports suggested that infection in laser wounds
would be reduced due to high temperatures
created with bacterial "sterilization."28 Shultz et al. stud-
ied the effect of Nd:YAG laser energy on three bacte-
rial strains: Staphylococcus aureus, Escherichia coli,
and Pseudomonas aeruginosa.29 Energy fluence of
1667-3333 J/cm2 resulted in a 2-8 log decline in a num-
ber of viable bacterial colonies. P. aeruginosa was the
most sensitive to the Nd:YAG laser.29 A study employ-
ing the CO2 laser with E. coli and S. aureus also showed
a dramatic reduction of bacteria.30 It appears that lasers
may reduce bacterial colonization at the time of inci-
sion, but experimental laser wounds subsequently con-

taminated have a higher incidence of infection.3' Steril-
ization by laser is unlikely, but reduction of bacteria in
necrotic infected wounds is probable.

It is evident from experimental and clinical studies
that tumors can be coagulated or vaporized using the
thermal effects of the laser.32 Controlled studies in the
bladder33 and gastric cancer are in progress to determine
comparative efficacy of endoscopic laser and conven-

tional treatment. Sealing of lymphatics by lasers in
tumor surgery is still uncertain. Frishman et al. reported
a reduction in pulmonary metastasis when the CO2 laser
was used to excise experimental subcutaneous fibrosar-
comas.34 Oosterhuis et al., in a careful study of Cloud-
man melanoma cell dispersion, reported that CO2 laser
was "no worse than the conventional scalpel" in dissem-
ination of cells from the incised tumor.35 In a recent
experimental study comparing the effect of circumfer-
ential Nd:YAG laser and electrocautery applications
around the dome of the urinary bladder in restricting
lymphatic migration ofcarbon particles, there was a sta-
tistically significant lesser degree of particulate migra-
tion through the laser barrier as compared with electro-
cautery.36 Lanzafame et al. found that wound recur-
rence of experimental tumors in Fisher rats was

significantly reduced by CO2 laser excision.37 Viable
tumor cells were not found in the smoke plume during
tumor vaporization with the CO2 or Nd:YAG laser.38'39

Possible carcinogenic effects of lasers must be consid-
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FIG. 5. Vascular infiltrative
neurofibroma of abdomi-
nal wall being excised with
CO2 laser (center, gauzed-
wrapped). Two previous at-
tempts with conventional
excisional methods failed
due to severe hemorrhage.

ered. Goldman observed a group of human volunteers
subjected to repeated low power argon cutaneous appli-
cations; no tumor formation was noted.' Apfelberg et
al. carried out an in vitro study of fibroblast cultures
irradiated with argon laser; no mutagenic effects were
observed.4'

Clinical Applications

Current clinical applications of lasers in general sur-
gery are presented in two sections. The first section deals
with conventional incisional surgical access laser tech-
niques. The second section deals with the vast and rap-
idly growing endoscopic access laser surgical techniques,
or minimally invasive endoscopic gastrointestinal laser
surgery.

Coagulation and Excisions ofMasses and Tumors

With its rich vascular supply, the tongue has been a
difficult organ for the general surgeon to incise using
standard techniques. With masses that are rather small
and localized, excision with the CO2 laser may be ac-
complished quickly and with minimal blood 1oss.42 Due
to rapid reparative processes of the tongue, thermal in-
jury of laser does not result in significant delay in
healing.
A conservative palliative application for control of

vascular lesions of the tongue with lasers is being uti-
lized. Argon and Nd:YAG lasers have been used effec-

tively in a palliative fashion to reduce bleeding and size
of such lesions without loss of functional tongue mass in
13 patients. A spot coagulation technique without cut-
ting or vaporization is employed (Fig. 4). This has re-
sulted in reduction of bleeding and lesion size for pe-
riods ofup to 3 years. Retreatment has been required as
symptoms recur.43
The CO2 laser has been used effectively to treat leu-

koplakia and lesions of the oral mucosa. The unique
superficial vaporization of this laser allows for a precise
microsurgical removal of the dysplastic tissue. If the le-
sions are extensive, resultant ulcerations may require
several weeks to heal completely and be quite uncom-
fortable for the patient. The recurrence rate, however, is
much less than that with other techniques."

Excision of vascular lesions of the scalp may likewise
be facilitated with use ofthe CO2 laser. Smaller vessels in
the skin may be readily photocoagulated and larger ves-
sels exposed. These vessels can be controlled by clips,
ligature, or electrocoagulation. The bed in such exci-
sions readily accepts a graft without delay in graft take or
healing.45 Similar vascular lesions of the trunk, abdomi-
nal wall, and extremities may be excised with reduced
blood loss (Figs. 5 and 6).
A number of reports indicate facilitation of excision

of head and neck tumors with the CO2 laser, indicating
better exposure, less blood loss, and decreased operating
time.46 A more specific application was outlined by
White and Adkins for excision and vaporization oflym-
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recurrence was noted with laser excision as compared
with scalpel excision.48

...:.... ...
't :s '>P . t_:':...

In a controlled trial involving 209 patients, Ansanelli
compared CO2 laser excision and scalpel excision of
breast malignancies.49 Transfusions required, postoper-
ative wound drainage, and hospital stay were all less for
inpatients where CO2 excision was performed.

Recurrent breast cancer in the thoracic wall with ne-
crosis and ulceration is a difficult surgical problem. Hira
et al. utilized CO2 laser and vaporization for excision of
such tumors with reduction in blood loss and local in-
fection. In a 2-year follow-up, however, no difference in
rate of local recurrence between the control or treated
groups was noted.50

Abdomen
Stomach
The Nd:YAG laser is frequently used in Russia for

excision of gastric lesions with a report of decreased
infection and blood loss. Special devices have been con-

structed to allow uniform circumferential transsection
of stomach and intestine. It is suggested that there is
better sterilization, less tissue turn in, and reduced anas-
tomotic complications using this technique.5' Hira and
Moore employed similar contact techniques in 30 intra-
abdominal anastomotic procedures and stated that the
laser did not damage intestinal margins as much as other

-w Y i! } _methods, and was especially useful in excising in-
flammed vascular neoplastic tissue.52

FIGS. 6A-C. A. Lymphangiosarcoma in 3-week-old female infant. B.
Immediately following excision with CO2 laser; 120 mL blood loss. C.
Two years following skin graft, no recurrence. External genitalia pre-
served.

phangiomas ofthe head and neck in children.47 Multiple
thin-walled small extensions of the tumor that were dif-
ficult to excise were ablated by a handheld CO2 laser
technique.4

Breast

Considerable experimental and clinical study has
been made of the carbon dioxide laser in treatment of
carcinoma of the breast. Lanzafame et al. compared
local tumor recurrence following scalpel, electrocautery, FIG. 7 Experimental laser vagotmPnteriorvagus along le orcurvature
and laser excision of R3230AC mammary tumors in to nerve of Latarijet with either adjacent spot application or continuous
rats.48 A statistically significant (p < 0.05) reduction in sweep application of argon laser.
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An unusual experimental gastric application has been
suggested by Hunter et al. utilizing the argon laser plus
vagotomy in dogs.53 In this procedure, the posterior
vagal trunk is divided. Following this, a laser myotomy
is performed applying the argon laser along the anterior
curvature from gastroesophageal junction to the nerve
of Latarjet coagulating serosa and muscularis leaving
muscosa intact. This procedure is designed to interrupt
both the extramural and intramural branches of the left
vagus nerve. Secretory studies indicating marked reduc-
tion in secretion are encouraging (Fig. 7).53

Pancreas

Excision of the pancreas has been performed using
Nd:YAG laser in both experimental and clinical situa-
tions.54 Donna utilized the Nd:YAG laser in order to
preserve the duodenum with its blood supply in canine
surgical procedures.55 A statistically significant reduc-
tion in operating time and blood loss was reported.

Liver

The liver was early suggested as a site for laser appli-
cations for hemostasis or sublobar excisions.56 Labora-
tory studies indicate that it is feasible to excise portions
of the liver with CO2 or Nd:YAG laser. Schroder et al.
employed contact tip Nd:YAG excision combined with
a flexible plastic strapper for canine liver resections with
reduction in operating time and blood loss.57

It appears, however, that the present lasers may be
most useful for hemostasis involving large oozing sur-
faces of the liver due to trauma. Standard surgical tech-
niques will likely continue to be utilized in elective lobar

FIG. 8. Mixed calcium cholesterol pigment stone. Central incision
made with free electron laser at 2.9 jsm wavelength. Small incision on
stone to right ofcenter 20 ,m width. No evidence ofthermal damage.

FIGS. 9A and B. A. Cholangiogram of patient with Klatskin tumor. A

percutaneous tube is draining the right hepatic duct system. The left
remains obstructed (arrov"). B The same patient following endoscopic
laser treatment of tumor required to control hemorrhage. The left
hepatic duct system is no longer obstructed (arrov4.

resections to control major vascular and biliary struc-
tures. Sublobar resections and vaporization of scattered
hepatic metastases, especially in tumors of endocrine
origin, may be facilitated by the use of lasers.

Biliary

Biliary calculi can be fragmented and removed using
the Nd:YAG laser. The laser is guided by endoscopic
means using a transampullary, percutaneous transhe-
patic, or tube tract approach.58 Pigmented and mixed
stones are readily reduced to smaller pieces. Pure cho-
lesterol stones or heavily calcified stones are more diffi-
cult to reduce. Fragmentation is achieved by placing a

fiber in contact with the stone and applying repeated
brief impulses. Stones may then be removed by catheter
or by grasping forceps. This technique may be especially
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FIG. 10. Superficial capsular
injury of spleen. Bleeding
through microfibrillar colla-
gen (top). Control of bleed-
ing with multiple applica-
tion of Nd:YAG laser, fiber
at left (bottom).

useful in retained intrahepatic stones that cannot be re-
moved by conventional techniques.59
A major problem with gallstone fragmentation with

the Nd:YAG laser is the generation of heat that can
damage biliary mucosa. The recent introduction of the
flash lamp pumped dye (400-750 nm) laser for frag-
mentation of urinary calculi suggests this same technol-
ogy may be applicable to biliary calculi.' The exact
mechanism of stone fragmentation by this technique is
not fully defined but may result from plasma formation
and with photomechanical disruption. Dayton and
Dixon measured in vitro thermal effects of gallstone
fragmentation with Nd:YAG, copper vapor, and flash
lamp pumped dye lasers.6' Significant peripheral tem-
perature elevations were noted during fragmentation
with Nd:YAG and copper vapor but not with flash lamp
pumped dye laser.6' The free electron laser was utilized
to photoablate gallstones by Dixon et al.62 This high
energy pulsed device allows precise incision and reduc-
tion in size of stone with minimal thermal effects (Fig.
8). These devices, possibly combined with ultrasonic
fragmentation, suggest a future role for laser applica-
tions especially for intrahepatic, retained common duct
calculi, and possibly even gallbladder stones.
A unique hepatobiliary endoscopic application of the

laser involved percutaneous transhepatic insertion ofan
endoscope into dilated biliary radical above bleeding in-
trahepatic bile duct tumors. Utilizing the Nd:YAG laser
fiber through a pediatric bronchoscope, bleeding from a

Klatzkin tumor was controlled and symptomatic relief
from obstruction provided (Fig. 9).63 The Nd:YAG laser
has also been used for endoscopic papillotomy where
conventional techniques have failed.

Spleen
The Nd:YAG laser has been found to be effective in

controlling experimental superficial splenic capsular
bleeding (Fig. 10). Larger central vessels cannot be con-
trolled with the laser. A technique has been described for
segmental or partial splenectomy involving ligature of
selected hilar vessels and Nd:YAG vaporization of
splenic capsule, superficial sinusoidal tissue, and smaller
peripheral vessels. Coagulated material is aspirated. As
the hilum is approached, vessels larger than 1 mm are
skeletonized, clipped, or suture-ligated. (Fig. 1).64

Anal and Regional

Laser hemorrhoidectomy is reported with increasing
frequency but still remains controversial. The CO2 laser
is used in some techniques in conjunction with standard
surgical ligation and excision. The laser is reported to be
effective in elevating mucosal flaps with preservation of
anoderm and reduction in pain.65'66

Sankar and Joffe devised a new technique of hemorr-
hoidectomy utilizing a Nd:YAG with contact tips as an
excisional method.67 A limited clinical trial indicated
less blood loss, pain, urinary retention, and fewer heal-
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ing complications as compared with conventional tech-
niques.67
The removal of condylomata of the perianal region

may be accomplished with C02, argon, or Nd:YAG
lasers.68 With all wavelengths, it is essential to remove all
epidermis for at least 1 cm surrounding any active lesion
since virus has been found in prickle cells for at least that
distance. If the brush technique described by Baggish is
not employed, the recurrence rate is much higher.69

Since live virus may be disseminated in the air during
condylomata vaporization, gloves, masks, gowns, and
other precautions are essential.70

Pilonidal Cystectomy

CO2 excision of pilonidal cyst has been reported. The
hemostatic and bacteriocidal effects of the laser are uti-
lized in tracing out and excising, or vaporizing, the nu-
merous tracts of this troublesome lesion.7

Decubitus Ulcer

Excision of decubitus ulcers with the CO2 laser has
been described in reports of treatment of several thou-
sand patients.72 The ability of the laser to vaporize in-
fected tissue is used, which allowed earlier grafting ofthe
exposed site.
A controlled trial of laser versus conventional ulcer

excision involving 66 patients was conducted by Juri et
al.73 Statistically significant differences in favor of the
laser-treated groups were noted in operative blood loss,

FIG. 12. Excision of decu-
bitus ulcer with CO2 laser.
Necrotic base has been va-
porized followed by cir-
cumferential excision of en-
tire ulcer a'nd bed (CO2 laser
handpiece, upper right).

NdlYAG
LASER
_b. \.

LIGATURE
jESUCTION

A B
FIGS. 1 IA and B. A. Ligation of segmental vessel with photocoagula-
tion ofcapsule and parenchyma using Nd:YAG laser. B. Skeletonizing
of large vessels in dry field using neurosurgical sucker. Clips applied
followed by transection of vessels and completion of procedure with
laser.

infection rate, and recovery rate. The sum of these fac-
tors resulted in a mean of 23 fewer hospital days per
excisional procedure in laser-treated patients as com-
pared with control patients (Fig. 12).7

Infected Wounds
Primary closure ofphlegmons, abscesses, and carbun-

cle following total excision with CO2 laser was reported
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TABLE 1. Endoscopic Laser Treatment ofSurgical Disease

Oral leukoplakia
Lingual vascular lesions
Esophageal diverticulum
Esophageal web
Esophageal varices
Barrett's esophagus
Esophageal cancer (palliation)
Sutures, foreign bodies, granulomas
Mallory-Weiss syndrome
Gastric polyps
Gastric varices
Gastric telangiectasia, AVM
Peptic ulcer, hemorrhage
Gastric carcinoma, palliation
Gastric carcinoma, early, control
Duodenal leiomyoma
Duodenal carcinoma, palliation
Hepatic bile duct carcinoma
Hepaticolithiasis
Choledocholithiasis
Stricture of hepatic duct
Pseudocyst of pancreas
Ampullary stenosis
Carcinoma of ampulla
Polyps and AVM, intestine
Colon vascular lesions
Colon polyps
Colon cancer, palliation
Radiation proctitis, hemorrhage
Endometriosis, colon
Anastomotic strictures, stenosis, adhesions
Suture granulomas
Postsurgical anastomotic bleeding

by Chegin et al.74 Tube drainage was frequently utilized;
of 247 patients so managed, 233 did not require further
incision or drainage.74

Endoscopic Gastrointestinal Laser Surgery

Remarkable advances in the endoscopic approach to
intraluminal (and selected extraluminal) GI lesions have
been made. Newer endoscopic devices provide excellent
visualization of mucosal or submucosal lesions with
ample operative channels for introduction of laser fibers
or a variety of electrosurgical or heater probes. A partial
list ofendoscopic GI laser surgical procedures employed
for treatment of general surgical disease processes ap-
pears in Table 1. Space limitations allow only briefest
mention of representative applications in acute GI hem-
orrhage, vascular malformations, small benign mucosal
lesions, GI malignancy, cysts, and stenoses.

Gastrointestinal Bleeding

A summary is available of nine prospective controlled
randomized studies of endoscopic laser treatment ofpa-
tients with acute upper GI hemorrhage (mostly peptic
ulcers).75 Three of the studies failed to show significant
differences in long-term hemostasis or requirements for
surgery or survival, although initial hemostasis was

DIXON Ann. Surg. * April 1988

achieved in approximately 90% of laser-treated patients.
A study by Rutgeerts et al.,76 which included the largest
number of patients, however, showed a statistically sig-
nificant decrease in rebleeding rate, necessity for urgent
surgery, and reduction of mortality rate in laser-treated
patients. Laser therapy for active GI hemorrhage ap-
pears to be beneficial only in patients with actively
bleeding peptic ulcer disease or with nonbleeding visible
vessels in an ulcer crater. Lesions such as diffuse gastritis
and those inaccessible endoscopically are not suitable
for laser therapy.
One of the greatest indirect contributions of the laser

for endoscopic therapy has been the requirement for
precise early identification of the bleeding lesion. This
has resulted in new visual management criteria based
upon the presence or absence of spurting lesions, visible
vessels, or stigmata of recent hemorrhage.77 Massively
bleeding arterial lesions are recognized early and re-
ferred for surgery without further delay. Endoscopic
laser conversion from bleeding to stabilized patients,
even for a brief period of time, may assist the surgeon in
management of these difficult problems.

Vascular Malformations

These lesions are particularly suited to laser therapy
since they are frequently limited to the mucosa or sub-
mucosa and heavily absorb light in the argon range (Fig.
13). The combined experience at the Universities of
Utah and Lille now includes 80 patients with upper GI,
26 with colonic, and nine patients with upper and lower
vascular lesions. Twenty had Osler-Weber-Rendu
(OWR) syndrome. The overall results in these patients
were similar to other reports with over 95% success in
controlling blood loss in patients with sporadic vascular
malformations and reduction in frequency of bleeding
in patients with the OWR syndrome.78 No perforations
or major complications occurred. Rutgeerts et al. re-
ported the treatment of 482 GI vascular lesions in 59
patients with Nd:YAG laser.79 Overall results were good
with only 17 patients rebleeding.79 Buchi followed 44
patients for up to 3 years following laser treatment of
vascular malformations and found a statistically signifi-
cant reduction in frequency of bleeding, transfusion
rates, and requirement for surgery.80 The collective ex-
perience ofvarious centers indicates that laser treatment
of GI vascular malformations is safe and effectively ter-
minates or markedly decreases frequency of bleeding.

Small Multiple Benign Mucosal Lesions

Dixon et al. studied endoscopic argon laser treatment
in 34 patients with Gardner's syndrome with multiple
polyps in residual rectum following subtotal abdominal
colectomy.8' Over 1100 polyps were removed without
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FiGs. 13A and B. A. A 5-cm

diameter superficial heman-
gioma of lesser curvature of
the stomach with recurrent
bleeding. B. Immediately
following argon laser pho-
tocoagulation of hemangi-
oma. No recurrence after 3
years follow-up.

complication (Fig. 14). A similar experience was noted
by Brunetaud et al. at the University of Lille.78 Other
lesions successfully treated include gastric polyps, endo-
metriosis coli, and localized lesion in Barretts' esopha-
gus. The laser should not be used to remove peduncu-
lated polyps since there is usually a central vessel that is
difficult to control without the constrictive effects possi-
ble with electrocautery snares.

Villous Adenoma

The management of villous adenoma is more contro-
versial. Lambert and Sabben reported complete laser
destruction of 35 of 39 villous adenomas, with reduction
of size of lesion in the remainder; four perforations were
noted, but two did not require treatment.82 Brunetaud
recently reported treatment of 109 villous adenomas in
this fashion; 19% had local recurrence, but all were suc-

cessfully ablated with repeated laser treatment.83 Five
patients with invasive carcinoma were discovered in the
course of treatment and referred for surgery.83

Gastrointestinal Malignancy

Palliative therapy ofGI malignancy is one ofthe more
appealing applications ofendoscopic laser surgery. Neo-
plasms of the esophagus, stomach, duodenum, hepato-
biliary tract, colon, and rectum have been managed in
this fashion for control of bleeding, relief of obstruction,
management of secretions, or to allow oral nutrition
(Fig. 1 5).84 Applications have been made in lesions that
are incurable by surgical resection, recurrent lesions, in
patients who cannot withstand a surgical procedure, or

in preparation of a patient for surgery. Laser procedures

have the advantages that they can be carried out with
minimal or no sedation and generally on an outpatient
basis, with potential reduction in complications, medi-
cal costs, and hospital stay.

Fleisher and Sivak85 treated 68 patients with esopha-
geal cancer with the Nd:YAG laser who were not candi-
dates for surgery or radiation therapy, with relief of dys-
phagia in 92% and clinical improvement lasting 3-6
months. Five patients (12%) developed tracheoesopha-

FIG. 14. Multiple polyposis ofcolon (Gardner's syndrome). Untreated

polyps (below). White coagulated polyps treated with argon laser

(above).
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FIGS. 1 5A and B. A. Steno-
sis oflow rectal anastomosis
with recurrent malignancy
at suture line in patient with
distal metastases. B. Imme-
diately following Nd:YAG
incision of stenosis and va-
porization oftumor. Patient
died 13 months later with-
out recurrence of stenosis or
local tumor.

geal fistulae or perforation. Two of these were clearly
laser-related, but the other three occurred up to 6
months after laser treatment. Patients managed in this
fashion required retreatment as progression of the
growth occurs.85 As would be expected, no increased
length of survival was noted.

Gastric and distal esophageal malignancy may be
managed by endoscopic laser therapy with similar re-
sults. Thirty-four patients were treated at the University
of Utah Laser Institute; 91% of patients were relieved of
gastric or distal esophageal obstruction and 2% devel-
oped fistulae.78

In a cooperative study 118 patients were treated for
surgical preparation or palliation of colorectal malig-
nancies at the University of Utah and the University of
Lille. Control of bleeding or relief of obstruction with

the Nd:YAG laser was possible in all patients (Fig. 16).
An average of three initial treatment sessions was re-
quired. Few complications were encountered.78 Again,
retreatment was necessary as tumor growth progressed.

Endoscopic Incisional
Increasing experience with endoscopic surgery has re-

sulted in unique applications involving endoscopic inci-
sional methods. This has been facilitated by the develop-
ment of contact tips for laser fibers, which allow for
precise laser application to such lesions. Potential pro-
cedures of this type are limited only by visualization of
the lesion and endoscopic skills of the surgeon. Del-
motte et al. utilized the argon laser to drain pancreatic
and biliary cysts internally.86 Buchi et al. employed the
Nd:YAG laser to drain two symptomatic expanding

FIGS. 16A and B. A. Cancer
of rectum with acute bleed-
ing. B. Immediately follow-
ing Nd:YAG endoscopic
photocoagulation with con-
trol of bleeding. Patient was
then treated surgically on
elective basis.
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traumatic pancreatic pseudocysts in patients who could
not undergo operative cystogastrostomy.87 An area of
the gastric wall overlying the pseudocyst was heavily
photocoagulated, and subsequent slough created a large
pseudocystogastrostomy. No recurrence of cysts was

noted in a 3-year follow-up (Fig. 17).87
A number of reports have described the use of lasers

for successful incision and enlargement of postoperative
stenosis of the esophagus and colon.88 Peptic strictures,

FIGS. 1 7A-C. A. Displacement ofposterior wall ofstomach in critically
ill patient with traumatic pancreatitis and pseudocyst, right. B Imme-
diately following endoscopic Nd:YAG photocoagulation of gastric
wall and anterior wall of cyst. C Five days following treatment with
slough of gastric wall and wall of pseudocyst with effectively func-

tioning pancreaticocystogastrostomy with drainage ofcysts. No recur-

rence.

FIGS. 18A-C. A. Intraluminal side-to-side adhesion following ileal J-
pouch construction with malfunction. B. Argon laser endoscopic divi-
sion of vascular adhesion. Laser fiber (arrow). C. Immediately follow-
ing argon laser division. Note that good retraction of adhesion ends
with no bleeding.

congenital rings, and postoperative webs have likewise
been incised and dilated (Fig. 18).89 Innovative inci-
sional applications are in the early investigative phase
but promise to greatly influence the practice of GI sur-

gery.

Vascular

Lasers have been employed experimentally and clini-
cally in microvascular welding and recanalization of
atherosclerotic vessels. In microvascular welding, vessels
of 1 mm in diameter or less are joined using spot weld
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FIGS. 19A and B. A. Au-
topsy specimen ofathero-
sclerotic femoral artery.
B. Immediately following
argon laser vaporization
ofatheroma. Note the in-
crease in luminal diame-
ter but thermal injury, ar-
terial wall.

B

techniques or by application of external supports of
laser-coagulated collagen or blood.90 Such techniques
appear to reduce foreign body inflammatory action,
preserve normal vascular anatomy and luminal diame-
ter, and allow growth of vessels without stenosis, which
may be particularly advantageous in children.9'
The ability to transmit laser energy through small

flexible fibers has suggested application use for recanali-
zation of occluded atherosclerotic arteries by catheter or
endoscopic techniques.92 In vitro studies have shown
that atherosclerotic plaque can be vaporized with var-
ious lasers, especially where the chiefcomponent is cho-
lesterol (Fig. 19).93 Calcified plaque is more difficult to
ablate, however.94 Several preliminary case reports are
available utilizing either Nd:YAG or argon laser to re-
canalize occluded femoral arteries. Vessels in 16 patients
studied in one series were recanalized with two perfora-
tions. No major hematomata occurred despite full anti-
coagulation with heparin.95 In another series of 51 at-
tempted femoral artery procedures using a thermal laser
tip, nine were immediate failures due to either inability
to recanalize the lesion or to thrombosis. Initial patency
rate of 83% slowly dropped to 73.2% at the end of a
21-month period.96
Due to injury and perforation of arterial wall, selec-

tive ablation of plaque with or without the use of exoge-
nous photosensitizers seems vital before advances can
be made. The effect ofthe debris created by vaporization
of plaque on the peripheral vascular bed has been stud-
ied and appears to be minimal in extremities.97 The

effect of such debris on critical peripheral beds such as
brain, kidney, and myocardium have not been fully
studied.

Photodynamic Therapy

Photodynamic therapy (PDT) is a new procedure in-
volving known photobiologic principles that may be
useful in the treatment of various tumors and disease
processes.98 Current laser applications depend upon ab-
sorption of laser energy by naturally occurring mole-
cules in tissue such as hemoglobin or melanin (endoge-
nous chromophores). It has been known since 1903 that
various drugs could be introduced intravenously that
would bind selectively to tumors or associated vascular
beds.99 Hematoporphyrin derivative (HPD) has been
one of the agents most widely studied in this regard.'0°
After a period of 24-48 hours after injection, much of
the photosensitizer (HPD) is cleared from normal cells
and organs but is retained in high concentrations in
tumors, plaque, inflammatory tissue, and certain bacte-
ria. After the clearing period, light of appropriate wave-
length to activate the sensitizer is applied directly to the
tumor by an interstitial fiber or by endoscopic tech-
niques. While some thermal reaction may occur, this is
minimal. The chief effect of the photosensitizer is to
initiate a chemical reaction in target cells, which results
in fluorescence and the formation of singlet oxygen with
associated phototoxicity and selective tumor damage
(Fig. 20).101
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Much of the initial clinical work using photosensiti-
zation has been carried out in recurrent carcinoma of
the breast with cutaneous metastasis. Carruth and
Dougherty reported initial reduction in tumor size in
60-70% of patients so treated.'02 In carcinoma of the
bronchus, Hayata et al. treated 35 patients with PDT
where conventional surgery was not possible with good
reduction in tumor mass or palliation reported in
30-40% of patients.'03 A summary of the literature of
current clinical results appears in Table 2.

Another unique element in photosensitization is that
photosensitizer can be activated to fluoresce when the
appropriate wavelength light is applied (Fig. 21). This
has been employed in the bronchoscopic identification
of early tracheobronchial carcinoma.'03 These tech-
niques might provide for early tumor diagnosis utilizing
fluorescence followed by phototherapy to cause selective
destruction of sensitized tumor cells.
Numerous new photosensitizers with greater potency

,;tM,,,,T a,:EHPDNEuE :..

FIG. 20. Schema of PDT with hematoporphyrin derivative (after
Dougherty).

TABLE 2. Summary ofResponse of Various Tumors to PDT (to 1984)

No. of Response Longest
Patients Follow-up

Tumor Type or (Sites) CR PR NR to Date (yr)

Skin (met. breast,
basal cell,
squamous,
melanoma) (219) (147) (29) (43) 4

Endobronchial
Late stage 262 106* 136 20 1.5
Early stage 32 17 10 4.5

Bladder, superficial (70) (38) (16) (13) 2
Head/neck,

recurrent 49 9 26 14 2
Gynecologic,

recurrent 11 4 5 2 2
Esophagus,

advanced 17 0 lit 6 1

CR = complete remission; PR = partial remission; NR = no remis-
sion.

* Complete opening to wall of lumen following physical removal
after PDT.

t Partial relief of obstruction.

and tumor selectivity are available and await appro-
priate preclinical studies and approvals.'04

Discussion

The entire field of applications of lasers in general
surgery is dynamic and evolving, and it requires con-
stant critical evaluation. The field has been plagued by
an inordinate amount of media attention and the usual
plethora of uncontrolled enthusiastic reports by early
investigators. Fortunately, well-designed trials are now
becoming available to provide tenable guidance relative
to indications and contraindications for application of
these devices. At this point however, certain observa-
tions seem warranted:

1. Laser applications in general surgery now have
achieved limited but defensible indications for certain
selected procedures.

2. The use of lasers as a surgical instrument employed
through endoscopes has resulted in a number of GI ap-
plications that will impact conventional incisional
methods. It appears inevitable that the general surgeons
of the future will need skills in at least upper GI endos-
copy, colonoscopy, and choledochoscopy to utilize
minimally invasive laser and other techniques.

3. The utilization of photosensitizers to identify by
fluorescence and treat various tumors by phototherapy
opens interesting possibilities for primary management
or adjunctive treatment in association with conven-
tional surgery.

Technologic advances promise smaller, less expen-
sive, more reliable lasers with improved delivery devices
for handheld operative microscopes or for endoscopic
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FIG. 21. Fluorescence of
HPD-sensitized mouse tu-
mor cells (scattered white
spots) with 420 nm light;
normal cells in background

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~(dark areas).

use. New wavelengths and even tunable lasers will ap-
pear in the near future.

Despite the fact that membership in the American
Society for Laser Medicine and Surgery recently passed
the 1000 mark, not every surgeon should buy a laser.
These expensive devices should be utilized only for spe-
cific indications where standard techniques are not
available or are less efficacious. It is important, however,
for every general surgeon to remain aware of develop-
ments in this field, which involve many new and intrigu-
ing aspects of photobiology and light tissue interactions
that may prove to have surgical application.
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